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Abstract

The conservation of evolutionary history has been linked to increased benefits for humanity
and can be captured by phylogenetic diversity (PD). The Evolutionarily Distinct and Globally
Endangered (EDGE) metric has, since 2007, been used to prioritise threatened species for
practical conservation that embody large amounts of evolutionary history. While there have
been important research advances since 2007, they have not been adopted in practice
because of a lack of consensus in the conservation community. Here, building from an inter-
disciplinary workshop to update the existing EDGE approach, we present an “EDGE2” pro-
tocol that draws on a decade of research and innovation to develop an improved, consistent
methodology for prioritising species conservation efforts. Key advances include methods for
dealing with uncertainty and accounting for the extinction risk of closely related species. We
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describe EDGE2 in terms of distinct components to facilitate future revisions to its constitu-
ent parts without needing to reconsider the whole. We illustrate EDGE2 by applying it to the
world’s mammals. As we approach a crossroads for global biodiversity policy, this Consen-
sus View shows how collaboration between academic and applied conservation biologists
can guide effective and practical priority-setting to conserve biodiversity.

Introduction
Why conserve evolutionary history?

Human actions are threatening global biodiversity at unprecedented rates [1]. Declines in bio-
diversity imperil nature and its capacity to provide benefits to society [2]. There are, however,
different currencies by which biodiversity is measured and prioritised, one of which is evolu-
tionary history, the amount of which contained in a set of taxa can be measured using phyloge-
netic diversity (PD) [3]. The PD of a set of taxa is calculated by summing the phylogenetic
branch lengths spanning the set, typically on a dated phylogenetic tree.

While evolutionary history arguably reflects a fundamental component of biodiversity with
its own intrinsic value [4-7], the motivations for its conservation go beyond this. Evolutionary
history can be linked to the conservation of feature diversity (the different evolutionary fea-
tures of species), and so to future options for humanity (or “biodiversity option value”; [3,8]).
Therefore, by preserving PD, we expect to preserve its associated diversity of features and,
thus, maintain the benefits and future options these features contribute to humanity [9-12].
Further, conservation initiatives that incorporate evolutionary history have the potential to
capture other desirable components of biodiversity (e.g., “functional” trait diversity; [13-16]).

The importance of halting the loss of evolutionary history has been recognised by the Mem-
bers of the International Union for Conservation of Nature (IUCN), who adopted Resolution
WCC-2012-Res-019-EN, which calls for more “conservation initiatives that target species,
especially those of high evolutionary significance” [17]. In light of this, the IUCN has now
established a Phylogenetic Diversity Task Force to provide expertise on the inclusion of PD in
conservation strategies for practitioners, decision-makers, and the public [18]. Further, the
Intergovernmental Science-Policy Platform for Biodiversity and Ecosystem Services (IPBES)
has adopted PD as an indicator of the overall capacity of biodiversity to support a good quality
of life into the future (the “maintenance of options”; [10]). A PD indicator, along with an
index tracking the conservation of the most evolutionarily distinct and threatened species (the
“EDGE Index”; [19]), have also been included as indicators for the United Nations Convention
on Biological Diversity’s (CBD) draft post-2020 Global Biodiversity Framework (GBF) [20].

The history of the EDGE approach

In 2007, the Zoological Society of London (ZSL) established the “EDGE” approach as a method
for identifying species that should be prioritised for the conservation of threatened evolution-
ary history. This was underpinned by a metric combining a measure of evolutionary distinc-
tiveness (ED) with values for species’ risk of extinction (global endangerment (GE)) to
calculate “EDGE scores” and thereby generating priority rankings [21], or “EDGE Lists.”

ED assigns each species a “fair proportion” of the total PD. To do this, the PD (length) of
each phylogenetic branch is divided equally among all living descendants [22]. Species with
long ancestral branches that are shared with relatively few other species are therefore responsi-
ble for greater amounts of PD than species with short ancestral branches that are shared
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among much larger groups of descendants. The ED of species i can be written as:

ED, = Z%
j=1 Vi

i

Here, L;, gives the terminal branch length (TBL) of species i, L;; for 2<j<n; gives the length
of all internal branches that are ancestral to species i, and N; j gives the total number of descen-
dants of each of these same branches. ED is calculated on a dated phylogeny to provide values
measured in millions of years.

GE utilised weightings of extinction risk derived from the categories of the [UCN Red List
of Threatened Species that are already widely used to produce Red List Indices [23]. Following
Isaac and colleagues [21], the GE of species i (hereafter GE;) was given as 0 where species i is
“Least Concern” (LC), 1 where it is “Near Threatened” (NT), 2 where it is “Vulnerable” (VU),
3 where it is “Endangered” (EN), and 4 where it is “Critically Endangered” (CR). Hereafter, we
refer collectively to these as “data-sufficient” categories. In the original metric, Extinct in the
Wild species were not included. The EDGE score for any species i was then calculated using
the EDGE metric as:

EDGE, = In(1 + ED,) + GE, x In(2)

Following Isaac and colleagues [21], species in threatened IUCN Red List categories of VU,
EN, or CR (collectively referred to as threatened) with above-median ED for their clade were
identified as priority “EDGE Species,” with particular conservation attention given to the high-
est-ranking 100, 50, or 25 species in particular clades [24,25].

This approach has been used to generate priority EDGE Lists for mammals [21,26],
amphibians [27], birds [28], corals [29], reptiles [24], gymnosperms [30], and sharks and rays
[31]. http://www.edgeofexistence.org/The EDGE approach has informed direct conservation
action for many of the EDGE Species highlighted and has served as the basis for conservation
efforts of ZSL’s own EDGE of Existence programme that has supported over 120 conservation
projects worldwide on priority EDGE Species.

ED scores have often been utilised as a measure of species distinctiveness [31-34], and
EDGE Species are increasingly recognised as being of global conservation importance
[17,35,36]. EDGE data underpin initial estimations by IPBES for their PD indicator [10,37,38],
which approximates expected loss of PD [39]. EDGE data also inform conservation grant
mechanisms, such as the IUCN Species Survival Commission (SSC) EDGE Internal Grant
[40], which funds Red Listing and action planning for evolutionarily distinct species and line-
ages, and the conservation needs assessments utilised by Amphibian Ark’s conservation grants
programme [41].

Revisiting the EDGE approach

The uptake of PD-informed approaches in research, policy, and applied conservation has
occurred alongside great research advances across the field of phylogenetically informed con-
servation prioritisation [28,42-46]. The original EDGE approach, while having strong theoret-
ical underpinnings, is based on a heuristic metric designed to facilitate swift judgements on
prioritising species for conservation according to the information derived from two elements:
the ED (a metric of irreplaceability), and the GE (vulnerability) of species. More recent
advances in the field of PD conservation have opened new avenues to produce an updated
EDGE protocol underpinned by a metric that retains the same elements of irreplaceability
(from a phylogenetic perspective) and vulnerability. Key among these has been the
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quantification of extinction risk [44,47], the incorporation of uncertainty in both phylogeny
[24,28,48] and extinction risk [49,50], and the concept of phylogenetic complementarity
between species [42,43,51]. Each of these developments indicates a potential weakness in the
original EDGE approach and a corresponding opportunity for improvement.

While research advances have provided EDGE lists for various taxonomic groups that are
used in practical conservation [24,28,30,31,52-54], these are all based on the original EDGE
approach. However, conceptual advances to the phylogenetically informed prioritisation of
species, suggested by other research [42,45,55,56], have not become part of conservation prac-
tice. Arguably, this is because the successful uptake and application of the original EDGE met-
ric lessened the impetus to overhaul the approach for applied work. Consequently, a high level
of confidence is required by conservation practitioners to justify changes to existing practice
that would result in changes in winners and losers in terms of species receiving conservation
attention. To date, conceptual advances have not been mutually exclusive and have not come
packaged with a complete set of standardised procedures that would produce actionable
results.

To address these issues, we convened a workshop in April 2017 to assess whether and how
to update the original EDGE approach in light of a decade of research advances since 2007. It
was essential to carefully assess and justify any changes, so we brought together a wide variety
of experts and required everyone to be in agreement on all decisions made so as to produce a
credible, comprehensive, and progressive update. Consensus was tested throughout the pro-
cess by voting with tweaks being made and caveats added to address any concerns raised. In
this manuscript, we describe the updated protocol that we refer to as EDGE2. We characterise
the key advantages of the EDGE2 protocol as a tool to prioritise the conservation of threatened
evolutionary history, and, finally, we provide guidance for interpreting EDGE2, illustrated
with an application to the world’s mammals.

Introducing the EDGEZ2 protocol

To ensure its effective and continued use to guide conservation practice, we developed a com-
prehensive protocol for EDGE2. This includes an EDGE2 metric but also includes the other
components necessary to deal with uncertainty in extinction risk data, uncertainty in phyloge-
netic data, and production of final priority lists. While the objective is to provide a full protocol
for consistency of future work that builds EDGE lists or uses them in downstream analyses, we
identify some components of the protocol that can naturally be carved out as areas for inde-
pendent ongoing development. Future research may vary such individual components while
keeping everything else the same. The conceptual separation of components should also make
it easier for a future updated consensus view to change individual components without need-
ing to revisit the entire protocol.

The EDGE2 metric

The EDGE2 metric component is based on earlier probabilistic approaches to phylogenetically
informed conservation prioritisation [42,43,57,58] that measure the avertable loss of PD
through the conservation of individual species. The EDGE2 metric is mathematically equiva-
lent to the “Heightened EDGE” (HEDGE) metric where conservation of a species makes its
future secure (theorem 4.1(i) in Steel and colleagues [42]). We frame the EDGE2 metric as the
product between two familiar terms: an ED component (“ED2”; the irreplaceability of a spe-
cies) and an extinction risk component (“GE2”; the vulnerability of a species), which follows
earlier formulations to calculate species-specific expected losses of evolutionary history [59].
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Thus, the EDGE2 score of species i can be given as:

EDGE2, = ED2, x GE2,

GE2

In the original formulation of EDGE, the metric dictates that, should the extinction risk of all
species be equal, the most evolutionarily distinct species will be prioritised [21]. However,
given that extinction risk varies across species, the original formulation of GE was designed to
weight the ED of species so that high ED species would not be ignored in the presence of the
many species that are more threatened, but less distinct.

We regard GE2; as a GE weighting, now between 0 and 1, for species i relative to other spe-
cies. In order for the EDGE2 protocol to be standardised, we set GE2; = p;, the probability of
extinction for species i at some given future time. The EDGE2 protocol could be straightfor-
wardly adapted to incorporate other quantifications of extinction risk for assessing different
conservation goals. For example, if one was to evaluate the potential impacts of particular con-
servation actions, GE2; may be replaced by a measure to estimate the likely reduction in proba-
bility of extinction from a particular action [43,45,56]. Setting GE2; = p; should be interpreted
as taking a particular conservation action, which means species i is protected from extinction
instead of going extinct with probability p; (following [42]; theorem 4.1(i)).

Quantifying probabilities of extinction with uncertainty

There is limited consensus in the literature about how to quantify probabilities of extinction
[44,47,60,61]. In the spirit that the original GE scores are arbitrary, and something had to be
agreed in order to proceed, we convert IUCN Red List categories to extinction probabilities
based on the 50-year time horizon specified in Mooers and colleagues [44] (a study notable
for examining the impact of time-horizon and p definition on conservation prioritisation),
with CR mapped to an extinction risk weighting of 0.97. In the absence of any agreed alter-
native, we determined the remaining Red List categories by retaining the approach from the
original EDGE metric, which approximated the expected loss of evolutionary history when
extinction risk halves with each step down in extinction risk severity [21]. Thus, EN species
therefore receive a weighting of 0.485, VU = 0.2425, NT = 0.12125, and LC = 0.060625 (for
details, see “values of extinction risk” in S1 Text). Future calculations of EDGE2 should
adhere to consistent values of extinction risk to ensure comparability with any existing
EDGE2 prioritisations.

We incorporated uncertainty in the quantification of extinction risk based on the idea that
if we were to rank species by their true probability of extinction, the probabilities will change
smoothly reflecting biological processes, and not jump as we move between the discrete
human-inferred Red List categories (Fig 1). To replicate this, we generated a distribution of
GE2 scores by fitting a quartic curve through the five median values for each Red List category
and bounded the resulting curve to return values between 0.0001 and 0.9999 (not wishing to
ever return a 0 or 1 extreme). From this curve, we could extract a set of values associated with
each Red List category, the median of which was equal to the predefined GE2 score for each
category (see above; Fig 1). This approach then allows us to assign GE2 scores for all species,
including Data Deficient (DD) and unassessed (Not Evaluated (NE)) species, which are then
drawn a number of times (100 < n < 1,000 to adequately incorporate uncertainty into EDGE
calculations) from the entire distribution to capture uncertainty around both their extinction
risk and the resulting variation in EDGE2 scores (for further information, see “incorporating
GE2 uncertainty” in S1 Text).
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Fig 1. Generating a distribution of probabilities of extinction (p) from discrete IUCN Red List categories. To generate a continuous distribution of values
from which to draw p, we (a) created a rank plot of ranked extinction risk (x-axis) assigned to the designated median p for each IUCN Red List category (y-
axis; see “Quantifying probabilities of extinction with uncertainty” section). We fitted a quartic curve through the five median values for each Red List category
and bounded the resulting curve to return values between 0.0001 and 0.9999 (not wishing to ever return a 0 or 1 extreme)—see methods. From this curve, we
could extract a set of values associated with each Red List category (b), the median of which was equal to the predefined p for each category (CR = 0.97;

EN =0.485; VU = 0.2425; NT = 0.12125; LC = 0.060625). The p for DD and unassessed (NE) species is drawn from the entire distribution to capture
uncertainty around their extinction risk. The data underlying this Figure can be found in S2 Data. CR, Critically Endangered; DD, Data Deficient; EN,
Endangered; IUCN, International Union for Conservation of Nature; LC, Least Concern; NE, Not Evaluated; NT, Near Threatened; VU, Vulnerable.

https://doi.org/10.1371/journal.pbio.3001991.g001

ED2

One attractive element of the original EDGE formulation is that individual species were
assigned a measure of distinctiveness (irreplaceability) based on their phylogenetic position
and relationships: their ED [21]. We now advance the EDGE metric to incorporate PD com-
plementarity into the ED component. This means that when calculating ED2 for a species, we
consider the extinction risk of its close relatives to better reflect the expected contribution of
the species to PD in the future [42,43,62]. Thus, a species with threatened close relatives will
have a greater responsibility for shared internal phylogenetic branches compared with a spe-
cies with close relatives of low conservation concern (see “PD complementarity” in SI Text).

ED2 is conceptually a special case of “expected distinctiveness” [58] and mathematically
equivalent to “heightened evolutionary distinctiveness” (HED) [42]. We express ED2 for spe-
cies i as follows:

EDZi:TBL,.—I—i(L,-J < 1 Pk)
=2

keC;;—{i}

where ED2; comprises TBL; (TBL of species 7) plus another component. This is intuitive as the
PD captured by the TBL is not shared with any other species while the other component cap-
tures shared contributions. The same is true of original ED, but here, we write it explicitly. The
set C;; represents all species descended from the corresponding branch with length L;; (as
defined earlier), and py is the probability of extinction of species k [39]. ED2; is therefore
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species i’s expected unique PD (TBL) at some point in the future, assuming all other species in
the tree survive or perish as a function of their probabilities of extinction (product of all py).
When species i has few close relatives, all with high p, it is expected to contribute a larger
amount of unique PD than that of its current TBL, because it is more likely that all its close rel-
atives will perish. In contrast, a species with many secure close relatives is not expected to con-
tribute much more than its current TBL. A change in p for one species therefore changes the
ED2 scores of the species related to it. The formula for ED2; considers each branch corre-
sponding to L;; in turn and calculates its probability of becoming part of the terminal branch
for species i in the future due to the extinction of all other descendants. So that the EDGE2
scores of individual species are not sensitive to the clade being analysed, it is necessary to con-
sider every ancestral branch to the stem, until such a time that either the origin of life has been
reached, or the change to the score from going any further can be shown to be negligible com-
pared to the precision of the scores themselves. The latter will be reached rapidly as branches
with multiple nonthreatened descendants are incorporated, given the expected PD loss is cal-
culated by multiplying the branch length by the product of the GE2 of all descendant species.

Quantifying ED2 with uncertainty

Since the inception of the EDGE metric, it has been the standard to incorporate all described
species to ensure all species of conservation concern are included where possible, particularly
those species from old lineages with few, if any, closely related species [21,24,26,27]. The origi-
nal EDGE approach had a set of rules for resolving uncertainty in ED scores arising from lack
of phylogenetic structure (polytomies) in poorly known regions of the phylogeny—based on
assumptions regarding net diversification rates—and also from the omission of species from
the phylogeny, based on the observed ED scores of their closest relatives [21].

It is increasingly common for fully resolved phylogenetic trees to be generated that include
all described species of large clades (at that time), including those species for which we have no
genetic data [30,52,53,63-66]. Such synthetic phylogenetic trees often utilise taxonomic infor-
mation and established phylogenetic imputation methods (e.g., [67]) to generate what are
essentially Bayesian posterior distributions of imputed phylogenetic trees [68] (though other
approaches, such as source-tree bootstrapping, are also available; [69]). This approach is inher-
ently uncertain (more so than other phylogenetic hypotheses), particularly in regard to the
phylogenetic structure of regions of the phylogenies with large proportions of imputed species,
and this uncertainty must be reflected in the calculation of ED2 scores and the subsequent
identification of conservation priorities [24,48]. ED2 is therefore calculated across a large dis-
tribution of imputed phylogenetic trees (100 < n < 1,000 to capture phylogenetic uncertainty;
[28,48]) that comprise all described species for the clade being assessed. This generates a Bayes-
ian posterior distribution of scores from which we can determine the robustness of priority
EDGE?2 species using established criteria [48].

Advances of the EDGE2 metric

The key advance of the EDGE2 metric from the original EDGE metric is the incorporation of
PD complementarity in the ED2 component and the consequent adoption of the probabilistic
framework for calculating expected PD losses. This incorporation of PD complementarity into
the EDGE metric is widely supported in the literature [42,43,45,56,70]. However, our calcula-
tion and conceptualisation of the EDGE2 metric have two significant divergences from the
original HEDGE calculation.

First, our explicit deconstruction of the species’ ED2 into the unique terminal and shared
internal components of the score allows us to estimate both the minimum unique PD expected
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to be lost with the extinction of a species and the relative importance of internal branches for a
species’ ED2 score. This indicates the degree of responsibility a species has for internal phylo-
genetic branches and, thus, species whose conservation would safeguard imperilled deep
branches of the Tree of Life due to elevated extinction risks of entire genera, families, or even
orders (see “terminal versus internal branches” in S1 Text). Second, our distinction between
the extinction risk components of the ED2 calculation and the GE2 calculation provides future
flexibility in quantifying the impacts of conservation actions. Given that it is unrealistic that a
species can ever be completely “secure,” future work may, if suitable data become available,
recast GE2 as an expected reduction in probability of extinction within some given timescale.
This would make it distinct from the probabilities of extinction used as part of the ED2 calcula-
tions, which only give the extinction risk of the species for which they are calculated, not the
potential benefit from conservation actions.

EDGE species and lists

To enable downstream application of the EDGE2 approach, the final EDGE2 score for a spe-
cies is taken as a measure of the centre of the distribution (the median) of EDGE2 scores gen-
erated to account for uncertainty in phylogenetic relationships and extinction risks. Likewise,
the final ED2 and GE2 values for a species are also the medians from their respective sampled
distributions.

In the original EDGE approach, a priority “EDGE Species” was one with an above-median
ED score, relative to all species in the clade, which was also threatened (VU, EN, or CR on the
Red List) [21,24,26]. EDGE2 follows a similar philosophy: Priority “EDGE2 Species” must be
noteworthy both in EDGE2 score and risk of extinction (GE2). We thus maintain the require-
ment for EDGE2 species to be in a threatened Red List category but also include Extinct in the
Wild species in this designation, given their potential for recovery in the wild. We also require
the species to score above the median EDGE2 score for all species in the clade across at least
95% of the distribution of scores. This means that we are 95% certain the species has an above-
median EDGE?2 score after incorporating uncertainty in both extinction risk and phylogeny.
Fig 2 summarises how we can use the Red List categories and EDGE2 scores to create lists for
practical conservation prioritisation.

We define an EDGE List as comprising all EDGE2 Species (those with EDGE2 values above
the median across 95% of iterations and threatened with extinction; Fig 2). We also set criteria
to highlight “borderline EDGE Species”; these are species that are threatened with extinction
whose certainty around their EDGE score is still relatively high (e.g., above-median EDGE2
>80% of the time) but not enough to meet our threshold of 95% certainty. For taxonomic
groups with high phylogenetic uncertainty, these “borderline” species could be included in the
EDGE List with a relaxation of the certainty threshold (e.g., from 95% to 80%).

Recognising other species of importance

We also propose an “EDGE Research List” for species that are credibly above-median EDGE2
but are currently either NE or listed assessed as DD on the IUCN Red List (Fig 2). Given that
the GE2 values for DD or NE species under EDGE2 are drawn from all possible values for
data-sufficient categories, with a median approximately equivalent to that of VU species
[47,71], any EDGE Research species are sufficiently evolutionarily distinct that they would
become EDGE species if they were eventually to be assessed (or reassessed for DD species) as
VU or above on the [UCN Red List.

The expansion of the EDGE approach to explicitly prioritise species lacking sufficient con-
servation knowledge for further research extends previous efforts to catalyse targeted
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Fig 2. The EDGE2 protocol. The protocol, from data input to final output, for producing a comprehensive EDGE2 prioritisation for a set of species.
Stages from top (beginning) to bottom (end): required data (i-input data); data processing stages (ii-blue); selection criteria to be applied (iii-grey);
and outputs (iv). “p and GE2 are assigned equivalent values in EDGE2 but may differ in future work given increased understanding of extinction risk,
the likely effects of future conservation work, and its distribution across the Tree of Life (see S1 Text). The single median EDGE2 score for each species,
based on the values of p and GE2 used in this study, can be compared across studies and clades and should not be sensitive to the size of clade used in
the study. In contrast, membership of the EDGE2 list and other related lists is sensitive to the other species included in the study. For example, an
EDGE2 mammal should have the same EDGE2 score in a mammal-level study and a tetrapod-level study but might not qualify for the EDGE2 list for
all tetrapods if the nonmammalian tetrapods have higher EDGE2 scores, thus reducing the confidence that its EDGE2 score is above the median of the
larger group.

https://doi.org/10.1371/journal.pbio.3001991.g002
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extinction risk assessments for highly distinctive species potentially at risk of extinction
[27,72]. EDGE Research Lists can inform ongoing efforts to improve our understanding of
extinction risk for priority DD species, such as the [IUCN SSC’s EDGE internal grants [40] and
the Mohamed bin Zayed Species Conservation Fund.

We also define an “EDGE Watch List” for LC and NT species that rank above-median
EDGE2 95% of the time despite their low extinction risk and are therefore responsible for
securing large amounts of imperilled PD (Fig 2). The maintenance of these species is critical to
the persistence of deep branches of the Tree of Life that are currently considered safe.

EDGEZ2 real-world application
Example for the world’s mammals

We applied the EDGE2 protocol to the world’s mammals using a distribution of 1,000 aug-
mented phylogenetic trees from [65] (methods and additional results in S2 Text). We calcu-
lated 1,000 values of GE2, ED2, and EDGE2 for 6,253 mammal species, 4,847 of which could
be linked to IUCN Red List assessments with a data-sufficient Red List category (for explora-
tion of the impact of phylogenetic imputation on EDGE2, see “imputation analyses” in S2
Text). Median ED2 scores across the 1,000 trees ranged from a minimum of 0.08 MY (Uro-
derma bakeri, Baker’s Tent-making Bat) to a maximum of 77 MY (Orycteropus afer, Aardvark),
with a median ED2 of 2 MY (S1 Fig). ED2 is strongly positively correlated with TBL (Pearson’s
product-moment: r = 0.95, df = 6251, p < 0.0001; S2 Fig) and with original ED values calcu-
lated following Isaac and colleagues [21] (hereafter ED1; r = 0.829, df = 6251, p < 0.0001; S2
Fig; additional results in “comparing measures of ED” in S2 Text).

The large-headed Capuchin (Sapajus macrocephalus) had the lowest EDGE2 score (0.01
MY), and the species with the greatest median EDGE2 score (25 MY of avertable expected PD
loss) was the Mountain Pygmy Possum (Burramys parvus; Fig 3). The median EDGE2 score
for mammals was 0.2 MY of avertable expected PD loss (all EDGE2 scores are available in S1
Data). EDGE2 ranks are strongly positively correlated with EDGE ranks calculated using the
original Isaac and colleagues’ [21] approach (hereafter EDGE1) for all extant and data-suffi-
cient mammals (p = 0.916, df = 4845, p < 0.0001; S3 Fig; additional results in “comparing
EDGE priorities” in S2 Text).

We identified 645 “EDGE2 Species” (S1 Data), which together account for 81% of the aver-
table expected PD loss of all threatened species (1,458 MY). Safeguarding the 100 highest-rank-
ing threatened species (1.6% of mammal species) under EDGE2 would secure 719 MY of PD
that would otherwise be lost, which is 23% of avertable expected PD loss across all mammal
species (i.e., 23% of summed EDGE2 scores; S4 Fig).

Of the 645 EDGE2 Species identified here, 357 (60%) are also identified as priorities under
EDGEI Species criteria when calculated using the same phylogenetic and extinction risk data.
Among EDGE2 Species, higher-priority species have smaller changes in their ranking from
EDGEI to EDGE2 compared with lower-priority species (i.e., high-ranking EDGE2 priorities are
more stable, having smaller rank changes between EDGE metrics; p = 0.378, df = 626, p < 0.001).

The EDGE Research List comprises 15 highly evolutionarily distinct mammal species with
limited conservation knowledge (DD or NE on the Red List; S1 Data). Six of the 15 species
would be top 100 EDGE2 mammals if they were assessed as VU or higher on the Red List, and
the highest-ranking species among these include the long-eared Gymnure (Hylomys megalotis;
median ED2 = 34 MY), a poorly known relative of hedgehogs, which is thought to resemble
some of the earliest mammals and diverged from all other extant mammals more than 30 mil-
lion years ago, and Owl’s Spiny Rat (Carterodon sulcidens; median ED2 = 17 MY), a fossorial
relative of the Coypu and hutias.
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1. Mountain Pygmy Possum (Burramys parvus)

2. Aye-aye (Daubentonia madagascariensis)

3. Leadbeater's Possum (Gymnobelideus leadbeateri)
4. Cuban Solenodon (Atopogale cubana)

5. Numbat (Myrmecobius fasciatus)

6. Philippine Pangolin (Manis culionensis)

7. Chinese Pangolin (Manis pentadactyla)

8. Sunda Pangolin (Manis javanica)

9. New Zealand Greater Short-tailed Bat (Mystacina robusta)
10. Sumatran Rhinoceros (Dicerorhinus sumatrensis)
11. Pearson's Long-clawed Shrew (Solisorex pearsoni)
12. Red Panda (Ailurus fulgens)
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18. Fijian Monkey-faced Bat (Mirimiri acrodonta

19. Western Long-beaked Echidna (Zaglossus bruijni

20. Cyclops Long-beaked Echidna (Zaglossus attenboroughi
21. Baiji (Lipotes vexillifer

22. New Zealand Lesser Short-tailed Bat (Mystacina tuberculata)
23. Hainan Gymnure (Neohylomys hainanensis)
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)
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24. Riverine Rabbit (Bunolagus monticularis
25. Okinawa Spiny Rat (Tokudaia muenninki
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Fig 3. Top 25 EDGE2 Mammal species. The median EDGE2 (bars) and interquartile range of EDGE2 (error bars) for the 25 highest-ranking EDGE2 mammal
species. EDGE2 scores calculated across a distribution of 1,000 phylogenetic trees. Colours of the bars represent IUCN Red List categories (red = CR,

orange = EN, yellow = VU); “Possibly Extinct” denotes CR species marked with this tag on the Red List. The Full EDGE List is given in the SI Data. The data
underlying this Figure can be found in S2 Data. Image credits: Zoological Society of London. CR, Critically Endangered; EDGE, Evolutionarily Distinct and
Globally Endangered; EN, Endangered; IUCN, International Union for Conservation of Nature; VU, Vulnerable.

https://doi.org/10.1371/journal.pbio.3001991.9003
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The EDGE Watch List comprises 82 nonthreatened mammal species (S1 Data). The Watch
List includes highly evolutionarily distinct species such as the Aardvark (ED2 = 78 MY) and
Duck-billed Platypus (Ornithorhynchus anatinus; ED2 = 51 MY). It features mammals that are
highly evolutionarily, ecologically, and morphologically distinct, including possibly the world’s
smallest mammal, the Bumblebee Bat (Craseonycteris thonglongyai) [73]; the smallest extant
anteater, the arboreal and nocturnal Silky Anteater (Cyclopes didactylus) [74]; and the chronic
alcohol-consuming Pen-tailed Treeshrew (Ptilocercus lowii) [75]. Of the 82 species on the
Watch List, 68 are already NT; it is thus important to recognise them explicitly in the EDGE2
protocol.

Transitioning from EDGE1 to EDGE2

The explicit incorporation of PD complementarity into the EDGE prioritisation has long been
advocated for. This, however, leads to different consequences for the ED—and thus the EDGE
scores—of species depending on the interplay of evolutionary relationships and extinction risk
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Pangolins

Fig 4. Comparing ED and EDGE scores of priority EDGE species. The change in ED from ED1 to ED2 for (a)
echidnas (Tachyglossidae); (b) the Red Panda (Ailurus fulgens); (c) pangolins (order Pholidota); and (d) the change in
priority rank of these species from EDGE1 to EDGE2. The data underlying this Figure can be found in S2 Data. Image
credits: echidna: Leo Berzins; Red Panda: Zoological Society of London; pangolin: Wendy Panaino. CR, Critically
Endangered; ED, evolutionary distinctiveness; EDGE, Evolutionarily Distinct and Globally Endangered; EN,
Endangered; LC, Least Concern; VU, Vulnerable.

https://doi.org/10.1371/journal.pbio.3001991.9004

(Fig 4; and see S5 Fig). For example, the ED of long-beaked echidnas (Zaglossus spp.) is
reduced under ED2 relative to ED1 because, under original EDGE, the majority of the ED1
score was contributed by interior branches (>85%; Fig 4A). Under EDGE2, the contribution
to the ED2 score of internal branches, such as the long internal branch shared with the LC
short-beaked Echidna (Tachyglossus aculeatus; Fig 4A), is greatly reduced (<50% for Zaglossus
bruijni and Zaglossus attenboroughi) due to the small probability that those branches will be
lost. When we consider the Red Panda (Ailurus fulgens), there is very little change in its ED
from ED1 to ED2 (Fig 4B) as most of its score under both metrics is contributed by its terminal
branch, shared with no other species. This is because the most recent internal branch ancestral
to the Red Panda is shared with all mustelids (>60 spp.; Fig 4B) and thus contributes very little
to ED scores under both EDGE1 and EDGE2.
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We see a variety of consequences for pangolins (Pholidota; Fig 4C). The ED score of the EN
Indian Pangolin (Manis crassicaudata) increases under ED2 relative to ED1 due to the high
extinction risk of its three congeners, all of which are CR (Fig 4C). This clustering of high
extinction risk means the Indian Pangolin has increased responsibility for the internal
branches shared by Manis spp. Conversely, the ED of the White-bellied Pangolin (Phataginus
tricuspis) decreases under ED2 due to the lower extinction risk (relative to Manis spp.) of its
closest relatives, Phataginus tetradactyla and Smutsia spp. (Fig 4C). Our deconstruction of
ED2 into the unique terminal and shared internal branch components allows us to identify
species that are a high priority due to their unique evolutionary history, such as the Red Panda,
or their expected responsibility for the persistence of internal branches of the Tree of Life, such
as the Indian Pangolin. The conservation of priority species under both scenarios is crucial if
we wish to avoid particularly large losses of PD (Fig 4D).

The practical implications of the changes can be visualised spatially when we map EDGE
species at the national level for both EDGE1 and EDGE2 (for methods, see “transitioning from
EDGE1 to EDGE2” in S2 Text). The transition between metrics leads to gains or losses in
numbers of EDGE species in many countries (Fig 5). Though a large proportion of countries
remain stable in terms of number of EDGE species (118 of 197 countries vary by fewer than
two EDGE species from EDGE1 to EDGE2), there are notable exceptions. The greatest gain of
EDGE species is in Madagascar (+44 species), due to the increased priority apportioned to the
lemurs, where high extinction risk is clustered on the mammal phylogenetic tree. Conversely,
the greatest loss of EDGE species is in Indonesia (-8 species), largely due to the reduced prior-
ity of small nocturnal mammals with short (<2 MY) terminal branches and relatives with rela-
tively low extinction risk, such as cuscus, lorises, and tarsiers (Fig 5 and S2 Data). Thus, the
change in metric and subsequent criteria for identifying priority EDGE species leads to tangi-
ble changes in national responsibilities for the conservation of EDGE species globally, as
would also be evidenced in national-level disaggregation of the EDGE Index [76].

Finally, to explore the potential real-world implications of prioritising species for conserva-
tion action under EDGE2 compared with EDGE1, we can look to ZSL’s EDGE of Existence
programme. The programme has supported conservation projects on 34 EDGE mammal spe-
cies since 2007, of which 30 remain priority species under EDGE2. However, in its call for
funding proposals, the programme states that preference is given to species with higher-prior-
ity EDGE ranks. The median rank of supported species under EDGEI is 55, whereas this sig-
nificantly increased to 95.5 under EDGE2 (p < 0.05; S6 Fig; for methods, see S2 Text). While
several other factors influence the allocation of support, from the profile of the applicant and
the location of the proposed project to the existing conservation attention on the focal species,
this suggests that, while the vast majority of species selected for support would still be eligible
for consideration under EDGE2 (89%), their lower ranks under EDGE2 compared with
EDGE1 may have reduced their likelihood of selection in favour of higher ranked EDGE2 spe-
cies (assuming median EDGE rank selection by the programme remained at 55).

EDGE?2 is more than a metric

One key strength of the original EDGE approach was standardisation, with the calculations for
ED and values of GE outlined explicitly. This meant that comparable EDGE Lists could be gen-
erated for various taxonomic groups from research conducted by different teams of people
across a large period of time and facilitated the wider use of ED and EDGE scores for multiple
taxa in research [30] and policy reporting [10]. However, previous applications of HEDGE
(and related metrics) have varied in their quantification of extinction risk, approach to uncer-
tainty regarding poorly known species, and delineation of priority species, limiting the wider
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Fig 5. Change in global mammal EDGE species richness. The difference between number of priority EDGE species identified under EDGE1 and EDGE2 at
the national level. Positive scores indicate an increase of EDGE species richness under EDGE2, whereas negative scores indicate a decrease from EDGEI.
Species featured are either no longer considered EDGE species under the EDGE?2 protocol (teal circles) or now considered priority EDGE species under
EDGE?2 that were not under the EDGE1 approach (maroon circles). Map of country regions from: https://www.naturalearthdata.com/downloads/10m-
cultural-vectors/10m-admin-0-countries/. The data underlying this Figure can be found in S2 Data. Image credits: 1: Glenn van Windt; 2: Bill Bouton; 3 and 5:
Zoological Society of London; 4: Rikki Gumbs; 6: Myron Shekelle.

https://doi.org/10.1371/journal.pbio.3001991.g005

applicability of the research. Here, the EDGE2 protocol is designed to incorporate necessary
advances to the EDGE metric while still enabling third parties to generate standardised outputs
that can continue to facilitate the wider uptake of phylogenetically informed species
conservation.

EDGE2s utilisation of uncertainty to set priorities differs from approaches that simply rank
species based on a single or median score before applying varying criteria for what is or is not
a priority species. For example, Robuchon and colleagues [77] ranked the world’s mammals by
their median HEDGE score and designated the species with the highest 25% of scores as their
priority species, irrespective of extinction risk. Though Robuchon and colleagues’ use of phylo-
genetic tree and quantification of extinction risk differs from those used here, we can apply
their 25% criterion to our median EDGE2 scores for all mammals for comparison purposes.
This would result in the prioritisation for conservation action of 373 DD or unassessed species,
271 nonthreatened (LC, NT) species, and 296 species that are threatened but with high uncer-
tainty in their EDGE2 scores. The EDGE2 protocol enables us to instead delineate species of
high importance based on their Red List category and levels of uncertainty and allocate species
that fail to meet the criteria to the EDGE Watch List or EDGE Research List where applicable.

Future directions

While our EDGE2 protocol synthesises numerous advances in the field of phylogenetically
informed conservation prioritisation, it also provides a clear picture of what further research is
now needed to improve the various components of the framework. There are, for example,
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numerous ways to incorporate extinction risk weightings into the protocol [44,45,56,72,78].
As our understanding of extinction risk improves, we certainly expect this component of
EDGE2 to be revisited, with the ultimate goal of a process-based and biologically accurate cal-
culation of globally threatened PD.

The incorporation of species lacking extinction risk data into global assessments of biodi-
versity loss is increasingly recognised as important [49,50,72,79-83]. Here, our approach to
the incorporation of species lacking adequate extinction risk information was designed to
retain simplicity and applicability to groups about whose extinction risk we still know rela-
tively little (e.g., invertebrates, plants, and fungi). There are, however, other possible
approaches to assigning GE2 scores to DD/NE species, for instance, drawing them in propor-
tion to the observed frequency of extinction risk categories of either the assessed members of
the clade or species that transitioned from DD to a data-sufficient category, or using extinction
risk correlates to inform the imputed extinction risk of species [50]. Further, other available
extinction risk information, such as estimates from predictive modelling or Population Viabil-
ity Analyses, could provide valuable tools in parameterising uncertainty for species lacking
Red List data, and the protocol is designed so such data could one day replace the coarser Red
List categories if desirable. These options require further exploration in the context of EDGE2
and phylogenetic conservation more generally.

The capability of EDGE2 to generate comprehensive prioritisations for clades for which we
lack comprehensive data—which, realistically, is all large clades of animals, plants, and fungi—
provides the possibility for EDGE prioritisations to be developed for large regions of the Tree
of Life, beyond those clades already assessed under the original EDGE approach (amphibians,
birds, corals, reptiles, sharks and rays, gymnosperms). Continuing advances in open-sourced
estimates of the Tree of Life [84] and their synthesis with extinction risk data [85], paired with
the potential for increased IUCN Red Listing of large groups of species, means EDGE prioriti-
sations for large portions of the Tree of Life are a realistic goal. However, work is still required
to ensure maximum taxonomic agreement between all sources of data to ensure that the
EDGE philosophy of maximising species inclusion is maintained.

Further, given that the vast majority of a species” ED2 and EDGE?2 scores are contributed
by branches closest to the tips of the phylogenetic tree (S1 Fig), EDGE2 scores can be consid-
ered comparable across various clades when calculated from separate phylogenetic trees (e.g.,
lepidosaurs, crocodilians, and turtles), as the deep internal branches will contribute trivial
amounts to ED2 scores due to the inclusion of PD complementarity [86]. This advance pro-
vides us with the option to generate and explore the use of EDGE Lists of species from dispa-
rate clades based on other thematic or taxonomic criteria (e.g., EDGE Mangroves or EDGE
Pollinators).

Conclusions

EDGE?2 arrives at the inception of a major new framework for biodiversity conservation that
the Parties to the CBD adopted in 2022. This vision includes a strident new call to turn the tide
for species conservation, specifically to prevent further species extinctions, to stabilise net
extinction risk, and to drive an increase in average population size. We believe the EDGE
approach has a critical role to play in achieving this ambitious plan, especially in helping to
prioritise investments in conservation efforts. However, the science behind the original EDGE
metric has evolved considerably since the metric was originally proposed. By developing
EDGE2, we hope to ensure that, as theory and data availability for conservation prioritisation
continues to grow, more initiatives can implement conservation action underpinned by robust
priority setting until another consensus view is eventually required. Our new EDGE2 protocol
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provides EDGE2 scores with associated measures of uncertainty, and membership of EDGE
lists including new “watch” and “research” lists, for all species in a clade. One of the great
strengths of EDGE is its positive interactions with the wider scientific community, and our
workshop and ongoing collaboration have allowed us to include that community in the
EDGE2 process. We feel that EDGE2 is an example of how academic and applied conservation
biologists can work together to guide effective priority-setting that has the best chance of pre-
serving the biodiversity upon which humanity depends.

Supporting information

S1 Text. Supporting information, detailed methods, and additional results for the main
text section “Introducing the EDGE2 protocol.”.
(DOCX)

$2 Text. Supporting information, detailed methods, and additional results for the main
text section “EDGE2 real-world application.”.
(DOCX)

S1 Data. EDGE2 scores for the world’s mammals, and the various lists produced under the
EDGE2 protocol.
(XLSX)

S$2 Data. The underlying data for Figs 1, 3, 4, 5, S1, S2, S3, §4, S5 and S6.
(XLSX)

S1 Fig. Distributions of ED2 and EDGE2 scores for mammals. The distribution of (a) the
percentage of species’ ED2 scores contributed by their terminal branch lengths (TBL) alone;
(b) ED2 scores; and (c¢) EDGE2 scores, for all mammals. Panels b and c are presented on a log-
scale along the horizontal axis. The data underlying this Figure can be found in S2 Data.

(TIF)

S2 Fig. The relationship between measures of ED. Relationship between median (a) TBL and
ED2 scores; (b) ED1 and ED2 scores; and (¢) TBL and ED1 scores, for all mammals. The data
underlying this Figure can be found in S2 Data. ED, evolutionary distinctiveness; TBL, termi-
nal branch length.

(TIF)

S3 Fig. Relationship between EDGE1 and EDGE2 rankings. The EDGE2 ranks (x-axis) and
EDGEI ranks (y-axis) for (a) all mammals with data-sufficient and extant IUCN Red List
assessments; and (b) all EDGE2 Species (above-median EDGE2 for 95% of iterations and
threatened on IUCN Red List; see “EDGE2 Framework”). More details in S2 Text. The data
underlying this Figure can be found in S2 Data.

(TIF)

S4 Fig. Proportion of EDGE2 captured by increasing numbers of species. Cumulative per-
centage of total EDGE2 captured by increasing the number of species captured, from the
mammal species with the highest EDGE2 score to the lowest. EDGE2 scores are cumulatively
summed from the highest score to the lowest until all EDGE2 scores are captured. The data
underlying this Figure can be found in S2 Data.

(TIF)

S5 Fig. Changes in EDGE ranks between EDGE1 and EDGE2 for Artiodactyla. The EDGE1
and EDGE2 ranks of mammal species for which the ZSL’s EDGE of Existence programme has
funded conservation projects, mapped onto the phylogenetic tree of artiodactylids, extracted

PLOS Biology | https://doi.org/10.1371/journal.pbio.3001991 February 28, 2023 16/22


http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3001991.s001
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3001991.s002
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3001991.s003
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3001991.s004
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3001991.s005
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3001991.s006
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3001991.s007
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3001991.s008
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3001991.s009
https://doi.org/10.1371/journal.pbio.3001991

PLOS BIOLOGY

from a tree at random from the 1,000-tree distribution used to calculate EDGE2 scores (see S2
Text). Colours of phylogenetic branches represent EDGE ranks, from highest priority to lowest
priority, for terminal branches. For internal branches, colours represent the median rank of all
descendant species. Colours around species images represent IUCN Red List status:

purple = Extinct in the fWild; red = CR; orange = EN; yellow = VU. Downward arrows repre-
sent species that are lower priority under EDGE2 compared with EDGE1; upward arrows rep-
resent species that are higher priority under EDGE2. The data underlying this Figure can be
found in S2 Data. Image credits: Elaphurus davidianus and Hippopotamus amphibius: ZSL;
Nanger dama: Tim Wacher; Catagonus wagneri: Proyecto Quimilero. CR, Critically Endan-
gered; EDGE, Evolutionarily Distinct and Globally Endangered; EN, Endangered; ITUCN,
International Union for Conservation of Nature; VU, Vulnerable; ZSL, Zoological Society of
London.

(TIF)

S6 Fig. EDGE1 and EDGE2 ranks of EDGE programme mammal projects. The EDGE1 and
EDGE2 ranks of mammal species for which the ZSL’s EDGE of Existence programme has sup-
ported conservation projects. The data underlying this Figure can be found in S2 Data. EDGE,
Evolutionarily Distinct and Globally Endangered; ZSL, Zoological Society of London.

(TIF)

Acknowledgments

We thank Aki Mimoto for uncovering the Shapley Value for phylogenetic trees, and Gavin
Thomas, Klaas Hartmann, Tyler Kuhn, and David Redding for years of work and discussion.
We thank all who contributed images to this manuscript, and particularly Freddie Patmore at
ZSL. We thank Jonathan Baillie for his support of the EDGE2 workshop and the growth of
ZSL’s EDGE of Existence programme. This research, through JR and WDP, is an output of the
Georgina Mace Centre for the Living Planet at Imperial College London. We are incredibly
grateful for the contributions provided by Georgina Mace during the EDGE2 workshop and
early stages of this research, and for supporting work on the EDGE concept from the very
beginning. This manuscript is dedicated to her memory, as it was finalised after her death.

Author Contributions

Conceptualization: Rikki Gumbs, Claudia L. Gray, Monika Bohm, Ian J. Burfield, Olivia R.
Couchman, Daniel P. Faith, Félix Forest, Michael Hoffmann, Nick J. B. Isaac, Walter Jetz,
Georgina M. Mace, Arne O. Mooers, Kamran Safi, Mike Steel, Caroline M. Tucker, William
D. Pearse, Nisha R. Owen, James Rosindell.

Data curation: Rikki Gumbs, Oenone Scott.
Formal analysis: Rikki Gumbs.
Investigation: Rikki Gumbs.

Methodology: Rikki Gumbs, Claudia L. Gray, Monika Bohm, Ian J. Burfield, Olivia R.
Couchman, Daniel P. Faith, Félix Forest, Michael Hoffmann, Nick J. B. Isaac, Walter Jetz,
Georgina M. Mace, Arne O. Mooers, Kamran Safi, Oenone Scott, Mike Steel, Caroline M.
Tucker, William D. Pearse, Nisha R. Owen, James Rosindell.

Project administration: Rikki Gumbs.

Supervision: Claudia L. Gray, Olivia R. Couchman, Michael Hoffmann, Nisha R. Owen,
James Rosindell.

PLOS Biology | https://doi.org/10.1371/journal.pbio.3001991 February 28, 2023 17/22


http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3001991.s010
https://doi.org/10.1371/journal.pbio.3001991

PLOS BIOLOGY

Visualization: Rikki Gumbs, Claudia L. Gray.

Writing - original draft: Rikki Gumbs, William D. Pearse, Nisha R. Owen, James Rosindell.

Writing - review & editing: Rikki Gumbs, Claudia L. Gray, Monika Bohm, Ian J. Burfield,

Olivia R. Couchman, Daniel P. Faith, Félix Forest, Michael Hoffmann, Nick J. B. Isaac,
Walter Jetz, Arne O. Mooers, Kamran Safi, Oenone Scott, Mike Steel, Caroline M. Tucker,
William D. Pearse, Nisha R. Owen, James Rosindell.

References

1.

10.

11.

12

13.

14.

15.

16.

17.
18.

Ceballos G, Ehrlich PR, Barnosky AD, Garcia A, Pringle RM, Palmer TM. Accelerated modern human—
induced species losses: entering the sixth mass extinction. Sci Adv. 2015; 1:1-5. https://doi.org/10.
1126/sciadv.1400253 PMID: 26601195

Diaz S, Settele J, Brondizio ES, Ngo HT, Agard J, Arneth A, et al. Pervasive human-driven decline of
life on Earth points to the need for transformative change. Science (80-). 2019; 366:eaax3100. https:/
doi.org/10.1126/science.aax3100 PMID: 31831642

Faith DP. Conservation evaluation and phylogenetic diversity. Biol Conserv. 1992; 61:1-10. https://doi.
org/10.1016/0006-3207(92)91201-3

Rosauer DF, Mooers AO. Nurturing the use of evolutionary diversity in nature conservation. Trends
Ecol Evol. 2013; 28:322—-323. https://doi.org/10.1016/j.tree.2013.01.014 PMID: 23433638

IPBES. Summary for policymakers of the global assessment report on biodiversity and ecosystem ser-
vices of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. In:
Diaz S, Settele J, Brondizio ES, Ngo HT, Guéze M, Agard J, et al., editors. Bonn, Germany; 2019.

p. 56.

Owen NR, Gumbs R, Gray CL, Faith DP. Global conservation of phylogenetic diversity captures more
than just functional diversity. Nat Commun. 2019; 10:859. https://doi.org/10.1038/s41467-019-08600-8
PMID: 30787282

Mace GM, Gittleman JL, Purvis A. Preserving the tree of life. Science (80-). 2003; 300:1707—-1709.
https://doi.org/10.1126/science.1085510 PMID: 12805539

Faith DP. Valuation and Appreciation of Biodiversity: The “Maintenance of Options” Provided by the
Variety of Life. Front Ecol Evol. 2021: 201. https://doi.org/10.3389/fevo.2021.635670

Forest F, Grenyer R, Rouget M, Davies TJ, Cowling RM, Faith DP, et al. Preserving the evolutionary
potential of floras in biodiversity hotspots. Nature. 2007; 445:757-760. https://doi.org/10.1038/
nature05587 PMID: 17301791

IPBES. Global assessment report on biodiversity and ecosystem services of the Intergovernmental Sci-
ence-Policy Platform on Biodiversity and Ecosystem Services. Brondizio ES, Settele J, Diaz S, Ngo HT,
editors. Bonn, Germany: IPBES secretariat; 2019. Available from: https:/ipbes.net/global-assessment

Molina-Venegas R, Rodriguez MA, Pardo-de-Santayana M, Ronquillo C, Mabberley DJ. Maximum lev-
els of global phylogenetic diversity efficiently capture plant services for humankind. Nat Ecol Evol. 2021;
5:583-588. https://doi.org/10.1038/s41559-021-01414-2 PMID: 33782579

Molina-Venegas R. Conserving evolutionarily distinct species is critical to safeguard human well-being.
Sci Rep. 2021; 11:24187. https://doi.org/10.1038/s41598-021-03616-x PMID: 34921205

Redding DW, Mooers AO. Ranking mammal species for conservation and the loss of both phylogenetic
and trait diversity. PLoS ONE. 2015; 10:e0141435. https://doi.org/10.1371/journal.pone.0141435
PMID: 26630179

Mazel F, Pennell MW, Cadotte MW, Diaz S, Dalla Riva GV, Grenyer R, et al. Prioritizing phylogenetic
diversity captures functional diversity unreliably. Nat Commun. 2018; 9:2888. https://doi.org/10.1038/
s41467-018-05126-3 PMID: 30038259

Tucker CM, Aze T, Cadotte MW, Cantalapiedra JL, Chisholm C, Diaz S, et al. Assessing the utility of
conserving evolutionary history. Biol Rev. 2019; 94:1740-1760. https://doi.org/10.1111/brv.12526
PMID: 31149769

Tucker CM, Davies TJ, Cadotte MW, Pearse WD. On the relationship between phylogenetic diversity
and trait diversity. Ecology. 2018; 99:1473-1479. https://doi.org/10.1002/ecy.2349 PMID: 29782644

IUCN. Resolutions and Recommendations. Gland, Switzerland: IUCN;2012.
IUCN. Phylogenetic Diversity Task Force. 2019. Available from: https://www.pdtf.org/

PLOS Biology | https://doi.org/10.1371/journal.pbio.3001991 February 28, 2023 18/22


https://doi.org/10.1126/sciadv.1400253
https://doi.org/10.1126/sciadv.1400253
http://www.ncbi.nlm.nih.gov/pubmed/26601195
https://doi.org/10.1126/science.aax3100
https://doi.org/10.1126/science.aax3100
http://www.ncbi.nlm.nih.gov/pubmed/31831642
https://doi.org/10.1016/0006-3207%2892%2991201-3
https://doi.org/10.1016/0006-3207%2892%2991201-3
https://doi.org/10.1016/j.tree.2013.01.014
http://www.ncbi.nlm.nih.gov/pubmed/23433638
https://doi.org/10.1038/s41467-019-08600-8
http://www.ncbi.nlm.nih.gov/pubmed/30787282
https://doi.org/10.1126/science.1085510
http://www.ncbi.nlm.nih.gov/pubmed/12805539
https://doi.org/10.3389/fevo.2021.635670
https://doi.org/10.1038/nature05587
https://doi.org/10.1038/nature05587
http://www.ncbi.nlm.nih.gov/pubmed/17301791
https://ipbes.net/global-assessment
https://doi.org/10.1038/s41559-021-01414-2
http://www.ncbi.nlm.nih.gov/pubmed/33782579
https://doi.org/10.1038/s41598-021-03616-x
http://www.ncbi.nlm.nih.gov/pubmed/34921205
https://doi.org/10.1371/journal.pone.0141435
http://www.ncbi.nlm.nih.gov/pubmed/26630179
https://doi.org/10.1038/s41467-018-05126-3
https://doi.org/10.1038/s41467-018-05126-3
http://www.ncbi.nlm.nih.gov/pubmed/30038259
https://doi.org/10.1111/brv.12526
http://www.ncbi.nlm.nih.gov/pubmed/31149769
https://doi.org/10.1002/ecy.2349
http://www.ncbi.nlm.nih.gov/pubmed/29782644
https://www.pdtf.org/
https://doi.org/10.1371/journal.pbio.3001991

PLOS BIOLOGY

19.

20.

21.

22,

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Gumbs R, Chaudhary A, Daru BH, Faith DP, Forest F, Gray CL, et al. The Post-2020 Global Biodiver-
sity Framework must safeguard the Tree of Life. bioRxiv. 2021; 2021.03.03.433783. https://doi.org/10.
1101/2021.03.03.433783

Secretariat of the Convention on Biological Diversity. Indicators for the post-2020 Global Biodiversity
Framework. In: CBD/SBSTTA/24/INF/16 [Internet]. 2021 [cited 2021 Feb 2] p. 57. Available from:
https://www.cbd.int/doc/c/a6d3/3108/88518eab9c9d12b1c418398d/sbstta-24-inf-16-en.pdf

Isaac NJB, Turvey ST, Collen B, Waterman C, Baillie JEM. Mammals on the EDGE: Conservation prior-
ities based on threat and phylogeny. PLoS ONE. 2007; 2:e296. https://doi.org/10.1371/journal.pone.
0000296 PMID: 17375184

Redding DW. Incorporating genetic distinctness and reserve occupancy into a conservation priorisation
approach. University Of East Anglia; 2003.

Butchart SHM, Stattersfield AJ, Bennun LA, Shutes SM, Akgakaya HR, Baillie JEM, et al. Measuring
Global Trends in the Status of Biodiversity: Red List Indices for Birds. PLoS Biol. 2004; 2:e383. https://
doi.org/10.1371/journal.pbio.0020383 PMID: 15510230

Gumbs R, Gray CL, Wearn OR, Owen NR. Tetrapods on the EDGE: Overcoming data limitations to
identify phylogenetic conservation priorities. PLoS ONE. 2018; 13:e0194680. https://doi.org/10.1371/
journal.pone.0194680 PMID: 29641585

ZSL EDGE of Existence. EDGE of Existence. 2022. Available from: http:/edgeofexistence.org/

Collen B, Turvey ST, Waterman C, Meredith HMR, Kuhn TS, Baillie JEM, et al. Investing in evolutionary
history: implementing a phylogenetic approach for mammal conservation. Philos Trans R Soc Lond B
Biol Sci. 2011; 366:2611-2622. https://doi.org/10.1098/rstb.2011.0109 PMID: 21844040

Isaac NJB, Redding DW, Meredith HM, Safi K. Phylogenetically-Informed Priorities for Amphibian Con-
servation. PLoS ONE. 2012; 7:1-8. https://doi.org/10.1371/journal.pone.0043912 PMID: 22952807

Jetz W, Thomas GH, Joy JB, Redding DW, Hartmann K, Mooers AO. Global Distribution and Conserva-
tion of Evolutionary Distinctness in Birds. Curr Biol. 2014; 24:919-930. https://doi.org/10.1016/j.cub.
2014.03.011 PMID: 24726155

Curnick DJ, Head CEI, Huang D, Crabbe MJC, Gollock M, Hoeksema BW, et al. Setting evolutionary-
based conservation priorities for a phylogenetically data-poor taxonomic group (Scleractinia). Anim
Conserv. 2015; 18:303-312. hitps://doi.org/10.1111/acv.12185

Forest F, Moat J, Baloch E, Brummitt NA, Bachman SP, Ickert-Bond S, et al. Gymnosperms on the
EDGE. Sci Rep. 2018; 8:6053. https://doi.org/10.1038/s41598-018-24365-4 PMID: 29662101

Stein RW, Mull CG, Kuhn TS, Aschliman NC, Davidson LNK, Joy JB, et al. Global priorities for conserv-
ing the evolutionary history of sharks, rays and chimaeras. Nat Ecol Evol. 2018; 2:288-298. https://doi.
org/10.1038/s41559-017-0448-4 PMID: 29348644

Jung M, Arnell A, de Lamo X, Garcia-Rangel S, Lewis M, Mark J, et al. Areas of global importance for
terrestrial biodiversity, carbon, and water. bioRxiv. 2020; 2020.04.16.021444. https://doi.org/10.1101/
2020.04.16.021444

Dickman AJ, Hinks AE, Macdonald EA, Burnham D, Macdonald DW. Priorities for global felid conserva-
tion. Conserv Biol. 2015; 29:854—864. https://doi.org/10.1111/cobi.12494 PMID: 25864434

Redding DW, Dewolff CV, Mooers A. Evolutionary distinctiveness, threat status, and ecological oddity
in primates. Conserv Biol. 2010; 24:1052—-1058. https://doi.org/10.1111/.1523-1739.2010.01532.x
PMID: 20561003

UNEP-WCMC, IUCN, NGS. Protected Planet Report 2018. Cambridge UK; Gland, Switzerland; and
Washington, D.C., USA; 2018.

Carta A, Gargano D, Rossi G, Bacchetta G, Fenu G, Montagnani C, et al. Phylogenetically informed
spatial planning as a tool to prioritise areas for threatened plant conservation within a Mediterranean
biodiversity hotspot. Sci Total Environ. 2019; 665: 1046—1052. https://doi.org/10.1016/j.scitotenv.2019.
02.127 PMID: 30893736

Martin-Lépez B, Church A, Basak Dessane E, Berry P, Chenu C, Christie M, et al. Chapter 2: Nature’s

contributions to people and quality of life. In: Rounsevell M, Fischer M, Torre-Marin Rando A, Mader A,
editors. The IPBES regional assessment report on biodiversity and ecosystem services for Europe and
Central Asia. Bonn: Secretariat of the Intergovernmental Science-Policy Platform on Biodiversity and

Ecosystem Services; 2018. pp. 57-185.

IPBES. The IPBES regional assessment report on biodiversity and ecosystem services for Asia and the
Pacific. Karki M, Senaratna Sellamuttu S, Okayasu S, Suzuki W, editors. Bonn, Germany; 2018.

Faith DP, Veron S, Pavoine S, Pellens R. Indicators for the Expected Loss of Phylogenetic Diversity. In:
Scherson RA, Faith DP, editors. Phylogenetic Diversity: Applications and Challenges in Biodiversity
Science. Cham: Springer International Publishing; 2018. p. 73-91. https://doi.org/10.1007/978-3-319-
93145-6_4

PLOS Biology | https://doi.org/10.1371/journal.pbio.3001991 February 28, 2023 19/22


https://doi.org/10.1101/2021.03.03.433783
https://doi.org/10.1101/2021.03.03.433783
https://www.cbd.int/doc/c/a6d3/3108/88518eab9c9d12b1c418398d/sbstta-24-inf-16-en.pdf
https://doi.org/10.1371/journal.pone.0000296
https://doi.org/10.1371/journal.pone.0000296
http://www.ncbi.nlm.nih.gov/pubmed/17375184
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/10.1371/journal.pone.0194680
https://doi.org/10.1371/journal.pone.0194680
http://www.ncbi.nlm.nih.gov/pubmed/29641585
http://edgeofexistence.org/
https://doi.org/10.1098/rstb.2011.0109
http://www.ncbi.nlm.nih.gov/pubmed/21844040
https://doi.org/10.1371/journal.pone.0043912
http://www.ncbi.nlm.nih.gov/pubmed/22952807
https://doi.org/10.1016/j.cub.2014.03.011
https://doi.org/10.1016/j.cub.2014.03.011
http://www.ncbi.nlm.nih.gov/pubmed/24726155
https://doi.org/10.1111/acv.12185
https://doi.org/10.1038/s41598-018-24365-4
http://www.ncbi.nlm.nih.gov/pubmed/29662101
https://doi.org/10.1038/s41559-017-0448-4
https://doi.org/10.1038/s41559-017-0448-4
http://www.ncbi.nlm.nih.gov/pubmed/29348644
https://doi.org/10.1101/2020.04.16.021444
https://doi.org/10.1101/2020.04.16.021444
https://doi.org/10.1111/cobi.12494
http://www.ncbi.nlm.nih.gov/pubmed/25864434
https://doi.org/10.1111/j.1523-1739.2010.01532.x
http://www.ncbi.nlm.nih.gov/pubmed/20561003
https://doi.org/10.1016/j.scitotenv.2019.02.127
https://doi.org/10.1016/j.scitotenv.2019.02.127
http://www.ncbi.nlm.nih.gov/pubmed/30893736
https://doi.org/10.1007/978-3-319-93145-6%5F4
https://doi.org/10.1007/978-3-319-93145-6%5F4
https://doi.org/10.1371/journal.pbio.3001991

PLOS BIOLOGY

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52,

53.

54.

55.

56.

57.

58.

59.

60.

61.

IUCN. SSC EDGE Internal Grant. 2020 [cited 2021 Jan 20]. Available from: https://www.iucn.org/
commissions/species-survival-commission/get-involved/ssc-edge-internal-grant

Ark Amphibian. Conservation Grants. 2021. Available from: http://www.amphibianark.org/conservation-
grants/

Steel M, Mimoto A, Mooers A. Hedging our bets: The expected contribution of species to future phyloge-
netic diversity. Evol Bioinforma. 2007; 3:237—244. https://doi.org/10.1111/j.1461-0248.2005.00752.x
PMID: 19461983

Faith DP. Threatened species and the potential loss of phylogenetic diversity: Conservation scenarios
based on estimated extinction probabilities and phylogenetic risk analysis. Conserv Biol. 2008;
22:1461-1470. https://doi.org/10.1111/j.1523-1739.2008.01068.x PMID: 18798854

Mooers A, Faith DP, Maddison WP. Converting endangered species categories to probabilities of
extinction for phylogenetic conservation prioritization. PLoS ONE. 2008; 3:1-5. https://doi.org/10.1371/
journal.pone.0003700 PMID: 19002251

Nunes LA, Turvey ST, Rosindell J. The price of conserving avian phylogenetic diversity: a global prioriti-
zation approach. Philos Trans R Soc L B Biol Sci. 2015; 370:20140004. https://doi.org/10.1098/rstb.
2014.0004 PMID: 25561665

Rosauer D, Laffan SW, Crisp MD, Donnellan SC, Cook LG. Phylogenetic endemism: A new approach
for identifying geographical concentrations of evolutionary history. Mol Ecol. 2009; 18:4061-4072.
https://doi.org/10.1111/j.1365-294X.2009.04311.x PMID: 19754516

Andermann T, Faurby S, Cooke R, Silvestro D, Antonelli A. iucn_sim: a new program to simulate future
extinctions based on IUCN threat status. Ecography (Cop). 2020. https://doi.org/10.1111/ecog.05110

Weedop KB, Mooers A, Tucker CM, Pearse WD. The effect of phylogenetic uncertainty and imputa-
tion on EDGE Scores. Anim Conserv. 2019; 22:527-536. https://doi.org/10.1111/acv.12495

Bland LM, Béhm M. Overcoming data deficiency in reptiles. Biol Conserv. 2016; 204:16—22. https://doi.
org/10.1016/j.biocon.2016.05.018

Veron S, Penone C, Clergeau P, Costa GC, Oliveira BF, Sao-Pedro VA, et al. Integrating data-deficient
species in analyses of evolutionary history loss. Ecol Evol. 2016; 6:8502—-8514. https://doi.org/10.1002/
ece3.2390 PMID: 28031802

Haake C-J, Kashiwada A, Su FE. The Shapley value of phylogenetic trees. J Math Biol. 2008; 56:479—
497. https://doi.org/10.1007/s00285-007-0126-2 PMID: 17805545

Jetz W, Pyron RA. The interplay of past diversification and evolutionary isolation with present imperil-
ment across the amphibian tree of life. Nat Ecol Evol. 2018; 2:850-858. https://doi.org/10.1038/s41559-
018-0515-5 PMID: 29581588

Tonini JFR, Beard KH, Ferreira RB, Jetz W, Pyron RA. Fully-sampled phylogenies of squamates reveal
evolutionary patterns in threat status. Biol Conserv. 2016; 204:23-31. https://doi.org/10.1016/j.biocon.
2016.03.039

Colston TJ, Kulkarni P, Jetz W, Pyron RA. Phylogenetic and spatial distribution of evolutionary diversifi-
cation, isolation, and threat in turtles and crocodilians (non-avian archosauromorphs). BMC Evol Biol.
2020; 20:81. https://doi.org/10.1186/s12862-020-01642-3 PMID: 32650718

Pearse WD, Chase MW, Crawley MJ, Dolphin K, Fay MF, Joseph JA, et al. Beyond the EDGE with
EDAM: Prioritising british plant species according to evolutionary distinctiveness, and accuracy and
maghnitude of decline. PLoS ONE. 2015: 10. https://doi.org/10.1371/journal.pone.0126524 PMID:
26018568

Jensen EL, Mooers A, Caccone A, Russello MA. I-HEDGE: determining the optimum complementary
sets of taxa for conservation using evolutionary isolation. PeerJ. 2016; 4:e2350. https://doi.org/10.7717/
peer].2350 PMID: 27635324

Witting L, Loeschcke V. The optimization of biodiversity conservation. Biol Conserv. 1995; 71:205-207.
https://doi.org/10.1016/0006-3207(94)00041-N

Weitzman ML. The Noah’s Ark Problem. Econometrica. 1998; 66:1279-1298. https://doi.org/10.3982/
ECTA9075

Redding DW, Mooers AO. Incorporating evolutionary measures into conservation prioritization. Con-
serv Biol. 2006; 20:1670-1678. https://doi.org/10.1111/j.1523-1739.2006.00555.x PMID: 17181802

Collen B, Dulvy NK, Gaston KJ, Gardenfors U, Keith DA, Punt AE, et al. Clarifying misconceptions of
extinction risk assessment with the IUCN Red List. Biol Lett. 2016; 12:20150843. https://doi.org/10.
1098/rsbl.2015.0843 PMID: 27072401

Davis M, Faurby S, Svenning J-C. Mammal diversity will take millions of years to recover from the cur-
rent biodiversity crisis. Proc Natl Acad Sci. 2018; 115:11262—11267. https://doi.org/10.1073/pnas.
1804906115 PMID: 30322924

PLOS Biology | https://doi.org/10.1371/journal.pbio.3001991 February 28, 2023 20/22


https://www.iucn.org/commissions/species-survival-commission/get-involved/ssc-edge-internal-grant
https://www.iucn.org/commissions/species-survival-commission/get-involved/ssc-edge-internal-grant
http://www.amphibianark.org/conservation-grants/
http://www.amphibianark.org/conservation-grants/
https://doi.org/10.1111/j.1461-0248.2005.00752.x
http://www.ncbi.nlm.nih.gov/pubmed/19461983
https://doi.org/10.1111/j.1523-1739.2008.01068.x
http://www.ncbi.nlm.nih.gov/pubmed/18798854
https://doi.org/10.1371/journal.pone.0003700
https://doi.org/10.1371/journal.pone.0003700
http://www.ncbi.nlm.nih.gov/pubmed/19002251
https://doi.org/10.1098/rstb.2014.0004
https://doi.org/10.1098/rstb.2014.0004
http://www.ncbi.nlm.nih.gov/pubmed/25561665
https://doi.org/10.1111/j.1365-294X.2009.04311.x
http://www.ncbi.nlm.nih.gov/pubmed/19754516
https://doi.org/10.1111/ecog.05110
https://doi.org/10.1111/acv.12495
https://doi.org/10.1016/j.biocon.2016.05.018
https://doi.org/10.1016/j.biocon.2016.05.018
https://doi.org/10.1002/ece3.2390
https://doi.org/10.1002/ece3.2390
http://www.ncbi.nlm.nih.gov/pubmed/28031802
https://doi.org/10.1007/s00285-007-0126-2
http://www.ncbi.nlm.nih.gov/pubmed/17805545
https://doi.org/10.1038/s41559-018-0515-5
https://doi.org/10.1038/s41559-018-0515-5
http://www.ncbi.nlm.nih.gov/pubmed/29581588
https://doi.org/10.1016/j.biocon.2016.03.039
https://doi.org/10.1016/j.biocon.2016.03.039
https://doi.org/10.1186/s12862-020-01642-3
http://www.ncbi.nlm.nih.gov/pubmed/32650718
https://doi.org/10.1371/journal.pone.0126524
http://www.ncbi.nlm.nih.gov/pubmed/26018568
https://doi.org/10.7717/peerj.2350
https://doi.org/10.7717/peerj.2350
http://www.ncbi.nlm.nih.gov/pubmed/27635324
https://doi.org/10.1016/0006-3207%2894%2900041-N
https://doi.org/10.3982/ECTA9075
https://doi.org/10.3982/ECTA9075
https://doi.org/10.1111/j.1523-1739.2006.00555.x
http://www.ncbi.nlm.nih.gov/pubmed/17181802
https://doi.org/10.1098/rsbl.2015.0843
https://doi.org/10.1098/rsbl.2015.0843
http://www.ncbi.nlm.nih.gov/pubmed/27072401
https://doi.org/10.1073/pnas.1804906115
https://doi.org/10.1073/pnas.1804906115
http://www.ncbi.nlm.nih.gov/pubmed/30322924
https://doi.org/10.1371/journal.pbio.3001991

PLOS BIOLOGY

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Faith DP, Reid CAM, Hunter J. Integrating Phylogenetic Diversity, Complementarity, and Endemism for
Conservation Assessment. Conserv Biol. 2004; 18:255-261. https://doi.org/10.1111/j.1523-1739.2004.
00330.x

Jetz W, Thomas GH, Joy JB, Hartmann K, Mooers AO. The global diversity of birds in space and time.
Nature. 2012; 491:444-448. https://doi.org/10.1038/nature11631 PMID: 23123857

Rabosky DL, Chang J, Title PO, Cowman PF, Sallan L, Friedman M, et al. An inverse latitudinal gradient
in speciation rate for marine fishes. Nature. 2018; 559:392-395. https://doi.org/10.1038/s41586-018-
0273-1 PMID: 29973726

Upham NS, Esselstyn JA, Jetz W. Inferring the mammal tree: Species-level sets of phylogenies for
questions in ecology, evolution, and conservation. PLoS Biol. 2019; 17:3000494. https://doi.org/10.
1371/journal.pbio.3000494 PMID: 31800571

Faurby S, Svenning JC. A species-level phylogeny of all extant and late Quaternary extinct mammals
using a novel heuristic-hierarchical Bayesian approach. Mol Phylogenet Evol. 2015; 84:14—26. https:/
doi.org/10.1016/j.ympev.2014.11.001 PMID: 25542649

Thomas GH, Hartmann K, Jetz W, Joy JB, Mimoto A, Mooers AO. PASTIS: An R package to facilitate
phylogenetic assembly with soft taxonomic inferences. Methods Ecol Evol. 2013; 4:1011-1017. https:/
doi.org/10.1111/2041-210X.12117

Kuhn TS, Mooers A, Thomas GH. A simple polytomy resolver for dated phylogenies. Methods Ecol
Evol. 2011; 2:427—-436. https://doi.org/10.1111/1.2041-210X.2011.00103.x

Moore BR, Smith SA, Donoghue MJ. Increasing Data Transparency and Estimating Phylogenetic
Uncertainty in Supertrees: Approaches Using Nonparametric Bootstrapping. Syst Biol. 2006; 55:662—
676. https://doi.org/10.1080/10635150600920693 PMID: 16969942

Faith DP. EDGE of existence and phylogenetic diversity. Anim Conserv. 2019; 22:537-538. https://doi.
org/10.1111/acv.12552

Bland LM, Collen B, Orme CDL, Bielby J. Predicting the conservation status of data-deficient species.
Conserv Biol. 2015; 29:250-259. https://doi.org/10.1111/cobi.12372 PMID: 25124400

Gumbs R, Gray CL, Bohm M, Hoffmann M, Grenyer R, Jetz W, et al. Global priorities for conservation
of reptilian phylogenetic diversity in the face of human impacts. Nat Commun. 2020; 11:2616. https://
doi.org/10.1038/s41467-020-16410-6 PMID: 32457412

Puechmaille SJ, Gouilh MA, Piyapan P, Yokubol M, Mie KM, Bates PJ, et al. The evolution of sensory
divergence in the context of limited gene flow in the bumblebee bat. Nat Commun. 2011; 2:573. https://
doi.org/10.1038/ncomms1582 PMID: 22146392

Coimbra RTF, Miranda FR, Lara CC, Schetino MAA, dos Santos FR. Phylogeographic history of South
American populations of the silky anteater Cyclopes didactylus (Pilosa: Cyclopedidae). Genet Mol Biol.
2017:40-49. https://doi.org/10.1590/1678-4685-GMB-2016-0040 PMID: 28199442

Wiens F, Zitzmann A, Lachance M-A, Yegles M, Pragst F, Wurst FM, et al. Chronic intake of fermented
floral nectar by wild treeshrews. Proc Natl Acad Sci. 2008; 105:10426 LP— 10431. https://doi.org/10.
1073/pnas.0801628105 PMID: 18663222

Owen NR, Chaudhary A, Daru BH, Gray CL, Forest F, Gumbs R, et al. Conservation of evolutionary
heritage supports the transformative change required for the CBD post2020 Framework: proposed phy-
logenetic diversity indicators as a contribution from non-state actors. Submission from the IUCN SSC
Phylogenetic Diversity Task Force [Internet]. 2020 [cited 2021 Jan 1]. Available from: https://www.cbd.
int/api/v2013/documents/6445B22E-1BA7-18B7-6D28-61A95052E84 1/attachments/IUCN-6.docx

Robuchon M, Pavoine S, Véron S, Delli G, Faith DP, Mandrici A, et al. Revisiting species and areas of
interest for conserving global mammalian phylogenetic diversity. Nat Commun. 2021; 12:3694. https://
doi.org/10.1038/s41467-021-23861-y PMID: 34140481

Monroe MJ, Butchart SHM, Mooers AO, Bokma F. The dynamics underlying avian extinction trajecto-
ries forecast a wave of extinctions. Biol Lett. 2019; 15:20190633. https://doi.org/10.1098/rsbl.2019.
0633 PMID: 31847745

Gumbs R, Williams RC, Lowney AM, Smith D. Spatial and species-level metrics reveal global patterns
of irreplaceable and imperiled gecko phylogenetic diversity. Isr J Ecol Evol. 2020:1-14. https://doi.org/
10.1163/22244662-bja10020

O’Bryan CJ, Allan JR, Holden M, Sanderson C, Venter O, Di Marco M, et al. Intense human pressure is
widespread across terrestrial vertebrate ranges. Glob Ecol Conserv. 2020; 21:e00882. https://doi.org/
10.1016/j.gecco.2019.e00882

Gonzalez-del-Pliego P, Freckleton RP, Edwards DP, Koo MS, Scheffers BR, Pyron RA, et al. Phyloge-
netic and Trait-Based Prediction of Extinction Risk for Data-Deficient Amphibians. Curr Biol. 2019;
29:1557-1563.e3. https://doi.org/10.1016/j.cub.2019.04.005 PMID: 31063716

PLOS Biology | https://doi.org/10.1371/journal.pbio.3001991 February 28, 2023 21/22


https://doi.org/10.1111/j.1523-1739.2004.00330.x
https://doi.org/10.1111/j.1523-1739.2004.00330.x
https://doi.org/10.1038/nature11631
http://www.ncbi.nlm.nih.gov/pubmed/23123857
https://doi.org/10.1038/s41586-018-0273-1
https://doi.org/10.1038/s41586-018-0273-1
http://www.ncbi.nlm.nih.gov/pubmed/29973726
https://doi.org/10.1371/journal.pbio.3000494
https://doi.org/10.1371/journal.pbio.3000494
http://www.ncbi.nlm.nih.gov/pubmed/31800571
https://doi.org/10.1016/j.ympev.2014.11.001
https://doi.org/10.1016/j.ympev.2014.11.001
http://www.ncbi.nlm.nih.gov/pubmed/25542649
https://doi.org/10.1111/2041-210X.12117
https://doi.org/10.1111/2041-210X.12117
https://doi.org/10.1111/j.2041-210X.2011.00103.x
https://doi.org/10.1080/10635150600920693
http://www.ncbi.nlm.nih.gov/pubmed/16969942
https://doi.org/10.1111/acv.12552
https://doi.org/10.1111/acv.12552
https://doi.org/10.1111/cobi.12372
http://www.ncbi.nlm.nih.gov/pubmed/25124400
https://doi.org/10.1038/s41467-020-16410-6
https://doi.org/10.1038/s41467-020-16410-6
http://www.ncbi.nlm.nih.gov/pubmed/32457412
https://doi.org/10.1038/ncomms1582
https://doi.org/10.1038/ncomms1582
http://www.ncbi.nlm.nih.gov/pubmed/22146392
https://doi.org/10.1590/1678-4685-GMB-2016-0040
http://www.ncbi.nlm.nih.gov/pubmed/28199442
https://doi.org/10.1073/pnas.0801628105
https://doi.org/10.1073/pnas.0801628105
http://www.ncbi.nlm.nih.gov/pubmed/18663222
https://www.cbd.int/api/v2013/documents/6445B22E-1BA7-18B7-6D28-61A95052E841/attachments/IUCN-6.docx
https://www.cbd.int/api/v2013/documents/6445B22E-1BA7-18B7-6D28-61A95052E841/attachments/IUCN-6.docx
https://doi.org/10.1038/s41467-021-23861-y
https://doi.org/10.1038/s41467-021-23861-y
http://www.ncbi.nlm.nih.gov/pubmed/34140481
https://doi.org/10.1098/rsbl.2019.0633
https://doi.org/10.1098/rsbl.2019.0633
http://www.ncbi.nlm.nih.gov/pubmed/31847745
https://doi.org/10.1163/22244662-bja10020
https://doi.org/10.1163/22244662-bja10020
https://doi.org/10.1016/j.gecco.2019.e00882
https://doi.org/10.1016/j.gecco.2019.e00882
https://doi.org/10.1016/j.cub.2019.04.005
http://www.ncbi.nlm.nih.gov/pubmed/31063716
https://doi.org/10.1371/journal.pbio.3001991

PLOS BIOLOGY

82.

83.

84.

85.

86.

Jetz W, Freckleton RP. Towards a general framework for predicting threat status of data-deficient spe-
cies from phylogenetic, spatial and environmental information. Philos Trans R Soc Lond B Biol Sci.
2015; 370:20140016. https://doi.org/10.1098/rstb.2014.0016 PMID: 25561677

Murali G, Gumbs R, Meiri S, Roll U. Global determinants and conservation of evolutionary and geo-
graphic rarity in land vertebrates. Sci Adv. 2021; 7:eabe5582. https://doi.org/10.1126/sciadv.abe5582
PMID: 34644103

Hinchliff CE, Smith SA, Allman JF, Burleigh JG, Chaudhary R, Coghill LM, et al. Synthesis of phylogeny
and taxonomy into a comprehensive tree of life. Proc Natl Acad Sci. 2015; 112:12764-12769. https:/
doi.org/10.1073/pnas.1423041112 PMID: 26385966

Wong Y, Rosindell J. Dynamic visualisation of million-tip trees: the OneZoom project. bioRxiv. 2020;
2020.10.14.323055. https://doi.org/10.1101/2020.10.14.323055

Redding DW, Mazel F, Mooers A. Measuring evolutionary isolation for conservation. PLoS ONE. 2014;
9:113490. https://doi.org/10.1371/journal.pone.0113490 PMID: 25493934

PLOS Biology | https://doi.org/10.1371/journal.pbio.3001991 February 28, 2023 22/22


https://doi.org/10.1098/rstb.2014.0016
http://www.ncbi.nlm.nih.gov/pubmed/25561677
https://doi.org/10.1126/sciadv.abe5582
http://www.ncbi.nlm.nih.gov/pubmed/34644103
https://doi.org/10.1073/pnas.1423041112
https://doi.org/10.1073/pnas.1423041112
http://www.ncbi.nlm.nih.gov/pubmed/26385966
https://doi.org/10.1101/2020.10.14.323055
https://doi.org/10.1371/journal.pone.0113490
http://www.ncbi.nlm.nih.gov/pubmed/25493934
https://doi.org/10.1371/journal.pbio.3001991

