UPLAND NATIVE GRASSLANDS
ECOSYSTEM CONDITION
MONITORING PLAN
RENEE BRAWATA, ELIZA LARSON
BEN STEVENSON AND JULIAN SEDDON.
Environment Division
Technical Report
May 2019

Upland Native Grassland Ecosystem Condition Monitoring Plan

1

© Environment Planning and Sustainable Development Directorate, Canberra, 2019
Information contained in this publication may be copied or reproduced for study, research, information or
educational purposes, subject to appropriate referencing of the source.

Title:
Conservation Effectiveness Monitoring Program: ACT Upland Native Grasslands Ecosystem Condition
Monitoring Plan.
Environment Division
Environment, Planning and Sustainable Development Directorate (EPSDD)

This document should be cited as: Brawata, R., Larson, E., Stevenson, B. and Seddon, J. (2019) Conservation
Effectiveness Monitoring Program: ACT Upland Native Grasslands Ecosystem Condition Monitoring Plan.
Technical Report. Environment, Planning and Sustainable Development Directorate, ACT Government,
Canberra.

Expert Reference Group: Greg Baines, Emma Cook, Dr Don Fletcher, Dr Michael Mulvaney, Sarah Sharp, Maree
Gilbert, Clare McInnes, Dr Ken Hodgkinson, Kris Nash.

http://www.environment.act.gov.au
Telephone: Access Canberra 13 22 81

Disclaimer
The views and opinions expressed in this plan are those of the authors and do not necessarily represent the
views, opinions or policy of funding bodies or participating member agencies or organisations.

Front cover: an Upland grasslands (Conservation Research), a Dingo in Namadgi National Park (PCS).

Upland Native Grassland Ecosystem Condition Monitoring Plan

2

TABLE OF CONTENTS
Monitoring Plan Structure ...................................................................................................................... 5
SUMMARY ............................................................................................................................................... 7
PART ONE: Condition Monitoring Plan for the Upland Native Grasslands Ecosystem ........................... 9
Upland native grasslands ecosystem unit......................................................................................... 11
1.1 Upland native grasslands overview ........................................................................................ 11
1.2 Ecosystem primary drivers for upland native grasslands ....................................................... 13
1.3 Ecological values within upland native grasslands ................................................................. 15
1.4 Threats and Stressors to upland native grasslands................................................................. 16
1.5 Reserve management programs in upland native grasslands ................................................ 17
1.6 Upland native grassland conceptual models and metrics ...................................................... 18
1.7 The CEMP framework ............................................................................................................. 22
1.8 Ecosystem condition assessment............................................................................................ 24
1.9 Key recommendations ............................................................................................................ 29
PART TWO: Technical analysis of ecosystem indicators and metrics ................................................... 33
The Natural Temperate Grassland (NTG) ecological community ..................................................... 34
C 1. Natural Temperate Grassland (NTG)...................................................................................... 34
Grassland Flora ................................................................................................................................. 36
C2. Native Flora, general ............................................................................................................... 36
Grassland fauna ................................................................................................................................ 41
C3. Native Fauna, General ............................................................................................................ 41
Ecosystem Stressors.......................................................................................................................... 49
S1: Introduced herbivores............................................................................................................. 50
S2: Inappropriate fire regimes ..................................................................................................... 58
S3: Invasive plants ......................................................................................................................... 60
S4: Introduced predators .............................................................................................................. 66
Acknowledgements............................................................................................................................... 72
List of acronyms .................................................................................................................................... 73
References ............................................................................................................................................ 74
Appendices............................................................................................................................................ 77
Additional Metrics......................................................................................................................... 78
Indicator A species for ACT grasslands ......................................................................................... 79

Upland Native Grassland Ecosystem Condition Monitoring Plan

3

Upland Native Grassland Ecosystem Condition Monitoring Plan

4

MONITORING PLAN STRUCTURE
This Upland Native Grasslands Ecosystem Condition Monitoring Plan is structured into three
sections:
Summary, includes a brief overview of the approach to ecosystem condition assessment, including
conservation values and ecosystem stressors used in this plan, a summary of the main findings from
the data analysis and the outcome of ecosystem condition assessment at the indicator level.
PART ONE: Condition Monitoring Plan for the Upland Native Grasslands Ecosystem, includes
background information relevant to the plan, a description of the ecosystem, the conceptual models
used for determining the approach to condition assessment and a more detailed description of
primary drivers, conservation values, ecological stressors and management programs operating
within the ecosystem. This section also includes a summary of ecosystem condition assessment at
the metric level and a detailed description of key recommendations.
PART TWO: Technical analysis of ecosystem indicators and metrics, includes the detailed data
analysis of each of the metrics contributing to the ecosystem condition assessment.
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SUMMARY
Eight ecosystem condition monitoring plans will be developed as part of the Conservation
Effectiveness Monitoring Program (CEMP). This document is the first ecosystem condition
monitoring plan for the upland native grasslands in the Australian Capital Territory (ACT).
The CEMP uses monitoring data aligned with indicators and corresponding metrics (measures) to
assess ecosystem condition in relation to biodiversity conservation goals. Indicators for condition
assessment represent both conservation values and ecological stressors acting within an ecosystem
(Brawata et al., 2017). Conservation values used as indicators for the upland native grassland
ecosystem include native flora and fauna and the endangered Natural Temperate Grassland (NTG)
ecological community. Ecological stressors used as indicators for the upland native grassland
ecosystem include invasive plants, introduced herbivores, introduced predators and inappropriate
fire regimes. Management programs designed to reduce stressors (e.g. invasive plant control,
vertebrate pest management and fire management) are conducted throughout native grassland
ecosystems. The effectiveness of management programs in reducing ecological stressors and
maintaining or enhancing conservation values is included in this ecosystem condition assessment.
Indicator condition is assessed against both reference and target condition. The reference condition
refers to the ideal condition, while the target condition offers an alternative management goal when
the reference condition is either unattainable or unknown. (Brawata et al., 2017). Indicator
condition is assessed as either ‘good’, ‘good with concerns’, ‘moderate’ or ‘poor’ against both the
target and reference condition. Trend in condition is assessed where possible, and confidence in the
data used for indicator condition assessment is graded as either ‘low’, ‘moderate’ or ‘high’. The
symbology used for each of these attributes of indicator condition is given in Figure 4 (see section
1.7 of this document).
In the upland grasslands, Natural Temperate Grassland (NTG) (C1) was assessed to be in ‘good’
condition and stable, as its distribution remains relatively intact. No data were available to assess
the condition of Native Flora, General (C2). In 2018, 20 vegetation monitoring plots were established
to gather data that will feed into this indicator in future reports. Data collected from native fauna
(Dingoes and macropods) was used to assess the condition of Native Fauna, General (C3) which was
rated as ‘good with concerns’ and stable against the target condition. No rating was given for Native
Fauna, General (C3) against reference condition as reference condition is unknown (Table 1).
In this ecosystem stressors related to introduced species and wide-spread invasive plants were
graded as ‘poor’ against reference state; this rating is standard across all CEMP ecosystem reports.
The assessment for Introduced Herbivores (S1) against the management target was ‘good with
concerns’ and stable; this suggests management programs are achieving current conservation goals.
The assessment for Inappropriate Fire Regimes (S2) against the management target was also ‘good
with concerns’ as broadly fire in upland grasslands has been managed according to ecological
recommendations with the exception of two incidents over recent years of planned fire impacting
areas identified for ‘no planning burning’. In this case no trend in condition was set for this report
because of limited time series of data for analysis. For Invasive Plants (S3) the target state was rated
as ‘good with some concerns’ and increasing, indicating that management programs are achieving
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current conservation goals of preventing the establishment of new invasive plants and controlling
infestations in the upland grasslands. No rating against target condition was given for Introduced
Predators (S4), as a target state has not been defined, but the trend was stable. (Table 1).
The outcomes of this plan highlight a general paucity of data on the upland grasslands ecosystem
within the ACT. Key recommendations include commencing monitoring of flora, improving
monitoring of fauna including in relation to post-fire recovery, and increasing knowledge of impacts
of Dingo control on herbivore populations. A number of changes to management actions may also
improve conservation outcomes.
Table 1. The condition of indicators (C1-C3) and state of stressors (S1-S4) assessed against both
reference condition and target condition. A key to the rating symbology is provided in Figure 4.

Indicator or Stressor

Rating against Reference
condition

Rating against Target
condition

C1. Natural Temperate Grassland
(NTG)

C2. Native Flora, General

C3. Native Fauna, General

S1. Introduced Herbivores

S2. Inappropriate Fire Regimes

S3. Invasive Plants

S4. Introduced Predators
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PART ONE: CONDITION MONITORING
PLAN FOR THE UPLAND NATIVE
GRASSLANDS ECOSYSTEM
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UPLAND NATIVE GRASSLANDS
ECOSYSTEM UNIT
1.1 UPLAND NATIVE GRASSLANDS OVERVIEW
Upland native grasslands in the ACT are found between elevations of 625 and 1200 m and are
dominated primarily by native perennial grasses. Upland native grasslands in good condition also
contain a diversity of other native plant species. Recent spatial analysis has refined the areas of
native grasslands previously identified in the ACT Native Grassland Conservation Strategy and Action
Plans (ACT Government, 2017a) and the updated distribution is displayed in Figure 1.
Namadgi National Park encompasses 99% (approximately 2175 hectares) of upland grasslands within
the ACT (Figure 1), which are dispersed across almost 500 patches that range in size from 0.06 to 122
ha. While many of these grassland patches are connected along waterways, there are numerous
other small patches which are naturally isolated from other grassland areas by mountainous terrain
and other ecosystems such as montane forests and sub-alpine woodlands. Tidbinbilla Nature
Reserve also contains areas which are managed as grasslands, however these are not included in this
plan as they are classified as secondary grasslands. Secondary or derived grasslands are naturally
wooded areas from which woody species have been removed, leaving only the grass and herbaceous
ground layer vegetation.
Upland native grasslands in the ACT are comprised of the following grassland communities
(Armstrong et al., 2013):




Sub-montane moist tussock grassland of the South Eastern bioregion (r1). This community
comprises dense moist tussock grasslands dominated by Poa sieberiana and/or Themeda
australis. They also contain a variety of forbs, rushes, sedges and other grasses.
Poa labillardierei – Themeda australis – Juncus sp. wet tussock grassland of footslopes,
drainage lines and flats of the South Eastern Highlands bioregion (r2). This community
comprises tall, dense wet tussock grasslands dominated by Poa labillardierei and usually also
contains Themeda australis, Carex appressa, and Juncus spp. Forbs and other grasses are
found in the intertussock spaces.

European land use such as grazing, pasture improvement, introduction of exotic species, and
changes to burning regimes have degraded the condition of some upland grasslands in the lower
elevation valleys of Namadgi National Park, however grasslands at higher altitudes remain relatively
intact. Despite the reduced condition of the lower elevation valleys, all upland native grasslands are
still classified as NTG. NTG is listed as a critically endangered under the Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act).
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Figure 1. The extent of upland grasslands and the location of the main data collection sites for the
upland grasslands ecosystem, all of which occur in Namadgi National Park. Inset shows the location
of Namadgi National Park (green) within the ACT.
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1.2 ECOSYSTEM PRIMARY DRIVERS FOR UPLAND NATIVE
GRASSLANDS
Climate and climate change
Rainfall, temperature, soil and topography influence the location, composition, structure and
function of grassland communities (Morgan and Williams, 2015). The amount of rainfall received by
upland grasslands is generally between 650-800 mm annually. Periodic drought and temperature
extremes can cause reduced productivity, and changes in local species composition and distribution
(ACT Government, 2010).
The Australian Alps, of which Namadgi National Park is a part, is considered one of Australia’s most
vulnerable bioregions to climate change (Natural Resource Management Ministerial Council, 2004).
Increasing temperatures, and intensity and frequency of extreme weather events, combined with
altered rainfall profiles, is predicted under current climate change models (IPCC, 2013). Increased
fire frequency is also predicted throughout the Alps (Natural Resource Management Ministerial
Council, 2004). This has the potential to have long-term impacts on grassland distribution and
biodiversity.
For the purpose of the CEMP, climate change is considered a primary driver of ecosystem condition
rather than an ecosystem stressor. While climate change is an emerging threat on the ecosystem,
management cannot act directly on the threat itself. Management actions can, however, attempt to
mitigate impacts from changing climate through future ‘climate proofing’ of habitats (e.g. planting
more climate-tolerant plant species) and managing climate refugia in identified biodiversity
hotspots.

Landscape position
The type and distribution of grassland ecosystems in the ACT is thought to be determined primarily
by landscape position. Cold air drainage, water drainage, water logging, soil temperature, aspect,
and windfetch all influence the distribution, patch size and diversity of grasslands (ACT Government,
2017a; Sharp, 1997). Most upland grasslands occur in the central and southern regions of Namadgi
National Park, generally near waterways in areas with poor soil drainage, seasonal waterlogging and
severe winter frosts (Armstrong et al., 2013).

Past land use
Excavated sites in Namadgi National Park provide evidence of Aboriginal occupation from around
8,000 years ago to modern times (Theden-Ringl, 2016). However, Aboriginal occupation of the area
is likely to have been of much longer duration given the close proximity to sites dated up to 25,000
years ago (Flood et al., 1987). It is believed that several Aboriginal groups including the Ngunawal,
Ngarigo, and Walgalu used both low and high altitude areas of Namadgi National Park on a seasonal
basis (Flood et al., 1987; Theden-Ringl, 2016).
European settlers began arriving in Namadgi National Park in the 1830’s and quickly established
numerous grazing holdings (ACT Government, 2010). Grasslands in lower elevation valleys in the
south east of Namadgi National Park were ideal for grazing and were extended by clearing adjacent
woodlands (ACT Government, 2010). Sheep and cattle were grazed throughout Namadgi National
Park for over 100 years, but they were gradually removed between the mid 1960’s and 1988 as the
Upland Native Grassland Ecosystem Condition Monitoring Plan
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area went through the process of becoming a national park. Despite this grazing history, most
grasslands in Namadgi National Park remain relatively intact.

Nutrient cycling
Nutrient levels, water availability, and soil type influence grassland community composition and
structure. In Namadgi National Park, wet Poa spp. and Themeda dominated grasslands generally
occur in poorly drained colluvium or alluvium soils (Armstrong et al., 2013). Australian soils are
generally low in phosphorus (Morgan and Williams, 2015). However, the addition of fertilisers used
for pasture improvement in the lower elevation valleys (ACT Government, 2010) and the resulting
increase in phosphorus levels, may be partially responsible for the loss of many native species
(particularly forbs) in some areas.

Fire regimes
Fire regimes may influence the structure and composition of native grasslands by directly altering
biomass or altering the abundance of species with different functional traits (Lunt et al., 2012).
Studies have shown that regular fire can increase native plant diversity in highly productive Themeda
grasslands (Morgan, 1999), but may reduce diversity in Poa spp. dominated grasslands (Prober et al.,
2007).
Historically, it is believed that Aboriginal burning occurred in the lower elevation grasslands of
Namadgi National Park, however there is no evidence to suggest this was the case for higher
elevation areas (ACT Government, 2010; Banks, 1982). Higher elevation areas may have been
exposed only to infrequent fires caused by lightning strikes. European settlement dramatically
altered fire regimes and research illustrates that from 1850 to 1950 the frequency of fire in the
Brindabella Ranges increased by more than five times (Banks, 1982). The lower valleys of Namadgi
National Park were regularly burned off for grazing purposes during the early European settlement
period, which, combined with heavy grazing, contributed to the degradation of these communities.
Wildfires have regularly occurred in Namadgi National Park following periods of drought. The largest
and most recent wildfire in January 2003 burned 91% of the park, including upland grasslands areas
(ACT Government, 2010).

Herbivory
Upland native grasslands have evolved with grazing pressure from native herbivores including
Eastern Grey Kangaroos (Macropus giganteus), Wallaroos (Macropus robustus), Red-necked
Wallabies (Macropus rufogriseus), Swamp Wallabies (Wallabia bicolour) and Wombats (Vombatus
ursinus) (ACT Government, 2010). Grazing pressure impacts the diversity and biomass of grassland
plants, and conversely, herbivore populations are influenced by the seasonal abundance of plants in
the system (ACT Government, 2010). In the upland grasslands, populations of most native herbivore
species remain stable, with the exception of the Brush-tailed Rock-wallaby (Petrogale penicillata),
which is thought to be locally extinct. Post-European clearing of low elevation valleys has favoured
greater densities of Eastern Grey Kangaroos (EGKs) and introduced herbivores such as Rabbits
(Oryctolagus cuniculus) and Feral Pigs (Sus scrofa). Insects are also major herbivores of grasslands
but very little is known of their ecology (Antos and Williams, 2015; Morgan and Williams, 2015).
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1.3 ECOLOGICAL VALUES WITHIN UPLAND NATIVE
GRASSLANDS
Natural Temperate Grassland (NTG) endangered ecological community
Natural Temperate Grassland (NTG) is listed as an endangered ecological community federally under
the EPBC Act and in the ACT under the Nature Conservation Act 2014. All upland grasslands within
Namadgi National Park meet the criteria for NTG status, and are managed with the aim of
maintaining and improving quality and diversity.
In this plan, the condition of NTG is assessed through the condition indicator Natural Temperate
Grassland (NTG) (C1) and the corresponding metric Extent of NTG (C1.1).

Native flora
Upland native grasslands are structurally dominated by perennial tussock grasses of generas Poa and
Themeda and relatively undisturbed communities also contain a high diversity of other native
grasses and forbs such as daisies, rushes and sedges (Armstrong et al., 2013). Many of these native
forb species disappear from grasslands as disturbance patterns change.
Conservation of the threatened Baeuerlen’s Gentian (Gentiana baeuerlenii) is listed as an objective
in the ACT Native Grassland Conservation Strategy and Action Plans (ACT Government, 2017a).
However, as this species has not been detected in the ACT for over 10 years, it is not included as a
metric in this monitoring plan.
In this plan, the condition of native flora is assessed through the condition indicator Native Flora,
General (C2) and the corresponding metrics Native Plant Species Richness (C2.1), Ground Cover
(C2.2), Grass Height (C2.3) and Indicator A Species Richness (C2.4).

Native fauna
Upland grasslands in the ACT are home to many invertebrates, birds, mammals, reptiles and
amphibians. Grassland fauna provide essential ecosystem functions including pollination, dispersal,
biomass turnover and nutrient cycling.
The current status of fauna diversity and density in upland native grassland ecosystems is unknown.
However it is likely that shifting climate, predation, competition and habitat modification by exotic
species may be having detrimental effects.
In this plan, the condition of native fauna is assessed through the condition indicator Native Fauna,
General (C3) and the corresponding metrics Macropods (C3.1) and Dingo (C3.2). It is recognised that
both these condition metrics have the potential to become stressors in this ecosystem. In the case of
C3.1, an overabundance of macropods will contribute to Herbivore Pressure (S1) while inappropriate
management of Dingoes, because of the conflicting nature of their status as both a pest and native
species, may contribute to Introduced Predators (S4).
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1.4 THREATS AND STRESSORS TO UPLAND NATIVE
GRASSLANDS
Overabundant herbivores
Grazing can have either positive or negative impacts on grassland ecosystems; impacts are
dependent on the timing and pressure of grazing. It is therefore important that grazing levels are
maintained to promote structural diversity (Lunt, 2005). Although Namadgi National Park was
subject to cattle and sheep grazing for over a hundred years, most grassland communities, especially
those at higher altitudes, remain in excellent condition. Introduced herbivores (Rabbits and Feral
Pigs) are the leading causes of inappropriate grazing levels in upland native grasslands. High
densities of macropods may also contribute to overgrazing (ACT Government, 2010, 2017a).
Introduced hoofed grazers such as Feral Deer exert additional pressure on grasslands through soil
disturbance, compaction, and increased erosion (ACT Government, 2010).
In this plan, overgrazing is assessed through the stressor indicator Herbivore Pressure (S1) and the
corresponding metrics Feral Pig (S1.1) and European Rabbit (S1.2). Macropod overabundance is
covered within the condition metric Macropods (C3.1). There is currently no data on Feral Deer
impact within the upland grasslands and this is discussed in the additional metrics section of this
document.

Inappropriate fire regimes
Fire is an intrinsic ecosystem process within upland grasslands and maintenance of appropriate fire
regimes is an important management objective for conserving biodiversity within this ecosystem.
The term ‘fire regime’ is used to characterise the history of fire at a location and includes the
intensity, frequency (between-fire interval), season and type of fires that have occurred at that
location (Gill, 1975). At a larger scale ‘fire regimes’ describe the spatial and temporal patterns of fire
across the landscape (Bradstock et al., 2012).
Fire intervals that are too short may not allow enough time for some species to regenerate and
reproduce. Conversely, if fire is too infrequent, biomass can accumulate and a reduction in the
available light and bare ground between tussocks may suppress the regeneration of some species.
Similarly, lack of an appropriate spatial mosaic of fire regimes across the landscape can impact
biodiversity values by affecting the distribution and availability of suitable habitat within dispersal
range of grassland species, and by reducing recolonization success.
It is likely that climate change will impact fire regimes in grassland ecosystems in the future. The
frequency and intensity of wildfires (and possibly the seasonality) is likely to be affected; this will
influence the need for fuel management activities such as prescribed fire.
In this plan, the state of fire regimes is assessed through the stressor indicator Inappropriate Fire
Regimes (S2) and the corresponding metric Fire Frequency within Ecological Thresholds (S2.1).

Invasive plants
Invasive plant species compete with native flora species and may alter grassland structure and
reduced native cover and diversity. Lower elevation grasslands are under immense pressure from
invasive plants because of extensive clearing, grazing, ongoing anthropogenic disturbances and the
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high edge-to-area ratio of small grassland patches. In contrast, grasslands at higher elevations have
retained significant native plant cover.
The most problematic invasive plants of native grasslands are perennial tussock grasses, as these
species have the potential to shift structural dominance (Robinson, 2015). In the ACT grasslands,
these species include African Lovegrass (Eragrostis curvula), Serrated Tussock (Nassella trichotoma)
and Chilean Needlegrass (Nassella neesiana). The most prevalent invasive plants of upland
grasslands include St John’s Wort (Hypericum perforatum), Nodding Thistle (Carduus nutans) and
Blackberry (Rubus sp). The spread and infestation of these plants is driven by soil disturbance,
nutrient levels and presence of bare ground (Robinson, 2015).
Most grasslands in Namadgi National Park are surrounded by woodland and forest ecosystems,
however a few small patches are adjacent to historically cleared areas or secondary grasslands (ACT
Government, 2010). These patches may be at greater risk of invasion by invasive plants. Foot-traffic
along tracks to recreational and interpretive sites can increase the potential for the spread of
invasive plant propagules (ACT Government, 2010). Grasslands near roads are also at greater risk of
invasion by exotic species (ACT Government, 2017a).
In this plan, the state of invasive plants is assessed through the stressor indicator Invasive Plants (S3)
and the corresponding metrics Changes in the Distribution and Abundance of Priority Invasive Plants
(S3.1) and Invasive Plants – New Incursions (S3.2).

Introduced predators
It is likely that European Foxes (Vulpes vulpes) and Feral Cats inhabit all upland grasslands. Both
introduced predators are known to prey on grassland fauna and are therefore a threat to grassland
fauna diversity and distribution (ACT Government, 2017a).
In this plan, the state of introduced predators is assessed through the stressor indicator Introduced
Predators (S4) and the corresponding metrics European Fox (S4.1) and Feral Cat (S4.2).

1.5 RESERVE MANAGEMENT PROGRAMS IN UPLAND
NATIVE GRASSLANDS
Community education
Community education programs that focus on building awareness of the value of upland native
grasslands of the ACT are undertaken by the Environment, Planning and Sustainable Development
Directorate (EPSDD) of the ACT Government. Brochures and information about Namadgi National
Park are available at the Namadgi Visitor Centre and interpretative signage throughout the park
provide information about specific locations. Staff at Namadgi National Park also engage with
community members through ranger guided tours, collaborative activities with community
volunteer groups, presentations, and ranger patrols (ACT Government, 2010).

Fire management program
The annual Bushfire Operational Plan and the Regional Fire Management Plan are developed by the
ACT Parks and Conservation Service (PCS) and implemented within the ACT to help protect people,
and built and natural assets from wildfire. Ecological burns are commonly carried out to promote
Upland Native Grassland Ecosystem Condition Monitoring Plan
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and maintain a mosaic of native species cover and diversity in areas that are nearing or have
exceeded maximum inter-fire intervals, or where the habitat of a particular threatened species may
require fire to promote germination. Namadgi National Park is still in recovery from wildfires in
2003, therefore only prescribed burns are currently undertaken in the reserve. The fire frequency
threshold range for r1 and r2 communities is unknown, therefore ecological burns for upland
grasslands are currently not recommended, but more research is required (Kitchin 2008).

Invasive plant control
An Invasive Weed Operational Plan is implemented by PCS annually to reduce the impact of
environmental invasive plants on reserve values and to control the spread of noxious invasive plants.
Invasive plants are treated using a variety of methods including herbicide, physical removal or
mechanical control. Parks and Conservation Services staff also liaise with several community groups
which assist in invasive plant control.

Vertebrate pest management
Upland grasslands benefit from the management of pest animals across Namadgi National Park.
There are current programs to control the population of Pigs and Rabbits in the Park. There are no
current control programs targeting European Foxes (hereafter Foxes), Feral Cats or Feral Deer in
upland native grasslands, although some opportunistic control and monitoring is undertaken at
times.

1.6 UPLAND NATIVE GRASSLAND CONCEPTUAL MODELS
AND METRICS
Ecosystem conceptual model
To establish a conceptual understanding of how primary drivers, ecological values, and threats
interact in the upland native grasslands ecosystem, and how management actions may interact with
these elements, a conceptual model of the upland native grassland ecosystem was developed
(Figure 2). This conceptual model was used to select indicators and corresponding metrics for the
upland native grassland ecosystem condition assessment.
Ecological values recognised in the ecosystem model include the NTG endangered ecological
community, soils, native flora, and native fauna. Stressors include introduced herbivores,
inappropriate fire regimes, invasive plants, and introduced predators (see sections 1.3 and 1.4).
Threatening processes include predation, competition from invasive plants and introduced
herbivores, altered or reduced habitat, and soil disturbance/erosion (Figure 2).
A number of management programs, aimed at reducing the impact of stressors and enhancing
ecological values, are undertaken within the upland native grasslands ecosystem (see sections 1.5).
These include some vertebrate pest management (pig and Rabbit control), extensive invasive plant
control and fire management programs (Figure 2).

Ecosystem function model
A healthy, functioning grassland ecosystem contains both a high diversity of flora and fauna at
different trophic levels, and a heterogeneous grassland structure. Resilience and an ability to
Upland Native Grassland Ecosystem Condition Monitoring Plan
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respond to change under pressures such as climate change and invasion by exotic species is
associated are highly diverse communities (Holling, 1973).
In an intact grassland ecosystem in the ACT region, plants comprise the lower trophic level of
primary autotrophs, and soils and rocks form abiotic habitat for flora and fauna (Figure 3). Primary
herbivores include grainivorous birds, mammalian herbivores (including native and introduced
species) and invertebrates. Secondary consumers include microbats and a variety of reptile species.
Small native mammals and omnivorous birds fill both primary and secondary consumer roles. Finally,
avian, reptilian and mammalian predators make up the highest trophic level (Figure 3).
In the context of this plan, ideally each trophic level should be represented in monitoring of
condition of the ecosystem. All trophic levels have been included in this plan with the exception of
abiotic factors (soil and rocks) (Figure 3).
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Figure 2. Conceptual model of the upland native grassland ecosystem unit in the ACT.
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Figure 3. Trophic level flow diagram of an ACT upland native grassland ecosystem.
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1.7 THE CEMP FRAMEWORK
The CEMP framework uses indicators and corresponding metrics to capture current knowledge and
to provide a measurement of ecosystem condition. Two types of indicators are used in the CEMP
monitoring plans; ecosystem condition indicators and ecosystem stressors. Ecosystem condition
indicators are used to assess the state of ecological values within an ecosystem. Ecological values are
the biological and physical environmental characteristics identified as core values for conservation
and key for healthy ecosystem function. Ecosystem stressor indicators identify threatening processes
in the ecosystem that are suspected to elicit change in the condition of the ecological values of the
ecosystem. The combined use of these two types of indicators enables an assessment of the
effectiveness of management actions that aim to reduce threatening processes and maintain or
enhance ecosystem condition. Metrics (measurable attributes of the indicator) are used to capture
quantitative data that is used to assess indicator condition. There may be more than one metric
contributing to each indicator.
Key attributes of each metric that enable measurement of indicator condition are the baseline,
reference condition and target condition. The baseline refers to the initial condition of the metric
from which any change in condition, including an increasing, stable or declining trend, can be
measured. For many metrics, data from the first survey may be used as a baseline, or alternatively
the first data contributing to the CEMP report may be used. For research projects with a robust
experimental design, data from control plots or reference sites are used as a baseline.
The reference condition is defined as the ideal condition of the metric and reflects a relatively intact
ecosystem. This may be the estimated abundance or distribution prior to European settlement, or a
site (or a number of sites) thought to be in intact condition; data from which may then be used as a
reference for comparison. In many cases, restoration to reference condition is not attainable. In
these cases, the target condition provides priority, medium-term goals for management. The target
condition for metrics are established in consultation with managers, and can be adjusted over time
with increased knowledge of the ecosystem, and as condition changes.
Three elements of condition are assessed to determine the overall condition rating for each metric.
Condition/State refers to the current condition of the metric relative to the prescribed reference
condition or target condition (‘condition’ is used for ecosystem condition indicators and ‘state’ is
used for ecosystem stressors). Condition trend is the trend in movement of the current condition
away from the baseline condition (i.e. whether condition is improving, stable or declining over time).
Data confidence refers to how confident we are in the accuracy of the data that informs ecosystem
condition assessments. The data confidence rating is either high, moderate, low or unavailable.
Using results of data analysis and expert input, the condition or state of each metric is graded as one
of four categories (good, good with some concerns, moderate or poor). Metrics in ‘good’ condition
are close to, or above the reference condition; in the case of an ecosystem stressor, the negative
impacts of threatening processes are limited or successfully controlled by management actions.
Metrics that are rated ‘good with some concerns’ are in overall good condition, but are below
reference condition. There are some sites or attributes that need improvement or do not meet the
‘good’ condition criteria. Metrics in ‘moderate’ condition show signs of degradation and
management actions need to be implemented to restore condition and / or prevent further loss of
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condition. Metrics in ‘poor’ condition are not being effectively managed, and ecosystem values are
threatened. In this case, changes to management should be of high priority.
When each contributing metric has been assessed for condition or state, the outcomes are ‘rolledup’ to inform the condition or state of the relevant indicator that the metric is contributing data to.
An averaging process is used to ‘roll-up’ metric data to rank the condition or state of the indicator.

Figure 4. Symbology used in the CEMP framework to indicate levels of condition/state, condition
trend and data confidence ratings.

More detailed information on the data and analyses behind each condition assessment is presented
under individual metrics within part two of this plan. Further information on the CEMP framework,
interpretation of condition assessments and symbology can be found in the Conservation
Effectiveness Monitoring Program overview report (Brawata et al., 2017).
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1.8 ECOSYSTEM CONDITION ASSESSMENT
Using data from relevant monitoring and research programs, this Upland Native Grassland
Ecosystem Condition Monitoring Plan incorporates current available knowledge on condition
indicators and stressors within ACT upland native grassland ecosystems. In doing so, this plan aims
to consolidate current knowledge and report on ecosystem condition using analysed data.
Information included in the plan should assist land managers to set priorities for future research and
help better target management actions to improve upland grassland ecosystem condition.
Condition indicators and stressors have been derived from values and threats identified within the
upland native grassland ecosystem. Ecosystem condition indicators include Natural Temperate
Grassland (NTG) (C1), Native Flora, General (C2), and Native Fauna, General (C3). Ecosystem
stressors include Introduced Herbivores (S1), Inappropriate Fire Regimes (S2), Invasive Plants (S3)
and Introduced Predators (S4).
The metrics that contribute data to each of these indicators are shown in Table 2 (for condition
metrics) and Table 3 (for stressor metrics). For each indicator and corresponding metrics, the
assessed condition/state was compared to both the reference condition and target condition and
given the appropriate symbol.
Data were not available in this reporting cycle to assess the condition of Native Flora, General (C2),
which includes the metrics C2.1 - C2.4. The metrics contributing to the condition indicator of Native
Fauna, General (C3), including Macropods (C3.1) and Dingo (C3.2), could not be assessed against
reference condition due to a lack of substantive information about the condition of these metrics
prior to European settlement. There was also insufficient data available to set targets for some
condition and stressor metrics, including C2.1-C2.4, C3.1, S4.1 and S4.2. As a result, these metrics
were not assessed against a target condition.
Only two condition metrics were able to be assessed against target condition in this report - Extent
of NTG (C1.1) and Dingo (C3.2). The Extent of NTG (C1.1) was rated as ‘good’ against reference and
target condition as the pre-European extent of NTG has not been altered. The metric Dingo (3.2) was
rated as ‘good with concerns’ against the target condition as this species is currently managed to
target population levels, however pre-European density of Dingoes is unknown, therefore no
reference condition is identified (Table 2).
Stressors in this ecosystem were graded as ‘poor’ against reference state if they represented an
introduced species or invasive plants that have wide spread, established populations (Table 3). The
target for the stressor metric Fire Frequency within Ecological Thresholds (S2.1) was rated as ‘good
with concerns’ against the ‘no planned burning’ ecological threshold set for upland grassland
communities, as some unplanned burning occurred. The target rating for the stressor metric of
Changes in Distribution and Abundance of Priority Invasive Plants (S3.1) was moderate with an
increasing trend, suggesting weed management programs are improving condition. For the stressor
metric Invasive Plants, New Incursions (S3.2), both reference and target state were rated ‘good’ and
stable, indicating that management programs are currently achieving their conservation goals (i.e. to
prevent the establishment of new invasive plants in the upland grasslands). For the metrics
contributing to the stressor indicator Introduced Herbivores (S1), the target state was either ‘good’
(for the metric Feral Pig (S1.1)) or ‘good with concerns’ (for the metric European Rabbit (S1.2)) and
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stable, suggesting management programs are currently achieving their conservation goals. Opposite
trends were found for the two metrics contributing to the stressor indicator Introduced Predators
(S4). The trend for the metric European Fox (S4.1) was increasing; condition of this metric was found
to be improving as Fox numbers declined over time, but no rating was given as a target state has not
been defined. The trend for the metric Feral Cat (S4.2) was decreasing, as Feral Cat activity has
increased in upland grasslands over time, but again no rating was given as a target state has not
been defined (Table 3).
Table 2. The condition of indicator metrics, assessed against both reference condition and target
condition, for upland grasslands. A key to the rating symbology is provided in Figure 4.

Headline
Indicator

Indicator

Metric

NTG
Ecological
community

C1. Natural
Temperate
Grassland
(NTG)

C1.1 Extent of NTG

Grassland
Flora

C2. Native
Flora, General

C2.1 Native plant
species richness

Rating against
Reference condition

Rating against
Target condition

C2.2 Ground cover

C2.3 Grass height

C2.4 Indicator A
species richness

Grassland
Fauna

C3. Native
Fauna,
General

C3.1 Macropods

C3.2 Dingo
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Table 3. The state of stressor metrics, assessed against both reference state and target state, for
upland grasslands. A key to the rating symbology is provided in Figure 4.

Headline
Indicator
Introduced
herbivores

Stressor
S1. Introduced
herbivores

Metric

Rating against
Reference state

Rating against
Target State

S1.1 Feral Pig

S1.2 European Rabbit

Fire
regimes

S2. Inappropriate
fire regimes

S2.1 Fire frequency
within ecological
thresholds

Invasive
plants

S3. Invasive
plants

S3.1 Changes in
distribution and
abundance of priority
invasive plants
S3.2 Invasive plants new incursions

Introduced
predators

S4. Introduced
predators

S4.1 European Fox

S4.2 Feral Cat

A summary of the proportion of metrics rated in each condition level against both reference and
target conditions are given in Figure 5 and Figure 6 respectively.
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Good
14%

No rating
86%

(a)

No rating
14%

Good
14%

Poor
72%

(b)
Figure 5. The proportion of condition metrics (a) and stressor metrics (b) in each category, as
assessed against reference condition.
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Good with
concerns
14%
Good
14%

No rating
72%

(a)

Moderate
12%

No rating
38%
Good with
concerns
25%

Good
25%

(b)
Figure 6. The proportion of condition metrics (a) and stressor metrics (b) in each category, as
assessed against target condition.
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1.9 KEY RECOMMENDATIONS
Key recommendations to improve monitoring and management actions within upland native
grasslands are focused on improving the robustness of monitoring data and addressing knowledge
gaps within the ecosystem (Table 4). Management recommendations may be made when more data
is available for this ecosystem.

Recommendations for monitoring
1. Maintain frequency of spotlight monitoring. Spotlighting has been conducted at 27 transects
across four upland grasslands sites since 1997. Long-term spotlight counts provide a key dataset for
both management and long term condition monitoring of many upland grassland fauna species.
Maintaining regular spotlight monitoring, particularly in productive sites such as Gudgenby and
Orroral, is particularly essential to successfully manage Rabbit populations. It is therefore imperative
that the frequency of spotlight surveys is maintained at these sites.
2. Improve robustness of data collected. It is also essential that the data collected as part of the
spotlighting monitoring program is robust, consistent, and stored in a manner that can be easily
reviewed by management. Current limitations to the analysis and value of spotlighting data result
from:







inconstancies in recording species (e.g. Red-necked Wallabies)
inconsistent placement of transects (e.g. distance to warrens)
inconsistent sampling effort across the sites (number of transect and transect lengths)
changes to the methodology (staff monitoring different transects or transects the opposite
way around)
differences in observer’s ability to accurately identify predators
a number of factors that can influence detected activity (e.g. season, moon phase,
behaviour, home-range size, vegetation complexity and surveyor bias/experience).

Raising awareness and training of operational staff of the importance of robust monitoring data and
its role in decision making is imperative and may assist in mitigating some of these issues.
3. Establish new monitoring programs to address the paucity of baseline data in upland grasslands.
There is a paucity of data on the ecology of the upland grasslands ecosystem, particularly the
condition of the vegetation, associated native fauna and the impacts of introduced predators. While
spotlighting is a key survey method for many fauna species, it is not the most effective method to
monitor introduced predators. Predator species are more accurately identified using methods such
as scent stations, camera traps or sand plots and if more robust data on predator populations is
required for the upland grasslands ecosystem these methods should be considered.
Monitoring the flow-on effects of management activities, such as the response of native vegetation
to introduced herbivore control and invasive plant control, is critical to understanding the
conservation outcomes of management programs. A monitoring program that assesses vegetation
response to Rabbit control should be established.
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Recommendations for research
4. Address knowledge gaps through research. There are two main opportunities for research
identified in this report that will help increase our understanding of upland grasslands communities.
1. Research is needed to better understand the effects of Dingo control on native and
introduced fauna assemblages and ecosystem condition in general. Understanding the longterm effects of Dingo baiting on other fauna, particularly managed introduced herbivores
(Feral Pigs and European Rabbits), introduced mesopredators (Foxes and Feral Cats) and
macropods is important to inform holistic vertebrate pest management. This research
would best be undertaken in collaboration with a university.
2. Areas dominated structurally by Poa spp. tussocks may provide important habitat structure
for small mammals and reptiles; thus management activities that remove grass structure,
such as fire, may have important implications for fauna conservation. There is currently no
data on small mammals or reptiles in this ecosystem and it is recommended that preliminary
surveys for small mammals and reptiles are conducted.
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Table 4. Key recommendations from the upland native grassland ecosystem.

Indicator

Key recommendations

C1. Natural
Temperate
Grassland
(NTG)



Maintain the extent of NTG.

C2. Native
Flora general



Establish reference/target condition thresholds from good quality sites once 34 years monitoring data are available.
Possibly establish exclusion cages for monitoring herbivore pressure.
Monitor small mammals and reptiles in relation to management actions, such
as burning or baiting.
Research the ecological effects of Dingo control, particularly the effects on
introduced predators (Foxes and Cats), introduced herbivore (Pigs, Rabbits and
deer) and macropod populations. From this research determine what
population densities of Dingoes are needed to maintain stable and sustainable
densities of prey such as macropods and Rabbits.
Undertake vegetation surveys to assess long term ecosystem responses to
Feral Pig control.
Establish pig rooting monitoring site at Gudgenby to determine the effect of
Dingoes on pig activity.
Investigate strategies for reducing invasive plant colonisation and to promote
native flora succession after warren ripping.
Monitor vegetation response to Rabbit control programs to develop Rabbit
damage/density thresholds.
Ensure consistency of quality data collection and maintaining the resources to
undertake the required sampling. Increasing the awareness by staff of the
importance of robust monitoring data and the capacity to review data by
operational staff.
Develop tolerable fire intervals (TFIs) for upland grasslands communities that
consider the responses of different grass associations and fauna to fire.
Develop an integrated land management response to disturbance by fire in
anticipation of future containment line breechs or wildlife in r2 Wet Tussock
Grasslands.
Undertake targeted fauna surveys in r2 Poa labillardieri dominated
communities to determine if there are species reliant on large wet tussock
structure and the effect of time since fire on fauna assemblages.
Monitor the response of native flora in response to invasive plant control
Explore methods to improve the way invasive plants densities are estimated.
Standardise survey effort through recording of complete searches vs.
opportunistic sightings or roadside verge control.
Continue excellent early invader detection and biosecurity procedures
Undertake follow up monitoring of upland grasslands sites where Shasta Daisy
(Leucanthemum x superbum) was removed.
Monitoring of native and introduced prey species in response to changes in
Feral Cat and Fox activity could assist in quantifying predator impacts and
establishing target densities. Cost benefits of control need to be considered
prior to commencing control programs for introduced predators.

C3. Native
Fauna general





S1. Introduced 
herbivores





S2.
Inappropriate
fire regimes





S3. Invasive
plants







S4. Introduced 
predators
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PART TWO: TECHNICAL ANALYSIS OF
ECOSYSTEM INDICATORS AND METRICS

Eastern Grey Kangaroo – Photo Don Fletcher
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THE NATURAL TEMPERATE GRASSLAND
(NTG) ECOLOGICAL COMMUNITY
C 1. NATURAL TEMPERATE GRASSLAND (NTG)

Natural Temperate Grassland (NTG) in Namadgi National Park – Photo Emma Cook
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C1.1 Extent of NTG
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: The extent of NTG within ACT reserves in 2016 will be used as the baseline for tracking
changes in this metric over time. The original extent of upland NTG has not been reduced and
should continue to be protected and maintained.
Metric Assessment: This assessment looks at changes in the extent of upland NTG on reserve
lands. The condition of NTG in upland grasslands is assessed through Indicator C2 (Native Flora,
general).
Class: Mandated.
Category: Statutory (Threatened Ecological Community).
Primary Drivers context:
Associated indicators:
Associated stressors:
Warm year with wet winter
C2. Native Flora, general.
S1. Introduced herbivores.
and average rainfall in 2016.
C3. Native Fauna, general.
S2. Inappropriate fire regimes.
S3. Invasive plants.
Rationale NTG is a Threatened Ecological Community and important habitat for native flora and
fauna species of the region. Invasion by invasive plants, including exotic grasses, and
overabundant herbivores may degrade NTG sites by reducing native species diversity and
richness.
Projects contributing to metric: ACT Government spatial mapping.
Sampling periodicity: 5-10 years.
Baseline: 2016 mapping extent.
Reference condition: ~ 2176 ha (current baseline).
Target condition: Management aims to maintain NTG extent.
Trigger point for management: No trigger point at this time.
Qualitative input: Nil.
Future research questions, management directions, knowledge gaps and recommendations:
None at this time.
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GRASSLAND FLORA
C2. NATIVE FLORA, GENERAL

The endangered Baeuerlen's Gentian – Photo Conservation Research (CR)
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C2.1: Native plant species richness (NSR)
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: No data are available on trends in NSR in ACT upland grasslands. Monitoring, which
commenced in 2018, is needed to track ecosystem health over time and to identify and
evaluate the response of NSR to management programs and herbivore densities.
Metric Assessment: Surveying NSR commenced in 2018 and will be monitored annually at longterm monitoring sites.
Class: Core
Category: Statutory (Threatened Ecological Community)
Primary Drivers context:
Associated indicators:
Associated stressors:
2018 was a dryer than average year; C1. Natural Temperate
S1. Introduced
baseline surveys were conducted in
Grassland (NTG).
herbivores.
winter.
C3. Native Fauna, general.
S2. Inappropriate fire
regimes.
S3. Invasive plants.
Rationale: The richness of native plant species is a key indicator of biodiversity and ecosystem
condition in upland native grasslands.
Projects contributing to metric: Upland grasslands long term vegetation survey (CR).
Sampling periodicity: Annually.
Baseline: 2018 survey data.
Reference condition: Unknown. Reference values for both r1 and r2 grassland communities will
be derived from monitoring plots prior to the next upland grasslands ecosystem monitoring
plan.
Target condition: Reference condition.
Trigger point for management: No trigger point at this time.
Qualitative input: Nil.
Future research questions, management directions, knowledge gaps and recommendations:
Monitoring the condition of the two dominant upland grassland communities (i.e. r1 Poa
sieberiana dominated grasslands and r2 Poa labillardieri dominated grasslands) commenced in
2018. These first surveys will form the baseline monitoring for future condition assessments
and data from good quality sites may be used as reference condition for upland grasslands
communities where applicable. Long-term monitoring of vegetation plots is critical to track
changes in NSR, including response to climatic variations, and management actions (e.g. fire)
and herbivore densities. Plots have been placed in recently burnt areas and at sites in good
condition; this will enable tracking of recovery after fire. Exclusion cages may be used to assess
herbivore pressure if required.
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C2.2 Ground cover
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: No data are available on trends in ground cover in upland grasslands of the ACT.
Monitoring, which commenced in 2018, is critical to track ecosystem health over time, and to
identify and evaluate the response of ground cover to management programs, and changes to
herbivore densities.
Metric Assessment: Surveying of cover and structure of functional groups commenced in 2018
and will be monitored annually at long-term monitoring sites.
Class: Core
Category: Non-statutory
Primary Drivers context:
Associated indicators: Associated stressors:
2018 was a dryer than average year; baseline
C1. Natural Temperate S1. Introduced
surveys were conducted in winter.
Grassland (NTG).
herbivores.
C2. Native Fauna,
S2. Inappropriate fire
general.
regimes.
S3. Invasive plants.
Rationale: Ground cover is a key indicator of biodiversity and ecosystem health. Maintaining
ground cover of native species is essential to maintaining grasslands that are resilient to external
pressures.
Projects contributing to metric: Upland grasslands long term vegetation survey (CR).
Sampling periodicity: Annually.
Baseline: 2018 survey data.
Reference condition: Unknown. Reference values for both r1 and r2 grassland communities will
be derived from monitoring plots prior to the next upland grasslands ecosystem monitoring plan.
Target condition: Reference condition.
Trigger point for management: No trigger point at this time.
Qualitative input: Nil.
Future research questions, management directions, knowledge gaps and recommendations:
Monitoring the condition of the two dominant upland grassland communities (i.e. r1 Poa
sieberiana dominated grasslands and r2 Poa labillardieri dominated grasslands) commenced in
2018. These first surveys will form the baseline monitoring for future condition assessments and
data from good quality sites may be used as reference condition for upland grasslands
communities where applicable. Long-term monitoring of vegetation plots is critical to track
changes in ground cover, including response to climatic variations, and management actions (e.g.
fire). Plots have been placed in recently burnt areas and at sites in good condition; this will enable
tracking of recovery after fire. Exclusion cages may be used to assess herbivore pressure if
required.

Upland Native Grassland Ecosystem Condition Monitoring Plan

38

C2.3 Grass height
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: No data are available on trends in grass height in upland grasslands of the ACT,
Monitoring, which commenced in 2018, is critical to track ecosystem health over time, and to
identify and evaluate the response of grass height to management programs, and changes to
herbivore densities.
Metric Assessment: Surveying of average grass height commenced in 2018 and will be monitored
annually at long-term monitoring sites.
Class: Minor
Category: Non-statutory
Primary Drivers context:
Associated indicators: Associated stressors:
2018 was a dryer than average year; baseline
C1. Natural Temperate S1. Introduced
surveys were conducted in winter.
Grassland (NTG).
herbivores.
C2. Native Fauna,
S2. Inappropriate fire
general.
regimes.
S3. Invasive plants.
Rationale: Grass height is a key indicator of grazing pressure, which can impact on biodiversity
and ecosystem health.
Projects contributing to metric: Upland grasslands long term vegetation survey (CR).
Sampling periodicity: Annually.
Baseline: 2018 survey data
Reference condition: Unknown. Reference values for both r1 and r2 grassland communities will
be derived from monitoring plots prior to the next upland grasslands ecosystem monitoring plan.
Target condition: Reference condition.
Trigger point for management: No trigger point at this time.
Qualitative input: Nil.
Future research questions, management directions, knowledge gaps and recommendations:
Monitoring the condition of the two dominant upland grassland communities (i.e. r1 Poa
sieberiana dominated grasslands and r2 Poa labillardieri dominated grasslands) commenced in
2018. These first surveys will form the baseline monitoring for future condition assessments and
data from good quality sites may be used as reference condition for upland grasslands
communities where applicable. Long-term monitoring of vegetation plots is critical to track
changes in grass height, including response to climatic variations, management actions (e.g. fire)
and changes in grazing pressures. Plots have been placed in recently burnt areas and at sites in
good condition; this will enable tracking of recovery after fire. Exclusion cages may be used to
assess herbivore pressure if required.
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C2.4: Indicator A species richness
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: Indicator A species are uncommon; their occurrence at a site generally indicates the
site is of high conservation value. A list of indicator A species for ACT grasslands has been
provided in the appendix. No data are currently available on trends in indicator A species richness
in the upland grasslands of the ACT. Monitoring indicator A species will contribute to tracking
ecosystem health over time, and will identify and evaluate responses of indicator A species to
management programs, and climatic variation.
Metric Assessment: Surveying for indicator A species commenced in 2018 and will be monitored
annually at long-term monitoring sites.
Class: Minor
Category: Non-statutory
Primary Drivers context:
2018 was a dryer than average year; baseline
surveys were conducted in winter.

Associated indicators:
C1. Natural
Temperate Grassland
(NTG).
C2. Native Fauna,
general.

Associated stressors:
S1. Introduced
herbivores.
S2. Inappropriate fire
regimes.
S3. Invasive plants.

Rationale: Indicator A species can be used as a relative measure to determine the quality of
native flora patches.
Projects contributing to metric: Upland grasslands long term vegetation survey (CR).
Sampling periodicity: Annually.
Baseline: 2018 survey data.
Reference condition: Unknown. Reference values for both r1 and r2 grassland communities will
be derived from monitoring plots prior to the next upland grasslands ecosystem monitoring plan.
Target condition: Reference condition.
Trigger point for management: No trigger point at this time.
Qualitative input: Nil.
Future research questions, management directions, knowledge gaps and recommendations:
Little research has been conducted into management options for improving the occurrence of
indicator A species. Monitoring the condition of the two dominant upland grassland communities
(i.e. r1 Poa sieberiana dominated grasslands and r2 Poa labillardieri dominated grasslands)
commenced in 2018. These first surveys will form the baseline monitoring for future condition
assessments and data from good quality sites may be used as reference condition for upland
grasslands communities where applicable. Long-term monitoring of vegetation plots is critical to
track changes in indicator A species richness, including response to climatic variations, and
management actions (e.g. fire). Plots have been placed in recently burnt areas and at sites in
good condition; this will enable tracking of recovery after fire. Exclusion cages may be used to
assess herbivore pressure if required.
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GRASSLAND FAUNA
C3. NATIVE FAUNA, GENERAL

Dingo in Gudgenby – Photo Oliver Orgill
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C3.1 Macropods
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: Based on spotlighting observations, Red-necked Wallaby (RNW) activity has been
increasing at three out of four sites surveyed since 2015. Populations of Eastern Grey Kangaroos
(EGKs) are not currently monitored in upland grasslands. Current management objectives are to
maintain macropod populations as part of a functioning ecosystem (i.e. populations are managed
through natural processes such as predation) therefore there are no current target densities set
for these species.
Metric Assessment: A relative measure of RNW density over time is calculated from an index of
activity (RNWs/spotlight km) using spotlighting counts at four sites.
Class: Core
Category: Non-statutory
Primary drivers context:
Associated indicators:
Associated stressors:
Spotlighting data sourced from years
C2. Native Flora,
S1. Introduced
1997-2018; Millennium drought 2001general.
herbivores.
2009, followed by very wet years
S2. Inappropriate fire
2010/11, very warm years with average
regimes.
rainfall during 2012-2015, a warm wet
S3. Invasive plants.
2016 and a dry 2017.
Rationale: Macropod grazing is an integral part of upland native grassland ecology. Clearing land
adjacent to native grasslands, and the control of Dingoes in some areas, may have reduced
factors that limit RNW and EGK densities. Population densities that are too high or too low can
result in inappropriate grazing pressure and lead to a loss of flora diversity and fauna habitat.
Projects contributing to metric: PCS spotlighting surveys.
Sampling periodicity: RNWs – one to four times annually, EGKs not monitored.
Baseline: First year of sampling at each site.
Reference condition: Estimated natural density range for RNWs and EGKs in grasslands prior to
European settlement is unknown.
Target condition: Current policy is to maintain natural populations unless undesirable impacts
are detected. Quantification of undesirable impacts yet to be determined.
Trigger point for management: Undesirable impacts (overgrazing) will trigger further
investigation (i.e. assessment of the contribution of macropod impacts to overgrazing).
Qualitative input: Nil
Future research questions, management directions, knowledge gaps and recommendations:
Macropods are valued as an integral part of the native fauna and an important part of a
functioning ecosystem. Macropods are currently maintained at natural densities in upland
grasslands (i.e. populations are regulated through natural processes such as changes in
resource availability and predation pressure). Monitoring of ground cover at vegetation plots
will assist in determining if overgrazing occurs in this ecosystem (see metric C2.2). If over
grazing occurs (threshold to be determined), exclusion cages could be used to quantify the
impacts of EGKs and RNWs on grassland vegetation, separate from that of introduced
herbivores such as Rabbits and Feral Pigs. Better understanding of the relationship between
RNWs, EGKs and Dingoes could better inform management of these species.
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Data Analysis
While both EGKs and RNWs are common throughout upland grasslands, only RNWs are monitored
as part of PCS spotlighting surveys. Counts indicate that activity of RNWs has increased markedly at
3 sites since 2008 (Figure 7). This may be due to the increase in frequency and extent of Dingo
baiting across Namadgi National Park in 2008 and / or the end of the millennium drought in 2010.
The Orroral site has consistently lower levels of RNW activity compared to the other 3 monitoring
sites (Figure 7); the reason for this is unclear. Between 2011 and 2012, RNW were not recorded as
part of spotlighting surveys (Figure 7). This inconsistency in methodology limits the interpretation of
this data set.
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Figure 7. Spotlight counts for red-necked wallabies (RNW) by site, averaged per spotlight kilometre
and season. Vertical dashed lines indicate the 2003 fires (red), increased frequency and extent of
Dingo baiting (yellow) and the end of the millennium drought (blue).

Consistent with Figure 7, modelled RNW activity at sites where Dingoes were baited (Mt Clear,
Boboyan and Orroral) and not baited (Gudgenby) show that RNWs activity is increasing over time
(Figure 8). Consistently low RNW activity at Orroral (Figure 7) resulted in a more gradual increase at
baited sites between (Figure 8).

Upland Native Grassland Ecosystem Condition Monitoring Plan

43

Figure 8. Modelled activity for red-necked wallabies (RNW) over time (Year) at sites where Dingoes
are not baited (BaitedN) and baited (BaitedY).

Unlike in some lowland grasslands, macropod populations in upland grasslands are not currently
managed by the ACT Government (ACT Government, 2017b). Instead, macropods populations are
regulated through natural processes such as resource availability and predation. If there is evidence
of overgrazing in this ecosystem, as indicated by increasing or prolonged bare ground measurements
(collected as part of annual vegetation surveys; see metric C2.2), then further investigations into the
impact of macropods on upland grasslands may be initiated. Research to better understand the
relationship between RNW, EGK and Dingo activity could also better inform management of these
species.
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C3.2 Dingo (Canis lupis)
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: Dingoes are baited, trapped and shot in buffer zones around the border of Namadgi

National Park, but are protected in core areas. Spotlight surveys conducted in upland grasslands,
and results from camera trapping in other ecosystems, suggest that Dingo populations in
conservation areas may be being maintained at stable densities by current management. The
population density of Dingoes needed to maintain stable densities of prey, such as macropods
and Rabbits, is unknown and the impact of Dingoes on mesopredators such as Foxes is
unquantified. Investigating the ecological effects of Dingo control in baited areas would be useful
to track the long-term implications of baiting programs.
Metric Assessment: A relative measure of Dingoes over time is calculated from an index of
activity (Dingoes seen/spotlight km) using spotlighting counts at four sites.
Class: Core
Category: Non-statutory
Primary drivers context:
Associated indicators:
Associated stressors:
Spotlighting data sourced from years
C3 Native fauna, general S1. Introduced
1997-2018, baiting data from 2008 to
(Macropods).
herbivores.
2018; Millennium drought 2001- 2009,
S4. Introduced
followed by very wet years 2010/11, very
predators.
warm years with average rainfall during
2012-2015, a warm wet 2016 and a dry
2017.
Rationale: Dingoes play an important role as an apex predator in grassland (and other)
ecosystems, they also cause significant losses to sheep graziers. Dingoes are listed as a pest
species under the ACT Invasive plants and Animals Act 2005, however they are usually recognised
as a naturalised native species and have been nominated for listing under the New South Wales
(NSW) Threatened Species Conservation Act 1995.
Projects contributing to metric: PCS spotlighting surveys.
Sampling periodicity: One to four times annually.
Baseline: First year of sampling at each site.
Reference condition: 100% genetic purity, unknown pre-European density.
Target condition: 0/spotlight km in control areas; no limit for conservation areas.
Trigger point for management: Current trigger point of > 1% stock loss.
Qualitative input: Nil.
Future research questions, management directions, knowledge gaps and recommendations:
Research to better understand the ecological impacts of Dingo control within the park,
particularly the effects on other vertebrates such as Feral Pigs, Rabbits, Foxes and macropods,
would be useful to inform long-term management. Alternative methods for recording predator
activity such as camera traps and scent lures are recommended if finer scale data is needed for
management decision making (camera trapping is already conducted in forest ecosystems).
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Data Analysis
DNA analysis undertaken by University of New South Wales (UNSW) in 2007 of wild dogs trapped
and killed in Namadgi National Park in 2004 and 2005 (N=39) indicates that most individuals in the
population are Dingo/dog hybrids and a small proportion are pure Dingoes (Figure 9). Although
genetic purity of Dingo populations has decreased by 83% since European settlement, the
population of Dingoes in Namadgi National Park is the purest population tested in south-east
Australia. For this reason we have chosen to refer to wild dogs within Namadgi National Park as
‘Dingoes’.
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Figure 9. DNA testing results for 39 Dingoes trapped in Namadgi National Park from 2004-2005
(black crosses) compared to dogs (red squares), pure Dingoes (blue diamonds) and hybrids (green
triangles). Data were collected and analysed by Ass. Prof. Alan Wilton (UNSW). Solid lines represent
the genetic cut-off for pure Dingoes, and dashed lines indicate the average DNA of ACT individuals.

Some form of Dingo control has been undertaken since the area was first settled in the 1830’s,
however baiting records only exist from 2008. Due to predation on sheep in surrounding properties,
Dingoes are currently controlled as part of a cooperative agreement between the ACT and NSW
governments and neighbouring landholders. Baiting occurs around most borders of Namadgi
National Park, within Tidbinbilla Nature Reserve and on adjoining ACT and NSW properties. The core
of the park is a Dingo conservation area. All large upland grassland valleys are baited except
Gudgenby.
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The results from spotlight surveys suggest that Dingo baiting has been effective at keeping Dingo
numbers close to zero at baited sites (Mt Clear, Boboya and Orroral) (Figure 10). Dingo activity
increased at the unbaited, core conservation area (Gudgenby) during the latter half of the
millennium drought (i.e. from Spring 2006) and later declined between 2009 and 2012. Low but
stable Dingo activity has since been recorded at this site (Figure 10).

Season and year
Gudgenby

Mt Clear

Boboyan

Orroral

Figure 10. Spotlight counts for Dingoes by site, averaged per spotlight kilometre and season. Vertical
dashed lines indicate the 2003 fires (red), increased frequency and extent of Dingo baiting (orange)
and the end of the millennium drought (blue).

Consistent with Figure 10, modelled Dingo activity shows a long term trend of little or no activity at
baited sites, while some Dingo activity is detected at Gudgenby (Figure 11a, b). Given the proximity
of Gudgenby to baited sites (<5 km), Dingoes that occupy Gudgenby may be vulnerable to baiting.
Dingoes prefer medium to large-sized mammals as prey; Rabbits and macropods constitute the
majority of their diet (Cupples et al., 2011; Letnic and Dworjanyn, 2011). It is likely that RNWs are a
staple prey item for Dingoes in Namadgi National Park. Activity of RNWs has been increasing at all
sites (baited and unbaited) in Namadgi National Park, except Orroral (see metric 3.1); the reason for
this is unknown. However, increases in RNW, and large increases in Rabbit activity in Gudgenby
(since 2012), appears to be temporally associated with an increase in productivity after the
millennium drought and a decline in Dingo numbers during the 2009-2012 period.
The current Dingo density target in control areas is zero Dingoes per spotlight km. Spotlight surveys
indicate that this target is almost always reached in baited areas. However, Dingoes play an
important role in supressing herbivore density and potentially impacting Fox populations (see metric
S4.1). Dingo control is an extremely expensive activity. Control costs the ACT and NSW Governments
and landholders, between $100,000-$170,000 at each of the four plan areas (ACT, Yaouk, Shannon’s
Flat and Adaminaby). It is recommended that more robust monitoring of predator populations,
including Dingoes, is conducted to validate the ecological and financial costs of the baiting program.
This will be discussed further in the Upland Forest CEMP report.
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a)

b)

Figure 11. Modelled Dingo activity from spotlighting results at a) all baited (n=3) and unbaited (n=1)
sites and at b) each spotlight transect site within Namadgi National Park.
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ECOSYSTEM STRESSORS
S1. INTRODUCED HERBIVORES
S2. INAPPROPRIATE FIRE REGIMES
S3. INVASIVE PLANTS
S4. INTRODUCED PREDATORS

Feral Pigs caught on a camera trap at Namadgi National Park. Photo ACT PCS
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S1: INTRODUCED HERBIVORES
S1.1 Feral pig (Sus scrofa)
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: The current Feral Pig control program is sufficient to maintain levels of damage
below the target activity level. Increases in pig rooting when baiting effort is lowered suggests
that the current baiting effort needs to be sustained to meet target activity levels. Long term
data for upland vegetation communities is not available to determine whether the target level
of damage is ecologically sustainable. Additional vegetation surveys would be useful to assess
long term ecosystem responses to Feral Pig control, including recovery trajectories where pig
rooting has decreased.
Metric Assessment: This metric uses annual pig rooting survey data from 1985 to 2008 and
from 2011 to 2017 with modified methods and locations. Feral Pig baiting effort from 1995 to
2017 is also presented, however the reliability of this data set is low.
Class: Core
Category: Non-statutory – Threatening process
Primary drivers context:
Associated indicators: Associated stressors:
Data sourced from years 1985-2017;
C2. Native Flora,
S2. Inappropriate fire
Millennium drought 2001- 2009, followed general.
regimes.
by very wet years 2010/11, very warm
C3.2 Dingo.
S3. Invasive plants.
years with average rainfall during 20122015, a warm wet 2016 and a dry 2017.
Rationale: Pig rooting causes considerable damage to ecosystems, including erosion and a loss
of plant species richness (Hone, 2002). Habitat degradation by Feral Pigs is listed as a key
threatening process under the EPBC Act and under the NSW Biodiversity Conservation Act 2016,
but is not listed in the ACT.
Projects contributing to metric: PCS pig rooting monitoring, PCS Feral Pig control program.
Sampling periodicity: Annually.
Reference condition: 0% plots with rooting.
Baseline: First year of PCS monitoring.
Target condition: Less than 10% plots with rooting.
Trigger point for management: No trigger point at this time.
Qualitative input: Nil.
Future research questions, management directions, knowledge gaps and recommendations:
Monitoring pig rooting at Gudgenby would be useful to determine if Dingoes are suppressing
Feral Pig activity. Additional vegetation surveys would also be useful to assess long term
ecosystem responses to Feral Pig control and recovery trajectories.
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Data Analysis
Pig ground rooting, pig abundance (dung presence), pig control (baiting and trapping) and associated
vegetation was monitored as part of several research projects in Namadgi National Park between
1985 and 2008 (Hone, 1988a, b; Hone, 1995, 2002; Hone and Martin, 1998; Hone and Stone, 1989).
The frequency of pig rooting at monitoring plots was correlated with the percentage of plots with
dung (curvilinear relationship) and several environmental factors (Hone, 1988a, b). The extent of pig
rooting had a negative, curved relationship with plant species richness, confirming the ecological
impact of pig presence (Hone, 2002). Hone (2002) also showed that commencement of pig control
in 1986-87 led to an initial decline in the percentage of plots with pig rooting (Figure 12). Pig control
was not conducted in 1989 and 1990, but recommenced again in 1991 and has been conducted
annually since. A decline in baiting effort from 1994 onwards saw a corresponding increase in pig
rooting across this period (Figure 12), suggesting that declining baiting effort resulted in increased
pig rooting and damage.
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Figure 12. Percentage of plots with pig rooting from monitoring conducted by Hone (1988a, 2002)
(green) and number of pig baits laid (blue) and number of pig baits taken (red). Vertical dashed lines
indicate commencement of pig control (black) and the 2003 bushfires (red).

Pig rooting monitoring was not conducted between 2009 and 2010. In 2011, PCS recommenced
monitoring the frequency of pig rooting using the line intercept method (Hone 1988a). The current
monitoring program records the presence of pig rooting at 600 (randomly generated) transects at six
sites across Namadgi National Park. This includes five sites in grasslands (Blue Gum Creek, Naas,
Boboyan, Nursery Swamp and Upper Cotter) and one in sphagnum bog (Ginini Wetlands). Surveys
are conducted annually during spring.
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From 2011 to current, pig rooting monitoring has been conducted at 100 permanently marked plots
over seven sites across a range of vegetation types (Hone 1988a, 1995, 2002). Changes to sampling
methods, and the spatial and temporal differences between current and previous monitoring, mean
that recent results cannot be directly compared to the long-term data set (1985-2008) collected by
Hone (1988a, 1995, 2002).
Figure 13 shows results from monitoring at all sites and at the five NTG grassland sites, compared
with poison baits laid and taken (where data are available). Baiting data records are missing from
several sites since 2013. It is unknown if baiting occurred in these areas during this time. Thus, true
baiting effort is unclear and caution must be used when interpreting results.
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In 2014 trapping was used as an alternative method for Feral Pig control (O. Orgill pers. comm.) and
this resulted in a sharp increase in pig rooting (Figure 13). Baiting recommenced in 2015 and pig
rooting subsequently declined. Since 2015, the target condition of less than 10% of monitoring plots
with pig rooting presence has been met, and the most recent survey had the lowest recorded
rooting frequency (<6% of all sites with pig rooting and <2% of NTG monitoring plots with pig
rooting) (Figure 13).

% rooting all sites
% rooting in NTG
Poison baits laid
Poison baits taken

0

Year
Figure 13. Percentage of plots with pig rooting from PCS monitoring at all sites (grey) and NTG sites
only (green), and number of pig baits laid (blue) and number of pig baits taken (red). Red dashed line
indicates rooting target condition of <10%

Results presented in Hone (2002) indicate the relationship between percentage of plots with pig
rooting and percentage of plots with dung presence (as a measure of pig abundance) is curvilinear
(Figure 14). While there was a positive correlation between the frequency of occurrence of dung at
plots and the percentage of plots with pig rooting, a small number of Feral Pigs may lead to a
disproportionately large amount of damage. For example, a change from 0.5% of plots with dung to
3% of plots with dung correlates with an increase of almost 10% of plots with pig rooting (Figure 14).
One explanation for this is that evidence of rooting in grasslands can persist for 2-3 years, so pig
rooting monitoring may not reflect only recent damage and therefore population changes. A second
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explanation may be the impact of baiting on pig population demographics. Adult male Feral Pigs are
more resistant to baiting (Hone and Kleba, 1984; McIlroy et al., 1989), and if baiting selectively
targets smaller Feral Pigs, this may influence the amount of damage.

Figure 14. The relationship between the percentage of plots with pig rooting and the percentage of
plots with pig dung from Hone (2002).

This response of pig rooting to decreased baiting effort suggests that the current effort of park-wide
baiting needs to be sustained in order to maintain pig rooting damage below the target set for this
ecosystem. If resources are available for additional monitoring, combined monitoring of vegetation
condition and rooting would be useful to investigate the response of upland grasslands ecosystems
to pig control. It would also be useful to monitor rooting at Gudgenby to investigate if the presence
of Dingoes influences pig rooting at this site.
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S1.2 European Rabbit (Oryctolagus cuniculus)
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: The target density for management of Rabbits (5 Rabbits/spotlight km) is currently
achieved at three of the four monitoring sites. Large eruptions at Gudgenby over the last
decade have caused considerable damage to upland grasslands. Processes to regularly review
population data as to detect increased activity early have been implemented by PCS. The
current target density is are based on expert opinion; monitoring vegetation in response to
Rabbit control to improve our understanding of density/damage relationships for Rabbits in
upland grasslands will inform the development of more robust thresholds. Maintaining high
quality data collection and consistency of sampling, including the collection of additional data
on covariates and vegetation response, is also needed.
Metric Assessment: A relative measure of Rabbit density over time is calculated using an index
of activity (Rabbits /spotlight km). Data are collected from spotlighting counts along transects
at four sites, conducted between 1 – 4 times annually.
Class: Core
Category: Non-statutory – Threatening process
Primary drivers context:
Associated indicators:
Associated stressors:
Data sourced from years 1997-2018;
C2.
Native
Flora, S3. Invasive plants.
Millennium drought 2001- 2009,
general.
S4. Introduced predators.
followed by very wet years 2010/11,
C3.2 Dingo.
very warm years with average rainfall
during 2012-2015, a warm wet 2016
and a dry 2017.
Rationale: Rabbits are an introduced pest that cause significant soil disturbance and grazing
pressure in grassland reserves. Land degradation by Rabbits is listed as a key threatening
process under the EPBC Act and under the NSW Biodiversity Conservation Act 2016, but is not
listed in the ACT.
Projects contributing to metric: PCS spotlighting surveys.
Sampling periodicity: One to four times annually.
Baseline: First year of sampling for each site.
Reference condition: Estimated Rabbit density of zero.
Target condition: Density of 5 Rabbits per spotlight km.
Trigger point for management: Above 5 Rabbits per spotlight km.
Qualitative input: Target condition densities are based on expert opinion (derived from
observation) as the relationship between Rabbit density and damage to grasslands is not
known.
Future research questions, management directions, knowledge gaps and recommendations:
There is little information on how Rabbits can change grassland structure or species richness
through selective grazing pressure. Vegetation response to Rabbit removal should be
monitored following large control programs and to improve our understanding of the
relationship between Rabbit density and damage to upland grasslands should be conducted.
Ensuring the consistency and quality of data collection and maintaining the resources to
undertake the required sampling is essential to successfully manage Rabbit populations.
Increasing the awareness of the importance of robust monitoring data and the capacity to
review data by operational staff is imperative so that methods remain consistent, trigger points
are adhered to and active control is conducted in a timely manner.
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Data Analysis
The activity of Rabbits over time was derived from spotlighting survey data from four sites
(Gudgenby, Mt Clear, Boboyan and Orroral). Spotlighting has been conducted at 27 transects across
these four sites since 1997. Raw counts were averaged per spotlight kilometre, per survey period
and per season. Rabbit activity is estimated without adjusting for the influence of covariates (such as
moon phase, transect length and weather). Figure 15 illustrates trends in Rabbit activity between
2000 and 2018.

Season and year
b)

Gudgenby

Mt Clear

Boboyan

Orroral

Figure 15. Spotlight counts for Rabbits a) for all sites, averaged per spotlight kilometre for each
season and b) scaled to show trends for Mt Clear, Boboyan and Orroral. Vertical dashed lines
indicate the 2003 fires (red), increased frequency and extent of Dingo baiting (orange) and the end
of the millennium drought (blue).
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Rabbit activity at Boboyan and Mt Clear have remained relatively low and stable throughout the
entire sampling period. All sites are currently are below the target density of 5 Rabbits/spotlight km
(Figure 15b).
An increase in Rabbit activity at Boboyan and Orroral in 2009/2010 (Figure 15) may be associated
with increased productivity towards the end of the Millennium drought. Rabbit activity at Gudgenby
increased significantly in 2012 and peaked in 2014 (at approximately 170 Rabbits/spotlight km 2014)
(Figure 15). Dingo baiting is not undertaken at Gudgenby and thus the lagged response to increasing
food resources by Rabbits at this site may be a result of the suppression of initial population
increases by predators (Banks, 2000; Banks et al., 1998; Corbett and Newsome, 1987; Newsome et
al., 1989). In 2009, a reduction in Dingo and Fox activity occurred at Gudgenby. This was followed by
a dramatic reduction in Dingo activity in 2012, after a period of high rainfall at the end of the
Millennium drought (see metrics C3.2 and S4.1). Increased food resources, decreased predation, and
higher productivity at Gudgenby, are likely to have contributed to the sudden and dramatic increase
in Rabbit activity in 2012 at this site. The environmental damage caused by Rabbits during these
outbreaks has not been quantified.
Studies have suggested that sustained predator suppression of Rabbits is only effective when Rabbit
populations are low (Banks, 2000; Corbett and Newsome, 1987; Newsome et al., 1989; Pech et al.,
1992). These findings suggest additional Rabbit control may be required at the commencement of
periods of high productivity, particularly if predators are controlled or if they occur naturally at low
densities. Rabbit control may also be important for limiting the activity of Feral Cats (see metric 4.2).
There are some limitations with the spotlight method which may influence data accuracy. First, the
location of tracks and accessibility to vehicles determines sampling locations, so that not all Rabbit
prone areas may be sampled. This is especially the case for Orroral, where transects are not in close
proximity to warrens and extrapolations had to be made to account for this. Second, there is
inconsistent sampling effort across the sites (i.e. the number of transect and transect lengths
varied). Transects at Gudgenby are set out in a circuit, which may increase the likelihood of
encountering individuals more than once. Furthermore, detecting Rabbits at Gudgenby may be more
likely as this site has the greatest combined distance of spotlight transects and habitats along
transects are more open compared with transects at other sites that are located along the ecotone
between grassland and forest. Such bias need to be considered in a more thorough data analysis.
There are also numerous other factors that can influence the measurement of Rabbit activity, such
as season, moon phase, behaviour, home-range size, vegetation complexity and surveyor
bias/experience. These should be considered in future data analysis. The value of establishing
correction factors for covariates such as moon phase, sampling effort and distance to warrens
should be assessed to increase the accuracy of ongoing monitoring.
Various control methods for Rabbits, including warren ripping, poisoning and Rabbit Haemorrhagic
Disease Virus (RHDV) releases, have been conducted over the last decade to reduce Rabbit activity
and to maintain target densities. In addition to monitoring Rabbit activity by spotlight transects,
active warrens are also monitored and mapped for future ripping and fumigating. An unintended
consequence of this control method is the colonisation of warrens by invasive plants post treatment.
Unfortunately revegetation trials have proved unsuccessful (G. Baines., pers. comm.). New strategies
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for reducing invasive plant colonisation after warren ripping and to improve long-term trajectories
for native flora succession should be investigated.
RHDV has been used to control Rabbit populations at Orroral and Gudgenby. The first release of the
virus occurred in the area in 2000, more recently the RHDV1 K5 variant was released at Boboyan in
March 2017. Results of such releases have varied; determining reasons for site-specific lack of
efficacy (e.g. population immunity and inappropriate demographics) may increase the effectiveness
of future biological controls.
Long term and consistent data collection is essential to accurately assess the need for Rabbit control.
Some data has been collected before and after control activities to assess reductions in Rabbit
activity. It would be useful to combine this data with data on vegetation response to improve
understanding of the relationship between Rabbit density and damage to upland grasslands, and to
inform the development of trigger points for management actions.
Raising operational staff awareness of the importance of monitoring data for management
outcomes may assist in maintaining monitoring protocols and sampling frequency. Defining
meaningful trigger points would ensure active control is conducted in a timely manner, preventing
population outbreaks and reducing overall financial and environmental costs.
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S2: INAPPROPRIATE FIRE REGIMES
S2.1 Fire frequency within recommended ecological thresholds
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: There are no defined minimum or maximum tolerable fire intervals (TFI) for upland
native grasslands. The current ecological thresholds for fire management planning is set as ‘no
planned burning’ for both r1 and r2 communities. This is due to the impact of the 2003 wildfires
on upland grasslands, and a lack of ecological data on the fire response of C3 dominated
grassland communities in upland areas of the ACT. Establishing minimum and maximum TFIs for
upland grasslands communities would enable more strategic assessment and management of
biodiversity values in this ecosystem. Data from recently established monitoring plots will be
used to assess biomass, thatch cover/depth and native species persistence in both post burn
and unburnt areas
Metric Assessment: Summary of the known age class distribution across upland grasslands
using fire history spatial layers. When a target time since fire (TSF) condition is set for this
metric, the age class distribution will be assessed against the target TSF distribution.
Class: Core
Category: Non-statutory
Primary drivers context:
Associated indicators:
Associated stressors:
Data sourced from available historical
C2. Native Flora, general.
S1. Introduced
fire records (from 1900).
C3. Native Fauna, general.
herbivores.
S3. Invasive plants.
Rationale: Burning or outside minimum and maximum inter-fire intervals is likely to have adverse
impacts on conservation values within communities
Projects contributing to metric: Fire ecology program (CR); PCS fire history layer, upland
grasslands long term vegetation survey (CR).
Sampling periodicity: Annually.
Baseline: Assessment for this CEMP plan.
Reference condition: Unknown.
Target condition: The current target condition is no planned burning in r1 and r2 grasslands.
Data from recently established monitoring plots may be used to refine this target condition in
future reports.
Trigger point for management: No trigger point at this time.
Qualitative input: Nil.
Future research questions, management directions, knowledge gaps and recommendations:
There is a need to develop ecological thresholds (TFIs) for upland grasslands communities that
consider the responses of different grass associations and fauna to fire. There is also a need to
develop an integrated land management response to disturbance by fire in anticipation of
future containment line breeches or wildlife in grassland communities. Research and
monitoring should focus on recording species supported by upland grasslands with different
fire histories – in particular different times since fire, and on the post fire recovery time for key
biodiversity values. Targeted fauna surveys in r2 communities is required to determine if there
are species reliant on large wet tussock structure.
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Data Analysis
The ecological thresholds for fire management planning is currently set as ‘no planned burning’ for
both r1 and r2 communities in upland grasslands. The current ecological threshold is set because of
the widespread impact of the 2003 wildfires and a lack of ecological data on the fire response of C3
dominated grassland communities in upland areas of the ACT. While r1 grasslands can probably
sustain moderately frequent fire, sufficient inter-tussock space appears to persist long after fire
occurs, therefore unlike in lowland grasslands, more frequent fire is not usually needed to maintain
optimal biodiversity values. Wet Tussock Grasslands (r2) are characterised by large Poa labillardierei
tussocks that provide habitat structure. These grasslands naturally have relatively low native plant
species richness compared with both upland r1 and lowland grasslands communities. The primary
conservation objective for r2 communities is to maintain the mature tussock structure. For this
reason, planned fire is not recommended in r2 Wet Tussock Grasslands.
The appropriateness of fire regimes for maintaining ecological values in upland native grasslands is
assessed by the extent to which grassland communities have been burn outside of prescribed
tolerable fire intervals (TFI’s). In the case of r1 and r2 communities there is currently no prescribed
minimum or maximum TFI and fire management prescription is defined as ‘no planned burning’. In
this context any wildfire or planned fire within r1 or r2 grasslands is considered undesirable and is
therefore characterised as contributing to an inappropriate fire regime.
There is some uncertainty in the fire history record for the upland grasslands for the first half of the
20th century. Although not documented, some areas of r1 and r2 grasslands may have been burnt
during the period before the gazetting of Namadgi National Park in the early 1980’s. Nevertheless, a
significant proportion of upland native grasslands remain long unburnt, at least since being
incorporated into the conservation estate. At least 95% of the extent of both r1 and r2 communities
are in one of two age classes (i.e. long unburnt or 15 years post fire) (Figure 16). Approximately half
(53%) of r1 grasslands and 42% of r2 grasslands in the ACT have escaped fire for more than 100 years
(Figure 16). The 2003 Canberra wildfires impacted a large proportion of ACT upland grasslands;
approximately 44% of r1 and 53% of r2 communities were last burnt 15 years ago (Figure 16).
Over the 10 years of the current Regional Fire Management Plan (RFMP) (2009 and 2018) a total of
61 hectares of upland native grasslands have been burnt primarily due to planned burning or
escapes from planned burns (Table 5). This represents approximately four percent of the extent of
upland native grasslands indicating the vast majority of this ecosystem has remained unburnt over
the life of the RFMP consistent with management objectives. However the majority of fire extent
within upland grasslands over this period has been within the more sensitive r2 Wet Tussock
Grasslands community with 57 hectares or 4.1% of this community burnt (Table 5).
While this is still a small fraction of the total extent of r2 Wet Tussock Grasslands, any burning of this
community can have potential ecological consequences. For example, an area of r2 Wet Tussock
Grassland along Grassy Creek in southern Namadgi National Park was burnt in autumn 2018 in an
attempt to reinforce containment lines west of a prescribed burn when it became apparent severe
weather conditions could lead to an escape. Following the burn, extensive and high density
germination of introduced weeds, in particular Nodding Thistle, has since occurred, and is likely to
lead to costly, long term management issues in that area (see metric S3.1). This highlights the need
for planned and integrated land management in response to disturbance by fire. Several grassland
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condition monitoring plots have since been established in this burnt area to provide data on
recovery over time.
Research and monitoring should focus on recording the species supported by upland grasslands with
different fire histories, in particular different times since fire, and on the post fire recovery time for
key biodiversity values. Data collected at recently established upland grasslands floristic and
structural plots (in areas last burnt in 2003 and in 2018) will assist in addressing these knowledge
gaps. Very little has been published to describe vertebrate and invertebrate fauna in montane wet
tussock grasslands. Targeted fauna surveys, in r2 communities in particular, is required to determine
if there are species reliant on large wet tussock structure and to guide fire management that
maximises conservation outcomes.

Figure 16. The proportion of native grassland communities in annual time since fire (TSF) age classes.

Table 5. The extent of upland native grassland communities (r1 and r2) in the ACT and the percentage burnt
by wildfire and prescribed fire over the 10 years from 2009 to 2018.

Upland grassland
community
r1
r2
Total

Total extent (ha)

Area burn 2009-18
(ha)

Percent burnt
(%)

1,467
1,377
1,411

4
57
61

0.29
4.12
4.32
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S3: INVASIVE PLANTS
S3.1 Change in priority invasive plant distribution and density
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: Results suggest the extent of invasive plant species can be successfully reduced with
follow up treatment, however the number of treatments needed varies. The density of two of the
four priority invasive species (i.e. St John’s Wort and Nodding Thistle) was reduced after repeated
treatments. There have been large improvements in data capture since 2014, including the use of
mobile applications for mapping, and the development of new standardised methods for
estimating density. Improved data capture of invasive plants detected but not treated is needed,
and follow up measurements on improvements to natural values following invasive plant control
is required to monitor the effectiveness of management. Results indicate follow up treatment is
important in reducing priority species.
Metric Assessment: This metric examines 1) the change in extent (area) of priority invasive plants
in upland grasslands and 2) the number of treated sites in each density category for priority
invasive plant species over time.
Class: Core
Category: Non-statutory – Threatening process
Primary drivers context:
Associated indicators:
Associated stressors:
Data sourced from years 2009- C2. Native Flora, general.
S1. Introduced herbivores.
2018, which were mostly warm C3. Native Fauna, general.
S2. Inappropriate fire
years with both below and
regimes.
above average rainfall.
Rationale: Highly invasive plants identified in ACT upland native grasslands include Blackberry
(Rubus sp), African Lovegrass (Eragrostis curvula), St. John’s wort (Hypericum perforatum) and
Nodding Thistle (Carduus nutans). These species have the potential to out-compete native species
and change the composition, structure and function of native grasslands.
Projects contributing to metric: PCS Invasive plant Mapping.
Reference condition: Distribution and density of invasive plants equals zero.
Sampling periodicity: Ongoing throughout the year, seasonal control of some species.
Baseline: Invasive plant data used in this assessment dates back to 2009 for some species.
Reference condition: Zero invasive plants in grassland ecosystems.
Target condition: Ecological threshold for the density of highly invasive plants is <1%.
Trigger point for management: >1% weighted density for highly invasive plants.
Qualitative input: Nil.
Future research questions, management directions, knowledge gaps and recommendations:
There is a need to monitor the response of native flora to invasive plant control (i.e. measure cover
and diversity of native species before and after invasive plant control). There is a need to
standardise methods to estimate density (methods are currently being explored). There is also a
need to standardise effort by recording of complete searches vs. opportunistic sightings or
roadside verge control. These improvements will increase the ability to detect changes in the
extent and density of invasive plants in response to control activities. Finally it is recommended
that an integrated land management approach is developed in response to disturbance by fire,
including preparing for costly weed control that may be needed.
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Data Analysis
Changes in the extent of four priority invasive plant species (Blackberry, African Lovegrass, St John’s
Wort and Nodding Thistle) in response to weed control were examined in upland grasslands.
Changes in extent were assessed for areas with repeated treatments of weed control to examine the
response of priority invasive plants to the number of weed control treatments. Results illustrate that
follow-up weed control can reduce extent for all priority species, however the number of weed
control treatments needed varied. Repeated weed control effectively reduced the extent of
Blackberry infestation; after three treatments less than 0.05 ha required additional treatment
(Figure 17). For African Lovegrass some sites required up to ten treatments (Figure 17). St John’s
Wort was treated over a large area and some sites required up to eleven treatments (Figure 17).
Nodding Thistle was treated over the largest area. After one treatment the area controlled declined
by 73%, however the rate of reduction slowed considerably after the second treatment. Some
Nodding Thistle sites required up to fifteen treatments (Figure 17).
Nodding Thistle seedbanks are extensive, long lived and may take up to 13 years to be exhausted
(NSW Department of Primary Industries, 2018). Persistence at some sites may indicate extensive
seedbanks; it is therefore essential to eradicate small infestations as soon as possible and to
maintain weed control at established populations. A recent, unplanned burn in r2 Wet Tussock
Grasslands (2018) led to extensive post fire germination of Nodding Thistle from seed bank. This site
will need consistent, long term management to ensure Nodding Thistle is controlled while grasslands
recover. Developing an integrated land management approach in response to disturbance by fire,
including preparing for costly weed control that may be needed, is recommended (see metric S1.1).

Figure 17. Change in extent (ha) by number of times treated (Treatment No.) for four priority
invasive plant species. Note: The scale for the vertical axis differs for each invasive plant species.
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Changes in density of the four priority invasive plant species were assessed for areas with repeated
treatments of weed control. The change in the number of sites in different density categories in
response to the number of times treated was examined.
The density of the four priority species was between 11-50% at the majority of sites treated (Figure
18). African Lovegrass was the only species that was consistently treated at low densities (i.e.
between <1% and 10%) (Figure 18). This species is highly invasive and successful containment
requires early intervention. There was a notable shift in the density of St John’s Wort and Nodding
Thistle at most treated sites (from 26-50% to 11-25%) (Figure 18); this suggests control was effective
at reducing density over time. For Blackberry, a reduction in the number of sites overall, rather than
changes in density, occurred with follow-up treatments (Figure 18).

Figure 18. The number of treated sites in each density category for priority invasive plant species in
upland grasslands over time (treatment number). Density categories were quantified as: 1 = < 1%
ground cover (blue); 2 = 1-10% ground cover (green); 3 = 11-25% ground cover (yellow); 4 = 2650% ground cover (orange); Category 5 => 50% ground cover (red). Note: The scale for the vertical
axis differs for each invasive plant species.
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S3.2 New invasive plant incursions
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: An invasive plant control officer who is responsible for undertaking targeted control
at new infestation sites is integral to reducing the spread of invasive plants because it increases
the capacity to respond quickly and effectively to new infestations. The retention of this
procedures coupled with effective biosecurity procedures is essential for the successful
management of early invader species. Follow up monitoring of Shasta Daisy removal sites in
upland grasslands is recommended.
Metric Assessment: This metric assesses the number and distribution of new invasive plant
incursions into previously uninhabited areas, or of new invasive plant species entering upland
grasslands ecosystems in the ACT. Four high-risk species are included in this metric: Mouse-ear
Hawkweed (Hieracium pilosella), Orange Hawkweed (Hieracium aurantiacum), Ox-eye Daisy
(Leucanthemum vulgare) and Shasta Daisy (Leucanthemum x superbum).
Class: Minor
Category: Non-statutory – Threatening process
Primary drivers context:
Associated indicators:
Associated stressors:
Data sourced from years 2008-2016.
C2. Native Flora, general. S1. Introduced
Millennium drought 2001- 2009, followed C3. Native Fauna,
herbivores.
by very wet years 2010/11 and very
general.
S2. Inappropriate fire
warm years with average rainfall during
regimes.
2012-2016.
Rationale: Invasive plants with established populations in NSW have the potential to cause
significant ecological damage to upland native grasslands in the ACT. The ACT Government has
biosecurity procedures in place to respond to new emerging outbreaks of invasive plant species.
Several species have been identified as high risk and are prioritised for eradication.
Projects contributing to metric: PCS Collector app invasive plant mapping, Canberra Nature
Map, Atlas of Living Australia-iNaturalist.
Sampling periodicity: Ongoing throughout the year.
Baseline: Status of new incursion at initial assessment.
Reference condition: No new invasive invasive plant incursions.
Target condition: Local eradication of new incursions.
Trigger point for management: New species detected, based on advice from invasive plant
experts.
Qualitative input: Advice was sought from PCS Invasive Plants Coordinator for advice on
species selection for this metric.
Future research questions, management directions, knowledge gaps and recommendations:
Biosecurity procedures, the retention of the invasive plant control offer and joint management
arrangements between PCS and TCCS are all critical to the detection and successful management
of early invader species. Follow up monitoring of Shasta Daisy removal sites in upland grasslands
is recommended.
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Data Analysis
Mouse-ear Hawkweed and Orange Hawkweed occur in neighbouring Kosciuszko National Park,
which increases the risk to upland grasslands in the ACT. A single Mouse-ear Hawkweed plant was
detected and destroyed at Nursery Swamp in 1992; subsequent surveys (including those employing
detection dogs) have failed to detect additional incursions. Orange Hawkweed has not been
detected in Namadgi National Park. Continued vigilance is required to ensure these species do not
establish in the ACT.
Ox-eye Daisy is also a major issue in parts of Kosciuszko National Park and isolated plants have been
found and removed from Namadgi National Park. This species has not been recorded in upland
grasslands, however the risk of infestation is high.
Around a dozen Shasta Daisy plants were detected and removed at one of the northernmost patches
of upland NTG in December 2017. This is the first recorded occurrence in upland grasslands and
future surveys are required to confirm that eradication was successful.
Detection and eradication of new invasive plant incursions have so far been successful thanks to
excellent biosecurity reporting methods, follow up surveys and community participation. Continued
development of survey and mapping techniques, including recording areas surveyed where no plants
where found, would be valuable to accurately track new invasive plant incursions.

Shasta Daisies - Photo ACT PCS.
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S4: INTRODUCED PREDATORS
S4.1 European Fox (Vulpes vulpes)
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: Indices from spotlight counts show relatively low and stable activity levels of Foxes
across Namadgi National Park. At Gudgenby, where no Dingo baiting occurs, there has been a
recent increase in Fox activity, which may be due to an increase in Rabbit availability. There is no
targeted Fox control currently conducted in upland grasslands, however Foxes often take baits
intended for Dingoes and Feral Pigs, which may be one reason for low Fox activity overall.
Spotlighting is not the most effective method to monitoring predator activity; if more robust data
is required it is recommended that camera trapping or scent stations are used.
Metric Assessment: A relative measure of activity of Foxes over time is calculated using an
index of activity (Foxes/spotlight km). Data are collected from spotlighting counts at four sites
Class: Minor
Category: Non-statutory – Threatening process
Primary drivers context:
Associated indicators:
Associated stressors:
Data sourced from years 1997-2018;
C3. Native Fauna,
S1. Introduced
Millennium drought 2001- 2009,
general.
herbivores.
followed by very wet years 2010/11,
very warm years with average rainfall
during 2012-2015, a warm wet 2016
and a dry 2017.
Rationale: Fox predation is known to impact populations of native mammals, birds, reptiles and
frogs. Predation by the European Fox is listed as a key threatening process under the EPBC Act.
Currently there are no targeted Fox control programs in grasslands, however it is likely nontargeted control of fox populations occurs through dingo baiting programs.
Projects contributing to metric: PCS spotlighting surveys.
Sampling periodicity: One to four times annually.
Baseline: First year of spotlighting at each site.
Reference condition: Zero Foxes per spotlight km.
Target condition: None at this time.
Trigger point for management: No trigger point at this time.
Qualitative input: Nil.
Future research questions, management directions, knowledge gaps and recommendations:
Foxes are indirectly controlled in most upland grasslands via non-targeted uptake of Dingo and
Feral Pig baits. The impact of current Fox densities on fauna in upland grasslands is unknown and
a target density has not been set. Monitoring of native and introduced prey species and improved
survey techniques (including the use of camera and scent traps) would be useful to validate the
impacts of Foxes and any targeted control activities.
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Data Analysis
Fox activity over time was derived from spotlighting survey data from four sites (Gudgenby, Mt
Clear, Boboyan and Orroral), which are located predominately in upland grasslands. Raw counts
were averaged per spotlight kilometre, per survey period and per season.
Activity indices derived from spotlight data indicate Fox activity has decreased at all monitoring sites
since monitoring began in 1997. It has remained relatively low since 2009, except at Gudgenby
where no Dingo baiting is undertaken (Figure 19). It is likely that Foxes taking baits during both
Dingo and pig baiting programs has reduced Fox activity, but the magnitude of this effect is
unknown. Additionally, high Fox activity in the late 1990’s occurred prior to the release of RHDV,
after which a decline in Rabbits (see metric S1.2) and subsequently Fox activity occurred (Figure 19).
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Figure 19. Spotlight counts for Foxes by site, averaged per spotlight kilometre and season. Vertical
dashed lines indicate the 2003 fires (red), increased frequency and extent of Dingo baiting (orange)
and the end of the millennium drought (blue).

Modelled Fox activity derived from spotlight transect data showed a steady decline in Fox activity
at all sites, including a sharp decline in Fox activity at Gudgenby between 1997 and 2010 (Figure
20a, b). There has been a slight increase in Fox activity at Gudgenby since 2010. This is likely in
response to an increase in Rabbit activity (primary prey) during this period (see metric S1.2) (Figure
20a, b).
The impact of Foxes on native fauna in upland grasslands ecosystems has not been evaluated.
Current management appears sufficient to maintain low Fox densities at most sites, however if
changes are made to baiting programs or Rabbit management, Fox activity may increase.
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a)

b)
Figure 20. Modelled Fox activity over time from spotlighting results at a) baited (n=3) and unbaited
(n=1) sites and b) by spotlight transect sites within Namadgi National Park.
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S4.2 Feral Cat (Felis catus)
ASSESSMENT
AGAINST REFERENCE
CONDITION

ASSESSMENT
AGAINST TARGET
CONDITION

Summary: Results from spotlighting in Namadgi National Park illustrate a long-term trend of
increasing Feral Cat activity across all sites. It is likely that a combination of Dingo/Fox control
and increasing Rabbit numbers since 2012 have increased the survival and recruitment of Feral
Cats. Cat activity appears to be related to Rabbit activity with a lag response; modelling has also
found this relationship. The long-term impact of increasing Feral Cats on grassland fauna is
unknown.
Metric Assessment: A relative measure of activity of Feral Cats over time is estimated using an
index of activity (Feral Cats/spotlight km). Data are collected from spotlight counts at four sites.
Class: Minor
Category: Non-statutory – Threatening process
Primary drivers context:
Associated indicators:
Associated stressors:
Data sourced from years 1997- C3.2 Dingo.
S1.2 European Rabbit.
2018; Millennium drought
S4.1 European Fox.
2001- 2009, followed by very
wet years 2010/11, very warm
years with average rainfall
during 2012-2015, a warm wet
2016 and a dry 2017.
Rationale: Predation by Feral Cats is listed as a key threatening process under the EPBC Act. The
impact of predation by Feral Cats has not been quantified in the ACT. However, it is highly likely
that some native species are vulnerable to cat predation. There are currently no cat control
programs conducted in ACT reserves.
Projects contributing to metric: PCS spotlighting surveys.
Sampling periodicity: One to four times annually.
Baseline: First year of spotlighting at each site.
Reference condition: Zero Feral Cats per spotlight km.
Target condition: None given – impacts are not quantified at this stage. This needs to be
addressed prior to next CEMP plan.
Trigger point for management: No trigger point at this time.
Qualitative input: Nil
Future research questions, management directions, knowledge gaps and recommendations:
Spotlighting is not the most effective method to estimate predator activity. More suitable
methods for capturing Feral Cat activity and presence would include the deployment of scent
stations and/or camera traps. Camera traps are currently used in other ecosystems in Namadgi
National Park. The impacts of Feral Cats on native fauna needs to be quantified to warrant
control.
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Data Analysis
Feral Cat activity over time was derived from spotlighting survey data from four sites (Gudgenby, Mt
Clear, Boboyan and Orroral), which are located predominately in upland grasslands. Raw counts
were averaged per spotlight kilometre, per survey period and per season.
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Data indicates there was an increase in Feral Cat activity at Gudgenby following the 2003 bushfires
(Figure 21). Larger increases in Feral Cat activity occurred at all sites from 2012 after the end of the
millennium drought; this coincided with increasing Rabbit activity during this period (see metric 1.2).
Peaks and troughs in activity suggest season may influence activity and/or detection rates (Figure
21).
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Figure 21. Spotlight counts for Feral Cats by site, averaged per spotlight kilometre and season.
Vertical dashed lines indicate the 2003 fires (red), increased frequency and extent of Dingo baiting
(orange) and the end of the millennium drought (blue).
Modelling also indicates increased Feral Cat activity across all sites, particularly between 2010 and
2014 (Figure 22a). Modelling indicates the relationship between Feral Cat activity and Rabbit
activity is highly significant (p < 0.001). This relationship peaked at around the maximum Rabbit
activity recorded (i.e. 170 Rabbits /spotlight km) (Figure 22b). These findings are consistent with
several studies that have found a consistent relationship between Feral Cat and Rabbit abundance
(e.g. Cruz et al., 2013; Pech et al., 1992). This suggests the increase in Feral Cat activity may
represent a time-lagged response to large increases in Rabbit activity, particularly at Gudgenby, and
to a lesser extent at Orroral (see metric S1.2). An overall increase in Feral Cat activity has also been
detected through camera trapping in other ecosystems within Namadgi National Park (Oliver Orgill
pers. comm.).
Increases in Feral Cat activity in general across sites may also be associated with a decline in Fox
activity (see metric S4.1) and a severe decline in Dingo activity at Gudgenby (between 2010 and
2012). Some studies have found that the presence of Dingoes and Foxes can limit Feral Cat
70
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populations through both suppression of prey species and intra-guild and interference competition
(Gordon et al., 2015; Lunney et al., 1990; Moseby et al., 2012).

a)

b)
Figure 22. Modelled activity for Feral Cats a) by site and b) in relation to Rabbit activity across all
sites.
Feral Cats predate more heavily on native species when Rabbit density is low (Catling, 1988; Pech et
al., 1992). It is therefore essential to continue to monitor Feral Cat activity and to better understand
the effects of Rabbit population control and Dingo/Fox baiting on Feral Cats. The impact of Feral Cats
on upland grasslands ecosystems has not been evaluated. No target density or trigger point for
management has been established for this metric as it is unknown at what densities Feral Cats
critically impact native fauna. Predator control is expensive and an assessment of gains for
biodiversity is needed prior to its adoption as a regular management action. Understanding the
relationship between Feral Cats activity and the abundance of native species (i.e. the
density/damage relationship), and the effectiveness of control methods and in reducing Feral Cat
densities would be critical before justifying investment in control efforts.
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LIST OF ACRONYMS
ACT

Australian Capital Territory

CEMP

Conservation Effectiveness Monitoring Program

CR

Conservation Research

EGK

Eastern Grey Kangaroo

EPBC

Environmental Protection and Biodiversity Conservation

EPSDD

Environment, Planning and Sustainable Development Directorate

NSR

Native plant species richness

NSW

New South Wales

NTG

Natural Temperate Grassland

PCS

Parks and Conservation Service

RNW

Red-necked Wallaby

TFI

Tolerable fire interval

TSF

Time since fire

UNSW

University of New South Wales
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ADDITIONAL METRICS
There were a number of metrics considered but not included in the current Upland Native
Grasslands Ecosystem Condition Monitoring Plan. These metrics are listed here and reasons for their
current omission and/or possible inclusion in future CEMP analysis is discussed.
Native Fauna
 Reptiles: There is limited knowledge of reptile prevalence and activity in upland areas in the ACT.
Reptiles play an important role in lowland grassland ecosystems and may be important in upland
grasslands. They should be considered for future surveys. Facilitating student projects is one
option to fill this knowledge gap.
 Invertebrates: Invertebrates are important in grassland ecosystems but are difficult to monitor as
part of a regular program. Several methods are required to reliably survey the large diversity of
species, and changes over time are likely due to climatic variation, not management.
 Small mammals: Small mammals are not currently monitored in the upland grasslands. There is a
paucity of information on how small mammals may use upland grasslands habitats. Areas
dominated structurally by Poa spp. tussocks may provide important habitat structure for small
mammals; thus management activities that remove grass structure, such as fire, may have
important implications for conservation. It is recommended that preliminary monitoring for small
mammals is conducted in this ecosystem. Monitoring small mammals in baited and unbaited areas
would be useful to investigate ecological impacts of baiting, and may be suggested as an external
research project in the future.
 Grassland birds: Grassland birds are not regularly monitored in grasslands as there are few species
in grasslands and most are typically found at low densities.
Native Plants
 Rare plant species: In general, ‘rare occurrences’ of species do not make good metrics as data are
few and are collected opportunistic only. The Hoary Sunray (Leucochrysum albicans), Austral
Toadflax (Thesium austral) and several orchid species, which are listed as threatened under the
EPBC Act, occur in upland grasslands.
Introduced herbivores
 Feral Deer: Three species of Feral Deer are being sighted increasingly in upland grasslands.
However, limited observational data indicates they are not causing substantial damage to
grassland ecosystems, and efficient control methods have not been identified. Feral Deer will be
included as a stressor metric in the Upland Forests and Upland Bogs and Fens ecosystem plans.
Other
 Soils: There is currently little data on soil condition and few practical management options
available for soil management. Instead, soil exists in all ecosystem plans as a primary driver. Soil as
a metric may be brought into future CEMP plans as baseline information or soil management
options become available.
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INDICATOR A SPECIES FOR ACT GRASSLANDS
Acrotriche serrulata
Adiantum aethiopicum
Ajuga australis
Ammobium alatum
Arthropodium fimbriatum
Arthropodium milleflorum
Arthropodium minus
Arthropodium sp.
Asperula ambleia
Asplenium flabellifolium
Astroloma humifusum
Baloskion australe
Banksia marginata
Blechnum nudum
Boerhavia dominii
Bossiaea buxifolia
Bossiaea prostrata
Bossiaea riparia
Bossiaea sp.
Botrychium australe
Brachyloma daphnoides
Brachyscome aculeata
Brachyscome decipiens
Brachyscome dentata
Brachyscome diversifolia
Brachyscome graminea
Brachyscome ptychocarpa
Brachyscome radicans
Brachyscome rigidula
Brachyscome scapigera
Brachyscome spathulata
Brachyscome sp.
Bulbine bulbosa
Bulbine glauca
Bulbine sp.
Burchardia umbellata
Caesia calliantha
Calocephalus citreus
Calotis anthemoides
Calotis glandulosa
Calotis lappulacea
Calotis scabiosifolia
Calotis scapigera
Cardamine paucijuga
Centella asiatica

Centella sp.
Centrolepis strigosa
Cheilanthes austrotenuifolia
Cheilanthes distans
Cheilanthes sieberi
Cheilanthes sp.
Chenopodium glaucum
Chrysocephalum apiculatum
Chrysocephalum semipapposum
Chrysocephalum sp.
Cotula alpina
Craspedia sp.
Craspedia variabilis
Crassula helmsii
Cryptandra amara
Cullen microcephalum
Cullen sp.
Cullen tenax
Daviesia genistifolia
Daviesia mimosoides
Daviesia sp.
Daviesia ulicifolia
Desmodium sp.
Desmodium varians
Dianella longifolia
Dianella revoluta
Dianella sp.
Dichopogon sp.
Dillwynia glaucula
Dillwynia prostrata
Diplarrena moraea
Discaria pubescens
Diuris behrii
Diuris chryseopsis
Diuris dendrobioides
Diuris monticola
Diuris punctata
Diuris semilunulata
Diuris sp.
Diuris sulphurea
Dodonaea procumbens
Drosera peltata
Drosera sp.
Einadia trigonos
Epacris microphylla
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Epacris sp.
Eriochilus cucullatus
Eryngium ovinum
Eryngium sp.
Eryngium vesiculosum
Euphrasia collina
Euphrasia orthocheila (syn. Euphrasia
scabra)
Eutaxia diffusa
Galium gaudichaudii
Genoplesium sp.
Gentiana bredboensis
Geranium antrorsum
Gingidia harveyana
Glycine clandestina
Glycine sp.
Glycine tabacina
Gompholobium minus
Gonocarpus micranthus
Gonocarpus tetragynus
Goodenia bellidifolia
Goodenia hederacea
Goodenia humilis
Goodenia pinnatifida
Goodenia sp.
Grevillea juniperina
Grevillea lanigera
Hakea microcarpa
Haloragis heterophylla
Helichrysum rutidolepis
Hibiscus trionum
Hovea heterophylla
Hypericum gramineum
Hypericum japonicum
Hypoxis hygrometrica
Hypoxis sp.
Hypoxis vaginata
Isoetopsis graminifolia
Isotoma axillaris
Isotoma fluviatilis
Jacksonia scoparia
Kennedia prostrata
Lawrencia spicata
Laxmannia gracilis
Lepidium ginninderrense
Lepidium hyssopifolium
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Indicator A species list cont.
Lepidosperma laterale
Leptorhynchos elongatus
Leptorhynchos sp.
Leptorhynchos squamatus
Leucochrysum albicans
Leucopogon fraseri
Leucopogon sp.
Levenhookia dubia
Lilaeopsis polyantha
Linum marginale
Lissanthe strigosa
Lomandra bracteata
Lomandra filiformis
Lomandra longifolia
Lomandra multiflora
Lomandra sp.
Lomatia myricoides
Lotus australis
Lythrum salicaria
Marsilea drummondii
Melichrus urceolatus
Mentha diemenica
Microseris lanceolata
Microtis parviflora
Microtis sp.
Microtis unifolia
Mirbelia oxylobioides
Mitrasacme serpyllifolia
Montia australasica
Muehlenbeckia axillaris
Muehlenbeckia tuggeranong
Lobelia pedunculata
(syn. Pratia pedunculatai)
Opercularia
hispida
Ophioglossum lusitanicum
Oreomyrrhis argentea
Oreomyrrhis eriopoda
Patersonia sericea
Pelargonium sp. (G.W. Carr 10345)
Pellaea falcata
Pimelea curviflora
Pimelea glauca
Plantago antarctica
Plantago euryphylla
Plantago gaudichaudii
Plantago hispida

Pleurosorus rutifolius
Podolepis hieracioides
Podolepis jaceoides
Polygala japonica
Poranthera microphylla
Prasophyllum canaliculatum
Prasophyllum petilum
Prasophyllum sp.
Prasophyllum wilkinsoniorum
Pterostylis bicolor
Pterostylis cycnocephala
Pterostylis mutica
Pterostylis sp.
Ptilotus sp.
Pultenaea procumbens
Pultenaea sp.
Pultenaea subspicata
Ranunculus amphitrichus
Ranunculus inundatus
Ranunculus lappaceus
Ranunculus papulentus
Ranunculus pimpinellifolius
Ranunculus scapiger
Rhodanthe anthemoides
Rubus parvifolius
Rulingia prostrata
Rutidosis leiolepis
Rutidosis leptorrhynchoides
Scleranthus biflorus
Scleranthus diander
Scleranthus fasciculatus
Scleranthus sp.
Scutellaria humilis
Sebaea ovata
Selliera radicans
Sida corrugata
Spiranthes australis
Stackhousia monogyna
Stellaria angustifolia
Stellaria pungens
Stylidium despectum
Stylidium graminifolium
Stylidium sp.
Swainsona behriana
Swainsona monticola
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Swainsona recta
Swainsona sericea
Swainsona sp.
Thelymitra pauciflora
Thelymitra sp.
Thesium australis
Thysanotus patersonii
Thysanotus sp.
Thysanotus tuberosus
Trachymene humilis
Tricoryne elatior
Triptilodiscus pygmaeus
Utricularia dichotoma
Velleia montana
Velleia paradoxa
Veronica calycina
Veronica gracilis
Veronica plebeia
Veronica subtilis
Viola betonicifolia
Viola sieberiana
Westringia eremicola
Wilsonia rotundifolia
Wurmbea dioica
Xerochrysum bracteatum
Xerochrysum palustre
Xerochrysum subundulatum
Zornia dyctiocarpa
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