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Glossary

Aggregation:

Aggregated data:

Arithmetic mean:
ASX 200

Composite index:

Data source:

Functional bird group:

Functional bird subgroup:

IBRA Subregion:

Geometric mean:

Harmonic mean:

Monitoring method:
Near Threatened:
Raw data:

Search Type:

Site:

Spatial representativeness:

Species:

The process of grouping sighting records of individuals into defined spatial and
temporal units used for analysis.

Aggregated data consist of >1 numerical data points that have undergone quality
control, pre-processing, and been grouped into representative units suitable for
analysis.

Sum of a collection of numbers divided by the number of numbers in the collection.
Australia’s stock market index listed on the Australian Securities Exchange

An index that integrates trend information from multiple species into a single value
per unit of time and includes information on the uncertainty around this value.

The original data custodian who supplied raw data used in this project.

A grouping of bird taxa based on the environment they predominantly inhabit:
Terrestrial, Marine or Shoreline (migratory or resident)

Groupings of terrestrial bird taxa by their predominant association with major habitat
types (as determined by aggregations of National Vegetation Information System
types) and marine taxa according to taxonomic family

Interim Biogeographic Regionalisation for Australia (IBRA), Version 7 classifying
Australia’s landscapes into 89 large geographically distinct bioregions based on
common climate, geology, landform, native vegetation and species information,
and 419 subregions which are more localised and homogenous geomorphological
units in each bioregion (Australian Government Department of the Environment and
Energy and State Territory land management agencies 2012). In this report, spatial
information of a species population time series is provided to the IBRA subregion
level (i.e. latitude and longitude in WGS84 are given as centroids of IBRA subregions
in which the species was monitored).

The central tendency or typical value of a set of numbers by using the product
of their values (as opposed to the arithmetic mean which uses their sum).
See ‘Arithmetic mean’

The reciprocal of the arithmetic mean of the reciprocals of the given set of
observations. See ‘Arithmetic mean’

A consistent, comparable way of collecting data for a threatened or Near Threatened
species (see section A2.5.5 in the supplementary material for a complete list of
monitoring methods)

A taxon assessed as Near Threatened by the BirdLife Australia Threatened Species
Committee from 2016. The category ‘Near Threatened' follows the IUCN Red List
criteria for Australian species and subspecies

Raw data are a set of numerical measures of abundance or presences/absences
linked to the full resolution geographical coordinates for a threatened or Near
Threatened species at a specific time point with a specified monitoring method.

In terms of this report Search Type is a synonym for Monitoring method.
See ‘Monitoring method’ (see section A2.5.5 in the supplementary material for
a complete list of monitoring methods)

A discrete spatial entity in which species data are collected over time using
a consistent monitoring method

Proportion of the available data to the total known distribution of a taxon

Species in this report refers to a taxon, i.e. it may be a species or subspecies.
See Taxon’



Taxon, pl. taxa:

Temporal aggregation:

Threatened species:

Time series:

Time-series evenness:

Time-series length:

Time-series sample years:

TSX:

Unit of measurement:

Ultrataxon:

Index:

Taxon refers to ultrataxon (Schodde and Mason 1999). An ultrataxon is the terminal
taxonomic unit of birds (i.e. a monotypic species or a subspecies). The term can
be applied to any taxonomic group. This terminology is sensu the Action Plan for
Australian Birds (Garnett et al. 2011).

See ‘Aggregation’. The unit used for temporal aggregation in this report is one year.

A taxon included in the Vulnerable, Endangered or Critically Endangered category
of the list of threatened species under the Commonwealth Environment Protection
and Biodiversity Conservation Act 1999 as at December 2017, and/or as meeting
the IUCN Red List Criteria to be categorised as Vulnerable, Endangered, Critically
Endangered, as judged by the BirdLife Australia Threatened Species Committee.
The latter is referred to as BirdLife Australia Conservation Status (from 2016) and is
consistent with the International Union for Conservation of Nature (IUCN) Red List.
Seabird breeding and non-breeding populations are assessed separately.

A time series is a sequence of population samples for a species at two or more time
points that uses the same method of collection at the same location. At a minimum,
a time series requires spatial information about the location, a description of the
monitoring method, and the units of measurement.

Variance of the length of gaps in the time series
Time period between first year of a repeated measure at one site and the last year.

Number of years between the initial and final year of a time series in which a sample
was recorded.

Threatened Species IndeX; an index calculated from processed and quality-
controlled Australian threatened and Near Threatened species time-series data based
on the Living Planet Index approach.

Units used to quantify the abundance of a taxon recorded within the same
monitoring method. Units of measurement can be actual count numbers of
individuals, occurrences (presences/absences of individuals), or proxies. Different
units of measurement cannot be directly compared (see section A2.54 in the
supplementary material for a complete list of the units of measurement)

The terminal taxonomic unit of birds (i.e. a monotypic species or a subspecies).
See Taxon”

Index refers to a composite index (See ‘composite index) which utilises information
from multiple species to estimate the overall trend of a group of species populations.
See TSX
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List of Acronyms

ALA
ANU
AWC
BHA
CBD
Ccbu
DBCA
DES
DELWP
DENR
DEWNR
DoEE
DPIPWE
GAM
GLM
IBRA
IUCN
LPI

MIT
NESP
OEH
RCC
SoE Report
SoS
TERN
TSR Hub
TSX

uQ

ZSL

Atlas of Living Australia

Australian National University

Australian Wildlife Conservancy

Bush Heritage Australia

Convention on Biological Diversity

Charles Darwin University

Department of Biodiversity, Conservation and Attractions (Western Australian Government)
Department of Environment and Science (Queensland Government)

Department of Environment, Land, Water and Planning (Victorian Government)
Department of Environment and Natural Resources (Northern Territory Government)
Department of Environment, Water and Natural Resources (South Australian Government)
Department of the Environment and Energy (Australian Government)

Department of Primary Industries, Water and Environment (Tasmanian Government)
Generalised Additive Model

Generalised Linear Model

Interim Biogeographic Regionalisation for Australia

International Union for Conservation of Nature

Living Planet Index

Massachusetts Institute of Technology.

National Environmental Science Program

Office of Environment and Heritage (New South Wales Government)

Research Computation Centre

State of the Environment Report

Saving our Species

Terrestrial Ecosystem Research Network

Threatened Species Recovery Hub

Threatened Species IndeX

University of Queensland

Zoological Society of London



Executive Summary

The Goal

The overall goal of the NESP TSR Hub Threatened Species Index Project is to develop, test and deliver an index

that provides reliable and robust measures of changes in the relative abundance of Australia’s threatened and Near
Threatened species at a national scale, and that can readily be interrogated and interpreted at a range of other scales
and for individual groups of species. The index will eventually be freely available to anyone interested in learning
about the trajectories of threatened and Near Threatened species, and their interpretation.

The NESP TSR Hub Threatened Species Index Project has seven associated/subsidiary aims:

1. To develop a collaborative network among agencies and groups that collect monitoring data on threatened
species, and involve them in the development of a coordinated index.

2. To collect, vet, process, and collate existing annual time-series data (e.g. counts, abundance estimates or proxies)
on threatened and Near Threatened species’ populations from any reliable sources.

3. To critically evaluate, and thence refine, the robustness of the index depending on the credibility and
representativeness of available data for threatened and Near Threatened species.

4. To provide reliable and robust measures of changes in the abundance of subsets of Australia’s threatened and Near
Threatened species (e.g. by state or territory, broad ecosystem type, threatening process, conservation status etc.).

5. To work with stakeholders on the development of a roadmap for continuation of the index as a legacy product
beyond the life of the hub.

6. To provide a platform for a national ‘conversation” about threatened and Near Threatened species, and thereby
to increase community awareness and appreciation of our threatened biodiversity and create a mandate for
investment in its protection.

7. To improve the quality and extent of threatened biodiversity monitoring in Australia by providing impetus in the
form of a highly visible national index.

This interim report delivers on a project milestone — to complete a test case using Australia’s threatened and Near
Threatened birds. It also provides background information for a workshop to be held in Canberra in late January 2018
with the Department of the Environment and Energy to explore the workings and applicability of the index, and help
refine the future direction of the project as a whole.

Why do it?

A credible Threatened Species Index is vital for understanding and reporting on overall biodiversity changes, for supporting
the evaluation of large scale programs such as the Australian Government's first Threatened Species Strategy as well as
threatened species programs in other jurisdictions, and for identifying priorities for ongoing investment. Repeatedly over
several decades, government agencies and others have requested such an index.

Photo of Far Eastern Curlew kindly provided by G. Ehmke, BirdLife Australia.
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What we did

Our initial focus has been on threatened and Near Threatened birds, selected to provide a proof-of-concept for the
methodology and to explore reporting capabilities. The project team developed a collaborative network with all
potential stakeholders undertaking monitoring of threatened and Near Threatened bird species, identified standards
for acceptable monitoring programs and datasets, and developed collaborative contracts with custodians for the
immediate use of those datasets. We explored the applicability and performance of a global range of comparable
indices, and selected the Living Planet Index as a suitable approach.

The project team formed a research partners group of 42 representatives of government agencies and other groups
(quarterly phone hook-ups), a Friends of the Index group of >95 people (regular emails), four workshops and three
conference presentations, and leveraged $150,000 in cash co-funding from the Terrestrial Ecosystem Research
Network ($30,000) and an lan Potter Foundation grant to BirdLife Australia ($120,000). The NESP contribution has
been $369,000 to date and we estimate the additional in-kind support to be $791,000 (see section A2.12 in the
supplementary material for more information on the in-kind estimate).

To calculate a Threatened Bird Index for Australia, an aggregated database of 122,686 population time series (i.e. data
from repeated monitoring at the same place over time) was collated from 66 data sources for 100 threatened or

Near Threatened taxa (out of 236 possible species or subspecies assessed by BirdLife Australia/Threatened Species
Committee and/or 130 bird taxa listed as threatened under the Environment Protection and Biodiversity Conservation
Act 1999). When criteria for the suitability of data for trend analyses were applied, the database was culled to 72 taxa
with at least one suitable time series, resulting in 11,772 time series for use in the index. Of these time series, 48% were
for Near Threatened, 11% for Vulnerable, 18% for Endangered and 22% for Critically Endangered bird taxa. Data were
accepted up until December 15" 2017, so the analyses presented here are indicative rather than comprehensive.

The analytical approach we used, based on the Living Planet Index, shows the relative change in abundance (across
many species/subspecies) from one year to the next using an initial reference year. The index is cumulative and is
always in reference to the baseline, as are the 95% confidence intervals around the index value (Figure 1 shows a
snapshot based on the present data available). The index is highly dynamic, and both the trend and the confidence
intervals may change after inclusion of new data.

Bird TSX starting at 1980 vs 1990
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Figure 1: A Threatened Species Index (TSX) for threatened and Near Threatened Australian birds (/72 taxa out of 236 taxa
listed under BirdLife Australia/Threatened Species Committee - 2016 and/or EPBC Act - 2017). Here, the index value is set
to 1.0 at a reference year of 1980 (green) vs 1990 (orange). Note that the pattern from a later reference is the same, but
estimated decrease in the index value is linked to the reference year.
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A novel aspect of the method has been to develop and utilise an automated workflow of processes to handle large
volumes of data (many millions of data points such as those generated from big data citizen science monitoring
programs) and apply the complex array of data processing and quality control tasks required to generate the index

in a consistent and reproducible way. The distributed computing approaches are used to expedite the computing
processes. The automated workflow system was developed using entirely open-source programming frameworks
and web-applications. Applicable to any taxonomic group, the automated workflow allows for seamless incorporation
of data as they are made available.

What we discovered

The 11,772 time series used to inform the index had an average length of 18.0 + 8.8 years (mean + SD) and an average
number of sample years of 12.0 + 7.0 (mean + SD). The primary reason for rejecting 91% of the candidate data was
because we accepted only time series that had at least five data points (Figure 2, green trend) and data collection was
consistent from year to year in terms of method and surveying effort. Based on our acceptance criteria we will be able
to identify species for which monitoring data are absent or inadequate. This will help guide the development of more
suitable and applicable monitoring approaches to expand the scope of the index into the future.

Initial sensitivity analyses have been carried out to test the robustness of the index to varying data quantity or quality.
For example, we tested the behaviour of the index using different reference (i.e. baseline) years (Figure 1) and minimum
sample sizes of years with surveys per time series (Figure 2). These analyses will be complemented with more in-depth
examination of data suitability for trend analyses after initial stakeholder feedback.

Based on these analyses we find that there are sufficient data to make robust and credible statements about aggregated
trends in the abundance of Australia’s threatened and Near Threatened birds.

Further, the Threatened Species Index is a feasible and transparent reporting tool toward the 5-year target of
improving the trajectories of 20 priority birds (data on 12 taxa are available but vary in their suitability for trends),
20 mammals and 30 plants as delineated in the Australian Government's Threatened Species Strategy.
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Figure 2: A Threatened Species Index (TSX) for threatened and Near Threatened Australian birds for which different
number of survey years were used (minimum of 5 years of sample in green vs 15 years in orange). The index value
is set to 1.0 at a reference year of 1980.

12 A Threatened Species Index for Australia: Interim Report Part 1 — Birds — Complete Report



The Threatened Species Index estimates a decrease from 100% to 75% (with confidence limits of 122% at best and
53% at worst) relative to a baseline set to 1.0 in 1980 (Figure 1, in green). This means that our best estimate is that there
may have been a 25% reduction in the abundance of threatened and Near Threatened birds in Australia since 1980
(for sampled taxa with the data available). Inspection of changes in specific geographic regions and groups is broadly
consistent with other published literature and expert opinion.

The index can be used as a national headline indicator to report on overall changes in threatened species’ populations,
and can be an enduring tool for reporting on overall changes in populations of groups of threatened species in
different regions over time. The aggregated datasets and code will all be freely available to the public, and the index
can be readily updated by those with more monitoring data on trends of species, including through an automated data
uploading portal, providing a foundational data processing service that saves agencies time and money. Users will be
able to select the baseline, region and species groups of interest. The index, data and the automated workflow system
have wide-ranging applicability, informing state of the environment reporting at national and sub-national scales,
assessing national or state/territory threatened species strategies, reporting on international biodiversity commitments,
or collating data that can support the development of environmental accounts.

What's next?

The project team plans to finalise the Threatened Bird Index by consulting intensively with the data custodians with
respect to the observed trends, carrying out further sensitivity analyses and creating a prototype web-visualisation
tool to allow interrogation. The next phase of the project, for which further funding is sought, will be to expand the
approach to threatened and Near Threatened plants and mammals, and create a user-friendly web-visualisation tool
for interrogation.

Thanks

Collating the database was only possible because of the generosity of more than 130 single data custodians, including
research institutions, non-government organisations, state and territory agencies, recovery groups, citizen science
projects, and private individuals. The effort in collecting high quality, scientifically planned data over many decades

is inestimable but doubtlessly has involved thousands of volunteers, many of whom have self-funded travelling long
distances to harsh environments to collect the data. The large in-kind contribution to this project greatly amplifies

the resources committed by NESP and is a testimony to the broad interest in and support for the project.
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1. Introduction

1.1 Summary

Since European colonisation over 200 years ago, there has been an increase in the rate of environmental change and
in the loss of biodiversity in Australia. Australian governments, non-government organisations and private individuals
have responsibilities for the conservation of threatened species and have made major investments in threatened
species recovery. Yet there is currently no fully effective means to report on changes in Australian biodiversity overall,
for key groups or for threatened species (State of the Environment Committee 2011, Cresswell and Murphy 2017).
Current widely-adopted measures of biodiversity change, such as numbers of species listed as threatened, provide only
coarse and unreliable proxies for overall biodiversity trends. Furthermore, measures based on listing changes are in part
a measure of the efficiency of the listing process rather than changes in the species themselves. The development of
more detailed indices for trends in threatened species presence and abundance is therefore vital for understanding
overall biodiversity changes at the temporal and spatial sensitivity needed to inform policy. Such indices will greatly
improve evaluation of large scale programs such as the Australian Government's first Threatened Species Strategy and
threatened species programs in other jurisdictions. They will aid in identifying priorities for further investment, and for
reporting on progress towards Australia’s international biodiversity commitments.

A key component of achieving the goal of halting and reversing threatened species declines and extinctions is having
regularly reported headline indicators of the status of these species. Just as national indicators summarise the current
state of Australia’'s unemployment, economic growth (gross domestic product) or market value of corporations (ASX
200), this project aims to develop a national indicator that reports on the state of threatened and Near Threatened
species populations in Australia. The National Environmental Science Programme’s Threatened Species Recovery
Hub (NESP TSR Hub) Threatened Species Index Project 3.1 is trialling, developing and evaluating a Threatened Species
Index to report on trends in threatened and Near Threatened species populations over time. The Threatened Species
Index Project has been developed in collaboration with the Australian Government Department of the Environment
and Energy, Australian state and territory governments, non-government organisations, national data repositories and
a key international partner, the Zoological Society of London (see section A2.8 in the supplementary material for a

list of partnering institutions). In particular, this project has worked in close collaboration with the Living Planet Index
(LPI) Team at the Zoological Society of London, testing the feasibility of developing a Threatened Species Index for
Australian birds using the LPI approach (Loh et al. 2005, Collen et al. 2009, McRae et al. 2017) with time-series data on
threatened and Near Threatened birds. Within this report, we show that delivering a Threatened Bird Index is realistic
and achievable.

In this report we present the rationale and the results for an Australian Threatened Species Index, using Australia’s
threatened and Near Threatened birds as a proof-of-concept. Data on bird population trends were compiled from 66
data sources for 100 threatened/Near Threatened species, comprising 122,686 time series aggregated from a total of
502,419 surveys conducted over more than 45 years. After processing, aggregation and quality control, data from 43
sources and 72 species resulting in 11,772 time-series records or rows in an aggregated database were used for index
calculation. Of these time series, 48% were for Near Threatened, 11% for Vulnerable, 18% for Endangered and 22%
for Critically Endangered bird taxa. The index allows, for the first time, integrated reporting on and interrogating of
population trends for Australia’s threatened and Near Threatened species at national, state and territory levels, and
for functional groups and subgroups of threatened birds.
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1.2 Project Aims
The NESP TSR Hub Threatened Species Index Project 3.1 has seven associated/subsidiary key aims:

1. To develop a collaborative network among agencies and groups that collect monitoring data on threatened
species, and involve them in the development of a coordinated index.

2. To collect, vet, process, and collate existing annual time-series data (e.g. counts, abundance estimates or proxies)
on threatened and Near Threatened species’ populations from any reliable sources.

3. To critically evaluate, and thence refine, the robustness of the index depending on the credibility and
representativeness of available data for threatened and Near Threatened species.

4. To provide reliable and robust measures of changes in the abundance of subsets of Australia’s threatened and Near
Threatened species (e.g. by state or territory, broad ecosystem type, threatening process, conservation status etc.).

5. To work with stakeholders on the development of a roadmap for continuation of the index as a legacy product
beyond the life of the hub.

6. To provide a platform for a national ‘conversation” about threatened and Near Threatened species, and thereby
to increase community awareness and appreciation of our threatened biodiversity and create a mandate for
investment in its protection.

7. To improve the quality and extent of threatened biodiversity monitoring in Australia by providing impetus in the
form of a highly visible national index.

The goal of the index is to support coherent and transparent reporting of changes in threatened and Near Threatened
species’ population trends across national, state and regional levels. The index also contributes to reporting on explicit
guantitative targets. The project aims to incorporate trend information for all threatened and Near Threatened species,
including all species listed as priorities under the Threatened Species Strategy for which data are available. Both the
index and data have wide-ranging applicability, informing ‘state of the environment’ type reporting at national and
sub-national scales, assessment of national or state/territory threatened species strategies, reporting on international
biodiversity commitments or collating data that can support the development of environmental accounts. The end-
goal is for a dynamic and credible Threatened Species Index calculated every year based on newly acquired and
integrated data, thus enabling Australia to use the index as a national headline indicator to report on changes in overall
threatened species populations.

Phase one of the project (from February 2016 to December 2017) has focused on developing an index for threatened
and Near Threatened Australian birds. In this report, we demonstrate a proof-of-concept for the Threatened Bird Index,
and examine the methods underpinning its development. These methods were developed with a wide range of species
groups in mind, and are broadly applicable across taxa including plants, mammals, freshwater species and other groups
with relevant trend information. Analysis and interpretation of integrated indices encompassing multiple taxonomic
groups will be guided by the relative availability of trend data for these groups

Photo of Hooded Plover chicks with wings outstretched kindly provided by G. Ehmke, Birdife Australia.



1.2.1 Why start with birds?

The initial two years of the Threatened Species Index Project focused on a proof-of-concept with threatened and
Near Threatened birds. As a key stakeholder, BirdLife Australia had direct involvement in, working collaboration with, or
knowledge of many existing Australian monitoring programs targeting threatened species in this group, and previous
analyses of some of these datasets indicated that data suitable for trend analysis were available (Wilson et al. 2011).
Many national-scale monitoring and trend analyses (Gregory et al. 2008, Gregory and van Strien 2010, North American
Bird Conservation Initiative 2012, 2016, van Strien et al. 2016) have focused on birds for reasons such as high visibility,
relative ease of monitoring efforts, and the extent of community engagement among bird groups and networks.

The reasons why we chose birds as an initial taxonomic group for the Threatened Species Index include:

»  Birds are highly visible, recognisable and generally better surveyed than most other taxonomic groups; but, as for
threatened species generally, there is a wide divergence in monitoring effort, approach and duration for threatened
birds. To some extent, monitoring of birds is likely to be more tractable (and hence there is likely to be more
monitoring information available) than for other taxonomic groups (because birds are mostly diurnal, readily detected
and identified, and have substantial public engagement). However, some bird species present formidable monitoring
challenges (and hence there is very little monitoring information available for them) because they occur mostly in
remote areas, are difficult to detect and/or are extremely rare. In contrast, monitoring may be much more tractable
for threatened species in some other taxonomic groups (e.g. trees), so birds represent a reasonable test case for
threatened species generally.

e There are good time-series data for a reasonably representative cross-section of threatened species within this group

» We have a high capacity national bird conservation and research organisation in BirdLife Australia, with a national
monitoring program, good database infrastructure and management, and extensive partnerships with data holders

» BirdLife Australia has committed to long-term stewardship of threatened bird indices, and we can have confidence
in them as a 116-year-old organisation

« BirdLife Australia has a history of sharing established data, vetting, processing, analysis and presenting bird indices,
such as those used in their State of Australia’s Birds reports (2015 Terrestrial Bird Headline Indices (Ehmke et al. 2015)
— stateorbids.org.au)

» Threatened birds comprise a significant component (ca. 8%) of all Australia’s listed threatened species

« Threatened birds occur widely across all regions of Australia; in marine, freshwater and aquatic environments; are
affected by a wide range of threats; and have been subjected to highly variable conservation investment — so they
should provide a reasonably representative context for trends for other threatened taxonomic groups

In collaboration with the Department of the Environment and Energy (DoEE), other state/territory agencies, and non-
government organisations (NGOs), the project gathered existing time-series data on the occurrence, abundance or
breeding of threatened bird species (e.g. data from recovery plans and projects, data held by state agencies and NGOs
(especially BirdLife Australia), and citizen science data.

A close collaboration with BirdLife Australia was forged to progress the proof-of-concept of a Threatened Species Index
using data on birds which includes:

1. identifying, testing and determining the methods to produce a Threatened Species Index,

2. establishing data sharing agreements between the University of Queensland (on behalf of the NESP TSR Hub),
BirdLife Australia and >130 individual data custodians from >50 organisations and data collections,

creating a framework to assess whether data are suitable for trend analyses,
development of a scientific workflow to automate data processing and index calculation, which can be used for
data from any other species group.

This initial work on birds has simultaneously set the conceptual foundation and the infrastructure for many other
taxonomic groups to be included in an Australian multi-taxa index. Taxa to be added to the index will include plants
and mammals, then freshwater species, and all other groups with relevant trend information. This project aims to fill
key knowledge gaps on trends in other taxonomic groups (plants and mammals), and develop a way of combining
information from different groups to report on multi-taxa trends across the nation.
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1.3 The Need for an Australian Threatened Species Index

Despite the global agreement to preserve biodiversity through mechanisms such as the Convention on Biological
Diversity (CBD) Parties” UN Strategic Plan for Biodiversity 2011-2010 and the Aichi Biodiversity Targets (CBD 2010),
biodiversity continues to decline (Butchart et al. 2010, Tittensor et al. 2014). Extinction of species worldwide is most
likely to be prevented through timely conservation interventions when species declines are identified and effectively
managed in time to avoid extinctions (Martin et al. 2012). There are some good examples among Australian birds.
The present decline of migratory shorebirds has resulted in the listing of several species as globally threatened
(Clemens et al. 2016) and the implementation of several conservation action plans. Entire assemblages of birds
such as Mallee-woodland species are now nationally recognised as threatened, and are the subject of active
conservation measures (see stateofbirds.org.au).

In this project, we are collaborating with agencies and organisations across Australia to develop the Threatened
Species Index as a national headline indicator reporting on changes in the overall state of threatened and Near
Threatened species populations. Despite major efforts to conserve Australia’s biodiversity by multiple stakeholders
from the Australian Government, state and territory governments and the non-government sector, at present there is
no overarching framework to integrate all data collected from species monitoring and to use it to report on trends in
Australia’s threatened species in any of these jurisdictions.

This means that Australia currently lacks the capacity to report holistically on the broad status of populations of
threatened species. Furthermore, significant government investments, such the National Landcare Program, are
premised on outcomes to improve the trajectory of Australia’s threatened species. Evaluation against these outcomes
requires a measure of overall change in the status of Australia’s threatened species.

Quantifying trends for rare species is inherently challenging, and to date those challenges have remained unresolved.
For instance, the Australian Government's State of the Environment (SoE) Report of 2011 stated that ‘Data on long-term
trends in biodiversity are limited, making it difficult to interpret the state or trends of major animal and plant groups

in most jurisdictions” ((State of the Environment Committee 2011), page 569). The SoE Report from 2016 reiterated

this issue, stating that "The effectiveness of recovery planning for threatened species and communities is very difficult
to assess because of a lack of long-term monitoring data” ((Cresswell and Murphy 2017), page 106). The Threatened
Species Index Project is designed to address these challenges by drawing together available long-term monitoring data
for threatened and Near Threatened species into a single, coherent framework.

National reporting on trends in Australia’s threatened species using the index has major policy and management
benefits. The index:

i. improves the Australian Government's ability to report on international conservation targets (such as the
Aichi Target 12 and Sustainable Development Goals 15.5 under which economic growth no longer harms the
environment);

ii. supports high-level and long-term reporting on the relative benefits of conservation investments and policies
applied across different regions, taxonomic groups or times;

iii. creates capacity to report on or evaluate major government initiatives such as the Threatened Species Strategy;

iv. allows identification of investments to be directed to taxa and habitats that are currently the most pressing
conservation priorities;

v. supports evaluation of species policy and recovery plans by informing on wider trends in taxonomic/functional
groups against which trends in a species/assemblage can be viewed;

vi. ensures reporting is less likely to be fragmented (e.g. state-based) and more coherent; and

vii. provides robust indicators of biodiversity conservation that can be used to complement existing national
economic and social indicators such as gross domestic product or unemployment rate.

The creation of trend indices will improve the capability for other stakeholders to contribute or be alerted to dramatic
changes in trends. Current national reporting e.g. through SoE or National Biodiversity Strategy reporting, is forced to

rely on less robust measures (such as number of species listed as threatened), and struggles with reporting on success
of recovery plans and assessing changes in the conservation status of species.

A useful by-product of the Threatened Species Index is that it informs the coordination of threatened species
monitoring, which is currently fragmented and largely insufficient for assessing population status and trend.

The purpose of this report is not to inform how or where new monitoring programs might be developed, but once
the index is established, it is likely that it will encourage further and more systematic and strategic monitoring through
the identification of key information gaps, for example in locations and groups with low data availability.
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1.4 The Threatened Species Index: A Solution to Reporting on Threatened
Species Trends in Australia

1.4.1 How are we addressing the problem?

To create a Threatened Species Index for Australia, we first compared existing indices known as national headline
indicators. Several indicators have been developed to track changes in species populations nationally (Fewster et al.
2000, Eaton et al. 2015, van Strien et al. 2016) and globally (Walpole et al. 2009, Butchart et al. 2010, Brummitt et

al. 2017). On a global or national scale, rare species are hardly included in any national indices; e.g. the UK Wild Bird
Index or the trends from the State of Canada’s Birds in 2012 or State of North America’s Birds 2016 reports specifically
exclude rare and/or threatened species from their indices (Gregory and van Strien 2010, North American Bird
Conservation Initiative 2012, 2016), although there are currently endeavours to progress these in the future. The Red
List Index that is based on changes in the conservation status of species is the only index that specifically deals with
threatened species. However, although already implemented for Australian birds (Szabo et al. 2012), it relies on changes
in IUCN Red List status which tend to be too infrequent for the purposes of tracking annual change in populations.

Where data are available, the use of changes in population abundance as a metric is a superior choice to e.g. the
stepped changes in risk perception underpinning the Red List Index, because measuring rates of change in population
size is one of the most sensitive metrics for long-term measurement of biodiversity change (Balmford et al. 2003,
Buckland et al. 2005, Pereira and Cooper 2006, Mace et al. 2010). Population abundance measures are also a good
proxy for biodiversity at higher trophic levels, can be used to infer community change (Buckland et al. 2005) and are
an excellent and direct indicator of extinction risk. We have chosen the Living Planet Index approach to develop a
Threatened Species Index for Australia. The Living Planet Index is a global indicator that explicitly reports on changes
in global vertebrate species populations and is able to integrate data from multiple sources and different monitoring
methods (Loh et al. 2005, Collen et al. 2009, McRae et al. 2017). It is able to calculate trends as soon as data are made
available and are integrated into a database.

1.4.2 What is the Living Planet Index?

The Threatened Species Index uses the Living Planet Index approach (LPI), conceived by the World Wildlife Fund

(WWEF) in 1998 with further methodological development in partnership with the Zoological Society of London (ZSL)
since 2006. The LPI was specifically designed to report changes in global vertebrate populations and was adopted as a
biodiversity indicator which measures progress towards the Convention on Biological Diversity international biodiversity
targets for 2010 and 2020. The approach uses a model that aggregates and interprets voluntarily supplied and disparate
datasets on trends in species populations across most nations and environments. In 2016, the LPI database for Australia
contained trend information for only 7 threatened bird and 24 threatened mammal taxa, indicating that a rigorous data
collation exercise was needed for the present project. The LPI quantifies changes in vertebrate abundance through
species population time series extracted and compiled from the published literature to provide an aggregated measure
of relative change (Loh et al. 2005, Collen et al. 2009, McRae et al. 2017) (see section A2.7 in the supplementary
material for a detailed description of this method).

The LPI is a composite index. A composite index utilises information from muiltiple species to estimate the overall trend
for a group of species populations. Composite indices cannot be disaggregated to specifically inform on single species
trends — the whole is greater than the sum of its parts. A composite species index can be thought of in similar terms to
stock market indices such as the ASX 200. The ASX 200 index captures the overall trend in the share price of a number
of corporations, chosen to be representative of the stock market as a whole. There is variation across the trends of
individual corporations’ share prices, where some increase, others decrease, and the composite index captures the
overall trend. One difference between the stock market and wildlife is that, whilst trends in corporations are easily
measured continuously, information on threatened species comes from various and disjunct sources that need to

be compiled in a meaningful way to derive overall trends.

Comparable indices are now well established and widely used elsewhere. Nations such as the UK and Canada
have highly influential indicators of species’ population trends (Gregory et al. 2008, Gregory and van Strien 2010).
The UK Wild Bird Index for instance has been adopted as an official quality of life statistic by the UK government
(https://data.gov.uk/dataset/wild_bird_populations). This index was instrumental in identifying a rapid and ongoing
decline in farmland birds and prompted actions at national and European level to address the issue. While none of
these indicators specifically focus on trends in threatened species, they use comparable methods and approaches
to evaluate population trends more broadly.
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1.5 Australian Commitments to Threatened Species

Internationally, the Australian Government has committed to global conservation targets such as the Aichi Biodiversity
Target 12 (Strategic Goal C of the Convention on Biological Diversity) towards the “prevention of extinction of known

threatened species by 2020" or the United Nations’ Sustainable Development Goal 15.5 to “take urgent and significant
action to reduce the degradation of natural habitats, halt the loss of biodiversity and, by 2020, protect and prevent the
extinction of threatened species”.

More than 1,800 species of animals and plants are currently listed by the Australian Government as threatened and this
number is likely to grow through the current Common Assessment process that seeks to better coordinate threatened
species’ listings across jurisdictions. The Government has commenced a wide range of significant national initiatives to
reduce the risk of extinction and recover threatened species. The Threatened Species Strategy, launched in 2015, has
committed to improving the trajectories of 20 priority threatened birds, 20 threatened mammals and 30 threatened
plants by 2020. Other initiatives include the National Environmental Science Program'’s Threatened Species Recovery

Hub and the Threatened Species Recovery Fund. National programs such as the National Landcare Program also
include a core focus on recovering threatened species. See Table 1 for more details.

Most Australian states/territories as well as larger conservation non-government organisations have threatened species
programs (see Table 1 for details). These other key players involved in threatened species monitoring are seeking to
harmonise their reporting with the Australian Government.

Table 1: Major programs for biodiversity and threatened species recovery

Australian Government

Australian Government,
Department of the
Environment and Energy
(DoEE)

Since 2014, the Australian Government has mobilised more than $210 million for projects that
support threatened species across the country through the Green Army, National Landcare Program
and Commonwealth National Parks estate. In 2015, the Australian Government launched the first
national Threatened Species Strategy committed to protect and recover Australia’s threatened

plants and animals. In 2015, the Threatened Species Recovery Hub (TSR Hub) was created based

on $30 million funding from the National Environmental Science Program (NESP) matched by $30
million from contributions by 10 of the country’s leading academic institutions and the Australian
Wildlife Conservancy. The TSR Hub has been specifically established to provide research that directly
supports decision-making and management of threatened species, including management of threats
and improved recovery of threatened species through researchers working in collaboration with
governments, management agencies and conservation groups. On the 7th of September 2016, the
Australian Government announced a new $5 million Threatened Species Recovery Fund to support
local communities in their efforts to recover rare and vulnerable animals and plants.

State/Territory Governments

Australian Capital Territory,
Environment, Planning and
Sustainable Development
Directorate

The Environment, Planning and Sustainable Development Directorate of the ACT Government has
established Threatened Species Action Plans to help protect threatened species and ecological
communities in the ACT. Each Action Plan outlines conservation, protection and on-ground
management actions for the species or community concerned or proposals to minimise the effect of
threatening processes. The primary objective is to maintain for the long term, viable, wild populations
of each species (or samples of the ecological community) as components of the indigenous
biological resources of the ACT. The Action Plans are first released as drafts for public comment
before they are finally adopted. There are currently 37 plants, birds, mammals, reptiles and freshwater
species listed under the Nature Conservation Act (2014) in ACT. The ACT is also pursuing an active
program of species translocations in partnership with a number of agencies to assist recovery of
species and communities.

New South Wales, Office of
Environment and Heritage
(OEH)

In NSW, the Saving our Species (SoS) Program was publicly launched in 2013 and expanded in 2016
with a $100 million funding commitment by the NSW Government for 5 years. The SoS Program
aims to secure threatened plants and animals in the wild in NSW and has developed a Program-
wide framework for monitoring and reporting on the outcomes of projects and actions

for threatened species.

Northern Territory,
Department of Environment
and Natural Resources (DENR)

In the Northern Territory, the new Department of Environment and Natural Resources (DENR) has
committed to manage and mitigate threats to regional communities and natural ecosystems and
native flora and fauna through shared responsibilities and partnerships in their Strategic Plan 2017-
2020. Action Plans for high priority species guide the research and management of threatened
species in the Northern Territory.

Queensland, Department of
Environment and Science
(DES)

The Conservation & Sustainability Services Division within the Department of Environment and
Science (DES) includes a number of teams that are involved in administering legislation, developing
policy and facilitating and coordinating activities relating to the conservation and protection of
threatened flora and fauna in Queensland. Through these teams DES collaborates with a range of
different user groups and individuals within all levels of government, the community and industry
sectors to undertake activities relating to threatened species.
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South Australia, Department
of Environment, Water and
Natural Resources (DEWNR)

In South Australia, the Department of Environment, Water and Natural Resources (DEWNR), together
with regional Natural Resources Management (NRM) Boards, work in partnership with other
government and non-government organisations to assist with the conservation, management and
recovery of threatened species. DEWNR are also working with the non-government sector to develop
a new nature conservation strategy for South Australia.

Tasmania, Department of
Primary Industries, Water
and Environment (DPIPWE)

In Tasmania, the Department of Primary Industries, Parks, Water and Environment (DPIPWE) works
with partner organisations and individuals to protect Tasmania’s unique flora and fauna. DPIPWE
employs a range of teams that tackle threatened species conservation and management, notably the
dedicated programs for Orange-bellied parrot and the Tasmanian Devil. The Tasmanian Government
also administers state threatened species legislation and develops policies and procedures that guide
management and protection of more than 700 threatened species.

Victoria, Department of
Environment, Land, Water
and Planning (DELWP)

In Victoria, the biodiversity plan ‘Protecting Victoria's Environment — Biodiversity 2037 (Biodiversity
2037) was established in 2017 by the Victorian Government (Department of Environment, Land,

Water and Planning — DELWP) to reverse the decline in biodiversity and achieve overall biodiversity
improvements over the next 20 years. Biodiversity 2037 has a strong commitment in reporting of
trends in threatened species. In addition, the Victorian Government has delivered $7.7 million for large-
scale regional partnership projects to protect threatened plants and animals as part of the Biodiversity
On-Ground Action initiative in 2017. The funding will support 26 large-scale projects that address major
risks to threatened species and ecosystems and is part of a broader $25.7 million package to support
native species through community action grants, support programs and regional partnerships.

Western Australia, Department
of Biodiversity, Conservation
and Attractions (DBCA)

The Western Australian Government introduced a new Biodiversity Conservation Act in 2016 that
replaces the previous Wildlife Conservation Act and is administered by the Department of Biodiversity,
Conservation and Attractions. The new Act introduces enhanced protection for threatened species

in addition to new protection of threatened ecological communities. Changes to this Act compared
with previous regulations include new maximum penalties for illegal taking of threatened species of
up to $500,000 for an individual person or $2.5 million for a corporation.

National Environmental Management NGOs

Australian Wildlife
Conservancy

In addition to government incentives, there are a few large non-government organisations (NGOs)
focused on the management of Australia’s threatened species. The Australian Wildlife Conservancy
(AWC) pursues a simple strategy to reverse the declines in wildlife by land acquisition, establishing
feral-free sanctuaries and through partnerships with landholders. AWC then implements practical
land management actions (e.g. feral animal control and fire management) informed by current
science, on these lands.

Bush Heritage Australia

The NGO Bush Heritage Australia (BHA) is a national non-profit organisation conserving biodiversity
in Australia by buying and managing land of outstanding conservation value, controlling or
removing threatening processes and working in partnership with Traditional Owners on country.
Bush Heritage protects native plants and animals on over 40 reserves encompassing over a million
hectares throughout Australia. These reserves all represent ecologically important landscapes. BHA
has many projects focusing on threatened species conservation including wildlife re-introduction,
recovery and supplementation, removal and management of threatening processes in the
landscape, in particular feral herbivores and predators, and wildfire, and long term monitoring

of threatened plants, mammals, birds and freshwater species.

BirdLife Australia

BirdLife Australia, Australia’s largest NGO focused on bird conservation, coordinates many research
and conservation projects focused on learning about the ecology of and threats to threatened bird
species and implementing actions to mitigate threats. These include dedicated recovery programs
for threatened species such as the Regent Honeyeater, Carnaby’s Black Cockatoo, Eastern Hooded
Plover and the Red-tailed Black Cockatoo, and programs for suites of threatened birds such migratory
shorebirds and south-eastern woodland birds. The NGO runs national-scale programs such as the
Threatened Bird Network, a community based program aimed at encouraging participation in urgent
conservation tasks for threatened birds. BirdLife Australia also hosts the monitoring program and
data portal Birdata, aimed at collecting citizen science monitoring data to gain insight and protect
Australia’s birds, and produces the ‘State of Australia’s Birds' report series, which started in 2005,

and most recently reported headline trends for terrestrial birds in 2015.
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1.6 Milestones in the Development of the Threatened Species Index for
Australian Birds

The development of the Threatened Species Index for Australian birds represents an extensive collaboration of
agencies, spanning governments, non-government agencies, community organisations and the research sector
across federal, and all state and territorial jurisdictions.

1.6.1 Collaborative Foundation

We started off by developing collaborative and legal arrangements across a wide set of stakeholders that undertake
monitoring on threatened species in Australia (see section A2.10 in the supplementary material for a complete list of
organisations that support this project with data). Participants at a workshop initiating the project in April 2016 included
representatives from the Australian Government (Parks Australia), one or more representatives from all state and
territory agencies, the Atlas of Living Australia (ALA), the Terrestrial Ecosystem Research Network (TERN), the Australian
Wildlife Conservancy (AWC), Bush Heritage Australia, BirdLife Australia, the University of Queensland (UQ), Charles
Darwin University (CDU), and Australian National University (ANU) (see section A2.8 in the supplementary material for a
complete list of research partners). This first one-day workshop engaged with the Department of the Environment and
Energy (DoEE), state/territory agencies, and major conservation non-government organisations. The workshop aimed
to define what end-users and partners wanted from a Threatened Species Index, to ensure that the right tools were
created for end-users and to decide on a strategy to achieve this. The workshop also discussed potential approaches
for calculating an index which would satisfy the needs of all participating stakeholders. The delegates chose the Living
Planet Index approach after discussing the benefits and disadvantages of the Red List Index (Bubb et al. 2009, Szabo
et al. 2012), the Australian Bird Index (Enmke et al. 2015), and the Bayesian Belief Networks" approach (Nicholson et al.
2011, Department of Environment Land Water and Planning 2016).

Within this workshop, we sought input from stakeholders about their specific needs for reporting on trends in
threatened species. A large emphasis was placed on the facilitation of data transfer, data quality, establishment of

an efficient platform for data sharing and management, and appropriate methods for indices reporting on Australia’s
threatened species. The outcomes of this workshop were to: identify the major custodians for threatened species data
and create a collaborative data provider agreement together with BirdLife Australia, the ALA and collaborating TSR Hub
projects regulating the access, handling and de-identification of raw bird population data received for this project.

All major custodians were contacted at least twice by email and provided the opportunity to contribute data to the
project (see section A2.1in the supplementary material for a detailed information on the data collation process).

The project team hopes that the small number of data custodians who did not share their data for delivering an
Australian Threatened Bird Index will get on board once they are presented the results and gain trust in the process
and outcome, and/or are able to allocate the time required for data sharing negotiation and minor re-formatting of
their data. The index will become more robust and representative, with more data for existing and new taxa.

1.6.2 Developing Options for Data-sharing

The initial workshop was followed by a second virtual workshop in June 2016 focused entirely on data management.
The workshop aimed to engage with ALA, TERN, BirdLife Australia and UQ's Research Partnerships Office to discuss
options around data sharing, data-basing, metadata, curation, analysis, accessibility, and display of large and disparate
datasets. The final focus of the workshop was on optimising data sharing agreements and dealing with data on
sensitive species. The workshop was followed by several phone meetings allocated to smaller groups to address
tasks related to data management.

1.6.3 Crafting a Decision Framework for Data Selection

The next step was to develop a decision framework that considers the fundamental principles of trend analyses in
order to decide which data to keep and which to exclude from the index. We developed criteria to help identify the
levels of suitability of data for the establishment of indices (see section A2.6 in the supplementary material for more
details about suitability criteria). These criteria specifically enabled us to identify monitoring programs that provide
adequate information to incorporate in national trend reporting.
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1.6.4 Testing the Living Planet Index Method

Once a subset of data on threatened birds was collected and collated, a third workshop in March 2017 provided the
methodological basis for developing an independent and credible index for Australian threatened and Near Threatened
species. The workshop consisted of two parts: a two-day workshop to test methods with preliminary data on seabirds,
shorebirds and a small suite of terrestrial birds, followed by a phone meeting for participants who could not join the
workshop to discuss the index methods. Participants of this workshop were partners from UQ, CDU, TERN, BirdLife
Australia, and ZSL in person, and Parks Australia (DoEE), DEWNR, DELWP and University of Melbourne on the phone.
In this workshop, we provided an update on progress with bird data collection, decided on rules for data vetting

and aggregation, demonstrated preliminary calculations of indices using the Living Planet Index method, discussed
caveats of outputs, and planned deliverables (see section A2.7 in the supplementary saterial for a detailed description
of the Living Planed Index method). The TERN committed to supporting the project with partners from UQ's Research
Computation Centre (RCC). TERN provided an external cash contribution of $30,000 towards the development cost
for a scientific workflow aimed at automating data processing and index calculation.

1.6.5 Collating the Data

Data predominantly representing threatened and Near Threatened species’ abundances or occurrence were
contributed by 69 agencies, individuals or organisations from April 2016 to December 2017. All bird taxa were
included that were either listed as threatened on the EPBC Act as of December 2017 or assessed as Near Threatened,
Vulnerable, Endangered, and Critically Endangered by the BirdLife Australia/Threatened Species Committee list from
2016 (see Taxonlist' in the ‘Data selection’ folder of the electronic supplementary material). Abundance metrics
included breeding pairs, count of pre-fledging chicks, nests, nests with eggs, recorded calls or nest occupancy rates
as well as occupancy measured as presences and absences and converted into reporting rates (see section A2.5.4 in
the supplementary material for a complete list of the units of measurement). These data were collated in a database
containing the necessary metadata to identify the characteristics of each monitoring program and species, and
enable broad headline population indices on threatened and Near Threatened Australian birds to be calculated as for
the Threatened Species Index. As this database required the management of large data volumes comprising millions
of species records, we started a collaboration with the TERN, UQ's RCC, and the software and web-app developer
Planticle to create an online web interface for data ingestion into the database, and a scientific workflow to automate
the processing. The scientific workflow assists with data quality assessment by enabling data from different monitoring
programs to be classified, processed and analysed depending on data types, temporal and spatial aggregation.

The workflow has been designed to deal efficiently with large volumes of data.

Once all available data on threatened birds for the prototype Threatened Species Index were collated, we developed
and applied Threatened Species Indices to report on trends (and their significance) at varying scales and across
alternative sets of species. Importantly, this index is not intended to report on the effectiveness of a given monitoring
program for tracking change, nor is it intended to report on individual species. Rather, data are aggregated for
functional groups of species, to inform on how multiple populations are changing over time. Different regions can
be compared in terms of overall trends as well as overall representativeness of data for informing threatened species
trends. This report outlines all protocols and standards for selection, sharing, storing and analysis of monitoring data
as well as the derivation of relevant Threatened Species Indices.

e

t kindly provided by G. Ehmke, BirdLife Australia.
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1.6.6. Engagement and Transparency through Communication

Project 3.1 has engaged with more than 130 individual custodians from over 50 institutions to collect existing data on
threatened and Near Threatened birds. We have welcomed contributions of species monitoring data from Indigenous
groups such as the Olkola, Wunambal Gaambera, and Dambimangari Rangers and are being supported by the
Kowanyama Aboriginal Shire Council. We expect to involve more Indigenous custodians when moving to an index that
includes plants, mammals and freshwater species. Every custodian who has provided data towards the development of
the Threatened Species Index is appropriately acknowledged in the metadata to the database.

The Threatened Species Index project team holds regular stakeholder meetings and provides frequent email updates to
a wide network (currently at 42 members), including members from the DoEE, all state and territory agencies, NGOs,
and academia. Members of our project team made every effort to engage with all stakeholders throughout the life of
the project and are determined to continue with these efforts to ensure that the development of Australia’s Threatened
Species Index remains a transparent and highly inclusive process. The project team holds multiple phone meetings
(quarterly) and distributes update notes to communicate on progress and consult stakeholders on decisions required
for advancing the project.

The team coordinates a ‘Friends of the Index” email list to which potential end-users, supporters, or people from the
wider public can subscribe if they wish to receive updates on the project (see section A2.11 in the supplementary
material for a list of the organisations currently subscribed to the Friends of the Index list). To ensure that the index
received wide publicity amongst scientists and practitioners, various aspects of the index have also been presented at
one international (ICCB 2016 in Cartagena/Colombia) and two national conferences (SCBO 2016 in Brisbane, ECOTAS
in Hunter Valley 2017).

1.7 Caveats and Assumptions

To adequately judge the robustness of the Threatened Species Index (TSX) for birds and aid its interpretation, a few
caveats and assumptions need to be taken into account:

i. Anindex can only be as robust in estimating relative changes in species groups as the underlying data.
The present TSX is an initial trial of the Living Planet Index method where we were very inclusive of data in
order to obtain a wide cross-section of species to build the index. Data used in this initial index vary from
direct population abundance estimates gained from carefully planned scientific monitoring over decades
to speculative proxies e.g. reporting rates of birds in large grid overlays using unstandardized data. Without
incorporating various types of data, many species e.g. arid zone nomads would not be part of the index. It is
important to highlight that these data still need to be examined whether they satisfy the statistical assumptions
of trend analyses by a thorough and comprehensive sensitivity analysis.

ii. The robustness of the TSX as a good measure of relative changes in threatened and Near Threatened species
groups will increase after the integration of more standardised monitoring data — especially for those species
groups for which only unstandardized data are available.

ii. The TSXis highly dynamic. The trend represented by the TSX may change the more data are integrated.
This interim report shows only a snapshot of the index consisting of data available in January 2018.
The results are indicative rather than comprehensive and need to be evaluated by a sensitivity analysis.

iv. Because the Living Planet Index method is not designed to directly accommodate occupancy data, we
have transformed presence/absence into continuous reporting rates in order to integrate these data. We
acknowledge that traditional trend analyses for terrestrial birds in Australia use binomial statistical models for
occupancy data (Cunningham and Olsen 2009, Ehmke et al. 2015). To our knowledge, using reporting rates
with the Living Planet Index has not been tested previously; thus the results produced with this type of data
should be dealt with carefully. Further testing and comparisons against existing and well established occupancy
trend estimates is recommended.

v. The current index does not include all suitable data on threatened and Near Threatened birds taxa because
some custodians 1) may have not been identified, 2) were not willing to share their data yet, or 3) committed
to but did not deliver data and/or required agreements for data sharing.

vi. A thorough assessment of data suitability for trends will require a consultation with the data custodians for
each trend produced in an expert elicitation survey.
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vii. Australian birds, especially those in arid and semi-arid areas, are likely to show major fluctuations in abundance
in response to rainfall conditions, and such variation may render it difficult to clearly discern longer-term
population trajectories.

viii. The composite Threatened Species Index may inevitably suggest a decreasing trend because all threatened
species in Australia are listed due to their declining populations. Species become de-listed once those
trajectories recover, thus may be removed from the Threatened Species Index. However, this may not
be true for trends which contain data on taxa that are non-representative of their overall populations. It is
recommended to carefully inspect the spatial representativeness measure in order to avoid that a trend is
driven by
a particular area only but does not represent a minimum of the targeted groups’ populations spatially.

iX. In some cases, populations or species may take many years or decades to recover following threat
management; in other cases, recovery may be very rapid. There may be variable responses to conservation
investment.

X. For at least some threatened species, there may be biases in monitoring, with possibly more likelihood of
monitoring being undertaken at sites where recovery effort is invested rather than at sites where no recovery
management is taking place.

xi. The index weights equally a decrease of e.g. 10% over a certain period for a species with a total population
of 100 individuals at baseline as for a 10% decrease for a species with a total population of 100,000 individuals
at the baseline, notwithstanding that these may represent different types and amounts of biodiversity loss,
and may have different consequences for conservation status categorisation.

xii. Regarding indices for states and territories, it should be noted that the data reflect subsets of the total species
complement and not of all taxa occurring in a state/territory.

2 Results

The following section introduces the four main Threatened Species Index (TSX) diagnostics used to support the
robustness and interpretation of each index interrogation. The main results are presented thereafter.

2.1 Index Diagnostics and Characteristics

Consideration of data structure and characteristics is critical when interpreting trend indices, given the potential for
factors such as the amount and quality of data to influence index results. Four basic diagnostics are presented in this
report with each index produced to assess its robustness: (1) spatial representativeness of data used to calculate each
index, (2) dot plots showing the distribution of surveys at sites, (3) time series vs species accumulation plots and (4)
index summary tables. These diagnostics are the minimum information required for an initial evaluation of the index
estimates. More information needs to be considered when evaluating the robustness of index estimates by examining:

» the units of measurements used to record monitoring data and how applicable they are to a certain species;
« rules for temporal aggregation of data (e.g. based on averages, maximum counts, or reporting rates);

» spatial aggregation of data (e.g. data collected at discrete sites vs data collected over large grids);

e standardisation of monitoring methods and effort;

« consistency of monitoring;

* time-series sampling evenness; and

« spatial representativeness of a data sample for the total area occupied by that species.

Further information on the aggregation methods and look-up tables can be found in sections A2.5 - A2.6 in the
supplementary material, in the electronic supplementary material and upon request.
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2.1.1 Spatial Representativeness: Maps of Sampling Intensity

To facilitate interpretation of the spatial representativeness of indices, maps showing the relative sampling intensity
of data used in each index (across all years) are presented concurrent with each index produced. Trend data for all
the populations of all threatened and Near Threatened species across their entire ranges are rarely available due to

constraints on monitoring (e.g. accessibility), resulting in biases and gaps in the representativeness of monitoring across

space. The Threatened Species Indices provide trends only for areas where monitoring data are available. Patterns
and gaps in bird monitoring coverage and intensity are evident in all regions and should always be consulted when
interpreting indices. Therefore, the spatial representativeness measure provided in the index summary table for each
index produced can be examined.

The sampling intensity maps display the outputs of kernel density analysis of all data that were used for each index
interrogation. For instance, examination of the dry sclerophyll woodland/forest bird index map shows that this index
has good spatial coverage for Victoria, New South Wales and South Australia in relation to the extent of that habitat
in those states. However, data for Western Australian dry sclerophyll woodland/forest birds are limited to areas
surrounding metropolitan Perth and the index contains no data at all for Tasmanian dry sclerophyll woodland/forest
birds. Therefore, this index may be considered broadly as spatially representative for dry sclerophyll woodland/forest
birds of the south-eastern mainland, but provides a highly constrained basis for inference relating to dry sclerophyll
woodland/forest birds in Tasmania or areas outside metropolitan Perth (Figure 3)
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Figure 3. Example of spatial sampling intensity map for data used to produce the dry sclerophyll woodland/forest bird
index shown. Dry sclerophyll woodland/forest habitat is indicated in green.

2.1.2 Spatio-temporal Representativeness: Dot Plots of Surveys at Sites and Time Series vs
Species Accumulation Plots

There are two diagnostics for spatio-temporal representativeness included with each index which need to be consulted

in conjunction with each other. (1) Dot plots (Figure 4a and c) display the distribution of surveys at consistent sites

(vertical axis) over time (horizontal axis). (2) Time series vs species accumulation plots (Figure 4b and d) show the trend

in the number of time series and the number of species across time. Where there is imbalance in sampling over time
(e.g. Figure 4a and b) trend estimates might be erroneous.
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To aid in interpreting the spatio-temporal representativeness of indices, dot plots showing patterns of data structure
(i.e. surveys at consistent sites over time) are included with each index. Ideally monitoring site selection would follow
a ‘'stratified random’ experimental design and all sites in a region would be surveyed at equal time intervals for an
observation period. This would result in a totally balanced dataset over time (e.g. Figure 4c and d). However, spatio-
temporal patterns within monitoring datasets are usually apparent — e.g. an increase in monitoring effort over time.
Statistical techniques accommodate much of this pattern (by only comparing data within individual sites). However,
imbalance in monitoring data can result in trend estimates that reflect artefacts of data structure rather than real
population trends, even if data are collected with the same methods through time. For instance, if species monitoring
was conducted in highly degraded or marginally suitable habitats at the beginning of a monitoring period, and survey
effort subsequently shifts to more suitable wilderness areas at the end of the period, trend estimates may reflect an
increase in suitability of habitats surveyed rather than how the species population is behaving.
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Figure 4: Spatio-temporal representativeness diagnostic presented with every index. Shown are dot plots of surveys at
sites (vertical axis) over time (horizontal axis) (a and c) and number of time series (in blue, vertical axis) vs number of
species (in green, secondary vertical axis) over time (horizontal axis) (b and d). Examples of unbalanced data structure
(a and b) vs unbiased data structure (c and d) are shown here.

2.1.3 Taxonomic Representativeness: Index Summary Tables

To aid in interpreting the taxonomic representativeness of indices, index summary tables (Table 2 - 20) for each species
group are included with each index. When evaluating indices for bird groups it is important to examine the species
contributing to the composite index. Ideally, all species (or at least a balanced and representative set of species) in a
group or region would be included in, and contribute to, the index, however there is often insufficient data to derive
trends for some species. In particular, rare and cryptic species often do not have sufficient information for robust trends
to be calculated. For instance, the index summary table for marine birds (Table 5) shows that the index is dominated

by data for Albatrosses and Giant-Petrels (7 of the 11 species included in the index) and contains no data for Penguins.

Index summary tables include information on the number of time series per species, and importantly, the average
time-series length. Time-series length varies widely across species and is an important factor when interpreting indices.
For example, data for Light-mantled Sooty Albatross were available over a seven-year period whereas data for
Wandering Albatross cover a >50 year span.
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Spatial representativeness of data for each species included is also given in the index summary tables. Spatial
representativeness was estimated by calculating the overall geographic range of a taxon (as determined by alpha

hulls derived from all available records of a taxon), intersecting this with the taxon range for monitoring data used in
the index, and calculating the proportion (in %) of the overall taxon range represented by the data used in the index.
High values indicate that data in the index have been drawn from a high proportion of a taxon’s range and are likely

to better represent the population as a whole. For example, Black-eared Miners have a high spatial representativeness
(>60%) indicating that data used in the index cover most of this species’ range. In contrast, low values indicate that
indices may not be effectively representing trends in the majority of a species’ range, especially where habitat quality or
threats vary across the extent of a species’ range (species range layers are provided by Glenn Ehmke, BirdLife Australia,
unpublished). For instance, although species such as Regent Honeyeater, Baudin's and Carnaby’s Black-Cockatoo

are included in several indices, data for these species are drawn from a comparatively low proportion (<3%) of these
species’ overall ranges. Spatial representativeness estimates for marine species were not calculated as data for these
species were generally drawn from breeding colony monitoring of single locations.

2.1.4 Index Characteristics: Index Value, Baselines and Confidence Intervals

The index value is the average change in species’ abundance from one year to the next based on a geometric mean.
For any given year in the multi-species population time series, the index values are calculated from the average trend
in that year compared to the previous year and they represent the cumulative trend since the baseline year which

is set to a value of 1.0. The index is cumulative and is always in reference to the baseline, as are the 95% confidence
intervals around the index value (see section A1.12 in the supplementary material explaining the confidence intervals).
The baseline year for the Threatened Species Index depends on data availability and in most reporting here, we set the
baseline (i.e. index of 1.0) to 1980. Setting the baseline to 1980 means that the trend will not consider any decrease or
increase in those species’ abundance which may have been recorded before 1980. The Threatened Species Index for
birds calculated in 2017 ends at 2015 because of technical constraints within the software package, thus only data until
2015 were used in this interim report. This issue is currently being resolved by the Zoological Society of London so that
data up to the present date can be used (see section A2.7 in the supplementary material for more information on the
Living Planet Index methods that were applied in calculations for the Threatened Species Indices).

2.2 A Threatened Bird Index for Australia

To calculate a Threatened Bird Index for Australia, an aggregated database was collated with contributions from
collaborating stakeholders of 122,686 species’ population time series from 69 data sources for 100 threatened/Near
Threatened species, from a total of 502,419 surveys and over more than 45 years. This represents >42% of all (236)
listed threatened/Near Threatened bird taxa derived from the EPBC Act (2017) and/or the BirdLife Australia/Threatened
Species Committee (2016). Collating this database was only possible because of the generosity of >130 single data
custodians from state/territory agencies, non-government organisations, recovery groups, research institutions,
private individuals, and citizen science groups. After applying data vetting and suitability criteria (see section A2.6 in the
supplementary material for more information on the criteria used for data inclusion/exclusion), data from 43 sources
and 72 species (>30% of all listed threatened and Near Threatened taxa) resulting in 11,772 time-series records or

rows in the aggregated database were used for index calculation. A Threatened Species Index (TSX) for Australia was
calculated (Figure 5) including five Functional Groups (Marine, Shoreline (migratory), Shoreline (resident), Terrestrial
and Wetland). See Table 2 for a summary of all taxa included in this index. The TSX for Australian Threatened and Near
Threatened birds included 11,772 time series with a time-series length of 18.0 + 8.8 years (mean + SD) and a number
of sample years per time series of 12.0 + 7.0 (mean + SD). Due to a paucity of data available prior to 1980 (Figure 5¢),
the year 1980 was chosen as a baseline for this index. The index shows an overall trend of decrease of 25.2% relative
to baseline set to 1.0 in 1980 (Figure 5a) with an overall slope of -0.003 (0.3% decrease in index value per year).

The index value in 2015 is 0.748 with 95% confidence intervals between 0.531 and 1.216, indicating a decrease of

46.9 at worst and an increase of 21.6% at best between 1980 and 2015. The index is representative of most eastern
states, but is marginal for Western Australia and the arid zone (Figure 5b).

27



All Birds TSX

i

=
I
i

Index (1980 = 1)

20004
20154

19804
19854
19804
194514

-

Data summary d
« Number of species - .

:

= Murnber of time series **

=
84 g 15000~ - 5
§ £ 5 w§
£ --+ g
{En" S 10000- . =l
E . ot
| E i :
T s e i::::.....; = 5000- e
t-!li-"”..
'_ 1 a- 'I Ic
1%0 lgra'ﬂ zﬂfm 1980 1590 2000 2010

Figure 5: A Threatened Species Index (TSX) for all threatened and Near Threatened Australian birds. Panels indicate a) a
TSX for all threatened and Near Threatened Australian birds with a base year set at 1980 and log-transformed vertical axis
(the multi-species trend is shown in white and the 95% cumulative confidence intervals around the index value are in
blue), b) spatial representation of sampling intensity of data included in the index, c) number of species population time
series for sites surveyed repeatedly through time and d) a summary of the number of species (in green) and number of
time series (in blue) used to calculate the index for each year.

The marked ‘early’ (i.e. 1980 to 1990) decrease in the index value is based on relatively few time series included in the
index at that time (Figure 5d, in blue). The composite trend stabilises more when a higher complement of time series
are included after 1990 and even increases slowly until 2005 (coinciding with the introduction of the Commonwealth
Endangered Species Protection Act in 1992 and the EPBC Act in 1999). There is an apparent drop in data after 2010
suggesting a decrease of structured monitoring at sites repeated through time.

Table 2: Summary table of data used to calculate the TSX for threatened and Near Threatened Australian birds can be
downloaded from the ‘Index Summary Tables' folder in the electronic supplementary material.

2.3. Threatened Species Indices for Functional Bird Groups

Threatened birds have highly diverse ecologies and life histories, and different ecological characteristics may predispose
some species more than others to particular threats. Because of this, bird species were divided into broad ‘Functional
groups’ and indices were calculated for these (see section A2.5.6 in the supplementary material for definition of
Functional Bird Groups and Subgroups). Note that only a single resident shorebird species (Eastern Hooded Plover)

and only three Wetland species (Table 2) had sufficient monitoring data to be included in the overall index.

While they are included in the overall trend index (Figure 5), we do not report separately on these two groups.
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2.3.1 Terrestrial Birds

The TSX for Terrestrial Birds included 4,852 time series (41.0% of all records used for analyses, Figure 6¢) on 46 taxa
(Figure 6d) (representing 19.5% of all Australian threatened/Near Threatened birds) from 27 data sources with a time-
series length of 14.2 + 5.6 years (mean + SD) and a number of sample years per time series of 10.0 + 5.0 (mean + SD)

- see Table 3 for a summary of all taxa included in this index. Due to data availability, the year 1990 was chosen as a
baseline for this index (Figure 6¢). The trend shows a decrease of 16.6% relative to baseline set to 1.0 in 1990, with an
overall slope of -0.003 (0.3% decrease in index value per year). However, although there is a decreasing overall trend,
there are notable fluctuations in the index over this time. The index value in 2015 is 0.834 with 95% confidence intervals
between 0.488 and 1.368 suggesting an increase of 36.8% at best and a decrease of 51.2% at worst between 1990 and
2015 (Figure 6a).
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Figure 6: A Threatened Species Index (TSX) for Terrestrial Birds. Panels indicate a) a TSX for Terrestrial Birds with a base
year set at 1990 and log-transformed vertical axis (the multi-species trend is shown in white and the 95% cumulative
confidence intervals around the index value are in blue), b) spatial representation of sampling intensity of data included
in the index, c) number of species population time series for sites surveyed repeatedly through time and d) a summary
of the number of species (in green) and number of time series (in blue) used to calculate the index for each year.

Table 3: Summary table of data used to calculate the TSX for Terrestrial Birds can be downloaded from the ‘Index
Summary Tables’ folder in the electronic supplementary material.

2.3.2 Shoreline (migratory)/Migratory Shorebirds

The TSX for Migratory Shorebirds included 6,655 time series (56.5% of all records used for analyses) on 11 taxa
(representing 4.7% of all Australian threatened/Near Threatened birds) from two data sources with a time-series length
of 21.8 + 9.6 years (mean + SD) and a number of sample years per time series of 13.5 + 7.8 (mean + SD) — see Table 4
for a summary of all taxa included in this index. Due to data availability, the year 1980 was chosen as a baseline for this
index (Figure 7a). The trend shows a clear decrease of 56.5% relative to the baseline set at 1.0 in 1980 (Figure 7a) with
an overall slope of -0.023 (2.3% decrease in index value per year). The trend is almost entirely monotonic —i.e. there

is little evidence of any fluctuation over time. The index value in 2015 is 0.435 with 95% confidence intervals between
0.350 and 0.562 indicating that the decrease between 1980 and 2015 is between 43.8% and 65.0% (Figure 7a).
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Figure 7: A Threatened Species Index (TSX) for Shoreline (migratory)/Migratory Shorebirds. Panels indicate a) a TSX for Migratory
Shorebirds with a base year set at 1990 and log-transformed vertical axis (the multi-species trend is shown in white and the
95% cumulative confidence intervals around the index value are in blue), b) spatial representation of sampling intensity of

data included in the index, c) number of species population time series for sites surveyed repeatedly through time and d) a
summary of the number of species (in green) and number of time series (in blue) used to calculate the index for each year.

Table 4: Summary table of data used to calculate the TSX for Shoreline (migratory)/Migratory Shorebirds. Scientific names
for all taxa are given within the ‘Index Summary Tables’ folder of the electronic supplementary material.

Time-series length (mean £ 5D): 21.8 £ 9.6
Number of samples [years) per time series (mean £5D): 13.5+7.8
Number of data sources in Index: 2

Number of taxa in Index: 11

Taxon name

Taxa in Index
Asian Dowitcher
Eastern Siberian Black-tailed Godwit
Curlew Sandpiper
Eastern Curlew
Great Knot
Mongolian Greater Sand Plover
Grey Plover
Lesser Sand Plover
Red Knot
Red-necked Stint
Palaearctic Ruddy Turnstone

Taxa not in Index
Eastern Siberian Whimbrel
Kamchatkan Lesser Sand Plover
Mongolian Lesser Sand Plover
New Siberian Islands Red Knot
North-eastern Siberian Red Knot
Northern Siberian Bar-tailed Godwit
Western Alaskan Bar-tailed Godwit

Terek Sandpiper
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2.3.3 Marine/Seabirds

The TSX for Marine/Seabirds included 47 time series (0.5% of all records used for analyses) on 11 taxa (representing 4.7%
of all Australian threatened/Near Threatened birds) from 10 data sources with a time-series length of 12.2 + 7.7 years
(mean + SD) and a number of sample years per time series of 9.4 + 5.8 (mean + SD) — see Table 5 for a summary of

all taxa included in this index. Due to data availability, the year 1970 was chosen as a baseline for this index (Figure 8c).
The trend shows an overall increase of 7.7% (Figure 8a) relative to the baseline set to 1.0 in 1970 with an overall slope of
0.030 (3.0% increase in index value per year). The index value in 2015 is 1.077 with 95% confidence intervals between
0.330 and 2.638 indicating a high uncertainty about whether Seabirds are on an increasing or decreasing trajectory.
There is a strong correlation between the number of species for which data were available (Figure 8d) and the index
trend indicating this trend may be confounded by data availability factors such as increasing effort over time (Figure 8c).
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Figure 8: A Threatened Species Index (TSX) for Marine/Seabirds. Panels indicate a) @ TSX for Seabirds with a base year set
at 1970 and log-transformed vertical axis (the multi-species trend is shown in white and the 95% cumulative confidence
intervals around the index value are in blue), b) spatial representation of sampling intensity of data included in the index,
c) number of species population time series for sites surveyed repeatedly through time and d) a summary of the number
of species (in green) and number of time series (in blue) used to calculate the index for each year.

Photo of Australian Fairy Tern kindly provided by G. Ehmke, BirdLife Australia.
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Table 5: Summary table of data used to calculate the TSX for Marine/Seabirds. Scientific names for all taxa are given
within the ‘Index Summary Tables’ folder of the electronic supplementary material.
Time-series length (mean £ SD): 12.2£7.7

Number of samples (years) per time series (mean £ 50): 9.4 258
Mumber of data sources in Index: 10

Number of taka in index: 11
* indemte ten which do il Breed in Arsiralic _
Hdata W tima : B8

Tanon name Functionsl sub-Group BirdLile Austraka siaius EPBCsimtus 008 1R :,;m
Taxa n index

Black-browed Albatross Alpatrosses and Glant-Petrels Endangerod Vulnerable F) F) 315

Grey-headed Albatross Albatrasses and Giant-Petrels Criticalty Endanigered  Endangered 1 1 180

Light-mantied Sooty Albatross Albatrodses and Glant-Petrels Hear threatened 1 7 T0

Horthern Glant-Petrel Albatrosses and Giant-Petrels Least concemn WYulnerable 1 17 140

Shy Albatross Nbatrosses and Glant-Petrels Vulrierable WVulnerabbe 2 3 123

Southern Giant-Petrel Abarrasses and Giant-Petnels Least concenn Emdengered 1 1 170

Wandering Albatrass Albatrosses and Glant-Petrels Critically Endangered  Vulnerable 1 i 550

Australian Falry Tern Gulls Terns Noddies Souas Jaegers Vulnerable Vulnerable F) 42 03

Australlan Gould's Petrel Petrels and Shearwaters Vulnerable Endangered 1 2 140

Indian Ocean Red-taded Tropichird Tropichirds Frigatebirds Gannots Boobies  Near theoatened 3 5 114

Endian Coean White-tailed Tropichird Tropichinds Frigatebirds Gannets Boobées  Endangered 1 ] a7
Taxa niot in Index

Heard filand Black-Taced Shouthbal Voulonrahils

Hezxid Hland Imperial Shag Near thregiensd Wubneralbs

Macyuarhs Islard brperial Shag Viilnar sl Vulnarside

* Ampterdam Albatross ARiatrasses amd Giant-Peirels Vagrant Erdanpered

* Campbell Albatrons ARatronses andl Glaem Petrels Wilnerablc Widmeralibe

* Chatham Albatross Albatrasses and Giant Fetrels Vagrant Erdengenod

* Gipzon's Ao Asagrosses and Gian-Pornels Endangered Yulnrrande

* Imddian Vellow-nosed Allspirosd Abatrogses anid Glant-Petiels Encfangered Wulneralde

® Mofthem Buller'y Albatndds Aibatrossed and Glant-Petiehl Higar theaotened Vulnerahla

* Northarh Royal Albstraas Alatroased antd Glant-Petrels Endlangereid Erdlangered

= Salvin's Alatross Aluatrasses Al Giant-Pelrels Vilnar sbie Vulnerabie

* So0ty Albatrass Amarrossed antf Glant-Peuets Emndangered Yulnerande

= aoythem Buller's Albatross Abharrasses andd Glant-Potrels MNear throatened

* Sputhern Roepal Albatross Ahatrosses and Giant-Petreh Wulnerehis Wulnerahle

= Trigtan Albatross Afatrosses amd Slant -Fetrels Vagrant Endangered

* White-copped Albatross Adhntrosses anid Glant-Petrels Wulnerabie Vubnerable

Moutrman Abrofinos Letear Noddy Gty Torm Noddies Souss laggers Endfangered Vubnorable

Indian Soenn Amtaicts Tern Gidl Terns Hoddies S lisgers Encfangered Vilmerahke

Mew Caladpaian Fasfy Tem Gty Ternn Noddies Shices Jaepers Endangerad

Hew Tealand Antarclic Tem Gty Tewna Moddies S leegers Endangered Emdiingered

Eastern Aockhopper Penguin PeAguing Viibnar ke

Macaron Penguin Panguing Nigar threniened

Royal Pengisn Proguins Hear thrgatened

Subantarctic Ganioo Penguin Penguins HWear theaatened

dAnforetic Frign Petreh and Shoarwatom Enclangered

* fack Petrel Petreh gnd Shoarwaers Vulnershle

Biue Potral Petrols and Shoarwators Criticalby Endangened.  Vulnerable

* Bulker's Shearwater Petrehi and Shearwaten Yulrmratle

Flash-Tooted Shaaraater Petrels and Shaarwsters Near thraaiened

Grey Pedrel Petrels and Shearwsters Emndangered

Grey:-backed Storm:Priral Petroly and Shoarwstorn Endangrred

Herald Petenl Petreds and Shaoarwators Wulnerahis

" Hutton's Shearwatoer Pirtrek and Shoarwators Enfangernd

* Matspdasta's Storm-Patred Petreds and Shoarwitern Wulnerabie

® Mottled Petral Patrits gnd Shearwatcrs Near thiapigned

= New Caledanlan Gould's Petrel Petrels aniid Shearsatery Yulmerabile

* Mew Caledonian Tahit Petrs Patrels and Shearwaters Near tivealensd

* Paclic Tahiti Petred Petrel and Shearwaten Mear threstensd

Prowdfenoe Petrel Patrel and Shaarwatorn Wilmnrahie

Pycroft's Petnel Petrils and Shoarwatees Extinct

Saftplumaged Parel Petrely and Shearwator Critically Endangroed Widmeralibe

ooty Shearwdbod Potrel and Shaarwators Near thrapdend

South Georgian Dning-Petrel Petrch and Shoarwatom Vulnersbio

Southem Commot Diving- Petrel Petrek and Shoarwaers Vumershle

Soulhern Fairy Poan Petreli and Shaarwsler Enddanered Vidheralis

Southern Fulmat Prion Petrehi and Shearwiten Yulrmrstile

Sawnhern White-becked Petrel Petrels and Shaarwsbers Endangened

Zubantarcoc 'Wison's Storm: Poirel Petrphs and Shaarwators Wulnerabic

Tasmnt Litkle Shaarvsrins Petroly and Shoarastorn ‘Walmarahle

Favman Whito-belled S2arm-Petrel Petredy and Shaoarwators wulnerehic Wulnerahle

Westam Eormades Potial Patrel and Shoaratnrs Indangened Wulnerahle

Westland Petrol Petreds and Shoarwatern Wulnerabie

= Wiikte-chumid Petial Petrets gnd Shearwators Vyhhoratil

" Wihite-hesded Petigl Petrely ahid Shearwateen Endadipered

Abbott's Booby Troplchindd Frigiatebinds Ganners Baobse: Endangerad Endanjpered

Christrmes llamd Frgatehird Tragicheradi Frigatebicds Gannels Boobaes Critecally Endangened Emdingered

Chrmtrnas luard White-taifed Tropichin Tropichérta Frigatebinds Gannets Boobias Endangernd Emdangered

Tayman Sootey Trogrichinds Frigatehinds Gannets Boohies Near threatensd
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2.4 Functional Bird Subgroups (Bird Habitats)

2.4.1 Dry sclerophyll woodland/forest

Threatened bird species in dry sclerophyll woodland/forest included 2,477 time series (21.0% of all records used for
analyses) from 11 taxa (representing 4.7% of all Australian threatened/Near Threatened birds) from 8 data sources

with a time-series length of 14.1 + 5.7 years (mean + SD) and a number of sample years per time series of 10.4 + 5.0
(mean + SD) — see Table 6 for a summary on all taxa included in this index. Due to data availability, the year 1999 was
chosen as a baseline for this index (Figure 9¢). The trend shows a decrease of 48.0% relative to the 1999 baseline, with
an overall slope of -0.002 (2.0% decrease in index value per year). The index value in 2015 is 0.520 with 95% confidence
intervals between 0.350 and 0.845 indicating that the decrease between 1999 and 2015 is between 35.0% and 84.5%.
The index is representative of most south-eastern woodland habitats, but has low representativeness for Western
Australian woodland excepting that close to Perth (Figure 9b).
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Figure 9: A Threatened Species Index (TSX) for dry sclerophyll woodland/forest habitat birds. Panels indicate a) a

TSX for dry sclerophyll woodland/forest habitat birds with a base year set at 1999 and log-transformed vertical axis
(the multi-species trend is shown in white and the 95% cumulative confidence intervals around the index value are

in blue), b) spatial representation of sampling intensity of data included in the index (dry sclerophyll woodland/forest
habitat is indicated in green), c) number of species population time series for sites surveyed repeatedly through time
and d) a summary of the number of species (in green) and number of time series (in blue) used to calculate the index
for each year.
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Table 6: Summary table of data used to calculate the TSX dry sclerophyll woodland/forest habitat birds. Scientific names
for all taxa are given within the ‘Index Summary Tables' folder of the electronic supplementary material.

Time-series length (mean + 50): 14.1 £ 5.7

Mumber of samples (years) per time series (mean + 50): 10.4 £ 5.0

Mumber of data sources in Index: 8
Number of taxa in Index: 11

Taxon nama

Taxa in Index
Baudin's Black-Cockatoo
Carnaby's Black-Cockatoo
Painted Honeyeater
Regent Honeyeater
South-gastern Black-chinned Honeyeater
South-eastern Brown Treecreeper
South-eastern Hooded Robin
Southern Barking Owl
Southern Squatter Pigeon
Superb Parrot
Swift Parrot
Taxa not in Index
Forest Red-tailed Black-Cockatoo

Forty-spotted Pardalote
Mt Lofty Ranges Spotted Quail-thrush

South Australian Bassian Thrush
South-eastern Glossy Black-Cockatoo

South-eastern Red-tailed Black-Cockatoo

BirdLife Australia status

Endangered
Endangered
Vulnerable

Critically Endangered
Near threatened
Mear threatened
Near threatened
Near threatened
Least concern

Least concern
Critically Endangered

Vulnerable
Endangered
Critically Endangered
|Possibly Extinct)
Vulnerable

Near threatened

Endangered

2.4.2 Tropical savanna woodland

EPBC stalus

Vulnerable
Endangered
Vulnerable

Critically Endangered

Vulnerable
Vulnerable
Critically Endangered

Vulnerable
Endangered

Critically Endangered

Vulnerable

Endangered

#data #time Mean time-

Spatial

sources seres seres length represeniativenes

s e RS R B R s

28
111
a4
15
370
692
419
424
29
185
110

7.1
7.2
138
16.8
139
131
13.4
20.8
121
129
a9

8
2.0
26.0
0.7
7.9
178
21.0
300
296
19.9
80.8

A TSX for seven tropical savanna woodland habitat birds included 98 time series (0.8% of all records used for analyses)
from five data sources with a time-series length of 15.1 + 4.1 years (mean + SD) and a number of sample years per
time series of 8.3 + 3.5 (mean + SD) - see Table 7 for a summary on all taxa included in this index. Due to data
availability, the year 1999 was chosen as a baseline for this index (Figure 10a). The trend shows an increase of 6.8%
(Figure 10a) relative to the 1999 baseline, with an overall slope of -0.034 (3.4% decrease in index value per year).

The index value in 2015 is 1.068 with 95% confidence intervals between 0.338 and 3.129 indicating a large uncertainty
on whether tropical savanna woodland birds are on an increasing or decreasing trajectory. The index has good
representativeness across north-western savanna woodland habitats in Northern Territory and Western Australia,

but has low representativeness for Queensland savanna woodland excepting isolated pockets near inhabited areas

on the east coast (Figure 10b). The relative stability for tropical savanna woodland habitat birds after 2007 is consistent
with the few studies on trends within this habitat (Woinarski et al. 2012).
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Figure 10: A Threatened Species Index (TSX) for tropical savanna woodland habitat birds. Panels indicate a) a TSX for
tropical savanna woodland habitat birds with a base year set at 1999 and log-transformed vertical axis (the multi-species
trend is shown in white and the 95% cumulative confidence intervals around the index value are in blue), b) spatial
representation of sampling intensity of data included in the index (tropical savanna woodland habitat in green),

c) number of species population time series for sites surveyed repeatedly through time and d) a summary on the
number of species (in green) and number of time series (in blue) used to calculate the index for each year.

Table 7: Summary table of data used to calculate the TSX for tropical savanna woodland habitat birds. Scientific
names for all taxa are given within the ‘Index Summary Tables’ folder of the electronic supplementary material

Time-series length (mean £5D): 15.1 £ 4.1

Number of samples (years) per time series (mean £ 5D): 8.3 £3.5
Number of data sources in Index: 5

Number of taxa in Index: 7

#data #time Meantime- Spatial

Taxon name BirdLife Australia status EPBEC status . A
sources series series length representativenas

Taxa in index
Eastern Partridge Pigeon Vulnerable Vulnerable 1 - 20.5 4.3
Eastern Purple-crowned Fairy-wren Mear threatened 1 13 15.8 214
Fawn-breasted Bowerbird Mear threatened 1 5 16.2 10.7
Gouldian Finch Mear threatened Endangered 2 44 15.5 9.2
Morthern Masked Owl Vulnerable Vulnerable 1 4 17.8 17.3
Southern Black-throated Finch Vulnerable Endangered 1 6 B.7 0.4
Western Purple-crowned Fairy-wren Endangered Endangered 2 22 13.9 4.8

Taxa not in index 0 1] 1] 0
Golden-shouldered Parrot Endangered Endangered 0 0 0 0
Buff-breasted Button-quail Endangered Endangered o 0 0 o
Stokes Range White-quilled Rock-Pigeon MNear threatened 0 0 0 0
Western Partridge Pigeon Vulnerable Vulnerable o [ [ o
White-bellied Crimson Finch Mear threatened Vulnerable 0 0 0 0



2.4.3. Island Endemics — Highlighting the Need for Data

A TSX for island endemic birds included 486 time series (4.1% of all records used for analyses) on six taxa (representing
2.5% of all Australian threatened/Near Threatened birds) from two data sources with a time-series length of 11.1 + 0.8
years (mean + SD) and a number of sample years per time series of 5.7 + 1.4 (mean + SD). This index has relatively
poor representation for this groups as a whole, thus is a good example where more efforts need to be invested in the
collation of existing data. Data were only available for five Christmas Island species and the Kangaroo Island Glossy
Black-Cockatoo - see Table 8 for a summary on all taxa included in this index. Due to data availability, the year 2005
was chosen as a baseline for this index (Figure 11c). The trend shows a decrease of 2.5% (Figure 11a) relative to the
2005 baseline, with an overall slope of 0.045 (4.5% increase in index value per year). The index value in 2015 is 0.975
with 95% confidence intervals between 0.459 and 1.787 indicating a general increase, although with substantial
uncertainty of its magnitude.
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Figure 11: A Threatened Species Index (TSX) for Island endemic birds. Panels indicate a) a TSX for Island endemic birds
with a base year set at 2005 and log-transformed vertical axis (the multi-species trend is shown in white and the 95%
cumulative confidence intervals around the index value are in blue), b) spatial representation of sampling intensity of
data included in the index, c) number of species population time-series for sites surveyed repeatedly through time
and d) a summary on the number of species (in green) and number of time series (in blue) used to calculate

the index for each year.
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Table 8: Summary table of data used to calculate the TSX for Island endemic birds. Scientific names for all taxa are given
within the ‘Index Summary Tables’ folder of the electronic supplementary material.

Time-series length (mean £ 5D): 11.1 £+ 0.8
Number of samples (years) per time series (mean £50):5.7 £ 1.4

Number of data sources in Index: 2
Number of taxa in Index: &
#data #ime Mean ime-

Tanon name BirdLife Australia status ~ EFBC status s s e wﬂw“

Taxa in index
Christrnas Island Goshawk Endangered Endangered 1 26 11.0 417
Christmas Island Grey-capped Emerald-Deve Near threatened Endangered 1 104 11.0
Christrnas Island Imperial-Pigeon Near threatened 1 115 11.0 a7
Christras Island Thrush Hear threatened Endangered 1 114 11.0 47
Christmas Island White-eye HNear threatened 1 115 11.0 ax7
Kangaroo kstand Glossy Black-Cockatoo Endangered Endangered 1 & 180 183

Taxa not In indax
Barrow |skand White-winged Falry-wren Vulrerahle Vulnerabée a o 1] o
Christmas island Glossy Swiltlet Mear threatened a ] (1] u]
Christrnas Island Hawile-Owd Vulnerable Vulnerabde a o 1] o
Dirk Harvog Rufous Flieldwren Vulnerable a a 1] 0
Dirk Hartog Southorn Enu-wren Vulmerable 0 ] 1] 1]
Dirk Hartog White-winged Falry-wren Vulnerable Vulnerabls a o o o
Darre Rufous Fieldwren Wilnerable L] i [1] o
Glossy Swittlet Near threatened Q o o o
Grey-capped Emerald-Daove Near theeatened a o 1] a
Houtman Abrolhos Painted Bumon-quail Endangered Vulnerable a o 1] o
1sland Thriush Mear theeatened [i] o 1] i
Kangaroo |siand Western Whiphird Kear theeatened a o 1] o
King Istand Black Currawong Endangered Vulnerable 0 ] Li] 0
King Iskand Brown Tharnbill Critically Endangered Endangored L] o 1] Q
King Istand Green Rosells Vulerahle Vulnerabls a o 1] o
King lskand Scrubit fn'.n!:|i'|- Endangered Critically Cndangered L] o 1] u]
King Iskand Yellow Wartliebind Mear threatened L] o [i] o
Lord Howe Golden Whistler HNear threatensd o o 1] a
Lord Howe Pied Currawong Endangered Vilrerabls L1] o 1] ]
Lord Howe Silvereye HNear threatened Q o 1] o
Norfolk sland Boohook Critically Endangered Endangered a o o o
Morlolk sland Gerygone Mear thoestensd 1] i) 1] ]
Norfolk lsland Golden Whistler Near threatened Vilnerabde 0 0 1] o
Norfedk istand Green Parrot Critically Endangered Endangered Q o 1] o
Harfelk ldland Grey Fantal Mear threatened 1] 0 1] i
Norfolk Island Sacred Kingfishar Near threatened Q o 1] o
Norfolk isiand Scarlet Robln Endangerad Vulnerable a a 1] o
Red-fronted Parakest Critically E|1|:|.nr|g|.~r-ed 1] a [1] ]
Shark Bay Variegated Fairy-wren Vulnerable 4] ] 1] 0
Slender-billed White-eye Kear threatened a o 1] o
Tasman Bookook Critically Endangered L] 0 [1] i)
Trwi Hoesfield's Bushlark Vulnerablo Vulneorable v} o 1] o
Thwl basked Owl Endangered Endangered a a 1] a
Tewl Hooded Robin LrNicHY Encangarad Endangered a o 1] o

|Possilily Extinct]
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2.5 State and Territory Threatened Species Indices for Birds

The jurisdictional subdivision of taxa was based on the spatial location of monitoring data provided for a taxon.
Note that taxa with monitoring data from one jurisdiction may also occur in other jurisdictions. It should also be
noted that this report does not present all mechanics and capability of the Threatened Species Index — only a small
subset of all possible index interrogations are presented here.

2.5.1 Australian Capital Territory and New South Wales

Bird taxa monitored in New South Wales (NSW; 1,881 time series, 16.0% of all records used for analyses) and the
Australian Capital Territory (ACT; 127 time series corresponding to 1.1% of all records used for analyses) were grouped
together due to the small number of time series for ACT and contiguous habitat. This resulted in a data subset for ACT
and NSW Near Threatened and threatened birds with 2008 time series (17.1% of the database used for analyses) for

31 taxa (representing 13.1% of all Australian threatened/Near Threatened birds) from 15 data sources with a time-series
length of 15.2 + 6.4 (mean + SD) and a number of sample years per time series of 11.0 + 5.3 (mean + SD) - see Table

9 for a summary of all taxa included in this index (Figure 12a). The baseline for all state and territory indices was set to
1.0 in 1980 to allow for comparison between regions. The trend shows a decrease of 39.6% compared to the baseline
in 1980 (Figure 12a) with an overall slope of -0.007 (0.7% decrease in index value per year). This decrease is 14.4% more
than the overall TSX for Australia (section 2.2). The index value in 2015 is 0.604 with 95% confidence intervals between
0.291 and 1.302 indicating that the real trend may have decreased by up to 70.9% or increased by up to 30.2% between
1980 and 2015. The index has very good spatial representativeness across habitats in eastern NSW, but has low
representativeness of inland arid NSW habitats (Figure 12b). Note that the uncertainty in this index may decrease

after processing and incorporating data from the BioNet state repository in NSW received late 2017.
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Figure 12: A Threatened Species index (TSX) for all threatened and Near Threatened birds monitored in the Australian
Capital Territory (ACT) and New South Wales (NSW). Panels indicate a) a TSX for birds monitored in ACT/NSW with a base
year set at 1980 and log-transformed vertical axis (the multi-species trend is shown in white and the 95% cumulative
confidence intervals around the index value are in blue), b) spatial representation of sampling intensity of data included
in the index, c) number of species population time series for sites surveyed repeatedly through time and d) a summary
on the number of species (in green) and number of time series (in blue) used to calculate the index for each year.

38 A Threatened Species Index for Australia: Interim Report Part 1 — Birds — Complete Report



Table 9: Summary table of data used to calculate the TSX for threatened and Near Threatened birds monitored in the

Australian Capital Territory and New South Wales. Scientific names for all taxa are given within the ‘Index Summary Tables’
folder of the electronic supplementary material.

Time series length (mean + 50): 15.2 + 6.4

Number of samples (years) per time series (mean £ 500 11.0£5.3

Number of data sources in Indesx: 15
Number of taxa in Index: 31

Taxon name

Taxa in Index
Aurstralian Gould's Petrel
Bilack-tailed Godwit
Curlew Sandpiper
Eastern Curbew
Great Knot
Greater Sand Plover
Gray Plavar
Lesser Sand Plover
Red Knot
Red-necked Stint
Ruddy Turndtone
Eastern Major Mitchells Cockaton
Eastern Regent Parmol
Flarme Robin
Grey Falcon
Morthern Eastern Bristlebind
Painted Honeyeater
Regent Honeyeater
South-gastern Black-chinned Honeyeater
South-exstern Brown Treecreeper
South-extern Hooded Robin
Southern Barking Oad
Super Parnot
Swift Paerat
Southern Eastern Bristlebind
Male e owd
Albsrt's Lyrebénd
Marthern Rufous Scrub-bird
Scuthaern Rufous Scrub-bird
Aurstralasian Bittern
Aisstralasian Bittern

Functional group

Marine

Shoreline (migratony)
Shareline [migratony)
Shoreline (migratony)
Shoreling [migratorny)
Sharelne [migratony]
Shoreling [migratorny)
Shareline [migratony)
Shorelne [migratony]
Shareline [migratony)
Sharelne [migratony]
Tewrestrial
Terrestrial

Terrestrial

Terrestrial

Terrestrial

Terrestrial

Terrestrial

Terrestrial

Terrestrial
Terrestrial

Terrestrial
Terrestrial

Terrestrial

Tesrrestrial

Terrestrial

Terrestrial
Terrestrial

Terrestrial

Wetland

Wetland

2.5.2 Northern Territory

Functional sub-group

Petrels and Shearwaters

Dry scherophyll woodland forest
Dry sclerophyll woodland Forest
Dry scheropbyll woodland forest
Dry sclerophyll woodland forest
Dry scleropbyll woodland Torest
Dry sclerophyll woodland forest
Dry scleropbyll woodland Torest
Dry schercphyll woodland Torest
Heathland

Mallee woodand

Raénforest

Rainforest

Raénforest

BirdLife Australia status  EPBC stabus

Vidnerable

Near threatened
Critically Endangered
Critscally Endangered
Endangered
Vidnerable

Near threatened
Endangered
Endangened

Mear threatened
Near threatened
Near theeatened
Endangered

Mear threatened
Vulnerable

Critscally Endangered
Vulnerable

Critically Endangered
Mear threatened
Mear threatened
Near threatened
Mear threatened
Least eoncern
Critscally Endangered
Endangered
Vidnerable

Near threatened
Endangened
Endangered
Endangered
Endangered

Endangered
Critically Endangered
Critically Endangered
Critically Endangered
Vidnerable

Endangered
Endangered

Wudnerable

Vulnerable
Critically Endangered

Wudnerable
Critically Endangered

Widnerable

Endangered
Endangered

B hd e B e B R B b R e R B e R e B e R e R R B R B R B B R B

HYHEBEaREER

#data #tme  Mean ime-
BOUCES BOMGS  Sevies length

4.0
5.9
236
Fr iy
26.9
26.5
5.7
273
6.2
25.2
26.1
138
170
13.9
1.0
112
14.3
168
15.5
142
135
1.3
1.7
8l

160
1.5

.0

144
134

Bird taxa monitored in the Northern Territory (NT) resulted in an index based on 211 time series (1.8% of all records
used for analyses) for 17 taxa (representing 7.2% of all Australian threatened/Near Threatened birds) from four data

sources with a time-series length of 22.2 + 8.6 years (mean + SD) and 12.4 + 5.9 (mean + SD) sample years per time

series (Figure 13c) - see Table 10 for a summary of all taxa included in this index. The baseline for all state and territory

indices was set to 1.0 in 1980 to allow for comparison between regions except for NT where no data were available

before 1982; thus here the 1982 was selected as a reference year. The trend shows an increase of 113.3% compared to
the baseline set in 1982 (Figure 13a) with an overall slope of 0.026 (2.6% increase in index value per year). This increase

contrasts with decreases indicated by the overall TSX for Australia (section 2.2). The index value in 2015 is 2.133 with
95% confidence intervals between 0.696 (decreasing) and 5.485 (increasing) indicating high variance in trends across

NT taxa. Sampling intensity is restricted to isolated pockets of habitat across NT, resulting in relatively low spatial
representativeness across the entire territory (Figure 13b).
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Figure 13: A Threatened Species Index (TSX) for all threatened and Near Threatened birds monitored in the Northern
Territory (NT). Panels indicate a) a TSX for birds monitored in NT with a base year set at 1982 and log-transformed vertical
axis (the multi-species trend is shown in white and the 95% cumulative confidence intervals around the index value are in
blue), b) spatial representation of sampling intensity of data included in the index, c) number of species population time
series for sites surveyed repeatedly through time and d) a summary on the number of species (in green) and number of
time series (in blue) used to calculate the index for each year.

Table 10: Summary table of data used to calculate the TSX for threatened and Near Threatened birds monitored in the
Northern Territory. Scientific names for all taxa are given within the ‘Index Summary Tables’ folder of the electronic

supplementary material.

Time series length (mean £ 5D): 22,2+ 8.6
Number of samples (years) per time series (mean £ 5D} 12,44 5.9

Number of data sources in Index: 4
Number of taxa In Index: 17

Tawon nama

Tawa in Index
Black-tailed Godwit
Curlew Sandpiper
Eastern Curlew
Great Knot
Greater Sand Plover
Grey Plover
Lesser Sand Plover
Red knot
Red-necked Stint
Ruddy Turnstone
Grey Falcan
Red Goshawk
Princess Parrot
Eastern Pariridge Pigecn
Eastern Purple-crowned Fairy-wren
Gouldian Finch
Western Purple-crowmned Fairy-wren

Functional group Functional sub-group
Shoreline (migratory]
Shoreline (migratory]
Shoreline (migratory]
Shoreline |migratory)
Shareline |migratory]
Shoreline (migratory)
Shoreline (migratory]
Shoreline (migratory]
Shoreline (migratory]
Shareline |migratary]
Terrestrial
Terrestrial

Terrestrial
Terrestrial
Terrestrial
Terrestrial
Terrestrial

Arid Woodland) shrubland
Tropical savanna woodland
Tropical savanna woodland
Tropical savanna woodland
Tropical savanna woodland

BirdLife Australia states

Near threatensd
Critically Endangered
Critically Endangered
Endangersd
Vulmerable

Near threatensd
Endangered
Endangered

Near threatensd
Mear threatened
Vulnerable

Near threatened
Near threatened
Vulnerable

Mear threatened
Near threatenesd
Endangered

EPEBC status S

Critically Endangered
Critically Endangered
Critically Endangered
Vulnerable

Endangered
Endangered

Vulnerable
Vulnerable
Vulnerable

Endangered
Endangered

B RS e e B B RS R R B B R R R B R R
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# ima

B w e R oo w e m @ w N

Maan time-
sevies length

19.43
28,29

29.38
29.38
29,38
30.00
30.19
29.22
30.00
18.37
21.56
1817
20.50
13.60
15.00
16,71



2.5.3 Queensland

Bird taxa monitored in Queensland (QLD) resulted in an index based on 4,416 time series (37.0% of all records used
for analyses) for 30 taxa (representing 12.7% of all Australian threatened/Near Threatened birds) from 11 data sources
with a time-series length of 17.5 + 6.6 (mean + SD) and 12.4 + 6.1 (mean + SD) sample years per time series (Figure 14c)
- see Table 11 for a summary of all taxa included in this index. The baseline for all state and territory indices was

set to 1.0 in 1980 to allow for comparison between regions. The trend shows a decrease of 11.7% (Figure 14a)
compared to the baseline in 1980 with an overall slope of -0.008 (0.8% decrease in index value per year).

Between 1980 and 1995 Queensland shows an inverse trend to the decreases indicated by the overall Australian
TSX (section 2.2). The Index value in 2015 is 0.883 with 95% confidence intervals between 0.392 and 1.650. Spatial
representativeness of the index across east coast and far inland arid habitats of QLD is very high, and the index has
low representativeness across central QLD Mulga, Mitchell Grass Down habitats, and the Gulf of Carpentaria due to
low sampling intensity there (Figure 14b).
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Figure 14: A Threatened Species Index (TSX) for all threatened and Near Threatened birds monitored in Queensland
(QLD). Panels indicate a) a TSX for birds monitored in QLD with a base year set at 1980 and log-transformed vertical axis
(the multi-species trend is shown in white and the 95% cumulative confidence intervals around the index value are in
blue), b) spatial representation of sampling intensity of data included in the index, c) number of species population time
series for sites surveyed repeatedly through time and d) a summary on the number of species (in green) and number of
time series (in blue) used to calculate the index for each year.
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Table 11: Summary table of data used to calculate the TSX for threatened and Near Threatened birds monitored
in Queensland. Scientific names for all taxa are given within the ‘Index Summary Tables’ folder of the electronic

supplementary material.

Time series length (mean £ 5D): 17.5 & 6.6
MNumber of samples [years) per time series (mean t 5D): 124 £ 6.1

MNumber of data sources in Index: 11

MNumber of taxa in Index: 30

#data #time Mean time-

Taxon name Functional groug Funcional sub-group BirdLie Australia stalus  EPBC slatus sources saries ssries egth
Taxa in Index

indian Ocean Red-tailed Tropichird  Marine e PGSR EAMEE pear threatened 3 2 130
Asian Dowitcher Shoreline (migratory) HNear threatened 2 5 2.2
Black-tailed Godwit Shoreline (migratory) Near threatened 2 264 18.2
Curlew Sandpliper Shoreline (migratory) Critically Endangered Critically Endangered 2 435 173
Eastern Curlew Shoreline (migratory) Critically Endangered Critically Endangered 2 557 169
Great Knot Shorelne |migratory} Vulnerable Critically Endangered 2 453 179
Greater Sand Plover Shorelne [migratory) Vulnerable WVulnerable 2 337 176
Grey Plowver Shorelne (migratory) MNear threatensd 2 246 18.1
Lessar Sand Plover Shoreline (migratory) Endangersd Endangered 2 414 172
Aed Knot Shoreline (migratory) Endangered Endangered 2 283 87
Aed-necked Stint Shoreline (migratory) HNear threatened 2 514 171
Ruddy Turmstone Shoreline (migratory) Near threatened 2 375 1n.7
Capricorn Yellow Chat Terresirial Endangered Critically Endangered 1 12 98
Eastern Major Mitchell’s Cochatos Terresirial Near threatened 1 14.7
Grey Faleon Terrestrial Vulnerable 2 76 175
Letter-winged Kite Terrestrial MNear threatened 2 9 159
Morthern Eastern Bristlebird Terrestrial Critically Endangered 1 2 75
Red Goshawk Terrestrial Hear threatened Vulnerable 2 k) 264
Painted Honeyeater Terresirial Dry sclerophyll woodland fforest  Vulnerable Vulnerable 2 15 14.8
South-eastern Biack-chinned Terrestrial Dry sclerophyll woodlandforest  Near threatened PRt 144
Honeyeater

South-gastern Brown Triecreeper Terrestrial Dry scherophyll woodland fforest  Near threatened 2 15 133
South-eastern Hooded Robin Terrestrial Dy sclerophyll woodland fforest  Near threatened 1 4 135
Southenn Barking Owl Terresirial Dry sclerophyll woodlandforest  Near threatened 2 166 19.2
Southern Squatter Pigeon Terrestrial Dry scherophyll woodlandforest  Least concern Vulmerable 1 kil 121
Northern Rufous Scrub-bird Terrestrial Rasnforest Endangered 2 9 110
Eastern Purple-crowned Fairy-wren  Terrestrial Tropical savanna woodLand Near threatened 1 ] 173
Fawn-breasted Bowerbird Terrestrial Tropical savanna woodland MNear threatensd 1 5 16.2
Gouldian Finch Terrestrial Tropical savanna woodland MNear threatensd Endangered 2 3 150
Northern Masked Owl Terrestrial Tropical savanna woodland Vulngrable Vulngrable 1 3 1590
Southermn Black-throated Finch Terrestrial Trogical savanna woodland Vulnerable Endangered 1 & a7
Australasian Bittern Wetland Endangered Endangered 2 7 123

2.5.4 South Australia

Bird taxa monitored in South Australia (SA) resulted in an index based on 953 time series (8.1% of all records used for
analyses) for 28 taxa (representing 11.9% of all Australian threatened/Near Threatened birds) from seven data sources
with a time-series length of 21.5 + 10.7 years (mean + SD) and 11.5 + 5.9 (mean + SD) sample years per time series
(Figure 15¢) - see Table 12 for a summary of all taxa included in this index. The baseline for all state and territory indices
was set to 1.0 in 1980 to allow for comparison between regions. The trend shows a decrease of 72.5% relative to the
baseline (Figure 15a) with an overall slope of -0.022 (2.2% decrease in index value per year). This decrease is 47.3%
greater than the overall TSX for Australia (section 2.2). The index value in 2015 is 0.275 with 95% confidence intervals
between 0.152 and 0.482 indicating a decrease of between 84.8% and 51.8% for threatened and Near Threatened birds
in SA between 1980 and 2015. The index is mostly representative of southern and coastal habitats particularly those in
the Eyre and Yorke Peninsulas and around Adelaide and the Mount Lofty Ranges, and has low representativeness of the
northern SA arid zone excepting the north-east corner of the State near the north of Lake Eyre (Figure 15b).
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Figure 15: A Threatened Species Index (TSX) for all threatened and Near Threatened birds monitored in South Australia (SA).
Panels indicate a) a TSX for birds monitored in SA with a base year set at 1980 and log-transformed vertical axis (the multi-
species trend is shown in white and the 95% cumulative confidence intervals around the index value are in blue), b) spatial
representation of sampling intensity of data included in the index, c) number of species population time series for sites
surveyed repeatedly through time and d) a summary on the number of species (in green) and number of time series

(in blue) used to calculate the index for each year.

Table 12: Summary table of data used to calculate the TSX for threatened and Near Threatened birds monitored in South Australia
Scientific names for all taxa are given within the ‘Index Summary Tables’ folder of the electronic supplementary material.

Tirme-serbes length (mean & 5D): 21.5 £ 10.7

Number of samples (years) per time series (mean £ 50): 115259
Number of data sources In Index: 7

Number of taxa in Index: 28

#dala  #tme Mean ime

Taxon nams Functional group Functional sub-group BirclLife Auslraka stdlus  EPBC slatus saries . paxies Mgl
Taxa in Index

Australian Fairy Tern Marine Gulls Terns Noddies Skuas Jaegers  Vulnerable Vulnerable F 41 9.5
Black-tailed Godwit Shoreline [migratory) Near threatensd 2 12 o8
Curlew Sandpiper Sharelire [migratary) Critically Endamgered Critically Endangered F ] 184
Eastern Curdew Shareline (migratory) Critically Endangered Critically Enclangered 2 Ex] 283
Great Kot Sharelire (migratory) Endangered Critically Endangered z 37 8.2
Greater Sand Plover Sharalirg (migratory) Vulnarable Vulngrable 1 15 4.1
Gréy Plover Shoreline [migratory) Nedr threatened 2 47 &4
Lesser Sand Plover Sharelirs [migratory) Endangered Endangered 1 ko Er L]
Red Knat Shareline [migratary) Endangered Endangered 2 k2 78
Red-necked Stint Shorelirg (migratary) Near threatensd F g3 66
Ruddy Turnstone Shareline [migratary) Hear threatened 2 54 284
Eastern Major Mitchell's Cotkaton Terrestrial Near threatensd 1 I8 166
Eastern Aegent Parrot Temestrial Endangered Vulnerable i 40 13.2
Flame Robin Terrestrial Negr threatensd i 7 133
Flawrigu Peninsula Southorn Emu-wren  Termestrial Endangared Endangered 1 1 BO
Gréy Faloon Terrestrial WVulrserabibe 2 50 a1.1
Letter-winged Kite Terrestrial HNear threatensd 1 b 39
Orange-bellied Parrot Terrestrial Critically Endangered Criticallty Endangered 1 1 300
Princess Parrat Terrestrial Arid Woodland/ shrubland Near threatend Vulnerable F 7 166
Honeyeater Terrestrial Dry sclerophyll woodland fonest Hear threatensed 3 il 148
Scuth-eastern Hooded Robin Terrestrial Dy scherophyll woodland fonesty Near threatened 1 151 146
Scuthern Barking Crwd Temestrial Dry sclerophyll woodland/forest  Near threatened i 16 243
Mount Lofty Ranges Chestnut-rumped o Heathland Endangared Endangered 1 1 £
Heathwren

Kangaroo kland Glossy Black-Cockatoo  Terrestrial dand endemic Endangered Endangered 1 L] 180
Black-ganed Miner Terrestrial BAallee waodland Endangered Endangered F 0 168
Malleafowd Tarrestrial Malles woodland Vulnarable Vulnerable 1 ol 17.1
Australasian Bittern ‘Wetland Endangered Endangered 2 Fii) 128
Blue-billed Duck Wetland Hear threatened E] 5 74
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2.5.5 Tasmania

Bird taxa monitored in Tasmania (TAS) resulted in an index based on 478 time series (4.1% of all records used for analyses)
for 21 taxa (representing 8.9% of all Australian threatened/Near Threatened birds) from six data sources with a time-series
length of 21.7 + 9.5 years (mean + SD) and 15.2 + 9.2 (mean + SD) sample years per time series (Figure 16c¢) - see Table
13 for a summary of all taxa included in this index. The baseline for all state and territory indices was set to 1.0 in 1980 to
allow for comparison between regions. Little data were available for threatened terrestrial birds in Tasmania. Only two
terrestrial species were available. These two terrestrial taxa for which data were available, i.e. Tasmanian Wedge-tailed
Eagle and Flame Robin (sourced from Birdata) are widespread and confound the sampling intensity in Figure 14b to
appear larger. The Tasmanian TSX is largely representative of migratory shoreline and marine species constituting 19 of
the 21 taxa in total. The trend shows a decrease of 27.7% relative to the baseline 1980 (Figure 16a) with an overall slope
of -0.008 (0.8% decrease in index value per year). This decrease is of the same magnitude (2.5% more) like the overall
TSX for Australia (section 2.2). The index value in 2015 is 0.723 with 95% confidence intervals between 0.406 and 1.238.
The high variance in the trends of TAS birds results in uncertainty in whether overall TAS birds were on an increasing or
decreasing trajectory between 1980 and 2015. The index is mostly representative of southern and central habitats, and
has low representativeness of the northern TAS habitats (Figure 16b). Further data on threatened and Near Threatened
taxa are needed to improve the representativeness of the Tasmanian TSX.
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Figure 16: A Threatened Species Index (TSX) for all threatened and Near Threatened birds monitored in Tasmania (TAS).
Panels indicate a) a TSX for birds monitored in TAS with a base year set at 1980 and log-transformed vertical axis (the
multi-species trend is shown in white and the 95% cumulative confidence intervals around the index value are in blue),
b) spatial representation of sampling intensity of data included in the index, c) number of species population time series
for sites surveyed repeatedly through time and d) a summary on the number of species (in green) and number of time
series (in blue) used to calculate the index for each year. Note that the inland sampling intensity in b) is mainly due to
the widespread terrestrial taxa Tasmanian Wedge-tailed Eagle and Flame Robin.
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Table 13: Summary table of data used to calculate the TSX for threatened and Near Threatened birds monitored in
Tasmania. Scientific names for all taxa are given within the ‘Index Summary Tables’ folder of the electronic
supplementary material.

Time series bength (mean £50): 21,7 $9.5
Number of samples (years) per time serles (mean £ 5D): 15.2 +9.2
Mumber of data sources in Index: 6

Number of taxa in Index: 21

#data #time Mean time

Taxon name Funcional group Functional sub-groug BirdLife Australia states  EPBC status seies  series langh

Taxa in Index
Black-browed Albatross. Maring Albatrosses and Glant-Petrels  Endangered Vulnerable 2 1 18.0
Grey-headed Albatross Marine Albatrosses and Giant-Petrels  Critically Endangered Endangered 1 1 180
Light-mantled Sooty Albatross Marine Albatrosses and Glant-Fetrels  Mear threatened 1 7 o
Northern Giant-Petrel Marine Albatrosies and Giant-Petrels  Least concern Vulnerable 1 17 140
Shy Albatross Marine Albatrosses and Giant-Petrels  Vulnerable Vulrerable 2 3 1r03
Southern Giant-Petrel Maring Albatrosses and Glant-Petrels  Least concern Endangered 1 1 170
‘Wandering Albatross Marine Albatrosses and Glant-Fetrels  Critically Endangered Vulnerable 1 1 55.0
Black-tailed Godwit Shoreline (migratory) Near threatened 1 1 43.0
Curlew Sandpiper Shioreline (migratory) Critically Endangered Critically Endangered 2 26 30.0
Eastern Curlew Shoreline (migratory) Critically Endangered Critically Endangered H 9 0.9
Great Knot Shoreline (migratary) Endangered Critically Endangered 2 7 237
Greater 5and Plover Shoreline (migratory) Vulnerabbe Vulnerable 2 2 185
Gry Plover Shioreline (migratory) Near threatened 2 11 29.7
Lesser Sand Plover Shoreline (migratory) Endangered Endangered 2 15 330
Red Knot Shoreline (migratary) Endangered Endangened 2 19 ILE
Red-necked Stint Shoreline (migratory) Near threatened ] 40 8.9
Ruddy Tumstone Shoreline (migratary) Near threatened 2 6 6.3
Flame Robin Terrestrial Near threatened 4 60 14.2
Tasmanian Wedge-tailed Eagle Terrestrial Vulnerable Endangened 1 207 186
Australasian Bittesn ‘Wetland Endangered Endangered 2 3 18.3
Blug-billed Duck Wetland Near threatened 3 1 BO

2.5.6 Victoria

Bird taxa monitored in Victoria (VIC) resulted in an index based on 2,158 time series (18.3% of all records used for
analyses) on 31 taxa (representing 13.1% of all Australian threatened/Near Threatened birds) from 14 data sources
with a time-series length of 18.6 + 10.9 years (mean + SD) and 12.9 + 9.5 (mean + SD) sample years per time series
(Figure 17¢) - see Table 14 for a summary of all taxa included in this index. The baseline for all state and territory
indices was set to 1.0 in 1980 to allow for comparison between regions. The trend shows a decrease of 36.0%
relative to the baseline in 1980 (Figure 17a) with an overall slope of -0.010 (1.0% decrease in index value per year).
This decrease is 10.8% greater than the overall TSX for Australia (section 2.2). The index value in 2015 is 0.640 with
95% confidence intervals between 0.398 and 0.994 indicating a decrease of between 60.2% and 0.6% for threatened
and Near Threatened birds in VIC between 1980 and 2015. The index is representative of most VIC habitats excepting
the Victorian Alps, Highlands and East Gippsland Uplands (Figure 17b).

-_— T A

Image: Regent honeyeater. Photo: Derek Keats W/‘k/’medi Commons CC BY 2.0
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Figure 17: A Threatened Species Index (TSX) for all threatened and Near Threatened birds monitored in Victoria (VIC).
Panels indicate a) a TSX for birds monitored in VIC with a base year set at 1980 and log-transformed vertical axis (the multi-
species trend is shown in white and the 95% cumulative confidence intervals around the index value are in blue), b) spatial
representation of sampling intensity of data included in the index, c) number of species population time series for sites
surveyed repeatedly through time and d) a summary on the number of species (in green) and number of time series

(in blue) used to calculate the index for each year.

Table 14: Summary table of data used to calculate the TSX for threatened and Near Threatened birds monitored in Victoria.
Scientific names for all taxa are given within the ‘Index Summary Tables’ folder of the electronic supplementary material.

Time series length [mean + 50): 18.6 £ 10.9
Mumber of samples [years) per time series [mean £ SD): 129 £9.5

Numbser of data sources in Index: 14
Nurmiber of taxa in Index: 31

Taenen Fama

Taxs in Index
dugitralian Falry Tern
Bilack-taibed Godwit
Curliny Sandpipar
Eaitarn Curli
Great Kot
Greater Sand Plover
Grey Plover
Lesser Sand Plover
Red Krat
Red-necked Stint
Ruddy Tusritana
Eantern Hooded Plover
Eaqtarn Major Mitchaell's Cockatoo
Eastern Begent Panot
Flame Rokin
Helmeted Honeyeater
Orange-bellied Parmot
Painbed Honyeater
Senth-sadtirn Black-chinned Honeyeater
South-gastern Brown Treecreeper
South-eastern Hooded Bobin
Southern Barking Owl
Zwperbh Parrot
Swift Parrat
Southern Eastenn Bristlebid
Bilack-warad Mirsgs
Mallae Erra-wran
Mallzefowl
Red-lored Whistler
fugitralasian Bitbern
Blue-billed Duck
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Faingsonal geoup

Marine

Shoreling (migratary)
Shorslineg (migratory)
Shoreling (migratory)
Shareline |migratory)
Shoreline {migratory]
Shoreline {migratory)
Shoreline |migratory)
Shoreling (migratary)
Shoneling |migratary)
Shoreling (migratory)
Shareline resident)

Terrestrial

Fumctional sub-geoup Bl ife Australin stalus
Gulls Terns Moddies Skuas begers  Vulnerable
Hear Threatesed
Critacally Endangined
Critically Endangined
Endangered
Vulnerable
Near Threatened
Endargened
Dndurgensd
Hear Threatesed
Naar Thaatened
Vldnerahle
Hear Threatened
Endargered
Hear Threatened
Critically Endsngened
Critically Endangensd
Dy sclerophyll woodlardTorest  Vlnerable
Dry scleraphyll woodiardTarett  Near Threatened
Dry sclerophyll woodiand fonest N“r‘fhw‘rm!d
Diry sclerophyll forest  Mear Th
Diry sclerophyll forest  Mear Th
Dry sclerophyll woodlandTorest  Least Concern
Dy scleraphyll woodland/forest  Critically Endengensd
Heathlend Endargened
Ml woodland Endargand
Malles woodland Endargered
Malleq woodland Vulnarable
Malles woodland Vulnerable
Endargened
Hear Threatened

EPBC stabs

‘Wulnerable

Critically Endangerad
Critically Endangerad
Critically Endangered
Wulnerable

Erdangered
Erdbngened

Vulnarable
Wulnerable

Critically Endangered
Critically Endangered
Vulnerable

‘Wulnerable
Critically [ndangered

Erslangened
Endangered
Vulnarable
Wulnerable

Erdangered
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2.5.7 Western Australia

Bird taxa monitored in Western Australia (WA) resulted in an index based on 1,066 time series (9.1% of all records used
for analyses) on 25 taxa (representing 10.6% of all Australian threatened/Near Threatened birds) from eight data sources
with a time-series length of 17.0 + 10.0 years (mean + SD) and 10.2 + 5.6 (mean + SD) sample years per time series
(Figure 18c¢) - see Table 15 for a summary of all taxa included in this index. The baseline for all state and territory indices
was set to 1.0 in 1980 to allow for comparison between regions. The trend shows an increase of 20.9% relative to the
baseline in 1980 (Figure 18a) with an overall slope of 0.001 (0.1% increase in index value per year). The index value in
2015 is 1.209 with 95% confidence intervals between 0.454 and 3.005 indicating high variance in trends across WA
taxa between 1980 and 2015. The index is mostly representative of WA habitats near coastal urban centres and has
low representativeness of inland arid and semi-arid habitats and coastal habitats far from urban areas (Figure 18b).
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Figure 18: A Threatened Species Index (TSX) for all threatened and Near Threatened birds monitored in Western Australia
(WA). Panels indicate a) a TSX for birds monitored in WA with a base year set at 1980 and log-transformed vertical axis
(the multi-species trend is shown in white and the 95% cumulative confidence intervals around the index value are in
blue), b) spatial representation of sampling intensity of data included in the index, c) number of species population time
series for sites surveyed repeatedly through time and d) a summary on the number of species (in green) and number of
time series (in blue) used to calculate the index for each year.
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Table 15: Summary table of data used to calculate the TSX for threatened and Near Threatened birds monitored in
Western Australia. Scientific names for all taxa are given within the ‘Index Summary Tables' folder of the electronic
supplementary material.

Tirne series length (mean & SD): 17.0 + 10.0

Number of samples (years) per time series (mean £ 50): 10.2 £ 5.6
Humber of data sources in Index: &

Number of taxa in Index: 25

W data W Kime Miaan Lime-

Taxon nama Functional group Functional sub-group BirdLife Australla status  EPBC status -

Tawa In Index
Tropichirds Frigatebirds Gannets

Indian Ocean Red-tailed Tropichénd Maring Boobles Near threatened 3 3 103
indian Dcean White-tailed Tropichird  Marine m‘:’mmﬁlmm e P T—— 1 3 a7
Aslan Dowitchar Shoreling (migratory) Naar threatened 2 22 151
Black-tailed Godwit Shoreline [migratony) MNear threatensd 2 50 186
Curlew Sardpiper Shoreling (migratary) Critically endangened Crinically Endangered Fi 11 205
Eastern Curlew Shoreling [migratory) Critically endangered Critically Endangered i 59 174
Great Knat Shereling [migratary) Endangered Critically Endangered 2 75 188
Greater Sand Plover Shoreling (migratary) WVulnerable Yulmerahle Fi Tl 18.1
Grey Plover Shoreling [migratory) Near threatened i 90 196
Lesser Sand Plover Shereline [migratary) Endangered Endangered 2 L 189
Red Knot Shoreline [migratory) Endargered Endangered 2 63 2001
Red-necked Sting Shoreline (migratory) Near threatened 2 149 19.0
Ruddy Tummstone Shereline [migratary) Mear threatensd 2 31 184
Grey Faloon Terrestrial WVulnerakble Fi 42 172
Red Goshawhk Terrestrial Hear threatened Vulnerable 2 7 19.0
Princess Parmot Terrestrial Asid Woodlandf shrubland Hear threatened Wulnerabile 2 14 136
Eaidin's Black-Cockatoo Terrestrial Dry sclerophyll woodland/forest  Endangered Yulmeralle 1 28 7.1
Carnaby's Black-Cockatoo Terrestrial Dry sclerophyll woodlandfforest  Endangered Endangered 1 111 T2
Southern Barking Owl Terrestrial Dry sclerophyll woodland forest  Nesr threatensed 2 15 193
Pobarlle od crwl Terrestrial Mallee woadland Wulnerable Yulmeralle 2 1z 14.3
Gaouldian Finch Terrestrial Tropical savanna woodand Hear threatened Endangered 2 13 16.8
Morhem Matked Oad Terredtrial Tropical savanna woodland Wulnsra bbe Vulrmerable 1 1 140
Waestern Pumple-crowned Fairg-wren  Terrestrial Tropical savanna woodland Endamgered Emdangerned 2 15 125
Australaslan Bittern Witkand Endangered Endangered i k3 115
Bluse-billed Duck ‘Wiethand Mear threatensed 3 1o 80

2.6 Conservation Status

2.6.1 Near Threatened Taxa

The subset of bird taxa listed as Near Threatened on the list of BirdLife Australia/Threatened Species Committee
resulted in an index based on 5,673 time series (48.2% of all records used for analyses) on 20 taxa (out of 54 in total)
from 15 data sources with a time-series length of 17.4 + 8.5 years (mean + SD) and 11.6 + 6.7 (mean + SD) sample years
per time series (Figure 19¢) - see Table 16 for a summary of all taxa included in this index. The baseline was set to 1.0

in 1980 due to data availability and to allow for comparison between indices. The trend shows a decrease of 28.4%
(Figure 19a) relative to the baseline in 1980 with an overall slope of -0.001 (0.1% decrease in index value per year).

The index therefore shows a similar decrease (3.2% more) than the overall Australian TSX (section 2.2). The index value
in 2015 is 0.716 with 95% confidence intervals between 0.270 and 1.472 indicating a decrease of between 73.0% and an
increase of 47.2% for Near Threatened birds in Australia between 1980 and 2015 suggesting a high variability within the
data available. Since 2000, the index appears relatively stable throughout time. The index has good representativeness
of Near Threatened birds in south-eastern regions of Australia but low representativeness of birds in inland NT, WA and
SA (Figure 19b).
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Figure 19: A Threatened Species Index (TSX) for Near Threatened birds. Panels indicate a) a TSX for Near Threatened
birds (listed on BirdLife Australia/Threatened Species Committee list from 2016) with a base year set at 1980 and log-
transformed vertical axis (the multi-species trend is shown in white and the 95% cumulative confidence intervals around
the index value are in blue), b) spatial representation of sampling intensity of data included in the index, c) number of
species population time series for sites surveyed repeatedly through time and d) a summary on the number of species
(in green) and number of time series (in blue) used to calculate the index for each year.

Photo of Light-mantled Sooty Albatross kindly provided by G. Ehmke, BirdLife Australia.



Table 16: Summary table of data used to calculate the TSX for Near Threatened birds as per BirdLife Australia/Threatened
Species Committee list from 2016. Scientific names for all taxa are given within the ‘Index Summary Tables’ folder of the
electronic supplementary material.

Time-series length (mean £ 50): 174+ 8.5
Mumber of samples (years) per time series [mean £ 50): 11.6 ¢ 6.7

Mumber of data sources in Index: 15
Number of taxa in Index: 20
wdntn Wiime Mo e
Tana in index
Light-mantied Sooty Albatross Mlarine Albatrosses and Giant-Fetrels 1 7 T0
Inian Dcean Red-tailed Tropichird Marine Tregicbinds Frigatebinds Gannets Boabies 3 5 114
Asinn Dowitcher Shireline [migratory) F 47 189 145
Bilack-tailed Godwit Shinreline (migratory) F 404 205 130
Grery Phower Shoreline {migratary) 2 47 n7 155
Piech-rueched Stint Shoreline [migratory) 1 1048 211 13.9
Ruddy Turnstone Shoveline [migratary) 2 61 2 143
Easten Major Mitchell's Cockatoo Terrestrial 1 116 4.6 6.7
Flame Robin Terrestrial 4 &7l 111 241
Letter-winged Kite Terrestrial 1 EL 211 T
Scasth-castern Black-chinned Honoyeater Terrestrial Dy sclerophyll woodland forest 2 £ 129 79
South-eastern Brown Treecreeper Terrestrial Dry scherophyll woodiandforest 2 632 131 178
South-eastern Hooded Robsn Terrestrial Diry scherophyll woodland/forest 1 419 134 210
Seuthern Barking Owl Terrestrial Dry scherophyll woosdiand forest k4 A2 208 30.0
Chiestnas tsland Imperisl-Figeon Terrastrial lshgnd endemic 1 115 11.0 ar7
Chiistmad lsland White-gye Terrestrial Iskand endemic 1 115 110 417
Albert's Lyrebind Terrestrial Radnfones 1 12 B0 o2
Eastedn Purple-crowmed Fairy-wren Terrestrial Trapieal snanna woadiand 1 11 158 204
Fivwnn-brgsitid Bowerbind Terrestrial Tropical svanna woodland 1 5 16.2 107
Bhse-billed Duck Wethand 3 57 25 11.8
Taxa not in index
Soutforn Buller's Slbartnods Mllarine Albestrosses and Glant-Potiels o 0 [+
Nacaroni Perguin Mllaring Penguing 3] il [i]
Rowal PEnguin WAArine PEnuInA o i i
Subsnisictic Gentod Penguin Marine Panguing ] L] 1]
Flesh-fopded Shearwater Mlarine Petrols and Shearmaters Q 0 0
Kattled Petrel Miarinn Petrels and Shearwmters o o o
New Caledonian Tahit Petrel Maring Petreli and Shoarwatees [a] [1] ]
Pacfic Tahiti Potrel Pollaring Patrels and Shearwaters x] [ 4] [4]
S0ty Shearwater Maring Pedrgly and Shidrwaten 0 [0 4
Taaman Bacby Mnris Tropickinds Frigarelinds Ganners Bachies 4] 1] ]
Esateds Ghey Plover Ehitwia|ired [Palgratory) [x] o <]
Easoedm Siberian Black-tailed Godwit Shodeling [migratary) [i] 1] 1]
Eactars Sibarian Whinnboel Shagarelined [vigratory) [x] Ly [
Palacarctic Ruddy Turnstone Shineeline (migratorg) o 1] 5]
Chesirut-breastocd Whisface Terrastrin 4] [1] ]
Papuan Barking Owl Terrestrial 5] (1 [
Papuan Brown Goshawhk Terreatrial i} [i] L]
Singing Starling Terrestrial o a i
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morfalk 1stand Groy Fantad Terrostrial island endamic 1] [ [
Narfalk island Sacred Kingfisher Terrestrial island endemic o [ 1
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Stokes Range White-guilled Rock-Pigeon Tregical svanna woodland x] 0 i
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2.6.2 Vulnerable Taxa

The subset of bird taxa listed as Vulnerable on the list of BirdLife Australia/Threatened Species Committee and/or

EPBC Act resulted in an index based on 1,344 time series (11.4% of all records used for analyses) on 15 taxa (out of 67

in total) from 14 data sources with a time-series length of 17.4 + 7.8 (mean + SD) and 11.7 + 6.0 (mean + SD) sample
years per time series (Figure 20c¢) - see Table 17 for a summary of all taxa included in this index. The baseline was set to
1.0 in 1980 due to data availability and to allow for comparison between other indices. The trend shows a decrease of
48.9% (Figure 20a) relative to the baseline in 1980 with an overall slope of -0.011 (1.1% decrease in index value per year).
The index therefore shows a greater decrease of 23.7% than the overall Australian TSX (section 2.2). The index value in
2015 is 0.511 with 95% confidence intervals between 0.246 and 1.022 indicating a decrease of between 75.4% and an
increase of 2.2% for Vulnerable birds between 1980 and 2015. The index has broad but patchy representativeness of
Vulnerable birds across many coastal and inland habitats (Figure 20b).
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Figure 20: A Threatened Species Index (TSX) for Vulnerable birds. Panels indicate a) a TSX for Vulnerable birds (listed on
BirdLife Australia/Threatened Species Committee list from 2016 or and/or EPBC Act from 2017) with a base year set at
1980 and log-transformed vertical axis (the multi-species trend is shown in white and the 95% cumulative confidence
intervals around the index value are in blue), displayed in orange versus the trend for Near Threatened birds (in green),
b) spatial representation of sampling intensity of data included in the index, c) number of species population time series
for sites surveyed repeatedly through time and d) a summary on the number of species (in green) and number of time
series (in blue) used to calculate the index for each year.
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Table 17: Summary table of data used to calculate the TSX for Vulnerable birds as per BirdLife Australia/Threatened
Species Committee (2016) and/or EPBC Act (2017). Scientific names for all taxa are given within the ‘Index Summary
Tables' folder of the electronic supplementary material.

Time-saries bength [mean £ $D): 1741 7.8
Namber of samples (years] per time series {mean 2 S50k 11.7 = 6.0

Number of data sources in indew: 14
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Barrgw kland White wingod Fary wron Teresiris g endomic ‘Wdirerala Wil able L] a ]
Chrimas hband Hawse-Owl Teereutrial Palinwd vy i i ‘hilrratila el i L] L] 1]
Eirk Haring Rufous Fusdare Tisrestnia sk endemic ‘Wuilrerratie ] a ]
ik Fimiog Southesn Esu wiren Terrestriy Inlaens i mic Wy i (] 1]
Eork Mty Wi ile—mrnged Fairp-wrien Terwutrlal Lt i ieullingr alds bt il L] 1] ]
Bogerrig Mulisus Farldharn TarEria iolaen wdgmie Tl [ L] 1]
Kirg Blgand Gresn Aosefia Teirestriad ket e mic iibrarniile i bt L] o ]
Morfodk lularet Golkden Wistler Teresinls sl wrnidemic Mear tuesiemed Wl sl [ a ]
530 Bay Warkgatad Fairy wien Terextnal Ieland prdomic Wulrerabie L] ] ]
Thmi Moealiatels Bushlsr Teerwuivlal Island v ‘e draT b ey i L1 Li] o
Palles Wensrn Whigking Teruitrial Blalew wotdlind e g e Iwuli i [ a -]
Aundraliss Palm Cochansn Terresirias Raintoenca Wilmaranly Il rabis L] 1] [+ ]
et b i i s B i il Tesrpstrial Rainlore Mear thiwateried Iy il o a ]
Weitarn Farindee Pigeon Terrexivia Tropial wvama wooctang Wulrarabic Wil abie L L] ]
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Rechirche Copes Barren Gooe W ertland ‘At aTle el ey L1 a 1]
Teamvanian Lewin's i Witlang Lo L] 1] ]
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2.6.3 Endangered Taxa

The subset of bird taxa listed as Endangered on the list of BirdLife Australia/Threatened Species Committee and/

or EPBC Act resulted in an index based on 2,123 time series (18.0% of all records used for analyses) on 24 taxa from
14 data sources with a time-series length of 17.4 + 8.8 years (mean + SD) and 11.9 + 7.4 (mean + SD) sample years
per time series (Figure 21c) - see Table 18 for a summary of all taxa included in this index. The baseline was set to 1.0
in 1980 due to data availability and to allow for comparison between other indices. The trend shows an increase of

55.7% (Figure 21a) relative to the baseline in 1980 with an overall slope of 0.022 (2.2% increase in index value per year).

The index therefore shows an opposite trend compared with the decrease indicated in the overall Australian TSX

(section 2.2). The index value in 2015 is 1.557 with 95% confidence intervals between 0.812 and 2.714 indicating a large
uncertainty around the trend for endangered Australian bird taxa between 1980 and 2015. The trend appears relatively

stable since 2005 throughout time. The index is mostly representative of Endangered birds inhabiting coastal and

peri-urban habitats and has low representativeness of birds in many inland habitats (Figure 21b).
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Figure 21: A Threatened Species Index (TSX) for Endangered birds. Panels indicate a) a TSX for Endangered birds (listed
on BirdLife Australia/Threatened Species Committee list from 2016 or and/or EPBC Act from 2017) with a base year set
at 1980 and log-transformed vertical axis (the multi-species trend is shown in white and the 95% cumulative confidence
intervals around the index value are in blue), displayed in orange versus the trend for Near Threatened birds (in green),
b) spatial representation of sampling intensity of data included in the index, c) number of species population time series
for sites surveyed repeatedly through time and d) a summary on the number of species (in green) and number of time
series (in blue) used to calculate the index for each year. Note that the high sampling intensity for Tasmania is mainly
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Table 18: Summary table of data used to calculate the TSX for Endangered birds as per BirdLife Australia/Threatened
Species Committee (2016) and/or EPBC Act (2017). Scientific names for all taxa are given within the ‘Index Summary
Tables' folder of the electronic supplementary material.
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2.6.4 Critically Endangered Taxa

The subset of bird taxa listed as Critically Endangered on the list of BirdLife Australia/Threatened Species Committee
and/or EPBC Act resulted in an index based on 2,632 time series (22.4% of all records used for analyses) on 11 taxa (out
of 26 in total) from nine data sources with a time-series length of 19.9 + 9.6 years (mean + SD) and 12.9 + 7.7 (mean +
SD) sample years per time series (Figure 22¢) - see Table 19 for summary of all taxa included in this index. The baseline
was set to 1.0 in 1980 due to data availability and to allow for comparison between other indices. The trend shows a
decrease of 53.1% (Figure 22a) relative to the baseline in 1980 with an overall slope of -0.019 (1.9% decrease in index
value per year). The index trend shows a decrease that is double (53.1%) that of the overall Australian TSX (section 2.2).
The most severe decrease in the index coincides with an increase in data informing the index (Figure 22d). The index
value in 2015 is 0.469 with 95% confidence intervals between 0.269 and 0.902 indicating a decrease of between
73.1% and 9.8% for Critically Endangered birds between 1980 and 2015. The index is mostly representative of

Critically Endangered birds inhabiting coastal and peri-urban habitats and has low representativeness of birds in

many inland habitats (Figure 22b).
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Figure 22: A Threatened Species Index (TSX) for Critically Endangered birds. Panels indicate a) a TSX for Critically
Endangered birds (listed on BirdLife Australia/Threatened Species Committee list from 2016 or and/or EPBC Act from
2017) with a base year set at 1980 and log-transformed vertical axis (the multi-species trend is shown in white and the
95% cumulative confidence intervals around the index value are in blue), displayed in orange versus the trend for
Near Threatened birds (in green), b) spatial representation of sampling intensity of data included in the index,

c) number of species population time series for sites surveyed repeatedly through time and d) a summary on the
number of species (in green) and number of time series (in blue) used to calculate the index for each year.
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Table 19: Summary table of data used to calculate the TSX for Critically Endangered birds as per BirdLife Australia/
Threatened Species Committee (2016) and/or EPBC Act (2017). Scientific names for all taxa are given within the ‘Index
Summary Tables’ folder of the electronic supplementary material.
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2.7 National Priority Species (Birds)

Data suitable for index calculation were available for 12 taxa of the 20 national priority birds targeted by the National
Threatened Species Strategy. Suitable monitoring data with more than four years of sample are presently not available
for the following taxa because 1) they do not exist, 2) a custodian could not be identified or 3) data were not shared by
the custodian:

*  Night Parrot

» Golden-shouldered Parrot

* Norfolk Island Boobook

* Norfolk Island Green Parrot

e Southern Cassowary

e Plains-wanderer

e Western Ground Parrot

»  South-eastern Red-tailed Black-Cockatoo

Monitoring data for Mallee Emu-wren and Regent Honeyeater were included in the calculation, however the spread
of data indicate that data may not be spatially representative of most populations for these two species.

A preliminary TSX was calculated for 12 bird taxa and 1,341 time series (11.4 % of all records used for analyses) from 14
data sources. The mean time-series length was 18.2 + 9.3 years (mean + SD) and the number of sample years per time
series was 12.2 + 7.3 (mean + SD) - see Table 20 for a summary of all taxa included in this index. The baseline for 12 of
the 20 national priority birds for which data were available was set to 1.0 in 1980 due availability of data and to allow
for comparisons with other indices calculated. The trend shows a decrease of 40.1% relative to the baseline in 1980
(Figure 23) with an overall slope of -0.018 (1.8% decrease in index value per year). This index trend shows a decrease
of 14.9% more than the overall Australian TSX (section 2.2). The index value in 2015 is 0.599 with 95% confidence
intervals between 0.363 and 1.059 and large cumulative uncertainty after 2005.
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Figure 23: A Threatened Species Index (TSX) for the 20 priority birds of the National Threatened Species Strategy.
Panels indicate a) a TSX for 12 taxa of the 20 priority birds with a base year set at 1980 and log-transformed vertical
axis (the multi-species trend is shown in white and the 95% cumulative confidence intervals around the index value are
in blue), b) spatial representation of sampling intensity of data included in the index, c) number of species population
time series for sites surveyed repeatedly through time and d) a summary on the number of species (in green) and

number of time series (in blue) used to calculate the index for each year.

Table 20: Summary table of data used to calculate the TSX for 12 of the 20 Priority Birds of the National Threatened
Species Strategy. Scientific names for all taxa are given within the ‘Index Summary Tables’ folder of the electronic
supplementary material.
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2.8 Synthesis of Findings

A primary finding of the project to date is that there is much monitoring sufficient for presentation of regular trend
indices being conducted on threatened and Near Threatened birds in Australia. Much of the data arising from

such monitoring programs are readily shared and suitable for integration into a national Threatened Species Index.
The resulting index (and its subsidiary components) provides trend patterns that are objective, repeatable, and broadly
consistent with the limited available previous documentations of trends in some threatened Australian bird groups.
Although this is to be tested more thoroughly.

A major outcome of this project is in its identification of gaps. Not all existing monitoring programs and data currently
meet the standards required for integration; some species are not monitored at all, and some groups that undertake
monitoring have not (yet) contributed to this collation. These are well-recognised deficiencies. However, the current
project should serve to indicate the type of monitoring that would be most useful for incorporation in national
population trend reporting, and should help set priorities for the establishment of new monitoring programs for
currently poorly-sampled species. The presentation and dissemination of these results should also serve to encourage
the participation of other groups holding data that have not yet been contributed. This exercise serves to show what
is possible, and we would expect that in future years far more data should be available, covering a larger number

of threatened and Near Threatened species, and with increasing spatial representativeness.

Variation around the mean trend is to be expected. The overall Threatened Birds Index contains a diverse mix of
species representing life histories ranging from small, sedentary passerines confined to highly specific habitats in
deserts to the largest seabirds on earth from the sub-Antarctic. Due to many differences in the threats faced by
these species as well as their responses to these threats and their management, there is a high degree of variance

in the trends of populations across Australia. This results in substantial uncertainty around the mean index estimate.
Furthermore, some included species are being managed intensively and showing some signs of recovery, whereas
others are not. Contrasting trends for species’ populations over time increase the variation in index estimates and
should not be viewed as an inherently bad thing. In fact, if we are to be successful in conservation goals, uncertainty
may well increase with time as the proportion of declining species reduces and more species populations recover.

For some species groups, there is great consistency in trends. The index for migratory shoreline birds matches
expectations and previous work (Szabo et al. 2012, Clemens et al. 2016, Studds et al. 2017) which have documented
consistent declines across many species in this group. Uncertainty for this index in particular is low indicating a very
high level of consistency in species data within this group. Likewise, the index corroborates and extends previous
reporting of relative stability among birds in tropical savannas (Woinarski et al. 2012).

Other indices present a less clear picture. The marine index features a very high level of uncertainty (Figure 8).

The high variation may result from the relatively low number of time series and large increase in the number of
species monitored over time, or indicate real variation in how marine bird populations are responding to conservation
actions. Extensive conservation measures have been enacted for many seabirds over the years and some species are
known to be on the increase (e.g. the Australian Gould's Petrel), while others such as the Australian Fairy Tern are
under ongoing pressure and are in decline (Garnett et al. 2011).

Interpretation of indices should not be regarded as straightforward, and requires careful examination of diagnostics
and thorough exploration of the data characteristics that form the base of a composite index. Some Indices are not
representative of a region or species group. The Island endemic species index, for example, features significant data
for Christmas and Kangaroo Island endemics, however these species represent only six of the 40 threatened and Near
Threatened Australian island endemic terrestrial birds from two specific locations. Thus, this index should be taken as
a signal that there is a need to increase the data for Island endemics, before they are used to make inferences about
the overall trends in this group of species over time. If data on the numerous threatened endemic birds of islands from
Norfolk, Lord Howe and King Island in particular become available, the islands-endemic component of the index

will become much more representative.

Indices for some functional groups of conservation interest are presented here, however many more combinations
of sub-indices are possible and could be calculated. For instance, grouping based on prevailing threats (e.g. fire
sensitivity), or of the intensity of responsive management (e.g. whether a species has an implemented recovery plan
or not) are possible and may be of significant interest. The scientific workflow developed for the index allows for
seamless sub-setting of data spatially, by species characteristics and/or by other attributes of interest assuming
sufficient data are available.
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2.9 How can/should the index be used?

The index can be an enduring tool for tracking change in all threatened species over time and space, so long as
collaborating agencies and other stakeholders continue to contribute monitoring data. By making the aggregated
datasets and code freely available to the public, the index can be readily interrogated and tested. The data collected
through this project are collated in the first ever Australia-wide monitoring database representing all available time
series of Near Threatened and threatened bird species.

The index can be used to report on the Australian Government's progress towards meeting international conservation
targets (such as the Aichi Target 12). Because the index can be aggregated for species or by regions, it can report on
progress towards managing declines due to threats in particular regions (using an aggregated regional index over time)
and due to threats that only act on a group of certain species such as migratory shorebirds (using species-group-level
indices). Having flexibility to change the baseline year allows examination of trends in time periods of most interest to
the user/audience for informing a particular question (Figure 1). Furthermore, it will assist in prioritising management
responses (e.g. to groups or regions where the highest biodiversity declines have occurred), and provide a broad
background picture of change in an overall region or assemblage against which to compare more specific data on
multi-species populations being managed. This information could then be used in reporting of return on management
investment at a broad level. For example, we might compare changes in trends within an area undergoing enhanced
management of threats to changes in trends within a nearby area that has had little investment in threat management.

Once the index has been tested and validated with multiple taxonomic groups (birds, plants, mammals), we envisage
an online visualisation tool that is linked directly to aggregated datasets and is based on freely available code.

This would allow anyone (government departments, NGOs, the public) to be able to access and interrogate the
aggregated data to answer specific questions about species composite trends in their region or species of interest.

The index should ultimately form the basis for broad community discussion of the state of our threatened biodiversity,
and be widely recognised as an authoritative metric for our performance in mitigating threats and preserving our
biological heritage.

The index estimates do not constitute taxon (species or subspecies) specific trend estimates and cannot be used in
conservation assessments or to directly assess management effectiveness.

2.10 Pathway for Inclusion of Further Taxonomic Groups

Trends for birds may not be representative of threatened species generally. A Threatened Species Index will be more
meaningful in summarising the State of Australia’s biodiversity when comparable information can be incorporated
from time-series data for other taxonomic groups.

Although other taxa do not have some of the factors that assisted with the creation of the Threatened Species Index
for birds (e.g. a high-capacity national bird conservation and research organisation), they share many of the same
characteristics of birds that will enable time series to be identified and collated, including: a wide variety of monitoring
efforts and duration for threatened mammals, including a long history of targeted monitoring of iconic and high-profile
threatened mammals (e.g. koala, critical weight range mammals); high detectability for many threatened mammals and
non-ephemeral plants; extensive partnerships between researchers, government and non-government organisations
(e.g. Bush Heritage Australia, Australian wildlife Conservancy) committed to long-term stewardship, monitoring and
management of threatened plants and mammals.

Elements that are easily transferrable from the Threatened Bird Index to an index for any other taxonomic group
include:

* Ongoing relationships with data custodians: We have established a good collaborative network with major
threatened species data custodians; this will simplify the process of data negotiation, data sharing agreements
and data processing for taxonomic groups additional to birds

e Collaboration with NESP TSR Hub projects involving new data custodians: We have already identified many data
custodians of threatened species data through collaboration with other NESP TSR Hub projects:

. Project: 2.2 Tackling threats to endangered hollow-nesting birds

. Project: 2.4 Developing a Red Hot List for Australia's most imperilled plants

. Project: 3.2 Improving threatened species monitoring

. Project: 3.3 Practical adaptive management to improve threatened species conservation programs
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. Project: 3.2.5 Arid Zone Monitoring (project has collated datasets on threatened mammals from arid zones
which can be used for the mammal index)

. Project: 4.2 Saving species on Australian islands (project has collated datasets on threatened island species)
. Project: 5.1.1 Strategic Planning for the Far Eastern Curlew
. Project: 6.5 Citizen Science for threatened species conservation and building community support

»  Existing database infrastructure for entering and collating data on new taxa: By exploring all possible database
structuring with birds, we have designed a database that can be re-used to collate time-series data and metadata for
any taxon from any taxonomic group.

*  Rigorous data assessment framework: We have developed a rigorous data suitability assessment framework, an
automated scientific workflow that includes all data processing, analysis and reporting steps required. These will be
applicable to data for any taxonomic group. Data required to assess suitability for each new taxon are also available,
e.g. spatial representativeness can be assessed using the publicly available Species of National Environmental
Significance gridded spatial layers published by the Department of the Environment and Energy.

2.11 Conclusions

This interim report provides a strong proof-of-concept that a collaborative and reliable Threatened Species Index
for Australian birds is feasible, and can be interrogated to provide reporting at a range of scales and for a range of
purposes.

With the Threatened Species Index for birds, we have demonstrated that:

« A collaborative network among agencies and groups that collect monitoring data on threatened species can lead to
the development of a coordinated index.

« Data on annual time series from monitoring of threatened species’ populations from reliable sources exist and - after
vetting and processing — can be used to produce an index representing >30% of all threatened and Near Threatened
birds.

« Arobust and credible Threatened Species Index can be produced and further refined.

» The Threatened Species Index can provide reliable and robust measures of changes in the abundance of subsets
of Australia’s threatened species (e.g. by state or territory, broad ecosystem type, threatening process, conservation
status etc.).

e There is substantial interest from many stakeholders including all levels of government, non-government
organisations and academia in the further development of indices for other taxonomic groups (e.g. plants, mammals,
and freshwater species) and a continuation of the index as a legacy product beyond the life of the hub.

* The Threatened Species Index can provide a platform for a national ‘conversation” about threatened and Near
Threatened species, and thereby increase community awareness and appreciation of our threatened biodiversity,
and create a mandate for investment in its protection.

» The Threatened Species Index may improve the quality and extent of threatened biodiversity monitoring in Australia
by providing impetus in the form of a highly visible national index.

We have identified that our ongoing relationships with data custodians, the collaboration with other NESP TSR Hub
projects and new data custodians that we have already approached, the rigorous data assessment framework, and the
automated workflow system streamlining the processing of large data volumes will enable us to develop robust and
credible Threatened Species Indices for further taxonomic groups.

We conclude with four major needs to adopt the Threatened Species Index as a national headline indicator:

1. The Threatened Species Index is feasible as a reporting tool toward the 5-years target of improving the
trajectories of 20 priority birds, 20 mammals and 30 plants, however, monitoring data at fixed sites repeated
over time are needed;

2. Support to continue repeated monitoring at long-term fixed-sites is needed;
Supporting the process of data archiving and the role of data curators in the long term are equally important;

Data sharing is essential; we believe that custodians who refused to share their data with the Threatened Species
Index project will change their mind once they start trusting the TSX process and outcomes.
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A. Supplementary Material

Al Frequently Asked Questions

Al.1 What are the data provider agreements and what do they entail?

Ongoing data sharing agreements for this project only were signed with each of the institutions supporting the project
with data where data were not already open access. Licensing ensures that all data can be implemented in the index
through a process of aggregation of individual site trends for every single species. In particular, signed agreements for
the provision of data include a detailed policy relating to locational precision for sensitive species. Agreements also
regulate how raw data are to be de-identified and converted into data aggregated to IBRA subregions for analyses
which will be made publicly available, and define the long-term hosts for both levels of data resolution. Data custodians
were offered the option of providing their raw data on an open-access basis or for use by third parties, but very few
elected to do so.

Al1.2 What are raw data? (Legal Terms)

Raw data are a set of numerical measures of abundance or presences/absences linked to the full resolution
geographical coordinates for a threatened or Near Threatened species at a specific time point with a specified
monitoring method. Raw data are provided by third parties and are to be handled confidentially. A small number of
principal researchers of the Threatened Species Index project dealing with raw data quality control and pre-processing
are provided with direct access to these data unless otherwise specified in the data sharing agreement.

Al1.3 What are aggregated data? (Legal Terms)

Aggregated data consist of many numerical point data that have undergone quality control, pre-processing, and have
been grouped into representative units suitable for analysis. For example, data from the same monitoring method

and for the same species that can be aggregated into a spatio-temporal time series for a certain area with predefined
(e.g. based on proximity of points to each other) or natural (e.g. islands) boundaries. Aggregated data are de-identified
from the original raw data. Spatial coordinates for aggregated time-series data are given as latitude and longitude of the
centroids of IBRA subregions in which the observations of species within one time series were recorded. Aggregated
time-series data on species populations are the first level of research output of this project. Aggregated data are made
publicly available in the long term, in all cases adhering to sensitive species policies described in the data sharing
agreement signed or specified by the data provider.

Al.4 What is the difference between raw and aggregated data?

Raw data consist of field survey data provided by many custodians. This is mostly one species counted at a point in
time and at a certain location. Typically data that have been consistently collected with the same methods over time
are most useful for the index, but other types of monitoring also allow trends to be calculated. For this reason, initially
all types of monitoring and survey data need to be collected for threatened species. We treat these data confidentially
because they often contain sensitive information. We sign data provider agreements that regulate how these data are
to be handled and account for additional stakeholder-specific requirements.

Aggregated data are the raw data which have been combined to derive regional population measures. For the
Threatened Species Index, our spatial aggregation unit is an IBRA subregion and our temporal aggregation unit is one
year. Aggregated data consist of the population measures (e.g., the annual population abundance of a species in a
given IBRA subregion) that have been vetted and processed and where we have applied empirical criteria to assess
suitability of data for trends calculation. The aggregated data will be published open access but exact species locations
will be de-identified to the IBRA subregion scale i.e. all time series will have spatial information located on the centroids
of the IBRA subregion in which that observations were recorded.
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Al1.5 Who can access raw data?

Raw data are accessed only by the Threatened Species Index Analysts. Raw data will not be made available beyond the
project due to strict data-sharing protocols. Instead, aggregated data will be available on a cloud server which will be
accessible to the general public.

The necessity of collating a wide array of threatened species data from multiple data custodians entailed the
development of strict data-sharing protocols, without which few custodians would have agreed to share their data.
Data-sharing agreements for this project were thus strictly limited to the purposes of developing and coordinating
a Threatened Species Index. Custodians were offered the option of electing to share their raw data as open access,
which none took up. Some data custodians agreed to share data provided with third parties e.g. The Atlas of Living
Australia or other collaborating NESP TSR Hub projects. Otherwise, raw data for this project were not collected or
intended for other purposes.

Al.6 Who can access aggregated data?

Everyone can access and download aggregated data displaying yearly counts of populations of species at sites with
a spatial information to the IBRA subregion scale. In the first instance, these data will be accessible through a web
page hosted by BirdLife Australia.

Al1.7 What data can be used for other research projects?

All aggregated time-series data will be made available to other research projects and to the general public.
These data are therefore available to other research projects.

A1.8 What are research outputs?

Research outputs are outputs after feeding aggregated data into methods for analysis - e.g. to calculate population
indices. The graphical representation of research outputs e.g. Threatened Bird Index will be made publicly available
in the long term, along with tools to allow all users to interrogate the index.

Al1.9 Can data provider agreements be broadened to include third parties?

Our initial intention was to broaden the data provider agreement to include access to raw data by third parties where
possible. For instance, during the data sharing agreement process we discussed with custodians the possibility of
making data received available for public display (e.g., within the Atlas of Living Australia) or of the data being shared
with other projects within the TSR Hub. Only a handful of data custodians agreed for their data to be passed on to ALA
and many limited their agreement in a provision to the Threatened Species Index Project only. In rare cases, the data
custodians requested that their data be destroyed upon completion of the research activities of the Threatened Species
Index Project due to sensitivities around species locations, private properties or due to other unspecified reasons.

A1.10 What does the index mean?

The Living Planet Index method (Loh et al. 2005, Collen et al. 2009, McRae et al. 2017) is calculated as a geometric
mean of trends for each species within a Generalised Additive Modelling (GAM) framework. The index value is the
average change in multi-species population abundance from one year to the next. It shows the rate of change and not
the absolute change in population sizes. For any given year in the population time series, the index values represent
the overall trend in that year compared to the baseline year set to 1.0 in 1970 - in case of calculating the Living Planet
Index. The baseline year for the Threatened Species Index will be subject to data availability and quality but is more
likely to be set to 1.0 in 1990. The confidence intervals illustrate 95% confidence in the index value in any given year
relative to the baseline year.
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Al1.11 How can the index be interrogated?

The index can be interrogated by means of selecting the options within an open access web-visualisation tool.
Possible selections for interrogation are:

e Region:

Australia

Australian Capital Territory and New South Wales

Northern Territory
Queensland
South Australia
Tasmania

Victoria

Western Australia

e Species groups:

Birds (option available at this stage)
Plants (envisioned for the future)
Mammals (envisioned for the future)

Freshwater species (envisioned for the future)

«  Functional Bird Groups:

Marine

Terrestrial

Wetland

Shoreline (migratory)
Shoreline (resident)

«  Functional Bird Subgroups:

Marine

Albatrosses and Giant-Petrels
Gulls Terns Noddies Skuas Jaegers
Penguins

Petrels and Shearwaters

Tropicbirds Frigatebirds Gannets Boobies

Terrestrial

Arid Woodland/ shrubland

Dry sclerophyll woodland/forest

Grassland

Heathland

Island endemic

Mallee woodland

Parrots, Lorikeets, Rosellas, Cockatoos, Corellas
Rainforest

Tropical savanna woodland

Wetlands

Gulls Terns Noddies Skuas Jaegers

Image: Helmeted Honeyeater.
Photo: Dylan Sanusi-Goh Wikimedia Commons
CCBY 4.0

Image: Plains Wanderer. Photo. Patrick_K59
Wikimedia Commons CC BY 2.0
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e Other possible groupings
. Guild (e.g. Nectarivore, Granivores, etc.)
. Migratory/resident status of birds inhabiting the shoreline
. Threat type (e.q. fire, habitat loss, etc))
. Conservation status (Near Threatened, Vulnerable, Endangered, Critically Endangered)
. Management status (e.g. species with/without recovery plans, etc.)
. Groups of national environmental significance (e.g. priority species of the National Threatened Species Strategy)

Sub-indices are only possible for groupings of taxa that have sufficient data (see section A2.6 in the supplementary
material on the suitability criteria for the inclusion/exclusion of data) which will not always be the case either
because of lack of monitoring or because there are not many taxa of a group within a region (e.g. Penguins in the
Northern Territory).

Al1.12 Why do the confidence intervals around the index value get larger with time?

The confidence intervals around the index value indicate the area in which the index is true with a 95% confidence.
Cumulative uncertainty is inherent in aggregate indices including the Living Planet Index method which calculates
trends of global vertebrate biodiversity (Loh et al. 2005, Collen et al. 2009, McRae et al. 2017). Since the index value is
a measure of relative change throughout time relative to a baseline year, the uncertainty in the index is cumulative i.e.
the confidence intervals demonstrate the uncertainty in the index values inherited from the baseline and propagated
through the time series. The uncertainty in the index value is subject to 1) the year set as a baseline and 2) the species
data available at any given point through time. Whether the confidence intervals around the index values become
larger or smaller as new data are added over time depends on the variation within the new data added as well as
how much the trends in the new data vary from the existing data. For example, confidence intervals are likely to
widen if over time trends among species become more discordant. In contrast, if all species in an analysis group start
responding comparably to a threat factor or a management intervention, then trends across all species will become
more concordant and confidence intervals should narrow; and if the included monitoring programs become better
and better at detecting these trends over time then there is likely to be less erratic noise. Provided that the variation
within the added data is small, the index should become more robust after each iteration and the addition of new data.

Al.13 How can the index be produced every year for the future to come?

Continuation of the index into the future will be reliant on ongoing contributions of data custodians, and some
ongoing resourcing for analysis and reporting. Since the index is dynamic, the addition of new data each year into

the future will not only improve the accuracy of current trends but also the historical trends. A subsidiary benefit of the
index is that it collates and increases the fitness for purpose of data from unpublished sources which may be lost to
research and the general public otherwise.

Al1.14 What are the most time- and effort consuming elements when creating an index?

» Negotiating data provision (has to be done only once for the ongoing project)

« Negotiating conditions under which data are provided (signing data sharing agreements; has to be done only once
for the ongoing project)

»  Data reformatting before ingestion into the database

Al1.15 What elements from the Threatened Species Index for birds can be utilised to minimise
time to produce an index for plants, mammals, and freshwater species?

«  Basic structure of the data sharing agreements

e Existing collaborative network with major data custodians

* The process of data ingestion has been automated through a data import web interface

*  MySQL database structure can be used for other taxonomic groups

«  Spatial and temporal processing of raw data into aggregated data

« Data suitability criteria can be applied for data on other taxonomic groups under minor modifications
» Some data sharing agreements allow the provision of other taxonomic groups other than birds

*  Web-visualisation tool for interrogation can be used to include other taxonomic groups
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A1.16 How could the index be used as an enduring tool into the future?

The index can be an enduring tool for tracking change in all threatened species over time and space. By making the
aggregated datasets and code freely available to the public, the index can be readily updated by those with more
monitoring data on trends of species.

The data collected through this project will be the first ever Australia-wide monitoring database for all available

time series of all threatened species. The Atlas of Living Australia have agreed to host the aggregated datasets for
index calculation. The Terrestrial Ecosystem Research Network (TERN) are a natural host for raw data because they
have sensitive data policies already in place to ensure data security, and because they drove the development of an
automated scientific workflow which automates raw data ingestion into the raw database, data vetting and suitability
assessment, aggregation to spatial and temporal units, index calculation and visualisation. The hub intends to provide
annual updates of the Threatened Species index for Birds and other indices developed throughout the life of this
NESP project.

Because other organisations will be involved with different taxonomic groups, we cannot yet guarantee the future
of the index beyond the life of the hub. One of our priorities in coming years is to work on this legacy, which we will
include as a milestone in future research plans: 'Report proposing a strategy on institutionalising the birds, plants and
mammals index, engaging with potential funders’ by September 2020. By making the aggregated dataset, the code
for the workflow as well as the web-visualisation tool for interrogation of the index freely available to the public, we
anticipate that the value of the index should be widely accepted, and such applicability should ensure that the index
endures into the future.

Al1.17 How can the index be used for reporting on the state of threatened species?

The index can be used to report on the Australian Government's progress towards meeting international conservation
targets (such as the Aichi Target 12 or the Sustainable Development Goal 15.5). Because it can be aggregated to
species or to region, it can report on progress towards managing declines due to threats in particular regions (using
an aggregated regional index over time) and due to threats that only act on a group of certain species such as
migratory shorebirds (using species-group-level indices i.e. by selecting Functional Bird Groups). Furthermore, it will
assist in the prioritisation of management responses (e.g. to groups or regions where the highest biodiversity declines
have occurred), and reporting of return on management investment (e.g. in changes of trends associated with
enhanced management).

Once the index has been tested and validated, an online visualisation tool that is linked directly to aggregated
datasets and is based on freely available code can be used for interrogation. This would allow anyone (Government
Departments, NGOs, the public) to be able to access and interrogate the data to answer particular questions about
trends in their region or species of interest.

Al1.18 How can the index be improved?

The major scope for ongoing refinement of the index and improvement of its comprehensiveness and capability
to answer policy and management questions is through the development and incorporation of more (and more
appropriate) monitoring programs, especially for species (or regions) that are poorly represented currently.

The project to date has helped to identify some of these major gaps.

Further improvement of the index can be achieved through a thorough assessment of data suitability for trends in
consultation with the data custodians for each trend produced in an expert elicitation survey.

When published publicly, the index would benefit from receiving feedback from the public about how reliable the
data are for a particular sub-index. This could be provided by a confidence scoring approach or other mechanisms,
and is an important area of future research.
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A2. The Methods

A2.1 Data Collation

Data requests were sent to >130 data custodians from academia, species recovery groups, state agencies, non-
government organisations, and citizen science groups. Data were received from 69 different data sources and a
total of 27 ongoing data provider agreements, data deeds, and/or data licences were negotiated and signed by the
data custodian, BirdLife Australia (Paul Sullivan, CEO), and the University of Queensland (lan Harris, Director Research
Partnerships Office) on behalf of the Threatened Species Recovery Hub. Initial data requests consisted of 1) a data
request email, 2) a complete list of 236 bird taxa for which data were sought, 3) a copy of the approved research
project plan, 3) and a copy of the data provider agreement used in this project (see these documents in the ‘Data
request’ folder in the electronic supplementary material).

Data provider agreements were signed with each of the institutions supporting the project with data where data
were not already open access. Licensing ensures that all data can be implemented in the index through a process of
aggregation of individual site trends for every single species. Signed agreements for the provision of data include a
detailed policy relating to locational precision for sensitive species. Agreements regulate how raw data are to be
de-identified and converted into data with spatial information provided to the scale of IBRA subregions used for
analyses which will be made publicly available, and define the long-term hosts for both levels of data (raw and
aggregated) resolution. Data custodians were offered the option of providing their raw data on an open-access
basis or for use by third parties, but very few elected to do so.

The collection and collation of these amounts of data required 17 months (August 2016 to December 2017) of liaising
with data custodians, data sharing negotiation, collection and processing by three full-time staff including in-kind
support of UQ's Research Partnerships Office estimated at one day per fortnight. All major custodians were
contacted at least twice by email and/or communication was followed up by phone calls.

Two workshops were held to enable data collection:

1. A one-day workshop to develop collaborative and legal arrangements across a wide set of stakeholders that
undertake monitoring on threatened species in Australia was carried out in April 2016. Participants at this workshop
were representatives from the Australian Government (Parks Australia), at least one representative from each state
and territory agency, the Atlas of Living Australia (ALA), the Terrestrial Ecosystem Research Network (TERN), the
Australian Wildlife Conservancy (AWC), the Bush Heritage Australia, BirdLife Australia, the University of Queensland
(UQ), Charles Darwin University (CDU), and Australian National University (ANU). This first one-day workshop aimed
to engage with the Department of the Environment and Energy (DoEE), state agencies and conservation NGOs,
to define what end-users and partners wanted from a Threatened Species Index, to ensure that the right tools
were created for end-users and decide on a strategy to achieve this. Within this workshop, we sought input from
stakeholders about their specific needs for reporting on trends in threatened species. The output of this workshop
was the facilitation of data transfer, provision of information on data quality, the establishment of an efficient
platform for data sharing and management, an initial discussion on the methods towards indices reporting on
Australia’s threatened species. This workshop helped us to identify the major custodians for threatened species
data and create a collaborative data provider agreement together with BirdLife Australia, the ALA and collaborating
TSR Hub projects regulating the access, handling and de-identification of raw bird population data received for
this project. This one-day workshop was carried out in April 2016.

2. Asecond half-day virtual workshop focusing entirely on data management was carried out in June 2016.
The workshop aimed to engage with ALA, TERN, BirdLife Australia and UQ's Research Partnerships Office to
discuss options around data sharing, data-basing, metadata, curation, analysis, accessibility, and display of large
and disparate datasets. The output of this workshop was to develop and optimise a data sharing agreement
which can deal with data on sensitive species. The workshop was followed by several phone meetings allocated
to smaller groups to address tasks related to data management.

Workshops enabling data collation were followed by four two-week visits of UQ staff to BirdLife Australia in Melbourne
and vice versa.
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A2.2 Scientific Workflow

In collaboration with the Terrestrial Research Ecosystem Network (Siddeswara Guru), UQ's Research Computing Centre
(Hoang Nguyen) and Planticle Apps + Development (James Watmuff), a scientific workflow was developed using

the Kepler platform (Altintas et al. 2004, Ludaescher et al. 2006, Michener et al. 2007) on Collaborative Environment
for ecosystem Science Research and Analysis (COESRA). CoESRA is a workflow-based web-enabled cloud platform
that allows researchers to perform complex analyses using scientific workflow and then make them available for
others to use and re-run with minimal effort. Kepler scientific workflows were previously developed to automate

the process of applying conservation planning software Marxan (Guru et al. 2015) or to carry out a complete IUCN
Red List of Ecosystems Assessment (Guru et al. 2016). The scientific workflow streamlines the pre-processing steps
required to format, vet, and aggregate raw data into a consistent format as well as to carry out index diagnostics for
quality control and can be applied to any taxonomic group for which a Threatened Species Index is calculated under
minor adjustments. The scientific workflow is supported by an external funding of $30,000, along with the National
Collaborative Research Infrastructure Service (NCRIS) Research Data Service - Terrestrial Data Systems.

This scientific workflow developed for the Threatened Species Index has been developed entirely by open-source
software and automates the processes of:

Ingestion of datasets into raw database (online)

Data quality & suitability check

Data processing (temporal & spatial aggregation)

Collation of data into aggregated database

Index calculation running diagnostics

Producing graphs for subsets of data,

Noo o AN

Web visualisation tool for interrogation

The end result of the scientific workflow is a dynamic graph on the Threatened Species Index calculated for a subset
of data depending on the values used for interrogation e.g. for which species group to calculate an index or for
which area to calculate it.

The data processing steps of the workflow are summarised in the scientific workflow outline diagram accessible
from the ‘Scientific workflow outline’ folder in the electronic supplementary material.

A2.3 Standardisation of Data

Data received from individual custodians or data repositories were highly variable in terms of the reporting units,

data format and availability of metadata information. The disparate formats reflect the urgency for introducing data
standards and maintain effective data curation throughout Australia. Although each data request provided a structured
format suitable for loading data into the projects database (see ‘Data import templates’ in the electronic supplementary
material), data custodians rarely used these templates to transfer their data. Most data obtained did not adhere to

any specific data standards or included only minimum Darwin Core information on scientific name, event date,
decimal longitude and latitude, and individual count without any metadata necessary for trend analyses such as

survey methodology/ effort, site identifiers, spatial coordinate system, units of measurement or taxonomic system.

A description of the data fields, often abbreviated, was largely missing. Only few repositories had sufficiently developed
data dictionaries to increase the fitness for purpose of their data. Where metadata were not immediately available,
efforts were made by the Threatened Species Index analysts to establish the necessary information by consultation
with the data custodian or looking up information in related scientific publications or data repository web resources
where attributed. Data duplication, where primary data were archived by more than one repositories, was avoided by
removing records with identical primary source information where provided. The time required for data handling by
one data analyst varied enormously and ranged from one day to several weeks per data source requiring a substantial
amount of manual processing and reformatting of data.

To ensure data and metadata were handled appropriately, data templates were developed and used to import all data.
Templates were kept as simple “flat tables” to maximise ease of use for the widest range of potential contributors
while allowing for the full range of highly variable data types to be catered for — e.qg. differing coordinate systems,
units of measurement, temporal information (e.g. full date to year only), site identifiers and covariates (see ‘Data
import templates’ in the electronic supplementary material).
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A2.4 Data Ingestion

Data were imported through a web-based data ingestion application. The data ingestion application has mechanisms
for data quality control, data validation as well as rules ensuring that basic metadata, through required fields of a data
import template, are included and data integrity is maintained after importing each single data file (see 'Data import
templates’ folder in the electronic supplementary material). Figure 24 shows the successful import of a data file into
the database and Figure 25 shows an example that has triggered the quality control mechanisms of the web-based
data ingestion application:
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Figure 24: Screenshot shows an example where a data file was successfully ingested through the web-based data
ingestion application into the database.
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Figure 25: Screenshot shows an example where the data quality control mechanisms of the data ingestion application
were triggered by ingesting a data file with lacking or erroneous information.
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Datasets from 69 sources were entered through the web-based data ingestion application. The application has the
feature to visualise a summary of the history of entered data files comprising an effective tool for analysts to overlook
the process of shared data administration and to keep track of the data entry progress (Figure 26). The web-application
is currently under development, thus a password-protected private resource. It is envisioned to make this resource
available to public access once a user management system is developed in which data custodians will be able to log-in
and update their data for periodic index recalculation. Administrators will review updates before they are committed

to the main database and scientific workflow to ensure data integrity is maintained.
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Figure 26: Screenshot shows a summary of the history of entered data files entered via the web-based data ingestion
application.

The data import, processing and visualisation code is published at https://github.com/nesp-tsr3-1/tsx under the
MIT License, which is a simple permissive license with conditions only requiring preservation of copyright and
license notices.

A2.5 Database

A relational database was developed using the standard open-source database system MySQL. The database employs
an extensive system of indices, foreign keys, and spatial objects (e.g. point and polygons) which are transferrable to any
species taxonomic group under minor adjustments. This spatio-temporal raw database constitutes the basis for data
processing and aggregation (see ‘Database schema’ in the electronic supplementary material for copies of the database
design schema and codes).

A2.5.1 Data Types

The spatio-temporal database handles two main types of raw data imported via the web-based data ingestion
application:
Type 1 Data

Type 1 data feature monitoring data for single species or groups of species (e.g. migratory shorebirds). For the
Threatened Species Index for birds, Type 1 data comprised 87.0% of all raw data sources used for analyses (i.e. 60
sources out of 69 were Type 1 data). In comparison to Type 2 data (see Type 2 data definition below), Type 1 data
required relatively little processing after data were formatted and imported.

Type 1 data need to satisfy the following requirements:

e All taxa are defined to ultrataxon level

«  Survey methods are clearly defined and attributed to each data point
¢ The unit of measurement is defined and attributed to each data point

» The temporal definition is at least to a year
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» Information on pre-defined (fixed) sites is provided with accurate spatial definitions and consistent survey methods/
effort used within sites

» Non-detections of taxa (i.e. absence or 0 counts) are recorded
«  Spatial coordinates are available for all data points

After data collection, a total of 104,658 surveys representing 72 taxa were entered as Type 1 data into the raw spatio-
temporal database. After data ingestion, all Type 1 data were aggregated to the temporal unit of one year.

Type 2 Data

Type 2 data are often referred to as “big data”. This data generally contain data from large multi-species datasets
provided predominantly by state & territory repositories, non-government organisations and a few research institutions.
There were fewer Type 2 data sources (13.0% i.e. 9 out of 69 sources in total), however those included a high number
of records. In some cases, Type 2 data included records on any bird taxon irrespective of conservation status. These
were limited to Near Threatened and threatened taxa at a later state of the data processing workflow. Including
information on all taxa was necessary since most threatened and Near Threatened birds in Australia are subspecies,
but very few large data repositories store subspecies classifications, thus data for the parent species are needed.

Type 2 data need to satisfy the following requirements which are less stringent than for Type 1 data:
« Taxon is defined at least to species level

«  Survey methods are defined and attributed to each data point

«  Unit of measurement is defined and attributed to each data point

«  Consistent measure/methods are used through time

e The temporal definition is at least to a year

* Recorded non-detections of taxa are not required, i.e. presence-only data are allowed

»  Spatial coordinates are available for all data points

After data collection, a total of 16,245,126 records from 1,131,754 surveys representing 988 species (including non-
threatened taxa) were entered as Type 2 data into the raw spatio-temporal database. After data ingestion, Type 2 data
undergo several data processing steps which have been automated within the scientific workflow (see Type 2 Data
Processing section).

A2.5.2 Type 2 Data Processing

Type 2 data required extensive vetting, taxonomic reclassification and spatial processing. This processing was
implemented using Python software and MySQL routines. The routines were developed for efficiency and integrity
given the large number of data points involved. Spatial layers of species and subspecies ranges (including zones of bird
hybridisation and co-occurrence) and survey sites were used. (Spatial layers of species and subspecies ranges were
provided by Glenn Ehmke, BirdLife Australia, unpublished).

Ultrataxon definition and range filtering

Because Type 2 data are usually not classified to the subspecies level, data for threatened subspecies which have
non-threatened conspecifics must be processed to exclude non-threatened subspecies before indices are calculated.
Thus, it was necessary to classify primary Type 2 data using spatial range layers of ultrataxa (provided by Glenn Ehmke,
BirdLife Australia, unpublished). Subspecies classifications were populated through intersection of species data points
with spatial range layers of ultrataxa.

Pseudo-absence allocation

Because absence data or non-detections (i.e. zero counts of taxa) are not specifically recorded in Type 2 data, absence
information must be inferred. However, it is important when developing statistical models to limit absence data points
to spatial areas in which the focal species can occur in order to avoid spurious results. This is particularly critical for
species with a restricted range which would otherwise be overflown by irrelevant absence data from outside the
species’ geographic range.
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Alpha hulls were used to define spatial areas in which each species frequently occurs. Alpha hulls are a relatively
prescriptive, or "tight” estimate of geographic range which corresponds closely to patterns of bird survey effort
making them ideal for use in data constraining procedures for trend analyses. Using the Environmental Resources
Information Network (ERIN) Species Range Mapping Tool developed by Simon Bennett (ERIN Species Team,
Department of the Environment), alpha hulls were calculated from species occurrence data. These alpha hulls
were then used to define absence data.

Ultrataxon definition and pseudo-absence of Type 2 data allocation yielded 81,030,127 records representing 1248
bird ultrataxa (including non-threatened taxa).

A2.5.3 Data Aggregation

From raw Type 1 and Type 2 data, 1,996,264 records from 502,419 surveys of 100 threatened/Near Threatened bird
taxa were aggregated into 122,686 time series. A time series was a grouping of unique combinations of:

« Data source (SourcelD)

e Unit of measurement (UnitID)

« Search type - i.e. method/effort (SearchTypelD)
« Site (SitelD)

«  Species (TaxonID)

This ensured that only consistent data (i.e. standardised) were aggregated into time series for the purposes of statistical
comparison. It should be noted that the attribution of search type description relied on what data custodians specified
as distinct categories. Efforts were made to validate search type description categories and sub-divide them where
possible (e.g. sub-divide by survey area or duration), however information was not always available to do this, thus
survey effort may vary significantly within some search types in some cases.

Time-series population values were calculated based on the unit of measurement type, i.e. counts (as a continuous
variable) or occupancy (as a binary variable) and species/monitoring characteristics. Average counts (arithmetic mean)
were used in aggregation for most count variables, however maximum counts were used in some instances where
average values were not considered appropriate, e.g. for seabird breeding colony monitoring. Because the Living Planet
Index cannot utilise occupancy data, presence/absence data were transformed into reporting rates (# presences/#
absences) per site. These were temporally aggregated per month (upon availability of data on smaller sampling periods
than one year) in a first step and per year as a continuous yearly variable in a second step.

A2.5.4 Units of Measurement

The units of measurement were either abundance or presence/absence of individuals monitored with a consistent
monitoring methods at the same site over time:

e Proxy: breeding pairs

«  Proxy: burrow estimate based on transect density
«  Proxy: count of pre-fledging chicks

«  Proxy: nests

*  Proxy: nests with eggs

»  Proxy: recorded calls

«  Sample: abundance (counts)

« Sample: count of seen individuals after playback

«  Sample: density (counts/fixed areas)

« Sample: Occupancy (# presences/# absences)
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A2.5.5 Search Type Description

Search type description is synonymous with monitoring method applied to record the units of measurement of
individuals monitored with a consistent monitoring method at the same site over time. The following monitoring
methods were identified among the data collected:

e 2ha 20 minute search

e 500m Area search

e 5km Area search

*  Shorebird count area survey

*  Breeding territory monitoring

e Incidental search

¢ Fixed route search

e Bird list

«  Waterhole counts

e Aerial survey

» Roost counts

* Collected specimen

* VBA Wetland count

« Estimation of annual breeding pairs by aerial photography and ground surveys
« Colony count

«  Counting of birds seen after playback

*  Slow walk (2-4km/h), listening to bird calls

* Annual flock count as flock flies to roosting area
» Direct observation at nest

» Search through feeding habitat patch

e 4ha 20 minute search

« 10 minute point count

*  2hanon-20 minute search

* Automated call recordering

» LaTrobe Mallee call playback/spot counts

«  OBP winter count

*  Slow walk (2-4km/h) - listening to bird calls
*  3ha 5 minute point count

e 200m transect point interval counts

e 100m time-controlled point interval counts
e 200x50m 30 min bird surveys

¢« Wildnet - Eungella Honeyeater Project surveys
o Weekly bird list within 5km

*  Wildnet - coastal bird monitoring systematic surveys
«  Wildnet - Wet Tropics 20 min counts

e VBA - Timed bird census

« VBA - wetland count

e VBA-Owlcensus

* VBA - Spotlighting

¢ Helmeted Honeyeater survey

e VBA - bird count

* VBA - Plains-wanderer survey

« VBA - Bird transect

«  VBA - Point spot count - 30 mins

 VBA - playback

» Biological Survey of South Australia

«  BDBSA - South Olary Plains

« BDBSA - Bird transects in quadrats 2 hrs min
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e BDBSA - Waterbird counts within 1km

« BDBSA - Monthly paddock drives

« BDBSA - conventional area-search and transect survey methods

«  BDBSA - MLR Chestnut-rumped Heathwren survey

« Call playback surveys

» BDBSA Scoping the Shoreline - 1lm transect

e 5 hectare 30 minute bird counts

e BDBSA - Murray River Wetland Counts

« BDBSA - residential survey

« BDBSA - Kl Penguin census

« BDBSA MLR bird trends 2001-02 - 100m wide and at least one kilometre long transect
«  Swift parrot search

» LaTrobe Mallee point - playback surveys

« Presence of males giving territorial song

«  Calls heard from posts at 400m grids during dawn or dusk and in unburnt and burnt areas of the park.
+ Motion sensing camera trap

e Aerial survey

Abbreviations:

« BDBSA: Biological Databases South Australia
»  OBP: Orange-bellied Parrot
« VBA: Victorian Biodiversity Atlas

A2.5.6 Functional Bird Groups and Subgroups

Functional bird group:

A grouping of bird taxa based on the environment they predominantly inhabit: Terrestrial, Marine or Shoreline
(migratory or resident)

Functional bird subgroup:

Groupings of terrestrial bird taxa by their predominant association with major habitat types (as determined by
aggregations of National Vegetation Information System types) and marine taxa according to taxonomic family

A2.6 Suitability

After collecting and collating existing species monitoring datasets from individual researchers, threatened species
managers, recovery teams, non-government organisations, citizen-science groups, as well as large data repositories,
each dataset was assessed against criteria to identify whether the data satisfy the fundamental needs of trend analyses.
This process ensured that the indices produced are not biased by time series with low or inconsistent sampling within
or across years and space.

We developed a set of guidelines for vetting (rules for including/excluding data) and assessing suitability (based on
standardisation of monitoring effort) of data for trend analyses (Table 21). We propose these methods as a best
practice framework when dealing with data for single or multi-species trend analyses involving multiple sources
and disparate formats.

The following rules were used to exclude datasets from Threatened Species Index analyses:

1. Delete all time-series rows with zero-only values

2. Delete all records with time series with less than 5 years of sample, i.e. with a minimum number of years between
the initial and final year of a time series in which a sample was recorded ‘Time-series Sample Years'

3. Delete all records with time-series Standardisation of Method Effort with a score smaller than 2

4. Delete all records with time-series Consistency of Monitoring with a score smaller than 2
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Table 21: Criteria for assessing data suitability for trend analyses.

Assessment criteria Description Scale of assessment Levels
Time-series Length Time period between first year of repeated measure at to the site-level (i.e. time-series | >1 years
one site and the last year level) and with an annual
resolution
Time-series Sample Years | Number of years with a value in a time series to the site-level (i.e. time-series | >1 years
level) and with an annual
resolution
Time-series Proportion of time-series range (start to finish) with to the site-level (i.e. time-series | O to 1 (least
Completeness containing values level) and annual resolution to most
suitable)
Time-series Sampling Variance in the length of gaps in the time series to the site-level (i.e. time-series | >0 (the
Evenness level) and with an annual smaller the
resolution number
the more
suitable)
No Absences Recorded 0 = absences of species were recorded (non-detections) to the data source level lor0
1 = absences of species were observed in the field but not
recorded
Standardisation of Method | 6 = Pre-defined sites plots surveyed repeatedly through to the data source level 1to 6 (least
Effort time using a single standardised method and effort across | by enquiring with the data to most
the whole monitoring program custodian and examining data | suitable)
5 = Pre-defined sites/plots surveyed repeatedly through
time with methods and effort standardised within site
units, but not across program - i.e. different sites surveyed
have different survey effort/methods
4 = Pre-defined sites/plots surveyed repeatedly through
time with varying methods and effort
3 = Data collection using standardised methods and effort
but surveys not site-based (i.e. surveys spatially ad-hoc).
Post-hoc site grouping possible - e.g. a lot of fixed area/
time searches conducted within a region but not at pre-
defined sites.
2 = Data collection using standardised methods and effort
but surveys not site-based (i.e. surveys spatially ad-hoc).
Post-hoc site grouping not possible.
1 = Unstandardised methods/effort, surveys not site-based.
Objective of Monitoring 4 = Monitoring for targeted conservation management to the data source level 1to 4 (least
to most
3 = Monitoring for general conservation management — suitable)
‘surveillance’ monitoring.
2 = Baseline monitoring
1 = Monitoring for community engagement
Spatial Representativeness | Proportion of the available sample data on a taxon to the to the data source level per Oto 1 (least
total known area of occurrence of this taxon taxon to most
suitable)
Spatial Accuracy Accuracy of spatial information for monitored taxon to the site-level (i.e. time- a number in
. . series level meters
Caveat: blank cells indicate that no spatial accuracy was )
provided by the data custodian i.e. spatial accuracy is
unknown
Consistency of 4 = Balanced; all (>90%) sites surveyed in each year to the data source level by 1to 4 (least
Monitoring sampled visual inspection to most
. . suitable)
3 = Imbalanced because new sites are added to existing
ones monitored consistency through time
2 = Imbalanced because new sites are surveyed with
time, but monitoring of older sites is not maintained.
Imbalanced survey design may result in spurious trends
1 = Highly imbalanced because different sites are surveyed
in different sampling periods and sites are not surveyed
consistently through time (highly biased).
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A2.6.1 Overview of Time-series length and Time-series Sample Years

The average time-series length for threatened/Near Threatened birds was highly variable, but generally low

(harmonic mean = 1.9 years, median = 3), as was the average of time-series sample years (harmonic mean = 1.8 years,
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median = 2). There was substantial variation in these parameters across functional groups (Figure 27).

Figure 27: Overview of time-series length and time-series sample years for functional bird groups from data without
excluding records based on suitability. Plot is made based on aggregated database consisting of 11,772 non-zero time
series. Boxplots show the median value (lines) the interquartile range (or 50% data volume-boxes), 1.5x the interquartile
range (whiskers), outliers (dots) and extreme outliers (asterisks).

After application of suitability criteria and quality control, data from 43 sources, 104,658 surveys, 72 species resulting
in 11,772 time-series records or rows in the database are used for index calculation (Figure 28).
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Figure 28: Overview of suitability-assessed datasets based on Standardisation of Method/Effort and Consistency
of monitoring. Plot is made based on 154 datasets assessed.
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A2.7 The Living Planet Index method — how does it work?

The Living Planet Index method (Loh et al. 2005, Collen et al. 2009, McRae et al. 2017) is calculated as a geometric
mean of trends for each species within a Generalised Additive Modelling (GAM) framework. The index value is the
average change in multi-species population abundance from one year to the next. It shows the rate of change and not
the absolute change in population sizes. For any given year in the population time series, the index values represent the
overall trend in that year relative to the baseline year set to 1.0 in 1970 - in case of calculating the Living Planet Index.
The baseline year for the Threatened Species Index for birds was set to 1980 due to data availability. The confidence
intervals illustrate 95% confidence in the index value in any given year relative to the baseline year.

A2.7.1 What is a population time series?

A population time series is a sequence of population samples at two or more time points that uses the same method
of collection at the same location i.e. repeated monitoring at fixed sites. At a minimum, a time series requires a spatial
information about the location, a description of the monitoring method (e.g. standardised bird monitoring over an
area of two hectares and a time of 20 minutes), and the units of measurement (e.g. numbers of individuals, number
of calls recorded, occupancy measured as presence/absence)

A2.7.1 How is the index created?

For the calculation of the Living Planet Index with Australian data, we use the ripi package for the software R (R
Core Team 2017). The package is currently under active development by the Indicators and Assessments Unit of the
Zoological Society of London but can be accessed and downloaded via the software development platform GitHub:
https://github.com/Zoological-Society-of-London/rlpi

The rlpi package in R calculates indices using the Living Planet Index methodology which has been developed within
three generations (Loh et al. 2005, Collen et al. 2009, McRae et al. 2017), with the latest one using weighting of the
index based on species diversity to control for taxonomic bias towards taxa for which much data are available vs taxa
from ecosystems for which less data are available (e.g. tropics,(Collen et al. 2008)).

To calculate indices using the geometric mean (Santini et al. 2017), first all species’ population trends from time series
are aggregated to the species level for the region of interest, and then across higher taxonomic or geographical
groupings. For example, multiple time series on one taxon within an Australian state will be combined first to generate
individual species indices for that species and state, then these are combined to the broader taxonomic group such as
birds or functional groups of birds before finally resulting in an index of a taxonomic group for that state.

The ripi package works with source data in comma separated (csv) format where each row is a time series of a
species monitored at the one site with a monitoring method and units of measurement and yearly aggregated count
of measurement units. Each row or time series is composed of popid, species name, year, and popvalue. The popid
represents the unique identifier of each time series in the dataset for LPI. The species name can be either the common
name, binomial scientific name or trinomial scientific name if data to the subspecies level are available. The species
name cannot have spaces between each string of letters. The year is the respective year for which a count value is
available. The popvalue represents the count value of taxon in the unit provided and under a monitoring method and

a site. These four values of each time series can be stored in one file consisting of multiple groups of time series (e.g.

a file for shorebirds time-series populations). An ‘infile’ communicates with the LPIMain function of the ripi package
where these files are stored and how they are to be combined before an index can be calculated.

The Threatened Species index for birds calculated in 2017 ends at 2015 because of technical constraints within the rlpi
package. This is currently under development by the Zoological Society of London.

A2.7.3 Selecting the Method

Two methods i.e. models are used to generate trend values for the index. The first one applies a ‘generalised additive
modelling’ (GAM) technique (Fewster et al. 2000, Buckland et al. 2005, Wood 2006). The second one analyses time
series with the ‘chain link method” (Loh et al. 2005, Collen et al. 2009).

Time series with a time-series length of n < 6 years of data and those longer time series where the GAM was a poor fit
are analysed with the chain method (Collen et al. 2009, McRae et al. 2017) as per LPI default. The rlpi package includes

a model test to evaluate the model fit of the GAM to the data and select the ‘chain method’ where the GAM fit was

poor. All time series for which the model tests were successful are analysed using GAMs after Collen et al. 2009 and by
applying the mgcv package in the software R (Wood 2003, 2004, 2006, 2011, 2016). In cases where there is a justification
to use a GAM for shorter time series than 6 years, this can be changed manually in the model selection of the package.
For example, (Barnes et al. 2016) have used a chain method for time series with a length of n < 5 years of data.
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A2.7.4 The Chain Method
For each successive pair of years with data, the logarithm of the ratio of the species population time-series measure is
calculated as (Collen et al. 2009):

Ny
Nt—'l

1
) = log (Ne » 55—

=1

d, = Iﬂg(

where N is the species population time-series value i.e. count value with a unit and recorded under a specific
monitoring method, and t is the year.

One percent (1%) of the mean species population time-series value (1% of the arithmetic average from all count values
in one time series) is added to the count values in all years for time series that contain at least one zero value (zero
counts indicating non-detections of species). This avoids the occurrence of the value ‘0" as N in any given year (Collen
et al. 2009) which would conflict the logarithm function. Missing values i.e. NULL values are imputed by means of a

log-linear interpolation:
i = Np er

where
is the year for which the value is interpolated,
is the preceding year with a measured count value, and

is the subsequent year with a measured count value.

A2.7.5 Aggregating Time Series

For species with more than one population time series, the mean value of

d

t

as the rate of change in the species population over time, was calculated across all time series available for that
species. Thus, species-specific values for d, were combined in each time point using the (arithmetic) mean of the
imputed values (i.e. time series contain no gaps at this stage) by:

This done by applying a uniform weighting for each time series, i.e. assuming all time series are equally valid and that
no time series should weight more than others. Because d, represents the logged ratio of the count values N, to N,
calculating the arithmetic average of all d, values results in a geometric average of the ratio of the counts in year t
compared to the counts in the previous year.

A2.7.6 Calculating Index Values

The index value

is calculated in year

by
I =1,10%
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The index value for the first year, I, is set to 1.0 in the LPI method. This year represents the reference year for all further
calculation in respect to which the rate of change is being calculated. The default reference year of the LPI method
where the index value is set to 1.0 is 1970. We have changed this reference year to 1980 because this year represents
the onset of time-series data in our database. For the reference year where the index value equals 1.0, there is no
uncertainty in the index. As species trends, I, are added and the relative change between the species trends at any
given year and the previous year are calculated, bootstrapping is used to calculate the confidence intervals where we
can be 95% confident about the index value.

A2.7.7 What is a GAM?

A generalised additive model (GAM) (Hastie and Tibshirani 1987, 1990) is a nonparametric extension of a generalised
linear model (GLM). The linear predictor in a GAM involves a sum of smoothing functions of covariates. That is, the
linear predictor now predicts some known monotonic smoothing function of the expected value of the response.
The response may follow any exponential family distribution, or simply have a known mean variance relationship,
permitting the use of a quasi-likelihood approach.

GAMs are often used when there is no a priori justification for choosing a particular response function (e.g. linear,
quadratic, etc.). In the case of the Threatened Species Index, the GAMs allow the change in relative abundance to
follow any smoothing curve in addition to the standard linear forms. Thus, the GAMs allow the change in relative

abundance to follow more closely expected fluctuations in response to environmental change.

GAMs fit a smoothing function, by taking each predictor variable in the model and separate it into different sections
which are limited by 'knots’. Polynomial functions are then fitted to each section separately, with the constraint that
there are no sharp twists or curves at the knots. These twists or curves at the knots are omitted by making sure that
the second derivatives of the polynomial functions are equal at the knots.

Within the LPI method, splines are used as the smoothing functions (Wood 2006). A spline is a curve constructed

from sections of polynomial functions joined together so that the curve is continuous up to the second derivative.

The points at which the sections are joined are known as the knots of the spline. Each section has different coefficients,
but at the knots it will match its neighbouring sections in value and the values of the first and second derivative.

The number of parameters required for a GAM fitting is more than what would be necessary for a simpler parametric
fit to the same data. However, through computational shortcuts, the mean of the degrees of freedom of the model
is usually lower than what you might expect from a line with so much ‘wiggliness'.

The principal statistical objective of GAM modelling is to minimise the residual deviance (i.e. increase the goodness
of fit) while maximise parsimony (i.e. obtain the lowest possible degrees of freedom).

Since the model fit of a GAM is based on deviance and likelihood, fitted models are directly comparable with GLMs
which also use likelihood techniques or classical tests based on model deviance (Chi-squared or F tests, depending on
the error structure). The goodness of fit of these models can be evaluate by means of the Akaike information criterion
(AIC) which estimates the quality of the model with the best fit where the AIC score is lowest. In addition, all summary
(fitted, summary, coef, etc.), error (resid) and link (including Poisson and binomial link functions) structures attributed
from the GLMs or linear modelling frameworks are also available for the GAMs.

A2.7.8 How is the GAM calculated?

A generalised additive model (GAM) is fitted on observed values with
log,,(N)

as the dependent variable and year (t) as the independent variable. According to Wood 2006, a conservative smoothing
parameter k would be the length of the population time series divided by 2. In Collen et al 2009, this smoothing
parameter was observed to perform optimally, thus the default in the LPI method is set to:

time — series length

k= 7

However, the LPI model allows for manual adjustment for an optimal smoothing parameter k for each time series by
setting the function in the ripi package:

MODEL_SELECTION_FLAG =1
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This selection will find the optimal smoothing parameter for each time series. This is done by comparing the estimated
degrees of freedom when the smoothing parameter was successively incremented by 1. The optimal smoothing
parameter will be this with the lowest number of estimated degrees of freedom.

The following selection will apply the default of half the time-series length as smoothing parameter k:
MODEL _SELECTION FLAG = 0

The fitted GAM values are then used to calculate predicted values for all years (including those with no real (but
imputed) count data. With these predicted count values, the mean value of the rate of change, d, is calculated and
aggregated as described above in section A2.7.4.

A2.7.9 What is the second derivative?

The second derivative of abundance of species is the ‘rate of change’ of the rate of change’. It is well illustrated by
(Fewster et al. 2000). For velocity as a common example, the first derivative or the ‘rate of change’ of distance travelled
is velocity, while the second derivative or the ‘rate of change of rate of change’is acceleration:

dv  d%x

@= Gt di?

With a as acceleration, v as velocity and x as distance. The second term represents the second derivative expression.
The second derivative can be conceptualised as the slope of a tangent at any given point in a polynomial expression.

A2.7.10 What is bootstrapping?

Bootstrapping is used to generate confidence intervals around the index values by resampling species trends.
To calculate a bootstrap replicate, for each interval

t-1
to

t
, a sample of

nt
species-specific values of

dt
is selected at random with replacement from the

n

t

observed values (i.e. from the full dataset). This is carried out at each time interval for a given index, e.g. for an index
on all threatened birds in Queensland. Then time series are aggregated as

dt
and the index calculated as
It

as described above. The LPI default is set to the calculation of 10,000 bootstraps. Thereof, the bounds of the central
9,500 values of

I

represent the 95% confidence interval of the aggregate index.

A2.7.11 Inflection Points

Points of change in the index value can be identified by points at which the second derivative significantly differs from
0 (Fewster et al. 2000). These points are called inflection points and describe locations in the overall index where an
increasing or decreasing trend for threatened species changes significantly.
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A2.8 Research Collaborators of the Threatened Species Index Project

Name Organisation/ Contribution

Hugh Possingham UQ/TNC Project Leader

Ayesha Tulloch uQ/UsYD Project Co-Leader

Elisa Bayraktarov uQ Project PostDoc. Analysis and interpretation of datasets; liaising with stakeholders;
writing manuscripts/reports; communication

James O'Connor BirdLife Provision of key datasets and close involvement in creating composite bird
biodiversity metrics. Host of raw data (birds) for NESP projects. Key contact and
representative in BirdLife Australia.

Glenn Ehmke BirdLife/UQ Support in data quality control, vetting, pre-processing, database management and
hosting; development of scientific workflow

Joris Driessen BirdLife/UQ Support in data quality control, vetting, pre-processing, database management

John Woinarski CcDbu Project contributor

Stephen Garnett CcDhu Project contributor

Siddeswara Guru UQ/TERN Project contributor; establishing scientific workflow

Hoang Ahn Nguyen UQ/RCC Project contributor; establishing scientific workflow

James Watmuff

Planticle Apps +
Development

Project contributor; software and web-app developer; establishing scientific
workflow; front end; web visualisation tool development

Louise McRae

ZSL

Support in analysis, interpretation of trends and code development. Key contact for
the Living Planet Index methodology.

Megan Barnes

UQ Honorary,
University of

Support in analysis and interpretation of trends

Hawaii

PhD Student: Stephanie uQ Collation of seabird data; statistical analyses; index calculation; writing manuscripts

Avery-Gomm

Sarah Legge uQ Project contributor; focus on index for mammals

David Lindenmayer ANU Project contributor; provision of data

Liana Joseph AWC Project contributor; provision of data

Eve McDonald-Madden uQ Project contributor

John La Salle ALA Engaged for hosting aggregated database and visualisation of index; data curation.

Miles Nicholls ALA Engaged for hosting aggregated database and visualisation of index; data curation.
Key contact in ALA.

Peter Brenton ALA Engaged for hosting aggregated database and visualisation of index; data curation.

Hamish Holewa ALA Chief Operating Officer

James Robinson ALA Business Development & Commercial Manager

Salit Kark uaQ Interest in applicability of index for island species; provision of data on island species

Alienor Chauvenet uQ Support in analysis and interpretation of trends

Michael Vardon ANU Interest in applicability of index for environmental accounting

James Brazill-Boast NSW OEH NSW are developing a standardised index across all threatened species, particularly
as a means of establishing a baseline prior to the implementation of the new
Biodiversity Conservation Act, against which to evaluate success. Key contact
and representative for NSW.

Eren Turak NSW OEH Developing an environmental monitoring assessment framework; contact for
freshwater species; key contact and representative for NSW.

Margaret Byrne WA DBCA Provision of data (particularly on plants in WA); key contact and representative for
WA particularly interested whether the index can be used to report on management
effectiveness

Colin Yates WA DBCA Key contact for the prototype development of a plant index initially based on
WA data.

Daniel Rogers SA DEWNR Facilitation of data provision; key contact and representative for SA

Adrian Moorrees Vic DELWP Facilitation of data provision; policy and reporting for threatened species; key
contact and representative for Vic.

Mel Hardie Vic DELWP Key contact for biodiversity data in the Victorian Biodiversity Atlas; interested in the

implementation of data standards to make state repository data more useful for
comparative trend analyses such as the index

Peter Latch

DoEE: Terrestrial
Threatened
Species Section

Key contact and representative in the Department of the Environment and Energy

80 A Threatened Species Index for Australia:

Interim Report Part 1 — Birds — Complete Report




Name Organisation/ Contribution

Judy West DokE: Parks Parks Australia data and plant expertise; key contact and representative in Parks
Australia Australia.

Kerrie Bennison DoEE: Parks Science Team Parks Australia; provision of data; key contact and representative in
Australia Parks Australia.

Nicholas MacGregor DoEE: Parks Overview of all monitoring programs for threatened species on the Parks estate,
Australia along with maintenance and analyses and interpretation of their data; key contact in

Parks Australia.

Brydie Hill NT DENR Provision of data; key contact and representative for NT.

John Hodgon QLD EHP Facilitation of data provision; key contact and representative for QLD.

Margaret Kitchin ACT Gov Facilitation of data provision; key contact and representative for ACT.

Oberon Carter Tas DPIPWE Facilitation of data provision; key contact and representative for Tasmania.

Alex Kutt BHA Key contact and representative for Bush Heritage Australia

A2.9 End-users we have engaged with/providing substantial support

A2.9.1 Departmental stakeholders with extensive involvement since the commencement

of the project

Which Group?

Engaged via and when?

Why interested in index?

DoEE: Terrestrial
Threatened Species
Section

Peter Latch (since beginning of
the project 2016)

Interested in index for future species recovery planning; has good ideas
about visualisation of the index as a ‘species dashboard’

DoEE: Parks Australia

Judy West, Kerrie Bennison and
Nicholas McGregor (since start
of project in 2016)

Interested in getting all threatened species data in one place; particularly
interested in an index for plants

A2.9.2 Other departmental stakeholders, including those interested in adopting the index

Which Group?

Engaged via and when?

Why interested in index?

DoEE: Environmental
Information Policy and
Reporting, State of the
Environment Reporting
(SoE) Group

Emma Hyland (since start of
project in 2016); Naomi Dwyer
(since Sept 2017)

Interested in incorporating index as a measure to track change in
threatened species for SoE reports

DoEE: Essential
Environmental
Measures Group

Jarrod Green (since Sept 2017;
invited members of project
3.1 to be part of the Shorebird
Essential Environmental
Measures Group)

Use index to track change in species and use available data

DoEE: National
Biodiversity Strategy

Sarah Bloustein (since Sept
2017)

Interested to use index and data to report on international targets e.g. to
the Convention of Biological Diversity (CBD)

DoEE: Environmental
Accounts & Science

Sarah-Jane Hindmarch, Michael
Vardon (since Sept 2017)

Interested in using the index and available data to integrate in
environmental accounts

DoEE: Species
Information and
Policy Section

Jason Ferris (since Sept 2017)

Interested in index to improve SoE reporting and do a better job than
the Red List Index to report towards CBD
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A2.9.3 State/territory and other stakeholders interested in adopting the index and/or
integrating aggregated data

Which Group?

Engaged via and when?

Why interested in Index?

Wentworth Group of
Concerned Scientists

Peter Cosier and Celine
Steinfeld (since August 2017)

Interested in integrating available data into environmental accounts
work

The Atlas of Living
Australia

John La Salle, Miles Nicholls,
Rebecca Pirzl, Peter Brenton,
Hamish Holewa, James
Robinson (since start of
project 2016)

Interested in hosting aggregated data for index calculation

QLD: Department of
Environment and Heritage
Protection; Threatened
Species Unit

David Shevill; John Hodgon;
Samantha Ryan; Dave Harper;
Jane McDonald; Sarah Parker-
Webb; Rebecca Richardson
(since Aug 2017); Previously
we have engaged with Allan
Williams (director of the
Threatened Species Unit)

and his team

Interest in index to report on state of threatened species in QLD

NSW: Office of
Environment & Heritage;
Saving Our Species
Program

Linda Bell; Alana Burley (since
Oct 2017); James Brazill-Boast
(since start of project in 2016)

Interested in index and data for NSW and how it can help to assign
threatened species in six management streams within the Saving our
Species program

NSW: State of the
Environment Reporting
Group

Rick Noble; Gaston Rozenbilds
(since Oct 2017)

Interested in index to improve SoE reporting in NSW

NSW: Environmental
Accounts and Economics

Mladen Kovac; Nicholas
Conner; Rogelio Canizales
Perez (since Oct 2017)

Interested in index and available data to be incorporated in work on
environmental accounts

NSW: Monitoring
evaluation and reporting

group

Jo White; Tim Cooney;
Joanne Wilson (since Oct 2017)

Interested in index to improve reporting for species in NSW

Vic: State of the
Environment Reporting
Group

Simon Kennedy (since
Jun 2017)

Interested in index to improve SoE reporting for Victoria

Vic: Victorian Biodiversity
Atlas; Department of
Environment, Land, Water
& Planning; Victoria

Mel Hardy (since Sept 2016)

Interested to use data standards for index and integrate these into
Victorian Biodiversity Atlas (VBA) infrastructure in order to produce
regular indices from VBA data

SA: State of the
Environment Reporting
Group

Jennie Fluin (since Sept 2017);
Dan Rogers (since start of
project in 2016)

Interested in index to improve SoE reporting for South Australia
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A2.10 Institutions who have supported the Threatened Species Index with data

Custodian # datasets
Alderman et al (2011) 1
Australian Antarctic Division 3
Australian National University 1
Australian Wildlife Conservancy 3
Barry Baker 1
BirdLife Australia 13

BirdLife Tasmania

Black-throated Finch Recovery Team

Central Queensland University

Charles Darwin University

David Baker-Gabb

Lacey et al (2015)

LaTrobe University

Long Term Ecological Research Network (LTERN)

Melbourne Water

Monash University

New South Wales government

Northern Territory government

Parks Australia

Priddel et al (2006)

Queensland government

Queensland Wader Studies Group

Roger Jaensch

Rohan Clarke

Save the Gouldian Fund

Schulz et al (2006)

South Australian Government

Surman et al (2016)

Thomson et al (2015)

Victorian government

Victorian Malleefowl Recovery Team

Victorian Wader Studies Group

Western Australian government
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Data extracted from the following references:

Schulz et al (2006) Breeding of the Grey Petrel (Procellaria cinerea) on Macquarie Island: population size and
nesting habitat. Emu: 105(4) 323-329

Lacey and O'Brien (2015) Fairy Tern breeding on French Island, Western Port, Victoria, Australian field. Ornithology:
Vol 32, No 1

Alderman, R., Gales, R., Tuck, G. & Lebreton, J.D. (2011) Global population status of shy albatross and an assessment
of colony-specific trends and drivers. Wildlife Research: 38, 672-686

Thomson, R., Alderman, R., Tuck, G., Hobday, A. (2015). Effects of climate change and fisheries bycatch on
Shy Albatross (Thalassarche cauta) in Southern Australia. PLoS ONE: 10: doi: 10.1371/journal.pone.0127006.

Department of Environment and Conservation (NSW) (2006) ‘Gould's petrel (Pterodroma leucoptera leucoptera)
Recovery Plan’. Department of Environment and Conservation (NSW), Hurstville, NSW

Surman, C., Burbidge, A., Fitzhardinge, J. (2016). Long-term population trends in the vulnerable Lesser Noddy
Anous tenuirostris melanops at the Houtman Abrolhos, Western Australia. Corella: 40. 69-75
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A2.11 Subscribed organisations to the Friends of the Index email list
» Arid Recovery (not-for-profit organisation)
e Australian Antarctic Division
e Australian National University:
. Fenner School of Environment and Society
. Difficult Bird Group
e Australian Network for Plant Conservation (not-for-profit organisation)
» Australian Wildlife Conservancy (not-for-profit organisation)
*  Biomeb - Environmental Services (consultancy)
»  BirdLife Australia (hon-government organisation)
*  Brisbane City Council
«  Commonwealth Scientific and Industrial Research Organisation:

. Australian National Herbarium
. National Research Collection Australia
. The Atlas of Living Australia
« Conservation & Biodiversity Operations, Conservation and Sustainability Services, Department of Environment and
Science (DES, Queensland)
e Deakin University

e Department of Environment, Water and Natural Resources (DEWNR, South Australia):

. State of the Environment Reporting Group

*  Department of National Parks, Sport and Racing (NPSR, Queensland)
e Department of the Environment and Energy:

. Biodiversity Conservation Division

. Threatened Species Commissioner's Office

. Science Partnerships Section

. Essential Environmental Measures for Australia
. State of the Environment Section

. Environmental Accounts and Science Branch

. Environmental Information Policy and Reporting (ERIN):

- Landscape Analysis, Biodiversity Trends
. Species Information and Policy Section
. Protected Species and Communities Branch
. Parks Australia

e Department of Environment and Science (DES, Queensland):

. Threatened Species Program
e Department of Environment, Land, Water & Planning (DELWP, Victoria):

. Biodiversity Division
. State of the Environment Reporting Group

*  Department of Primary Industries, Parks, Water and Environment (DPIPWE, Tasmania):

. Threatened Species Policy & Conservation Advice

« Editorial of Decision Point, Science for Saving Species (science communication)

e Environment and Planning Directorate (Australian Capital Territory)

e La Trobe University

«  Office of Commissioner for Sustainability and the Environment (Australian Capital Territory)

«  Office of Environment and Heritage (OEH, New South Wales):
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. Regional Operations North Branch

. Regional Operations

. Economics Team

. Monitoring Evaluation and Reporting Data & Information
. Threatened Species Conservation

. Conservation Programs Branch
. Monitoring Evaluation and Reporting Data & Information
. State of the Environment Reporting Group

e Parks Victoria:

. Threatened Species Program
. Science and Management Effectiveness at Parks Victoria

« Queensland Herbarium - Department of Science, Information, Technology, Innovation and the Arts (DSITIA,
Queensland)

» Scientell (science communication)
» The Glossy Black Conservancy
e The University of Queensland:

. Centre for Biodiversity and Conservation Science
. School of Biological Sciences
. Research Partnerships Office

e Trust for Nature (not-for-profit organisation)

«  University of Melbourne

e University of New South Wales

«  Wentworth Group of Concerned Scientists

«  World Wildlife Fund Australia (WWF, non-government organisation):

. Species Conservation and Indigenous Partnerships
. Protected Areas and Conservation Sciences

» Zoological Society of London:

. Indicators and Assessments Unit
. Living Planet Index Team

A2.12 Estimate of In-kind Support
In-kind cost of $791,000 over two years were estimated by:

» Allocating 60% in-kind from the University of Queensland (UQ) of the salary of staff employed on the project at UQ
(i.e. Elisa Bayraktarov, Glenn Ehmke, Joris Driessen, Megan Barnes) for the time of being employed

«  Estimating in-kind cost of $3,000 per dataset for correspondence and low level of data manipulation for 69 datasets
used for index calculation

« Taking into account the in-kind time as FTE by research partners as on research plan version 3 (0.01 FTE was
assumed for external research partners for which the FTE are not known) relating to salary estimates for the
following salary levels:

. PhD

. PostDoc/Research Assistant

. Prof/Chief Scientist

. Prof/Director/Executive Role in Department
. Senior Manager

. Senior PostDoc/Manager

« Taking into account 0.01 FTE for legal advice (one manager, one lawyer, and lan Harris, Director of UQ's Research
Partnerships Office, signatory on behalf of the NESP TSR Hub) and data sharing negotiation with raw data host
(Paul Sullivan, CEO BirdLife Australia) and 27 single data custodians.
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