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BACKGROUND

The Kimberley is one of the most ecologically important regions in Australia, home to both diverse and unique
assemblages of plants and animals. Whilst northern Australia is considered relatively intact in comparison with other
landscapes in Australia, ecologists as well as land and wildlife managers are concerned by the rapid decline of
biodiversity, particularly of small to medium sized mammals (Fitzsimmons et al. 2010; Woinarski et al. 2010; Ziembicki
et al. 2013) and granivorous birds (Franklin 1999; Franklin et al. 2005; Murphy et al. 2010; Woinarksi and Legge 2013),
across northern Australia. There are strong indications that current declines herald an imminent wave of extinctions,
similar to that experienced in other regions of Australia (Johnson 2006; McKenzie et al. 2007; Fisher et al. in press).

Biodiversity values across northern Australia are threatened by a range of pervasive and interacting processes:
inappropriate fire regimes (Andersen et al. 2005; Legge et al. 2008), introduced and domestic herbivores (Legge et al.
2011a), feral predators and prey (Johnson 2006; Woinarksi et al. 2011; Phillips et al. 2003) and invasive plants
(Rossiter et al. 2009). The Kimberley has been far less affected by these declines, in particular the North-Kimberley
bioregion (Fig. 1), which is considered a bastion for wildlife (McKenzie et al. 2007; Start et al. 2007; Burbidge et al.
2008; Start et al. 2012).

The Landscape Conservation Initiative (LCI) was established under The Kimberley Science and Conservation Strategy
(Government of Western Australia 2011), to retain and enhance current natural biodiversity and landscape values.
The LCl is managed by the Department of Parks and Wildlife (DPaW; formerly the Department of Environment and
Conservation) in collaboration with Native Title and Indigenous ranger groups, environmental NGOs and pastoralists in
a tenure blind approach to protect biodiversity values in the North-Kimberley. This is currently being achieved by
managing: (1) inappropriate fire regimes; (2) the impacts of feral animals; and (3) the impacts of invasive plants across
an area of more than 65,000 km? that includes DPaW managed conservation estate, pastoral estate, lands held under
Native Title and Indigenous Protected Areas, and private conservation estate (Fig. 1).

A monitoring and evaluation program was established to measure and report on progress towards achieving these
goals (see Shedley et al. 2012) and to ensure that the increased funding in threat management is achieving positive
benefits for biodiversity. Indicators for measuring management effectiveness and reporting on the overall condition of
biodiversity at a landscape scale are: (1) rainforest patch extent and condition; (2) small-medium sized mammal
diversity and abundance; (3) native vegetation condition.

Rainforest patches are considered key habitat across the North-Kimberley, and are one of the most sensitive
indicators of landscape health (Russell-Smith and Bowman 1992). These are remnants of the natural environment
dating back millions of years and many species depend on these for their continued persistence in the region.
Rainforest patches are threatened by a combination of inappropriate fire, feral animals and weeds (Russell-Smith and
Bowman 1992). These threatening processes will result in reductions in the extent and condition of rainforest patch
sizes (McKenzie 1991) and if unmanaged, losses of entire patches (but see Banfai and Bowman 2006). Retaining the
extent and quality (species diversity and vegetation structure) of rainforest patches by managing landscape-scale
threatening process is fundamental to the desired LCl outcome and is indicative of healthy landscapes more broadly.

Small to medium sized mammals (those weighing < 5 kg) that inhabit the ground layer of vegetation are regarded as
one of the most vulnerable groups of native animals in northern Australia (Woinarksi et al. 2011). This group of
animals has suffered extinctions elsewhere in northern Australia as a result of habitat degradation by inappropriate
fire regimes and introduced herbivores, predation by feral predators and poisoning from introduced animals (Johnson
2006; Woinarksi et al. 2010). Thus, retaining an intact assemblage of smaller native mammals in the North-Kimberley
will be a key indicator of the success of this program.

Finally, landscape health will be measured via long-term changes in vegetation and substrate condition. Changes in
vegetation cover and structure (including trees, shrubs and grasses) and substrate condition (including litter and soil)
will indicate changes in overstorey dominance, structural and floristic diversity, and site productivity which lead to
changes in habitat condition (McKenzie et al. 2007). This measure is deemed responsive to gross landscape vegetation
changes through impacts of fire, feral animals and weeds (Shedley et al. 2012), as well as rainfall trends (Lehmann et
al. 2009), and will be monitored across the North-Kimberley.

Performance in achieving management actions (see Tables 4, 10) will be measured locally against North-Kimberley

historical work and baseline surveys (e.g. Bradley et al. 1987; Palmer 2004; Start et al. 2007; 2012; Radford et al.
submitted) and regionally, against more recent trends observed across northern Australia (e.g. Woinarski et al. 2001;
Corbett et al. 2003; Andersen et al. 2005; Legge et al. 2008; Woinarski et al. 2010; Legge et al. 2011b). This
performance report for the LCI covers the period 2010-12. Although increased fire management in the North-
















































4.4 4.0

o
35 3 G?@

B0 gy
3.0 P @
S °g%

S
w5 R Qo % ©
2010
(A) Rainforest (B) Sandstone woodland
4'0 1 1 1 1 1 1 1 1 1.5 1 1 i 1 1 1 1 1

03 04 05 06 07 08 09 10 11 12 13 03 04 05 06 07 08 09 10 11 12 13

4.5 4.5
4.0
p S
2 35
(]
< 30
a
o 25
T
o 2.0
& 15
|
1.0
(C) Volcanic woodland (D) Laterite woodland
0.5 1 1 1 1 1 1 1 2'5 1 1 1 1 1 1 1 1
03 04 05 06 07 08 09 10 11 12 13 03 04 05 06 07 08 09 10 11 12 13
4.5 3.5
4.0 3.0
2.5
3.5
2.0
3.0
15
O
2.5 10O
(E) Volcanic riparian (F) Sandstone scree
20 1 1 1 1 1 1 0.5 1 1 1 1 1 1 1 1

03 04 05 06 07 08 09 10 11 12 13 03 04 05 06 07 08 09 10 11 12 13

Year

Fig. 9. Regression analysis of habitat type Landsat time series plots. Note values are means for each habitat type and have been log
transformed to meet assumptions of normality and equal variances.
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DISCUSSION
Landscape outcomes

Rainforest patches

The Rapideye remote sensing work by van Dongen et al. (2013) has provided a baseline from which to monitor
changes in both canopy cover and extent of rainforest patches (Table 7; Figs. 9, 10). Whilst remote sensing technology
has been used to monitor changes in vegetation in other areas of northern Australia, the Rapideye work in the North-
Kimberley is the first of its kind.

Despite evidence that many rainforest patches are severely damaged by fire and cattle, leading to intrusions by
invasive plants in the Northern Territory (Russell-Smith and Bowman 1992), monitored rainforest patches in the
Mitchell and Prince Regent regions in 2012 were apparently in good condition (in terms of closed tree canopy cover,
limited ground layer disturbance by fire and cattle and incursion by invasive plants; Table 5; Fig. 6). No sites had
severe damage resulting in loss of tree canopy cover or reduced structural complexity. Although structural vegetation
integrity was maintained at all monitored rainforest sites, mammal abundance and diversity was low in the more
southern Mitchell Plateau areas, coinciding with greater cattle and fire impacts.

Mammal abundance

Mammal assemblages (on average) appear to have remained stable (Figs. 11, 12; Tables 8, 9). However, it is probably
too early in the monitoring program to make any inferences about mammals owing to the ephemeral nature of their
populations. Mammal abundance was high relative to other regions of northern Australian (Kutt and Woinarski 2007,
Woinarski et al. 2010). Abundance was high relative to baseline surveys in the North-Kimberley (Bradley et al. 1987,
Start et al. 2007, Legge et al. 2008, 2011a, Radford 2012, Start et al. 2012, Radford et al. submitted). There was no
evidence of collapse of mammal assemblages as in the Northern Territory (Woinarski et al. 2001, 2010).

The black-footed tree rat (Mesembriomys gouldii), has not been recorded in the North-Kimberley since 1981-82 (from
the northern end of Mitchell Plateau in bauxite woodland; Bradley et al. 1987), despite numerous mammal survey
programs between 1964 and 2013. Its Northern Territory population is now classed as Vulnerable, having suffered a
rapid and severe decline in abundance and range during the last decade (Woinarski et al. 2010). Its distribution has
contracted in all parts of its mainland range as a result of frequent, extensive and intense fires (Ziembicki et al. 2013).
Determining the current status of this species in the North-Kimberley is a priority.

Other arboreal species are infrequently encountered (e.g. Phascogale tapoatafa, Trichosurus vulpecular arnhemensis),
but this may be an artefact of current sampling techniques which are biased towards terrestrial mammals. Other
monitoring techniques are now planned to address this (camera traps, nesting boxes), and a project is currently being
developed by regional staff and the Quantitative and Applied Ecology Group at the University of Melbourne to
examine whether the availability of tree hollows limits the abundance and diversity of arboreal mammals in
frequently burnt savannas of the North-Kimberley.

Our preliminary analysis of 2011 and 2012 mammal monitoring data and fire metrics, in particular vegetation
patchiness (Fig. 193, b), vegetation age (Fig. 19c¢, d) and fire frequency (Fig. 20a, b) provides further support to the
notion that both high fire frequency and size are drivers of decline across northern Australia (e.g. Woinarski et al.
2005; 2010; Radford 2012; M. Lawes, unpublished data). What is less clear is the role of patchiness (Fig. 19a, b). Our
early analysis of patchiness and abundance and species richness with only two years of data suggests that patchiness
plays a role at multiple scales, but further analysis taking into account the size/contribution of different vegetation age
patches, the proportion burnt early vs. late and fire frequency is needed before any firm conclusion can be drawn.

Native vegetation condition

Vegetation structural attributes were consistent with those reported for similar savanna vegetation in the Kimberley
(Vigilante and Bowman 2004b) and the Northern Territory (Williams et al. 1999; 2003). Grass cover was high (> 70 %
when unburnt) and tree and shrub cover low (< 25 %) in volcanic woodlands (Vigilante and Bowman 2004b, Table 5).
Sandstone woodland and rocky habitats in the LCI area (Table 5) had higher tree cover (24 and 9 %) than reported in
equivalent vegetation in the North-Kimberley in a lower rainfall zone (3.5 % and 1.9 %; Vigilante and Bowman 2004b).
Eucalyptus-tetrodonta/E-miniata-woodland/forest-savanna-vegetation-in-the-North-Kimberley-(Laterite)}-had-higher
basal area (14-16 m’.ha™, Fig. 6) than in similar vegetation in the Northern Territory (11.4 m*.ha’’; Williams et al.
2003). Williams et al. (1999; 2003) reported a 20 % reduction in basal area under sustained annual high intensity fires,
and a 40 % reduction in basal area after a single very high intensity fire respectively, due to sapling and large tree
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mesopredator effect (dingoes regulated cat activity) have recently been questioned by Allen et al. (2013). Managing
inappropriate fire regimes and feral herbivores, although more expensive, was ranked as being more feasible
(Carwardine et al. 2011; 2012) and as Legge et al. (2011a; 2011b) have demonstrated, provide positive benefits for
biodiversity. However, DPaW is a partner in cat research with AWC which seeks to quantify the impacts of cats on
native mammals, and to find ways of limiting those impacts across the landscape. This work is funded through the
KSCS.

Managing the impacts of invasive plants

Whilst on-ground weed management works have been effective at a localised scale, mapping techniques and data
management have not been consistent across the LCI area which has made it difficult to report against management
action targets (see Table 10; see also Shedley et al. 2012). This will be overcome in future years, by the adoption of
CyberTracker software on ruggedized Personal Digital Assistants (PDAs). This technology is used widely across
northern Australia by Indigenous land management (ranger) groups and other land management agencies (see Ansell
and Koenig, 2011). CyberTracker is a free online software program that was initially developed to record data by
animal trackers in Africa (see http://www.cybertracker.org). All data recorded is geo-referenced and stored in a
format that allows easy access, display and analysis irrespective of user capacity and this technology has
revolutionised data recording and management for land management activities across northern Australia.

Implications for management

Based on early monitoring data and lessons learnt from 2010-12, we suggest the following activities and priorities as
part of the LCl adaptive management program:

Biodiversity indicators

= Use Landsat and Rapideye imagery to compare the trajectories of rainforest patches (canopy cover and extent) in
both northern regions of the LCl project area (which generally have a better fire history and fewer feral cattle} and
southern and inland regions (that have a higher fire frequency and more cattle);

= Use Landsat imagery to analyse images from 1987—-2003 and add these to the archive for further analysis of native
vegetation condition. Compare trends in better and poorer performing areas in terms of fire and feral herbivores
(as above);

= Undertake targeted surveys for Mesembriomys gouldii in likely habitats;

= Establish a project to examine the role that fire plays in tree hollow availability and the persistence of arboreal
mammals;

= Examine the role that patch size, vegetation age diversity, fire frequency and proportion of vegetation burnt early
vs. late play in small-medium sized mammal abundance and diversity, as well as native vegetation condition. Such
analyses may have implications for the emerging Carbon Farming Initiative (CFl).

The KLC, Native Title and Indigenous ranger groups throughout the LCI project area are currently pursuing options
under the CFl (see Approach, as is EcoFire). This program allows for an income stream for landscape-scale fire
management and additional employment opportunities for Indigenous Rangers and Traditional Owners, and is
based on the highly successful West Arnhem Land Fire Abatement Project — see Russell-Smith et al. 2013). It is
possible however, that fire strategies aimed at maximising greenhouse benefits — and hence the value of carbon
credits — will not necessarily maximise biodiversity benefits. For instance, a fire regime that minimises carbon
emissions (and hence greenhouse gases) may not represent an optimal strategy for small-medium sized mammals
in general, or threatened specialist species such as Gouldian finches or purple-crowned fairy wrens (Skroblin and
Legge 2012; 2013; Woinarski and Legge 2013). Evidence emerging from long-term monitoring of mammals and fire
in Kakadu National Park (M. Lawes, unpublished data) suggests that land managers should carefully consider the
relationships between biodiversity and carbon objectives when developing fire strategies throughout the North-
Kimberley (see also Andersen et al. 2006; 2012; Bradshaw et al. 2013). DPaW will continue to work with groups in
the North-Kimberley to ensure that biodiversity benefits are maximised with the implementation of future
greenhouse gas abatement projects.

Fire management

= Time prescribed patch mosaic burning to ensure that small fire scars are maintained (< 100 ha in size; M. Lawes,

unpublished data). Distances between burnt and unburnt vegetation should not (on average) exceed 1=1.5 km
(see Fig. 15) as most small-medium sized mammals are unable to move over such distances (Woinarski et al. 2005;
Yates et al. 2008; Radford 2012);
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