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A B S T R A C T   

Many global and national conservation initiatives have objectives relating to reducing or reversing the rate of 
biodiversity decline but few have specific targets. In 2015, the Australian Government implemented a Threat-
ened Species Strategy that aimed to improve the population trajectory of a set of 71 species (20 mammals, 21 
birds and 30 plants) by 2020, relative to the trajectory before 2015. To assess the extent to which this objective 
had been achieved, and because there was no or limited monitoring for many of the species, we used structured 
expert elicitation to estimate population size for every species at 2005, 2015, 2020, and predict population size at 
2025, 2035 and 2045. Elicitation was informed by a consistent collation of information for every species, 
including on threats, management actions, and available monitoring. Experts estimated that the population 
trajectories of 15 species had improved significantly (at p < 0.05, or 24 species at p < 0.1) over the period 
2015–20 (the period coinciding with priority attention under the Threatened Species Strategy) relative to 
2005–15, and 13 species had deteriorated significantly (at p < 0.05, or 15 at p < 0.1). The lack of recovery for a 
substantial component of the set of priority species was likely due to the short (5-year) period considered over 
which deeply ingrained threats may not be ameliorated, the impacts of drought and wildfire in this period, and 
the relative ineffectiveness of some management actions to mitigate the most important threats. Assessment of 
population trajectories was least confident and most inconsistent among experts for species with least monitoring 
effort. Experts predicted ongoing future declines with cessation of conservation management actions, but some 
longer-term recovery for most plant and mammal species with ongoing conservation management. Elicitation 
helped provide a consistent approach towards inferring population trends, but more ideal would be to monitor 
populations for all threatened species.   

1. Introduction 

Notwithstanding global and national initiatives seeking to reduce or 
reverse the rate of biodiversity decline (Secretariat of the Convention on 
Biological Diversity, 2010), the number of threatened species continues 
to increase, and the trajectories of many threatened species continue to 
decline (Barnosky et al., 2011; Ceballos et al., 2015; Johnson et al., 
2017). Recent loss of biodiversity has been pronounced in Australia (e. 
g., Woinarski et al., 2015), with three endemic vertebrates becoming 
extinct since 2009 (Woinarski et al., 2017), and an ongoing trend of 

decline for threatened species generally (Bayraktarov et al., 2021). 
In 2015, the Australian Government implemented a 5-year national 

Threatened Species Strategy (TSS) to promote public awareness of 
threatened species, bolster conservation efforts, and attract more fund-
ing towards priority species, while directly funding some actions to 
support their recovery (Commonwealth of Australia, 2015). The strategy 
included a focus on the management of 30 plant, 21 bird and 20 
mammal species (Supplement S1) prioritized from the ca. 1800 threat-
ened species and subspecies listed under Australian national legislation, 
the Environment Protection and Biodiversity Conservation Act 1999 (EPBC 
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Act). The selection of these priority species was broadly based on 
importance to the environment, taxonomic uniqueness, community 
resonance and whether recovery actions were likely to be feasible and 
effective (Department of the Environment and Energy, 2016). The TSS 
listed explicit targets, including one that all priority species show 
improved population trajectories over the initial five years of the strat-
egy (i.e., 2015–2020). Setting such explicit outcome targets is rare in 
national biodiversity strategies (see Convention on Biological Diversity, 
2020). 

The major challenge in assessing whether the 2015–2020 TSS ach-
ieved the target of improving population trajectories for its priority 
threatened species is the inadequacy of biodiversity monitoring, with no 
or limited monitoring of most threatened species in Australia (Legge 
et al., 2018; Scheele et al., 2019; Lavery et al., 2021), including of many 
of the priority threatened species identified in the TSS. Even where 
monitoring programs existed for some of these species, their periodicity 
did not necessarily match the 5-year period over which the TSS initially 
operated. Furthermore, unlike the US Endangered Species Act, which 
mandates ongoing 5-year reviews of the status and threats of every listed 
species (Evansen et al., 2021), there is no obligation under the Austra-
lian EPBC Act for periodic assessment of population trajectories, threats 
or management for Australian threatened species, other than that Re-
covery Plans (which exist for a minority of threatened species) are meant 
to be assessed and reviewed at 5-year intervals. 

Here, we describe the application of structured expert elicitation to 
estimate population trajectories (change in the number of mature in-
dividuals) for the 71 priority threatened species in the Australian 
2015–2020 TSS. In the absence, or inconsistent availability, of empirical 
data, structured expert elicitation is increasingly used to inform con-
servation decision making, including for judgements of wildlife popu-
lation sizes and responses of populations to management (Hemming 
et al., 2018). For every species, we grounded the elicitations on sys-
tematic and detailed compilations (‘scorecards’) of available population 
estimates, information on the extent and adequacy of monitoring, results 
from monitoring, distribution, threats, and the extent and efficacy of 
management directed to those threats, with these scorecards developed 
explicitly for this assessment. 

By applying structured expert elicitation to all 71 priority species, we 
have aimed to estimate changes in population trajectories over the 
period 2015 to 2020, relative to the trajectory estimated for the ten 
years preceding the establishment of the TSS (i.e., 2005–2015). As an 
interpretative caveat for this assessment, we note that the 5-year TSS 
period is a relatively short interval for attempting to recover threatened 
species, especially those with deeply ingrained threats (Akçakaya et al., 
2018), and that many Australian species have populations that fluctuate 
markedly in response to rainfall variability (Dickman et al., 2014). In 
part to expand the assessment period to a duration that may more 
realistically reflect the time needed for recovery, we also predict pop-
ulation sizes for all 71 species over a 30-year timeframe from 2015, 
across a set of three management scenarios. 

2. Methods 

2.1. Priority species 

The 2015–2020 TSS identified 71 threatened plant, bird and 
mammal taxa (including species and subspecies) as priorities for con-
servation management. The selected taxa included a mix from highly 
localised species (e.g., Christmas Island Flying-fox Pteropus natalis) to 
wide-ranging species (e.g., Malleefowl Leipoa ocellata); species subject to 
intensive monitoring for which population size was precisely known (e. 
g., Helmeted Honeyeater Lichenostomus melanops cassidix) to species that 
were unmonitored and for which there was no population estimate (e.g., 
Ant Plant Myrmecodia beccarii); and species subject to intensive con-
servation management that was known to mitigate key threats (e.g., 
Australian mainland population of Eastern Barred Bandicoot Perameles 

gunnii) to species with no major threats identified that were subject to 
little or no active management (e.g., Purple Wattle Acacia purpur-
eopetala). Twenty-four of the taxa (12 plants, seven birds and five 
mammals) were listed as Critically Endangered under the EPBC Act at 
the time of their selection, 32 taxa (13 plants, 11 birds and eight 
mammals) were Endangered, and 13 taxa (five plants, three birds and 
five mammals) were Vulnerable (Supplement S1). One taxon (Eastern 
Bettong Bettongia gaimardi) was unlisted, but the elicitation focused on 
the population that had recently been reintroduced to mainland 
Australia, rather than the Tasmanian population which is relatively 
stable. Additionally, for one included mammal species (Black-footed 
Rock-wallaby Petrogale lateralis), subspecies were listed under the EPBC 
Act with varying conservation status (four subspecies with Vulnerable 
status and one unlisted, as at 2015). 

2.2. Developing scorecards 

For each of the 71 priority taxa, we developed scorecards containing 
information relevant to assessing population trajectories, including: the 
extent and adequacy of monitoring; available data about abundance, 
density or population size; distribution; threats and their impact; man-
agement inputs and their efficacy; and demographic characteristics, 
including generation length. These scorecards are now available at the 
website of the Department of Climate Change, Energy, the Environment 
and Water (https://www.dcceew.gov.au/environment/biodiversity/th 
reatened/publications/threatened-species-strategy-2015-2020). An 
example of these scorecards is provided at Supplement S2. Information 
was collated across published and unpublished sources, with much of 
the content provided by the national and state/territory conservation 
agencies, non-government conservation organisations, and Indigenous 
ranger groups responsible for the conservation management of the 
species. More than 200 experts from 70 organisations contributed to this 
process. Scorecards were also informed by recent reviews of the con-
servation status and population trends for Australian mammals (Woi-
narski et al., 2014), birds (Garnett and Baker, 2021) and plants (Silcock 
et al., 2021) where available, as well as by conservation advices and 
recovery plans. Notwithstanding this documentation of all available 
evidence, there were major knowledge gaps for most species. Further-
more, in many cases, it was difficult to determine the extent and effec-
tiveness of management efforts (before and after the inception of the 
TSS), in part because many of the putative management actions were not 
tightly focused on ameliorating the main threats to a particular threat-
ened species. 

We recognise that the provision to the eliciting experts of the infor-
mation collated in these scorecards comes with some risk of reducing the 
independence of expert opinion through anchoring. However, (i) we 
considered it would have been an unreasonable impost on the experts to 
locate such information (most of it unpublished and not readily acces-
sible) themselves for the 20 or 30 species that they assessed; (ii) experts 
were invited to add their own knowledge and sources additional to that 
given in the scorecards provided, and apply any such additional infor-
mation when making their elicitations; and (iii) the information 
included in the scorecards left much room for individual inference and 
interpretation, largely because it comprised fragments of evidence that 
often was not a direct measure of the parameter (population size) that 
we sought from the experts in the elicitation – for example, some in-
formation on some control efforts in some areas to manage threats that 
may [or may not] have influenced population size across the whole 
distribution of the target species. 

2.3. Expert elicitation 

We asked experts to estimate the population size at 2005, 2015, 
2020, 2025, 2035 and 2045 for every species that they were allocated 
(typically experts did this for either the set of 20 mammals, 21 birds or 
30 plants) under three management scenarios: 
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Scenario 1 – existing management, if any, nominally ceased in 2015 
and the species was subject thereafter to no targeted conservation 
effort; 
Scenario 2 – pre-2015 management is continued; and 
Scenario 3 – pre-2015 management is supplemented with actions 
supported, or instigated, by the TSS, and continued thereafter. 

We used these estimates to assess whether: 1) species trajectories 
improved during the 2015–2020 period, relative to the preceding 10 
years (i.e., 2005–2015), and 2) whether continuation of such manage-
ment investment was likely to lead to improved outcomes by 2025, 
2035, and 2045 for priority threatened species when compared to no 
management or existing management. This latter projection was 
included on the grounds that conservation benefits (i.e., improvements 
in population trajectories) may be challenging to achieve or discern over 
the five years only of the 2015–2020 TSS period, and especially so as the 
2015–2020 period encompassed a broad-scale drought and a series of 
exceptional megafires in 2019–2020 known to have had a severe impact 
on many Australian threatened species in eastern and southern Australia 
(Bowman et al., 2020; Canadell et al., 2021; Legge et al., in press). 

Three elicitation panels (one each for plants, birds and mammals) 
comprising 6 to 11 experts (varying among species: see Supplement S1) 
with relevant knowledge of Australia's threatened species were recruited 
to answer quantitative questions on population sizes. Experts were 
selected to provide representation across the range of species and 
management organisations, and we sought to ensure balance within the 
expert group in representation of sexes and experience. All experts were 
provided with a consistent explanation of the project and instructions on 
their role (see Supplement S3), and invited to seek further clarification 
from the coordinator (HF). 

We used the IDEA protocol to elicit expert judgements. This protocol 
(Hemming et al., 2018) comprises 4 steps: 

Investigate: Based on their interpretation of the information pre-
sented in species' scorecards, and their own knowledge or 
information-gathering, experts provided initial estimates of the 
number of mature individuals for each species at 2005 and 2015, and 
then separately for the three management scenarios at 2020, 2025, 
2035, and 2045. Experts provided best estimates, lower and upper 
bounds, and a measure of confidence representing how likely they 
thought it was that the true number of mature individuals was be-
tween their lower and upper bounds. We note that the allocation of 
upper and lower bounds and confidence reflects and responds to the 
experts' uncertainty about actual population size at a given time. This 
may include some epistemic and aleatory uncertainty, as it encom-
passes many factors, including an expert's first-hand experience with 
the species considered, the amount and quality of the assembled and 
available information, uncertainty about future conditions, and some 
degree of underlying temporal variability in the population size of 
individual species (e.g., some species may fluctuate markedly in 
response to intermittent periods of drought and high rainfall) (Regan 
et al., 2002). All such inputs from the experts were contributed on-
line, in a customized excel spreadsheet (see Supplement S4 for an 
example of the data entry form). 

Investigate: Based on their interpretation of the information pre-
sented in species' scorecards, and their own knowledge or 
information-gathering, experts provided initial estimates of the 
number of mature individuals for each species at 2005 and 2015, and 
then separately for the three management scenarios at 2020, 2025, 
2035, and 2045. Experts provided best estimates, lower and upper 
bounds, and a measure of confidence representing how likely they 
thought it was that the true number of mature individuals was be-
tween their lower and upper bounds. We note that the allocation of 
upper and lower bounds and confidence reflects and responds to the 
experts' uncertainty about actual population size at a given time. This 
may include some epistemic and aleatory uncertainty, as it 

encompasses many factors, including an expert's first-hand experi-
ence with the species considered, the amount and quality of the 
assembled and available information, uncertainty about future con-
ditions, and some degree of underlying temporal variability in the 
population size of individual species (e.g., some species may fluc-
tuate markedly in response to intermittent periods of drought and 
high rainfall) (Regan et al., 2002). All such inputs from the experts 
were contributed online, in a customized excel spreadsheet (see 
Supplement S4 for an example of the data entry form). 
Discuss: In an online discussion (comprising separate meetings for 
each of plant, bird and mammal panels), facilitated by the coordi-
nator (HF), experts were shown the collated (but anonymized) esti-
mates provided by every expert for each species in their taxonomic 
group, along with aggregations (averages of best estimates) and with 
upper and lower bounds. At this panel meeting, experts were invited 
to discuss differences of understanding and opinion relating to the 
range of values for each species. This allowed experts to introduce 
material that had not been provided in the scorecards. 
Estimate: If their understanding changed after seeing and discussing 
estimates provided by others, experts revised their estimates 
accordingly. 
Aggregate: Once received, all data were cleaned, removing unex-
plained outliers and correcting miscodings (for example, where the 
best estimate, lower and upper bounds were provided in the wrong 
order). Because the four-step approach requires experts to specify 
upper and lower credible bounds and provide a level of confidence 
that the true value lies within these intervals, the lowest and highest 
plausible bounds were standardised to 90 % (Eqs. (1) and (2)), so 
that experts' uncertainty levels were directly comparable. We then 
calculated the mean of experts' best estimate and adjusted lower and 
upper bounds. In cases where the adjusted estimates were <0 the 
data were truncated at 0. 

LSI = B − ((B − L)× (S/C) ) (1)  

USI = B+((U − B)× (S/C) ) (2)  

where LSI = lower standardised interval, USI = upper standardised in-
terval, B = best guess, L = lower bound estimate, U = upper bound 
estimate, S = level of confidence to be standardised to, and C = level of 
confidence given by the participant. 

2.4. Analysis 

2.4.1. Change in population trajectory from 2005–2015 to 2015–2020 
For every species, the estimated annual proportional rate of change 

(relative to the 2005 baseline) in number of mature individuals was 
calculated from the average (across experts) population estimates for 
2005 and 2015. Likewise, annual proportional population change 
(relative to the 2015 baseline) was calculated from the 2015 and 2020 
estimates. The trajectory was considered to have improved if the experts 
estimated that fewer individuals were being lost or more individuals 
were being gained per year in the 2015–2020 period than in the 
2005–2015 period: i.e., improvement may include taxa that are still 
declining, but at a reduced rate. We also calculated the estimated rates of 
change separately for each expert for every species. We used Wilcoxon 
matched-paired tests to determine the extent to which experts were 
concordant in their assessment of changes in trajectory for each species 
from the 2005–2015 to the 2015–2020 periods. We report significance 
in this degree of concordance among experts at thresholds of p < 0.05, 
and p < 0.1, recognising that the relatively small sample size of experts 
meant that a single discordant expert may preclude attainment of the p 
< 0.05 threshold. 

2.4.2. Predictions for future population size 
Predictions of population size at 2025, 2035 and 2045 were averaged 
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across experts, for each of the three management scenarios, and this 
average was expressed as a percentage of the estimated 2015 population 
(i.e., the 2015 estimate was standardised to 100, for every species). 

2.4.3. Hierarchical analysis of cross-species trends 
To assess the influence of the three strategies (Scenario 1: no man-

agement, Scenario 2: existing management and Scenario 3: existing +
TSS management) across species we created a hierarchical model with 
fixed effects for taxonomic group (i.e., plant, mammal, bird), manage-
ment scenario, and species as well as a random effect for the identity of 
the expert providing the estimates. We ran the model twice: 1) model-
ling the estimated annual change in species trajectory between the 
2005–2015 period (Eq. (3)) and 2015–2020 period (Eq. (4)), and 2) 
modelling the estimated annual change in species trajectory between the 
2005–2015 (Eq. (3)) and 2015–2045 period (Eq. (5)). 

2005–2015 trajectory = ((B2015 − B2005)/B2005*100 )/10 (3)  

2015–2020 trajectory = ((B2020 − B2015)/B2015*100 )/5 (4)  

2015–2045 trajectory = ((B2045 − B2015)/B2015*100 )/30 (5)  

where B represents the mean of experts' best estimate of number of 
mature individuals for that species in the specified year (e.g., 2005). 

2.4.4. Examining uncertainty: influence of monitoring information 
In this study we employed expert elicitation to seek some consistency 

in assessment across a set of species with markedly variable quality and 
quantity of data available on population size, trends through time, 
threats and management. We expected experts to be less certain about 
species' population size and trends for those species with no or least 
monitoring. The extent and adequacy of monitoring efforts for most 
Australian threatened species, including 62 of the 71 priority species 
considered here, has been catalogued and scored previously (Scheele 
et al., 2019; Lavery et al., 2021). As a measure of experts' certainty in 
their estimates of population size, we calculated the standardised width 
of the confidence interval experts provided for each species, for the year 
2020 (Eq. (6)). 

SCIW = (μUSI − μLSI)/μB (6)  

where SCIW = standardised confidence interval width, μLSI = mean 
lower standardised interval for a species, μUSI = mean upper stand-
ardised interval, μB = mean best guess. 

We then used Spearman's rank correlation tests to examine the 
relationship between standardised width of confidence interval and the 
species score for monitoring adequacy, for all taxa together and then 
each taxonomic group separately. 

3. Results 

3.1. Change in population trajectory 2005–2015 to 2015–2020 

Experts considered that there were marked differences among spe-
cies in whether or not population trajectories improved, deteriorated or 
showed no change from the 2005–2015 period to the 2015–2020 period 
(summarised in Table 1, and with information for every species pre-
sented in Supplement S5). Unsurprisingly, experts estimated that the 
population trajectories of most species would have deteriorated over the 
period 2015–2020 relative to that in the period 2005–2015, had man-
agement effort ceased in 2015 (Scenario 1): as an example, the magni-
tude of these proportional population changes is illustrated in Fig. 1 for 
all bird species. This estimated deterioration in trajectories following 
nominal cessation of management was more pronounced for birds and 
mammals than for plants. In contrast, slightly more than half of the 
species were estimated to show improving trajectories from the 

Table 1 
Summary of annual trajectory changes between the 2005–2015 period and the 2015–2020 period showing the total number of species with improving and deteri-
orating trajectories between those two time periods, as well as those that met the p < 0.05 (and p < 0.1) statistical significance threshold for improving or deteriorating 
trajectories, in brackets.  

Scenario (from 2015) Trajectory change from 2005–15 to 2015–20 Plants 
(N=30) 

Birds (N =
21) 

Mammals (N =
20) 

Total (N =
71) 

1 (no management) No. spp. with improving trajectories (no. at p < 0.05, p < 0.1) 12 (1, 2) 2 (0, 0) 4 (1, 1) 18 (2, 3) 
No. spp. with deteriorating trajectories (no. at p < 0.05, p <
0.1) 

18 (2, 3) 19 (7, 11) 16 (8, 8) 53 (17, 22) 

2 (existing management) No. spp. with improving trajectories (no. at p < 0.05, p < 0.1) 14 (4, 8) 10 (4, 6) 13 (3, 4) 37 (11, 18) 
No. spp. with deteriorating trajectories (no. at p < 0.05, p <
0.1) 

16 (3, 4) 11 (5, 6) 7 (5, 5) 34 (13, 15) 

3 (existing management supported by 
TSS) 

No. spp. with improving trajectories (no. at p < 0.05, p < 0.1) 16 (6, 10) 11 (5, 6) 13 (4, 8) 40 (15, 24) 
No. spp. with deteriorating trajectories (no. at p < 0.05, p <
0.1) 

14 (3, 4) 10 (5, 6) 7 (5, 5) 31 (13, 15)  

Fig. 1. Examples of estimated annual proportional population change derived 
from average of elicited estimates of total population size for all 21 bird species, 
x axis is proportional population change in the period 2005–2015, y axis is the 
proportional population change 2015–2020 under an assumption of no man-
agement actions imposed past 2015 (filled circles) and the proportional popu-
lation change 2015–2020 with current management supplemented by TSS 
investments (open circles). 
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2005–2015 period to the 2015–2020 period under the scenario of 
continuation of existing management (Scenario 2), with this proportion 
higher for the scenario of existing management further supported by TSS 
(Scenario 3) (Table 1). 

Our assessment concluded that estimated population trajectories 
over the period 2015–2020 under scenario 3 (existing management 
supplemented by support from the TSS) improved significantly (p <
0.05) for 15 species (or 24 at p < 0.1) relative to the trajectories in 
2005–2015; however, estimated trajectories declined significantly in 
2015–2020 under Scenario 3 for 13 species (or 15 at p < 0.1), with no 
consistent change evident for the remaining 43 species (or 32 species at 
p > 0.1). As an example, the magnitude of these proportional population 
changes is illustrated in Fig. 1 for all bird species. 

3.2. Predictions for future population size 

Experts considered that population size would continue to fall in the 
future with the nominal cessation of management from 2015 (Scenario 
1) (Table 2; Fig. 2), with all 71 species predicted to have lower popu-
lation sizes in 2045 than those estimated in 2015 (see Supplement S5 for 
data for all species). 

Under the two scenarios of ongoing management, experts predicted 
that populations of most bird species would not recover in the future to 
2015 levels, whereas about half of the mammal species would increase, 
as would many plant species, with Scenario 3 having a larger impact 
(relative to Scenario 2) for a greater proportion of plants, compared with 
mammals and birds. 

Experts estimated that the disparity in population trajectories among 
scenarios would increase over time, with the population size (relative to 
that standardised at 2015), averaged across species within a taxonomic 

group, showing continuing future reduction with nominal cessation of 
management (Scenario 1), minor improvement under Scenario 2 and 
more marked increase under Scenario 3. The predicted net increases 
were highly influenced by a few species with ongoing intensive and 
effective management of key threats, for which population sizes were 
predicted to increase at least 5-fold over the next decades (e.g., main-
land population of Eastern Barred Bandicoot and Norfolk Island Green 
Parrot Cyanoramphus cookii: Fig. 3). However, although Scenario 3 
provides a relative benefit compared with Scenarios 1 and 2 over time, 
many of the 71 priority species are expected to undergo ongoing decline 
notwithstanding such management (Table 2), suggesting additional in-
terventions will be required if recovery is to be achieved. 

Considering individual specific responses provides a more nuanced 
understanding of management effectiveness (Fig. 3, Supplement S2). For 
some species (e.g., Norfolk Island Green Parrot: Fig. 3), cessation of 
management is expected to lead to extinction or near-extinction by 
2045, with more positive outcomes (i.e., increases) under the continued 
management scenarios. Similar projections were given for Helmeted 
Honeyeater, Orange-bellied Parrot Neophema chrysogaster, mainland 
populations of Eastern Barred Bandicoot and Eastern Bettong, Numbat 
Myrmecobius fasciatus and Woylie Bettongia penicillata (Supplement S2). 
In contrast, for some species (e.g., Far Eastern Curlew Numenius mada-
gascariensis: Fig. 3) experts projected a bleak future, little ameliorated 
even with continuation of existing management. Similar projections 
were given for Regent Honeyeater Anthochaera phrygia, Swift Parrot 
Lathamus discolor, Brush-tailed Rabbit-rat Conilurus penicillatus and 
Northern Hopping-mouse Notomys aquilo (Supplement S2). For some 
other species, experts estimated that there is little effect of any man-
agement scenario on population projections, presumably because there 
are no major threats or documented declines (e.g., Fairy Bells Homo-
ranthus darwinioides: Fig. 3), the current management is limited or 
ineffective, or there are broad confidence bounds indicating marked 
uncertainty about the effectiveness of current management or about 
population size (e.g., Ant Plant: Fig. 3). Experts estimated that trajec-
tories were marked by extreme events (notably the 2019–20 wildfires 
and/or the preceding severe drought) for some species (e.g., Kangaroo 
Island Dunnart Sminthopsis griseoventer aitkeni: Fig. 3) – similar examples 
are Foote's Grevillea Grevillea calliantha and Glossy-leafed Hammer 
Orchid Drakaea elastica (Supplement S2) with the extent and pace of 
recovery varying depending upon management. 

Table 2 
Percentage of species with predicted population sizes larger than the 2015 
benchmark, for four time periods, and three scenarios.  

Taxonomic group Scenario 2020 2025 2035 2045 

Plants Scenario 1  33.3  13.3  13.3  0 
Scenario 2  40  40  30  26.7 
Scenario 3  53.3  56.7  56.7  60 

Birds Scenario 1  0  0  0  0 
Scenario 2  14.3  14.3  14.3  14.3 
Scenario 3  14.3  14.3  14.3  19.0 

Mammals Scenario 1  5  0  0  0 
Scenario 2  40  40  50  50 
Scenario 3  45  50  55  55  

Fig. 2. Estimated average population size (with standard errors) for the sets of bird, mammal and plant species, relative to a 2015 benchmark standardised to 100 for 
each species, under scenario 1 (no management), scenario 2 (existing management), and scenario 3 (existing management + TSS support). Each central point is the 
mean (across all species within a taxonomic group) of individual species' best estimates, for that combination of year and management scenario, averaged 
across experts. 
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3.3. Hierarchical analysis of cross-species trends 

Experts estimated that, across species, there was a substantial benefit 
realised with conservation management (Scenarios 2 and 3) relative to 
no management (Scenario 1), when estimated for the 2015–2020 period, 
and when predicted for the 2015–2045 period (Table 3). However, there 
was only equivocal evidence for a difference in the performance of 
Scenarios 2 (existing management) and 3 (existing management + TSS 
support) in both the 2015–2020 and 2015–2045 time periods, with 
Scenario 3 obtaining a higher estimate, albeit with overlapping 95 % 
confidence intervals for the two scenarios (Table 3). For the 2015–2020 
time period, the mean estimates suggest that plants and birds may be 
benefitting from management more than mammals, but this is not a 
statistically robust difference because 95 % confidence intervals are 

wide and overlapping. For the 2015–2045 time period, the mean esti-
mates again suggest that plants and birds benefit more from manage-
ment than mammals, but again confidence intervals are wide and 
overlapping so the relationship remains uncertain. Full model output 
can be found in Supplement S6. 

3.4. Examining uncertainty 

As expected, there was a negative relationship (rho = − 0.33, p =
0.01) across species between the standardised width of confidence in-
terval of the population estimates and scores for the extent and adequacy 
of existing monitoring programs (Fig. 4): i.e., the better the standard of 
existing monitoring, the more confident experts were in their estimates 
of population trajectories. This relationship is strongest for mammals 

Fig. 3. Examples of some projected trajectory scenarios. For comparable projections for all species see Supplementary material S5. Error bar show standard error of 
the mean best estimate. 

H. Fraser et al.                                                                                                                                                                                                                                  



Biological Conservation 274 (2022) 109731

7

(rho = − 0.65, p = 0.003), then birds (rho = − 0.47, p = 0.03) while there 
is no statistically significant relationship for plants (rho = − 0.08, p =
0.73). 

4. Discussion 

Many conservation initiatives, from global to local scale, seek to 
recover threatened species. This is an admirable and explicit goal; 
however, it is challenging to achieve, especially over short time periods. 
Progress towards this goal may also be difficult to assess where moni-
toring programs are inadequate before, during and after the imple-
mentation of management actions, and where species' populations 
fluctuate substantially. In this study we assess the extent to which 
Australia's 2015–2020 TSS achieved one of its goals, of improving the 
population trajectory of 71 priority threatened species. Although we 
conclude that the TSS's explicit target of improving population trajec-
tories for all 71 priority threatened species was not met, we estimated 
that trajectories improved over the period 2015–2020 relative to 
2005–2015 for 40 species (significantly so for 15–24 species), although 
it declined for 31 species (significantly so for 13–15 species). In contrast, 
a nominal cessation in 2015 of the management actions then in place 
would have led to a majority of species showing declining trajectories in 
the period 2015–2020. Hence, even if management is not yet recovering 
the priority species, their fate would be far worse were such 

management withdrawn. 
These are more or less expected results, but we also note that the lack 

of more distinct pattern (e.g., all species show more benefit from addi-
tional management, the trajectories of all species will deteriorate once 
management is withdrawn) is probably due to a combination of five 
factors: (1) the time period 2015–2020 is brief relative to that required 
for many species to show responses to altered threat intensities; (2) the 
population sizes of many species respond to variation among years in 
climate, with the 2015–2020 period marked across the ranges of many 
of the species by extensive drought and severe wildfires; (3) for many 
species, there was insufficient management directed effectively and 
across the extent of the species' range towards main threats; (4) de-
ficiencies in relevant available information meant that experts could not 
always consistently estimate or interpret population trends; and (5) for 
some priority species, trajectories in the 2005–2015 period reflected 
rapid (initial exponential) increases from founder stock, and it is 
inconceivable that such rates could be maintained. These five factors are 
further considered below. 

First, a 5-year period is short relative to the deeply ingrained threat 
milieu that imposes a long-term momentum of decline for many species 
(Woinarski et al., 2015), and amelioration of such threats may require 
sustained management over longer periods (Garnett et al., 2018). This 
may be so especially for species that face an extinction debt due to 
extensive habitat loss and fragmentation. There has been increasing 
global recognition of a mis-match between the long time period often 
required for recovery and political expectations for rapid return on 
conservation investments (Piipponen-Doyle et al., 2021), and our results 
are consistent with this conclusion: for most species, recovery is a long- 
term proposition. Furthermore, our measure of population trajectory 
related to the number of mature individuals, and notwithstanding ideal 
management, this parameter may change very little over five years for 
species (such as long-lived trees) that take longer than this period to 
mature. 

Second, the population size of many species fluctuates naturally due 
to stochastic environmental changes in resource availability or distur-
bance events (Dickman et al., 2014; Pavey et al., 2014). Measuring 
population size over short periods makes it difficult to determine 
whether any changes are due to natural environmental events or to the 
effectiveness of threat management. The 2015–2020 period covered by 
this TSS encompassed a major drought across extensive areas of 
Australia, and a set of catastrophic megafires. These events caused 
marked population losses for biodiversity, including many threatened 
species (Ward et al., 2020; Gallagher et al., 2021; Legge et al., 2022; 
Legge et al., in press). Many of the TSS priority species for which experts 
estimated a decline in trajectory from 2005–2015 to 2015–2020 were 

Table 3 
Summary of hierarchical analysis of cross-species trends showing the model 
estimates and 95 % confidence intervals for yearly trajectory changes between 
2005 and 2015 and 2015–2020 (top) and 2015–2045 (bottom). Positive values 
indicate the grouping has better trajectories than the reference class. Scenario 
and taxa are categorical variables so one category for each has been designated 
as the reference class, and this class is therefore not included in the table. The 
reference class for scenario comparison was Scenario 1 (i.e., no management), 
and for taxonomic group was birds.  

Variable Estimate Lower 95 % CI Upper 95 % CI 

2015–2020 
Scenario 2  4.38  1.98  6.78 
Scenario 3  5.15  2.74  7.55 
Mammal  − 15.37  − 27.00  − 3.74 
Plant  0.40  − 12.04  12.83  

2015–2045 
Scenario 2  2.72  1.41  4.03 
Scenario 3  4.45  3.15  5.76 
Mammal  − 14.71  − 21.11  − 8.31 
Plant  − 2.06  − 8.99  4.86  

Fig. 4. Standardised confidence interval width for species' population estimate in relation to monitoring adequacy, for each species in the three taxonomic groups.  
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affected by these unfavourable events: for example, 95 % of the known 
range of the Kangaroo Island Dunnart was burnt in 2020, mostly by high 
severity wildfire, with consequent likely marked decline in population 
size (Legge et al., 2022). 

Third, some of the priority species considered in this assessment were 
subject to insufficient effective management across their range over 
either the period 2005–2015 or 2015–2020. For such species (e.g., Ant 
Plant), experts had low confidence and concordance in estimating 
trends, or they interpreted the relative lack of management across these 
two time periods to imply that population trajectories were unlikely to 
have changed. The limited extent of management may have been most 
pronounced for the threatened plants in the set of priority species, and 
this may be the reason why they showed less change in trajectory than 
for mammals and birds with nominal cessation of management from 
2015 (Table 1). 

Fourth, the limited extent of monitoring for many species was both 
the reason why we used elicitation, but also a major constraint on 
confidence in that elicitation. Monitoring of threatened species in 
Australia is limited and far from comprehensive (Scheele et al., 2019) 
and the results presented here (e.g., Fig. 4) suggest that inadequate 
monitoring impedes assessment of conservation progress. 

Fifth, some of the species in the priority set showed pronounced 
benefits from intensive management initiated in the 2005–2015 period. 
For example, the reintroduction of the Eastern Bettong to a predator- 
proof exclosure on mainland Australia in 2011 resulted in rapid in-
crease in that translocated population from the small founder stock 
(Portas et al., 2016), with that population thereafter broadly stable at 
carrying capacity. Hence, although the trajectory of increase for this 
population was less steep in 2015–2020 than in 2005–2015, this should 
not be interpreted as a conservation setback. Relatedly, we note that the 
TSS target of improving population trajectories does not necessarily 
equate to recovery, given that trajectory improvements included cases 
where the population was still declining albeit at a less steep rate than 
previously. 

We used a consistent expert elicitation approach across all 71 pri-
ority species in an effort to overcome the uneven distribution of data and 
published information about the priority threatened species. The key 
benefits of using expert elicitation in this context are that it enabled: i) 
estimation of population size and trajectory even in cases where data 
were sparse and uncertain; ii) comparison of management performance 
among species with different taxonomic groups and with different life 
forms; and iii) predictions of population sizes into the future. In our 
example, these predictions indicated the longer-term benefits of the 
sustained implementation of current management, as our elicitation 
predicted a strong signal of ongoing losses for most species should cur-
rent management be abandoned: i.e., recovery may be challenging to 
achieve under existing management, but cessation of such management 
will result in escalating losses. 

Elicitation allowed us to estimate population trajectories and hence 
to assess the benefits of conservation management. Experts were able to 
provide inferences from information from multiple sources (population 
estimates; understanding of species biology; threats; and the progress of 
relevant management interventions) to estimate population size under 
different management scenarios, although their confidence in these as-
sessments varied with the quantity and quality of data available. 
Nonetheless, we note that although elicitation can help overcome some 
information shortcomings, and help impose a consistent approach, it 
cannot fully substitute for the implementation of appropriate moni-
toring programs and available monitoring data for objectively assessing 
species' population trajectories, and more broadly for assessing the 
effectiveness of conservation programs. 

The key findings of this study are broadly applicable to other efforts 
to assess the impact of conservation management and restoration. The 
outcome of management is most reliably estimated where there are data 
from ongoing monitoring programs that pre-date and continue through 
the management period. In cases where high quality monitoring data are 

not available, it is still possible to assess the impact of management using 
expert elicitation, though the results will be less certain when less (or 
lower quality) data are available to experts. Even in cases where reliable 
data are available about the outcomes of management, expert elicitation 
can play a role in predicting the outcomes of different management 
scenarios into the future. Forecasting the impact of management sce-
narios is a valuable exercise where the management is being assessed a 
short time after being implemented, leaving little potential to detect the 
effect of management action. Projecting outcomes into the future has 
more uncertainty but it also provides an indication of the longer-term 
efficacy of management efforts that aligns with realistic assessment 
timelines and the ecology of the system being managed. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.biocon.2022.109731. 
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