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Abstract 
Understanding the consequences of past conservation efforts is essential to inform the 

means of maintaining and restoring species. Data from the IUCN Red List for 67,217 ani-

mal species were reviewed and analyzed to determine (i) which conservation actions have 

been implemented for different species, (ii) which types of species have improved in status 

and (iii) which actions are likely to have driven the improvements. At least 51.8% (34,847) 

of assessed species have actions reported, mostly comprising protected areas (82.7%). 

Proportionately more actions were reported for tetrapods and warm-water reef-building 

corals, and fewer for fish, dragonflies and damselflies and crustaceans. Species at greater 

risk of extinction have a wider range of species-targeted actions reported compared with 

less threatened species, reflecting differences in documentation and conservation efforts. 

Six times more species have deteriorated than improved in status, as reflected in their 

IUCN Red List category. Almost all species that improved have conservation actions in 

place, and typically were previously at high risk of extinction, have smaller ranges and 

were less likely to be documented as threatened by hunting and habitat loss or degrada-

tion. Improvements in status were driven by a wide range of actions, especially reintroduc-

tions; for amphibians and birds, area management was also important. While conservation 

interventions have reduced the extinction risk of some of the most threatened species, 

in very few cases has full recovery been achieved. Scaling up the extent and intensity of 

conservation interventions, particularly landscape-scale actions that benefit broadly dis-

tributed species, is urgently needed to assist the recovery of biodiversity.

Introduction
Humanity is inextricably dependent on the rest of biodiversity for the range of functions and 
ecosystem services it provides. However, we are facing a global biodiversity crisis, with 28% of 
150,388 assessed species threatened with extinction [1], and an estimated 1 million species fac-
ing this fate owing to human activities [2,3]. In December 2022, the Parties to the Convention 
on Biological Diversity (CBD) adopted a new Global Biodiversity Framework, the mission of 
which is “To take urgent action to halt and reverse biodiversity loss to put nature on the path 
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to recovery…” [4]. This includes commitments to halt human-driven extinctions, reduce the 
extinction rate and extinction risk of all species 10-fold, and increase the abundance of wild 
species to healthy and resilient levels. Urgent conservation actions are necessary to achieve 
these outcomes [4,5].

Crucially, we need effective conservation based on evidence [6], so that actions can be 
transparently assessed and implemented in different contexts. There is ample evidence that 
conservation action can work [7–10] and that targeted efforts for species are needed [11]. 
However, this evidence is often presented in disparate sources that can be hard to access 
[12]. There are also many gaps in the evidence base, including biases towards particular 
species (e.g., birds and mammals), geographies (e.g., North America and Europe) [13,14] and 
actions (e.g., protected areas) [15]. Conservationists often lack sufficient time, capacity and/
or incentives to publish outcomes of conservation actions in the scientific literature; there is a 
need to consolidate practitioners’ knowledge to understand which actions have been linked to 
improvements in species status. This is critical to inform the targeting of future conservation 
actions and for tracking progress towards halting global biodiversity loss.

The IUCN Red List of Threatened Species (hereafter Red List) is the most comprehensive 
source of information on species conservation [16], including actions needed and underway. 
It incorporates input and varied information from a wide range of stakeholders including con-
servation practitioners [17] and is useful for assessing conservation impact, including written 
accounts (narrative fields) and tabular data relating to each species’ status and the actions that 
are in place to promote their conservation [18]. Correlative analyses have used these data, for 
example to explore the relationship between population trends or changes in species’ status 
and different conservation actions [19,20]. However, although the tabular data on conser-
vation actions can be easily analyzed, some information in the narrative fields may not be 
reflected in the tabular fields [21,22], posing challenges for multi-species analyses, particularly 
those that extend beyond particular subsets of species [23,24].

When reassessment of species on the Red List leads to a revision in their Red List category, 
the reasons for this are documented in order to distinguish ‘genuine’ changes in category, 
(e.g., resulting from increases or decreases in population size, rate of decline or distribution) 
from ‘non-genuine’ change (e.g., resulting from revisions to taxonomy or improvements 
in knowledge of population or range size and trends), and often includes the driver of this 
change. These genuine changes underpin the Red List Index [25–27]. Associated documenta-
tion on drivers of genuine changes enable exploration of the relationship between threats and 
actions on species outcomes. For a small but growing number of species, Red List assessments 
also include documentation of recovery and conservation impact using the Green Status of 
Species approach [28,29]. Given the breadth of species assessed and the inclusion of practi-
tioner knowledge, the Red List can help us gain a more comprehensive understanding of what 
has worked in species conservation.

We leveraged these data from the Red List to explore the following three questions: (i) 
which conservation actions have been implemented for different species, (ii) which species 
have improved in conservation status and (iii) which actions were associated with these 
improvements?

Methods

Data sources and handling
Information for all assessed animal species was downloaded from the Red List version 2023.1 
[1], including their taxonomic classification, Red List category of extinction risk, ecosystem 
type (terrestrial, freshwater and/or marine), threats, conservation actions in place, global 
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population trend and generation length (the average age of breeding individuals, in years), 
along with their range maps. Extinct species, taxa belonging to groups that were not com-
prehensively assessed (i.e., for which less than 80% of the species have Red List assessments), 
and subspecies and subpopulations were excluded from analyses. The resulting data included 
7,983 amphibians, 11,038 birds, 1,240 cartilaginous fish, 750 cephalopods, 6,223 dragonflies 
and damselflies, 80 hagfish, 4 horseshoe crabs, 38 lampreys, 8 lobe-finned fish, 5,895 mam-
mals, 10,222 reptiles, 14,347 freshwater fish, 2,886 selected crustacea, 687 selected gastropods, 
4,988 selected marine fish and 828 warm-water reef-building corals (see S1 Text for classifica-
tion of selected groups).

Species’ range size (in km2) was calculated by summing the total area of their range coded 
as Extant, Probably Extant or Possibly Extinct (presence), Native, Reintroduced or Assisted 
Colonization (origin) and Resident or Breeding (seasonality) codes, in cylindrical equal area 
projection. For migratory species with breeding ranges, their range size reflected their breed-
ing (or where applicable breeding and resident) range; non-breeding ranges were excluded 
to avoid over-inflation of range size estimates. The area of species’ mapped range was used 
rather than population size, as it was reported for a much greater proportion of species, with 
range having been shown to be correlated with (and often used as a proxy for) population 
size [17]. Generation lengths were quantified in a range of formats; where available, the best 
estimate was used, while mean values were used if a range was given, with non-numeric values 
reviewed and converted to numerals accordingly. Just under half of mammals did not contain 
information about their generation length, so this was supplemented using data from Pacifici 
and colleagues [30].

Threat and action types reported in tabular form were aggregated respectively to simplify 
interpretation of analyses by combining similar concepts (see S2 and S3 Texts, respectively, 
for details). Future threats and those coded by Red List assessors as having negligible impact 
were excluded. This left the following threats: habitat loss and degradation, hunting or fishing, 
problematic or invasive species or diseases, pollution and climate change; and actions: poten-
tial occurrence in protected areas, area management plan, control of invasive or problematic 
species or diseases, species management, reintroduction or translocation, awareness and 
education, international legislation or trade control, captive breeding or monitoring. Whether 
sites of importance (e.g., Key Biodiversity Areas) have been identified for each species was 
excluded due to expert assessors’ information suggesting it has been applied inconsistently 
between groups.

The genuine changes in species’ Red List category we analyzed were based on two 
sources. The first was data that underpin the Red List Index [1,27], which includes the 
category change, timing and a text narrative justifying the reason for improvement or 
deterioration in status (typically threats or actions). This was combined with information 
on additional genuine changes in the period 2016–2022 recorded by the Red List Unit 
but that had not yet been published in RLI assessments. For genuine improvements in 
status, documentation of the reason for the improvement was reviewed against the coded 
actions in place for each species. If the specific action was not recorded (e.g., some simply 
referred to “conservation action”), the species’ Red List assessment and “actions in place” 
text accounts were reviewed to see if these attributed particular actions to improvements in 
species status. Where this was absent, and for cases where the action described did not fall 
within the options for actions in place (e.g., livelihoods, economic or other incentives), they 
were classified as “other action”. When there was no clear indication that the improvement 
in category was driven by conservation action, or where it was attributed to natural pro-
cesses (e.g., amelioration of drought, habitat succession following land abandonment, etc.), 
this was recorded as such.
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Information from Green Status of Species assessments (a measure of species recovery) was 
extracted for the 35 animal species on the Red List with published assessments as of March 2024 
(including Trechus terrabravensis and Troides helena, from groups that are not comprehensively 
assessed). These include estimates of the impact of conservation compared with a counterfactual 
of no action. This counterfactual is also spatially explicit, examining the impacts of conservation 
in distinct parts of the species range (spatial units). Within each spatial unit, the species’ current 
state (Absent, Present, Viable, or Functional) [29] is estimated, as well as the counterfactual 
state (i.e., the expected current state without conservation action). For each species’ spatial 
unit, the best estimate for both the current and counterfactual state were extracted, along with 
documented past and current threats, and past and current conservation actions. Note this also 
included the action of livelihood, economic and other incentives (as this is a category in the 
Conservation Actions Needed classification scheme but not the Actions in Place) [18].

Analysis of conservation actions in place
For each species group, the number of species with (i) no reported conservation action, (ii) at 
least one conservation action and (iii) each coded conservation action, was calculated. Chi-
squared analysis and post hoc tests were used to determine whether the proportion of species 
with or without any conservation action(s), and for each conservation action type in turn, varied 
according to Red List category and taxonomic group, and if so, how. Species assessed as Data 
Deficient (DD) and Extinct in the Wild (EW) were excluded because DD species lack sufficient 
information to assess their extinction risk, and EW species typically have captive breeding but 
few if any other actions in place. Species assessed as Least Concern (LC) were excluded from the 
chi-squared analysis across Red List categories as it is optional to report actions for LC species, 
so it is not possible to distinguish a genuine lack of actions from lack of documentation.

Models of improvements in species’ conservation status
Three different indicators were used to investigate which species’ traits, threats and actions are 
associated with improvements in species’ conservation status, focusing on risk of extinction in 
the wild. (1) Species global population trend: declining, stable or increasing (excluding those 
with unknown trends), estimated over a 5-year window around the date of assessment (for 
all comprehensively assessed species). (2) Net (overall) genuine change in Red List category: 
species were coded as “uplisted”, “unchanged” or “downlisted” based on whether their most 
recent assessment category was a deterioration, unchanged, or an improvement compared with 
their first assessment category (for amphibians, birds and mammals). As before, LC species 
were excluded due to inconsistencies in reporting for these species. Currently EW species were 
excluded from the population trend model as they have no population trend in the wild until 
they are reintroduced (the Red List category model uses their former category so EW species 
can be included). (3) Prevented declines in species’ state within specific spatial units, coded 
as a ‘prevented decline’ and otherwise coded as ‘no impact’ based on the changes between the 
documented current and the counterfactual state (without conservation action) for each spatial 
unit (species’ spatial units that were classified as “functional” in both current and counterfactual 
states in the analysis) were excluded as they could not improve. The population trend  
model included all comprehensively assessed animal groups, the Red List category change model 
included amphibians, birds and mammals, and the prevented decline in species state model 
included the 35 animal species with published Green Status of Species assessments. These three 
indicators were modeled against a range of species traits, threats and actions (see Table 1).

Species’ range size (log km2) was included as it is a key indicator of extinction risk [17,31], 
logged given most species have small range sizes (so to normalize the distribution of the data). 
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Species’ ecosystem type (terrestrial, marine or both terrestrial and marine) was included to 
account for differences in threats and actions between the different realms. Freshwater was 
treated as part of terrestrial in order to focus on the distinction between land/freshwater and 
sea, between which the different species’ traits, threats and actions are likely to differ to a higher 
degree. The other factors included in the model were the presence/absence of the five threats 
(habitat loss or degradation, hunting or fishing, invasive or problematic species or diseases, 
climate change and pollution) and seven actions (potential occurrence in protected areas, area 
management plans, control of invasive or problematic species or diseases, species’ manage-
ment, reintroduction or translocation, awareness and education, and international legislation 
or trade control). Monitoring and captive breeding were excluded as the former is not a con-
servation intervention per se, and the latter does not impact species’ extinction risk in the wild 
until individuals are introduced (which is documented separately), though of course play key 
roles in preventing overall species extinction and facilitating reintroduction to the wild.

Species’ current Red List category (for the population trend model) or initial Red List cate-
gory (for the genuine Red List category changes model) was also included as an ordinal factor, 
where LC < Near Threatened < Vulnerable < Endangered < Critically Endangered < EW. The pre-
vented declines in state model included the counterfactual state within each spatial unit, and an 
additional action of livelihood, economic and other incentives. Taxonomic group was included 
as a random factor in the models for population trend and genuine Red List category changes. 
Due to the limited number of species in the Green Status of Species model, species name was 
included as a random factor rather than taxonomic group because each species is assessed in 
multiple spatial units, leading to multiple observations for each species in the model.

The population trend and genuine category change models were also run independently 
for each taxonomic group with sufficient data, and for species traits. This also included LC 

Table 1. Structure of three models of improvement in conservation status against a range of variables related to species traits, threats and conservation actions. 
The five threats consist of: habitat loss/degradation, hunting/fishing, invasive/problematic species/diseases, pollution or climate change. The seven actions consist 
of: potential occurrence in protected areas, area management plans, invasive/problematic species control, species management plans, reintroduction/transloca-
tion, international legislation/trade control, education/awareness raising.

Response variable Model type Fixed effects Random 
effects

Taxonomic groups Excluded cases

(1) Global population 
trend
levels:
Increasing>
Stable>
Declining

Cumulative linked 
mixed model

log(range) + current IUCN Red List cat-
egory + system + ecosystem + 5 threat 
types + 7 action types

Taxonomic 
group

All comprehensively 
assessed taxa

Least Concern species, Extinct 
in the Wild species and species 
with unknown population 
trends

Cumulative linked 
model

As above, plus log generation length for 
birds and mammals

N/a Amphibians, birds, fresh-
water fish, mammals and 
reptiles separately

As above plus ecosystem 
excluded for except mammals,
Freshwater fish also excluded 
legislation as only reported for 
declining species

(2) Genuine change in 
IUCN Red List category
levels:
Downlisted>
Stable>
Uplisted

Cumulative linked 
mixed model

log(range) + initial IUCN Red List 
category + ecosystem + 5 threat types + 
7 action types

Taxonomic 
group

Amphibians, birds and 
mammals

N/a

Cumulative linked 
model

As above, plus log generation length for 
birds and mammals

N/a Above groups separately Extinct in the Wild species 
for birds as too few reported 
across groups

(3) Prevented declines 
(based on Green Status of 
Species)
levels:
Prevented declines>
No change in state

Generalized 
linear mixed model 
(logistic)

log(generation length) + log(range) + 
counterfactual state + ecosystem + 5 
threat types + 7 action types + liveli-
hood/economic incentives

Species 
name

35 species with published 
GSS assessments

N/a

https://doi.org/10.1371/journal.pbio.3003051.t001

https://doi.org/10.1371/journal.pbio.3003051.t001
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species as this information should be reported for LC species similarly to other threat levels. 
Logged generation length (another important indicator of extinction risk [17], logged given 
most species have short generation times) was only included for birds, mammals, trait-only 
and prevented declines in species’ state models due to limited data availability.

Modeling
Cumulative linked mixed models were used to model the population trend and genuine change in 
extinction risk, and generalized linear mixed models with a logistic function were used to model 
prevented declines in species’ state in spatial units (as only had two categories rather than three). 
Backward selection was used to find the best model, dropping the variable with the highest p-value 
>0.05 in turn until all remaining variables were significant [32]. Both backwards and forwards 
Akaike information criterion, corrected for small sample size selection were also undertaken for the 
three global models as a model selection sensitivity analysis (S4 Table) [33]. Model estimates were 
then visualized in a heatmap to enable visual comparison of the relationships of different variables 
with the different indicators of improvement in status within and between the various models.

To explore how many species have undergone net changes between each Red List category, 
the numbers of species moving from and to each category was also visualized in a contingency 
table. To visualize the distribution of species that underwent genuine changes in Red List 
category, their ranges were loaded into QGIS Desktop version 3.22.12 [34]. Ranges of species 
that underwent genuine net improvement or deterioration in Red List category were then in 
turn spatially joined to a fishnet grid (at 2 decimal degree resolution), to count the number of 
species per grid cell that improved or worsened in category. Country boundaries were from 
the Database of Global Administrative Areas [35].

Actions driving genuine changes in Red List category
For species that underwent genuine changes in Red List category, we calculated the number 
of species with (i) no action in place, (ii) at least one action in place, (iii) each of the possible 
actions in place (excluding the ‘other conservation actions’) and (iv) each action in place that 
was judged by assessors as driving the genuine change in Red List category. This was done for 
birds and mammals independently, as the only groups with data on genuine changes in Red 
List category with assessor judged reasons for genuine improvements. Chi-squared and post 
hoc tests were used to evaluate whether there were differences in the types of actions that led 
to improvements relative to those in place for each taxa and independently.

Software
All analysis was undertaken in RStudio [36] using R version 4.3.1 [37]. This included use of 
the following packages for data manipulation: tidyverse [38]; statistical analysis: chisq.posthoc.
test [39], lme4 [40], ordinal [41], ggcorrplot [42], MuMin [43]; plotting: ggplot2 [44], pheat-
map [45]; and spatial analysis: sf [46,47].

Results

Numbers of conservation actions in place for species
Over half of species (51.8% or 34,848 of 67,217) in comprehensively assessed animal groups 
had documented conservation actions in place, rising to 58.7% of (12,574) threatened species. 
Tetrapods, warm-water reef-building corals and Near Threatened species were more likely to 
have at least one conservation action reported compared with invertebrates, aquatic species 
(Fig 1A; S1 Table; X2 = 15,362, df = 15, p < 0.001) or Critically Endangered species (S1 Table; 
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Fig 1. The proportion of species (in comprehensively assessed taxonomic groups) with at least one conservation 
action documented as being in place, for (A) different taxonomic groups, (B) different IUCN Red list categories 
of extinction risk, and (C) for different conservation actions. The dashed orange line indicates the mean proportion 
across all species (in B; LC, EW and DD were not evaluated). The > and < signs indicating significantly more or less 
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X2 = 179.15, df = 3, p < 0.001), with some variation across Red List categories in species’ 
groups (S1 Fig). Freshwater fish (41.0%) and amphibians and reptiles (26.3%), and species in 
the Neotropics (29.3%), Indomalaya (21.1%) and Afrotropics (18.4%) make up the majority 
of the 5,193 threatened species without documented actions (1,324 of which are Critically 
Endangered).

Types of conservation actions in place for species
Potential occurrence in protected areas was the most common action reported (94.1% of 
34,848 species, Figs 1C and S2A; S2 Table; X2 = 229,474, df = 9, p < 0.001). Birds and mammals 
were also more likely to have legislation or trade control, and cartilaginous fish and crus-
taceans were more likely to have harvest management in place compared with other action 
types respectively. Tetrapods, particularly birds and mammals, and species at greater risk of 
extinction typically had a wider variety of actions documented, particularly species-targeted 
actions, compared with aquatic and invertebrate groups (S2A Fig) and lower risk species (S2 
Table; S2B Fig; X2 = 516.79, df = 27, p < 0.001), which mostly have only potential occurrence 
in protected areas documented.

Species with improvements in conservation status
Nearly six times as many amphibians, birds and mammals underwent net deterioration (1,220 
species) in Red List category than net improvement (201 species), with most species moving 
one category (Table 2). Twenty-five species deteriorated from LC to Critically Endangered, 
with zero species improving to the opposite extent. Amphibians, birds and mammals that 
underwent genuine deterioration in Red List category were found across the tropics, southern 
Europe, parts of central Asia and south-eastern Australia, with highest concentrations in the 
tropical Andes, Peninsula Malaysia, Sumatra and Borneo (Fig 2A).

Most species with globally increasing populations (78.3% of 969 species) or that improved 
in Red List category since 1980 (99.3% of 288 species) have a conservation action in place. 
Species that underwent genuine improvements in Red List category were 7.5 times less con-
centrated than those that deteriorated, with the highest numbers of species on islands (e.g., 
New Zealand, Mauritius, the Seychelles, Chatham Island, Guadeloupe and Borneo), as well as 

Table 2. The total number of species which started and ended in each respective combination of IUCN Red List categories between 1980 and 2024. Net genuine 
improvements in category are written in green, deteriorations in orange, and unchanged in black.

Previous IUCN Red List Category
LC NT VU EN CR EW

Current IUCN Red List Category LC 15,711 25 8 1 0 0
NT 336 1,416 46 30 10 0
VU 144 149 1,738 29 15 0
EN 45 50 146 1914 34 1
CR 25 21 92 207 925 2
EW 0 0 0 0 5 3

https://doi.org/10.1371/journal.pbio.3003051.t002

likely to be in place compared to other actions (evaluated using a chi-squared test in S1 Table), with statistical signifi-
cance level indicated as follows: *p < 0.05 , **p < 0.01, ***p < 0.001 and p > 0.05 NS. See Fig 1A.csv, Fig 1B.csv and Fig 
1C.csv respectively for underlying data, available at: https://www.iucnredlist.org/resources/data-repository#Past%20
conservation%20efforts.

https://doi.org/10.1371/journal.pbio.3003051.g001

https://doi.org/10.1371/journal.pbio.3003051.t002
https://www.iucnredlist.org/resources/data-repository#Past%20conservation%20efforts
https://www.iucnredlist.org/resources/data-repository#Past%20conservation%20efforts
https://doi.org/10.1371/journal.pbio.3003051.g001
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in parts of the eastern United States of America, Costa Rica, eastern Australia, the southern tip 
of India and particular locations in Mexico, Ecuador and Brazil’s Atlantic Forest (Fig 2B). It 
should be noted that values in coastal regions may be slightly inflated owing to overlaps with 
marine distributions of several seabird and whale species’ ranges.

Species’ traits
Species with smaller global ranges, those at lower risk of extinction and those found in both 
terrestrial and marine ecosystems were more likely to have increasing global populations. 

Fig 2. Species richness map of species that have undergone genuine deteriorations (orange; A) or genuine improvements (blue; 
B) in IUCN Red List category (measure of extinction risk). Lighter colors indicate fewer species and darker colors indicator high 
numbers of species. White indicates areas where no species underwent a change in IUCN Red List category. See Fig 2A.shp and Fig 
2B.shp respectively for underlying data, available at: https://www.iucnredlist.org/resources/data-repository#Past%20conservation%20
efforts. The country boundaries are from GADM [35], available for academic and non-commercial purposes here: https://gadm.org/
license.html.

https://doi.org/10.1371/journal.pbio.3003051.g002

https://www.iucnredlist.org/resources/data-repository#Past%20conservation%20efforts
https://www.iucnredlist.org/resources/data-repository#Past%20conservation%20efforts
https://gadm.org/license.html
https://gadm.org/license.html
https://doi.org/10.1371/journal.pbio.3003051.g002
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Species with larger global ranges, those previously at higher risk of extinction and marine spe-
cies were more likely to have improved in Red List category. Generally, species with shorter 
generation times were more likely to have increasing global population trends and have 
improved in Red List category, except for birds and mammals, for which species with longer 
generation times are more likely to have increasing global populations (Fig 3; S3 Table).

Threats
Species threatened by habitat loss or degradation and hunting or fishing were more likely to be 
undergoing population declines or worsening in Red List category. Species threatened by pollu-
tion were more likely to have declining populations, and those threatened by invasive or prob-
lematic species, disease, or climate change were more likely to have deteriorated in Red List 
category. By contrast, species threatened by climate change and mammalian species threatened 
by problematic or invasive species or diseases were more likely to have increasing populations.

Fig 3. Estimated relationship between various species traits, threats and actions in place with three indicators of improvement 
in species status; species’ global population trends, genuine changes in IUCN Red List category (both derived from  
cumulative-linked mixed models) and prevented declines in species’ state in spatial units (from the Green Status of Species; 
derived from a Generalized Linear Model). Modeled outputs are shown across all species and for different groups of species in turn 
(amphibians, birds, mammals, reptiles and freshwater fish). Gray indicates variables that were not included in the initial model, and 
white indicates variables that were dropped through backwards selection (though if variables were not included or dropped for all, 
these were not shown in the plot). Darker colors indicate largest variable estimates, with blue indicating larger positive associations 
and orange larger negative associations with improvements in species status. Note the population trend model included current Red 
List category, and the genuine Red List category change model included initial Red List category (before change). See S3 Table for full 
model outputs.

https://doi.org/10.1371/journal.pbio.3003051.g003

https://doi.org/10.1371/journal.pbio.3003051.g003
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Actions
Species that have been reintroduced or translocated were more likely to have improved in 
status across all three indicators. Species with species management plans were more likely 
to have increasing populations and have experienced prevented declines in state, and those 
potentially occurring in protected areas were more likely to have improved in Red List cat-
egory and have experienced prevented decline in state. Species with invasive or problematic 
species or disease control, education or awareness raising or international legislation or trade 
control, and amphibians potentially occurring in protected areas and those with area manage-
ment plans, were more likely to have increasing populations. Species with area management 
plans were more likely to have had experienced prevented declines in state. Contrastingly, 
species with species management plans, awareness or education raising or legislation or trade 
control, and mammals with area management plans were more likely to have deteriorated in 
Red List category (Fig 3; S3 Table).

Drivers of genuine improvements in Red List category
Conservation actions were attributed to 71.1% (91) of mammal and bird species Red List cat-
egory improvements; 63.7% (58) of which had ≥2 conservation actions attributed. Only 5.5% 
(7) of improvements were attributed to non-conservation reasons, with the remainder having 
no clear attribution (S4 Text).

Potential occurrence in protected areas and species management plans were the most 
reported action for birds that improvements in Red List category. Area-based regional man-
agement plans, reintroduction or translocation and invasive or problematic species or disease 
control were the most attributed actions, with legislation and trade control and monitoring 
schemes less likely to be attributed, relative to how often they were in place (X2 = 75.418, df 
= 9, p < 0.001; Fig 4A; S5 Table). Potential occurrence in protected areas was the most com-
mon action reported for mammals that improved in Red List category, with reintroductions 
or translocations and harvest management the most proportionately attributed, although no 
significant difference in attribution was detected (X2 = 9.509, df = 7, p = 0.218; Fig 4B).

Discussion

Which conservation actions have been implemented for different species?
More than half of all species and at least 59% of threatened species in comprehensively 
assessed animal groups have documented conservation actions in place. More species likely 
have actions underway, as reporting in place actions is recommended (not required) in the 
Red List, and is optional for LC species. Actions are also often mentioned in the Conservation 
Action narrative but not reflected in the tabular data [21,22]. Higher proportions of tetrapods, 
particularly birds, with reported actions likely reflects taxonomic biases in documentation, 
data availability and implementation [48]. For example, all birds have been assessed eight 
times by BirdLife International, whereas mammals have only been assessed twice by more 
than 35 different groups, and amphibians and warm-water reef-building corals the only other 
animal groups to have been completely reassessed.

Most reported actions are potential occurrence in protected areas, often the sole action for 
species including those in more neglected groups or at lower risk of extinction. This likely 
reflects rapid ease of assessment (requiring only a spatial analysis of species’ distribution 
maps and protected area boundaries, which are readily available), and so is likely dispropor-
tionately represented. Protected areas and international legislation can also easily be assessed 
using global databases [49,50], likely explaining the prevalence of these actions in the dataset. 
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Fig 4. Actions in place for (A) birds and (B) mammals that have shown a genuine improvement in IUCN Red List category (and that 
have at least one conservation action in place), and whether any of those actions were deemed by experts to have contributed towards 
the genuine improvement. Asterisks indicate where actions were responsible for improvements in IUCN Red List category more than 
expected (determined by chi-squared analysis; S5 Table). See Fig 4.csv for underlying data, available at: https://www.iucnredlist.org/resources/
data-repository#Past%20conservation%20efforts.

https://doi.org/10.1371/journal.pbio.3003051.g004

https://www.iucnredlist.org/resources/data-repository#Past%20conservation%20efforts
https://www.iucnredlist.org/resources/data-repository#Past%20conservation%20efforts
https://doi.org/10.1371/journal.pbio.3003051.g004


PLOS Biology | https://doi.org/10.1371/journal.pbio.3003051 March 18, 2025 13 / 21

PLOS BiOLOgy Past conservation efforts reveal which actions lead to positive outcomes for species

Proportionately more Critically Endangered species have species-targeted actions reported, 
possibly reflecting greater targeting and or documenting of conservation efforts for species 
most urgently requiring them [20,22].

Despite this, our analysis probably exaggerates the degree to which conservation actions for 
species have been targeted and implemented throughout their ranges. While some protected 
areas were designated and/or are managed to conserve particular species, most are not and 
instead aim to protect a particular location and its ecological community [51,52]. Protected 
areas are biased to less accessible locations under lower human-pressure and do not ade-
quately safeguard many species from threats [53,54], or may lack effective management [55]. 
Furthermore, given the large coverage of the world by protected areas (17.6% of terrestrial 
and island waters and 8.4% of marine areas) [56], it is likely many species’ ranges overlap 
protected areas only marginally [57], with recent studies showing around 91% of threatened 
species have insufficient representation of their habitats within protected areas [22].

Given these issues, we emphasize the importance of documenting actions underway for 
all species when undertaking Red List assessments, as well as recording the spatial extent and 
impact of actions, to enable more effective prioritization of conservation actions. Critically, 
the 5,194 (41.3% of) threatened species with no reported actions need urgent evaluation to 
determine if there are genuinely no actions in place, and if so, they should be urgent priorities 
for conservation attention and action.

Which species have improved in conservation status?
The number and spatial extent of the distribution of species that have deteriorated in status 
greatly exceeds that of species that are recovering. The former are concentrated in threatened 
species’ hotspots [58], whereas species that have improved in status are generally distributed 
on islands or small habitat patches, perhaps because threats are more tractable to mitigate in 
restricted locations [19]. Some species have deteriorated from the lowest to highest extinction 
risk categories on the Red List, but conversely no species has fully recovered from near extinc-
tion, suggesting that we can prevent extinction but have yet to fully recover species formerly 
on the brink of extinction.

Species with smaller ranges and previously at higher risk of extinction are most likely 
to have improved in status, perhaps reflecting more circumscribed conservation chal-
lenges and greater targeting of conservation efforts towards species most at risk [20]. 
This may also relate to the Red List criteria, with rarer species having greater potential 
to increase population numbers above thresholds needed for downlisting compared with 
more abundant species. Similarly, as we considered current (not former) range, past 
range expansions and contractions may explain status improvement and deterioration 
in currently species with larger and smaller ranges respectively. It is worth noting that 
we assumed range size to be a suitable proxy for population size, but this relationship is 
imperfect, with variation across species, so the exact relationship between population size 
and Red List category may differ.

Species (particularly mammals) in marine ecosystems were more likely to have improved 
in status than those in terrestrial systems, perhaps due to less concentrated area-competition 
with people compared with on land or improvements in fishery and harvesting regulation. 
Generally, species with shorter generation times were more likely to have improved in status, 
as they tend to have higher reproductive potential and therefore recovery capacity. However, 
bird and mammal species showed the opposite, perhaps owing to greater conservation atten-
tion and resources to larger-bodied species [59,60] which typically have longer generations, 
such as the European bison (Bison bonasus); [61].
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Unsurprisingly, species that have or are deteriorating in status were more likely to be 
threatened by one of the five major threats, particularly habitat loss/degradation and hunting/
fishing which also threaten the greatest proportion of species [1]. The fact that some species 
with reported threats have or are improving in status may reflect variation in trends and threats 
across species’ ranges, mitigation or offset of the impacts of the threats on species, or the inclu-
sion of threats with unknown impacts (because the timing of their impact is uncertain).

Which actions were associated with or attributed to improvements in 
species status
Almost all species that have or are improving in status have conservation action(s) docu-
mented, with most status improvements attributed to conservation, and all conservation 
actions attributed to improvement of one or more species. This reinforces others’ findings that 
conservation works [10,62].

Unsurprisingly, we found species that have been reintroduced or translocated were con-
sistently more likely to have or be improving in status, and when in place these actions were 
most often attributed to improvements. When these interventions are successful, they can 
significantly increase the wild population or distribution of a species and therefore reduce 
extinction risk [17,63]. For example, intensive captive breeding and reintroduction lead to 
the recovery of the Mauritius Kestrel (Falco punctatus), whose population increased from 4 
to >250 individuals leading to downlisting from Critically Endangered to Vulnerable [64]. 
Species with species-targeted management plans in place were also more likely to have or be 
improving in status, reinforcing the need for species-targeted actions for many species [11]. 
Similarly, the association and attribution of the control and eradication of invasive alien 
species to improvements in species status is consistent with the many reported successful 
management programmes, particularly on islands [65] such as the recovery of Campbell Teal 
(Anas nesiotis) [66] following successful eradication of invasive rats from Campbell Island.

Particular actions may also benefit certain groups of species disproportionately. Amphibian spe-
cies with site-based actions such as area management plans and protected areas were more likely to 
have or be improving in status, with area management often attributed to status improvement in 
bird species, reinforcing other’s findings [20,67]. Amphibian species typically have smaller ranges 
compared with other terrestrial vertebrates, making it easier to target such interventions. In addi-
tion, effective management of important sites for species of conservation concern (e.g., Important 
Bird and Biodiversity Areas and other Key Biodiversity Areas), whether through formal protected 
areas, other effective area-based conservation measures, or other means, can generate substantial 
benefits for species for which site-scale conservation is appropriate [68,69].

However, in some cases, conservation actions may fail to positively impact species (which may 
explain non-significant or negative results), such as failed attempts to eradicate invasive alien 
mice on Gough Island [70] or rats (Rattus spp.) on Henderson Island [71], or protected areas that 
exist on paper only, and are not implemented effectively on the ground. The scale and duration 
of implementation of the action is important: in some cases actions may not have been carried 
out at sufficient scale, extent or effort to benefit the species sufficiently for any improvement to 
lead to a reclassification of Red List category, or there may be time-lags before species’ recover 
sufficiently. Attempts to promote recovery may be insufficient if the threats impacting the species 
are not addressed sufficiently, such as the unsuccessful reintroduction of the Arabian oryx (Oryx 
leucoryx) in Oman due to hunting pressure [72]. In other cases, a threat may be effectively miti-
gated but there may be other threats or additional actions may be required; we found two or more 
actions were attributed to status improvements in species that improved Red List category. This 
includes the Western quoll (Dasyurus geoffroii) which improved in status following translocation, 
invasive predator (feral cats) control, and public awareness raising [73].
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Discrepancies between the results of our models may arise from differences in the species 
and species’ groups included, the indicator resolution, and the temporal and spatial scales of 
the data. This varies from all comprehensively assessed animal groups and species (in the pop-
ulation model) to 35 species (in the prevented declines model), global (in the population and 
Red List category models) to distinct species populations within their ranges (in the prevented 
declines model), and from the past five years (in the population model) to up to 1,500 years 
ago (in the prevented declines model).

Considerations when using the Red List to understand impact
The Red List has been designed as a standardized, objective and transparent way to classify 
species’ risk of extinction, rather than specifically for impact evaluation [17]. Our analysis 
demonstrates its utility for this, but it is not without limitations, such as those relating to tax-
onomic biases in assessed species, frequency of reassessment, and levels of documentation for 
each species. Both Red List and Green Status of Species (GSS) assessments also rely on expert 
assessment, with analyses derived from Red List data and GSS assessments typically not result-
ing from empirical tests of the outcomes of actions, but instead consider relevant post hoc and 
somewhat subjective assessments of counterfactual states [7,62,74–76].

Relatively few species have undergone documented genuine Red List category changes, 
underestimating the true number of species improving due to the categorical quantification 
of extinction risk in the Red List, time-lags between updates and documentation biases. As 
the Red List categories are based on quantitative thresholds, a species can improve or dete-
riorate in status (sometimes substantially) without changing category. Even when a species 
does recover sufficiently to cross thresholds to qualify for a category of lower extinction risk, 
it must qualify at this level for five years before being ‘downlisted’ in the Red List [1] (though 
this will be captured as a genuine change). The system is designed to enable species to be 
assessed even with limited data availability and to account for uncertainty [17], but as a result 
masks finer scale impacts of conservation efforts.

Even for the four animal groups in which all species have been assessed for the Red List 
more than once, reassessments are infrequent; birds are reassessed every 4–5 years with other 
groups reassessed less frequently. Therefore, some recent category changes may not yet be 
reflected or recorded as genuine changes. For example, the Iberian Lynx (Lynx pardinus) 
qualified for downlisting from Critically Endangered to Vulnerable on the Red List following 
a population increase from 94 to 2,021 individuals [77], but at the time of our analysis had 
not yet been reassessed and documented as a genuine change. Data on the drivers of improve-
ments in status are currently available for even fewer species (birds and some mammals), 
making it impossible to distinguish the relative importance of multiple drivers of improve-
ment where more than one factor is relevant. Going forward, as more species receive Green 
Status assessments [28,29], this will help overcome these shortfalls and enable the calculation 
of a key indicator to track species’ recovery and to understand conservation impact, particu-
larly compared with a pre-human baseline.

Conclusions
Despite inevitable data gaps and uncertainties, we demonstrate the clear value of the Red 
List for understanding conservation action impact, including through documentation of 
the actions underway for species and genuine changes in species’ status. Our results suggest 
that a wide range of conservation actions have successfully reduced species’ extinction risk, 
particularly when targeted at specific species and locations, and have prevented extinctions of 
species at greatest risk. However, given relatively few species have shown signs of full recovery, 
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achieving Goal A of the Global Biodiversity Framework [4], which calls for restoration of spe-
cies’ populations to resilient levels as well as reduction of extinctions and extinction risk, will 
require substantially more ambitious, coordinated scaling-up of conservation interventions, 
particularly landscape-scale actions that benefit widely distributed species.
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Red List, split by their IUCN Red List category. The dashed red line indicates the mean pro-
portion across all species. See FigS1.csv for underlying data, available at: https://www.iucnre-
dlist.org/resources/data-repository#Past%20conservation%20efforts.
(TIF)

S2 Fig.   The percentage of species in animal groups which have been comprehensively 
assessed by the IUCN Red List that have each type of conservation action in place, (A) 
split by taxa that have been comprehensively assessed in the IUCN Red List (more than 
80% assessed, excluding Cephalopoda, Merostomata, Myxini, Petromyzontid and Sar-
copterygii) and (B) split by IUCN Red List category. See Fig S2A.csv and Fig S2B.csv 
respectively for underlying data, available at: https://www.iucnredlist.org/resources/
data-repository#Past%20conservation%20efforts.
(TIF)

Acknowledgments
Thanks to members of the Conservation Science lab group in the Zoology Department in 
Cambridge, A. Manica and E. Turner for comments on preliminary results and M. Hoff-
mann for comments on a draft of the manuscript. Thanks to T. Worthington for help pro-
ducing a fishnet for the species richness maps, and A. Christie and W. Morgan for modeling 
advice. Thanks also to all those who have contributed to the IUCN Red List of Threatened 
Species.

Author contributions
Conceptualization: Ashley T. Simkins, William J. Sutherland, Lynn V. Dicks, Silviu O. 

Petrovan.
Data curation: Ashley T. Simkins, Craig Hilton-Taylor, Molly K. Grace.
Formal analysis: Ashley T. Simkins.
Funding acquisition: Ashley T. Simkins.
Investigation: Ashley T. Simkins.
Methodology: Ashley T. Simkins, William J. Sutherland, Lynn V. Dicks, Silviu O. Petrovan.
Project administration: Ashley T. Simkins.
Resources: Ashley T. Simkins, Craig Hilton-Taylor, Molly K. Grace.
Software: Ashley T. Simkins.
Supervision: William J. Sutherland, Lynn V. Dicks, Silviu O. Petrovan.
Validation: Ashley T. Simkins.
Visualization: Ashley T. Simkins.
Writing – original draft: Ashley T. Simkins.
Writing – review & editing: Ashley T. Simkins, William J. Sutherland, Lynn V. Dicks, Craig 

Hilton-Taylor, Molly K. Grace, Stuart H. M. Butchart, Rebecca A. Senior, Silviu O. 
Petrovan.

References
 1. IUCN. The IUCN Red List of threatened species. In: IUCN Red List of threatened species [Internet]. 

2023 [cited 17 Jul 2023]. Available from: https://www.iucnredlist.org/en

 2. IPBES. Global assessment report on biodiversity and ecosystem services of the Intergovernmen-
tal Science-Policy Platform on Biodiversity and Ecosystem Services. Zenodo; 2019 May. https://doi.
org/10.5281/ZENODO.3831673

https://www.iucnredlist.org/resources/data-repository#Past%20conservation%20efforts
https://www.iucnredlist.org/resources/data-repository#Past%20conservation%20efforts
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3003051.s011
https://www.iucnredlist.org/resources/data-repository#Past%20conservation%20efforts
https://www.iucnredlist.org/resources/data-repository#Past%20conservation%20efforts
https://www.iucnredlist.org/en
https://doi.org/10.5281/ZENODO.3831673
https://doi.org/10.5281/ZENODO.3831673


PLOS Biology | https://doi.org/10.1371/journal.pbio.3003051 March 18, 2025 18 / 21

PLOS BiOLOgy Past conservation efforts reveal which actions lead to positive outcomes for species

 3. Purvis A, Butchart SHM, Brondízio ES, Settele J, Díaz S. No inflation of threatened species. Science. 
2019;365(6455):767. https://doi.org/10.1126/science.aaz0312 PMID: 31439789

 4. CBD. Kunming-Montreal global biodiversity framework. Convention on biological diversity; 2022. Avail-
able from: https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf

 5. Leclère D, Obersteiner M, Barrett M, Butchart SHM, Chaudhary A, De Palma A, et al. Bending the 
curve of terrestrial biodiversity needs an integrated strategy. Nature. 2020;585(7826):551–6. https://
doi.org/10.1038/s41586-020-2705-y PMID: 32908312

 6. Sutherland WJ, Pullin AS, Dolman PM, Knight TM. The need for evidence-based conservation. Trends 
Ecol Evol. 2004;19(6):305–8. https://doi.org/10.1016/j.tree.2004.03.018 PMID: 16701275

 7. Bolam FC, Mair L, Angelico M, Brooks TM, Burgman M, Hermes C, et al. How many bird and mam-
mal extinctions has recent conservation action prevented?. Conservation Letters. 2020;14(1):e12762. 
https://doi.org/10.1111/conl.12762

 8. Jellesmark S, Blackburn TM, Dove S, Geldmann J, Visconti P, Gregory RD, et al. Assessing the 
global impact of targeted conservation actions on species abundance. bioRxiv. 2022. https://doi.
org/10.1101/2022.01.14.476374

 9. Garnett ST, Barry Baker G, Berryman AJ, Carlile N, Ely I, Geyle HM, et al. Australian threatened 
birds for which the risk of extinction declined between 1990 and 2020. Emu - Austral Ornithol. 
2024;124(1):68–82. https://doi.org/10.1080/01584197.2023.2291140

 10. Langhammer PF, Bull JW, Bicknell JE, Oakley JL, Brown MH, Bruford MW, et al. The positive impact of con-
servation action. Science. 2024;384(6694):453–8. https://doi.org/10.1126/science.adj6598 PMID: 38662833

 11. Bolam FC, Ahumada J, Akçakaya HR, Brooks TM, Elliott W, Hoban S, et al. Over half of threatened 
species require targeted recovery actions to avert human‐induced extinction. Front Ecol Environ. 
2022;21(2):64–70. https://doi.org/10.1002/fee.2537

 12. Sutherland WJ, Taylor NG, MacFarlane D, Amano T, Christie AP, Dicks LV, et al. Building a tool to 
overcome barriers in research-implementation spaces: the conservation evidence database. Biol 
Conserv. 2019;238:108199. https://doi.org/10.1016/j.biocon.2019.108199

 13. Junker J, Petrovan SO, Arroyo-RodrÍguez V, Boonratana R, Byler D, Chapman CA, et al. A Severe 
lack of evidence limits effective conservation of the world’s primates. Bioscience. 2020;70(9):794–
803. https://doi.org/10.1093/biosci/biaa082 PMID: 32973409

 14. Christie AP, Amano T, Martin PA, Petrovan SO, Shackelford GE, Simmons BI, et al. The challenge of 
biased evidence in conservation. Conserv Biol. 2021;35(1):249–62. https://doi.org/10.1111/cobi.13577 
PMID: 32583521

 15. Brooks TM, Wright SJ, Sheil D. Evaluating the success of conservation actions in safeguard-
ing tropical forest biodiversity. Conserv Biol. 2009;23(6):1448–57. https://doi.org/10.1111/j.1523-
1739.2009.01334.x PMID: 20078645

 16. Rodrigues ASL, Pilgrim JD, Lamoreux JF, Hoffmann M, Brooks TM. The value of the IUCN Red List 
for conservation. Trends Ecol Evol. 2006;21(2):71–6. https://doi.org/10.1016/j.tree.2005.10.010 PMID: 
16701477

 17. Mace GM, Collar NJ, Gaston KJ, Hilton-Taylor C, Akçakaya HR, Leader-Williams N, et al. Quan-
tification of extinction risk: IUCN’s system for classifying threatened species. Conserv Biol. 
2008;22(6):1424–42. https://doi.org/10.1111/j.1523-1739.2008.01044.x PMID: 18847444

 18. Salafsky N, Salzer D, Stattersfield AJ, Hilton-Taylor C, Neugarten R, Butchart SHM, et al. A standard 
lexicon for biodiversity conservation: unified classifications of threats and actions. Conserv Biol. 
2008;22(4):897–911. https://doi.org/10.1111/j.1523-1739.2008.00937.x PMID: 18544093

 19. Hayward MW. Using the IUCN Red List to determine effective conservation strategies. Biodivers Con-
serv. 2011;20(12):2563–73. https://doi.org/10.1007/s10531-011-0091-3

 20. Luther DA, Brooks TM, Butchart SHM, Hayward MW, Kester ME, Lamoreux J, et al. Determinants 
of bird conservation-action implementation and associated population trends of threatened species. 
Conserv Biol. 2016;30(6):1338–46. https://doi.org/10.1111/cobi.12757 PMID: 27197021

 21. Challender DWS, Cremona PJ, Malsch K, Robinson JE, Pavitt AT, Scott J, et al. Identifying species 
likely threatened by international trade on the IUCN Red List can inform CITES trade measures. Nat 
Ecol Evol. 2023;7(8):1211–20. https://doi.org/10.1038/s41559-023-02115-8 PMID: 37414949

 22. Senior RA, Bagwyn R, Leng D, Killion AK, Jetz W, Wilcove DS. Global shortfalls in documented 
actions to conserve biodiversity. Nature. 2024;630(8016):387–91. https://doi.org/10.1038/s41586-024-
07498-7 PMID: 38839953

 23. Luther D, Cooper WJ, Wong J, Walker M, Farinelli S, Visseren‐Hamakers I, et al. Conservation actions 
benefit the most threatened species: a 13‐year assessment of Alliance for Zero Extinction species. 
Conservat Sci and Prac. 2021;3(10):. https://doi.org/10.1111/csp2.510

https://doi.org/10.1126/science.aaz0312
http://www.ncbi.nlm.nih.gov/pubmed/31439789
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://doi.org/10.1038/s41586-020-2705-y
https://doi.org/10.1038/s41586-020-2705-y
http://www.ncbi.nlm.nih.gov/pubmed/32908312
https://doi.org/10.1016/j.tree.2004.03.018
http://www.ncbi.nlm.nih.gov/pubmed/16701275
https://doi.org/10.1111/conl.12762
https://doi.org/10.1101/2022.01.14.476374
https://doi.org/10.1101/2022.01.14.476374
https://doi.org/10.1080/01584197.2023.2291140
https://doi.org/10.1126/science.adj6598
http://www.ncbi.nlm.nih.gov/pubmed/38662833
https://doi.org/10.1002/fee.2537
https://doi.org/10.1016/j.biocon.2019.108199
https://doi.org/10.1093/biosci/biaa082
http://www.ncbi.nlm.nih.gov/pubmed/32973409
https://doi.org/10.1111/cobi.13577
http://www.ncbi.nlm.nih.gov/pubmed/32583521
https://doi.org/10.1111/j.1523-1739.2009.01334.x
https://doi.org/10.1111/j.1523-1739.2009.01334.x
http://www.ncbi.nlm.nih.gov/pubmed/20078645
https://doi.org/10.1016/j.tree.2005.10.010
http://www.ncbi.nlm.nih.gov/pubmed/16701477
https://doi.org/10.1111/j.1523-1739.2008.01044.x
http://www.ncbi.nlm.nih.gov/pubmed/18847444
https://doi.org/10.1111/j.1523-1739.2008.00937.x
http://www.ncbi.nlm.nih.gov/pubmed/18544093
https://doi.org/10.1007/s10531-011-0091-3
https://doi.org/10.1111/cobi.12757
http://www.ncbi.nlm.nih.gov/pubmed/27197021
https://doi.org/10.1038/s41559-023-02115-8
http://www.ncbi.nlm.nih.gov/pubmed/37414949
https://doi.org/10.1038/s41586-024-07498-7
https://doi.org/10.1038/s41586-024-07498-7
http://www.ncbi.nlm.nih.gov/pubmed/38839953
https://doi.org/10.1111/csp2.510


PLOS Biology | https://doi.org/10.1371/journal.pbio.3003051 March 18, 2025 19 / 21

PLOS BiOLOgy Past conservation efforts reveal which actions lead to positive outcomes for species

 24. Smith D, Abeli T, Bruns EB, Dalrymple SE, Foster J, Gilbert TC, et al. Extinct in the wild: the precar-
ious state of Earth’s most threatened group of species. Science. 2023;379(6634):eadd2889. https://
doi.org/10.1126/science.add2889 PMID: 36821678

 25. Butchart SHM, Stattersfield AJ, Bennun LA, Shutes SM, Akçakaya HR, Baillie JEM, et al. Measuring 
global trends in the status of biodiversity: red list indices for birds. PLoS Biol. 2004;2(12):e383. https://
doi.org/10.1371/journal.pbio.0020383 PMID: 15510230

 26. Butchart SHM, Stattersfield AJ, Baillie J, Bennun LA, Stuart SN, Akçakaya HR, et al. Using Red List 
Indices to measure progress towards the 2010 target and beyond. Philos Trans R Soc Lond B Biol Sci. 
2005;360(1454):255–68. https://doi.org/10.1098/rstb.2004.1583 PMID: 15814344

 27. Butchart SHM, Walpole M, Collen B, van Strien A, Scharlemann JPW, Almond REA, et al. Global 
biodiversity: indicators of recent declines. Science. 2010;328(5982):1164–8. https://doi.org/10.1126/
science.1187512 PMID: 20430971

 28. Akçakaya HR, Bennett EL, Brooks TM, Grace MK, Heath A, Hedges S, et al. Quantifying spe-
cies recovery and conservation success to develop an IUCN Green List of Species. Conserv Biol. 
2018;32(5):1128–38. https://doi.org/10.1111/cobi.13112 PMID: 29578251

 29. IUCN. IUCN Green Status of Species. 1st ed. IUCN, International Union for Conservation of Nature; 
2021. https://doi.org/10.2305/IUCN.CH.2021.02.en

 30. Di Marco M, Pacifici M, Santini L, Baisero D, Francucci L, Grottolo Marasini G, et al. Generation 
length for mammals. NC. 2013;5:89–94. https://doi.org/10.3897/natureconservation.5.5734

 31. Purvis A, Gittleman JL, Cowlishaw G, Mace GM. Predicting extinction risk in declining species. Proc 
Biol Sci. 2000;267(1456):1947–52. https://doi.org/10.1098/rspb.2000.1234 PMID: 11075706

 32. Bruce P, Bruce A, Gedeck P. Practical statistics for data scientists: 50+ essential concepts using R 
and python. O’Reilly Media, Inc.; 2020.

 33. Burnham KP, Anderson DR, editors. Model selection and multimodel inference. New York, NY: 
Springer; 2004. https://doi.org/10.1007/b97636

 34. QGIS. QGIS geographic information system. QGIS Association; 2024. Available from: http://www.qgis.
org

 35. GADM. Database of global administrative areas. Version 3.6. 2019 [cited 14 Nov 2019]. Available from: 
https://gadm.org/data.html

 36. Posit Team. RStudio: integrated development environment for statistical computing. RStudio: integrated 
development for R. Posit Software, PBC: Boston, MA; 2024. Available from: https://www.posit.co/

 37. R Core Team. R: a language and environment for statistical computing. R Foundation for Statistical 
Computing; Vienna, Austria; 2023. Available from: https://www.R-project.org/

 38. Wickham H, Averick M, Bryan J, Chang W, McGowan L, François R, et al. Welcome to the Tidyverse. 
JOSS. 2019;4(43):1686. https://doi.org/10.21105/joss.01686

 39. Ebbert D. chisq.posthoc.test: a post hoc analysis for Pearson’s chi-squared test for Count Data. 2019. 
Available from: https://cran.r-project.org/web/packages/chisq.posthoc.test/index.html

 40. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models Usinglme4. J Stat Soft. 
2015;67(1):. https://doi.org/10.18637/jss.v067.i01

 41. Christensen RHB. ordinal: regression models for ordinal data. 2023. Available from: https://cran.r-proj-
ect.org/web/packages/ordinal/index.html

 42. Kassambara A, Patil I. ggcorrplot: visualization of a correlation matrix using “ggplot2.” 2023. Available 
from: https://cran.r-project.org/web/packages/ggcorrplot/index.html

 43. Bartoń K. MuMIn: multi-model inference. 2024. Available from: https://cran.r-project.org/web/packages/
MuMIn/index.html

 44. Wickham H. ggplot2: elegant graphics for data analysis. Springer-Verlag: New York; ISBN 978-3-319-
24277-4. 2016 [cited 27 Jun 2024]. Available from: https://ggplot2.tidyverse.org/

 45. Kolde R. pheatmap: pretty heatmaps. 2019. Available from: https://cran.r-project.org/web/packages/
pheatmap/index.html

 46. Pebesma E. Simple Features for R: Standardized Support for Spatial Vector Data. The R Journal. 
2018;10(1):439. https://doi.org/10.32614/rj-2018-009

 47. Pebesma E, Bivand R. Spatial data science: with applications in R. New York: Chapman and Hall/
CRC; 2023. https://doi.org/10.1201/9780429459016

 48. Di Marco M, Chapman S, Althor G, Kearney S, Besancon C, Butt N, et al. Changing trends and per-
sisting biases in three decades of conservation science. Glob Ecol Conserv. 2017;10:32–42. https://
doi.org/10.1016/j.gecco.2017.01.008

https://doi.org/10.1126/science.add2889
https://doi.org/10.1126/science.add2889
http://www.ncbi.nlm.nih.gov/pubmed/36821678
https://doi.org/10.1371/journal.pbio.0020383
https://doi.org/10.1371/journal.pbio.0020383
http://www.ncbi.nlm.nih.gov/pubmed/15510230
https://doi.org/10.1098/rstb.2004.1583
http://www.ncbi.nlm.nih.gov/pubmed/15814344
https://doi.org/10.1126/science.1187512
https://doi.org/10.1126/science.1187512
http://www.ncbi.nlm.nih.gov/pubmed/20430971
https://doi.org/10.1111/cobi.13112
http://www.ncbi.nlm.nih.gov/pubmed/29578251
https://doi.org/10.2305/IUCN.CH.2021.02.en
https://doi.org/10.3897/natureconservation.5.5734
https://doi.org/10.1098/rspb.2000.1234
http://www.ncbi.nlm.nih.gov/pubmed/11075706
https://doi.org/10.1007/b97636
http://www.qgis.org
http://www.qgis.org
https://gadm.org/data.html
https://www.posit.co/
https://www.R-project.org/
https://doi.org/10.21105/joss.01686
https://cran.r-project.org/web/packages/chisq.posthoc.test/index.html
https://doi.org/10.18637/jss.v067.i01
https://cran.r-project.org/web/packages/ordinal/index.html
https://cran.r-project.org/web/packages/ordinal/index.html
https://cran.r-project.org/web/packages/ggcorrplot/index.html
https://cran.r-project.org/web/packages/MuMIn/index.html
https://cran.r-project.org/web/packages/MuMIn/index.html
https://ggplot2.tidyverse.org/
https://cran.r-project.org/web/packages/pheatmap/index.html
https://cran.r-project.org/web/packages/pheatmap/index.html
https://doi.org/10.32614/rj-2018-009
https://doi.org/10.1201/9780429459016
https://doi.org/10.1016/j.gecco.2017.01.008
https://doi.org/10.1016/j.gecco.2017.01.008


PLOS Biology | https://doi.org/10.1371/journal.pbio.3003051 March 18, 2025 20 / 21

PLOS BiOLOgy Past conservation efforts reveal which actions lead to positive outcomes for species

 49. UNEP-WCMC, IUCN. Protected planet: the world database on protected areas (WDPA). Cambridge, 
UK: UNEP-WCMC and IUCN; 2024. Available from: www.protectedplanet.net

 50. CITES Trade Database. 2024 [cited 24 May 2024]. Available from: https://trade.cites.org/

 51. Dudley N. Guidelines for applying protected area management categories. IUCN; 2008.

 52. Geldmann J, Barnes M, Coad L, Craigie ID, Hockings M, Burgess ND. Effectiveness of terrestrial pro-
tected areas in reducing habitat loss and population declines. Biol Conserv. 2013;161:230–8. https://
doi.org/10.1016/j.biocon.2013.02.018

 53. Joppa LN, Pfaff A. High and far: biases in the location of protected areas. PLoS One. 
2009;4(12):e8273. https://doi.org/10.1371/journal.pone.0008273 PMID: 20011603

 54. Rodrigues ASL, Cazalis V. The multifaceted challenge of evaluating protected area effectiveness. Nat 
Commun. 2020;11(1):5147. https://doi.org/10.1038/s41467-020-18989-2 PMID: 33051446

 55. Wauchope HS, Jones JPG, Geldmann J, Simmons BI, Amano T, Blanco DE, et al. Protected areas 
have a mixed impact on waterbirds, but management helps. Nature. 2022;605(7908):103–7. https://
doi.org/10.1038/s41586-022-04617-0 PMID: 35444280

 56. Protected Planet. Protected planet report 2024. In: Protected planet report 2024 [Internet]. 2024 [cited 
8 Nov 2024]. Available from: https://digitalreport.protectedplanet.net

 57. Butchart SHM, Clarke M, Smith RJ, Sykes RE, Scharlemann JPW, Harfoot M, et al. Shortfalls and 
solutions for meeting national and global conservation area targets. Conserv Lett. 2015;8(5):329–37. 
https://doi.org/10.1111/conl.12158

 58. IUCN. The IUCN red list of threatened species. In: IUCN red list of threatened species: species rich-
ness maps [Internet]. 2023 [cited 27 Nov 2024]. Available from: https://www.iucnredlist.org/resources/
other-spatial-downloads#SR_2023

 59. Berti E, Monsarrat S, Munk M, Jarvie S, Svenning J-C. Body size is a good proxy for vertebrate cha-
risma. Biol Conserv. 2020;251:108790. https://doi.org/10.1016/j.biocon.2020.108790

 60. Malhi Y, Lander T, le Roux E, Stevens N, Macias-Fauria M, Wedding L, et al. The role of large wild 
animals in climate change mitigation and adaptation. Curr Biol. 2022;32(4):R181–96. https://doi.
org/10.1016/j.cub.2022.01.041 PMID: 35231416

 61. Plumb G, Kowalczyk R, Hernandez-Blanco JA. Bison bonasus. The IUCN Red List of threatened spe-
cies 2020; 2020. Available from: https://dx.doi.org/10.2305/IUCN.UK.2020-3.RLTS.T2814A45156279.
en

 62. Hoffmann M, Hilton-Taylor C, Angulo A, Böhm M, Brooks TM, Butchart SHM, et al. The impact of 
conservation on the status of the world’s vertebrates. Science. 2010;330(6010):1503–9. https://doi.
org/10.1126/science.1194442 PMID: 20978281

 63. IUCN. IUCN Red List categories and criteria, version 3.1, second edition. IUCN; 2012. Available from: 
https://portals.iucn.org/library/node/10315

 64. BirdLife International. Falco punctatus. The IUCN Red List of threatened species 2023; 2023. Avail-
able from: https://dx.doi.org/10.2305/IUCN.UK.2023-1.RLTS.T22696373A226885309.en

 65. Jones HP, Holmes ND, Butchart SHM, Tershy BR, Kappes PJ, Corkery I, et al. Invasive mam-
mal eradication on islands results in substantial conservation gains. Proc Natl Acad Sci U S A. 
2016;113(15):4033–8. https://doi.org/10.1073/pnas.1521179113 PMID: 27001852

 66. BirdLife International. Anas nesiotis. The IUCN Red List of Threatened Species 2020; 2020. Available 
from: https://dx.doi.org/10.2305/IUCN.UK.2020-3.RLTS.T22724580A171601774.en

 67. Luedtke JA, Chanson J, Neam K, Hobin L, Maciel AO, Catenazzi A, et al. Ongoing declines for the 
world’s amphibians in the face of emerging threats. Nature. 2023;622(7982):308–14. https://doi.
org/10.1038/s41586-023-06578-4 PMID: 37794184

 68. Butchart SHM, Scharlemann JPW, Evans MI, Quader S, Aricò S, Arinaitwe J, et al. Protecting 
important sites for biodiversity contributes to meeting global conservation targets. PLoS One. 
2012;7(3):e32529. https://doi.org/10.1371/journal.pone.0032529 PMID: 22457717

 69. Pavón-Jordán D, Abdou W, Azafzaf H, Balaž M, Bino T, Borg JJ, et al. Positive impacts of important 
bird and biodiversity areas on wintering waterbirds under changing temperatures throughout Europe 
and North Africa. Biol Conserv. 2020;246:108549. https://doi.org/10.1016/j.biocon.2020.108549

 70. RSPB. The Gough Island restoration programme. In: Gough Island [Internet]. 2022 [cited 11 Jul 2024]. 
Available from: https://www.goughisland.com

 71. Amos W, Nichols HJ, Churchyard T, Brooke M de L. Rat eradication comes within a whisker! A 
case study of a failed project from the South Pacific. R Soc Open Sci. 2016;3(4):160110. https://doi.
org/10.1098/rsos.160110 PMID: 27152226

www.protectedplanet.net
https://trade.cites.org/
https://doi.org/10.1016/j.biocon.2013.02.018
https://doi.org/10.1016/j.biocon.2013.02.018
https://doi.org/10.1371/journal.pone.0008273
http://www.ncbi.nlm.nih.gov/pubmed/20011603
https://doi.org/10.1038/s41467-020-18989-2
http://www.ncbi.nlm.nih.gov/pubmed/33051446
https://doi.org/10.1038/s41586-022-04617-0
https://doi.org/10.1038/s41586-022-04617-0
http://www.ncbi.nlm.nih.gov/pubmed/35444280
https://digitalreport.protectedplanet.net
https://doi.org/10.1111/conl.12158
https://www.iucnredlist.org/resources/other-spatial-downloads#SR_2023
https://www.iucnredlist.org/resources/other-spatial-downloads#SR_2023
https://doi.org/10.1016/j.biocon.2020.108790
https://doi.org/10.1016/j.cub.2022.01.041
https://doi.org/10.1016/j.cub.2022.01.041
http://www.ncbi.nlm.nih.gov/pubmed/35231416
https://dx.doi.org/10.2305/IUCN.UK.2020-3.RLTS.T2814A45156279.en
https://dx.doi.org/10.2305/IUCN.UK.2020-3.RLTS.T2814A45156279.en
https://doi.org/10.1126/science.1194442
https://doi.org/10.1126/science.1194442
http://www.ncbi.nlm.nih.gov/pubmed/20978281
https://portals.iucn.org/library/node/10315
https://dx.doi.org/10.2305/IUCN.UK.2023-1.RLTS.T22696373A226885309.en
https://doi.org/10.1073/pnas.1521179113
http://www.ncbi.nlm.nih.gov/pubmed/27001852
https://dx.doi.org/10.2305/IUCN.UK.2020-3.RLTS.T22724580A171601774.en
https://doi.org/10.1038/s41586-023-06578-4
https://doi.org/10.1038/s41586-023-06578-4
http://www.ncbi.nlm.nih.gov/pubmed/37794184
https://doi.org/10.1371/journal.pone.0032529
http://www.ncbi.nlm.nih.gov/pubmed/22457717
https://doi.org/10.1016/j.biocon.2020.108549
https://www.goughisland.com
https://doi.org/10.1098/rsos.160110
https://doi.org/10.1098/rsos.160110
http://www.ncbi.nlm.nih.gov/pubmed/27152226


PLOS Biology | https://doi.org/10.1371/journal.pbio.3003051 March 18, 2025 21 / 21

PLOS BiOLOgy Past conservation efforts reveal which actions lead to positive outcomes for species

 72. Spalton JA, Lawerence MW, Brend SA. Arabian oryx reintroduction in Oman: successes and set-
backs. Oryx. 1999;33(2):168–75. https://doi.org/10.1046/j.1365-3008.1999.00062.x

 73. Woinarski J, Burbidge AA. Dasyurus geoffroii. The IUCN Red List of threatened species 2019; 2019. 
Available from: https://dx.doi.org/10.2305/IUCN.UK.2019-1.RLTS.T6294A21947461.en

 74. Young RP, Hudson MA, Terry AMR, Jones CG, Lewis RE, Tatayah V, et al. Accounting for conser-
vation: Using the IUCN Red List Index to evaluate the impact of a conservation organization. Biol 
Conserv. 2014;180:84–96. https://doi.org/10.1016/j.biocon.2014.09.039

 75. Hoffmann M, Duckworth JW, Holmes K, Mallon DP, Rodrigues ASL, Stuart SN. The difference conser-
vation makes to extinction risk of the world’s ungulates. Conserv Biol. 2015;29(5):1303–13. https://doi.
org/10.1111/cobi.12519 PMID: 25917114

 76. Grace MK, Akçakaya HR, Bull JW, Carrero C, Davies K, Hedges S, et al. Building robust, practicable 
counterfactuals and scenarios to evaluate the impact of species conservation interventions using 
inferential approaches. Biol Conserv. 2021;261:109259. https://doi.org/10.1016/j.biocon.2021.109259

 77. Lynxconnect. Censos – Life Lynxconnect. 2024 [cited 24 May 2024]. Available from: https://lifelynxcon-
nect.eu/censos/

https://doi.org/10.1046/j.1365-3008.1999.00062.x
https://dx.doi.org/10.2305/IUCN.UK.2019-1.RLTS.T6294A21947461.en
https://doi.org/10.1016/j.biocon.2014.09.039
https://doi.org/10.1111/cobi.12519
https://doi.org/10.1111/cobi.12519
http://www.ncbi.nlm.nih.gov/pubmed/25917114
https://doi.org/10.1016/j.biocon.2021.109259
https://lifelynxconnect.eu/censos/
https://lifelynxconnect.eu/censos/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

