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Evolutionary studies have played a fundamental role in our understanding

of life, but until recently, they had only a relatively modest involvement in

addressing conservation issues. The main goal of the present discussion

meeting issue is to offer a platform to present the available methods allow-

ing the integration of phylogenetic and extinction risk data in conservation

planning. Here, we identify the main knowledge gaps in biodiversity

science, which include incomplete sampling, reconstruction biases in phylo-

genetic analyses, partly known species distribution ranges, and the difficulty

in producing conservation assessments for all known species, not to mention

that much of the effective biological diversity remains to be discovered.

Given the impact that human activities have on biodiversity and the urgency

with which we need to address these issues, imperfect assumptions need to

be sanctioned and surrogates used in the race to salvage as much as possible

of our natural and evolutionary heritage. We discuss some aspects of the

uncertainties found in biodiversity science, such as the ideal surrogates for

biodiversity, the gaps in our knowledge and the numerous available phylo-

genetic diversity-based methods. We also introduce a series of cases studies

that demonstrate how evolutionary biology can effectively contribute to

biodiversity conservation science.
1. Introduction
The efficient protection and preservation of biological diversity begin with an

adequate and accurate inventory of its current assets. Most biodiversity assess-

ments are based on species counts (e.g. total, endemic, threatened; e.g. [1,2]),

but these may not be the most suitable metrics as they may not adequately rep-

resent the processes that gave rise to the observed diversity patterns, a situation

that can potentially be improved by taking into consideration genetic and

phylogenetic data. The number of studies based on genetic data aimed at

understanding biological diversity patterns and processes and their subsequent

conservation has increased in recent years, but the number of surveys using

evolutionary approaches remains a great deal lower than those using more tra-

ditional methods. In view of the world’s imminent biodiversity crisis, referred

to by some as the ‘sixth mass extinction’ [3], and the urgent actions required to

stop it or at least impede it, large-scale analyses of patterns and processes are

required, and evolutionary information is fundamental to their understanding.

Ever since the revolutionary ideas put forward by Darwin [4], evolutionary

studies have played a fundamental role in our understanding of life and the

mechanisms that led to its current diversity. Until recently, however, evolution-

ary biology and associated sub-disciplines had a relatively modest involvement

in tackling conservation issues (e.g. [5,6]); but this state of affairs has been shift-

ing drastically in recent years. International initiatives such as the Group on

Earth Observations Biodiversity Observation Network (GEO BON; principally

http://crossmark.crossref.org/dialog/?doi=10.1098/rstb.2014.0002&domain=pdf&date_stamp=2015-01-05
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the Working Group on Genetics/Phylogenetic Diversity) and

the international programme DIVERSITAS (now part of

Future Earth, an interdisciplinary initiative on research for

global sustainability; www.futureearth.org), are promoting

the development of new frameworks for biodiversity science.

As part of the latter, the bioGENESIS scientific committee of

DIVERSITAS [7,8], where the idea of the discussion meeting

resulting in the present theme issue was formed, has as a

focal point the inclusion of evolutionary studies in biodiver-

sity science. Several authors have since advocated a greater

involvement of evolutionary biology in conservation and

policy [9–13].

Although the scientific community’s appreciation of the

importance of an enhanced contribution of evolutionary

biology in conservation science has been ramping up in

recent years, particularly regarding the information con-

tained in phylogenetic trees, the idea itself has been around

for some time. Stemming from the reasonable assumption

that not all species are equal (i.e. that some species deserve

greater attention than others in conservation prioritization,

regardless of how this is justified), Vane-Wright et al. [14] pro-

posed an approach based on cladistic information (i.e. tree

topology), which provided a taxonomic distinctness index

to weight how species should be prioritized for conservation.

Shortly after, Faith [15] proposed the phylogenetic diversity

(PD) metric, a measure of biodiversity that attempts to cap-

ture the historical dimension of evolutionary processes that

are responsible for present-day patterns of biodiversity, not

only based on the topology of phylogenetic trees but also

the length of their branches. It is defined as the sum of the

branch lengths connecting all members of a given set of taxa

in a phylogenetic tree [15,16]. Since then, many different PD-

based measures have been proposed, including evolutionary

distinctiveness (ED) [17], the heightened evolutionary distinc-

tiveness (HED) [18], phylogenetic endemism (PE) [19],

PD endemism [20], phylogenetic beta diversity [21] and PD

measures that consider species abundance [22]. The PD

measure provides a logical target for conservation by quantify-

ing current and potential future benefits derived from the tree-

of-life. PD is now regarded ‘as a leading measure in quantify-

ing the biodiversity of a collection of species’ [23] and as the

‘phylodiversity metric of choice in conservation research’ [24].

The loss of PD also has been characterized as ‘a resonant

symbol of the current biodiversity crisis’ [25]. However, pro-

gress is needed to better link PD to conservation planning

and decision-making in support of sustainability [26].

Another key component of decision-making processes

in biodiversity and conservation science is the assessment

of extinction risks. The integration of evolutionary history

and assessments of extinction risks to provide additional

information for conservation planning actions has also been

advocated for some time (e.g. [27,28]). Following these early

works, various related methodologies have been proposed to

integrate extinction risk and phylogenetic information (e.g.

[17,18,28–31]). One of the best-known examples of this type of

approach is the EDGE of Existence programme of the

Zoological Society of London, which aims at identifying the

most evolutionarily distinct and globally endangered (EDGE)

species using a method that combines phylogenetic information

(topology and branch lengths; ED) and extinction risk assessed

with the International Union for Conservation of Nature

(IUCN) Red List criteria [17]. In the light of the ongoing global

demise of biological diversity and the urgency with which this
needs to be tackled, obtaining a consensus or common view on

how to incorporate available information of this type acquired

from multiple sources will be essential to support conservation

efforts. The present theme issue offers a much needed platform

to present the available methods allowing the integration of phy-

logenetic and extinction risk data in conservation planning.

Uncertainty is a concept that captures several key

elements of the topic of the present issue, and most of the

included contributions address some aspects of it. Several

sources of uncertainty are found in the methods, approaches

and initiatives used that provide the information required for

decision-making in conservation planning. Although PD-

based methods do not escape a certain level of uncertainty

in their methodologies, they can provide complementary

information that allows better-informed choices to be made.

Uncertainty in biodiversity science may include incomplete

sampling, reconstruction biases in phylogenetic analyses,

partly known species distribution ranges and the nearly

impossible task of producing conservation assessments for

all known species, not to mention that much of the effective

biological diversity remains to be discovered, especially in

many less well-known groups (e.g. fungi, nematodes).

Filing these gaps in our knowledge might be possible with

the appropriate resources and time, but it would be a mam-

moth task. However, given the rapidity and intensity at

which human activities negatively impact the environment

and biodiversity, time is a luxury that we have in very

short supply. Therefore, we need to sanction certain (puta-

tively) imperfect assumptions and make use of surrogates

in the race to salvage as much as possible of our natural

and evolutionary heritage [16]. In other words, we need to

embrace uncertainties and not let them prevent progress.

We discuss briefly below some aspects of this uncertainty

(i.e. the ideal surrogate for representing biodiversity as a

whole, the knowledge gaps and the plethora of methods

available). We show how evolutionary biology applied to bio-

diversity science may help address these uncertainties using

the examples found in the contributions of this issue.
2. Capturing future benefits
Biological diversity at many levels (e.g. species, population) is

essential to provide what has been termed ‘option value’ or

‘a safety net of biological diversity for responding to unpredict-

able events or needs’ [15,32]. From a human point of view,

conserving biodiversity is about maintaining variety in the

face of uncertainty, about protecting what could be useful for

future generations (i.e. unanticipated uses and benefits).

Maclaurin & Sterelny [33], in their book ‘What is biodiversity?’,

characterize option value as ‘a bet-hedging or insurance con-

cept’ and argue that it ‘links utility much more closely to

diversity’. The justification is that objects ‘that are not of

value to us at present may become valuable at some later

time’ or that we will ‘discover new ways in which species

can be valuable’ [33]. The crucial point about option value is

that it makes diversity valuable. As we do not know in

advance which species (or components of those species) will

prove to be important, both for nature and humans, we

should try to conserve as rich and representative a sample as

possible of the overall diversity both within and among

species. The integration of evolutionary biology in conservation

science can deliver the tools to quantify option values.

http://www.futureearth.org
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Maclaurin and Sterelny’s general discussion of option

value in fact drew heavily on the potential role of phylogeny,

and analysed the early work linking phylogeny to feature

diversity and thus to option value [15]. Surrogates are often

used in conservation science and can be of two types,

either taxonomic or environmental [34]; the former is based

on a particular group or organisms that is thought to rep-

resent adequately overall biodiversity (e.g. [35]) and the

latter generally includes a mix of physical and biological

information, often comprising multiple potential surrogates

(e.g. [36]). PD provides surrogate information for feature

diversity, under a phylogenetic assumption that shared fea-

tures can be accounted for by shared ancestry [15,16]. From

the outset, it was emphasized that additional, companion,

surrogate measures were needed to capture, for example,

the diversity of those features convergently derived on the

phylogeny, which are accounted for by shared habitat, not

shared ancestry [15,16]. This issue has re-emerged in current

discussions. While a number of studies have shown that PD is

effective in reflecting feature diversity (e.g. [37,38]), other

recent studies have questioned the capability of PD to reliably

capture feature diversity (e.g. [39,40]; but see also [41]). Partly

these reflect an avoidable uncertainty about PD assumptions.

PD does not assume that phylogenetic distances indicate fea-

ture differences (as in [39]) and it does not assume that any

given feature will be accounted for (as in [40]).

PD nevertheless is rooted in real uncertainties. Uncertainty

about which features will be useful in the future inspires con-

servation of feature diversity (option value referred to above).

Uncertainty about phylogenetic information in early studies

posed the challenge to ‘determine whether, faced with the lim-

ited resources and limited time-frame of conservation,

moderately imprecise phylogenetic information is adequate

in most circumstances for predicting feature diversity patterns

for groups of taxa’ [16].

Of course, a good phylogeny does not guarantee a good

surrogate for feature diversity. As noted above, uncertainty

remains about how well features are explained by the PD

common ancestry model. In this theme issue, Faith [42]

further explores one method that is complementary to PD

in explaining feature diversity. Just as phylogeny attempts

to explain shared features through shared ancestry, an

alternative evolutionary model attempts to explain shared

features through a pattern that suggests adaptations to

shared habitat or function [42]. This functional trait diversity

is often incongruent with PD.

Several authors, including three other contributions in the

present issue [43–45], have explored the differences between

PD and other biodiversity metrics, such as species diversity

and functional diversity, and also have advocated a multifaceted

approach that considers multiple metrics in conservation

planning (e.g. [46–48]). As argued in this issue and elsewhere

[43–48], a multifaceted approach is the best way forward in

expanding evolutionary biology contributions to biodiversity

conservation planning.
3. The information challenge
If the distribution of each species found on the planet was

accurately known, if the threats it faces could be precisely

assessed at regular intervals, and if its position in the tree-

of-life could be established without doubt and with high
support, then biodiversity conservation planning would be

a much simpler undertaking. Unfortunately this is not the

case, and thus a lot of effort has been put towards filling

these gaps in our knowledge of biodiversity. As stated by

Mace et al. [1], ‘the main problem facing all approaches to bio-

diversity conservation is lack of knowledge’. The present

issue provides a number of examples of approaches and

methods that aim at bridging these information gaps.

Conservation assessments based on the IUCN criteria can be

time-consuming to produce and often require information that is

not always available for a large proportion of species. Further-

more, in order to provide information regarding the changes

through time, these assessments need to be repeated at regular

intervals. Obviously, these full assessments are not possible for

all species. The Sampled Red List Index (SRLI) was created to

provide an estimate for the rate of species extinction for a selected

set of species. Brummitt et al. [49] provide an overview of the pro-

gramme and present the results stemming from the SRLI for

Plants programme. They discuss various developments alleviat-

ing the knowledge gaps that will ultimately produce more

robust conservation assessments and more accurate estimates

of extinction risks for plant (and ultimately all) species. They out-

line several approaches fulfilling this goal [49], including the use

of a GIS-based method and locality data (i.e. herbarium speci-

mens) to produce preliminary assessments [50], backcasting

(past) assessments, the use of remotely sensed satellite imagery

to detect change in status and targeting priority area for ground-

truthing, and the use of species distribution modelling to esti-

mate the range of data poor species (i.e. those assigned to the

Data Deficient category). Regarding the use of species distri-

bution modelling, one contribution in the issue demonstrates

in a particularly unequivocal manner the value of this method-

ology for the mapping of biodiversity metrics. Buerki et al. [44]

showed that PD patterns based on herbarium collections for

the legume family were strikingly different from those obtained

based on modelled distribution data; raw distribution data were

highly biased towards major roads. A second contribution also

advocates the combined use of species distribution modelling

and phylogenetic trees to prioritize conservation [51]. Another

contribution focuses on the problem of data-deficient species.

Jetz & Freckleton [52] suggest an approach combining phyloge-

netic information, remotely sensed data and species distribution

to provide predictions of extinction risks for species with other-

wise insufficient information to allow traditional conservation

assessments. They show, perhaps unsurprisingly, that data-

deficient species are more likely to be threatened than species

that have been assessed [52]. This approach is promising for

much of the biological diversity for which data are limited.

Evolutionary biology is most obviously integrated into biodi-

versity science through the use of phylogenetic trees, most

generally reconstructed using molecular data (PD) and feature

data (functional diversity). Phylogenetic trees, unsurprisingly,

have their fair share of uncertainties. Diniz-Filho et al. [53] have

identified three main sources of uncertainty in phylogenetic

data (which they refer to as the ‘Darwinian shortfalls’): (i) the lim-

ited number of fully resolved phylogenetic trees for most groups

of organisms; (ii) the difficulties in obtaining accurate and

reliable divergence time estimates based on properly calibrated

phylogenetic trees; and (iii) limited knowledge regarding the

models behind the evolution of traits and ecological features.

In this theme issue, Davies [41] examines how the use of different

evolutionary models (i.e. gradualism, slowdown and punctual-

ism) results in different impacts on extinction of the loss of
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evolutionary history and its costs in terms of feature diversity.

The extinction of all threatened species in the three groups exam-

ined (Primates, Carnivora and Artiodactyla) under these three

evolutionary models show that the choice of model produces

different scenarios of loss of feature diversity [41].

Mace et al. [1] argued that due to the speed at which vast

amount of DNA sequence data are being gathered, the phy-

logenetic position of a species in the tree-of-life might be

the only information we have about it. This might prove to

be even more the case as the rate of DNA sequence pro-

duction has considerably increased in recent years with the

development of next-generation sequencing technologies

and progress in DNA extraction from ancient material and

environmental samples (e.g. soil, leaf litter, water). Environ-

mental samples might prove to be particularly efficient at

uncovering biological diversity still unknown to science.

With the continuing development in these technologies and

the expected decrease in production costs, phylogenomics

and metagenomics will be, among others, key approaches

that will greatly help alleviate uncertainties in phylogenetic

relationships in coming years, and consequently facilitate

the integration of evolutionary data in conservation planning.
4. Case studies
This issue also allows the presentation of several studies that

demonstrate using ‘real life’ situations how evolutionary

biology and phylogenetics can effectively contribute to biodi-

versity conservation science. We summarize briefly below

these studies, which range from community ecology patterns

and reserve network evaluation to method comparisons.

Toyama et al. [54] established 32 plots in the evergreen and

deciduous forest of Cambodia in which they recorded all tree

species and monitored the changes in composition of these for-

ests overa period of 12 years. They reconstructed a phylogenetic

tree of the 376 tree species recorded in these plots and were able

to show that logging caused a decrease in PD within commu-

nities over the period of the study and increased phylogenetic

similarity between evergreen and deciduous plots. These pat-

terns were attributed to the fact that logging was the cause of

the observed environmental homogenization [54].

Using phylogenetic measures (PD and phylogenetic species

variability (PSV) [55]), geographical distributions and the

species conservation status based on the IUCN Red List,

Huang & Roy [45] evaluated how the extinction of threatened

species will affect the evolutionary diversity in coral reefs glob-

ally (i.e. across ecoregions). They found that the projected loss of

evolutionary history was less important in regions with higher

species diversity compared with less species-rich regions. More

importantly perhaps, they showed that regions with high

species richness could lose large numbers of threatened species

without losing an equally large amount of PD [45].

Two contributions focus on freshwater biodiversity, a more

neglected aspect of biodiversity than terrestrial ecosystems,

more specifically both on freshwater crayfish diversity [56,57].

Conservation assessments are provided for the first time for all

590 species of the world’s freshwater crayfish, which are then

used to evaluate the phylogenetic distribution of threatened

taxa and compare the results from EDGE, HEDGE and PSV

analyses. EDGE and HEDGE values are generally correlated,

although less so in species with the highest scores. This latter

contribution also helps to address an important form of
uncertainty, in introducing the concept of phylogenetic syn-

thesis—the merging of taxonomic and multiple sources of

phylogenetic information to estimate an overall synthetic

phylogeny for use in downstream analyses [57].

Focusing on European tetrapods [43] and Australian euca-

lypts [51], two contributions examined how the existing

reserve network in each region protects PD. In the former, a

combination of dated molecular phylogenetic trees and detailed

distribution and trait data allowed the authors to determine that

the current reserve network in Europe (which covers less than

9% of the region) effectively protects the PD of amphibians

but is unsuccessful in representing adequately mammals,

birds and squamate reptiles [43]. Furthermore, they showed

that functional diversity is better protected in European tetra-

pods (except for mammals) than ED, providing evidence for

promoting integration of both metrics in conservation planning

[43]. The study of Pollock et al. [51], using a phylogenetic frame-

work, species distribution modelling and a spatial prioritization

software (ZONATION [58]), showed that almost half of the total PD

of Eucalyptus (Myrtaceae) in Victoria, Australia, is found in pro-

tected areas and that a small increase in targeted protected areas

(5%, less than 1% of the state’s area) would bring a 33% increase

in PD of Eucalyptus [51]. They also demonstrate the decrease of

PD due to proposed new legislation allowing some level of

development in protected areas.

Using the ecologically and economically important plant

family Leguminosae, Buerki et al. [44] examine biodiversity

patterns on the island of Madagascar, where less than 10%

of the original vegetation remains. They found that species dis-

tribution and community PD are influenced by the boundaries

of watersheds, which allow them to identify a network of refu-

gia and dispersal corridors that are crucial to alleviate the

effect of future climate changes on species. They conclude by

emphasizing that integrating ecological factors in conservation

science is essential, referring in particular to the fact that

extinction risk assessment for plants should take into account

the extinction risks associated with their dispersers [44].

The last two case studies reported here focus on bird diver-

sity. In the first one, Redding et al. [59] are interested in

determining how metrics of evolutionary diversity used at

the global scale are valuable for setting conservation scenarios

at the community level, which they evaluate by comparing

how three evolutionary diversity measures [59] capture evol-

utionary and functional diversity of Neotropical and Nearctic

birds. They identify a relatively new approach named average

pairwise distance (APD) as potentially suitable to set conserva-

tion priorities across all spatial scales, but they note that

additional analyses are required to evaluate this approach

[59]. The second study presents a new metric, ADEPD [60],

that determines expected future PD under the scenario that a

particular species gains downlisting (reduced threat) on the

IUCN Red List. The method allows the integration of financial,

phylogenetic and extinction risk data. They find that under the

current allocations for conservation of birds, only a quarter of

the PD that could be protected by maximizing spending will

be protected [60], which highlights the potential consequences

of focusing conservation funds on more charismatic species.
5. A bewildering array of methods and indices
Many contributions in this issue address a type of uncertainty

that many would like to see resolved. This uncertainty arises
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Figure 1. A schematic phylogenetic tree for apes and humans (modified from
OneZoom; www.onezoom.org). Six gibbon species, all Endangered, are not
shown at the top. Red branches are Critically Endangered, orange branches
are Endangered and green ones are Least Concern. Approximate branch
lengths are shown in millions of years. Indices for named species in the
figure are given in table 2. (Online version in colour.)

Table 1. Basic index values applicable to whole trees or clades, and dispersion
type measures (the APD and the PSV) for the apes plus human clade and the
entire great apes clade, as shown in figure 1. Myr¼ millions of years.

great ape clade apes and human clade

no. species 18 7

total PD [15] 155 Myr 79 Myr

current expected

PD loss

[28,42]

120 Myr 70 Myr

current expected

PD [28,42]

35 Myr 9 Myr

APD [62] 1.74

PSV [55] 0.74
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from the profusion of available phylodiversity methods and

indices, leading some authors to claim that there is little evi-

dence for choosing among these approaches [5]. The various

terminologies used have also contributed to this confusion.

However, this issue recognizes some progress in documenting

distinctive properties—the strengths and weaknesses—of differ-

ent measures. Many papers in this issue reveal an emerging

synthesis, documenting commonalities and complementarities

among measures, while making their properties more clearly

understood (e.g. [42,59]). The increase in the literature, including

in the present issue, of the number of ‘real life’ case studies also

demonstrates the value and accessibility of these approaches.

Without providing an extensive overview of the various

methods now available, we present a simple example that

demonstrates the properties and applicability of some of the

phylogenetic metrics used by the authors in this theme issue

(figure 1). We calculate the various indices for the species

shown on a schematic phylogenetic tree for apes and

humans (modified from OneZoom [61]; www.onezoom.org).

Table 1 provides calculations for some basic phylogenetic

measures that are applicable to whole trees or clades; here

they are calculated for both the 18 species in the great ape

clade and for the seven species forming the apes plus

humans clade (figure 1). These measures include the PD

value for the clade, measures related to the current expected

PD (here assuming the IUCN50 transform from Red List

categories to probabilities of extinction, thus estimating prob-

abilities of extinction in 50 years [29]) and two dispersion

measures, the APD [62] and PSV [55]. An example PSV calcu-

lation is revealing in that it shows that the extinction of a

species and loss of its unique branch length can increase
PSV. Thus, PSV dispersion seems to measure something

different from diversity. We note also that for our tree with

time as branch lengths, if time for a clade is scaled to a maxi-

mum of 1.0, then APD ¼ PSV þ 1.

Some simple indices that provide scores for individual

species indicating their degree of phylogenetic distinctiveness

are shown in table 2. The ED score (see above and [17]) partitions

the total PD among the species in a given clade, so that any

species with long ancestral branches shared by few other descen-

dants receives a high distinctiveness score. Unique PD [20] also

reflects a form of distinctiveness. It is an analogue of endemism

and represents the amount of PD that is found only in a
particular species (i.e. length of terminal branch). Note for

example that humans have the highest unique PD among the

four species reported in table 2, but the Bornean orangutan has

the highest ED, given that it shares long branches with relatively

few other species (figure 1). These metrics provide a value that is

specific to a particular taxon based solely on information

obtained from the phylogenetic tree.

We now give an overview of indices of gains or losses or

changes in PD (figure 1; tables 1 and 2). First, we will ignore

IUCN ratings and extinction probabilities. Consider a simple

scenario where the human species is secure and we can protect

one additional species. A summed ED criterion (e.g. as dis-

cussed in [42]) would suggest protecting the Bornean

orangutan, for a total ED of 26.1 Ma (12.5 þ 13.6 Ma). How-

ever, the summed ED value does not take into account the

phylogenetic overlap of the two species (figure 1). Alterna-

tively, we can assume that the best set of two species will

maximize total secure PD. If we apply PD complementarity,

given the human species (table 2), the best additional species

to maximize PD is the black-crested gibbon, as this species

adds the largest amount of PD to that represented already

by the human species (i.e. 22 Ma, table 2).

We now examine the probabilities derived from the IUCN

ratings for these species (figure 1), using the IUCN50 transform-

ation [29]. HEDGE [18], LEDGE [42] and ADEPD [60] are names

for special cases of the change in expected PD. This change in

expected PD is also referred to as the expected PD complemen-

tarity, and can be calculated when one or more species change

IUCN status or probability of extinction. Each of these assigns

a score to a nominated species, under a different scenario.

ADEPD is the change in the total expected PD after the nomi-

nated species is downlisted by one IUCN Red List category.

HEDGE is the change in the total expected PD after the species

is protected (with probability of extinction equal to 0). LEDGE is

the change in the total expected PD after the species is made

extinct (with probability of extinction equal to 1). These three

indices all incorporate expected PD complementarity; thus,

they all effectively reflect the current status of the related species.

This is an important property; we gain a great deal more of

expected PD in protecting a species if the species not only is

endangered but also has near-relatives that are endangered. By

contrast, EDGE [17] is a function of the ED score times the prob-

ability of extinction and does not incorporate complementarity.

http://www.onezoom.org
http://www.onezoom.org


Table 2. Index values in millions of years for named species 1 – 4 in figure 1. Highest values for each metric are highlighted in bold.

human western gorilla Bornean orangutan black-crested gibbon

ED [17] 12.5 11.5 13.6 6.7

unique PD [20] 9.0 6.0 6.0 3.0

PD complementarity [15] given the human species 0 12 19 22

EDGE [17] 0.31 4.6 2.7 2.7

HEDGE [18] 0 12 19 22

ADEPD [60] n.a. 4.5 7.0 4.3

LEDGE [42] 35 0 0 0
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These four indices highlight the importance of different

species. Note that the EDGE scores (table 2) suggest the wes-

tern gorilla has a higher priority than the black-crested

gibbon, because the secure status of the human species is

ignored by this index. HEDGE in contrast gives the black-

crested gibbon a higher priority, reflecting the 9 þ 13 Myr

of PD at stake. Note how ADEPD gives priority to the Bor-

nean orangutan because the change, under IUCN50, from

endangered to vulnerable is large.

The first three measures all treat scenarios considering pri-

orities for protection of threatened species. The LEDGE

measure looks at the other side of the coin [42]. LEDGE is the

expected PD change under hypothetical loss of an ‘evolutiona-

rily distinctive globally enduring’ species. A species receives a

high LEDGE score if it not only is relatively secure and distinc-

tive, but also satisfies the condition that any close relatives are

endangered. Thus, the LEDGE score for the human species

reflects not only its unique PD of 9 Ma, but also the 26 Ma of

ancestral PD that it secures, given the endangered status of the

great apes and other apes (figure 1).

We conclude that the different available measures can

highlight different phylogenetic properties of species, but

that many measures are united by a common framework,

expected PD, that matches different calculations to different

conservation scenarios.
6. Embracing uncertainties in a time of urgency
It is noteworthy that this discussion meeting took place almost

exactly 20 years after the publication in Philosophical Trans-
actions B of a theme issue on biodiversity (‘Biodiversity:

measurement and estimation’ [63]). This included early discus-

sion of PD and possible alternative evolutionary measures

reflecting feature diversity and option value [64]. Following

those important discussions, much progress has been made

in building a framework for the integration of evolutionary
biology in conservation science, but much remains to be

done to better incorporate these findings in ‘real life’ conserva-

tion planning. Some have argued that examining patterns

obtained using incomplete data would produce skewed results

and lead to flawed decisions being taken. This could be true in

some cases, but overall, and particularly considering our

partial understanding and knowledge of the full extent of bio-

diversity and its complexity, a less-complete overview of the

situation with some potential biases is probably better than

waiting in order to get the full picture and obtaining it too

late to take effective action.

It is now undeniable that applied evolutionary biology is a

key framework under which global challenges can be more

efficiently addressed, and that its relevance to conservation

planning and human well-being is fundamental [9]. Although

it remains to be fully embraced as such by many, evolutionary

biologists must persevere in putting forward the essential

contribution of applied evolutionary biology to biodiversity

conservation and evosystem services [13]. Achieving this will

be indispensable to secure the future of biological diversity

and the many known and anonymous services that it provides

to us and nature, now and in the future.
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