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[bookmark: _Toc59025466]
Summary
[bookmark: _Toc509242196][bookmark: _Toc59025467]Context:
[bookmark: _Toc509242197]Under the Melbourne Strategic Assessment (MSA), the Victorian Government has committed to the protection and management of threatened ecological communities, plants and animals in the Melbourne region. The commitments include regular reporting on ecological outcomes. The Monitoring and Reporting Framework (MRF; DELWP 2015a) mandates annual data collection to evaluate/ track the set of measurable Key Performance Indicators (KPIs) underlying ecological outcomes. Additionally, the MRF mandates that ecological outcomes be reported every five years to provide the Australian Government and the public with the data required to evaluate whether Victoria is achieving its obligations under the MSA. This document is the report of annual data collection for the 2019-20 financial year.
[bookmark: _Toc59025468]Aims:
[bookmark: _Toc509242198]This report aims to assess the ecological outcomes for three communities, five plant species and four animal species on land that is currently protected under the MSA against KPIs set by the MRF (DELWP 2015a). 
[bookmark: _Toc59025469]Methods:
[bookmark: _Toc509242199]Field surveys tailored to the characteristics of each species and community are used to measure progress towards the KPIs, as detailed in the MRF (DELWP 2015a) and summarised here. KPIs for species include measures relating to population counts, detection rates, recruitment and occupancy. KPIs for communities include measures relating to plant species richness and cover of weed and native species, state change and spatial heterogeneity. This report incorporates recommendations for minor changes to the MRF, resulting from practical experience of the first five years of its implementation. These changes were recommended in the first five-year report (Sinclair et al. 2019a).
[bookmark: _Toc59025470]Results:
[bookmark: _Toc509242200]The results are summarised graphically below. For each species and community, the progress towards each KPI is summarised by a coloured bar. Results for Natural Temperate Grassland, Seasonal Herbaceous Wetland, Golden Sun Moth and Striped Legless Lizard KPIs have all been reported where they have been able to be assessed. For other species and communities, many KPIs are shown as “KPI cannot yet be assessed”.  Reasons for a KPI to not have been assessed include that the Matter of National Environmental Significance (MNES) is not currently protected (or too few locations are protected), too few years have elapsed for the KPI to be assessed (e.g. the baseline is not set) or the KPI is only assessed after a particular event which has not occurred in the relevant period (e.g. wetland flooding).
[bookmark: _Toc59025471]Conclusions and implications:
Of the KPIs that could be assessed against a baseline, all were assessed as “KPI met”. For several KPIs, there is now sufficient data to set the baseline due to a sufficient area of land being protected and/or sufficient time elapsed since protection, and these are reported here. This reflects the fact that MSA land protection commenced in 2013 and currently a limited area has been protected.
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[bookmark: _Toc59025472]Introduction
[bookmark: _Toc59025473]Background
The Victorian Government has committed to the protection and management of threatened ecological communities, plants and animals in the Melbourne region. These commitments include the establishment of a network of new Conservation Areas on Melbourne’s fringes.
These commitments are part of the Melbourne Strategic Assessment (MSA). The MSA is the Victorian Government’s response to Melbourne’s urban growth, which impacts on species and communities listed under the Australian Environment Protection and Biodiversity Conservation (EPBC) Act 1999. The Victorian Government has assumed the role of the proponent of development on behalf of property developers, using the ‘strategic assessment’ provision of the EPBC Act (DPCD 2009). Approval was given by the Australian Government for the expansion of Melbourne’s Urban Growth boundary and the removal of EPBC listed species and communities, provided adequate mitigation measures were put in place. Such a strategic assessment (as opposed to a series of approvals by individual developers) allows an integrated mitigation plan to be implemented. For the MSA, this includes the collection of fees from developers to fund the acquisition and management of a series of reserves which are designed to protect many of the best remaining small areas of habitat and create a large protected landscape reserve by aggregating acquisitions into the Western Grassland Reserve. These conservation measures are detailed in the Biodiversity Conservation Strategy for Melbourne’s Growth Corridors (DEPI 2013a).
The MSA commitments include regular reporting on ecological outcomes. The ‘Monitoring and Reporting Framework’ (MRF; DELWP 2015a) provides the logic and basis for monitoring and reporting; it defines clear quantitative outcomes (i.e. ‘goals and performance indicators’) for management and outlines a program of monitoring that has since been implemented.
For many of these outcomes the MRF (DELWP 2015a) mandates annual data collection. Additionally, the MRF mandates that ecological outcomes be reported every five years to provide the Australian Government and the public with the data required to judge whether Victoria is achieving its obligations under the MSA. 
[bookmark: _Toc358878097][bookmark: _Toc358878218]This document reports the monitoring data for the six-year period from 2014-15 to 2019-20. It details all measured outcomes for the current period and provides a summary of all monitoring activities from their commencement. This report summarises the data with the aim of clearly representing the main patterns. All raw data for all measures required in the MRF is held securely by the Department of Environment, Land, Water and Planning (DELWP).
[bookmark: _Toc59025474][bookmark: _Toc416787100]Adaptive management
From its inception (DSE 2009), the MSA has committed to applying a meaningful ‘adaptive management’ approach to conservation management. Adaptive management may take different forms (Walters 1986, Lee 1999, Schrieber et al. 2004, McCarthy and Possingham 2007, Duncan and Wintle 2008), but it is generally agreed that adaptive management involves a program of management that is adjusted over time as understanding of the system’s response to management improves through regular monitoring.
Monitoring plays a central role in adaptive management. Monitoring is how the consequences of management or disturbance are recorded and fed back to the knowledge base, allowing land managers and stakeholders to learn how to repeat successes (changes that advance towards the stated goals) and avoid repeating mistakes (changes that are regressive). 
For adaptive management to be effective, there needs to be appropriate structures in place: Clear goals, a credible monitoring program, a coherent knowledge base (model) that can be updated, flexible and competent managers, and good communication between field staff, managers and decision makers. The current document is one part of this larger set of structures. It contributes to adaptive management in several ways:
· It presents the raw data that drives the community (ecosystem) management models (DELWP, unpublished; currently only the model for the ‘Natural Temperate Grasslands’ community has sufficient data to be operational). These models use the data reported here, alongside records of management and the weather, to make predictions about the outcomes of potential future management regimes. The model predictions can be evaluated against the Key Performance Indicators (KPIs).
· It presents some of the raw data that inform the management response models that have been created for each species (Regan et al. 2020). These models, like their ecosystem counterparts, make predictions about species outcomes under different management scenarios. For most species these models are population viability analysis models (PVAs), for Growling Grass Frog a stochastic patch occupancy model (SPOM) is used (Heard et al. 2013, Scroggie et al. 2019a). These models also require other data that is not collected via routine monitoring.
· It presents data that forms a narrative of change that can be used in the management discussion that takes place between managers, decision makers, funders, scientists and other stakeholders. 
Given there are modelling processes designed to integrate the data into an overall understanding of change and management (e.g. Regan et al. 2020), this document does not present detailed analyses or interpretation of the monitoring results. Instead, it offers only a statement of whether each KPI is met, and a brief qualitative discussion of obvious trends.
[bookmark: _Toc59025475]Definition of the desired outcomes
[bookmark: _Toc59025476]Outcome statements (‘goals’)
The MRF (DELWP 2015a) defines the Program Outcomes.  These are structured as a simple two-tier ‘objectives hierarchy’ (Keeney 1992, Biggs and Rogers 2003), with a single overarching ‘desired outcome’ for each species and community, each with an underlying set of measurable KPIs. 
The following single outcome statements, one for each species or community, form the structure of the current document.
· The composition, structure and function of Natural Temperate Grassland of the Victorian Volcanic Plain improves
· The composition, structure and function of Grassy Eucalypt Woodland of the Victorian Volcanic Plain improves
· The composition, structure and function of Seasonal Herbaceous Wetlands (Freshwater) of the Temperate Lowland Plains improves
· No substantial negative change to populations of Button Wrinklewort
· No substantial negative change to populations of Large-fruit Groundsel
· No substantial negative change to populations of Maroon Leek-orchid
· No substantial negative change to Small Golden Moths Orchid
· Matted Flax-lily persists
· [bookmark: _Toc401301049]No substantial negative change to the population of Spiny Rice-flower, and the population is self-sustaining
· Golden Sun Moth persists
· Growling Grass Frog persists
· Southern Brown Bandicoot persists
· Striped Legless Lizard persists
The MRF treats each of these as independent outcomes, all of which must be achieved for the MSA to be fulfilling its obligations. They are not afforded different levels of importance or integrated into any system which permits trade-offs between them (e.g. Marttunen et al. 2018).
[bookmark: _Toc59025477]Forms and structure of the key performance indicators
Each species has one or more KPI. These sit beneath the outcome statements (above). The KPIs are intended, collectively, to assess whether the outcome is being achieved. The choice of KPIs is determined by the form of the outcome, the ecological characteristics of the species or vegetation communities (mobility, detectability, temporal variation, etc.), the feasibility and cost of measurement, and the spatial distribution of the species or vegetation community.
For species, each KPI is conceived in one of three ways:
· Abundance – the number of individuals in an area.  Counts of an entire population can be conducted for some plant species that are relatively easily detected and occur in small areas (e.g. Button Wrinklewort). As these data relate to real numbers of individuals any change represents a real change in the population of that area (Elzinga et al. 2001). In other cases, full counts are impractical, and samples are taken to estimate changes in abundance of the total population.
· Occupancy – the presence or absence of the species in a defined area (or across a set of defined areas). Occupancy is determined by searching until the species is found or sufficient search effort (time) has been used such that the chance of a false absence (Type II error) is acceptable (here generally 5%). Occupancy is applied to species which are mobile or difficult to detect. There are established analytical techniques for analysing occupancy data which take into account imperfect detection (false absences) and express a probability that a site is occupied (MacKenzie et al. 2005). To allow reporting with appropriate thresholds, this measurement variable requires an a priori determination of the search effort required to reduce the probability of false absences to an acceptable level (Garrard 2009; Garrard et al. 2008), which is available from the literature for most species considered here. In the case of Southern Brown Bandicoot, the occupancy is estimated using an occupancy model (MacKenzie et al. 2005). This is appropriate for this species as it is mobile, spread over a large area and the whole population can be suveyed at the same time (i.e. it is not subject to the constraints of reserve acquisition). Occupancy modelling also allows for an estimate of uncertaity which is used to assess whether on not the KPI has been met. This approach may be approriate for Striped Legless Lizard and Golden Sun Moth when sufficient land is acquired. For Growling Grass Frog, occupancy will be assesed by taking advantage of an existing modelling approach (a stochastic patch occupancy model) which takes into account the population dynamics of the species (Heard et al. 2013).
For vegetation communities, each KPI is conceived in one of the following four ways:
· Cover of selected plants – the proportion of the ground covered by the species (or group of species) in a defined plot, as defined by Wilson (2011). Cover is a measure of the 2-dimensional quantity of the species, reflecting its competitive success, and not necessarily a measure of its numerical abundance. Cover is derived either from a point-intercept plot, or from visual estimation.
· Richness of plant species within selected groups – the count of species in a defined area. Usually, richness is confined to a species group (such as forbs). Richness is one measure of the species diversity of an ecosystem.
· Heterogeneity – the variability in structure of the community across space, measured by the proportion of area (i.e. plots) in different structural categories (Benton et al. 2003, Tews et al. 2004, Tilman 1994, Tilman and Pacala 1993).
· Proportion of community undergoing undesirable changes between states – the number of hectares detected through mapping that has undergone an undesirable transition between states (i.e. a change representing degradation), defined by an appropriate state-and-transition model (currently only relevant for ‘Natural Temperate Grasslands’; Sinclair et al. 2019b).
[bookmark: _Toc59025478]Targets, baselines and continual improvement
To clearly assess compliance with the KPIs, it is necessary to specify a target. Targets ensure that the intentions of management are clearly recorded at the outset, so that managers can be held accountable over long periods of time. Compliance against targets also allows the complex ecological outcomes of the MSA to be evaluated at a glance. Nonetheless, it is necessary to remember that KPIs and targets are ultimately filters for interpretation and that the raw data records a richer narrative of change.
The form of the target varies according to the characteristics of the species or community, but there are several consistent themes .
· Most KPIs are assessed against a baseline, which sets the target that the relevant attribute must remain above (for desirable attributes such as populations of threatened species) or below (for undesirable attributes such as weeds). In all such cases, the KPI is not met once the 95% confidence interval on the measure falls on the wrong side of the baseline. 
· All baseline values that are derived from means (for percentage cover and species counts) are rounded to the nearest whole number.
· In most cases, baselines are set by the conditions at the commencement of monitoring. This means that the target is to maintain or improve on what was present when MSA management commenced. In these cases, the baseline is calculated not from the first survey, but from the mean of the first 5 years of monitoring data. This approach is intended to dampen fluctuations between monitoring periods that are not related to management or long-term success (e.g. fluctuations in vegetation cover due to recent fires, or responses by animals to weather conditions).
· A continuous improvement approach applies to some KPIs. In these cases, if the measured mean in a five yearly reporting cycle is an improvement from the baseline, the measured mean sets a new target for the next five-year reporting period. This is beneficial for measures where the most desirable outcome is always ‘complete removal’ (e.g. weeds) or ‘as high as possible’ (e.g. abundance of a listed species). For example, fewer weeds are always more desirable, and it is considered sensible to maintain gains, and not merely settle for keeping weed levels below an arbitrary baseline. For other KPIs, the baseline is set and does not change, regardless of the results. Such set baselines are appropriate in cases where the attribute is desired at moderate levels. For example, it is desirable for the cover of Kangaroo Grass in Natural Temperate Grasslands to be maintained at an appropriate level (neither 100% nor 0%), so a continuous improvement model is not appropriate.
There are exceptions to these general approaches, which are based on considerations of the ecology and survey techniques applicable to the measure in question. These are described and explained in the MRF.
[bookmark: _Toc59025479]Stratification of reporting
For most species, the KPIs are reported separately for different locations. This is intended to reveal whether progress is consistent or mixed, and whether different places under different management regimes are tracking differently.
For two of the three vegetation communities (Natural Temperate Grassland and Grassy Eucalypt Woodland), the KPIs are reported separately according to ‘states’. These are defined by a state-and-transition model.  State-and-transition models (STM) present alternative ‘states’ of species assemblages (or profiles, groups) that could occur at a given site. Which of these occurs depends on management and natural events at the site (Westoby et al. 1989). The assemblage may change from one state to another – it may undergo a desirable or undesirable ‘transition’– if a threshold is crossed.  Assigning a state to a site is effectively a shorthand summary of what has happened to that site, what its current ecological status is, what the possibilities are for the site for improvement, and what management tools might be available.  The STM approach taken here is endorsed by the Threatened Species Scientific Committee (TSSC) under the EPBC Act (Beeton and McGrath 2009). 
The STM for Natural Temperate Grassland is described in Sinclair et al. (2019b). The STM for Grassy Eucalypt Woodland is unpublished. States are not used for reporting on Seasonal Herbaceous Wetlands, because this community is instead reported on at discrete wetland sites.
[bookmark: _Toc59025480]Other measures
Some additional parameters are monitored that do not contribute to the KPIs. These measures were not selected as KPIs because they are highly labile, highly correlated to the KPIs, or because they have an uncertain relationship to the desired outcomes. They are, however, measured because they may assist in the interpretation of the KPIs, inform species and community models, or reveal other changes of interest in the ecosystem. In most cases these additional variables can be collected with little or no additional effort when the monitoring protocols for the KPIs are implemented.  The other measures include all the types of measure described above, and three additional categories: 
· Ecosystem quality – (or ‘condition’) a measure that assesses whether the combination of attributes of an ecosystem are more or less desirable (Sinclair et al. 2015). The measurement of quality requires a metric which takes multiple relevant measures and reduces them to a single dimension. Here, this is used to make sense of the multiple KPIs and express them as a single quality score.
· Soil nutrient levels – the concentration of various nutrients in the soil surface, which may relate to ecological function.
· Landscape level patterns in disturbance and land use – the mapped native vegetation extent, fire history and extent of development within the Southern Brown Bandicoot (SBB) management area are included as other measures for SBB. These may help explain changes in Southern Brown Bandicoot populations over time.
[bookmark: _Toc59025481]Scope of application
[bookmark: _Toc59025482]Geographic
Monitoring applies to all known natural populations of relevant species and vegetation communities on land within the Conservation Areas described in the Biodiversity Conservation Strategy for Melbourne’s Growth Corridors (DEPI 2013a), the Western Grassland Reserve, the Grassy Eucalypt Woodland Reserve, the Southern Brown Bandicoot management area and any other parcels of land acquired under the MSA.
Any newly discovered natural populations of EPBC-listed species will be monitored, and their outcomes evaluated against the KPIs.
[bookmark: _Toc59025483]Temporal
Monitoring commences at a given location only once that site is secured, or the regional implementation program has commenced in that area (for Growling Grass Frog, and Southern Brown Bandicoot only). This approach was a basic assumption in the design and costing of the MSA. This has several implications. 
First, it means that the monitoring does not include counterfactuals that are not part of MSA management. This limits the ability to compare and evaluate MSA management against other management or neglect scenarios.
Second, the progressive addition of sites means that the statistical power to detect changes or management effects will initially be low. For example, in 2019, only approximately 10% of the Natural Temperate Grassland that will be protected by the MSA is being monitored. Conclusions cannot be drawn about the remaining 90%.
Third, it means that newly secured sites can influence the apparent progress towards the outcomes; not because of changes brought about by management, but simply due to their addition to the dataset. The KPIs have been designed in various ways to counter such effects. For example, some KPIs are assessed for a given site only from when it is secured, and some baselines are re-balanced to account for new sites. 
[bookmark: _Toc59025484]Treatment of species re-introductions, and population augmentations and colonisation of restored habitats
For several plant species, new populations may be created, or existing populations augmented, with the establishment of new individuals by seeding or planting. Button Wrinklewort and Large-fruit Groundsel are known to establish well from direct seeding (e.g. Gibson-Roy 2010). Both Matted Flax-lily and Spiny Rice-flower have been previously translocated from cleared sites to recipient sites, with a mixed record of success and failure (e.g. Mueck 2000). For the Growling Grass Frog new wetlands will be created to compensate for losses due to  development (DELWP 2017). It is important that the Monitoring and Reporting Framework deals appropriately with these situations.  
The following principles which are introduced here will be applied, and were not explicit in the MRF (DELWP 2015a):
· Any plants that are planted or translocated within an existing population will be marked and monitored but will only contribute to the KPI targets in the fifth year after their introduction, when they are assumed to be established within the population.  This decision reflects the fact that planted or translocated plants suffer high mortality rates (Godefroid et al. 2011).  If they are counted before they are truly established, the population will be falsely inflated early on, then a decline will later be recorded which does not reflect the decline of the wild population.
· Any progeny resulting from direct seeding at monitored sites will be counted as part of the monitored population and will contribute to the KPI targets.  This recognises the fact that direct seeding is likely to be an important management action for some populations of some species.  It also recognises that individuals emerging from direct-sowing are often indistinguishable from those derived from wild seed, and that any plants which are detected by the monitoring protocols have gone through stringent selection as germinants, and probably have a similar survival probability to wild plants. 
· Spatially-discrete new plant populations created by any means will not be assessed with relation to their KPIs. Instead, new populations will be monitored and reported as “other measures”. The decision to exclude such populations from evaluation against KPIs considers the clearly defined commitment to protect particular assets under the MSA (not new assets), the unknown survival probabilities in new populations, and the fact that most translocation projects are expected to be conducted under non-MSA projects with their own monitoring requirements. It is acknowledged that new populations are often valuable for the conservation of species, as they boost the numbers of individuals, provide insurance populations, and may facilitate gene flow, and should be monitored.
· It is expected that new wetlands created for Growling Grass Frog will be colonised from adjacent habitiat, this created habitat will be monitored and will contribute towards KPI targets.
· Spatially-discrete new populations created on MSA properties by non-MSA projects which are covered by their own monitoring programs will not be monitored at all under the MSA (e.g. several translocations were undertaken under the Regional Rail Link project).
[bookmark: _Toc59025485]How to read this report
This report is separated into chapters by Matter of National Environmental Significance (i.e. communities and species). For each, there are one or more KPIs and one or more “other measures”. For each KPI there is a summary table at the beginning of the relevant section. This table is a quick guide to the status of a KPI for the current reporting period (Figure 1). It shows the relevant reporting unit (location, population or state) and indicates if the KPI was achieved, not achieved or not assessed. Reasons for it to not have been assessed include that the Matter of National Environmenatl Significance (MNES) is not currently protected (or too few locations are protected), too few years have elapsed for the KPI to be assessed (e.g. the baseline is not set) or the KPI is only assessed after a particular event which has not occurred in the relevant period (e.g. wetland flooding).
[image: ]
[bookmark: _Ref43299931]Figure 1. Example of a KPI summary table.
Also included are charts or tables that show annual data relevant to the KPI. The most common of these is a chart showing the temporal trend in the indicator (shown as a faded line), a baseline (shown as horizontal dashed line) and the relevant mean used for assessing performance against the KPIs (typically a five-year rolling mean) with 95% confidence intervals (Figure 2).
[image: ]
[bookmark: _Ref43299957]Figure 2. Example of a KPI indicator chart, in this case the KPI was recorded as achieved.
Other measures are reported as charts, tables or lists depending on the type of data captured. Typically, charts will show annual trends and therefore look similar to those used for KPIs without the baseline. 
[bookmark: _Toc59025486]Changes to the Monitoring and Reporting Framework
The MRF (DEPI 2015) was produced before most of the field-based monitoring commenced. The subsequent application of the monitoring and reporting regime has revealed several areas where the MRF can be improved. In this report, we recommend changes to improve the MRF, document them, and implement them. All such changes are intended to strengthen the conservation outcomes or clarify ambiguities; none are intended to weaken the KPIs or the reporting requirements. A separate section on any changes is included in each chapter so that all changes are clearly documented. 
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[bookmark: _Toc59025487]Natural Temperate Grasslands
[bookmark: _Toc59025488]Introduction
[bookmark: _Toc59025489]The ecological community
‘Natural Temperate Grassland of the Victorian Volcanic Plains’ (hereafter NTG) is an ecological community listed as Critically Endangered (CE) under the EPBC Act. It is dominated by native tussock grasses and contains a variety of native forbs. The community is described in detail in the Commonwealth listing advice (TSSC 2008, DSEWPAC 2011).  It formerly covered much of the Victorian Volcanic Plain bioregion, but is now restricted to small, scattered remnants throughout its former range.
[bookmark: _Toc59025490]Goals and performance indicators
Under the MSA, the Victorian Government has committed to ensuring that ‘the composition, structure and function of Natural Temperate Grassland of the Victorian Volcanic Plains improves within the program area’.
Progress towards this goal is measured using seven KPIs:
1. Hectares making transition between states (defined by a state-and-transition model, Sinclair et al. 2019b).
2. Cover of native perennial forbs, which must remain above a baseline (see below).
3. Richness of native perennial forbs, which must remain above a baseline (see below).
4. Cover of Kangaroo Grass (Themeda triandra), which must remain above a baseline (see below).
5. Cover of native perennial grass (excluding Themeda triandra), which must remain above a baseline (see below).
6. Percent of plots that have bare ground cover between 25 – 75%. 
7. Cover of perennial weeds, which must remain below a baseline (see below).
For KPIs 2, 3, 4, 5 and 7, each state will have a separate baseline, which will apply across all patches of that state. For each state, that baseline will be calculated using the data collected in the first five years after the first acquisition of a substantial representation of that state. A ‘substantial representation’ is considered to be three different patches of vegetation in that state, spread over three different parcels of land.
[bookmark: _Toc59025491]Monitored areas
NTG is only monitored on properties protected under the MSA. Properties are protected each year, so that the area covered by the monitoring increases year-on-year. Over time, the number of plots will increase, and the ability to detect changes and infer relationships between management and ecological outcomes will increase. The current monitoring program is somewhat less than 15% of the scale of the monitoring program expected in the final years of the MSA, when all properties are protected (in terms of area monitored and number of sampling plots). 
[bookmark: _Toc59025492]Summary of monitoring methods
[bookmark: _Toc462739482]Three sampling methods are employed to monitor NTG, each described below.
[bookmark: _Toc59025493]State mapping
This method addresses the following KPI:
1. Hectares making transition between states
Every new parcel of land is inspected upon acquisition, and any NTG is mapped according to the method described in the Conservation Area Inventory Guidelines (DELWP 2015b), and assigned to a state using the NTG state-and-transition model and the accompanying state key (Sinclair et al. 2019b). Every property is remapped periodically, and any changes in state are recorded. These changes are reported on in five-year blocks and any changes are evaluated as being positive, neutral or negative, according to Sinclair et al. (2019b). The first five-year period for reporting has been identified as 2015-2020.
[bookmark: _Toc448900849][bookmark: _Toc59025494]Intensive point intercept plots
This sampling method addresses the following KPIs:
2. Cover of perennial native herbs 
3. Diversity of perennial native herbs 
4. Cover of Kangaroo Grass (Themeda triandra)
5. [bookmark: _Hlk44488570]Cover of any native perennial grass (excluding Themeda triandra)
7. Cover of perennial weeds
The plots are stratified across the states, with a higher density of plots in the more intact states which are rarer in the MSA area and more highly valued (Herb-rich grassland, Themeda grassland), and a lower density in the less intact states which are more widespread (C3 grassland, Nutrient-enriched Grassland, De-rocked grassland) (The MRF (DELWP, 2015a) provides density guidelines, and Table 1 shows the plot allocations by state). 
Approximately 75% of the plots in each state are permanent (and marked), and 25% re-allocated annually (and not marked). This mix of plots was selected to gain the benefits of learning about change with repeat measures (permanent plots), and to partly avoid the danger of biasing management towards the plot locations (DELWP, 2015; Vos et al. 2000; Lindenmayer et al. 2012). Table 1 summarises how the plots have been deployed over multiple years of sampling as new properties have been protected, and new plots introduced and re-randomised. 
Within the stratification by state the plots are located randomly, with the exception that additional permanent plots are located on Spiny Rice-flower clusters (See Spiny Rice-flower section). All such Spiny Rice-flower plots fall in Herb-rich grassland, such that this state experiences some bias towards sites occupied by Spiny Rice-flower. In 2019, 3 of 14 permanent plots are allocated to Spiny Rice-flower clusters.
Each plot is a square 400 m2 in area (20 x 20 m), aligned north-south. Within each plot, five 20 m lines are laid out across the plot, running east-west (at 2, 6, 10, 14 and 18 m along the north-south axis). Each line defines a set of 50 sampling points, located 40 cm apart, such that the plot contains 250 sampling points. At each point, a narrow pin is held vertically and any vascular plant species, exposed rock, detached plant litter, bare ground or moss intersecting the pin is recorded. Every item or species is recorded only once per pin, but multiple items are recorded at a single point (including multiple plant species, rock and plants), meaning that when the values for all plants are summed, the total cover may exceed 100%. Every data point for plant species is recorded as ‘basal area’ (a point where the plant contacts the ground; i.e. a stem- or tiller-base), or ‘aerial cover’ (a point where any other plant part touches the pin). The total cover for any species is the sum of basal and aerial cover.
After the point intercept measurements are completed, an unstructured three-minute search of the plot is undertaken by a single experienced botanist, to record all native perennial forb species not detected by pointing. Native perennial forbs are defined in the MRF as any native perennial species not in the families Poaceae, Juncaceae or Cyperaceae (DELWP 2015a).
Figure 3 shows an example of a point intercept plot in NTG.
Soil samples are taken from all permanent plots when they are newly established, and every five years thereafter. 
Intensive point intercept plots were first established in 2013, before the MRF was drafted (DELWP 2015a). The monitoring methods were slightly different in 2013 to the following years, such that some measures cannot be served by the data from 2013.
[bookmark: _Toc59025495][bookmark: _Toc448900850]Rapid plots
This sampling method addresses the following KPI:
6. Percent of plots that have bare ground cover between 25 – 75%
It also provides data to characterise the grassland habitat of Golden Sun Moth and Striped Legless Lizard (see below).
Numerous small ‘rapid plots’ are randomly positioned across the protected area of NTG without stratification by state. The MRF does not specify the density of such plots, but this has been gradually raised from one plot per 18.3 ha in 2014 (51 plots) to 1 plot per 7 ha in 2018 (145 plots). Table 1 summarises how the rapid plots have been deployed over multiple years of sampling, as new properties have been protected and new plots introduced. Each rapid plot is a square 1 m2 in area. Within each plot, visual estimates are made of the cover of the following important elements:
· Themeda triandra
· Native forbs (as defined in DELWP 2015a)
· C4 native grasses
· C3 native grasses
· Exotic perennial monocots
· Exotic perennial dicots
· Exotic annual dicots
· Exotic annual monocots
· Bare ground
· Litter
· Exposed rock.
The biomass assessment method of Schultz et al. (2017) is also applied at each plot. This data is used to characterise habitat for Golden Sun Moth.
[image: ]
[bookmark: _Ref43300020]Figure 3. A point-intercept plot used to sample Natural Temperate Grassland.
[bookmark: _Ref43300185]Table 1. Sampling intensity for Natural Temperate grassland, showing how the different plot types have been dispersed across the states in different years.
	Plot type (and state)
	Number of plots

	
	2013
	2014
	2015
	2016
	2017
	2018
	2019

	Rapid plots (all states, no strata)
	-
	47
	69
	93
	124
	145
	224

	Allpoint intercept plots
	16
	23
	32
	33
	32
	36
	53

	Permanent point intercept plots
	10
	18
	24
	24
	24
	27
	39

	1. Herb-rich grassland (HG)
	5
	7
	10
	10
	10
	10
	14

	2. Themeda grassland (TG)
	0
	3
	5
	5
	5
	8
	11

	3. C3 grassland (C3G)
	0
	2
	3
	3
	3
	3
	5

	4. Nutrient-enriched grassland (NG)
	5
	6
	6
	6
	6
	6
	6

	5. De-rocked grassland (DG)
	0
	0
	0
	0
	0
	3
	3

	Re-allocated point-intercept plots
	6
	5
	8
	9
	8
	9
	14

	· Herb-rich grassland (HG)
	3
	2
	4
	4
	3
	1
	6

	· Themeda grassland (TG)
	0
	1
	1
	2
	1
	4
	5

	· C3 grassland (C3G)
	1
	0
	0
	0
	1
	1
	0

	· Nutrient-enriched grassland (NG)
	2
	2
	3
	3
	3
	3
	3

	· De-rocked grassland (DG)
	0
	0
	0
	0
	0
	0
	0


[bookmark: _Toc59025496][bookmark: _Toc448900852]Results: KPIs
[bookmark: _Toc59025497]KPI 1: Hectares making transition between states
	Hectares making transition between states

	Herb-rich grassland
	

	Themeda grassland
	

	C3 grassland
	

	Nutrient-enriched grassland
	

	De-rocked grassland
	



This KPI compares the results from vegetation mapping completed at five-yearly intervals (with the first interval set to conclude in 2020, covering all areas protected and mapped by 2016 – an arbitrary commencement date when several properties were protected). It refers to states defined by the NTG state-and-transition model (Sinclair et al. 2019b), where some states are more desirable than others. The KPI is designed to ensure that any transitions between states are positive transitions, and that negative transitions are avoided. Table 2 shows the hectares of NTG assigned to each state. The figures include areas assigned to states which are no longer NTG (due to their levels of weed invasion).
It is not yet possible to state whether the KPI has been met, as the first reporting period does not conclude until 2020.
[bookmark: _Ref43300408]Table 2. Baseline areas of each state. The states are listed from most- to least-desirable. 
	NTG state
	Area (ha) first assessed by 2016
(Baseline 2016 - 2019)

	Herb-rich grassland (HG)
	24

	Themeda grassland (TG)
	12

	C3 grassland (C3G)
	23

	Nutrient-enriched grassland (NG)
	899

	De-rocked grassland (DG)
	0

	De-rocked nutrient-enriched pasture (DNP)
	Not NTG



[bookmark: _Toc448900853][bookmark: _Toc59025498]
KPI 2: Cover of native perennial forbs 
	Cover of native perennial forbs

	Herb-rich grassland
	

	Themeda grassland
	

	C3 grassland
	

	Nutrient-enriched grassland
	

	De-rocked grassland
	



This KPI measures the cover of the valuable and diverse native perennial forb component, which includes many rare species (Stuwe 1986; Sinclair et al. 2015). The point intercept plots (permanent and re-allocated) provide an estimate of the cover of native perennial herbs in each state in each year, as shown in Figure 4. Forb cover is relatively low across all states.
This KPI was met in the two states for which assessment is possible: Herb-rich grassland and Themeda grassland. The baseline for C3 grassland was set in this monitoring period at 1.7% cover. The baseline has not yet been set for the other states because these states are not yet sufficiently protected. 
This KPI will be assessed using a ‘continuous improvement’ approach, where any increase over the baseline in a five-year reporting period will lead to the calculation of a new baseline for subsequent reporting periods.
[image: ]
[bookmark: _Ref43300475]Figure 4. Cover of native perennial forbs in NTG, displayed by state. The error bars represent 95% confidence intervals. The baselines are shown for those states which have had baselines set.

[bookmark: _Toc448900854][bookmark: _Toc59025499]
KPI 3: Richness of native perennial forbs 
	Richness of native perennial forbs

	Herb-rich grassland
	

	Themeda grassland
	

	C3 grassland
	

	Nutrient-enriched grassland
	

	De-rocked grassland
	



This KPI measures the richness of the native perennial forb component (explicitly at the scale of the 400 m2 plot). The point intercept plots (permanent and re-allocated) provide an estimate of the richness of native perennial herbs per plot, in each state, in each year, as shown in Figure 5. It is notable that imperfect detectability of sparse or cryptic species (due to seasonal conditions and human error) inevitably leads to fluctuations in the data.
[bookmark: _Toc448900855]This KPI was met in the two states for which assessment is possible: Herb-rich grassland and Themeda grassland. The baseline for C3 grassland was set in this monitoring period at 3.9. The baseline has not yet been set for the other states because these states are not yet sufficiently protected. 
This KPI will be assessed using a ‘continuous improvement’ approach, where any increase over the baseline in a five-year reporting period will lead to the calculation of a new baseline for subsequent reporting periods.
[image: ]
[bookmark: _Ref43300543]Figure 5. Richness of native perennial forbs in NTG, displayed by state. The error bars represent 95% confidence intervals. The upper panel shows the annual data (faint line), five-year rolling mean (heavy line) and the baseline (dashed line) for those states which have had baselines set. The lower panel shows the annual data for all states.

[bookmark: _Toc59025500]KPI 4: Cover of Kangaroo Grass (Themeda triandra) 
	Cover of Kangaroo Grass

	Herb-rich grassland
	

	Themeda grassland
	

	C3 grassland
	

	Nutrient-enriched grassland
	

	De-rocked grassland
	



This KPI measures the cover of Kangaroo Grass (Themeda triandra), which was the natural dominant of NTG, and can be considered a foundational species that regulates nutrient dynamics and species competition in the community (Prober and Lunt 2009; Prober et al. 2009). The point intercept plots (permanent and re-allocated) provide an estimate of the cover of this species in each state in each year, as shown in Figure 6.
This KPI was met in the two states for which assessment is possible: Herb-rich grassland and Themeda grassland. The baseline for C3 grassland was set in this monitoring period at 0.5% cover. The baseline has not yet been set for the other states because these states are not yet sufficiently protected. 
For the most intact state, Herb-rich grassland) this KPI will be assessed using a set baseline approach (rather than a ‘continuous improvement’ approach), where the baseline will remain perpetually at 29%. this reflects the fact that Kangaroo Grass is valuable but can become over-abundant (Stuwe and Parsons 1977; Lunt and Morgan 1999). It is assumed that the intact Herb-rich grasslands have an acceptable level of Kangaroo Grass cover.
For all other states, a continuous improvement approach will be taken, where any increase over the baseline in a five-year reporting period will lead to the calculation of a new baseline for subsequent reporting periods until a cover of 29% is reached, when the baseline will become fixed.

[image: ]
[bookmark: _Ref43300623]Figure 6. Richness of native perennial forbs in NTG, displayed by state. The error bars represent 95% confidence intervals. The upper panel shows the annual data (faint line), five-year rolling mean (heavy line) and the baseline (dashed line) for those states which have had baselines set. The lower panel shows the annual data for all states.
[bookmark: _Toc448900856][bookmark: _Toc59025501]KPI 5: Cover of any native perennial grasses (excluding Kangaroo Grass) 
	Cover of any native perennial grass (ex. Kangaroo Grass)

	Herb-rich grassland
	

	Themeda grassland
	

	C3 grassland
	

	Nutrient-enriched grassland
	

	De-rocked grassland
	



This KPI measures the cover of native perennial grasses (other than Kangaroo Grass, which was dealt with in the preceding KPI).  The point intercept plots (permanent and re-allocated) provide an estimate of the cover of these species in each state in each year, as shown in Figure 5.
This KPI was met in the two states for which assessment is possible: Herb-rich grassland and Themeda grassland. The baseline for C3 grassland was set in this monitoring period at 40.7% cover. The baseline has not yet been set for the other states because these states are not yet sufficiently protected. 
This KPI will be assessed using a set baseline approach (rather than a ‘continuous improvement’ approach), where the baseline will remain at the value defined in the first monitoring period, reflecting the fact that moderate levels of native grass cover must be maintained, and that loss of cover and over-growth may both be problematic.
[image: ]
Figure 7. Cover of perennial native grasses (excluding Themeda triandra) in NTG, displayed by state. The error bars represent 95% confidence intervals. The upper panel shows the annual data (faint line), five-year rolling mean (heavy line) and the baseline (dashed line) for those states which have had baselines set. The lower panel shows the annual data for all states.
[bookmark: _Toc448900857][bookmark: _Toc59025502]KPI 6: Percent of plots that have bare ground cover between 25 – 75%
	Percentage of plots that have bare ground between 25 – 75%

	All states
	



This KPI is a measure of habitat structural heterogeneity.  It requires that NTG exists in a range of structural types each year (no single type is always preferred), to allow a range of animals to meet their habitat requirements (e.g. Baker-Gabb et al. 1990). The KPI requires a certain percentage (5 - 30%) of plots to fall within a bare ground cover category (25 – 75% bare ground), and consequently requires a proportion to fall outside that category. The rapid plots provide the data for this KPI.
This KPI does not refer to a baseline. Rather, the KPI is met, or not, in each year.
Table 3 shows performance against this KPI over multiple years. It records the numbers of plots that fell into different bare ground categories, along with a measure of what percentage of plots fall within the range specified by the KPI. It shows that this KPI was met in 2017, 2018 and 2019 after having not been met in 2014, 2015 or 2016.
[bookmark: _Ref43300946]Table 3. The distribution of all plots according to bare ground categories. All figures are numbers of rapid plots.
	Year
	0 – 24%
bare ground
	25 – 75%
bare ground
	76 – 100%
bare ground
	Total number of plots
	Percent of plots with 25 - 75% bare ground cover
	KPI met?

	2013
	No rapid plots were implemented in 2013.

	2014
	45
	1
	1
	47
	2%
	No

	2015
	37
	31
	1
	69
	45%
	No

	2016
	57
	36
	0
	93
	39%
	No

	2017
	113
	11
	0
	124
	9%
	Yes

	2018
	139
	21
	0
	160
	13%
	Yes

	2019
	154
	67
	3
	224
	30%
	Yes




[bookmark: _Toc448900858][bookmark: _Toc59025503]KPI 7: Percent cover of all perennial vegetation comprised of weeds
	Percentage cover of all perennial vegetation comprised of weeds

	Herb-rich grassland
	

	Themeda grassland
	

	C3 grassland
	

	Nutrient-enriched grassland
	

	De-rocked grassland
	



This KPI measures the percent of all perennial vegetation cover that is comprised of weeds (introduced species). Weeds are considered undesirable (Sinclair et al. 2015). The point intercept data from the permanent and re-randomised plots provide the relevant data in each state in each year.
This KPI was met in both Herb-rich grassland and Themeda grassland, the two states for which assessment is possible (Figure 8). The baseline for C3 grassland was set in this monitoring period at 44.8%. The baseline has not yet been set for the other states because these states are not yet sufficiently protected. This KPI will be assessed using a ‘continuous improvement’ approach, where any increase over the baseline in a five-year reporting period will lead to the calculation of a new baseline for subsequent reporting periods.
[bookmark: _Ref43301107][image: ]Figure 8. The percentage of all perennial vegetation cover comprised of weeds, displayed by state. The error bars represent 95% confidence intervals. The upper panel shows the annual data from permanent and re-allocated plots (faint line), five-year rolling mean (heavy line), and the baseline (dashed line) for those states which have had baselines set. 
[bookmark: _Toc59025504]Results: Other measures
[bookmark: _Toc59025505]Overall NTG quality
The KPIs described above provide good indications of NTG change, but they address separate aspects of the community. No single KPI is a direct and all-encompassing measure of the “composition, structure and function” for the community, which is the way improvement is framed in the MRF (DELWP 2015a). 
To partially address this, overall NTG ‘quality’ is determined using the algorithm described in Sinclair et al. (2015). The quality algorithm combines eight measurable on-ground variables into a single value.  These eight variables correspond closely with the KPI variables. The algorithm makes sense of changes among the multiple KPIs, by providing a single quality score between 100 (a ‘pristine’ site) and 0 (where no value remains). The score is calculated from all permanent and re-allocated point-intercept plots in each year and reported by state.
The quality of all sites, reported by state and year, is shown in Figure 9. Overall, the quality of Natural Temperate Grassland remains relatively steady over the monitoring period.

[image: ]
[bookmark: _Ref43302156]Figure 9. Change in the overall quality of the permanent NTG monitoring plots, showing changes over multiple years by grassland state. Error bars are 95% confidence intervals.
[bookmark: _Toc59025506]Annual native forb cover
In intact NTG, annual native forbs formed an appreciable component of the species richness and cover (Sutton 1916, 1917). This group of species is, however, now greatly depleted. It is also highly variable in cover due to rainfall variation between years. For these reasons, annual forbs are excluded from the KPIs that deal with native forb richness and cover. 
The point-intercept plots can detect annual forbs, and their covers are shown in Figure 10. Annual native forbs generally have negligible cover (often zero), except in wet years when they may proliferate (e.g. 2016).
[image: ]
[bookmark: _Ref43302315]Figure 10. Change in the overall quality of the permanent NTG monitoring plots, showing changes over multiple years by grassland state. Error bars are 95% confidence intervals.
[bookmark: _Toc59025507]Annual weed cover
The cover of annual weeds is closely linked to the levels of nitrate in the surface soil, and higher annual weed levels often indicate more degraded sites (Prober et al. 2009; Chisholm et al. 2015). Annual weeds are measured each year, but their volatility between seasons makes them unsuited to monitoring purposes.  
Figure 11 shows the total cover of annual weeds. The top two panels show data taken from all point intercept plots (permanent and re-allocated). Monocot (largely grasses) and dicot (largely forbs) annual weeds are shown separately. Annual grasses make up the bulk of annual weed cover. The lower panel shows the cover of annual weeds as measured by the rapid plots (where monocots and dicots are not distinguished). The trends captured by the two sampling methods are consistent, with a large peak in annual weeds in 2017.

[image: ]
[bookmark: _Ref43303252]Figure 11. The cover of annual weeds as measured in point-intercept plots (upper panels) and rapid plots (lower panel). Error bars are 95% confidence intervals.
[bookmark: _Toc59025508]Cover of C3 and C4 grasses
Long-term grazing causes a shift from summer-active (C4) to cool-season active (C3) grasses in NTG (Moore 1970; McIntyre and Lavorel 2007).  Since this shift alters the timing of growth and competition between the grass and dicot components (virtually all dicot forbs are C3) and may alter the grassland’s response to disturbance such as fire (Sinclair et al. 2014), it represents an important transition in function. 
Figure 12 shows the cover of all native grasses that are C4 or C3 by state, as measured by the point intercept plots (upper panels) and the rapid plots (lower panels). Kangaroo-grass was the most abundant C4 grass (with minor contributions to cover by Windmill Grass [Chloris truncata] and Red-leg Grass [Bothriochloa macra]). C3 grasses include many Wallaby-grass (Rytidosperma spp.) and Spear-grass (Austrostipa spp.) species, among many other genera.

[image: ]
[bookmark: _Ref43303353]Figure 12. The cover of native C3 and C4 as measured in point-intercept plots (upper panels) and rapid plots (lower panels). Error bars are 95% confidence intervals.
[bookmark: _Toc59025509]Cover of organic litter, moss and rock
The soil substrate, with its impermeable rock, its surface soil, and the variable covering of litter and moss, plays important ecological roles; it fosters or inhibits seed germination, and allows animals to thermo-regulate, hunt and hide. 
Figure 13 shows the measured covers of moss, rock and litter as measured by the point intercept plots (upper panels) and the rapid plots (lower panels).
Moss is universally of low cover. Organic litter fluctuates, as would be expected given it accumulates from plant growth and decay and is largely cleared away by fire. Given that the cover of rock is constant over long periods and does not vary with seasonal weather or management, it is expected to remain a stable measure. Any changes recorded are due to the re-allocation of some point intercept plots (to rockier or less rocky sites), and measurement error.
[image: ]
[bookmark: _Ref43303508]Figure 13. The cover of moss, rock and organic litter as measured in point-intercept plots (upper panels) and litter as measured in rapid plots (lower panel). Error bars are 95% confidence intervals.
[bookmark: _Toc59025510]Soil chemical composition
Soil chemistry has significant impacts on vegetation. It may alter the competitive dynamics of native and exotic species, and soil chemistry measures may be used as indicators of degradation and recovery potential (Dorrough and Scroggie 2008; Prober et al. 2005; McIntyre 2008). Nitrate and Phosphorous are well known to be ecologically relevant, and closely tied to vegetation parameters (Sinclair et al. 2019b).
Figure 14 shows the measured nitrate and Phosphorus levels in the top 5 cm of soil at all permanent point-intercept plots. Nitrate is temporally variable, while Phosphorous is more stable.
[image: ]
[bookmark: _Ref43303562]Figure 14. Soil surface Nitrate and Phosphorous (Colwell extraction). Each individual plot is shown as a separate set of points connected by a line.
[bookmark: _Toc59025511]Change in perennial weed cover
This measure is intended as a companion to KPI 7. It shows the trend in perennial weeds for permanent point-intercept plots (unlike KPI 7 which uses all plots) from the time a plot was first surveyed by state (i.e. the mean difference between the cover in a given year and the first year). Controlling perennial weeds is one of the main management actions in MSA grassland reserves and presenting the data this way may show trends related to management at these locations. Figure 15 shows that perennial weed cover fluctuates at permanent monitoring locations and is higher in 2019 than it was in 2018. 
[image: ]
[bookmark: _Ref44508596]Figure 15. The mean change in perennial weed cover in permanent plots only for each state compared to year one of monitoring in that plot. In this chart, each plot is set to zero in its first year of sampling, to provide a clear view of proportional changes over time, relative to year 1. Error bars are 95% confidence intervals.
[bookmark: _Toc59025512]Kangaroo and pest animal abundance
Kangaroo and pest animal abundance has not been quantified to date. Monitoring of these animals will commence when a larger aggregation of parcels is protected in the Western Grassland Reserve (>5000 ha of connected land), or if kangaroo or pest management issues become a known problem on smaller Conservation Areas.
[bookmark: _Toc59025513]Changes to the MRF
This section details the ways in which the approach taken here differs from the MRF (DELWP 2015a). 
· All KPIs have been numbered, 1-7.
· The formulation of baselines and targets was clarified to clearly indicate which KPIs are assessed against static baselines, and which are assessed using a continual improvement model.
· All references to “native herbs” have been changed to “native forbs”, in line with accepted usage.
· In KPI 3, the term ‘diversity’ has been changed to ‘richness’, in line with accepted usage.
· The measurement of KPI 7 has been changed so that it includes all plots and is calculated in the same way as other KPIs which measure vegetation cover. The baseline for KPI 7 is now set after the first 5 years and reported by state. This KPI will be assessed using a continuous improvement approach, whereby the baseline will be updated after five years if an improvement has occurred. The trend in perennial weeds is presented as another measure (Other measure 9).
· All reference to flora and fauna inventories has been removed. Inventories are instead done as part of the management preparations for individual parcels, as once-off activities, and not as part of the five-yearly reporting under the MRF. They are lengthy and would be a distraction in the five-yearly reporting against KPIs.
· The ‘other measure’ that tracks the covers of C3 and C4 grasses has been changed to report simple cover measures for each, rather than a combined proportional measure.
· The stipulation that monitoring of kangaroo abundance and pest animal abundance is to commence in the Western Grassland Reserve only when a large aggregation of parcels is protected (>5000 ha of connected land). In the smaller Conservation Areas these animals may be monitored on a case by case basis, if they are perceived to be problematic.

[bookmark: _Toc59025514]Grassy Eucalypt Woodland
‘Grassy Eucalypt Woodland of the Victorian Volcanic Plain’ (hereafter GEW) is an ecological community listed as Critically Endangered (CE) under the EPBC Act (TSSC 2012). The community is described in detail in the Commonwealth listing advice (TSSC 2008).
Under the ‘Melbourne Strategic Assessment’, the Victorian Government has committed to ensure that “the composition, structure and function of Grassy Eucalypt Woodland of the Victorian Volcanic Plain improves” in all areas where it is protected (DELWP 2015a). Further details of how this commitment is interpreted, and how this community will be monitored are provided in the Monitoring and Reporting Framework (DELWP 2015a).
GEW have yet been sufficiently protected, and no areas of this community are monitored. Therefore, this community will not be dealt with further here.
[bookmark: _Toc59025515]Seasonal Herbaceous Wetlands
[bookmark: _Toc59025516]Introduction
[bookmark: _Toc59025517]The ecological community
‘Seasonal Herbaceous Wetlands (Freshwater) of the Temperate Lowland Plains’ (hereafter SHW) are a class of wetlands listed as Critically Endangered (CE) under EPBC Act (TSSC 2012). The wetlands occur on fertile clay soils. They are inundated after rains but may remain dry for long periods. Their vegetation is low and open, composed mostly of grasses, sedges, herbs and ferns. The community is described in detail in the Commonwealth listing advice (TSSC 2012). This community was formerly scattered in large and small patches across the lowland plains of south-eastern Australia. It is now restricted to small, scattered remnants throughout its former range (TSSC 2012).
[bookmark: _Toc59025518]Goals and performance indicators
Under the ‘Melbourne Strategic Assessment’, the Victorian Government has committed to ensure that “the composition, structure and function of Seasonal Herbaceous Wetlands (Freshwater) of the Temperate Lowland Plains improves” in all areas where it is protected (DELWP 2015a).
Progress towards this goal is measured using four KPIs, with the following targets:
1. Richness of native perennial forbs during spring-summer, which must remain above the baseline
2. Richness of all native forbs during drawdown, which must remain above the baseline
3. Percent of all perennial vegetation during spring-summer composed of weeds, which must remain below the baseline
4. Percent of all perennial vegetation during drawdown composed of weeds, which must remain below the baseline
[bookmark: _Toc59025519]Monitored areas
SHW is monitored as a set of discrete wetlands. Each wetland is reported separately. All SHW sites exceeding 3 ha in area are monitored.
The first parcels of land supporting SHW were acquired in 2012. These areas contained three wetlands greater than 3 ha. As of 2019, no further examples of SHW have been protected which meet this criterion. All monitored wetlands are in the Western Grassland Reserve. They are:
· Cobbledicks Rise Wetland (5.1 ha, part of the Cobbledicks cluster noted in DEPI (2013b))
· One Tree Rise Wetland (3.1 ha)
· Windmill Wetland (4.3 ha, part of the Cobbledicks cluster noted in DEPI (2013b))
Their locations are shown in Figure 16.
 



[image: ]
[bookmark: _Ref43303833]Figure 16. The locations of the subject wetlands within the protected Western Grassland Reserve (WGR).
[bookmark: _Toc508271437][bookmark: _Toc59025520][bookmark: _Toc447010553]Summary of monitoring methods
[bookmark: _Toc59025521]Timing of sampling
The monitoring protocol (DELWP 2015a) requires that the timing of SHW monitoring is governed by two temporal considerations. These result in two parallel lines of reporting for SHW:
1. On drawdown. Wetlands must be assessed each time they draw down after filling, regardless of the date (but only once per year). Filling is here taken to be when most of the wetland area (>50%) meets the definition of ‘full’ given by Casanova and Powling (2014), that water reaches a depth of 10 cm. Filling does not occur every year.
2. Annual. Wetlands must be assessed every year between September and December, regardless of their hydrological status. If the drawdown sampling happens to coincide with this period, only a single round of monitoring is required to cover both ‘on drawdown’ and ‘annual’ sampling.
At each sampling, the hydrological phase of the wetlands is recorded, using a conceptual model adapted from Bayes and Cook (2015); which categorises wetland dynamics into the following five categories:
· First fill. Water present, meets definition of ‘full’. Aquatic plants growing, but leaves not yet at the water surface.  Non-aquatic species present but many drowning. Much decomposing material in the water. Aquatic fauna not yet conspicuous.
· Full. Water present, meets definition of ‘full’. Aquatic plants abundant, many emergent and flowering species are prominent on the surface, and most are flowering.  Aquatic fauna can be abundant (e.g. Shield shrimp, Water Boatmen, frogs).
· Drawing down. Puddles and mud present, has recently been full, but no longer meets definition of ‘full’. Aquatic and dampland species remain prominent, many seeding. Annual or geophyte plants prominent. Aquatic fauna often present.
· Empty. No water. Soil cracks closed. Aquatic species retreated underground, dampland and semi-aquatic species abundant.  Perennial native grasses, rushes and sedges actively growing. Terrestrial ruderals may be common. Aquatic fauna virtually absent. 
· Dry. No water. Bare ground prominent. Soil cracks evident. Aquatic species retreated underground. Damp-land forbs low cover and stunted. Perennial grasses, sedges and rushes remain prominent, but often inactive.  Terrestrial ruderals may be common.
It is acknowledged that some degree of subjectivity is involved with the assignment of a phase at the time of sampling.
[bookmark: _Toc59025522]Sampling with point intercept plots
Parallel line transects 25 m apart are set up at fixed locations, to cross the majority of each SHW area. Along each transect, a 1 x 1 m plot is sampled every 10 m, provided the location falls within the SHW (which is irregularly shaped and patchy). If it does not fall within the SHW, that potential sampling location is ignored, and the next sampled.  Thus, the transects are of varying length for different wetlands, and have gaps where no SHW is sampled.
Within each 1 x 1 m plot, a wired frame is used to define nine points (spaced on a grid, at 10, 50, 90 cm).  At every point, the identity of the vegetation (by group) intercepting the points is recorded, in the following categories:
· Persistent perennial native grasses
· Opportunistically growing native grasses
· Perennial native tussock-forming sedges and rushes (Cyperaceae or Juncaceae)
· Perennial native rhizomatous sedges
· Perennial native forbs (aquatic)
· Perennial native forbs (damp-land dependent)
· Perennial native forbs (terrestrial or ruderal)
· Annual native forbs
· Perennial dryland exotic species
· Perennial aquatic exotic species
· Annual and biennial exotic species
· Water
· Bare ground, stones or mud
Multiple categories are recorded at some points where multiple species overlapped at the point.  This data is used to derive cover estimates for each category, and hence the percentage of perennial cover that is exotic, as required to address the KPIs. The data are also used to inform the ecosystem model for SHW.
An example of a plot used in sampling a wetland is shown in Figure 17.
[bookmark: _Toc447010554][bookmark: _Toc508271439][bookmark: _Toc59025523]Assessing the diversity of native forbs 
All native forbs species encountered during the point-intercept sampling are recorded.  One observer spends an additional 20 min/ha actively searching for forb species over the full extent of each wetland.
[bookmark: _Toc447010555][image: ]
[bookmark: _Ref44508597]Figure 17. The small plot used to sample Seasonal Herbaceous Wetland, lying alongside the tape measure that defines the transect.
[bookmark: _Toc508271440][bookmark: _Toc59025524]Results: KPIs
The raw data that underpins all four KPIs is shown in Figure 18 for each wetland over the period of monitoring. This data is presented alongside the rainfall data for the corresponding period. Each KPI is described in more detail below.

[image: ]
[bookmark: _Ref43303935]Figure 18. The diversity of native forbs (upper panel), percentage of perennial vegetation comprised of weeds (centre panel) and weekly rainfall (lower panel, data from Laverton RAAF weather station, BOM). Larger points indicate that the wetland was monitored during drawdown in that year. The horizontal bars indicate the period over which a wetland was considered filled, coded by colour. The location of the points on the x-axis indicate the date of sampling, with a sampling year (i.e. the axis marks) beginning on September 1st.
[bookmark: _Toc59025525]KPI 1: Richness of native perennial forbs during spring-summer
	Richness of native perennial forbs during spring-summer

	Cobbledicks Rise
	

	One Tree Rise
	

	Windmill
	



This KPI measures the richness of the valuable native perennial forb component (explicitly at the individual wetland scale). This KPI measures forb richness in every year, regardless of hydrological phase. Given this will include wet and dry years, this measure is expected to fluctuate over time. This KPI was met for all wetlands in 2019-20 (Figure 19). 
This KPI will be assessed using a ‘continuous improvement’ approach, where any increase over the baseline in any wetland in a five-year reporting period will lead to the calculation of a new baseline for that wetland for subsequent reporting periods.
[image: ]
[bookmark: _Ref43304087]Figure 19. The richness of native forbs for each wetland. The solid lines show the five-year rolling mean (± 95% CI) and the faded lines show the annual data. The dashed line is the baseline, calculated after the first 5 years of monitoring. Larger points indicate that the wetland was monitored during drawdown in that year. The horizontal bars indicate the period over which each wetland was full. The location of the points on the x-axis indicate the date of sampling, with a sampling year (i.e. the axis marks) beginning on September 1st.
[bookmark: _Toc59025526]KPI 2: Richness of all native forbs during drawdown
	Richness of all native forbs during drawdown

	Cobbledicks Rise
	

	One Tree Rise
	

	Windmill Rise
	



This KPI measures the richness of all native forbs, including both perennial and annual species (explicitly at the individual wetland scale). It is measured only at times when a given wetland is drawing down after filling, and the maximum expression of species richness is expected. This may only happen every few years, such that this KPI will remain unassessed in many years.
This KPI is assessed against a baseline, set by the first year of monitoring at drawdown, with a unique benchmark for each wetland. Since monitoring began, drawdown has only occurred in 2017, for Windmill Wetland and Cobbledicks Rise Wetland (One Tree Rise has a smaller catchment and did not fill in 2017). This occurred during the normal Spring-Summer monitoring period, so a single monitoring event covered KPIs 1 and 2. Drawdown did not occur during 2019-20 so this KPI was not assessed this year.
For Cobbledicks Rise Wetland, the count of native forbs at drawdown in 2017 was 12 species. All were perennial, so this value is identical to that measured for KPI 1 (which only assesses perennial forb species). For Windmill Wetland, the count of native forbs at drawdown in 2017 was 17 species. Three were annual, so that this count is higher than KPI 1 measured at the same time for this wetland. 
This KPI will be assessed using a ‘continuous improvement’ approach, where any increase over the baseline in any wetland in a five-year reporting period will lead to the calculation of a new baseline for that wetland for subsequent reporting periods. 
[bookmark: _Toc59025527]KPI 3: Percent cover of all perennial vegetation comprised of weeds during Spring-Summer
	Percent cover of all perennial vegetation comprised of weeds during Spring-Summer

	Cobbledicks Rise
	

	One Tree Rise
	

	Windmill Rise
	



This KPI measures the percent of all perennial vegetation cover that is comprised of weeds (introduced species). Weeds are considered undesirable as they are in grasslands. This KPI is assessed against a baseline set by the first five years of monitoring. This KPI was met for all wetlands in 2019-20 (Figure 20). 
This KPI will be assessed using a ‘continuous improvement’ approach, where any decrease below the baseline in any wetland in a five-year reporting period will lead to the calculation of a new baseline for that wetland for subsequent reporting periods.
[image: ]
[bookmark: _Ref43304249]Figure 20. The percentage of all perennial vegetation comprised of weeds for each wetland. The solid lines show the five-year rolling average (± 95% CI) and the faded lines show the annual data. The dashed line is the baseline, calculated after the first 5 years of monitoring. Larger points indicate wetland was monitored during drawdown in that year. The horizontal bars indicate the period over which a wetland was considered filled. The location of the points on the x-axis indicate the date of sampling, with a sampling year (i.e. the axis marks) beginning on September 1st.
[bookmark: _Toc59025528]KPI 4: Percent cover of all perennial vegetation comprised of weeds during drawdown
	Percent cover of all perennial vegetation comprised of weeds during drawdown

	Cobbledicks Rise
	

	One Tree Rise
	

	Windmill Rise
	



Like KPI 3, this KPI measures the percent of all perennial vegetation cover that is comprised of weeds (introduced species). In this case, the KPI only applies when a wetland is drawing down, having been filled. 
This KPI is assessed against a baseline, set by the first year of monitoring at drawdown, with a unique benchmark for each wetland. Since monitoring began, drawdown has only occurred in 2017, for Windmill Wetland and Cobbledicks Rise Wetland (One Tree Rise has a smaller catchment and did not fill in 2017). This occurred during the normal Spring-Summer monitoring period, so a single monitoring event covered KPIs 3 and 4, and the data for KPI 3 also cover KPI 4. Drawdown did not occur this year so this KPI cannot be assessed in 2019-20.
The baseline for Cobbledicks Rise Wetland is set at 17%, for Windmill Wetland it is set at 5%. These values are shown as large points on Figure 20. 
This KPI will be assessed using a ‘continuous improvement’ approach, where any decrease below the baseline in any wetland in a five-year reporting period will lead to the calculation of a new baseline for that wetland for subsequent reporting periods. 
[bookmark: _Toc508271441][bookmark: _Toc59025529]Results: Other measures
[bookmark: _Toc59025530]Overall SHW quality
The KPIs described above address separate aspects of the community. No single KPI is a direct and all-encompassing measure of the “composition, structure and function” for the community, which is the way improvement is framed in the MRF (DELWP 2015a). To partially address this, overall SHW ‘quality’ is determined using the algorithm described in DELWP (2016). The quality algorithm combines 11 measurable on-ground variables into a single value. The algorithm makes sense of changes among the multiple KPIs, by providing a single quality score between 100 (a ‘pristine’ site) and 0 (where no value remains). The score is calculated for each individual wetland, each year, as shown in Figure 21. All monitored wetlands are of moderate quality, and their quality is steady over all years of monitoring.
[image: ]
[bookmark: _Ref43304667]Figure 21. Wetland quality as indicated by a quality metric. Larger points indicate wetland was monitored during drawdown in that year. The horizontal bars indicate the period over which a wetland was considered filled, coded by colour. The location of the points on the x-axis indicate the date of sampling, with a sampling year (i.e. the axis marks) beginning on September 1st.
[bookmark: _Toc59025531]Annual weeds
Annual weeds are undesirable, but they are now a major structural component of most SHWs. They fluctuate greatly between years depending on rainfall and inundation, so they are not used to define any KPIs. The cover of annuals is shown for each wetland in Figure 22.
[image: ]
[bookmark: _Ref43304422]Figure 22. The cover of annual weeds. Larger points indicate wetland was monitored during drawdown in that year. The horizontal bars indicate the period over which a wetland was considered filled. The location of the points on the x-axis indicate the date of sampling with a sampling year (i.e. the axis marks) beginning on September 1st.
[bookmark: _Toc59025532]Soil phosphorous and nitrate levels
Little is known about the relationship between soil attributes and the function or quality of SHW. However, given the strong relationship between grassland ecological dynamics and soil phosphorous (P) and nitrate levels, the MRF (DELWP 2015a) recommends that P and nitrate data are collected for the SHW every five years. Table 4 shows the values from soil samples taken in 2014. Soil samples will be collected again in 2020.
[bookmark: _Ref43304519]Table 4. Soil phosphorous and nitrate levels in SHW.
	Wetland
	Phosphorous (Colwell extraction, mg/kg)
	Nitrate (mg/kg)

	Cobbledicks Rise
	37
	10

	One Tree Rise
	74
	13

	Windmill
	56
	26


[bookmark: _Toc59025533]Hydrological phases and dates of filling and draining
The hydrological phase for each wetland at the time of sampling is shown in Table 5. The MRF also requires recording of the dates that filling commences and draining is complete (DELWP 2015a). Filling has only occurred once, in 2017, as shown as horizontal coloured bars on Figures 14, 15 and 16 (Filling 10th April 2017; Windmill returned to ‘Empty’ in November 2017 and Cobbledicks Rise in October 2017).
[bookmark: _Ref43304566]Table 5. Hydrological phases during monitoring.
	Wetland
	2014
	2015
	2016
	2017
	2018
	2019

	Cobbledicks Rise
	Empty
	Dry
	Empty
	Drawing down
	Empty
	Dry

	One Tree Rise 

	Empty
	Dry
	Empty
	Empty
	Empty
	Dry

	Windmill
	Empty
	Dry
	Empty
	Drawing down
	Empty
	Dry


[bookmark: _Toc59025534]‘High quality’ indicator species
The listing advice for SHW defines a ‘high quality site’ as one which supports three or more species from a list of indicator species (TSSC 2012).  The MRF (DELWP 2015a) requires reporting on the occurrence of these indicator species in each wetland.  These species are expected to be detected along with all other native forb species during point-intercept sampling and timed searches.  
Table 6 summarises the detection of indicator species in the three monitored wetlands. Windmill Wetland clearly qualifies as a ‘high quality site’, while Cobbledicks Rise Wetlands and One Tree Rise Wetland sit on the borderline, and only qualify in years when three species happen to be detected by searches. This is because only two indicator species are abundant in these wetlands. In 2019, only Windmill Wetland qualified as a ‘high quality site’.
[bookmark: _Ref43304861]Table 6. The occurrence of ‘high quality’ indicator species in SHW. Upper rows: ‘P’ denotes a presence, ‘-‘ denotes non-detection, with the sequence of symbols showing the progression of detection across the six years of survey. Lower rows: The number of indicator species found in each wetland in each year is shown, and the cell coloured green in each year that the wetland could be classified as a ‘high quality’ site.
	Species
	Cobbledicks Rise
	One Tree Rise
	Windmill

	Asperula conferta
	PPPPPP
	PPPPPP
	PPPPPP

	Bracyscome basaltica
	------
	------
	P-----

	Eryngium vesiculosum
	-----
	------
	-PPPPP

	Lobelia pratioides
	PP-PP-
	PP—P-
	PP-PP-

	Marselia drummondii
	PPPPPP
	PPPPP
	PPPPPP

	Ottelia ovalifolia
	------
	------
	---P--

	Number of indicator species 
	
	
	

	2014
	3
	3
	4

	2015
	3
	3
	4

	2016
	2
	2
	3

	2017
	3
	2
	5

	2018
	3
	3
	4

	2019
	2
	2
	3


[bookmark: _Toc59025535]Woody shrubs
The MRF (DELWP 2015a) requires that the cover of woody shrubs is reported, largely because if woody shrub cover exceeds 10%, the wetlands no longer qualify as SHW (TSSC 2012).  Woody shrub species are distinguished in the point-intercept sampling and are noted during the timed searches.
All wetlands contained a small number of woody species, but these are at very low abundance (all <1% every year) and are thus not well quantified by the point-intercept surveys. The occurrence of woody species is summarised as follows:
1. Cobbledicks Rise Wetland contains no native woody species, but a few small African Boxthorns (Lycium ferocissimum).
2. One Tree Rise Wetland contains one plant of Tangled Lignum (Duma florulenta), approximately 20 plants of Black Roly Poly (Sclerolaena muricata) and a few small introduced African Boxthorns.
3. Windmill Wetland contains 10 plants of Tangled Lignum and a few Black Roly Poly plants. Between 2014 and 2015 it also contained many small African Boxthorn bushes, but these were almost entirely eradicated by weed control in 2016.
[bookmark: _Toc59025536]Changes to the MRF
This section details the ways in which the approach taken here differs from the MRF (DEPI 2015). 
· All references to “native herbs” have been changed to “native forbs”, in line with accepted usage.
· The term ‘diversity’ has been changed to ‘richness’ in KPIs 1 and 2, in line with accepted usage.
· All KPIs have now been numbered.
· The formulation of baselines and targets was clarified to clearly indicate that all KPIs are assessed using a continual improvement model.
· The clarification has been added that if a wetland is divided into multiple management units (e.g. by a fence), then these may be reported as separate wetlands, even if they are each under 3 ha. Distinguishing wetlands with different management is important for modelling and adaptive management. This situation has not yet occurred; all wetlands are single management units.
· ‘Filling’ is now defined in the methods section, this was left undefined in the MRF. 
· It is now clearly stipulated that the hydrological phase must be noted at time of monitoring, with a full definition of each phase added to the methods.
· It has been clarified that for KPIs 3 and 4, the baseline is set for a given wetland after the first year of monitoring, not after 5 years.
· The phrasing of KPIs 3 and 4 has been altered slightly to match the phrasing of the equivalent KPIs for Natural Temperate Grassland.

[bookmark: _Toc59025537]Button Wrinklewort
[bookmark: _Toc59025538]Introduction
[bookmark: _Toc59025539]The species
Button Wrinklewort (Rutidosis leptorhynchoides) is listed as Endangered (EN) under the EPBC Act. It is a small perennial daisy which produces multiple flowering stems with yellow flower heads. It occurs in grassy woodlands and grasslands, in places free from intense competition from other plants. It is distributed across south-western Victoria, around Melbourne and in the Canberra region (NSW OEH 2012). Button Wrinklewort is shown in Figure 23A.
[bookmark: _Toc59025540]Goals and performance indicators
The Victorian Government has committed to ensuring that there is no substantial negative change to the population of Button Wrinklewort within the program area.
Progress towards this goal is measured using a single KPI:
· The five-year mean population count, which must remain above a baseline set by the first five years of counts.
[bookmark: _Toc59025541]Monitored populations
Button Wrinklewort occurs naturally at only one location within the MSA area, the Truganina Cemetery Grassland (Conservation Area 10). Here, the entire population is contained within an area measuring 90 x 70 m. This site has been monitored under the MSA since 2015 (i.e. 2019 is the fifth year of monitoring and the population baseline is set this year).
[bookmark: _Toc59025542]Summary of monitoring methods
[bookmark: _Toc59025543]Population census
Button Wrinklewort is monitored between 1 November and 31 December, when it is flowering. A full population count is taken, using 3 m wide transects to structure systematic searches of the entire cemetery site. The transects are also used to record the location of every plant as X, Y co-ordinates (Figure 23B). The X, Y coordinates from previous years may be used to aid plant searches in subsequent years.
Recruits are identified and recorded (plants not recorded in prior years and with no evidence of previous years’ growth). Reproductive plants are also identified and recorded (plants with buds, flowers or seed heads from the current year (being careful to exclude seed heads from previous years, which are sometimes retained). On every plant, the number of stems, buds, flowers and seed heads is recorded (at least once every five years, to provide estimates of reproductive output for Population Viability Analysis models).
[bookmark: _Toc59025544]Habitat measurements
Several habitat parameters which are known to influence recruitment success of Button Wrinklewort are monitored: bare ground, perennial and annual weed cover (DELWP 2015a; Morgan 1997). These parameters are quantified using a single permanent point intercept plot located within the Truganina Cemetery Button Wrinklewort population, which forms part of the monitoring for Natural Temperate Grassland. This single plot (20 x 20 m) covers a substantial portion of the Button Wrinklewort population and is assumed to adequately represent the vegetation supporting the population.
[image: ]
[bookmark: _Ref43305593]Figure 23. A) Button Wrinklewort, and B) The 3 m wide monitoring transect, at Truganina Cemetery, showing how plants (here marked with flags) can be given X, Y co-ordinates with a ruler.
[bookmark: _Toc59025545]Results: KPI
[bookmark: _Toc59025546]KPI 1: Population count
	Population count

	Truganina Cemetery
	



The number of Button Wrinklewort plants recorded at Truganina Cemetery increased very slightly from 2015 to 2018 (from 591 to 638) but declined to 593 in 2019 (Figure 24).  In each year, most plants have been reproductive (between 89 and 93%). Very few recruits have been recorded in any year (between 0 and 4 individuals, with only 9 over all years). 
The baseline for this species is the mean population count over the first five years of monitoring. This is set this year, at 617.  Given this KPI is assessed using a total population count, no uncertainty is quantified, meaning that the actual count in every year must remain above the baseline for the target to be met (not the 95% CI as with many other KPIs).
This KPI will be assessed using a ‘continuous improvement’ approach, where any increase over the baseline in a five-year reporting period will lead to the calculation of a new baseline for subsequent reporting periods. 
[image: ]
[bookmark: _Ref43304955]Figure 24. Population count of Button Wrinklewort at Truganina Cemetery, 2015-2019. The dashed line shows the baseline calculated after the first five years of monitoring (n=617).
[bookmark: _Toc59025547]Results: Other measures
[bookmark: _Toc59025548]Weeds and bare ground
The data from the point intercept plot (Table 7) show that weed levels remain consistently low in the Button Wrinklewort population (c.f. weed levels in the Natural Temperate Grassland ecosystem more broadly, as explored above).  They also show a decline in bare ground between 2015 and 2017, followed by an increase in bare ground in 2018 and 2019 (The site was burnt in April 2019).
[bookmark: _Ref43305059]Table 7. Percentage cover of bare ground and weeds in Truganina Cemetery.
	Attribute
	2015
	2016
	2017
	2018
	2019

	Bare ground
	24
	16
	3
	20
	35

	Perennial weeds
	1
	2
	1
	1
	5

	Annual weeds
	<1
	1
	<1
	2
	<1


[bookmark: _Toc59025549]Reproductive effort
The Population Viability Analysis (PVA) model (Regan et al. 2020) that is used to predict the consequences of management for the Button Wrinklewort population requires data representing reproductive output. To this end, the monitoring includes counts of the number of stems, buds, flowers and seed heads on every plant, at least every five years (Table 8).
[bookmark: _Ref43908791]Table 8. The mean number of stems, stems with flowers and flower heads and seed heads per plant. NA denotes data that were not collected in a given year.
	Growth and flowering measurement
	2015
	2016
	2017
	2018
	2019

	Reproductive heads (Bud + Flower + Seed) per plant
	NA
	NA
	NA
	NA
	12.5

	Stems which flowered
	NA
	NA
	9.5
	9.2
	8.5

	Stems in total
	10.3
	11.6
	12.8
	12.5
	12.6


[bookmark: _Toc59025550]Previous monitoring data
Button Wrinklewort was monitored at Truganina Cemetery by La Trobe University from 2004 until 2012, providing a valuable longer-term context for the data reported here (J. Morgan, La Trobe University, unpublished data). The population declined from 1,072 plants in 2004, to only 472 plants in 2012. Thus, the results presented here for 2015 to 2018 represent a small recovery and stabilisation, following a substantial decline before 2012. 
[bookmark: _Toc59025551]Changes to the MRF
This section details the ways in which the approach taken here differs from the MRF (DEPI 2015). 
· The formulation of baselines and targets was clarified to clearly indicate that the KPI is assessed using a continual improvement model.
· It has been stated that a belt transect delineated by a pair of tapes 3 m apart is the preferred monitoring method. This provides equivalent coverage to the single tape lines described in the MRF (3 m apart, searched 1.5 m either side), but prevents accidental double counting at the margins, because the margins are defined by the tape.
· The ‘other measures’ have been updated to include the number of buds, flower heads and seed heads on every plant, to support the parameterisation of PVA models. Such data should be collected in full at least once every five years.
· The methods have been updated to clarify that the X, Y coordinates from previous years may be used to aid plant searches in subsequent years.

[bookmark: _Toc59025552]Large-fruit Groundsel
[bookmark: _Toc59025553]Introduction
[bookmark: _Toc59025554]The species
Large-fruit Groundsel (Senecio macrocarpus) is listed as Vulnerable (VU) under the EPBC Act{DSE, 2005 #201;Department of the Environment, 2009 #499}. It is a perennial daisy growing to about 40 cm high, with grey foliage and yellow flower heads (Belcher 1983; Hills and Boekel 1996; Walsh 1999). It occurs in grassy woodlands and grasslands, in places free from intense competition from other plants. It is distributed widely across south-eastern Australia. It is shown in Figure 25.
[bookmark: _Toc59025555]Goals and performance indicators
The Victorian Government has committed to ensuring that there is no substantial negative change to the population of Large-fruit Groundsel within the program area.
Progress towards this goal is measured using a single KPI:
· The five-year mean population count, which must remain above a baseline set by the first five years of counts.
[bookmark: _Toc59025556]Monitored populations
In 2015, when the MRF was written, only one naturally occurring population of Large-fruit Groundsel was known (in Conservation Area 5). This area has not yet been protected under the MSA and has not been the subject of monitoring.
In 2017, a small, previously unknown wild population was discovered on a parcel of land in the Western Grassland Reserve, known as ‘Little Raven’. Monitoring of this population commenced in 2017.
There are also three introduced populations in the MSA area, which are considered under ‘other measures’:
· In 2012, a population was established on One Tree East (Zamin et al. 2018). This population is reported on as an ‘other measure’.
· In 2012, a small population was established at Mount Cottrell NCR (DELWP 2015a. This population is also reported on as an ‘other measure’. 
· A translocated population occurs on Little Raven. This population is monitored under a different project and is not reported on here.
[bookmark: _Toc59025557]Summary of monitoring methods
[bookmark: _Toc59025558]Population census
Large-fruit Groundsel is monitored between 1 September and 30 November, when it is flowering. A full population count is taken for each population, with the location of every plant recorded as X, Y co-ordinates on a permanently marked grid. Three-metre wide transects are used to systematically cover the population area. Isolated plants away from the monitoring grid may be recorded with a GPS and marked with stakes if appropriate, but they are included in the population count. The coordinates from previous years may be used to aid plant searches in subsequent years.
Given this species is known to have seeds which disperse on the wind, there will be a five-yearly broad area survey of the broader management unit that supports each population to locate any new or previously undetected plants.
Reproductive plants are also identified and recorded (plants with buds, flowers or seed heads from the current year, being careful to exclude seed heads from previous years, which are sometimes retained). On every plant, the number of stems, buds, flowers and seed heads is recorded (at least once every five years to provide estimates of reproductive output for Population Viability Analysis models). 
[bookmark: _Toc59025559]Other measures
Several habitat parameters relevant to the persistence of Large-fruit Groundsel are monitored: bare ground, perennial and annual weed cover (DELWP 2015a). These parameters are quantified using a single permanent point intercept plot located within each population. Counts of the number of buds, flower heads and seed heads per plant are conducted to support the parameterisation of PVA models (Regan et al 2020). Such data should be collected at least once every five years.
[image: ]
[bookmark: _Ref43305707]Figure 25. Large-fruit Groundsel.
[bookmark: _Toc59025560]Results: KPI
[bookmark: _Toc59025561]KPI 1: Population count
	Population count

	Little Raven
	



The number of Large-fruit Groundsel plants recorded at the Little Raven site is small. In 2019 the number of plants was 12, a slight decrease from previous years (Figure 26). All plants were reproductive. No recruits were noted.
The population in Conservation Area 5 is not yet protected or monitored under the MSA. 
It is not yet possible to state whether the KPI has been met, as the baseline will not be set until 2021. This KPI will be assessed using a ‘continuous improvement’ approach, where any increase over the baseline in a five-year reporting period will lead to the calculation of a new baseline for subsequent reporting periods.
[image: ]
[bookmark: _Ref43898267]Figure 26. Population count Large-fruit Groundsel at Little Raven, 2017-2019.
[bookmark: _Toc59025562]Results: Other measures 
[bookmark: _Toc59025563]Cover of bare ground and weeds
Figure 27 shows the cover of bare ground and weeds at the point intercept plot near the wild population.
[image: ]
[bookmark: _Ref43306097]Figure 27. Cover of bare ground and weeds.
[bookmark: _Toc59025564]Number of stems, flower heads and seed heads per plant
Table 9 shows the number of stems, flower heads and seed heads per plant at the Little Raven population. 2019 was the first year that these attributes were counted.
[bookmark: _Ref43306312]Table 9. The mean number of stems, stems with flowers and flower heads and seed heads for the Large-fruit Groundselpopulation at Little Raven.
	Growth and flowering measurement
	2017
	2018
	2019

	Reproductive heads (Bud + Flower + Seed) per plant
	Not recorded
	45
	17

	Stems which flowered
	Not recorded
	Not recorded
	8

	Stems in total
	Not recorded
	16
	17


[bookmark: _Toc59025565]Census of re-introduced populations
The number of Large-fruit Groundsel plants at the two re-introduction sites are shown in Table 10. It appears that the population established at One Tree East has declined to extinction. The population at Mount Cottrell NCR is declining.
[bookmark: _Ref43306440]Table 10. Population count of Large-fruit Groundsel in the two reintroduced populations, 2013 – 2019.
	Site
	2013
	2014
	2015
	2016
	2017
	2018
	2019

	One Tree East
	5566
	2426
	1217
	726
	26
	3
	0

	Mount Cottrell NCR
	25
	-
	25
	-
	10
	5
	4


[bookmark: _Toc59025566]Changes to the MRF
This section details the ways in which the approach taken here differs from the MRF (DEPI 2015). 
· The formulation of baselines and targets was clarified to clearly indicate that the KPI is assessed using a continual improvement model.
· It has been stated that a belt transect delineated by a pair of tapes 3 m apart is the preferred monitoring method. This provides equivalent coverage to the single tape lines described in the MRF (3 m apart, searched 1.5 m either side), but prevents accidental double counting at the margins, because the margins are defined by the tape.
· The ‘other measures’ have been updated to include the number of buds, flower heads and seed heads on every plant, to support the parameterisation of PVA models. Such data should be collected at least once every five years.
· The methods have been updated to clarify that the X, Y coordinates from previous years may be used to aid plant searches in subsequent years.
· The methods have been updated to clarify that KPIs are assessed at natural populations, while planted populations are monitored as other measures.

[bookmark: _Toc59025567]Matted Flax-lily 
[bookmark: _Toc59025568]Introduction
[bookmark: _Toc59025569]The species
Matted Flax-lily (Dianella amoena) is listed as Endangered (E) under the EPBC Act. It is a perennial lily that forms mats up to ~5 m wide. It has linear grey-green leaves and produces blue or violet star-shaped flowers, followed by purple berries (Carr and Horsfall 1995). It retreats underground during dry periods, making detection problematic. Matted Flax-lily is scattered across Victoria, with a few recently discovered populations in the Canberra region. A patch of this species is shown in Figure 28.
[bookmark: _Toc59025570]Goals and performance indicators
The Victorian Government has committed to ensuring that there is no substantial negative change to the population of Matted Flax-lily within the program area.
Progress towards this goal is measured using a single KPI, with the following target:
· Annual detection rate of known plants, which must remain above a baseline, set in the first five years of monitoring.
As explained below, this target is different from that included in the published MRF (DELWP 2015a). The MRF will be updated. 
[image: ]
[bookmark: _Ref43363717]Figure 28. A clump of Matted Flax-lily (foreground).
[bookmark: _Toc59025571]
Monitored populations
[bookmark: _Toc506897231]Matted Flax-lily is known to occur in at least seven separate Conservation Areas within the program area (DELWP 2015a). Only one of these sites has so far come under management within the MSA program, Conservation Area 24, the Kalkallo Common Grassland. This site has been monitored under the MSA since 2016, following a site inventory to locate known plants in 2015.
At Kalkallo Common Grassland, Matted Flax-lily plants have been translocated into the stony rises. These translocations pre-date the MSA, and these plants are monitored under a different project, funded separately from the MSA. These plants are not included in MSA monitoring, although it is acknowledged that they form part of the Matted Flax-lily population in functional terms (i.e. they likely contribute pollen and seeds to the population). 
[bookmark: _Toc59025572]Summary of monitoring method
[bookmark: _Toc59025573]KPI: Detection of plants
A database of the locations of known individuals is maintained, and these locations are checked every year. Each individual is recorded as alive, visibly dead or absent above ground.
Every five years, all relevant areas are searched for new plants. Any new plants found during these area searches, or by chance during other field work, are added to the database and checked in all subsequent years. 
In each year, as new plants are found, the cumulative count of known plants increases. Each year, all plant locations then known are checked, and a percentage of plants detected is calculated. The value used to monitor Matted Flax-lily is the percentage of known plants found in each year. The baseline is the arithmetic mean of these percentages in years 2-5 (year 1 is omitted because it is necessarily 100%). 
Occasionally, it can be difficult to determine whether clumps of Matted Flax-lily represent a single large individual, or several individuals growing nearby. This cannot be definitively addressed without genetic analysis. For practical purposes, any clumps of Matted Flax-lily separated by more than 75 cm are here considered to be separate individuals.
[bookmark: _Toc59025574]Other measures
Several habitat attributes are recorded at the location of each plant (whether that plant is recorded or not), using visual estimates of the area within a 2.5 m radius around each plant: All native vegetation cover, perennial exotic cover, annual exotic cover, bare ground (including bryophytes) and rocks. Over time, the value of these variables may help explain the detection or mortality of the Matted Flax-lily plants at the locations they describe.
Additional basic demographic measures are also recorded for each plant: The number of flowering stems, and the number of buds, flowers and fruits. These parameters support the PVA model (Regan et al. 2020) used to predict the consequences of management for this species.
[bookmark: _Toc59025575]
Results: KPI
[bookmark: _Toc59025576]KPI 1: Percentage of plants detected each year
	Detection of plants

	Kalkallo Common
	



In 2015, an initial database of known Matted Flax-lily locations (n=52) was compiled from field searches and the compilation of existing data from Hume City Council, Merri Creek Management Committee (MCMC) and Abzeco. These locations were monitored, commencing in 2016. Each year during monitoring, new plants have been discovered, until by 2019 there are 64 locations included in the database. The percentage of plants detected at known locations was 91% in 2017, 95% in 2018 and 97% in 2019 (Figure 29).
It is not yet possible to state whether the KPI has been met, as the baseline has not yet been set. This KPI will be assessed against a static benchmark, set in 2020.
[image: ]
[bookmark: _Ref43363784]Figure 29. Matted Flax-lily plants detected in the first four years of monitoring at Kalkallo Common, expressed as a percentage of the total number of plants known in each year. Year 1 (2016) shows 100% detection by definition.
[bookmark: _Toc506897233][bookmark: _Toc59025577]Results: Other measures
The covers of native vegetation, exotic annual and perennials, bare ground and rocks were recorded around each plant in each year of monitoring (Figure 30).
The demographic measures were first recorded in 2018. No inflorescences, buds, flowers nor fruit were observed on any of the 61 plants examined in 2018 nor the 64 plants in 2019. These negative results are not shown graphically.

[image: ]
[bookmark: _Ref43363873]Figure 30. Habitat parameters around Matted Flax-lily plants, expressed as cover.
[bookmark: _Toc59025578]Changes to the MRF
This section details the ways in which the approach taken here differs from the MRF (DELWP 2015a). 
· The formulation of the baseline and target was clarified to clearly indicate that the KPI is assessed using a static baseline.
· The methods have been amended to make it clear that any clumps of Matted Flax-lily separated by more than 75 cm should be considered separate individuals.
· The methods now ensure that other measures include counts of the number of inflorescences, buds, flower heads and fruits per plant, to support the parameterisation of PVA models. Such data should be collected at least once every five years.
· MRF (DELWP 2015a) suggested that the raw counts of plants detected each year are reported, and that the baseline is formed from the mean of the counts in the first five years. This approach has proven problematic due to the continual discovery of new plants (due to the intermittent appearance of plants above ground, and the relatively low detectability of this species). If the baseline is set from the first five years alone, it will be set at a relatively low count, which would be easy to achieve in future years, even if the species was declining. To counter this effect, the MRF has been amended to reflect the monitoring and reporting approach described above.
· For Other measure 1, bare ground and exposed rock are reported separately.
· For Other measure 2, annual and perennial weeds are reported separately.
[bookmark: _Toc59025579]Small Golden Moths Orchid
Small Golden Moths Orchid (Diuris basaltica) is listed as Endangered (E) under the EPBC Act. It is a perennial orchid growing to 15 cm tall, with a single stem supporting 1-2 small yellow flowers. It retreats to an underground tuber each year in Summer, and at other times when conditions are unfavourable. It is endemic to the Keilor and Werribee Plains (Backhouse and Lester 2010). 
The Victorian Government has committed to ensuring that there is no substantial negative change to the population of Small Golden Moths Orchid. Further details of how this commitment is interpreted are provided in the MRF (DELWP 2015a).
The Small Golden Moths Orchid is known from only one location in the MSA area, in Conservation Area 3. This area has not yet been protected, and no monitoring has occurred. The species is not dealt with further here.

[bookmark: _Toc59025580]Spiny Rice-flower 
[bookmark: _Toc59025581]Introduction
[bookmark: _Toc59025582]The species
Spiny Rice-flower (Pimelea spinescens subsp. spinescens) is listed as Critically Endangered (CR) under the EPBC Act. It is a small shrub, growing up to 30 cm high. It is endemic to Victoria, occurring on the volcanic plains, in the Wimmera and the northern plains (James and Jordan 2014). The species is shown in Figure 31.
[bookmark: _Toc59025583]Goals and performance indicators
The Victorian Government has committed to ensuring that there is no substantial negative change to the population of Spiny Rice-flower and the population is self-sustaining within the program area.
Progress towards this goal is measured using two KPIs, with the following targets:
· The five year mean population density, measured in sample plots, which must remain above a baseline set by the first 5 years of survey.
· The occurrence of recruits, which must form over 10% of the MSA-wide population in at least one of the previous 10 years.
As explained below, it is here recommended that KPI 1 is changed, so that “density” is replaced with “count”(as for Button Wrinklewort and Large Fruit Groundsel). The data presented here refer to the updated KPI. 

[image: ]
[bookmark: _Ref43364150]Figure 31. Spiny Rice-flower.
[bookmark: _Toc59025584]
Monitored populations
Spiny Rice-flower occurs naturally in numerous Conservation Areas within the program area (DELWP 2015a). Only four of these sites have so far come under management within the MSA program:
1. Truganina Cemetery Grassland (Conservation Area 10).
2. Western Grassland Reserve, Mount Cottrell Nature Conservation Reserve (NCR).
3. Western Grassland Reserve, Magpie block.
4. Western Grassland Reserve, Radio block.
A translocated population has been established on Mount Cottrell NCR, but it is monitored by another project, and is not monitored as part of the MSA.
[bookmark: _Toc59025585]Monitoring method
[bookmark: _Toc59025586]Population census
Spatial structure of monitoring
Spiny Rice-flower plants occur in varying spatial arrangements; in clusters of varying extent and density (sometimes numbering 100s of plants and covering 100s of m2), and as isolated small clumps or lone individuals. To ensure that monitoring effort is focussed efficiently on the main centres of population, monitoring is divided into two tiers:
· ‘Clusters’ of plants are monitored every year and contribute to the assessment of KPIs. A cluster is any group of 10 or more plants, where all plants are within 10 m of another plant in the same cluster. An individual plant must be at least 10cm from another plant, otherwise it is not counted as a plant (Spiny-Rice Flower can have multiple stems growing from ground level). 
· ‘Scattered plants’ are monitored every five years and are reported every 5 years as an ‘other measure’. These are defined as any plants outside clusters.
It is estimated that >95% of all plants are within clusters, so that the KPI is adequately addressed by the measurement of Clusters only. The previous monitoring method described in the MRF covered a far lower percentage of plants and has been replaced for that reason.
KPIs are reported by site. Some sites may have several clusters and many scattered plants.
Population counts in clusters
Spiny Rice-flower is monitored at any time of year, but optimally in winter when it is flowering. A full count is undertaken for each cluster, with the location of every plant recorded as X, Y co-ordinates on a permanently marked grid. The coordinates from previous years may be used to aid plant searches in subsequent years. 
Recruits are identified and recorded (plants not recorded in prior years and with no evidence of previous years’ growth). 
Currently, only two MSA properties support clusters of plants: 
· Truganina Cemetery Grassland (Conservation Area 10).
· Western Grassland Reserve, Radio block.
Counts of scattered plants
The location of isolated plants is recorded and they are revisited every five years to determine if they remain (Next visit due in 2023). Currently this method is used to record plants on three sites: Mount Cottrell Nature Conservation Reserve, Radio and Magpie, all in the Western Grassland Reserve. Any additional scattered plants located over time are simply added to the total reported.
[bookmark: _Toc59025587]Vegetation measures
Several habitat parameters relevant to the recruitment and persistence of Spiny Rice-flower are reported for each population: bare ground, cover of all weeds, biomass (cover of all plants), reported per site; and vegetation species composition, reported as the top five most abundant species across all plots (DELWP 2015a). These vegetation measures are all derived from 20 x 20 m point intercept plots undertaken as part of the monitoring for Natural Temperate Grassland. A single plot is located within each cluster. It is assumed that these plots adequately represent the vegetation supporting the populations.
[bookmark: _Toc59025588]Results: KPIs
[bookmark: _Toc506993962][bookmark: _Toc59025589][bookmark: _Toc506993961]KPI 1: Population count
	Population count

	Radio
	

	Truganina Cemetery
	



The population counts (within clusters) in 2019 were 201 at Radio (in 4 clusters) and 965 at Truganina Cemetery (in 1 cluster) (Figure 32).  As this is the first year of monitoring using this method the baseline cannot yet be set. 
This KPI will be assessed using a ‘continuous improvement’ approach, where any increase over the baseline in a five-year reporting period will lead to the calculation of a new baseline for subsequent reporting periods.
[image: ]
[bookmark: _Ref43364601]Figure 32. Population count of Spiny Rice-flower at Radio and Truganina Cemetery in 2019. 
[bookmark: _Toc59025590]KPI 2: Number of years that recruits form over 10% of the population over a ten-year period
	Number of recruits that form over 10% of the population over a 10-year period

	Radio
	

	Truganina Cemetery
	



This KPI measures the proportion of plants that are new recruits to a population. It is expected that recruits form more than 10% of each population at least once every ten years. This KPI is intended to measure the recruitment potential of the population, to ensure that the conditions for recruitment are sustained (periodic bare ground, seed supply), not the fate of recruits, which are not specifically monitored (The overall population trajectory is intended to be covered by KPI 1). Figure 33 shows examples of Spiny Rice-flower recruits.
[image: ]
[bookmark: _Ref43364464]Figure 33. Two Spiny Rice-flower recruits, Truganina Cemetery.
Table 11 shows the percentage of recruits recorded across all currently monitored sites. This is the first year of monitoring using this method. The KPI will be first assessed after ten years of monitoring, in 2029.
This KPI will be assessed against a static baseline (10% of population, one in ten years).
[bookmark: _Ref43364879]Table 11. Percentage of population formed by recruits. The numbers in brackets show the total numbers of recruits and the total number of plants in the sample plots for that population. 
	Site
	Percentage of population formed by recruits

	
	2019

	Truganina Cemetery
	(4/965)

	Radio (WGR)
	0


[bookmark: _Toc506993963][bookmark: _Toc59025591]Results: Other measures
[bookmark: _Toc59025592]Scattered plants
The number of known scattered plants is shown in (Table 12). This measure was fully assessed in 2017 and will be re-assessed in 2022. Truganina Cemetery does not have any scattered plants, because all plants form a single large cluster.
[bookmark: _Ref43365510]Table 12. Counts of scattered plants by block, the number of recruits is shown in parentheses.
	Site
	Number of scattered plants (additional to clusters)

	
	2017

	Mount Cottrell NCR (WGR)
	5 (0)

	Magpie (WGR)
	3 (0)

	Radio (WGR)
	26 (0)


[bookmark: _Toc59025593]Vegetation cover
The cover of any plant species (a surrogate of biomass), the cover of bare ground and the of cover weeds are shown for each population in Figure 34. These data are derived from the point intercept plots.
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[bookmark: _Ref43365568]Figure 34.  Other measures for the two Spiny Rice-flower clusters. All values are percentage covers.
[bookmark: _Toc59025594]Identity of associated species
In each plot, in each year, the point intercept data show the identity of the species associated with Spiny Rice-flower. The MRF (DELWP 2015a) requires that the top 5 are reported. The ‘top five’ associated species across all plots are, in descending order: 1) Kangaroo Grass (Themeda triandra; native), 2) Kneed Spear-grass (Austrostipa bigeniculata; native), 3) Onion Grass (Romulea rosea; introduced), 4) Wallaby-grass (Rytidosperma spp.; native), 5) Plantago gaudichaudii (native). This measure will be re-assessed in 2023.
[bookmark: _Toc59025595]Changes to MRF
The changes implemented for most species and communities involve minor points of clarification. In the case of Spiny Rice-flower, however, substantial changes have been implemented, to better serve the KPIs. This is an acknowledgement that the sampling strategy advocated in the MRF is sub-optimal for dealing with this species. This is apparent from several anecdotal observations:
· The plots in Truganina cemetery which were allocated according to the MRF sampled only ten plants in a population of 965 plants (1%). The monitoring for Button Wrinklewort, at the same location, captures over 600 plants (100% of population), with only ~eight times the survey effort. This shows that the Spiny Rice-flower monitoring approach advocated in the MRF was relatively inefficient. 
· In 2016, numerous Spiny Rice-flower recruits were observed outside the plots in Truganina Cemetery, but none in the plots, suggesting that the plot arrangement failed to capture an important phenomenon in the life of this species.
When the MRF was designed, it was assumed that most Spiny Rice-flower populations would be moderate sized clusters of plants, which could be well characterised by 25 m2 plots spread across the populations. Instead, detailed surveys have now revealed the varied and uneven spatial arrangements of populations. This actual arrangement of plants is not well served by the current strategy which under-samples large, dense populations, and expends much effort on single plants.
To address this imbalance, the following changes have been implemented:
· The monitoring method has been re-written to align more closely with Button Wrinklewort and Large Fruit Groundsel. Clusters are defined, which include most Spiny Rice-flower plants in the MSA area. These are then monitored using belt transects to allow all plants in the population to be counted, and their positions to be recorded with X, Y co-ordinates. 
· The methods have been changed to make it clear that both KPIs apply only to plants within clusters.
· The word ‘density’ has been changed to ‘count’ in KPI 1 (so that KPI 1 now matches Button Wrinklewort). This KPI only applies to plants monitored within Clusters.
· The KPIs are now numbered
· The formulation of the baselines and targets has been clarified to make it clear which KPI is assessed against a static baseline, and which is assessed using a continual improvement model.
· The count of scattered plants has been introduced as an ‘other measure’. Some of the plants previously monitored within the 5 x 5 m plots are now counted as scattered plants. 
· The requirement to assign a gender to each plant was removed and replaced with a requirement to estimate the gender ratio among the flowers for each plant at least once every five years (<5% female, 5-39% female, 40-60% female, 61-95% female, >95% female). This change is necessary because it appears that many plants are bisexual, and because making detailed examinations of the many hundreds of plants that occur within the clusters is deemed too labour-intensive.
· The other measure that previously measured the “height of biomass” has been changed to “total cover of biomass” so that it can be calculated directly from the point intercept plots.
[bookmark: _Toc59025596]
Golden Sun Moth
[bookmark: _Toc59025597]Introduction
[bookmark: _Toc59025598]The species
Golden Sun Moth (Synemon plana) is listed as Critically Endangered (CE) under the EPBC Act. It is a medium-sized day flying moth with a wingspan of about 3 cm. Golden Sun Moth is found in Victoria, South Australia and NSW. In Victoria it is found extensively on the Victorian Volcanic Plain, including the Werribee Keilor plains to the west of Melbourne (Brown at al. 2012). It is shown in Figure 35.
[bookmark: _Toc59025599]Goals and performance indicators
The Victorian Government has committed to ensuring that the Golden Sun Moth persists. 
Progress towards this goal is measured using a KPI, with the following target:
1. The five year mean proportion of monitoring sites occupied must remain above a baseline set by the first five years of survey.
[bookmark: _Toc59025600]Monitored populations
Golden Sun Moth occurs in numerous Conservation Areas within the MSA area (DELWP 2015a). Four of these sites are currently protected, and contribute to measuring progress towards the goal for this species:
· Truganina South Nature Conservation Reserve (NCR) 
· Western Grassland Reserve, Mount Cottrell NCR (eastern half)
· Western Grassland Reserve, One Tree East (Paddock 1 and Paddock 2)
· Western Grassland Reserve, Wilsons Block (Wilsons North and Wilsons South)
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[bookmark: _Ref43365642]Figure 35. Male Golden Sun Moth in the Western Grassland Reserve.
[bookmark: _Toc59025601]Monitoring method
[bookmark: _Toc59025602]KPI 1: Detection of moths 
For the purpose of stratifying Golden Sun Moth surveys, the Western Grassland Reserve is divided into 250 ha grids. Within each grid a 400 x 400 m plot is randomly allocated within Natural Temperate Grassland (excluding the states ‘De-rocked grassland’, ‘De-rocked nutrient-enriched pasture’ (Sinclair et al. 2019) which are assumed to be inappropriate habitat for GSM). This plot allocation has resulted in 11 permanent plots being established in the existing protected area, as of 2019. Additional plots will be established in new areas as they are protected. 
Surveys are undertaken between November and January in each year, with each plot surveyed once per year. In each plot 21 transects are established (20 m apart) and these transects are walked noting the time to first detection, the total number of moths detected and the total survey time. If all transects are walked with no moth detection the species is recorded as absent from that plot). In cases where the shape of the grassland does not allow a plot to fit, transects are arranged 20 m apart that adequately sample the site (e.g. Truganina South NCR, in this case all native grassland was surveyed via transects 20 m apart). As far as practical, surveys are undertaken during conditions thought to maximise the probability of detection (between 11 am and 3 pm, ambient temperature 20-35 ⁰c, cloud cover < 50% and light winds). 
As five years of surveys have been completed in 2019, the baseline for this KPI has now been established. It was calculated as the mean number of plots where moths were detected over these five years (2014-18 inclusive).
[bookmark: _Toc59025603]Other measures
The weather conditions at the time of survey (ambient temperature, wind speed and direction and cloud cover) are recorded, as these are thought to influence the probability of male moths flying and thus the probability of detection. The mean of these variables for each year is calculated separately for plots in which moths were detected and those in which moths were not detected.
The cover of bare ground and weeds is determined by taking the mean of these variables from all the rapid plots (see Natural Temperate Grassland) that fall in the relevant management unit in a given year. The mean for each year is the grand mean of all relevant management units in that year. The golf ball method (Schultz et al. 2017) provides an estimate of grassland structure and biomass levels, this may be related to habitat suitability for Golden Sun Moth (Brown and Tolsma 2010).  It is based on the proportion of golf balls visible in a 1 x 1 m plot where the highest score (18) indicates the highest visibility of balls and thus lowest biomass, a score of zero indicates the highest biomass. The dominant grass species in each plot is taken from the vegetation inventory covering the relevant management unit. 
[bookmark: _Toc59025604]Results: KPI
[bookmark: _Toc59025605]KPI 1: Proportion of monitoring sites that are occupied
	Proportion of monitoring sites that are occupied

	All locations
	



The baseline for this KPI is calculated as the mean of the first five years of data for all sites monitored within the first five years. Figure 36 shows the proportion of sites occupied for the first six years of the program and the baseline: 89% of sites occupied. In 2019-20 this KPI was met.
This KPI will be assessed against a static baseline.
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[bookmark: _Ref43365730]Figure 36. The proportion of plots in which Golden Sun Moth was detected. The five-year mean is shown in red with error bars depicting 95% confidence intervals. The baseline, set after the first five years, is shown as a dashed line.
[bookmark: _Toc59025606]Results: Other measures
[bookmark: _Toc59025607]Cover of bare ground, weeds and overall biomass
The cover of weeds may change the species composition of the grass sward that the moth larvae feed in. The cover of bare ground is thought to influence habitat suitability for Golden Sun Moth; higher bare ground may provide greater mating opportunities as it is easier for males to find mates (Brown and Tolsma 2010). Bare ground weed cover and biomass as indicated by the golf ball score are shown in Figure 37.


[image: ]
[bookmark: _Ref43365865]Figure 37. Mean cover of bare ground and weeds in management units where moths were monitored. Error bars are 95% confidence intervals. The golf ball score is a measure of biomass ranging from 0 = high biomass to 18 = low biomass.
[bookmark: _Toc59025608]Weather conditions during survey
Weather conditions may influence the likelihood that male moths fly, which may in turn influence Golden Sun Moth detectability (Brown et al. 2012). Figure 38 and Table 13 summarise the weather conditions during the Golden Sun Moth surveys, showing under which conditions moths were detected or not detected.
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[bookmark: _Ref43365904]Figure 38. The mean weather conditions at the time of survey for plots where moths were detected and not detected. Cloud cover (upper panel) was recorded in bins (1 = 0-25%, 2 = 26-50%, 3 = 51-75% and 4 = 76-100%). Error bars are 95% confidence intervals.
[bookmark: _Ref43365985]Table 13. The modal (most common) wind direction at the time of Golden Sun Moth Surveys.
	Moths detected
	2014
	2015
	2016
	2017
	2018
	2019

	Yes
	SE
	N
	N
	SSW
	SE
	WNW

	No
	S
	-
	-
	NNE
	SE
	ENE


[bookmark: _Toc59025609]Cover of C3 and C4 grasses
Figure 39 shows the mean cover of C3 and C4 grasses in each management unit where Golden Sun Moth is monitored.
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[bookmark: _Ref43366213]Figure 39. The cover of all (native and exotic) C3 and C4 grasses in management units where Golden Sun Moth was monitored. Error bars are 95% confidence intervals.
[bookmark: _Toc59025610]Abundance of Golden Sun Moth
Figure 40 shows the mean number of moths detected in each plot. This measure was first recorded in 2017.
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[bookmark: _Ref44508812]Figure 40. The mean number of Golden Sun Moths detected per plot in each year. Error bars are 95% confidence intervals.
[bookmark: _Toc59025611]Changes to the MRF 
This section details the ways in which the approach taken here differs from the MRF (DELWP 2015a). 
· The ‘Other measures’ have been amended to include an estimate of Golden Sun Moth abundance taken from counts of individuals in each plot. This requires a change in the monitoring protocol such that each plot is fully covered, and all detected individuals are recorded. This is now reported as Other measure 6, number of moths per plot.
· The formulation of the baselines and targets has been clarified to make it clear that the KPI is assessed against a static baseline.
· The requirement for other measures to report the cover of all weeds has been removed as this measure includes exotic C3 grasses that might provide habitat for Golden Sun Moth, hence this may be a misleading measure.
· The other measures (Other measure 5) have been amended to include an estimate of biomass as determined by the “golf ball method”, using the NTG rapid plots located within the relevant management unit.
· The requirement for other measures to report the dominant grass in each plot has been removed, and instead the cover of C3 and C4 grasses is reported as other measure 4.
· The recommended survey conditions have been changed such that the recommended cloud cover is up to 50%. 
· It is now specified that the other measure of wind direction is reported as the modal (most common) direction recorded at the time of survey for each plot.
[bookmark: _Toc59025612]
Growling Grass Frog
[bookmark: _Toc59025613]Introduction
[bookmark: _Toc59025614]The species
Growling Grass Frog (Litoria raniformis) is listed as Vulnerable (V) under the EPBC Act. It is a large, semi-aquatic member of the ‘bell frog group’ (Barker et al. 1995; Heard et al. 2013). It is was formerly distributed widely across lowland south-eastern Australia, including in most regions of Victoria (excluding the Mallee and alpine regions) (Barker at al. 1995; Clemann and Gillespie 2013).
[bookmark: _Toc59025615]Goals and performance indicators
The Victorian Government has committed to ensuring that the Growling Grass Frog persists within the MSA area. Further details of how this commitment is interpreted are provided in the MRF (DELWP 2015a).
[bookmark: _Toc59025616]Monitored populations
Growling Grass Frog is known from several locations in the MSA area. Most of these areas are yet to be protected, and no monitoring has occurred under the MSA program. Other projects have monitored some MSA populations in the past, and those data are available to augment future MSA data.
[bookmark: _Toc59025617]Suggested changes to the MRF
Although monitoring has not commenced, a review of the MRF reveals several areas that can be clarified and improved. These improvements can be informed by recent research on this species (Heard et al. 2013; Rose et al. 2016; Scroggie et al. 2019a), including additional monitoring across northern Melbourne allowing updates to the existing Growling Grass Frog stochastic patch occupancy model (SPOM), and refined estimates of detection probabilities. The suggested changes are outlined below, but will be developed further before monitoring is implemented. Future refinements will:
· Clarify that the KPI is assessed using regularly collected field data, not only using SPOM outputs.
· Clarify that the KPI will be assessed separately for each of the seven Growling Grass Frog corridors.
· Change the performance measure to be ‘the proportion of sites occupied’ in a given year. Occupancy will be determined from periodic monitoring of a set of survey locations. These locations will include a fixed set of core locations but may be varied as new wetlands are constructed. The frequency of monitoring is yet to be determined but should occur at least once every 5 years in each corridor. The monitoring data will be used to estimate occupancy for each corridor in each year during which monitoring is conducted, from the available data, with credible intervals. 
· Clarify that the baseline will be set for each corridor based on occupancy estimates from field data. The KPI will be met if the upper 95% credible interval includes the baseline.
· Clarify that the projected (i.e. future predicted) risk of extinction should be calculated every 5 years from the accrued monitoring data and reported as an ‘other measure’.
· Add a requirement to record all variables required by the SPOM at each monitored wetland.
[bookmark: _Toc59025618]
Southern Brown Bandicoot
[bookmark: _Toc59025619]Introduction
[bookmark: _Toc59025620]The species
Southern Brown Bandicoot (eastern) (Isoodon obesulus subsp. obesulus) is listed as Endangered (E) under the EPBC Act. It is a marsupial in the family Peramelidae. Males are generally larger than females (Menkhorst 1990). The sub-species is found in Victoria, NSW and South Australia. In Victoria it is primarily in coastal and foothill regions south-east of Melbourne, with isolated populations in western Victoria (Brown and Main 2010; Menkhorst 1990).
[bookmark: _Toc59025621]Goals and performance indicators
The Victorian Government has committed to ensuring that the Southern Brown Bandicoot persists within the Southern Brown Bandicoot management area. Further details of how this commitment is interpreted are provided in the MRF (DELWP 2015a). Persistence will be assessed by the degree of occupancy of Southern Brown Bandicoots as estimated by remote camera surveys, spread across 100 sites within the management area.
[bookmark: _Toc59025622]Monitored populations
Southern Brown Bandicoot is monitored on public land throughout the Southern Brown Bandicoot Management Area (DEPI 2014; DELWP 2015a).  The management area (Figure 43) covers 59,549 hectares to the south-east of Melbourne, primarily outside the urban growth boundary. Previous research has shown that despite this landscape being heavily modified, bandicoot populations persist (Bryant et. al. 2018; Maclagan et. al. 2018).
[bookmark: _Toc59025623]Monitoring method
[bookmark: _Toc59025624]Site selection
A GIS layer was created to define likely Bandicoot habitat within the management area defined in DEPI (2014), by combining:
· the area predicted to have a >56% likelihood of Southern Brown Bandicoot occurrence by the DELWP habitat distribution model, and recent (post 2000) Victorian Biodiversity Atlas records of Southern Brown Bandicoot buffered by 150 metres. 
One hundred sampling locations were randomly positioned within the resulting area, with the constraint that all sites must be separated by at least 500 metres. This minimum distance was chosen to limit the likelihood of an individual bandicoot being detected across multiple sites.

These randomly generated sites were examined initially on aerial photographs, and then in the field, to ensure:
· the security of cameras at the site,
· the presence of native vegetation (e.g. not in the middle of a paddock),
· the presence of sufficiently homogenous habitiat to allow two cameras to be installed 50 meters apart, and
· site access was safe and permissible (permission was arranged with private landholders where necessary).
In cases where a randomly generated site did not meet these criteria, the site was moved to a new location within 150 m of the randomised sites. In a minority of cases no nearby site could be found, and entirely new sites were created in the field, based on drive-by assessments of habitat not guided by the randomised points.
[bookmark: _Toc59025625]Camera setup
Cameras were deployed in four separate periods with one deployment per site in 2019 (February, March/April, May or June/July). Two cameras were deployed at each site, each a different model (Reconyx HP2X Hyperfire 2 Professional Covert IR and Reconyx HC 600). Cameras were deployed between February and July 2019 in four separate deployments. All cameras were deployed for a minimum of 26 days.
Cameras were attached to the nearest suitable tree, approximately 0.5 m from the ground (using a cable lock to prevent theft). Cameras were pointed at a bait station, located ~2.5 m from the camera (the exact distance and angle is determined by the camera’s detection field, dependent on the camera model, and noted in the manufacturer’s instructions). Bait was secured in an inaccessible plastic container. It consisted of a 5:1:2 mixture of rolled oats, golden syrup and peanut butter with 20 ml/kg of truffle oil. To minimise false triggers due to air movement and temperature fluctuation, cameras were directed south and downslope, where possible. The area between the camera and bait station, and 1 m behind the bait station was cleared of vegetation and debris. 
All cameras were pre-programmed as follows: five pictures per trigger, Rapidfire, NO Delay, Sensitivity HIGH, DAY & NIGHT. PIR TYPE for HP2X cameras was set to HF Legacy so as the motion detector would function the same as that of the Reconyx HC 600 cameras. 
Although the cameras were deployed at 100 sites, only 98 sites yielded data for analysis in 2019; a wildfire in March 2019 (Bunyip complex) destroyed both cameras at two sites and no data could be recovered. These sites should remain as part of the monitoring program in future years. One camera was stolen, but this site was still included in the analysis because the other camera at this site operated without incident.

[bookmark: _Toc59025626]Data analysis
For Southern Brown Bandicoot the occupancy is estimated using an occupancy model (MacKenzie et al. 2005). Occupancy modelling also provides an estimate of uncertainty (expressed as conficence intervals) which is used to assess whether on not the KPI has been met.
All animals captured on photos were identified by staff experienced in small mammal identification. All photos capturing Southern Brown Bandicoot were tagged to be included in occupancy analysis. Two parameters are estimated in this analysis, the probability of occupancy (the probability of the true presence at a site) and the probability of detection (the probability of detecting a species if it is present at a site). This type of modelling accounts for imperfect detection (where the probability of detection is < 1). This approach is commonly used to analyse data obtained from remote camera surveys (Meek et al. 2014).
Detection histories were compiled in R (R Core Team 2019) using the package camtrapR (Neidballa et al. 2016). Data from both cameras at a site were combined to produce a single daily detection history for each site. For each 24-hour period (midnight to midnight) at each site data was coded as either 1 (SBB detected) or 0 (SBB not detected). Detection histories were produced for 26 consecutive days as this was the minimum amount of time that at least one camera operated per site. 
Occupancy analysis was conducted in R using the package unmarked (Fiske and Chandler 2011). The probability of occupancy and detection was computed for a single season (MacKenzie et al 2017) using the “occu” function. Several co-variates were tested for their impact on occupancy and detection (Table 14).  The co-variates were habitat type (roadside, reserve or canal side), vegetation type (‘Eucalypt-dominated woodland’ or ‘Treeless scrub and heathland’) and survey month (February, March/April, May or June/July). The best supported model was chosen as having the lowest Akaike information criterion (AIC) value (Akaike 1974), using the “modSel” function. 
[bookmark: _Ref43366370]Table 14. Details of occupancy model covariates and the AIC values for each model. Models with a lower AIC are considered to have more support. The column ΔAIC shows the difference in AIC from the best supported model (model 11, highlighted in bold).
	Model number
	Occupancy
	Detection
	AIC
	ΔAIC

	1
	No covariates
	No covariates
	1523.6
	33.6

	2
	Habitat type 
	No covariates
	1517.3
	27.3

	3
	Vegetation type 
	No covariates
	1525.0
	35.0

	4
	No covariates
	Habitat type 
	1504.3
	14.3

	5
	No covariates
	Survey month
	1496.3
	6.3

	6
	No covariates
	Vegetation type
	1524.8
	34.8

	7
	Habitat type 
	Habitat type 
	1498.1
	8.1

	8
	Vegetation type
	Vegetation type
	1526.2
	36.2

	9
	Vegetation type
	Habitat type 
	1505.7
	15.7

	10
	Vegetation type
	Survey month
	1497.7
	7.7

	11
	Habitat type 
	Survey month
	1490.0
	0.0

	12
	Habitat type 
	Vegetation type
	1518.5
	28.5



The fit of the best supported model (the model with the lowest AIC; model 11, Table 14) was tested with 2,000 chi-squared simulations using the “parboot” function. The mean, lower and upper 95% confidence intervals for occupancy and detection probabilities were calculated using the “predict” function.
[bookmark: _Toc59025627]Results: KPI
[bookmark: _Toc59025628]KPI 1: Proportion of monitored sites that are occupied
	Proportion of monitoring sites that are occupied

	SBB Management Area
	



The baseline for Southern Brown Bandicoot was calculated from the first survey, using the model to estimate occupancy from the data. The best supported model had occupancy dependent on habitat type and detection dependent on survey month. There was no evidence that this model fitted poorly. The baseline for SBB therefore varies by habitat type; canal 76%, reserve 39% and road 35% of sites occupied (Figure 41). The KPI will be assessed against these baselines in subsequent five-yearly surveys, with the next due in 2024.  Bandicoot detections were spread out across the management area, with notable areas of non-detection in the south-western and north-eastern (north of the Princess Hwy) corners of the management area.  
[image: ]
[bookmark: _Ref43366478]Figure 41. The modelled proportion of sites occupied by Southern Brown Bandicoot and the detection probability for Southern Brown Bandicoot. Error bars are 95% confidence intervals. The horizontal lines show the baseline for each habitat type.
[bookmark: _Toc59025629]Results: Other measures
[bookmark: _Toc59025630]Detection probability
Detection probability was influenced by survey month. It was lower during February than the other months (Figure 42).  Nevertheless, 26 days was more than sufficient to achieve a cumulative detection probability (the probability of detection of at least one individual given the site is occupied) of over 0.99; which was achieved after 20 days for all deployment periods.
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[bookmark: _Ref43366600]Figure 42. The cumulative detection probability for detection of at least one individual. The dashed lines indicate that a probability of 0.99 was achieved after at most 20 days for all survey months.
[bookmark: _Toc59025631]Fox occupancy
The percentage of monitoring sites where foxes were detected was 64% (63 out of 98 sites). Foxes were detected throughout the management area, including within Royal Botanic Gardens Cranbourne behind a predator-proof fence. There were 30 sites (31%) where both foxes and bandicoots were detected. 
[bookmark: _Toc59025632]Extent of native vegetation
Figure 43 shows the mapped extent of native vegetation in the SBB management area as at 2005 (the most recent year for which data is available). Native vegetation accounted for 10,035 ha or 16.8% of the management area.
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[bookmark: _Ref43366717]Figure 43. The extent of native vegetation in the Southern Brown Bandicoot management area (2005 data).
[bookmark: _Toc59025633]Fire history
Figure 44 shows the fire history in and adjacent to the SBB management area for the last five years. In 2019, a large wildfire (Bunyip Complex) burnt part of the north-east, this fire burnt two monitoring locations (and no data was recovered). There were no other recorded fires in the past five years.
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[bookmark: _Ref43366824]Figure 44. The fire history in the Southern Brown Bandicoot management area (2014-2019).


[bookmark: _Toc59025634]Changes to the MRF
This section details the ways in which the approach taken here differs from the MRF (DEPI 2015). 
· Detection probability has been added to ‘other measures’ so that the adequacy of survey length (number of days) can be adequately demonstrated. Mean deployment length should be such that a cummulative detection probability of 0.99 is achieved, in this case 20 days would have been adequate.
· The source of the other measure “Fox occupancy” has been changed from “Fox bait take” to “the percentage monitoring of sites at which foxes were detected”, so that available data can be utilised. The frequency of this measure has been changed from “As required by the baiting program” to “Five yearly”. 
· The KPI and baselines are reported by three habitat types: canal, roadside and reserve. 
· The other measure, extent of development has been removed.
[bookmark: _Toc59025635]
Striped Legless Lizard
[bookmark: _Toc59025636]Introduction
[bookmark: _Toc59025637]The species
Striped Legless Lizard (Delma impar) is listed as Vulnerable (V) under the EPBC Act. It is a flap-footed lizard. It lacks forelimbs and the hind limbs are reduced to small flaps (Wilson and Swan 2010). The species is found in the ACT, Victoria, NSW and South Australia. The Victorian range has contracted south, with significant populations in the western suburbs of Melbourne (O'Shea 2005). The species is shown in Figure 45.
[bookmark: _Toc59025638]Goals and performance indicators
The Victorian Government has committed to ensuring that the Striped Legless Lizard persists. Progress towards this goal is measured using a single KPI, with the following target:
1. Evidence of Striped Legless Lizard is detected at least once in every five-year period at 100% of permanent monitoring plots (i.e. plots which have previously yielded detections).
[bookmark: _Toc59025639]Monitored populations
The KPI for Striped Legless Lizard relates to the Western Grassland Reserve and Truganina South NCR. Currently two permanent monitoring locations have been established, at Mount Cottrell NCR. 
[image: ]
[bookmark: _Ref43371866]Figure 45. Striped Legless Lizard within the Western Grassland Reserve.
[bookmark: _Toc59025640][bookmark: _Toc506993965]Monitoring method
[bookmark: _Toc59025641]General protocol
Striped Legless Lizard is surveyed using artificial habitat, which can be routinely inspected. Grids of ceramic roof tiles are used. Each grid is a rectangle of 50 (10 x 5) roof tiles spaced 5 m apart, oriented such that the long axis runs north-south. 
The tile grids are surveyed annually. The tile grids are established two months prior to commencing surveys. The locations of the corner tiles are recorded using a hand-held GPS unit. 
At each tile grid the sheltered area underneath the tiles is inspected for evidence of Striped Legless Lizards, including sloughed skins.  Six repeat tile checks of each grid are conducted each year, with checks at least one week apart. The tiles are checked between 10am and 4pm, when the tile temperature is 18-40°C and the ambient air temperature is between 15-30°C. Tile checks do not occur at the same time of day on each occasion for any given tile grid during the survey period.
[bookmark: _Toc59025642]Identification of permanent monitoring locations
The Western Grassland Reserve is divided into 250 ha square blocks. Any block already containing one or more permanent monitoring plots (from phase 1) is excluded from this phase. Within each of the remaining blocks, 10 random locations are identified, each at least 50 m from any other grid location. One location (one tile grid per location) is surveyed each year, over ten years, in an effort to detect lizards. Any grid found to contain evidence of Striped Legless Lizard (alive, dead or a lizard slough) becomes a permanent monitoring plot (see phase 3). Phase 2 will cease in a 250-ha block if one or more of the following occurs:
· evidence of Striped Legless Lizard is detected at one of the ten locations;
· evidence of Striped Legless Lizard is detected during Phase 1 inventory surveys on other parcels within the 250-ha block;
· all the grassland is exhausted (i.e. no more plots can fit given the distance rules);
· all 10 random locations have been surveyed.
This is supplemented by the deployment of tile grids as part of the inventory of newly acquired parcels. Grids under which lizards are detected during these surveys may also become monitoring subject to the distance rules outlined below.
[bookmark: _Toc59025643]Ongoing monitoring of known populations
Any tile grids that have had a Striped Legless Lizard detected become permanent monitoring grids and are monitored for the remainder of the MSA program. At each monitoring location, the original tile grid where the lizard was detected is expanded, via the addition of four additional grids nearby, off each corner of the original grid, to form an X arrangement. These expanded grids are located at least 100 m apart.  To ensure this spatial separation the centre point of permanent plots should be at least 282 metres apart (twice the radius of the circle containing the X shaped plot plus 100 m).  In the case of two new permanent plots being installed in the same year the distance rule also applies where two plots are too close together, the grid where a lizard was first located becomes the permanent plot (the location of the other plot will be noted). The rule applies regardless of property, parcel or management unit boundaries. 
[bookmark: _Toc59025644]Monitoring to date
Prior to 2019 two permanent monitoring plots have been established for this species. One is on Mt Cottrell NCR, following a detection in 2016. In this case the grid arrangement was altered (from the standard X arrangement) such that the additional grids were placed to the south, west and north of the original location due to a mown fire break and fence directly to the east. On Truganina South NCR the plot is in the standard X arrangement.
[bookmark: _Toc59025645]Other measures
The weather conditions at the time of survey (ambient temperature, under-tile temperature, wind strength and direction, cloud cover and time of day) are recorded, as these are known or suspected to influence the probability of detecting lizards under tiles (Thompson 2006; Scroggie et al. 2019b). The mean of these variables for each year is reported separately for surveys in which lizards are detected and those in which lizards are not detected.
The cover of bare ground and weeds is determined by taking the mean of these variables from the rapid grassland plots (see Natural Temperate Grassland) in the relevant management unit for that year. The mean for each year is the grand mean of all relevant management units in that year. 
[bookmark: _Toc59025646]Results: KPI
[bookmark: _Toc59025647]Identification of permanent monitoring locations
[bookmark: _Ref43371932]In 2019 Striped Legless Lizard was detected at nine new locations that qualify to become permanent plots (Table 15). 
[bookmark: _Toc59025648]KPI 1: Proportion of monitoring sites that are occupied
	Proportion of monitoring sites that are occupied

	Mount Cottrell NCR
	

	Truganina South NCR
	

	All other locations
	



Striped Legless Lizard has been detected in all survey years after the establishment of the permanent plot in 2017 on Mount Cottrell NCR. At Truganina South NCR, Striped Legless Lizard was detected in 2019.  This KPI has been met for the first five years at both locations (Table 15). At the other locations the assessment of the KPI will begin in 2020.
[bookmark: _Ref43372062]Table 15. Detections of Striped Legless Lizard at permanent monitoring plots (phase 3) by year. *Indicates first year of detection as part of phase 1 or 2 survey. ^The decision to include Truganina South NCR as part of monitoring was taken in 2019, therefore surveys for were not conducted as per the MRF in 2018.
	Location
	2016
	2017
	2018
	2019

	Mount Cottrell NCR
	Yes*
	Yes
	Yes
	Yes

	Truganina South NCR
	NA
	Yes*
	NA^
	Yes

	Basalt 6
	NA
	NA
	NA
	Yes*

	Werribee River easement
	NA
	NA
	NA
	Yes*

	Little Pony
	NA
	NA
	NA
	Yes*

	Caboose 1
	NA
	NA
	NA
	Yes*

	Caboose 2
	NA
	NA
	NA
	Yes*

	Olive 1
	NA
	NA
	NA
	Yes*

	Olive 2
	NA
	NA
	NA
	Yes*

	Radio 1
	NA
	NA
	NA
	Yes*

	Radio 2
	NA
	NA
	NA
	Yes*


[bookmark: _Toc59025649]Results: Other measures
[bookmark: _Toc59025650]Cover of bare ground and weeds
Figure 46 shows the mean cover of bare ground and weeds for the management units in which the permanent plots are located.
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[bookmark: _Ref43372121]Figure 46. Mean cover of bare ground (inc. rock) and weeds (annual and perennial) in the management units where Striped Legless Lizard has been detected. Error bars are 95% confidence intervals.
[bookmark: _Toc59025651]Weather conditions during survey
The weather conditions during the surveys may influence Striped Legless Lizard detectability (Thompson 2006). Figure 47 and Table 18 show the weather conditions during all tile surveys, and indicates which surveys resulted in a detection.
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[bookmark: _Ref43372200]Figure 47. The mean weather conditions at the time of survey where lizards were detected and not detected. Cloud cover (upper panel) was recorded in bins (1 = 0-25%, 2 = 26-50%, 3 = 51-75% and 4 = 76-100%). Wind speed was recorded in bins (1 = still, 2 = breeze, 3 = windy, 4 = string wind, 5 = strong wind with gusts). Error bars are 95% confidence intervals.
[bookmark: _Ref43372256]Table 18. The modal (most common) wind direction at the time of Striped Legless Lizard surveys.
	Lizard detected
	2016
	2017
	2018
	2019

	Yes
	N
	S
	N
	SSE

	No
	SSE
	SW
	N
	SSE


[bookmark: _Toc59025652]Reptiles and frogs detected under tile grids
Table 19 shows the other species of reptiles and frogs detected under Striped Legless Lizard monitoring grids.
[bookmark: _Ref43372314]Table 19. Reptiles and frogs detected under monitoring grids.
	Common Name
	Scientific Name

	Common Blue-tongue Lizard
	Tiliqua scincoides

	Tiger Snake
	Notechis scutatus

	Tussock Skink
	Pseudemoia pagenstecheri

	Large Striped Skink
	Ctenotus spaldingi


[bookmark: _Toc59025653]Changes to the MRF
This section details the ways in which the approach taken here differs from the MRF (DEPI 2015). 
· The stipulation that tiles be removed and stored at the end of each survey period has been removed. 
· It is now stipulated that all damaged tiles should be replaced.
· The other measures have been expanded to include all reptiles and frogs detected under permanent tile grids.
· The permissible timing of surveys has been extended to allow tile grids to be checked between 9am and 10am, provided the other optimal survey conditions are met.
· Truganina South NCR has been added to the area considered for monitoring of this species
· The distance rules for the installation of permanent monitoring plots has been amended. The intent is that the edges of permanent plots are at least 100 metres apart. To ensure this, the centre point of new permanent plots should be at least 282 metres from the centre point of an existing plot. In the case of two new permanent plots being installed in the same year this distance rule applies. The rule applies regardless of property, parcel or management unit boundaries. 
[bookmark: _Toc59025654]
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