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1. Introduction

There is now a strong demand for robust and practical methods of assessing biodiversity status
at a variety of scales in Australian rangelands. This is driven by an increasing expectation that
Australian rangelands will be managed, by landholders and management agencies, in an
ecologically sustainable fashion (eg. Anon 1996, ANZECC & ARMCANZ 1999); by
requirements to report on the state of and trends in biodiversity at both national (eg. NLWRA
2002, Beeton et al. 2006) and regional scales (eg. Commonwealth of Australia 2002, NRMBNT
2005); and the desire of landholders to demonstrate or improve their environmental
performance.

Given the complexity that the term ‘biodiversity’ encompasses, it will never be possible to
directly assess more than a small number of components, and many indicators or surrogates for
biodiversity have been suggested for use in rangeland monitoring. Such indicators include a
number already used in monitoring “land condition” in the context of pastoral management,
which are often combined and summarised in a simple “good” to “poor” scale. Such simple
condition ratings are being widely embraced as mechanisms for land managers to monitor their
environmental performance, despite the lack of an explicit biodiversity component, and despite
a lack of validation of the utility of most of these indicators to capture temporal and spatial
variation of a broad range of biota. This project explores the relationship between “land
condition” and biodiversity in a number of landtypes in the tropical savanna rangelands of
northern Australia.

1.2 Biodiversity decline in rangelands

The rangelands’ contain a substantial proportion and distinctive components of Australia’s
biodiversity. They are also apparently not subject to the extreme disruption of habitat and
ecological processes that are a characteristic of much of the more intensely settles, and
agriculturally developed non-rangeland areas. Nevertheless, there has been substantial
reduction in rangeland biodiversity since European settlement, and abundant evidence of
ongoing decline. Evidence of loss and decline have been widely reviewed, along with
discussion of factors responsible (eg. Lunney et al. 1994, Morton & Mulvaney 1996, James et
al. 1999, Whitehead et al. 2001 (Background Paper 1), Woinarski & Fisher 2003). Although the
extinction of 20 mammals species in the arid rangeland (McKenzie & Burbidge 2003) is the
most widely quoted example, there have also been broad-scale losses or declines of many bird
and plant species. Although some taxa, such as reptiles, may be more resilient to the changes
underlying these losses, there is also a sparsity of historical and modern data on which to
assess changes in their status (and most particularly for almost all invertebrate groups).

While the loss of biodiversity in rangelands is clearly related to environmental changes
associated with European settlement and subsequent pastoral development, which disrupted
the land management regime imposed by Aboriginal people for the previous tens of thousands

! There are a number of definitions of rangeland, but these are usually in the context of rainfall and
landuse, such as “land where livestock are grazed extensively on native vegetation, and where rainfall is
too low or erratic for agricultural cropping or improved pasture” (NRMWG 1996). The ‘standard’
delineation of rangelands in Australia (eg. NLWRA 2001, Fisher et al. 2004) includes the c. 75% of
Australia outside the more-intensely developed south-western, southern and eastern coastal fringes (plus
the Wet Tropics), which incorporates significant desert areas not used for pastoralism. In this report we
are primarily concerned with rangelands under pastoral landuse.
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of years, the precise nature of these changes and the relative importance of various threatening

processes are less clear. Major factors include:

= changes in fire regimes, particularly a change in fire frequency, and a reduction in fine-scale
patchiness associated with Aboriginal burning practices;

= a substantial increase in grazing pressure with the introduction of stock and feral grazers,
which had both direct impacts on vegetation and indirect impacts on habitat quality for other
biota and ecosystem functions;

= major changes to the spatial and temporal distribution of water in drier rangelands, ensuring
that impacts associated with pastoral use were almost universal in many landscapes;

= spread of exotic predators;

= spread of introduced plants, including exotic pasture species;

= clearing of native vegetation.

These factors are likely to impact on biodiversity in a complex synergistic fashion (eg. Morton
1990) and their relative importance will vary between ecosystems and taxa. The fact that it is
so difficult to disentangle these effects suggests that, while it may frequently be useful to
monitor the extent or intensity of individual threatening processes (Saunders et al. 1998), this is
unlikely to translate into a complete picture of trends in biodiversity status.

1.2.1 Biodiversity status in tropical savanna rangelands

While the tropical savanna (see Fig. 1, section 2.1) is generally incorporated into national
delineation of “rangeland”, it represents a broad biogeographic realm separate from the arid and
semi-arid region to the south, with a generally distinct biota. At least until very recently, it has
also been generally regarded as more robust and intact than the arid rangelands, and largely
immune to the negative impact on biodiversity observed elsewhere. Although c. 75% of the
tropical savanna is subject to pastoral landuse (for cattle production), this is generally based on
native pastures and has not involved obvious gross modification of the environment. There
have been few known extinctions and these have been on the southern fringes of the region
(McKenzie 1981).

However, there is accumulating evidence that this viewpoint is overly optimistic (Woinarski &
Fisher 2003, Garnett et al. in press) and that there has been broad-scale historic or recent
decline in many groups of species, which are likely to be ongoing. Documented declines
include granivorous birds (Franklin 1999, Franklin et al. 2005), many medium sized mammals
(Woinarski et al. 2001, Woinarski et al. 2006) and fire-sensitive plants (Bowman & Panton 1993,
Russell-Smith et al. 1998). One of the best documented examples, in central Queensland
(which is probably a good example of the ‘most-developed’ portion of the tropical savannas),
showed a rapid change in the bird fauna following the introduction of pastoralism in 1870, but
also a continuing loss equivalent to two species per decade (Woinarski & Catterall 2004).

The factors leading to these declines largely reprise those listed above (Garnett et al., in press).
Pastoral landuse is substantially implicated with, for example, the pattern of decline in
granivorous birds correlated with the period and relative intensity of pastoralism (Franklin 1999,
Franklin et al. 2005). A number of studies have demonstrated a direct or indirect impacts of
pastoralism on a range of taxa (Landsberg et al. 1999, Fisher 2001, Woinarski et al. 2002,
Woinarski & Ash 2002, Churchill & Ludwig 2004, Kutt & Woinarski 2007), and such impacts will
continue or worsen as pastoral use is generally intensified in many savanna regions (Ash et al.
2006). Changes in fire regimes have had substantial impacts in the tropical savannas due to
both increase and decrease in the frequency and/or intensity of fire (Russell-Smith et al. 2003,
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Williams et al. 2003, Crowley & Garnett 1998), and fire management is often inextricably linked
to pastoral management.

1.3 The concept of “land condition” in rangeland management

“Land condition” is a widely-used concept in rangeland or pastoral land management, although
the term is often poorly defined. The maintenance or improvement of land condition is seen as
a basic goal of sustainable management, as land condition is a major factor influencing
productivity.

Grazing Land Management (GLM) education packages (which are widely used in extension to

pastoralists in northern Australia; eg. Chilcott et al. 2003) define land condition as “the capacity

of land to responds to rain and produce useful forage”. Components of land condition include:

= soil condition: the capacity of the soil to absorb and store rainfall, store and cycle nutrients,
provide habitat for seed germination and plant growth, and to resist erosion. Measured by
the amount of ground cover, infiltration rate, and the condition of the soil surface;

= pasture condition: the capacity of the pasture to capture solar energy into green leaf, use
rainfall efficiently, conserve soli condition, and to recycle nutrient. Measured by the types of
perennial grasses present, their density and vigour;

= woodland condition: the capacity of the woodland to grow pasture, cycle nutrients and
regulate groundwater. Measured by the balance of woody plants and pasture in different
landtypes and locations in the landscape.

The GLM system classifies land condition into 4 broad categories:
Land condition | Features

Good or ‘A’ = good coverage of perennial grasses dominated by species
considered to be 3P grasses (perennial, productive & palatable) for
that land type

= little bare ground (<30% in general)

= few weeds and no significant infestations

= good soil condition; no erosio and good surface condition

= no sign, or only early signs of woodland thickening

Fair or ‘B’ Similar to ‘A’ but with one or more of the following:

= some decline in 3P grasses; increase in other species (les favoured
grasses and weeds)

= increase in bare ground (>30% but <60% in general)

= some decline in soil condition; some signs of previous erosion and/or
current susceptibility to erosion is a concern;

= some thickening in density of woody plants

Poor or ‘C’ Similar to ‘B’ but with one or more of the following:
= general decline of 3P grasses; large amounts of less favoured
species

= large increase in bare ground (>60% in general)
= obvious signs of past erosion and/or susceptibility currently high
= general thickening in density of woody plants

Very poor or ‘D’ | One or more of the following:
= general lack of any perennial grasses or forbs
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= severe erosion or scalding, resulting in a hostile environment for plant
growth
= thickets of woody plants or weeds cover most of the area

Under this system, major indicators for land condition are:

= density and coverage of 3P grasses;

= levels of groundcover;

= condition of the surface soil;

= evidence of erosion;

= presence of weeds;

- woodland condition?.

However, the GLM system also stresses that it is more important to use these indicators to
assist in broad assessment of condition than to focus on describing critical values for each
indicator.

Changes in land condition are generally related to grazing impacts, but may also be influenced
by changes in fire regime, tree clearing, weed invasion or sowing pasture. Land condition also
influences the susceptibility of land to change, and the ease with which change can be
reversed. Thus, condition ‘A’ is relatively stable, and trends towards condition ‘B’ can be
relatively easily remedied by management change. Land in condition ‘B’ is susceptible to a
relatively rapid decline to condition ‘C’ and reversing this change may require major
management change and take some time. Land in condition ‘C is very susceptible to decline to
‘D’ condition, and this change may be very difficult to reverse. Land condition also determines
the way country responds to seasonal conditions. Land in condition ‘A’ may have reduced
cover after a series of dry years, but retains a good density of perennial grasses and will quickly
recover after rain. Conversely, land in poor condition may have good cover after wet years, but
still has a low density of perennial plants and poor water and nutrient capture by soil.

The GLM system encourages land managers to assess their property in terms of the land
condition of each paddock and land type, and that such assessment (and ongoing monitoring)
informs all aspects of their property management strategies. This system is amalgamated into
other land management tools used in northern Australia, such as the “Stocktake” package®.

Assessment of land condition under this sort of system is likely to be formalised in the
Queensland State Rural Leasehold Strategy”, whereby leases on grazing land will include land
managements agreements, with maintenance or improvement in land condition as a
performance indicator. The proportion of land in different land condition levels is also used as
explicit Resource Condition Targets or Management Action Targets in some Natural Resource
Management Plans of northern Australian NHT/NAP regions®.

%in this context, generally refers to ‘thickening’, or an increase in the density of (native) trees and shrubs,
which can reduce pasture production.

® http://www2.dpi.qgld.gov.au/stocktake/

* http://Aww.nrw.qgld.gov.au/blueprint/rurallease/index.html

> eg. Northern Gulf Region — LRCT2: 70% of the grazed landscapes of the Northern Gulf to be in either A
or B condition by 2017. (http://www.northerngulf.com.au/all.pdf -p42)
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1. 3 Rangeland Monitoring

There are well-established procedures for assessing and monitoring “land condition” in
Australian rangelands, with each jurisdiction having institutionalised monitoring programs
(reviewed in NLWRA 2001 & Whitehead et al. 2001). Rangeland monitoring activities
undertaken by each State / Territory are described briefly in Table 1.

Table 1. Summary of rangeland monitoring programs undertaken in each rangeland State & Territory in
Australia. Adapted from NLWRA (2001); more detail can also be found in Whitehead et al. (2001,
Background Paper 2) and jurisdictional reports to NLWRA (Andersen et al. (2001), Gould et al. (2001),
Green et al. (2001), Karfs et al. (2001) and Watson et al. (2001)).

Jurisdiction | Rangeland monitoring activities

New South Rangeland Assessment Program

Wales = 340 ground-based sites within 7 range types

= monitored annually, since 1989

= attributes assessed at each site include species of vascular plant, biomass,
frequency & composition of pasture species, soil surface characteristics;

= density of perennial chenopods and canopy cover of trees and shrubs measured in
selected range types

= no operational remote sensing program

Queensland | Transect Recording and Processing System (TRAPS)

= 150 sites in woodland communities

= implemented in 1982, all sites have been reassessed at least twice

= attributes assessed include woody vegetation floristics, canopy cover, vegetation
structure and dynamics, disturbance

QGRAZE

= 350 sites in a range of pasture types

= commenced in 1991, aim for reassessment at least once every 5 years

= attributes assessed include herbaceous species frequency, frequency and size of
woody species, amount of cover, pasture yield, soil surface condition, tree basal
area

Grass Check

= voluntary program for pastoral land managers

= components include photopoints, record of species present, estimates of forage
availability, ground cover, cover of woody species.

Statewide Landcover & Trees Study (SLATS)

= uses satellite imagery to regularly report extent, condition and trend of vegetation
cover and landuse

Australian Grassland and Rangeland Assessment by Spatial Simulation (Aussie

GRASS)

= uses simulation modelling techniques to assess condition of Australian rangelands

= operates nationally on a 5km grid basis

= uses inputs of daily rainfall, climate, soil characteristics, vegetation characteristics,
tree density and grazing pressure

= output is used to assess current seasonal conditions relative to historical conditions

South Rangeland Monitoring Program

Australia = since 1990, assessed resource condition and established baseline monitoring over
all pastoral leases

= includes 5500 photopoint monitoring sites, 20000 Land Condition Index sample
points and assessment of 4500 paddocks

= no defined schedule for reassessment, although assessment is required every 14
years or when leases are renewed

= Land Condition Index is based on the rating of multiple sites into 3 disturbance
classes, based on the presence & abundance of perennial plant species, level of
grazing and browsing of palatable species, soil surface condition
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Jurisdiction | Rangeland monitoring activities

Northern Tier 1

Territory = photopoints located in each major paddock of all pastoral leases

= pastoral officers record composition and cover of dominant species and some soil
attributes; pastoralists are encouraged to make annual photographs and records

= reassessed every 3-5 years

Regional Rangeland Monitoring Program (Tier 2)

= satellite-based methods used to assess variation in land cover and condition

= Landscape Cover Change Analysis used in tropical savannas;

= Grazing Gradient analysis used in arid regions; this can be applied at local paddock
or regional scales

= augmented by ground-based sites in some regions

= attributes at ground sites include floristic composition, cover, frequency of
perennials, soil surface condition

Western Western Australian Rangeland Monitoring System (WARMS)

Australia = Cc. 1600 fixed sites, in representative areas of specific pasture/vegetation
communities

= commenced 1992 (although some monitoring sites have data back to 1970s)

= attributes assessed at grassland sites (northern WA) include frequency of all
perennial species, crown cover of woody perennials, soil surface condition

= attributes assessed at shrubland sites (southern WA) include size and demography
of all shrub species, soil surface condition

= grassland sites reassessed every 3 years; shrubland sites every 6 years

= remote-sensed assessments being trialled in some areas

Range Survey Program

= subjective assessment of range condition along 75000 traverses at 1km intervals in
many pastoral regions

Although there is some variation in methodology between these jurisdictional programs, most
include plot-based assessment of vegetation cover, frequency of perennial plants, floristic
composition (to varying levels of detail) and soil-surface condition. In some jurisdictions, there
is a greater focus on the use of satellite imagery for condition assessment over large areas.

The Australian Collaborative Rangeland Information System (ACRIS; NLWRA 2001) was
established in 2002 as a coordinating mechanism to bring together rangeland information from
State, Territory and Commonwealth agencies, and provide integrated national reporting on
rangeland condition (NLWRA 2001). The ability of this system to provide robust national
reporting has been tested using selected pilot regions for key indicators including change in
critical stock forage availability; change in landscape function; change in native plant species;
change in cover; capacity for people to change (Bastin et al. 2005). ACRIS will produce a
“State of Australian Rangelands” report by mid-2007°.

1.5 Biodiversity Monitoring in Rangelands

There are no broad-scale, institutional programs to monitor biodiversity in rangelands
analogous to the pastoral land condition monitoring programs (Whitehead et al. 2001, NLWRA

® http://www.environment.gov.au/land/management/rangelands/acris/challenges.html
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2001, Day pers. comm.”). Information on biodiversity in rangelands is available through a

number of sources:

= databases or “atlases” of distributional data for plant and animal species (including herbarium
and museum records);

= systematic biological survey and inventory programs (which contribute to the above);

= in some cases, resampling of previous baseline surveys, providing direct evidence of change
in biodiversity over time in limited areas;

= the national Bird Atlas project;

= monitoring programs for particular species or groups of organisms, particularly exploited
species such as waterbirds or large macropods;

= categorisation of the status of threatened species, and research and/or monitoring programs
for some of these species;

= monitoring of the distribution and/or density of pest animals and plants;

= local-scale biodiversity monitoring programs (particularly in conservation reserves);

= ecological studies of particular organisms or communities;

= ecological studies of processes influencing rangeland biota, such as grazing pressure,
waterpoint distribution, fire, clearing.

In combination, these provide useful insight into the status of rangeland biodiversity, but such

insight is extremely patchy, both spatially and taxonomically, and is inadequate to satisfy a

requirement for robustly reporting on trends in biodiversity across the Australian rangelands.

Whitehead et al (2001) investigated the utility of the established pastoral monitoring programs to

provide information about biodiversity condition or trends. There are some direct measures of

biodiversity attributes recorded in the plot-based pastoral monitoring programs, generally

relating to vegetation structure and floristics, and the large number of plots sampled means

there is potentially substantial power to report on trends in these attributes. However, there

were significant problems in the design of pastoral monitoring programs which reduced their

utility for monitoring rangeland biodiversity, notably:

= the distributional bias of monitoring sites, at a broad-scale, with low representation of non-
pastoral bioregions and habitats;

= the distributional bias of monitoring sites at a finer-scale, with a concentration of sites into
dominant pasture types, and at moderate distances form waterpoints. As a result there are
few monitoring sites in habitats with restricted distribution but often high importance for
biodiversity, such as riparian zones, rugged rocky areas and ecotones;

= alack of ‘control’ or ‘benchmark’ sites, where management-induced pressures;

= selective collection of data, with an emphasis on pastorally-important species and, in some
cases, omission of the annual or ephemeral plant component

Whitehead et al. (2001) noted that it was widely assumed that there was a link between
biodiversity and “land condition”, or more specifically widely-used indicators of condition such as
vegetation cover or landscape function analysis, but such relationships had not been
extensively validated or calibrated. The importance in describing these linkages was
additionally important in the context of increasing use of remote-sensing, which offers the
opportunity to generalise condition assessment across broad scale, and incorporate landscape
variation into the assessment. Such remote-sensed condition assessment can provide no direct
information on biodiversity values or trends, but conceptually there are useful links between
remote-sense measures of pasture condition and biodiversity attributes. Whitehead et al.

" as part of the development of the ACRIS State of Rangelands report in 2007, L. Day was commissioned
by DEH to review State/Territory capacity to report on trends in rangeland biodiversity
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(2001) recommended that substantial effort be put into studies that validate these often-
proposed but poorly tested potential indicators of biodiversity status, and this was the prompt for
the development of the current project.

1.6 Project Objectives

The primary aim of this project was to explore the link between land condition and biodiversity in
representative areas of Australia’s tropical savanna rangelands. This was particularly in the
context of land condition states (the ABCD scheme), which are widely understood and applied
by pastoral land managers and management agencies within the tropical savannas; and land
condition as defined by mapping based on remote sensing (eg. Karfs et al. 2000). We also
sought to assess the value as surrogates for biodiversity health of some individual, commonly-
used indicators for land condition (such as cover of bare ground or perennial grasses). This
analysis was extended to consider whether other variables describing the habitat were usefully
incorporated into this condition assessment.

We drew on the results from our study, plus other sources, to describe a framework for a robust
monitoring biodiversity monitoring program applicable at regional and local scales in tropical
savanna rangelands. We also attempted to prescribe some management guidelines that will
assist the retention of biodiversity in Australia’s northern rangelands.
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2. Biodiversity and Rangeland Condition - Methods

2.1 Study area

The study focused on two important pastoral regions in northern Australia — the Victoria River
District (VRD; Ord-Victoria bioregion; 17°S 131°E; mean annual rainfall at Victoria River Downs
Station 640mm) in the Northern Territory and the Burdekin Rangelands (BR; Einasleigh
Uplands bioregion; 19°S 145°E; mean annual rainfall at Greenvale 630mm) in Queensland (Fig.
1). We sampled two major land types in each region, representing a contrast between those
that are considered relatively resilient (vertosols and ferrosols) or more sensitive (chromosols
and kandosols) to the effects of pastoral use. Both regions are used for extensive cattle grazing
on predominantly native pastures, although there is a generally greater intensity of use in the
BR, with smaller properties (100-500 km?, vs 1000-5000km? in the VRD) and generally higher
stocking rates (10-25 AE/km?, vs 5-15). A general description of the BR can be found in
McCullough & Musso (2004) and of the VRD in Stewart et al. (1970).

H VRD

g S

Figure 1. General location of study sites in the Victoria River District (VRD) and Burdekin Rangelands
(BR). The extent of the tropical savannas in northern Australia is shaded.

2.2 Selection of sample sites

The development of this project was informed by a preliminary study undertaken in the VRD in
1999, when we sampled 45 kandosol sites on 5 properties. In this study, “good” and “poor”
condition sites in each location were chosen based on land condition mapping from satellite
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imagery (see below), and sites were carefully selected to be otherwise similar in soil type,
topography and vegetation.

In the main study, we sampled a further 216 sites equally divided between VRD and BR. This
included 24 sites within the Wambiana grazing trial (located in the BR; O’Reagain et al. 1996)
which were resampled after a 5-year period in order to test whether changes in land condition,
due more or less aggressive stocking regimes, were reflected by changes in biota (Kutt et al.
2004). In this report, we refer to the ‘resilient’ sites in the VRD and BR as ‘NT clay’ and ‘QLD
basalt’ respectively, and the ‘sensitive’ sites in the VRD and BR as ‘NT loam’ and ‘QLD
sedimentary’ respectively. The Wambiana sites are differentiated as ‘QLD alluvial’ sites, and
can be considered ‘intermediate’ in resilience to stocking pressure.

We sampled 48 sites on two properties in the VRD, on red calcareous loams (kandosols) with
Silver Box Eucalyptus pruinosa and Desert Bloodwood Corymbia opaca open woodlands
having an understorey of Sehima nervosa, Chrysopogon fallax, Heteropogon contortus,
Dicanthium fecundum, Enneapogon spp. and Aristida spp. A total of 56 sites were sampled on
one property on cracking-clay soils (vertosols), which were grasslands dominated by Aristida
latifolia, C. fallax, D. fecundum and mixed annual grasses, with a very sparse low trees layer of
Rosewood and Nutwood Terminalia spp, Bauhinia Bauhinia cunninghamii and Desert
Bllodwood Corymbia terminalis.

In the BR, we sampled 36 sites on 3 properties on sedimentary chromosols, with a mosaic of
Box (E. persistens) and Ironbark (Eucalyptus sp. Stannary Hills (G.W.Althofer 402)) woodlands
having an understorey of Bothriochloa spp., H. contortus, Themeda triandra, C. fallax, Aristida
and Eragrostis spp. A further 48 sites on 5 properties were on basalt soils (ferrosols), with a
mixed eucalypt (Eucalyptus sp. Stannary Hills (G.W. Althofer 402), Corymbia dallachiana and
C. erythrophloia) open woodland and an understorey of Bothriochloa spp., Themeda triandra, H.
contortus and C. fallax. In the Wambiana trial, 16 sites were in Box (Eucalyptus brownii) and 8
sites in Ironbark (E. melanophloia) woodland, with an understorey similar to that of the
sedimentary sites.

Sites were stratified according to land condition but chosen to otherwise minimise
environmental variation. In the VRD, selection of sites in different condition was based on
regional land condition mapping produced by DIPE, derived from cover-change analysis (Karfs
et al. 2000) of a time series of satellite imagery from the 10 years preceding sampling (an
example is given in Fig 2.). Aerial and ground inspection of potential sites was made to ensure
that condition mapping had not been influenced buy other factors (such as gross difference in
canopy cover or soil type). In the BR, site selection was guided by trend patterns in remote
sensing (B. Karfs pers. comm.) and advice from QDPI extension officers and landholders, and
validated by ground inspection. Due to differences in property sizes, variation in site condition
occurred across fencelines or along grazing gradients within properties in the VRD, but between
adjacent properties with different management histories in the BR. All sites were attributed to
three simple land condition classes (“good”, “intermediate”, “poor”), equivalent to the A, B, C
condition classes used in the GLM system. Examples of sites from each landtype in each
condition class are shown in Fig. 3. We did not attempt to sample “very poor” or D condition
sites for several reasons: the area of land in this condition in the study area is small; there is
little debate that this condition is highly undesirable, both form production and biodiversity
perspectives; and this would have required an undesirable reduction in the amount of replication
within condition classes.
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Figure 2. Example of a condition trend map derived from cover-change analysis using satellite imagery
(Karfs et al. 2000). The coloured portion of the map shows areas of the “NT loam” landtype on kandasols
in the VRD region. Colours indicate level and trend of plant cover in the time period analysed: green =
high & stable; cyan = high & increasing; yellow = high & decreasing; blue = low & increasing; red = low &
decreasing.

Figure 3 (next pages). Example sites from each landtype, in each condition class (photos: A. Fisher &
A. Kutt).
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2.3 Sample methods

Biodiversity sampling occurred at 1ha (100x100m) sites, with groups of sites sampled over a 4
day period. Within a site, birds were censused during 8 diurnal and 2 nocturnal five-minute
visits. Other vertebrates were sampled using 24 Elliott box traps (baited with a mixture of oats,
peanut butter, honey and tuna or dog biscuits), four 20 litre pit buckets each with 10m of drift
fence, and 3 diurnal and 2 nocturnal, 15-minute searches. Ants were collected using 70mm
diameter pit-traps in a 3 x 5 array, with 10m between pits, open for 48 hours. A complete
floristic list for the site was collected, with cover and frequency of understorey species estimated
using 20-25 0.5m? quadrats in a regular grid; these quadrats were also used to measure ground
layer cover of vegetation, litter, rock and bare soil. Canopy structure (canopy height and crown
cover at 4 height intervals) and tree basal area were measured at 2 diagonal corners of the site
(using clinometer for height, and Bitterlich gauges for crown cover and basal area). Additional
‘habitat’ variables were measured at each site, relating to substrate, recent grazing pressure
(tracks, dung and defoliation) and fire history. Further details of sample methods are given in
Appendix 1.

2.4 Analysis

The raw biodiversity data from this study consists of a list of species recorded from each site,
with an abundance measure for each species. Within each major group (plants, ants, birds,
reptiles, mammals), species were also allocated to functional groups (Table 2, Appendix 3). A
number of summary variables were derived from this data:

= total species richness (of major taxa and functional groups)

= Shannon-Wiener diversity (of major taxa and some functional groups)

= total relative abundance (of major taxa and functional groups). For plants, abundance

included cover and frequency.

For convenience, these summary variables are hereafter referred to as “biodiversity variables”

Table 2. Groupings of species within major taxonomic groups used in analyses.

Plants tree

(life-forms) shrub
perennial grass

facultative perennial grass
annual grass
perennial forb

annual forb
sedge

Plants groundlayer plants (all except tress and shrubs)

(other groupings used in some analyses) 3P grasses (palatable, productive, perennial: eg. Ash et
al. 2001)

Ants Cold Climate Specialist

(functional groups: Andersen 1990, 1995) Cryptic

Dominant Dolichoderinae
Subordinate Camponotini
Hot Climate Specialist
Opportunist

Generalized Myrmicinae
Specialist Predator
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Birds Aquatic

(foraging guild: Woinarski et al. 1988, Fisher 2001) | Aerial Insectivore

Foliage or Trunk Insectivore
Foliage Insectivore / Nectarivore
Nectarivore

Ground or Low Undergrowth Insectivore
Ground Insectivore / Granivore
Ground Insectivore / Omnivore
Granivore

Frugivore

Raptor

Varanid/Agamid
Gekkonid

Serpent (including pygopids)

Murids

Macropods (includes potoroids)
Arboreal mammals
Introduced mammals

In addition, there are a large number of “habitat variables” for each site describing ground cover
characteristics and vegetation structure, as well as “disturbance variables” describing recent
grazing pressure, distance to water, etc.

Species composition was examined by calculating a similarity matrix between all pairs of sites,
using the Bray-Curtis association measure. Separate similarity matrices were calculated for
each major taxonomic group, and some functional groups, within each landtype. In all cases, a
square-root transformation of the abundance data was used. Multi-dimensional scaling was
used to portray the relationship between sites for species composition in 2 dimensions.

Preliminary analysis showed that there significant biotic differences between two sample
locations in the VRD loam landtype (although these were superficially similar landform, soil and
vegetation), and between box- and ironbark-dominated sites in the QIld sedimentary and alluvial
landtype (although these were mapped as a single vegetation type). A ‘location’ or ‘vegetation’
factor was therefore included in most analyses, and where this was significant results were
derived separately for the 2 locations or vegetation types within the landtype. These secondary
divisions are referred to as “sub-landtypes”

Four major analyses were carried out:

2.4.1 Comparison between condition classes.

ANOSIM (Clarke & Gorley 2001) was used to compare compositional similarity between the 3
condition classes, for each similarity matrix. This reported a global test for “condition” and also
pairwise comparisons between each condition level. Two-way ANOSIM was used for NT loam,

Qld sedimentary and QId alluvial to separate the effects of condition and location or vegetation.

The mean for each biodiversity and habitat variable was calculated for each condition class
within each landtype (and sub-landtype), as well as the mean abundance of all species
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occurring in at least 5 sites within the landtype. Comparisons between landtypes are generally
illustrated graphically as box plots.

All biodiversity and habitat variables were initially compared between condition classes using
Kruskal Wallis tests (KW; the non-parametric equivalent of one-way ANOVA). Differences were
also tested using generalised linear modelling (GLZ), which was often more sensitive than KW
tests. For most variables (that were counts, or analogous to counts), a Poisson error
distribution and log link was used; otherwise a simple identity model was used. For relevant
landtypes, “location” or “vegetation” was included as a second factor and, where there was a
significant interaction term, the response to condition of the variable in each sub-type was
considered separately.

The same procedure was carried out for the relative abundance of each individual species that
occurred in sufficient sites (at least 5 sites for most taxa, but at least 10 sites for plants in
Queensland landtypes).

In order to facilitate description, and comparison across landtypes and taxa, the relationship
between condition classes for each variable was categorised into “response types”. Four main
responses are commonly used (eg Noy-Meir et al. 1989, Wilson 1990):

= increaser: highest value in poor and lowest in good sites

= decreaser: lowest in poor and highest in good sites

= intermediate: highest in intermediate sites

= extreme: lowest in intermediate sites

Examination of the responses of many variables/species suggested that it was sensible to
discriminate further for intermediate- or extreme-type responses:

= intermediate: highest in intermediate sites (and good and poor approx. equivalent)

= intermediate\increaser: highest in intermediate sites, but high in poor and low in good sites
= intermediate\decreaser: highest in intermediate sites, but low in poor and high in good sites
= extreme: lowest in intermediate sites (and good and poor approx. equivalent)

= extremelincreaser: lowest in intermediate sites, but high in poor and low in good sites

= extreme\decreaser: lowest in intermediate sites, but low in poor and high in good sites
These categories are only applied if there is a significant condition effect (in KW or GLZ tests).
Where there was no significant effect, the response was categorised as neutral. The nine
response types are illustrated in Fig. 4.

In some of the summary descriptions, the 8 non-neutral responses were simplified back to 4
coarse types, with intermediate\increaser and extreme\increaser included in increaser, and
intermediate\ decreaser and extreme\decreaser included in decreaser. In this case, the key
aspect is that the variable is low in poor sites for decreasers, or low in good sites for increasers.

The response types for each variable were tabulated for comparison across landtypes (and sub-
types). The number of species in each response type was calculated for each landtype, and
this was expressed as a proportion of the total number of species occurring in sufficient sites for
analysis. For species occurring across multiple landtypes, the number of responses in each
broad type were counted and an assessment made of whether these responses were
“consistent” (all non-neutral responses were of the same broad type) or “contradictory” (the
same species had increaser and decreaser responses, or extreme and intermediate
responses). This calculation may include different response types in subtypes within the same
landtype.
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Neutral Increaser Decreaser

Response variable
Response variable
Response variable

P | G P | G P | G

Intermediate Intermediate \ Increaser Intermediate \ Decreaser

Response variable
Response variable
Response variable

P | G P | G P | G

Extreme Extreme \ Increaser Extreme \ Decreaser

Response variable
Response variable
Response variable

Figure 4. Graphical representation of the different response types to condition class (P=poor,
I=intermediate, G=good). The response variable may be species richness, diversity, total cover, or
abundance of a species.

2. 4.2 Condition variables as continuous predictors

The relationship between biodiversity variables and selected continuous variables that are
important in describing land condition was tested using generalised linear modelling (GLZ).
Cover of bare ground and total understorey cover were used as predictors in all landtypes;
cover of 3P perennial grasses was used in Queensland landtypes and cover of all perennial
grasses was used in NT landtypes (there is no consistent categorisation of perennial grasses as
‘3P’ in the Northern Territory). A backward stepwise process was used to select the minimum
adequate model, and % deviance explained was calculated as a measure of model adequacy.
The number of condition variables used was also expanded in NT landtypes to include
perennial grass frequency and basal area, in order to test whether these performed better as
predictors than perennial grass cover.

Biodiversity & rangeland monitoring TECH - 22



Predictive models were calculated for each biodiversity summary variable and for all individual
species that occurred frequently enough in a landtype for analysis. Because of the large
number of models (585 summary variable / landtype combinations and 836 species / landtype
combinations) and the need to calculate each model twice (see below), generalised regression
modelling (GRM) was used®. Although this may entail using a less desirable error structure
than possible in GLZ, a check using randomly selected response variables showed little
difference in result between GRM and GLZ. The adjusted R? of the regression was used as a
measure of model adequacy.

The adequacy of models for each summary variable was tabulated for comparison across
landtypes. For comparison between landtypes and taxa for species’ models, results were
tabulated as the proportion of analysable species for which there was a significant model, and
the mean and range of deviance explained were calculated for each major taxonomic group in
each landtype.

In order to assess which condition variables were most useful in predicting biodiversity
attributes, the number of significant models in which each term appeared was tabulated.

2.4.3 Comparison between condition variables and other habitat variables as continuous
predictors

A range of other habitat variables was recorded in each site. In order to select a small subset of
variables for use in predictive modelling, vector fitting (Kantvilas and Minchin 1989; using the
PCC and MCAO routines in PATN) was used to analyse which habitat variables were most
strongly correlated to the ordination of sites by their species composition. This analysis was
repeated for each major taxonomic group (plants, ants, birds, mammals and reptiles
combined®), and the 3 or 4 habitat variables having the highest correlation and that were not
strongly intercorrelated were selected. These variables were then used in all predictive models
relevant to that taxonomic group.

The selected habitat variables were added to the condition variables in the predictive models
described above, and the backward stepwise procedure repeated to give the minimum
adequate model. Results were tabulated as described above. The ‘improvement’ in models
due to the inclusion of habitat variables was assessed by comparing the adjusted R? between
the condition and (condition+habitat) model for each variable.

2.4.4 Surrogacy and assemblage fidelity

In this context, surrogacy is a measure of the extent to which patterns amongst sites in the
dataset for one set of taxa are similar to those in the datasets for other taxa. If there are strong
similarities, it suggests that this taxa acts as a good surrogate for the others, and it would
therefore be sufficient to monitor that taxa in order to gain a robust picture of what is happening
to biodiversity more broadly (eg. Landres et al. 1988, Noss 1991). We assessed two measures
of surrogacy across all sites and within each landtype.

& we used the Statistica package for these analyses; the GRM routine can be implemented for multiple
models far more efficiently then the GLZ one.

% it was necessary to combine these two groups because the richness of each, particularly mammals, in
many sites was too low for effective ordination analysis
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Richness and diversity

The total richness of plants, groundlayer plants, perennial grasses, ants, ant functional groups,
vertebrates, birds, bird guilds, mammals, reptiles, and the Shannon diversity index for plants,
ants, ant functional groups and vertebrates were compared between sites using Spearman rank
correlation. The comparison was made across all sites and for each landtype separately.

Assemblage fidelity

Assemblage fidelity is a measure of the extent to which patterns in the overall species
composition of sites coincide between different taxa (Faith & Walker 1996, Oliver et al. 1998).
We assessed this by using Mantel tests to calculate the correlation between the compaositional
similarity matrices for vertebrates, birds, bird guilds, mammals and reptiles combined, ants, ant
functional groups, plants and groundlayer plants.
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3. Biodiversity and Rangeland Condition - Results

3.1 Pilot study

The results of the pilot study in the VRD region in 1999 are briefly summarised here; more detail
is given in Appendix 2.

45 sites were sampled, approximately evenly split between 5 locations on different pastoral
properties. The maximum distance between locations was about 100km.

Numerical analysis of satellite data used in pastoral condition assessment was applied to
classify sites into two broad condition classes — “good” and “poor”. There were
approximately equal numbers of sites in each class at each location.

A total of 235 plant, 73 bird, 32 reptiles and 50 ants species were recorded from all sites.
Mammals and some invertebrate taxa (carabid beetles, centipedes, scorpions) occurred too
sparsely to use in analysis.

For each major taxon (and also functional group classifications), differences in species
composition between locations obscured differences between condition classes (despite the
fact that all sites were in the same vegetation type).

In a two-way analysis, which removed the “location effect”, there was a significant effect of
condition on composition of plants, all vertebrates, birds and bird guilds, but not ants or ant
functional groups.

the strength of this “condition effect” differed substantially between locations.

in a simple comparison, there was no significant difference between condition classes for the
total richness or abundance of any taxonomic or functional group, other than the % cover of
perennial grasses, facultative perennial grasses and trees.

a more complex analysis included location and canopy cover as explanatory variables, as
well as condition. This showed complex condition/location interactions for a number of
richness/abundance variables related to birds (but not plants or ants).

A total of 123 plant, 49 vertebrate and 16 ant species occurred in sufficient sites for analysis
of species-level responses. In a simple comparison, there was a significant difference
between good and poor sites in the abundance of 3 bird and 19 plants species, but no ant
species.

A number of predictor variables were derived from satellite reflectance data used in pastoral
condition assessment, based on the mean and coefficient of variation of reflectance (in pixels
corresponding to sample sites) in annual imagery over 5 and 15 year time-periods.

these “remote-sensed variables” had some predictive power for many biodiversity variables,
including richness and abundance of vertebrates, birds and reptiles, richness of plants, and
richness and cover of most plant lifeforms.

remote-sensed variables also had significant predictive power for the abundance of 41-46%
of plant, and vertebrate species (that were sufficiently frequent to analyse).

However, most models using remote-sensed variables were quite weak and had complex
interactions between terms.

One way of visualising the response of species to condition was to place them within a
“condition-space” diagram defined by mean and CV of reflectance values.

The conclusion of the study was that linking biodiversity ‘health’ to land condition was very
complex, and that the response of biota to condition was highly variable between taxa and
locations (even in a single landtype).

Variables describing condition derived from remote-sensing had some ability to predict the
richness or abundance of many taxonomic groups and individual species
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= The pilot study only considered a small number of sites in a single landtype, so broader
sampling was needed to clarify many of these relationships.

3.2 Description of Flora and Fauna

A total of 519 plant, 136 bird, 26 mammal, 57 reptile and c. 300 ant species were recorded from
the 216 sites sampled during the main study (a complete list of species is given in Appendix 3).

A summary of the total and site richness of each major taxon in each land type is given in Table
3'. Richness levels were broadly comparable across landtypes, except that clay sites in the NT
had very low richness of ants and birds (a similar pattern, however, was not evident for resilient
(basalt) landtypes in Queensland). Mammal richness was very low, and reptile richness was
moderately low, at all sites. All landtypes in Queensland had higher mean richness of birds and
reptiles than those in the NT. Mean site richness of ants was remarkably consistent across all
landtypes (other than NT clay), while NT loam sites had relatively high plant richness.

Ordination of all sites by their species composition (using simple presence/absence data)
showed that sites clearly separated according to landtype, for each major taxonomic group (Fig.
5). Therefore, most analyses were conducted separately for each landtype, and then results
compared across landtypes in a meta-analysis (rather than including landtype as a factor in an
integrated analysis).

One feature of the biodiversity data was the large number of “rare” species (ie. those recorded
from few sites; Table 4). For taxa other than mammals, 20-30% of the species from each
landtype and in each taxon are recorded from only a single site; and 45-60% of species are
recorded from less than 5 sites. Only 25-40% of species occurred in at least 10 sites. The
relative proportion of species in each “rareness” class was quite consistent between landtypes —
the exception was the NT clay landtype, which has relatively few ant species but also relatively
few rare ant species. Mammal species were generally “rarer” than other taxa, with 82-100% of
mammals in each landtype occurring in fewer than 10 sites. This implies that data for about
half of the fauna and flora is too sparse to robustly determine whether there is any significant
response to land condition for these individual species. It is also likely that the most sensitive
species will occur at relatively few sites, exacerbating the difficulty of identifying such species
through any statistical analyses. While mammals are often a focus for monitoring effort (either
because they are more charismatic or there is genuine concern over species’ decline), they may
be particularly difficult to adequately sample (requiring a larger number of sites and/or a greater
effort per site).

3.3 Comparison of “habitat” variables between land condition classes

“Habitat” variables, in this sense, are features of the sites that are likely to be important for
influencing fauna and/or flora composition, but should be independent of land condition. A
general comparison between landtypes for mean habitat variables is given in Table 5,
illustrating some differences between landtypes, which contribute to differences in their biota.
The NT clay landtype supports a grassland (or very sparse woodland), so there is minimal

19 All results tables are collected in section 9.
L All results figures are collected in section 10.
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upper storey cover or basal area, and also has a high surface rock cover and no termite
mounds. Woodlands in the NT loam landtype are generally lower, with a smaller tree basal
area than those in Qld landtypes and a much lower proportion of standing dead trees and fewer
fallen logs. Woodlands on QIld basalt soils had a taller canopy than other Qld landtypes, but a
sparser mid- and shrub-layer, and also had few termite mounds.

The most marked difference between condition classes within a land type was for Queensland
basalt sites (Table 6). In this landtype, good condition sites had taller canopy, higher live basal
area, higher crown cover above 10m and more termite mounds. Poorer sites had higher basal
area of dead trees, more logs and higher litter cover, while intermediate sites had the highest
crown cover for mid-sized trees. A similar pattern of good condition sites having higher tree
cover and basal area was observed in NT loam sites, although the effect was more muted, and
good sites had higher litter cover. By contrast, mean basal area and crown cover of trees was
higher in poor condition sites in the Qld alluvial landtype.

3.4 Comparison of “grazing” variables between land condition classes

“Grazing” variables are those that are potential indicators of recent grazing pressure at the
sample sites (dung, tracks, defoliation, distance to water). Distance to waterpoints may also be
indicative of longer-term grazing history. These variables would be expected to vary
significantly between condition classes, especially if current grazing regimes reflect longer-term
grazing history.

The synthetic grazing index (combining dung, tracks and defoliation) showed a significant
increaser response for all landtypes except NT clay.(Table 7) However, the relationship
between condition class and all individual grazing variables differed between landtypes. Direct
measures of recent grazing pressure (dung, tracks, defoliation) were clearly related to condition
class for NT loam and QLD basalt sites, but this relationship was weaker, more poorly defined,
or absent for other land types. This may arise because cattle grazing distribution at the time of
sampling was atypical (eg. paddock was temporarily destocked). In NT clay and QId alluvial
sites there was relatively high defoliation levels in good sites (as well as poor sites) at the time
of sampling, which may be related to selective grazing on preferred palatable species in these
sites.

Interestingly, mean distance to water was only significantly different between condition classes
for Qld basalt sites. This reflects the fact that difference in condition were generally most
pronounced across fencelines (between paddocks and/or properties) and presumably arose
because of different stocking rates and/or other grazing management systems at a
paddock/property scale over at least moderate time-frames. Distance from water was invariant
for the QId alluvial sites, because these were in equally-sized experimental paddocks with
different stocking histories. Sites in the NT clay land type were in large paddocks with a mean
distance from water close to 3km for each condition class. Although piosphere effects are
usually well-developed in this landtype (Fisher 2001), this observation suggest that
development of areas of relatively poor condition through patch grazing is also important.

Mean distance from water (across all condition classes) within each landtype was much lower
for QId sites (basalt=1.3km, sedimentary=1.1km) than NT sites (clay=3.2km, loam=3.5km),
reflecting the smaller properties and generally greater infrastructure development in QId. There
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was also a significant difference in mean distance from water for sites within the two properties
sampled within the NT loam landtype (1.8 and 5.2km).

3.5 Comparison of “pasture condition” variables between land condition classes

Pasture condition variables are those that are typically applied in pastoral monitoring schemes
(and observationally by land managers) to assess the state of the ground layer — including
cover of bare ground, total understorey cover and cover, frequency and/or basal areas of
perennial grasses.

The NT landtypes clearly demonstrate the predicted relationship, with a very strong decreaser
response for cover, frequency and basal area of perennial grass (Table 8). Patterns are less
clearly defined for each QId landtype, with an intermediate or increaser response for some
perennial grass variables. This is attributable to the confounding effect of introduced pasture
grasses (which are not present in NT sites), which have relatively high cover or frequency in
poorer sites.

Total groundlayer cover and cover of bare ground do not necessarily have a simple relationship
with condition, as poor condition sites may have a relatively high cover of annual plants.

3.6 Comparison of biodiversity variables between land condition classes
3.6.1 Species composition

Similarity between sites in species composition was summarised for each major group within
each landtype by ordination (Fig 6), and ANOSIM was used to test whether condition class has
a significant effect on composition (ie. whether sites in the same condition class are more
similar to each other than to all other sites) (Table 9).

For NT loam, Qld sedimentary and QId alluvial landtypes, there is a primary separation of sites
on location (NT) or vegetation type (Box or Ironbark). The location effect in the NT loam
landtype is pronounced for all taxa, particularly ants, although there is some overlap of locations
for mammals/reptiles. The separation by vegetation type is also obvious for all taxa in QId
alluvial landtype, particularly for plants. The separation by vegetation type is also most obvious
for plants in QIld sedimentary landtype, but there is no significant vegetation effect for
mammals/reptiles, and the effect is subdued for ants and birds.

The strength of the effect of condition on composition varies between taxa and across
landtypes. In general, the condition effect is most pronounced in Qld sedimentary and QId
basalt landscapes, moderate in NT loam and weak or absent in NT clay and QId alluvial
landtypes (except for plants in the latter). In most landtypes, the condition effect is most
pronounced for plant composition, and weak (or absent) for reptile/mammal composition.
However, in the Qld sedimentary landtype there is a very strong condition effect for vertebrates,
which includes highly significant effects for both birds and reptile/mammal composition.

The pairwise comparisons between condition classes also reveal some difference between
landtypes & taxa in the nature of the effects. In most cases a significant overall condition effect
is accompanied by a significant difference between good and poor sites. However, for
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vertebrates in Qld sedimentary sites there is a less significant, or non-significant difference,
between good and poor sites, and the strongest difference is between intermediate and other
sites. Inspection of the ordinations shows that good and poor sites tend to group together. In
NT loam sites there is generally no significant difference between intermediate and poor sites.
However, for plants in NT clay and Qld basalt there is a stronger difference between
intermediate and poor sites than good and intermediate.

In almost all cases, the condition effect was less pronounced when composition of a taxon was
expressed in terms of functional groups. Ground layer plants gave very similar results to all
plants (although they did give a stronger condition effect for the Qld sedimentary landtype). Ant
functional groups and bird guilds both performed poorly in discriminating between landtypes
compared to the full species composition of these groups.

3.6.2 Vegetation structure

Differences between condition classes for some aspects of vegetation structure (canopy height
and structure and some measures of understorey cover) have already been described above
(Tables 6 & 8). A more detailed comparison between condition classes for mean cover/
frequency of plant functional groups (lifeforms) is given in Table 10. More significant results are
seen for cover variables than frequency variables, possibly because cover differences can be
exaggerated by recent defoliation by cattle and/or seasonal variation in rainfall. Total
understorey cover and perennial grass cover generally show a decreaser response, although
this was not evident in Qld alluvial sites. Annual grasses and all forbs tend to show an
intermediate or increaser response, although a decreaser response was observed in Qld basalt
sites.

3.6.3 Richness and diversity — plants

Total plant species richness showed a subdued response to condition, that varied in form
between landtypes (Table 10, Fig. 7). Richness was highest in poor sites for Qld sedimentary
sites, and there was an intermediate/increaser response for NT loam sites. However, there was
an intermediate/decreaser response for Qld basalt, and no relationship for NT clay landtypes.

Responses of plant functional groups (lifeforms) varied within and between landtypes (Table
10). Perennial grass richness had a decreaser or intermediate/decreaser response to condition
for NT loam, QId basalt and QId alluvial landtypes, and no increaser response for any landtype.
Annual grass richness had an intermediate, intermediate\increaser or increaser response for NT
loam (one location), Qld basalt and QId sedimentary landtypes, and no decreaser response for
any landtype. Understorey forb richness also had an increaser response for VRD loam and QId
sedimentary landtypes, but an intermediate response for QId alluvial (box only) and
intermediate/decreaser response for Qld basalt sites. Responses for some lifeforms were
entirely divergent between landtypes; facultative perennial grass richness had an increaser
response for VRD loam (one location), decreaser for Qld basalt and extreme for Qld
sedimentary sites.

Plant diversity (Shannon-Wiener) had an increaser response for NT loam and QIld sedimentary
landtypes, but an intermediate/decreaser response for Qld basalt (Table 10). There was no
significant difference between condition classes in plant diversity for NT clay or QId alluvial
sites.
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QIld basalt sites were notable as richness and diversity of all plants, and richness of most plant
groups, showed a decreaser or intermediate/decreaser response. The only group with an
increaser response in this landtype was woody richness (trees and shrubs combined). By
contrast, plant richness, diversity and most plant groups (other than perennial grasses) had an
increaser or intermediate\increaser in NT loam sites, and there were also primarily increaser
responses for QIld sedimentary sites. There was no significant response to condition for most
plant variable at NT clay or Qld alluvial sites.

3.6.4 Richness and diversity — ants

There were significant effects of condition on ant species richness and Shannon-Wiener
diversity for all landtypes other than QId alluvial (Table 11, Fig. 7). There were strong decreaser
responses for total richness and diversity in the resilient landtypes (NT clay and Qld basalt), but
a strong increaser response for NT loam and a subdued extremelincreaser response for Qld
sedimentary landtypes.

The increaser response for ant richness & diversity in NT loam sites was due to a pronounced
increaser response for richness of the functional group Hot Climate Specialists, which also had
a very high total frequency in poor sites. There was also an increaser response for richness of
Generalised Myrmicinae in one NT loam location, and an increaser response for frequency of
Dominant Dolichoderinae. By contrast, richness of Hot Climate Specialists had a decreaser
response to condition in the resilient landtypes, and an extreme response in Qld sedimentary
landtypes. There was also a decreaser response in resilient landtypes for richness of
Subordinate Camponitini, and for richness of Dominant Dolichoderinae and Generalised
Myrmicinae in NT clay and QIld basalt, respectively. An extreme or extreme\increaser response
was seen in richness of Cryptic and Generalised Myrmicinae groups in Qld sedimentary sites.

There was no significant response to condition in the richness or frequency of the functional
groups Cold Climate Specialist, Tropical Climate Specialist, Specialist Predator or Opportunist
(which generally had few species and relatively low abundance in the sampled sites).

3.6.5 Richness and diversity — vertebrates

The total species richness of vertebrates had a strong decreaser response for Qld basalt, and a
strong intermediate response for Qld sedimentary sites, but no significant response for the other
landtypes (Table 12, Fig. 7). There was also an intermediate response for total vertebrate
diversity in Qld sedimentary sites, but no significant effect for diversity in other landtypes.

3.6.6 Richness and diversity — birds

The total species richness and total diversity of birds similarly had a decreaser response for Qld
basalt and an intermediate response for Qld sedimentary sites, but there was also an increaser
response for bird richness in NT clay sites (Table 12). The same response for total bird
abundance was seen for the Qld landtypes, but there were dissimilar responses for bird
abundance in the two locations within the NT loam landtype.

The decreaser response in bird richness in QId basalt sites is reflected in a similar response in
richness within the ground insectivore and nectarivore functional groups. Functional groups that
have an intermediate response in richness in Qld sedimentary sites are aerial insectivore,
granivore, ground insectivore and ground insectivore/omnivore.
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The response type for richness within the various bird functional groups is not necessarily
consistent between landtypes. Granivores show an increaser trend in NT loam and clay and an
intermediate one in Qld sedimentary sites. Foliage insectivore/nectarivores have a decreaser
response in one NT loam location but an Intermediate response in the other, an increaser
response in NT clay sites and an extreme\increaser response in Qld alluvial (Ironbark) sites.

There were more significant responses for the total abundance of various bird functional groups,
although these responses are also variable across landtypes. Few functional groups have a
consistent response in two landtypes, and none are consistent in 3 or more landtypes. Foliage
insectivore/nectarivores have an increaser response for Qld alluvial and NT clay sites, but an
intermediate or intermediate/increaser response in Qld sedimentary and a decreaser response
for NT loam (one location). Granivores have an increaser response in the two NT landtypes,
but an intermediate response in Qld sedimentary sites. Foliage/trunk insectivores have an
intermediate or intermediate\increaser response for NT loam and Qld sedimentary sites, but an
extreme\increaser response for NT clay. Ground insectivores have a decreaser response for
VRD clay and VRD loam (one location), but an intermediate or intermediate\increaser response
for the other NT loam location and QId sedimentary sites.

3.6.7 Richness and diversity —reptiles

Total reptile richness has a marked decreaser response in NT loam sites, but no significant
response in other landtypes except for an increaser response in Qld alluvial (Box) (Table 12).
Reptile diversity had a decreaser response in both NT loam and QId basalt landtypes, and an
increaser response in QId alluvial (Box). The decreaser response for NT loam is also seen for
total reptile abundance, and there is an intermediate response for reptile abundance in Qld
sedimentary (Ironbark) and alluvial (Ironbark) sites.

There are some significant responses to condition for reptile taxonomic/functional groups, but
mostly for only one or two landtypes. Richness and abundance of varanids/agamids has a
decreaser response in both Qld basalt and sedimentary landtypes, and agamid abundance a
decreaser response in NT loam sites. Response type for skink richness is decreaser in NT
loam, intermediate\decreaser in Qld basalt, extreme\decreaser in Qld sedimentary (box) and
intermediate in Qld alluvial (Ironbark). Gecko richness has an intermediate/increaser response
in Qld sedimentary sites, but an increaser one in Qld basalt and an extreme/decreaser one in
NT clay sites.

3.6.8 Richness and diversity — mammals

There was no significant response of mammal richness, diversity or abundance to condition in
most landtypes (Table 12). The three variables had a decreaser response for Qld basalt sites,
mammal richness had an extreme response in Qld sedimentary (Box) sites and mammal
diversity had an extreme/decreaser response in the Qld sedimentary (Box) landtype.

Murid richness and abundance had a decreaser response in NT clay and NT loam landtypes,
and dasyurid richness and abundance also had a decreaser response in NT clay sites.
Macropod richness and abundance had an intermediate response in QId alluvial sites, but
macropod richness had an extreme response in the Qld sedimentary (Box) landtype. There
were no significant responses for individual taxonomic group variables for Qld basalt sites,
despite the decreaser responses for total mammal diversity.

Biodiversity & rangeland monitoring TECH - 31



In summary, Qld basalt sites were notable for showing a decreaser response for many
vertebrate variables, and Qld sedimentary sites for an intermediate response. There were very
few significant vertebrate variables for Qld alluvial sites (which may at least partly reflect the
smaller number of sites), while both NT landtypes had a small number of significant variables,
with the form of response variable amongst taxa.

3.6.9 Individual species — plants

The response patterns of a total of 254 plant species were analysed, representing 48.6% of the
recorded species. The response patterns of species in each landtype are tabulated in Table 13,
and the proportion (of analysable species) falling into each response type is summarised in

Tables 14 & 15. Comparisons between landtypes for each species can be made in Appendix 3.

Of the plant species that were sufficiently frequent to analyse, the proportion that show any
significant response to condition is remarkably similar across most landtypes (49-53%). The
exception is Qld alluvial, where only 17% of species had a significant response — which may
reflect the smaller number of sites in this landtype.

However, the proportion of species in each response type is variable between landtypes. This
is best illustrated at the coarse level of response (when responses are simply classed as
increaser, decreaser, intermediate, extreme) (Table 22). Sensitive landtypes have relatively
high proportions of increaser species (36% and 27% for NT loam and QIld sedimentary,
respectively) compared to resilient landtypes (18% and 12% for NT clay and QId basalt).
Conversely, resilient landtypes have higher proportions of decreaser species (29% and 30% for
NT clay and QId basalt) and sensitive landtypes have fewer (14% and 10% for NT loam and QId
sedimentary). The proportion of species with an intermediate response is generally low and
there are few species with an extreme response. The exception is in the Qld sedimentary sites,
where 10% of species had an intermediate response and 8% and extreme one.

Of the 254 analysable species, only 124 (49%) occur in more than one landtype, 64 (25%) in at
least 3 landtypes, 24 (9%) in at least 4 landtypes, and only 9 (4%) in all landtypes. A total of
163 species (64% of the total analysed) had a significant response to condition in at least one
land type, but only 55 species (22%) had a significant response in two or more landtypes (most
species occurring in several landtypes had non-significant (neutral) responses in some of these
landtypes). Of the 55 species with a significant response in two or more landtypes, for only 8
species was the response entirely consistent across landtypes. Furthermore, for 27 of these
species (49%) there was a contradictory response between landtypes (ie. increaser and
decreaser response, or intermediate and extreme response).

The four species with a consistent decreaser response are all perennial grasses (Sehima
nervosum, Themeda triandra, Bothriochloa ewartiana, Eulalia aurea). However, of the 14
species identified as “3P” grasses (in Queensland), only two have a consistent decreaser
response, while 8 of these species have an increaser response in at least one landtype (or
vegetation type / location).

Species with a consistent increaser response are woody forbs (Malvastrum americanum, Sida
spinosa, Tephrosia juncea), while the sedge Fimbristylis dichotoma had a consistent
intermediate response.
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3.6.10 Individual species — ants

Response patterns were analysed for 33-64 ant species in the five separate landtypes (Table
16). Itis not possible to compile a single list of ant species across all landtypes, as
morphospecies “names” have not been standardised between all landtypes.

There was a significant response to condition for between 40% and 58% of species analysed in
each landtype (Tables 17,18). Again, the proportion of species in each response type is
variable between landtypes, although the pattern is broadly similar to that described for plants.
Resilient landtypes had a relatively high proportion of decreasers (30% and 24%) and a lower
proportion of increasers (5% and 13%), while sensitive landtypes had a low proportion of
decreasers (17% and 7%) and a high proportion of increasers (33% and 19%). Qld
sedimentary sites were notable for a particularly low proportion of decreaser ant species (7%)
and relatively high proportions of ants with an intermediate (7%) or extreme (6%) response
type. The proportion of species in each response type in Qld alluvial sites was similar to the
sedimentary landtype.

19 ant species occur in more than one landtype and have been identified consistently across
landtypes (taxa with specific names, rather than morphospecies letter). Only 5 of these species
have a significant response in 2 or more landtypes (most species have a ‘neutral’ response in
most landtypes) and only one species has a consistent response across landtypes — the
increaser Iridomyrmex pallidus. The most widespread species — Iridomyrmex sanguineus —
shows a decreaser, increaser or intermediate response in different landtypes, and has a
contradictory response (increaser/decreaser) at 2 locations within one landtype.

All of the more speciose ant functional groups are represented within each major response type
(decreaser, increaser, intermediate) (Table 19). There was a remarkably similar number of
decreaser and increaser responses in each of the functional groups, with the exception of the
hot climate specialist group, which had substantially more increaser responses — reflecting the
preference of these species for areas of bare ground.

3.6.11 Individual species — birds

Response patterns for 87 bird species were analysed, which is 64% of all species recorded.
Between 27% and 54% of analysed species in each landtype had a significant response to
condition (Tables 20-22). There was a high proportion of increaser species (35%) in NT clay
sites, but a low proportion (6%) in the QId basalt sites. The NT clay sites had a low proportion
of decreaser bird species (9%), while Qld basalt sites had a much larger proportion (20%). The
Qld sedimentary sites also had a higher proportion of increaser (21%) than decreaser species
(7%), and were remarkable for the high proportion of species with an intermediate response
(28%). The NT loam sites had a similar pattern for birds as plants and ants, with more
decreaser than increaser species, although it also had a relatively high proportion of
intermediate species (13%).

Of the 87 species analysed, 69 (79%) occur in more than one landtype, 46 (53%) in at least 3,
21 (24%) in at least 4, and 9 (10%) in all 5. A total of 60 bird species (69%) had a significant
response to condition in at least one landtype, but only 27 species (31%) in at least 2 landtypes.
Five species had a consistent response across landtypes, whereas 9 species had a
contradictory response in two or more landtypes.
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Birds with a consistent response were the increasers: black-faced woodswallow, australian
magpie and mistletoebird, and the decreasers: brown falcon and pale-headed rosella.

Apart from the guilds with very few species, each guild is represented within each major
response type (decreaser, increaser, intermediate) (Table 23). However, there is a
disproportionately high number of decreaser species in the ground insectivore and foliage
insectivore/nectarivore guilds; and a disproportionately high number of increaser species in the
granivore and (marginally) foliage/trunk insectivore guilds. The raptor and aerial insectivore
guilds have relatively high numbers of species with an intermediate response.

3.6.12 Individual species —reptiles

Only 35 reptile species occurred in enough sites for analysis, although this is 87.5% of all
species recorded. Between 21% and 58% of analysed species in each landtype had a
significant response to condition (Tables 24-26). Most species recorded in Qld basalt sites had
no significant response, and there was a small proportion of both increaser and decreaser
species. There was also a high percentage of species with no response in NT clay sites,
although 25% of species were increasers (and there were no decreasers). Qld sedimentary
sites had the largest proportion of species with a significant response, with more increaser than
decreaser species. There was a high proportion (40%) of decreasers and no increasers in NT
loam sites.

Only 9 reptiles species had a significant response to condition in more than one landtype. Of
these, four showed a consistent response across landtypes, while two species had
contradictory responses (with decreaser and increaser responses in tow vegetation types within
a landtype.

The skinks Carlia munda and Cryptoblepharus virgatus had consistent decreaser responses,
while the gecko Heteronotia binoei had a consistent increaser response. The small skink
Menetia greyi had a consistent intermediate response.

3.6.13 Individual species — mammals

Only 12 mammal species (60% of all recorded species) were sufficiently abundant in any
landtype for analysis, and only 1 or 2 species in each landtype showed a significant response to
condition (20% to 33% of analysed species) (Tables 27,28).

No mammals had a significant increaser response in any landtype, while one species (rufous
bettong) had an intermediate response in both Qld sedimentary and alluvial sites. One or two
species were decreasers in NT loam, NT clay and Qld basalt sites, and these were different
species in each landtype. Other than the bettong, no species had a significant response in
more than one landtype, so there were no contradictory responses for mammal species.

Decreaser species included the rodents Pseudomys nanus and Rattus villosissimus, the
dasyurid Sminthopsis macroura and the eastern gray kangaroo.
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3.7 Condition variables as continuous predictors
3.7.1 Biodiversity summary variables

Continuous variables commonly used to assess condition (bare ground cover, understorey
cover and perennial grass cover) had significant predictive power for many biodiversity
summary variables in most landtypes (Tables 29-31). However, most regression models were
relatively weak (except for plant models where the response variable was closely related to one
or more of the predictor variables). The predictive power of the models may have been
improved by considering interactions and/or polynomial terms but, given the very large numbers
of models tested, this was not attempted.

Condition variables explained between 7% and 16% of plant species richness and between 7
and 35% of plant species diversity in 3 landtypes, although there was no significant model for
QLD sedimentary or alluvial landtypes (Table 29). Models were highly variable between
landtypes in their strength in explaining total richness, cover or frequency of different plant
lifeforms. For example, models for the cover and frequency of annual and perennial forbs were
relatively good (>50% deviance explained) in NT loam sites, but much poorer in other landtypes

Predictive models for ant species richness and diversity were moderately strong (11% to 32% of
deviance explained) in 4 landtypes, although there were no significant models for these
variables in NT loam sites (Table 30). Models were highly variable amongst landtypes in their
adequacy in explaining the richness and total abundance of ant functional groups, but were
generally most robust for the hot climate specialist group.

Models were generally poor, but again variable between landtypes, in their adequacy in
explaining the richness and diversity of all vertebrates, birds, reptiles or mammals (Table 31).
The most robust models) were for the richness and abundance of birds in QLD sedimentary
sites (29% and 39% or deviance explained; which also resulted in a reasonable model for total
vertebrate richness) and the richness of reptiles in NT loam and alluvial landtypes (13% and
14% deviance explained). There were also some relatively robust models for the richness
and/or abundance of vertebrate functional groups, such as the richness and abundance of
dasyurids and murids in both NT landtypes; the abundance and/or richness of several bird
guilds in QLD sedimentary sites; and the richness of geckos and skinks in QLD alluvial
landtypes. Again, however, the strength of models was highly variable amongst landtypes for
each response variable, and there were many variables for which there was no significant
model.

3.7.2 Individual species

The continuous condition variables also had some predictive power for the relative abundance
of individual species (Table 32). Excluding mammals (which had very few species) there were
significant models for between 13% and 58% of species (that occurred in sufficient sites to
analyse) in each taxonomic group and landtype. Across all landtypes, the proportion of species
with a significant model was remarkably consistent between major taxonomic groups (31-39%
of species), with the highest proportion for ants and plants, and the lowest for mammals and
birds. The proportion of species in a group with significant models was generally higher for NT
than QLD landtypes, with particularly high proportions for plants (58%) and birds (62%) in NT
clay sites.
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Although there were a large number of significant models, these models were generally weak,
with the mean deviance explained (for each landtype and taxonomic group) ranging from 10.1
to 29.8% (Table 32). For plants, ants and birds, predictive power of models was generally
greater in the more sensitive landtypes (NT loam, QLD sedimentary, alluvial) than the resilient
ones (NT loam, QLD basalt).

3.7.3 Which condition variables are the best predictors — biodiversity summary variables

The number of times that each continuous condition variable (bare ground cover, total
understorey cover, perennial grass cover) appeared in the predictive models for biodiversity
summary variables is shown in Table 34. Across all landtypes, each of the three variables
appeared in a moderate proportion of models for each of the major taxonomic groups.
Perennial grass cover was the most frequently appearing term for 3 groups (plants, birds,
reptiles); bare ground cover for 2 groups (ants and mammals) and total understorey cover for
only 1 group (reptiles, equal with perennial grass cover). However, this pattern was not
necessarily consistent between landtypes — for example, perennial grass cover was the most
frequent term in models for plant variables in 3 landtypes, but bare ground cover was more
frequent in the other 2 landtypes.

It is interesting to note that there was a disparity between the frequency of negative and positive
parameter estimates for each variable for most taxonomic groups — for example, perennial
grass cover was a positive term in all 11 models for mammals in which it appeared, but a
negative term in 12 of 16 models for bird variables.

Potential refinement to the use of perennial grass cover as a predictor variable was tested for
NT landtypes, where perennial grass frequency (loam and clay) and perennial grass basal area
(clay only) were also quantified and tested in models (Table 35). In NT loam sites, cover
appeared in many more models than frequency for plant variables, although the two variables
were approximately evenly represented in models for other taxonomic groups. In NT clay sites,
none of the 3 variables was clearly more useful than the others.

3.7.4 Which condition variables are the best predictors —individual species

The number of times that each continuous condition variable appeared in the predictive models
for individual species is shown in Table 36. As for the summary variables, each of the three
condition variables appeared in a moderate proportion of models for each of the major
taxonomic groups. Across all landtypes, perennial grass cover was the most frequent term in
models for plants, ants and mammals, while total understorey cover was most frequent in
models for birds and reptiles. Again, this pattern was not always consistent across landtypes.

There was generally less disparity between the number of negative and positive parameter
estimates for each variable / taxonomic group combination than noted above for the biodiversity
summary variables.

There was no clear advantage in using either of the three perennial grass terms (cover,
frequency, basal area) in predictive models for individual species in NT landtypes (Table 37).
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3.7 Other habitat variables as continuous predictors

Vector fitting was used to test the correlation of condition and habitat variables with the
ordination of sites by species composition (Table 38). The ranking of habitat variables by
correlation coefficient varied considerably between landtypes, and between taxonomic groups,
and the resultant selection of variables for use in predictive models is shown in Table 39. In
general, models included a The basal rea if dead trees was an important habitat variable in
some Queensland landtypes, and the density of height of termite mounds also appeared to be a
useful predictor variable.

It is also instructive to examine the correlation coefficients for the condition vectors within the
ordination space for each taxonomic group in each landtype (Table 38). Condition variables
generally have the highest correlation for plants and ants, and lowest for mammals and reptiles.
Correlations between condition variables and species ordinations are particularly poor for the
QLD basalt landtype, for all taxonomic groups. Within a taxonomic group, the condition variable
with the highest correlation coefficient tends to vary between landtypes — for example, for ants
the strongest condition vector is perennial grass frequency for both NT landtypes, soil cover for
QLD sedimentary and perennial grass cover for QLD alluvial landtypes.

3.7.1 Condition and habitat models — biodiversity summary variables

There is generally a substantial improvement to models for biodiversity summary variables
when habitat variables are included in addition to condition variables as predictors (Tables 40-
42).

For plant summary variables (Table 40), there was an increase in deviance explained for 34 of
the tested models as well as 20 additional models (for variables that had no significant model
base don condition alone. The improvement on deviance explained was variable, although
substantial in some cases (notably for total plant richness in QLD basalt sites).

For ant summary variables (Table 41), there was an improvement in deviance explained for 21
models, and an additional 24 significant models. With the inclusion of habitat variables, there
were significant predictive models for richness, diversity and total abundance of ants in all
landtypes (with total deviance explained between 14% and 52%).

For vertebrate summary variables (Table 42), there was an improvement in deviance explained
for 29 models, and an additional 48 significant models. 19 of these additional models were for
QLD basalt sites; models including habitat variables explained between 37% and 42% of the
richness, abundance and diversity of birds in this landtype, and there were significant models
for the richness and/or abundance of most bird guilds in this landtype. Inclusion of habitat terms
brought some improvement t models for total richness, abundance and diversity of mammals
and reptiles, although these models remained relatively weak (6% to 29% of deviance
explained) and there were still no significant models in some landtypes.

3.7.2 Condition and habitat models — individual species

There was a substantial improvement in predictive models for individual species when habitat
variables were included in addition to condition variables (Table 43). Across all landtypes, the
proportion of species for which there was a significant model increased by 32% for birds, 27%
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for plants, 24% for ants, 13% for mammals but only 4% for reptiles. Consequently, there were
significant models for 62-65% of all plant, ant and bird species, and 40-44% of reptile and
mammal species. The increase in the proportion of significant models occurred across all
landtypes, but was markedly larger for QLD basalt.

There was also a general improvement in the strength of the predictive models, with mean total
deviance explained ranging from 15.5% to 33.9% (excluding mammals). There is still some
tendency for models to be weaker for the more resilient landtypes, although this is less marked
than it was for models based only on condition variables. For a small number of species, the
predictive models with habitat and condition variables explained a very high percentage of total
deviance (up to 91%)

The summary figures presented in the Tables described above do not give a precise picture of
the improvement in predictive models with the addition of condition variables, as the calculation
of mean deviance explained included the additional models (with habitat variables as the only
significant term). Additionally, the inclusion of up to 4 additional terms in any model will always
lead to some increase in deviance explained. As an illustration, a more precise calculation of
“model improvement” is given for the NT loam landtype (Table 44). For summary variables, the
mean deviance explained after the inclusion of habitat predictors was between 26% (ants) and
86% (mammals) greater than with condition predictors only. For individual species, mean
deviance explained was between 52% (mammals) and 101% (ants) larger with the more
complete models. Improvement in the models resulted from the addition of few terms, with an
increase in the mean number of terms of less than one for all models except ant summary
variables, and a reduction in the mean number of terms for individual species of birds and
reptiles.

3.7.3 Which habitat variables are the best predictors

This project did not seek to exhaustively examine the relative merits of a large range of habitat
predictors. The number of times that each habitat variable tested here appeared as a
significant term in the predictive models is summarised in Tables 45 and 46. In general, all
habitat variables were useful in at least some models, and their relative importance varied both
between landtypes and taxonomic groups.

For summary biodiversity variables (Table 45), foliage cover of tall trees and dung score were
important habitat variables for most taxonomic groups in the QLD basalt landtype. Terms
relating to vegetation density were important in most landtypes for a variety of taxa and distance
to water or grazing index were significant in models for each taxonomic group in both NT
landtypes.

For individual species (Table 46), litter cover appeared as a significant term in models for plant
and ant species in most landtypes. Projective foliage cover was an important predictor for some
plant, ant and bird species, but at different heights in different landtypes. Interestingly, termite
mound height appeared as a significant term for 13 bird species in the QLD basalt landtype.
Distance to water was a significant predictor variable for a large number of plant, ant and bird
species in the NT loam landtype.
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3.8 Surrogacy amongst components of biodiversity

3.8.1 Richness and diversity

Unsurprisingly, there was high correlation for richness where one dataset was a major subset of
another (eg. between plants and ground layer plants, between vertebrates and birds), and there
was generally a high correlation between richness and diversity within a taxon (Table 47).
Outside these obvious relationships, correlations between taxa were generally weak (typically
r<0.3) or non-significant'?>. Notably, across all sites there was a relatively strong correlation
between richness of perennial grasses and richness of vertebrates, birds, bird guilds and
reptiles. Bird richness was also relatively strongly correlated with reptile richness. Interestingly,
plant diversity was relatively strongly negatively correlated across all sites with vertebrate
richness and diversity, bird diversity and bird guild richness, and reptile richness.

Generally similar patterns were observed for individual landtypes (Table 47). There was a
weak negative correlation between perennial grass richness and bird richness in NT loam sites,
and between perennial grass richness and ant richness in Qld sedimentary and QId alluvial
sites. By contrast, ant richness was positively related to total plant richness and perennial grass
richness in NT clay sites, and total plant richness was also weakly positively correlated with
vertebrate and bird richness in this landtype. In the Qld basalt landtype, there was a relatively
strong correlation between plant richness variables and richness of vertebrates and birds
(although not mammals or reptiles). Ant richness and diversity were negatively correlated with
richness and diversity of vertebrates and birds in Qld sedimentary sites.

3.8.2 Assemblage fidelity

Again unsurprisingly, there was strong assemblage fidelity between vertebrates and birds, and
between plants and ground layer plants (Table 48). Ant functional groups and bird guilds were
generally poor substitutes for the use of all bird and ants species in compositional analysis.
Assemblage fidelity between less-related taxonomic groups was quite variable between
landtypes, although in few cases was there a strong correlation (>0.5) between similarity
matrices.

Plant composition was most strongly related to bird (and vertebrate) composition in Qld basalt
sites, moderately correlated in NT loam and QId alluvial sites, but weakly correlated in NT clay
and Qld sedimentary sites. Plant composition was relatively strongly correlated to ant
composition in NT loam, NT clay and QId alluvial sites, but weakly so in QIld basalt and Qld
sedimentary landtypes. There was a relatively strong correlation between ant composition and
bird composition in NT loam sites, a moderate correlation in all Queensland landtypes, and no
significant relationship in NT clay sites. Ant composition was weakly correlated to
mammal/reptile composition in NT loam, QId basalt and QId alluvial landtypes, and there was
no significant relationship for Qld sedimentary sites. Quite unusually, there was a negative
correlation between ant composition and mammal/reptile composition in NT clay sites'®. There
was generally a weak relationship between the bird composition and mammal/reptile

12 It is important to note that, with a large number of sites, even a very small correlation can be significant.
A correlation coefficient of 0.32 implies that the variation in one variable explains c. 10% of the variation in
the second variable)

'3 This implies that sites that were more similar to each other in their ant composition tended to be less
similar in their reptile/mammal composition.
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composition, except for Qld basalt landtype. The NT clay and QId sedimentary landtypes were
notable for generally low assemblage fidelity between most taxa.

3.9 Other results

An important consideration when assessing land condition was highlighted by the sites in the
Qld basalt landtype, approximately half of which contained varying cover of the introduced
perennial grass Bothriochloa pertusa. The relative cover of B. pertusa had a pronounced
influence on the composition of vertebrates at these sites, particularly birds. The species
richness of both vertebrates and plants was also significantly lower at sites with high cover
(>5%) of B. pertusa (Kutt & Fisher 2004; Appendix 4). This grass species is considered
palatable and productive and sites with a high cover of B. pertusa would be rated in relatively
good condition from a pastoral perspective. However, the biodiversity at these sites would not
be comparable to good condition sites with a high cover of native plant species.

Changes in land condition within the grazing trial at Wambiana over 5 years were accompanied
by substantial changes in biodiversity (Kutt et al. 2004; Appendix 5). Some modifications to the
biota were caused by the resumption of burning after 20 years of fire exclusion, and severe
rainfall fluctuation over this period, emphasising how the larger shadow of management and
climate can affect condition. Encouragingly, improvements in condition in lightly-grazed
treatments (despite severe drought condition over the last three years of the trial), were
accompanied by increased abundance of a number of species known to be decreasers (e.g. the
small mammals Leggadina lakedownensis & Planigale maculata), suggesting the biota in that
area has retained some capacity to recover.
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4. Biodiversity Monitoring in Northern Australian Rangelands

4.1 Improved “biodiversity condition” assessment

The results of this project indicate that “land condition”, as traditionally assessed in pastoral
monitoring programs, is a useful but generally weak indicator for rangeland biodiversity. The
analyses also showed that the predictive power of models for most biodiversity attributes were
substantially increased by including habitat variables additional to those used to assess pastoral
condition. A more sophisticated and useful rating of “habitat condition” or “biodiversity
condition” for use in savanna rangelands may therefore combine a broader (or different) set of
attributes than conventionally applied in pastoral “land condition” assessment. There have been
a number of attempts to develop similar objective “habitat condition” assessment schemes in
other parts of Australia, some of which are briefly reviewed below™*.

The Habitat Hectares approach, which was developed in Victoria (Parkes et al. 2003, DSE
2004) relies on a comparison of remnant vegetation to a ‘benchmark’ for the same vegetation
type in a ‘mature and long-undisturbed’ site. In Victoria, the vegetation units used are
Ecological Vegetation Classes (ECVs) and benchmarks have been generated for the majority of
these using either existing vegetation known to be relatively undisturbed, or postulated values
using historical information and knowledge of the effects of disturbance on similar vegetation
types. The ‘habitat score’ of an area is made of components describing ‘site condition’ (large
trees; tree canopy cover; understorey; lack of weeds; recruitment; organic litter; logs) and
‘landscape context’ (patch size, neighbourhood, distance to core area). Each of these
component is scored relative to the benchmark for that ECV, and the contribution of each
component to the total score is weighted. The final score may be multiplied by the area (in
hectares) to give a total ‘habitat hectare’ score.

The Biodiversity Benefits Toolkit (Oliver 2004, Oliver et al. 2005) was developed in New South
Wales to values terrestrial habitat and land use change scenarios. It uses 3 surrogate
measures of species-level biodiversity: conservation significance (which scores the biodiversity
value of a site in a regional context), landscape context (which scores the biodiversity value of
the site according to its size and location in the wider landscape) and vegetation condition
(which scores the degree to which critical habitat components for native plants and animals are
present at the site). The site attributes used in the vegetation condition assessment were
modified from those of the Habitat Hectares approach, and were similarly scored against the
characteristics of a benchmark stand of the same vegetation type. The 3 components were
combined into a Biodiversity Significance Score (with the greatest weighting given to vegetation
condition) and this was multiplied by a Land Use Change Impact Score and the area to give a
Biodiversity Benefits Index.

Biometric (Gibbons et al 2005™) is a tool used in NSW to assess the impacts on terrestrial
bodiversity of applications for clearing or incentives within native vegetation. The steps within
the decision-support system include a scheme for assessing “site value”, base don ten condition
variables: native plant species richness; native overstorey cover; native midstorey cover; native
ground cover (grasses); native ground cover (shrubs); native ground cover (other); exotic plant
cover; number of trees with hollows; proportion of overstorey species occurring as regeneration;

* much of this work has focused on aquatic environments and we do not consider these schemes here
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total length of fallen logs. Each variable is scored on a 0-3 scale by reference against a
benchmark, which is based on relatively unmodified examples of the same vegetation type.
Scores for regional value and landscape value are also used in the tool.

The BioCondition tool (Eyre et al. 2006) was developed in Queensland and aims to provide “a
measure of how well a terrestrial ecosystem is functioning for the maintenance of biodiversity
values. Itis concentrates on vegetation condition, which is defined in Queensland as “the
structural, compositional and functional aspects of a mature and relatively undisturbed regional
ecosystem important for the maintenance of biodiversity values™®. As in the schemes
described above, BioCondition depends on scoring sites relative to benchmarks'’, in this case
specific to each regional ecosystem (RE), with the reference sites being either “mature or long
undisturbed” or “best on offer” (although benchmarks may be elicited from experts rather than
based on measured sites; Low Choy et al. (2005)). Site-based condition attributes contributing
to the BioCondition score are an elaboration of the approach of Parkes et al. (2003): recruitment
of woody perennial species; native plant species richness; tree canopy cover; tree canopy
height; shrub layer cover; native perennial grass cover; native perennial forb and non-grass
cover; large trees; fallen woody material, weed cover; litter cover. Landscape attributes scored
for each site are size of patch, context and connection for fragmented subregions; or distance to
water for intact subregions. Each attribute is weighted and combined to give a total
BioCondition score, which can be further simplified to a 1 (‘good’) to 4 (‘poor’) scale for
biodiversity condition.

The application of each of these schemes to biodiversity condition assessment in tropical

savanna rangelands has a number of limitations or caveats:

= They were initially developed for use in highly fragmented landscapes and for the
assessment of the value of patches of remnant vegetation. The attributes used in the
‘landscape context’ portion of the assessment are generally not relevant to more intact
rangeland landscapes;

= The use of benchmarks against which all attributes are assessed suggests that long-
undisturbed sites represent an ‘ideal’ condition. This is a questionable approach in dynamic
landscapes (McCarthy et al. 2004), such as tropical savannas where frequent disturbance by
fire is the norm rather than the exception, and where the maintenance of spatial and
temporal heterogeneity in otherwise relatively uniform vegetation types is likely to be an
important factor in maintaining biodiversity (Woinarski 1999, Woinarski et al. 2005)

= Notwithstanding the previous point, it is unlikely to be practical to describe benchmarks for all
vegetation units in the tropical savannas, particularly given that there is only coarse-scale
mapping (eg. 1:1000000) of vegetation units across much of the savanna, and a lack of
uniformity in mapping methods and community description.

= Furthermore, it is unclear what the appropriate scale is for describing the landscape units
that would be used in condition assessment and benchmarking. The results of the current
study demonstrated that there was substantial variation in many biodiversity attributes
between two recognisable vegetation types within a single regional ecosystem (cf. Eyre et al.
2006), or even between locations (in the NT loam landtype) within what would be almost
certainly mapped as a single vegetation unit at even fine scales.

13 http:/Avww3.environment.nsw.gov.au/npws.nsf/content/biometric_tool

'8 Eyre et al. (2006) note however that the BioCondition score does not provide an index of habitat
suitability for fauna.

7 http:/www.epa.qld/gov.au/nature conservation/biodiversity/BioCondition
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= The current schemes focus on assessing vegetation condition, with an assumption that this
is a good surrogate for other components of biodiversity. While the vegetation condition
attributes include a number of habitat features that have shown (by the current and many
other studies) to be important for a range of fauna, other attributes may be equally useful.

Although these are substantial issues, we recognise that the refinement of “biodiversity
condition” assessment schemes will inevitably offer a significant improvement on the ability of
conventional land condition assessment to provide information about the state of, or trends in,
biodiversity. A recently-commenced project led by A. Kutt - Biodiversity Management and
Condition Assessment: a Toolkit for Queensland’s Tropical Rangelands — seeks to explicitly test
the utility of a biodiversity condition assessment in the Burdekin and northern Gulf regions. The
biodiversity condition assessment method will be based on that used in BioCondition, but will
attempt to incorporate attributes that better reflect ecological processes and disturbance
regimes in the tropical savanna.

However sophisticated a site-based assessment of ‘habitat’ condition may be, there may be a
disjunction between habitat suitability and the presence or abundance of species, due to factors
that are not considered in the assessment (such as the density of predators; historical impacts
on biota that are no longer reflected in habitat condition; complex spatial arrangement of
vegetation units and condition states). This is largely an intractable problem, and emphasises
the need to maintain direct monitoring of biota as at least an adjunct to habitat condition
assessment.

4.2 Regional- and local-scale biodiversity monitoring programs

There has been increasing attention paid over the past decade to the need to develop
achievable but effective monitoring programs for biodiversity in Australian rangelands. We
summarise the outcomes from several attempts to develop and/or refine such frameworks
below.

In a report to the National Land & Water Resources Audit (NLWRA), Whitehead et al. 2001

investigated an “adaptive framework for monitoring biodiversity in rangelands”. They concluded

that a capable system would include a number of components:

= elements from the existing State and Territory pastoral monitoring programs (but ideally
enhanced to better meet biodiversity monitoring objectives, by more comprehensive
sampling of rangeland landscapes and grazing intensities and inclusion of control or
benchmark sites)

= increased application of remote sensing and its improved linkage to both measures of
landscape function and direct monitoring of biodiversity (accompanied by an emphasis on
robust studies to validate these relationships)

= additional wildlife (flora ad fauna) surveys designed to repeat “landmark” surveys and
validate surrogates or indicators;

= regular monitoring of populations of a range of selected species, emphasising those most
sensitive to prevailing adverse processes or otherwise identified as good indicator species;

= explicit linkage of monitoring programs for Parks and Reserves to their equivalent on lands
used for primary production (in order to better tease out management-induced change)

Whitehead et al. (2001) developed a minimum set of 11 indicators to provide a "starting
configuration for an ultimately useful scheme” (Table 49).
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Table 49. Minimum set of indicators for a national rangelands biodiversity monitoring system,
recommended by Whitehead et al. (2001).

a) Progress towards a comprehensive, adequate and representative (CAR) reserve system;
b) Trends in the extent of clearing of native vegetation;

c) Trends in landscape function metrics:

d) Trends in the cover of native perennial grass / ground layer vegetation;

e) Trends in the distribution and abundance of exotic plant species:

f) Trends in the distribution, abundance and condition of fire-sensitive plant species and
communities;

g) Trends in the distribution and abundance of grazing-sensitive plants;
h) Trends in the distribution and abundance of susceptible mammals:;
i) Trends in the distribution and abundance of susceptible birds:

J) Trends in the distribution and abundance of listed threatened species, and the distribution
and condition of listed threatened communities:

k) Trends in the intensity of land use;

Smyth et al. (2003) reported on expert technical workshop that aimed to further develop or
refine indicators, methods and tools for rangeland biodiversity monitoring. Some of the key
papers from the workshop were also elaborated in a thematic issue of Austral Ecology (eg.
Smyth & James 2004). The workshop described and reviewed a very large number of
monitoring techniques for measuring attributes of introduced predators, wild harvesting, grazing,
weeds, land surface change, plants, fauna and ecosystems. It also distinguished 5 scales for
purpose, resolution and reporting of biodiversity monitoring. One outcome of the workshop was
a large list of 51appropriate indicators for regional- and local-scale biodiversity reporting (Smyth
et al. 2003, Table 4.2). Two other useful outcomes of the workshop were the development of
some sets of guiding principles for biodiversity monitoring systems: the first more concerned
with the process of developing a monitoring program (Table 50) and the second more of a
conceptual model of how a monitoring system would be structured (Table 51). Table 50
emphasises that the form of the monitoring program will depend on the purpose, scope and
scale, and these must be carefully considered in the development of the program. Table 51
emphasises the need for adequate regional resource information, that the indicator set should
be diverse, and that reference areas are important.
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Table 50. Guiding principles for development of a biodiversity monitoring system (from Smyth et al. 2003,
section 5.3)

1. Include in the development process people with expertise in biodiversity management and
monitoring.

(eg. NRM planners, regional land/bushcare coordinators)

2. Identify what changes are happening in the environment that are of concern to
biodiversity values. If there are many issues of concern try and prioritise them.

(eg. reduced extent of plant communities, degradation of land and inland water condition, loss &

degradation of specific habitat attributes, e.g. understorey cover, water-edge vegetation, increased

bare ground, tree hollows, favoured seed & nectar plants, declines in well-known fauna and plants. OR

Include particular species you are concerned about? Are there areas or locations that you consider

especially important? Can you identify areas that can serve as ‘reference points’? Are changes more

likely to happen at particular times?)

3. Identify what factors are operating in the environment that may be driving these
changes.

(eg. grazing, altered fire regimes, feral predators, exotic plant invasions, clearing. OR Are some pests
or weeds a problem? Are there changes in land-use or management that might affect biodiversity? Are
these factors and processes localised or do they operate throughout the region? Do they operate all
the time, or only occasionally?).

4. Identify who needs this information and why. Consider what sort of information
product will be needed to allow land managers and decision makers to react to the
change.

(eg. Commonwealth, State, Territory & local government NRM and biodiversity managers and
planners, regulatory bodies, primary industry groups and landholders for internal management and
decision-making. Primary industry groups, community groups, landholders and other parties who have
commitments to externally demonstrating environment performance outside the enterprise OR Who
does this affect? Who can take action in response to the information?)

5. Decide on how often information will be needed to best meet the needs of users.
(eg. annually, biennially, every 5 years, every 25 years OR Do you need to monitor everything all the

time? Do you need to change some monitoring in response to events like fire or drought? Will your
monitoring allow enough time for responses?)

6. Establish who will be responsible for collecting and managing the information and
ensuring that it is available to the users.

(eg. State NRM govt agency for storage, analysis and uptake; environmental consultants, landcare,
primary industry group, landholders for targeted data collection; Commonwealth, States & Territory for
performance assessment, communication and funding. OR Who will analyse the information? Who
will store and distribute the information and analyses?)

7. With an understanding of issues of concern and client needs, establish what will be
monitored and what techniques will be used to track change.

(Refer to list of most appropriate indicators and the best techniques for measuring them OR What
information is already available? What additional information do you need?).

8. Doublecheck to make sure the indicators, techniques and reporting frequency selected
will be able to detect the changes of concern.

(Refer to protocols for selecting sites, indicators, techniques, sampling regime, analysis, interpretation

and reporting)

9. Establish a process to review and improve the monitoring program to ensure it is
providing the information required.

(eg. Identify performance criteria and indicators and then assess outcomes against performance
targets every 5 years or as required. OR Have your needs or priorities changed?)
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Table 51. Guiding principles for designing an operation framework for regional biodiversity monitoring
system (BMS) (from Smyth et al. 2003, Appendix F)

1. Whether the monitoring is for special circumstances or for general biodiversity
values should be identified and the BMS for each designed differently. For example:
= Special places
= Regional matrix

2. A BMS should be supported by adequate digital and non-digital regional information
resources sufficient to allow mapping of:
= Country types
» Land-use pressures
= Special places

3. A BMS should encompass a necessary and sufficient set of biodiversity values,
including:
= Plant and animal dimensions, including structural and compositional components
= Ecosystem dimension to maintain and enhance ecosystem functioning

4. Indicators of a BMS should be a necessary and sufficient set that includes:
= Biotic response, environmental, pressure and landscape attributes
= Remote- and ground-based measurements.

= An appropriate range of sampling effort from opportunistic to systematic, and qualitative to
quantitative

= Feedback on deliverable outcomes, operating constraints and assessment against a
standard and credible protocol.

5. The set of monitoring sites should include areas with a range of biodiversity values
and country types, and encompass:

= Areas that have special biodiversity values (e.g. threatened species or communities, or
areas under special management)

= Reference areas that have high biodiversity value because they are under low pressure, for
use as benchmarks to signal adverse change from natural variability

= Areas where biodiversity values are at-risk because of high pressure, and areas where land-
use pressures are average

Although Smyth et al. (2003) detailed a large set of potential indicators for rangeland
biodiversity, there was still a lack of clarity as to how a subset of these were best selected and
implemented in an achievable and effective monitoring program, especially at regional scales
and where scientific expertise was limited. Hunt et al. (2006) sought to develop a somewhat
simplified indicator set, and undertook several case studies at regional and enterprise scale to
test how biodiversity monitoring programs may practically be implemented.

The indicator sets of Hunt et al. (2006) for biodiversity monitoring at pastoral enterprise and
regional scales are summarised in Table 52 and 53. At the latter scale, we have removed the
distinction made by Hunt et al. (2006) between indicators for different reporting functions
(regulatory& compliance, investment allocation), as there was substantial overlap.

Hunt et al. (2006) also provide some detailed examples of how monitoring programs may be
developed at property and regional scales. At a property scales, examples are provided for 4
different scales and three levels of monitoring effort, depending on the management issues and
resources and expertise available. A worked regional example is provided for the Burdekin Dry
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Tropics region, which takes into account the explicit requirements for biodiversity monitoring
established by Resource Condition targets and associated management actions in the regional
Natural Resource management Plan. Key components in developing a regional biodiversity
monitoring plan are:
1. Obtain existing environmental mapping and biodiversity data for the region.
Usually some biophysical baseline mapping data exists for the region of interest. Existing
baseline biodiversity and other ecological data, and information on land management regimes,
land tenure and other cadastral data should be utilised in planning the monitoring program.
2. Identify significant biodiversity components.
Using the existing information and expert knowledge that may be available identify significant
biodiversity components in the region (e.g. significant ecosystems, significant species or
threatened or declining species).
3. Identify significant pressures.
for example: total grazing pressure
invasive ‘pasture’ plants or weeds (i.e. introduced species)
fire
vegetation structural change (thickening or thinning)
proliferation of water points
feral predators.
4. Select 'pressure’ and ‘management action’ type indicators.
Pressure indicators are selected based on knowledge of significant pressures in the region, and
are generally measured broadly across the region using landscape-scale surrogates.
Management action indicators might include CAR reserve status, number of threatened species
action plans, progress to best-practice pastoral management.,
5. Select ‘'response-type’ indicators.
Response indicators are selected based on knowledge of significant biodiversity components
and to encapsulate as broad a range of taxa as possible. Many response indicators require
direct measures of biota at the local scale, with careful stratification according to landtype and
management regime to select monitoring sites. Monitoring response indicators may requires
more specialised knowledge and greater investment than ‘pressure-type’ indicators, but are
essential for a comprehensive biodiversity monitoring program.

It is not possible for this report to proscribe a detailed framework for a biodiversity monitoring
program that can be applied ready-made to all regions in the tropical savannas. Effective
biodiversity monitoring programs must be designed on a case-by-case basis for each region
though consultation between relevant biodiversity experts and the land management agencies
that will use the information. However, the development of the monitoring program should be
informed by the principles described above, and the indicators listed here are the current “best-
bet” options. In developing any monitoring program, it will always be tempting to rely on
pressure-type indicators, or very simple response-type indicators such as “land condition”, as
they are generally tractable to measurement across broad landscape scales. As this project
has demonstrated, however, the response of biodiversity to landuse effects are inevitably
complex, and it is unreasonable to expect that a few simple surrogates to be adequately capture
this complexity. Therefore, we emphasise the importance of incorporating response-type
indicators into any biodiversity monitoring program, that these should encapsulate a broad a
range of taxa as possible, and that they should be monitored at as comprehensive a range of
sites as possible.
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Table 52. Suggested indicators for biodiversity monitoring at the scale of a pastoral enterprise (modified from Hunt et al. 2006). Indicators are divided into
3 types; “response” indicators assess the biotic response of species, groups or ecosystem attributes to landuse impacts; “pressure” indicators assess landuse
pressures or threatening processes that are likely to affect biodiversity; “management action” assess changes in land management for the benefit of

biodiversity. The table also includes an assessment of Feasibility (the technical feasibility of using the indicator at this scale) and Likelihood (whether the
level of resources and expertise are likely to be available at this scale), suggested by Hunt et al. (2006). Indicators marked with an asterisk are likely to be
guantified at a regional scale, and need to be considered in this context.

Indicator description Suggested techniques / notes Indicator explanation F L
“Response” type
Change in cover and structure of perennial Photopoints / plots or transect counts / Broad indicator of a number of pressures. High Med.
terrestrial vegetation (pasture grasses / detailed demography / remote sensing e.g. grazing, fire, flood, drought, weed
woody shrubs) invasion, land clearing.
Change in composition of perennial Photopoints / plots or transect counts Aimed at maintenance of pastorally High Med.
terrestrial vegetation (pasture species / productive plant species and habitat for
shrubs / all) other elements of biodiversity.
Change in composition of bird fauna (all or Plot / transect counts Different suites of birds are good indicators Med. Low
selected species) of different pressures, based on
mobility/dispersal characteristics; some
known to be sensitive to landuse impacts
Change in composition of ant fauna Pit trapping Ants are a ubiquitous and diverse group, Low Low
sensitive to disturbance at fine scales
Change in composition of mammal / reptile Pit/Elliott trapping; searches; counts; track A direct measure of a components of Med. Low
fauna counts; scat counts; hair tube biodiversity, some known to be sensitive
Change in distribution or abundance of Specific monitoring programs A direct measure of significant components Low Low
significant fauna species (eg. threatened of biodiversity
spp. / waterbirds)
Effective recruitment in populations of Photopoints / plots or transect counts Recruitment is key to persistence in species Med. Low
special biota or ecosystems of high value.
Change in landscape function measures Area of bare ground, erosion / photopoints / | An indicator of long-term capacity of the Med. Low
transects / remote sensing landscape to support biota, although
linkages poorly validated
Riparian / aquatic condition Rapid assessment techniques? Important habits for many biota; indicates High Med.
problems with sediment and nutrient loads
Abundance of macropods Dung, transect counts / aerial survey / cull may be an important component of total Med. Med.
grazing pressure, as well as a readily
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Indicator description Suggested techniques / notes Indicator explanation F L
returns sampled component of biodiversity
“Pressure or threat” type
Average stocking rates Property records (by paddock) Indicator of grazing pressure on the High High
landscape / ecosystem
Distribution and abundance of feral Plot or transect count / scat counts / aerial Often a major & uncontrolled source of Med. Low
herbivores survey grazing pressure.
Distribution and abundance of feral Spotlight transect counts / scat or track Predation may be a critical factor in the Med. Low
predators counts decline of many fauna species, and
important management factor for some
threatened species.
Distribution and abundance of invasive Locality records / plot or transect counts May be an important threatening process. Med. Low
weeds (terrestrial and aquatic)
Localised grazing pressure (on special / Track / dung counts / defoliation / Specific to plant communities or fauna Med. Low
sensitive areas) photopoints habitats that need some areas protected
from grazing pressure (eg from rabbits).
Density of artificial waterpoints* (by land Station plans; GIS data compiled by state Surrogate of grazing pressure High Med
type) agencies (may be very inaccurate)
% of land area remote from water points* GIS analysis (from waterpoint & landtype Availability of refuges for grazing-sensitive Med. Low
(by land type) mapping) species
Extent of clearing of native vegetation* (by Aerial photographs, satellite imagery; data Major threatening process. Can be High High
land type) compiled by agencies enhanced with measures of patch size /
connectivity / fragmentation
Frequency and extent of fire* Annual fire mapping by agencies; Station May be major threatening process, but Med. Med.
records needs to be related to desirable fire regime
for each landtype.
“Management action” type
Infrastructure to protect special areas Station records; reports to funding agencies | Fences to remove stock, fire breaks etc, are High High
indicators of care for special areas and taxa.
Biodiversity-friendly grazing management Documented plans; records of An indicator that biodiversity conservation is Med Low
strategies implementation a priority of management
Property environmental plans Documented plans Suggest that natural values have been High High
documented
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Table 53. Suggested indicators for biodiversity monitoring at a regional scale (modified from Hunt et al. 2006

18) )

Table 52. Some of the Feasibility and Likelihood scores have been changed base don the authors’ experience of tropical savanna regions.

Indicators types and table structure as

Indicator description Suggested techniques / notes Indicator explanation F L
Response type
Composition of perennial terrestrial Photopoints / plot or transect counts Direct measure of some components of High Med
vegetation biodiversity; relative proportion of increaser
ad decreaser species indicates landuse
impacts ; important resource for much biota
Cover and structure of perennial terrestrial Photopoints / plots or transect counts / Attribute of landscape function and habitat High Med
vegetation detailed demography / remote sensing quality for other elements of biodiversity.
Indicator of impacts of a number of
pressures (e.g. grazing, fire, weed invasion
and land clearing).
Vegetation 'greenness' indices Remote sensing Indicates relative response of areas to High Med
rainfall, possibly an indicator of condition.
Link to biodiversity not well validated.
Abundance and distribution of aquatic and Greenline transects/photo points Reflects the effect of changed flow regimes Med Med
semi-aquatic vegetation and indicates riparian vegetation and
wetland health.
Composition and abundance of waterbird Plot / transect counts Direct measure of some components of High Med
fauna biodiversity. May be an indicator of wetland
health more broadly.
Composition of terrestrial bird fauna Plot/transect counts Direct measure of some components of High Low
biodiversity. Some species known to be
sensitive to landuse pressures.
Composition of terrestrial fauna Pit/Elliott trapping; searches; counts; track Direct measure of some components High Low
counts; scat counts; hair tube biodiversity. Some species known to be
sensitive to landuse pressures.
Composition of aquatic invertebrate fauna Micro-netting and volume sampling Direct measure of some components Med Low
biodiversity. Some species/groups are
sensitive indicators of aquatic and riparian
habitat condition
'8 The simplification of the table from that in Hunt et al. (2006) also reflects discussions with Lynn Day and the development of a list of indicators that she
used in background research for the ACRIS 2007 Tracking Changes report.
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Indicator description Suggested techniques / notes Indicator explanation F L
Kangaroo abundance Dung and/or transect counts/aerial May be a significant component of grazing High High
survey/culling returns pressure. Important to monitor exploited
species.
Status of threatened species and ecological | Specific monitoring programs, usually by Important component of biodiversity. May Med Med
communities agencies be an indicator that pressures are
ameliorated in wider landscape.
Status of particular ‘icon’ plant species Specific monitoring programs, usually by May be useful surrogates for broader High Med
agencies biodiversity components, or clearly
demostrate impacts of landuse pressures.
May be chosen because eof community
concern, interest or knowledge
Riparian / aquatic condition Rapid assessment programs; possibly Important habits for many biota; may be an Med Med
remote sensing indicator for landuse pressures elsewhere in
the catchment
Landscape pattern change Site-based assessment; possibly at broad Indicates potential loss of landscape Med Low
scales using remote sensing function and habitat degradation. Link to
biodiversity requires validation.
Pressure type
Distribution and abundance of feral Spotlight transect counts/scat or track Major threatening process for some fauna, Med Low
carnivores counts including threatened species
Density and abundance of feral herbivores Plot or transect count/dung counts/aerial Often a major & uncontrolled source of High Med
survey grazing pressure.
Distribution and abundance of significant Locality records/plot or transect counts May be an important threatening process High Med
weed species (includes ecologically
significant exotic species that are not
currently classified as weeds)
Extent of clearing of native vegetation (area | Remote sensing, aerial photography, Habitat loss is a major threatening process High High
and proportion by vegetation type) clearing applications.
Landscape pattern metrics (patch sizes, GIS analysis of coverages for vegetation Elaboration of indicator above to include High Med
connectivity) types, land clearing, etc. fragmentation and connectivity
Fire frequency and extent Annual fire mapping from remote sensing Examine role of fire in changing habitat High High
elements of landscape
Land tenure change Mapping, databases of State agencies Gross indicator of change in landuse High Med
pressures.
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Indicator description Suggested techniques / notes Indicator explanation F L
Average stocking rates Possibly from stock returns, ABARE data In combination with water point indicators Med Low
(difficult to quantify by landtype) can indicate grazing pressure on
ecosystems
Density of artificial water-points Mapping by State agencies (may be Surrogate for grazing pressure and land-use | Med Med
inaccurate) intensity; also directly correlated with
changes in water-dependent species
Percentage of land area that is remote from | GIS analysis Indicates the extent to which grazing Med Med
water points (by landtype) sensitive, and water-affected species have
refuges from these pressures.
Management action type
Progress toward a CAR (comprehensive, State tenure mapping; GIS analysis Shows proportion of land area explicitly High High
adequate and representative) conservation managed for biodiversity outcomes and
network potential reduction in some landuse
pressures.
Infrastructure to protect special areas eg. Length of fencing, area protected Direct investment in protecting areas outside | Med Med
the conservation estate
Regional conservation plans Coverage and adequacy of explicit plans Planning is an important initial step in | High Med
management; suggest appropriate data is
available
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5. Retention of Biodiversity in Australia’s Northern Rangelands

Although developing a robust system for monitoring savanna biodiversity is an important goal, it
will not in itself ensure that biodiversity values are maintained and improved. Rather, monitoring
should be seen as a key component of an adaptive management system that is able to adjust
land management regimes in response to trends in biodiversity or indicators for biodiversity
status.

Unfortunately, we do not have the luxury of developing such a monitoring system before any
substantial efforts and investment are directed toward implementing biodiversity-friendly
management regimes throughout the savanna rangelands. Rather it is vital to advocate ‘best-
bet’ options that should form the initial step of adaptive management, and ensure that
monitoring is developed and implemented that will allow these options to be refined over time.

This project, which concentrated on issues related to biodiversity monitoring, did not seek to
proscribe management regimes that would be most favourable to biodiversity in tropical
savanna rangelands. The results of the project suggest that maintenance of pastoral lands in
good condition, and improvements in land condition across rangeland landscapes, are likely to
have positive biodiversity consequences. It also emphasised that ‘ideal’ habitat conditions vary
widely between species, taxonomic groups and across habitat, and therefore that maintenance
of habitat complexity at a variety of scales is likely to be a key component of biodiversity-friendly
management.

In addition to insights form this study and the accumulated knowledge of the broader project
team, we have drawn on a variety of sources to develop broad guidelines for biodiversity-
friendly management. These include published and unpublished ecological studies of the
habitat relations of savanna biota and the effects of landuse regimes on biodiversity, primarily
within the tropical savannas, but also from other Australian rangelands where relevant (eg.
Chilcott 2005, Landsberg et al. 1999, Fisher 2001, Woinarski et al. 2002, Woinarski & Ash
2002, Andersen et al. 2003, Kutt 2004, Crowley et al. 2004, Tassicker et al. 2006, Woinarski et
al. 2006, Kutt & Woinarski 2007); some attempts to describe similar management guidelines at
a regional scale (notably Williams 2004), or for some management aspects at broader scales
(eg. Biograze 2000, Hunt 2003, Fisher et al. 2004, Myers et al. 2004); collated material on the
Tropical Savannas CRC “North Australia Land Manager” website®, which includes
management guidelines for some habitats and sensitive species; and prescriptions for
biodiversity-friendly management in some other Australian landscapes (eg. Mcintyre et al. 2002,
Lindenmayer et al. 2003).

Here, we concentrate on management guidelines that are relevant at an enterprise or property
scale. Mechanisms and targets for conserving biodiversity at broader scales (such as
establishment of a CAR reserve system) have generally been elucidated within State/territory
government plans and strategies (eg. NT Parks and Conservation Masterplan®®) and the Natural
Resource Management Plans for relevant NHT/NAP regions 2.

19 http:/vww.landmanager.org.au/

20 http://ww.nt.gov.au/nreta/parks/management/masterplan/index.html

2L QLD: http://www.regionalnrm.qgld.gov.au/my_region/nrm_plans.html; NT:
http://www.nt.gov.au/nreta/naturalresources/nht/inrm/finalplan.html; WA:
http://strategy.rangelandswa.info/
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Many of the guidelines are generally applicable, but site- or region-specific information relating
to biodiversity values and threats may also be required, and we note that in some regions such
information may be difficult to access, or non-existent (Hunt et al. 2006, Crowley 2006).

1. Maintain cover and diversity of native perennial grasses

= this will help guarantee the survival of many native plant and animal species

= this is already a goal of good pastoral management, and ways to achieve it are described in Grazing
Land Management manuals (noting that the use of exotic species is counter-productive)

= management strategies may include conservative and/or variable stocking rates, wet-season spelling,
rotational grazing, and the maintenance of appropriate fire regimes

2. Where possible, use grazing strategies that rest large areas of country

= this will assist in the seeding and recruitment of native plant species, improve breeding success in
some native animals, and reduce predation on some species

= may be achieved by wet-season spelling or rotational grazing systems
= particularly important where there are high stocking rates

3. Protect special areas, by fencing out stock if necessary

= special areas include key habitat for threatened species; important breeding areas for animals (such
as waterbirds); vegetation types that are very sensitive to grazing; and remote or unwatered country
(see below)

4. Where possible, retain and protect natural waterholes

= waterholes and creeklines are usually rich in plant and animal species; contain species that are not
found elsewhere in the region; and often have special species or breeding areas

= these areas are also vulnerable to damage by concentration of stock

= where possible, fence off waterholes and major creeklines and pipe water outside the fences
(although not into previously ungrazed areas)

5. Retain some areas on the property (of each habitat) with little or no grazing
pressure

= this will help maintain populations of all species on the property, particularly the ones most sensitive to
grazing

= ideally, the non-grazed areas would be 5-10% of the area of each land type on the property
= ideally, these areas would be in a few large blocks rather than tiny, scattered areas

= having little or no grazing pressure may be achieved by controlling the spread of waterpoints and/or by
fencing “refuge areas”

= this principle becomes more important as pastoral use is intensified

6. Try to maintain a variety of burning regimes

= different plant and animal species require different fire regimes — so a variety of burning practices will
benefit most species

= avoid either no fire, or very frequent fire, over large areas of country
= avoid burning large areas of country in most years

= a patchy pattern of burning is ideal, with some areas that are not burnt for a long time. This can be
achieved through cool winter burns, or storm burning

= the period areas are best left unburnt will vary from region to region, and local information should be
sought as to appropriate periods.
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7. Maintain structural and micro-habitat diversity
= leaf litter, fallen logs, standing dead trees, large trees with hollows and termite mounds are
important are all important habitat for some species

= adiverse midstorey with trees and shrubs of a variety of ages and sizes contributes to
habitat diversity

= avoid grazing and fire regimes that reduce this diversity over substantial areas

8. Control problem weeds and restrict further spread
= this is a standard management practice on most properties

= identify and target weed species that threaten special areas or special species (eg. taking over areas
used by breeding waterbirds)

= exotic pasture species can be considered as weeds to native wildlife. Ideally all introduced species
should be avoided, but if exotic pastures occur, prevent these species becoming dominant over large
areas

9. Control feral grazing animals
= this is a standard management practice on most properties, and reduces total grazing pressure
= concentrations of feral animals may damage special habitats, even in areas set aside for conservation

10. If possible, reduce numbers of feral predators
= cats (and in some areas, foxes) kill large numbers of native animals, but are very difficult to control

= dingos may help keep cat and fox numbers down. Dingos can also help control feral pig numbers
(which damage wetlands and riparian areas), and reduce the numbers of large macropods (which
contribute to total grazing pressure.

11. If possible, avoid clearing native vegetation
= clearing, especially over large areas, dramatically affects many native plants and animals

= if clearing is considered essential, restrict clearing to <30% of each land type (habitat) on each
property, and create mosaics of cleared and uncleared vegetation, rather than extensive clearings.

= retain substantial buffers of native vegetation around watercourses and wetlands, and retain
connecting strips of native vegetation within cleared areas

= the trade-off for clearing should be lower stocking rates and/or improved spelling in other parts of the
property

= in certain cases, it may be important to control the invasion of native grasslands by woody plants, or
ecologically undesirable thickening of tree or shrub layer, through appropriate fire management

12. If possible, avoid using introduced pasture plants

= where introduced pastures are considered essential, make sure introduced species can'’t spread
outside a controlled area

= prevent exotic pastures from becoming dominant monocultures, as this can reduce wildlife diversity,
and eliminate palatable native grasses

= restrict introduced pastures to a small, concentrated portion of the property (such as those that are
already cleared or in poor condition)

= the trade-off for introduced pastures should be lower stocking rates in other parts of the property

13. Be informed about biodiversity
= find out what habitats and species occur on your property
= try and observe annual and seasonal patterns of wildlife on your property
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= find out where the special places and special species occur, and what special management they might
require

= seek expert advice or assistance if necessary

14. Be aware of changes in biodiversity

= are some species declining or disappearing?

= are some species getting more common?

= are new feral (pest) species appearing?

= these changes may indicate management issues that need to be addressed
= if possible, keep a record of your biodiversity observations

15. Have a property management plan that considers biodiversity
= the plan would address all the issues listed above

= the biodiversity management section would integrate with the property grazing land management
systems

= the property plan should be developed in the context of regional biodiversity values, neighbouring and
regional landuse patterns, and regional and State NRM or conservation plans

= seek expert advice or assistance if necessary
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