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Diprotodontia is an order of mammals that has received comparatively less attention in conservation research than others. With more than 75% nationally endemic species, Diprotodontia is threatened to lose, in the near future, a high proportion of its species and more phylogenetic diversity than expected from random extinction. In this study, we prioritized Diprotodontia species with high conservation values by evolutionary distinctiveness and extinction probability, which are two important criteria in the prioritization system. We measured evolutionary distinctiveness first by a widely-used index (named ED) and its recently improved version (ED2) that both exhibited a biased view of evolutionary distinctiveness toward the terminal branch length in a phylogenetic tree. Then we measured it by recently developed parametric indices (named and α δ) that offered gradual changes in views from terminal branch length to the global shape of the tree. We also used indices that combine a species' evolutionary distinctiveness with its extinction probability (the evolutionarily distinct and globally endangered (EDGE) index, its developed form EDGE2, and parametric index ). We targeted 24 Diprotodontia species for conservation concern, with Mountain Pygmy Possum Burramys parvus and Koala

Phascolarctos cinereus highlighted by all indices. We delimited eight key priority areas containing these target species, five of which were not covered by any protected areas.

Further analyses of the potential impact of climate change-induced extreme events, together with stronger regulation of known local threats in light of local socioeconomic aspects seem to be urgent for the fate of evolutionarily distinctive Diprotodontia.

Introduction

We live in an era of unprecedented global biodiversity crisis with enormous species extinction [START_REF] Pimm | The future of biodiversity[END_REF]. To stop this drastic biodiversity loss, conservation scientists have recognized the need for global solutions [START_REF] Myers | Extinction rates past and present[END_REF]). Limited financial resources and time has encouraged scientists to prioritize species and areas in conservation planning. The critical challenge here is how to objectively prioritize: the so-called agony of choice [START_REF] Vane-Wright | Biases, gaps and apportunities in mammalian extinction risk research[END_REF]. Several criteria are considered in the prioritization system in conservation planning. High extinction risks, direct exploitation, charisma or symbolic importance, functional properties, rarity, and evolutionary distinctiveness have been considered in prioritization [START_REF] Redford | Mapping and navigating mammalian conservation: from analysis to action[END_REF]). Extinction risks have been highlighted the most but using two or more criteria is recommended for establishing proper priorities in conservation planning [START_REF] Redford | Mapping and navigating mammalian conservation: from analysis to action[END_REF]. Evolutionary distinctiveness, which represents the contribution of a given species to phylogenetic diversity, has only recently been and is still rarely considered in conservation actions [START_REF] Isaac | Mammals on the EDGE: conservation priorities based on threat and phylogeny[END_REF][START_REF] Isaac | The use of EDGE (evolutionary distinct globally endangered) and EDGE-like metrics to evaluate taxa for conservation[END_REF]. The loss of distinctive species may yield a simplification of ecosystems, reducing their complexity and impacting important ecological functions.

Species with few relatives that are isolated in the phylogenetic tree and have developed a unique evolutionary history are called evolutionarily distinctive. We can assume that closely located species in a phylogenetic tree, which share most of their evolutionary history, may tend to have similar genes, morphology, ecology, and function [START_REF] Harvey | The comparative method in evolutionary biology[END_REF][START_REF] Harvey | Phylogenies for ecologists[END_REF]. Under this assumption, evolutionarily distinctive species, in contrast, carry out unique and irreplaceable ecosystem functions [START_REF] Gumbs | The EDGE2 protocol: Advancing the prioritisation of Evolutionarily Distinct and Globally Endangered species for practical conservation action[END_REF].

Therefore, conserving evolutionarily distinctive species reflects not only the preservation of Earth's immense history but also the maintenance of a wide range of ecosystem functions (e.g., [START_REF] Collen | Investing in evolutionary history: implementing a phylogenetic approach for mammal conservation[END_REF]) and potential benefits for human well-being in the future (e.g., Molina-Venegas 2021). Among the criteria for priority setting in conservation planning, we thus focus on both extinction risk and evolutionary distinctiveness.

Assessments of extinction risks and evolutionary distinctiveness have been established

for a large variety of taxa on a global level, most of which are vertebrates [START_REF] Veron | Predicting loss of evolutionary history: where are we?[END_REF], including mammals [START_REF] Isaac | Mammals on the EDGE: conservation priorities based on threat and phylogeny[END_REF][START_REF] Gumbs | The EDGE2 protocol: Advancing the prioritisation of Evolutionarily Distinct and Globally Endangered species for practical conservation action[END_REF]. Although extinction risks are often analyzed on the global level, geopolitical realities are such that conservation policies and actions are mostly decided at the country level. Nationally endemic taxa thus represent important conservation targets (Verde Arregoita 2016); highlighting, among the most threatened and evolutionarily distinctive species, those that are nationally endemic could foster public interest in these species [START_REF] Kraus | Prioritizing nationally endemic species for conservation[END_REF]. Here, we chose to pay particular attention to an order of mammals for which the fate of phylogenetic diversity has been less studied: Diprotodontia, with most (>75%) species that are nationally endemic, being distributed either in Australia (73 species), Indonesia (17) or Papua New Guinea (16) (IUCN 2023). Twenty-four additional species are endemic to New Guinea, the second largest island in the world, although their range on the island is spread over the Papua New Guinea nation and Papua and/or West Papua provinces of Indonesia.

Diprotodontia is the largest of the seven extant marsupial orders, the others being Didelphimorphia, Paucituberculata, Dasyuromorphia, Microbiotheria, Peramelemorphia and Notoryctemorphia. It consists of 139 extant species, to which koalas, kangaroos, wallabies, cuscuses, and possums belong. Diprotodonts are particularly threatened among marsupials and have one of the highest representations of rare species among mammals [START_REF] Jono | Threat diversity will erode mammalian phylogenetic diversity in the near future[END_REF][START_REF] Yu | Seven forms of rarity in mammals[END_REF]. All over their range, diprotodonts live in countries where mammals are particularly threatened (Verde Arregoitia 2016). Indonesia is notably the 4th country in the world with the highest number of threatened endemic mammals (Verde Arregoitia 2016).

Despite the availability of relatively good data on extinction status (IUCN 2023), Diprotodontia has been far less studied than other mammal orders in conservation studies.

Diprotodonts, yet, have aesthetic aspects that could raised public appeal. For example, koalas and wombats are among the top ten mammal species that Australian people would prefer to conserve [START_REF] Macdonald | Conservation inequality and the charismatic cat: Felis felicis[END_REF]. The use of diprotodont images in international conservation and nature magazines, notably to gain political support for conservation and stimulate donations by the general public, is higher than expected given the number of Diprotodontia species (e.g., [START_REF] Clucas | Flagship species on covers of US conservation and nature magazines[END_REF]. Diprotodonts also have diverse ecological roles in ecosystems. They contribute notably to trophic structuring. Arboreal diprotodonts (possums, gliders and their relatives), for example, regulate populations of small vertebrates, invertebrates, fungi, and/or plants by feeding on them; they are also prey for higher-order avian, mammalian and reptile predators (e.g., [START_REF] Harris | Cercartetus lepidus (Diprotodontia: Burramyidae)[END_REF][START_REF] Isaac | Simplification of arboreal marsupial assemblages in response to increasing urbanization[END_REF]. Some diprotodonts have a role as (nocturnal) pollinators [START_REF] Borges | Patterns and processes in nocturnal and crepuscular pollination services[END_REF]. Some have a key role in bioturbation, meaning they modify their environment by digging and engineering the soil (e.g., the common wombat, Vombatus ursinus, Guy and Kirkpatrick 2021).

Thus, despite comprising nationally endemic species with public appeal and key ecological roles and despite dedicated conservation funding, many diprotodonts are threatened. Their extinction risk does not display a random pattern. Diprotodontia is among the few mammal orders that could lose more phylogenetic diversity than randomly expected in the near future (the other orders being Perissodactyla, Primate, and Cetartiodactyla, Jono and Pavoine 2012). More than twenty years ago, [START_REF] Johnson | Phylogeny and the selectivity of extinction in Australian marsupials[END_REF] showed that Australian marsupials that belong to genera that are species-poor, old or phylogenetically distinctive are at higher risk of extinction. More recently, [START_REF] Brodie | The decline of mammal functional and evolutionary diversity worldwide[END_REF] showed that, among all terrestrial mammals and countries, it is in Australia and Southeast Asia, where Diprotodontia live, that a link between threats and evolutionary distinctiveness was found: habitat loss and harvest have a biased impact toward evolutionarily distinctive mammal species. For all these reasons, we decided to dedicate an analysis to the evolutionary distinctiveness and extinction risks of Diprotodontia species. More precisely, the objective of our study was to prioritize evolutionarily distinctive and threatened Diprotodontia species. To determine these species, we applied widely used indices ED and EDGE [START_REF] Isaac | Mammals on the EDGE: conservation priorities based on threat and phylogeny[END_REF], their recently developed forms ED2 and EDGE2 [START_REF] Gumbs | The EDGE2 protocol: Advancing the prioritisation of Evolutionarily Distinct and Globally Endangered species for practical conservation action[END_REF] 

Materials and methods

ED and EDGE

Quantifying the evolutionary distinctiveness of species in a phylogenetic tree is a preliminary step in order to include evolutionary distinctiveness as a criterion in conservation planning. However, no consensus on which index should be used in conservation planning has yet been reached. We selected, for our study, indices that account for branch lengths in phylogenetic trees. Among them, the evolutionary distinctiveness index (ED) is the most widely used in conservation planning [START_REF] Collen | Investing in evolutionary history: implementing a phylogenetic approach for mammal conservation[END_REF]. The formula for ED as applied to species is [START_REF] Isaac | Mammals on the EDGE: conservation priorities based on threat and phylogeny[END_REF]):

(

where stands for a branch of the phylogenetic tree, is the set of branches between species and the root of the tree, is the length of branch , and is the number of species descending from branch . [START_REF] Isaac | Mammals on the EDGE: conservation priorities based on threat and phylogeny[END_REF] also defined the global endangerment (GE) values taken from the categories of the International Union for Conservation of Nature (IUCN) Red List that are "least concern" (LC), "near threatened" (NT), "vulnerable" (VU), "endangered" (EN), and "critically endangered" (CR). The GE value is 0 for the species classified as LC, 1 for NT, 2

for VU, 3 for EN, and 4 for CR. The ED index combined with GE forms the EDGE index [START_REF] Isaac | Mammals on the EDGE: conservation priorities based on threat and phylogeny[END_REF]):

(2)

The extinction risk is assumed, in EDGE, to double when a status changes to the next more severe category. EDGE scores each species' conservation value to help prioritize conservation planning. The EDGE index is applied in the conservation program incorporating evolutionary distinctiveness in conservation priorities launched by the Zoological Society of London (ZSL) [START_REF] Isaac | Mammals on the EDGE: conservation priorities based on threat and phylogeny[END_REF]).

ED2 and EDGE2

However, ED and EDGE have been criticized for not considering the extinction risks of relatives in the calculation of evolutionary distinctiveness [START_REF] Faith | Threatened species and the potential loss of phylogenetic diversity: conservation scenarios based on estimated extinction probabilities and phylogenetic risk analysis[END_REF]. For example, if a species has relatives with low extinction risks, the resilience of the branch supported by the species and its relatives may be increased. In that case, according to the complementary principle, the evolutionary distinctiveness of the focal species would decrease with the number of its relatives, as in the ED formula. If, in contrast, a focal species' relatives have high extinction probabilities, the focal species' responsibility in maintaining the branch becomes important; thus, its distinctiveness value should be higher than that measured by ED.

To overcome the limitation of ED, ED2 and EDGE2 were recently developed in a study also led by scientists at the ZSL [START_REF] Gumbs | The EDGE2 protocol: Advancing the prioritisation of Evolutionarily Distinct and Globally Endangered species for practical conservation action[END_REF]. The formula for ED2 as applied to species is [START_REF] Gumbs | The EDGE2 protocol: Advancing the prioritisation of Evolutionarily Distinct and Globally Endangered species for practical conservation action[END_REF]):

(3)

where stands for the terminal branch of species , is the subset of species descending from branch , and εi is the extinction probability of species . The EDGE2 index is the product of the ED2 component and the GE2 component. Compared to GE, the GE2 value varies between 0 and 1 to represent the extinction probability. The formula for EDGE2 as applied to species is [START_REF] Gumbs | The EDGE2 protocol: Advancing the prioritisation of Evolutionarily Distinct and Globally Endangered species for practical conservation action[END_REF]):

(4)

, , and

Nevertheless, a shared limitation of the ED and ED2 indices is that their values are mostly influenced by the length of the terminal branch that connects a species to the phylogenetic tree [START_REF] Redding | Measuring evolutionary isolation for conservation[END_REF][START_REF] Pavoine | Trade-offs in the conservation of phylogenetically distinctive species[END_REF]. ED and ED2 reflect the distinctiveness of species based on their recent, unique evolution. The phylogenetic distinctiveness index is an alternative to ED. Its parameter named controls the influence of the terminal branch length (influence that decreases with α). The index integrates different points of view regarding a focal species' distance from other species by varying values of and is defined as follows (Pavoine and Ricotta 2022):

(5)

where stands for the total number of species in a given phylogenetic tree. When , the value becomes solely influenced by the length of the terminal branch. In this case, the loss of species reflects the loss of the recent unique evolutionary history of species .

When

, the value becomes influenced by all branches from root to tip, meaning that ancient evolution becomes important as well. In this case, the loss of species implies the threat of its total evolutionary history. Varying the value from to enables the comparison of different points of view regarding focal species' phylogenetic distance to other species. Note that for α = 0, is a simple function of ED, and the two indices are maximally correlated as soon as the species, tips of the phylogenetic tree, are equally distant to the root (which is the case for time-calibrated trees).

Furthermore, the index, an extended version of , incorporates extinction probabilities of relatives to overcome the first limitation of ED while controlling the influence of recent evolution thanks to a parameter named to overcome the second limitation of ED and ED2 [START_REF] Pavoine | Trade-offs in the conservation of phylogenetically distinctive species[END_REF]. In , and of the index are replaced by and , where is the whole set of species and is the survival probability of species (1 ≤ ≤ ). The extinction probability of species is defined as ; thus, . The formula of the index applied to species j is (Pavoine and Ricotta 2022):

(6)

Finally, the index formed as the product of the distinctiveness index, , and the extinction probability of the focal species is an alternative to EDGE and EDGE2 (Pavoine and Ricotta 2022):

(7)

The ED, ED2, , and indices could be used to identify evolutionarily distinctive species. As a (log-transformed or not) product of a species' distinctiveness and its own extinction probability, the EDGE, EDGE2 and indices provide compromise values between threat and distinctiveness. Top priority species are those that are both highly distinctive and threatened. These threatened distinctive species would lead to high values for all indices. However, distinctiveness and threat are not necessarily correlated. More moderate, but still high, values of EDGE, EDGE2 and could thus be obtained both for species that are moderately distinctive but highly threatened and for species that are highly distinctive although more moderately threatened.

Data acquisition and analysis

We gathered the threat status of all ( 139 It depends on the current conservation status, chances of conservation status changes over the years, and generation length, as this trait is used in the definition of the VU, EN and CR status by IUCN (2023). In both cases, we considered the extinction probability of each species within the next 100 years, which for the Gumbs et al. model corresponds to an extinction probability of 0.999 for a species in the CR category, 0.999/2 for EN, 0.999/4 for VU, 0.999/8

for NT, and 0.999/16 for LC.

Then, we measured the mean values and coefficient of variation (CV) in all indices over the 10,000 trees. CV was used to evaluate the variability of values of all indices of evolutionary distinctiveness (ED, ED2, and ) over the 10,000 credible phylogenetic trees. Mean values were converted into ranks to extract the top 25% of highly ranked species lists according to each index, which equals the first 35 species on ranks. Finally, we downloaded geographic distribution vector data for all 139 species from the IUCN website (IUCN 2023). We identified key priority areas for the conservation of Diprotodontia that contained at least one of the threatened species identified among the most distinctive ones.

See Online Resource Appendix S1 for further information on scripts and software used.

Results

Fig 

Uncertainties

As regards the extinction probability model, the 

List of the threatened most distinctive species

According to the mean values of each index over the 10,000 phylogenetic trees, we observed high rank correlations of ED2 with both and when α < 0 (rank correlations r > 0.94). However, ranks that were obtained with and for high values of α strongly diverged from those of ED2 (r close to 0.30), as and were more influenced by the global shape of the tree and the richness of main clades than by the terminal branches. These trends were obtained with the two extinction models (Online Resource Fig.

S1.3 in Appendix S1

). Overall, the choice of the extinction model only slightly impacted the rankings of distinctiveness indices (rank correlations r = 0.995 for ED2 and r > 0.970 for when comparing the values of an index obtained with the two extinction models).

We extracted the top 25% of highly rated species, which were equivalent to ranks 

Multiplicative indices

Instead of selecting the threatened species in the list of most distinctive species, as was done in the previous subsection, the current practice in the field of evolutionary distinctiveness (since [START_REF] Redding | Incorporating evolutionary measures into conservation prioritization[END_REF][START_REF] Isaac | Mammals on the EDGE: conservation priorities based on threat and phylogeny[END_REF][START_REF] Steel | Hedging our bets: the expected contribution of species to future phylogenetic diversity[END_REF]) is the use of the product of distinctiveness and threat to prioritize species. We thus also analyzed these multiplicative indices. displayed a high rank correlation with EDGE (r > 0.90) and EDGE2, although for EDGE2, it was higher when (r > 0.93 with both extinction models) than with α > 0 (r > 0.78 with Among the nonparametric indices, EDGE was the most dominated by the influence of extinction risks (Fig. 1c). For the parametric index , while extinction probabilities vary from close to zero to close to 1, all distinctiveness values lean toward the height of the phylogenetic tree when α increases. The variation in distinctiveness thus decreases with increasing α. This led to the multiplicative index being dominated by the influence of extinction risks for positive α values (Fig. 1b). As a consequence, the lists of top-25% , EDGE and EDGE2 contained all species classified as CR and EN and 57% of VU species (Online Resource Fig. S1.4 in Appendix S1). The lists of top 25% over α included the 24 threatened, most distinctive species that were identified above. Among the other species listed in the top 25% , the distinctiveness of some was drastically low (even among the 25% lowest values over the 139 species for the pademelons Thylogale brunii, Thylogale calabyi, Thylogale lanatus, the tree kangaroo Dendrolagus goodfellowi, and the wallabies Petrogale concinna, and Petrogale coenensis). We thus opted for the restrictive list of 24 threatened most distinctive species (as defined in the previous subsection and Fig. 2) for further analyses.

Geographic distribution of threatened distinctive species

We analyzed the geographic distributions of the 24 threatened most distinctive species (Fig. 3). Their distributions tended to be located at the border of the total geographic distribution of 139 Diprotodontia species. We delimited 8 key priority areas containing at least one of these 24 species. Priority areas #1 to #5 were located in Indonesia and Papua New

Guinea and together contained the eight cuscus species that are top priority from the perspective of the entire evolutionary history of Diprotodontia (Group C in Fig. 2 

Discussion

Our findings suggest that evolutionary distinctiveness and conservation values measured by different indices lead to some significant differences generated by the perspectives of each index. These differences may affect priority settings. The currently used indices in the scientific literature offer a partial view of distinctiveness that is biased toward the terminal branch length in a phylogenetic tree (which can often be related to the age of a species). The similarities and differences among indices allowed us to extract target Diprotodontia species for conservation concerns. Here, we will discuss uncertainties in our distinctiveness measurements and insights into the conservation of Diprotodontia despite the uncertainties due to missing data.

Uncertainties in distinctiveness measurements

Our results showed that, when the influence of terminal branch length became important, the uncertainty in evolutionary distinctiveness due to phylogenetic assessment increased. This is partially due to the 35 DNA-unsampled species. These species were indeed placed by [START_REF] Upham | Inferring the mammal tree: species-level sets of phylogenies for questions in ecology, evolution, and conservation[END_REF] in each of the 10,000 credible phylogenetic trees within taxonomic constraints using branch lengths drawn from local birth-death models. They may thus strongly influence the variation in terminal branch lengths. Since nine of them were identified among the 24 threatened top-distinctive species, revealing the clear relationships of these species with their relatives would be important to reduce the uncertainty.

The recent support that the vulnerable Greater Glider could actually be three species (P. volans in Victoria and New South Wales, P. armillatus and P. minor in Queensland) may also add to the uncertainty in our results [START_REF] Mcgregor | Genetic evidence supports three previously described species of greater glider, Petauroides volans, P. minor, and P. armillatus[END_REF][START_REF] Smith | Impact of the 2019-20 drought, heatwaves and megafires on Greater Gliders (Petauroides volans) in the Greater Blue Mountains World Heritage Area, New South Wales[END_REF].

Splitting a species into three could decrease the distinctiveness of each. However, the acknowledged classification of the narrowly defined P. volans and P. minor as endangered and vulnerable, respectively, by the Commonwealth of Australia ( 2022) could confirm a high distinctiveness of all three Greater Glider species.

Another source of uncertainty comes from the IUCN Red List data. Regular updates are made to the IUCN Red List as knowledge of some species increases but also as the status of certain species changes. Overall, most (80%) changes in status for the diprotodonts in the IUCN Red List were for a more severe category (IUCN 2023). Despite regular updates, the status of some species is still uncertain. In addition, a species in a category may be more or less close to the extremity of the category, rendering the translation into extinction probabilities imprecise. For example, an EN species may be close to the VU or close to the CR category, which could have consequences in terms of extinction probability. In this context, the survey of CR species that are close to being extinct is particularly critical.

Notably, the critically endangered cuscus Phalanger matanim detected in the list of 24 threatened top-distinctive species was last seen in 1997 (IUCN 2023), which reflects no guarantee of the survival of this species. Moreover, the sole critically endangered species that Koala is the second threatened species identified as top-distinctive by all indices we considered (ED, ED2, and regardless of α). In 2016, its status was estimated to be borderline between NT and VU, but the precautionary assessment of VU was adopted (IUCN 2023). However, only a few years later, it could again be contested, and a recommendation of the EN status was suggested. Indeed, after the Australian 2019-2020 mega-bushfires, it was updated as endangered by the Threatened Species Scientific Committee of the Australian Department of Agriculture, Water and the Environment (DAWE) in February 2022 under the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) for the largest part of its range: the combined populations of Queensland, New South Wales and Australian

Capital Territory (DAWE 2022). A more global analysis of its status would thus be needed, including the southern part of its range in the states of Victoria and South Australia and in the other places where it was introduced (on islands and around the city of Adelaide). Notably, approximately 80% of the koala population was lost during the 2019-2020 megafires on Kangaroo Island, where it was introduced in the early 1920s [START_REF] Dunstan | An analysis of demographic and triage assessment findings in bushfire-affected koalas (Phascolarctos cinereus) on Kangaroo Island, South Australia, 2019-2020[END_REF]). Overall, it has been estimated that approximately 5000 koalas were killed by flames and postfire threats [START_REF] Dickman | Raking over the ashes: assessing the impact of fire on native fauna in the aftermath of Australia's 2019-2020 fires[END_REF].

The Australian 2019-2020 mega-bushfires were indeed unprecedented fires in terms of severity and amount burnt. Over 97,000 km 2 burnt, with most impact across eastern Australia and Kangaroo Island in South Australia [START_REF] Dickman | Raking over the ashes: assessing the impact of fire on native fauna in the aftermath of Australia's 2019-2020 fires[END_REF]. This led to a major loss of canopy and understory plant species [START_REF] Ward | Impact of 2019-2020 mega-fires on Australian fauna habitat[END_REF]) and thus to a drastic decrease in resources for Diprotodontia. The status of many diprotodonts may thus also have to be reevaluated. For example, the loss of greater gliders (P. volans identified in our study as a threatened top-distinctive species) was severe due to food scarcity after the intense fires and the removal of hollow-bearing trees [START_REF] Santos | Beyond inappropriate fire regimes: A synthesis of dire-driven declines of threatened mammals in Australia[END_REF].

Although an appropriate fire regime may be favorable for several species (e.g., Bettongia tropica, [START_REF] Santos | Beyond inappropriate fire regimes: A synthesis of dire-driven declines of threatened mammals in Australia[END_REF], intense, severe, large and frequent fires, combined with the additional effects of habitat loss and fragmentation, climate change and predation on population size and distribution, may cause terrestrial mammal population declines by acting on immediate death and short-term survival rates (food and shelter reduction) [START_REF] Santos | Beyond inappropriate fire regimes: A synthesis of dire-driven declines of threatened mammals in Australia[END_REF]). The IUCN Red List indicates 21 Diprotodontia species threatened by an increase in the intensity or frequency of fire (IUCN 2023). Among them, six were in our list of 24 threatened top-distinctive species: B. parvus, P. cinereus and P. volans, whose population state was detailed above, in addition to S. brachyurus, L. hirsutus, and P. gilbertii. Another species, the near threatened Wyulda squamicaudata, was identified in our study as top-distinctive. Two species recently declared extinct were also affected by fire frequency and intensity (Bettongia anhydra, Lagorchestes asomatus, IUCN 2023). The list could be longer as the effect of fire on some species is hardly known. For example, according to [START_REF] Santos | Beyond inappropriate fire regimes: A synthesis of dire-driven declines of threatened mammals in Australia[END_REF], Gymnobelideus leadbeateri, identified here as a threatened top-distinctive species, has a small population size that is threatened by large and intense fire. The list will have to be lengthened based on the 2019-2020 megafires. Notably, among the species we identified as threatened top-distinctive, the Long-Footed Potoroo Potorous longipes experienced 79% of its habitat being burned during the 2019-2020 megafires, where 41% was with high severity [START_REF] Geary | Responding to the biodiversity impacts of a megafire: A case study from south-eastern Australia's Black Summer[END_REF]).

Among the species we identified as nonthreatened and top-distinctive, the smallest pygmy possum, Cercartetus lepidus, was identified by [START_REF] Yu | Seven forms of rarity in mammals[END_REF] as the only Diprotodontia species with a strong level of rarity (under all 7 Rabinowitz's seven forms of rarities, [START_REF] Rabinowitz | Seven forms of rarity and their frequency in the flora of the British Isles[END_REF]. Its presence in protected areas could at least partly explain the stability of its populations (present in Victoria, Tasmania and South Australia (Kangaroo Island) states of Australia). However, intense fires in some of these areas may have threatened this stability, and this should be determined by field studies. Further, Cercartetus species may have an important role as pollinators [START_REF] Harris | Cercartetus lepidus (Diprotodontia: Burramyidae)[END_REF]) such that a decrease in their populations could directly impact ecosystem functioning. the wallabies Notamacropus parma and Petrogale penicillata that were not highlighted by our approach as they were not among the most evolutionarily distinctive.

As the distribution range of several Diprotodontia species may have been restricted by 2019-2020 megafires, the limits of the priority areas we identified could be larger than the current distributions of the species. The largest priority area we identified (area #6) is notably located in eastern Australia, where the fires were the most intense. The Koala P. cinereus and Greater Glider P. volans, which had relatively large geographic ranges, made this priority area the largest. However, their distribution polygons were last updated in 2008 and 2016 (IUCN 2023), which is before the 2019-2020 Australian megafires. The distribution ranges of diprotodonts should thus be reinvestigated for the species influenced by intense fires. As intense fires could be more frequent in the future due to the combined effects of land conversion and climate change, improving our knowledge of the effect of fires on diprotodonts would be crucial to prevent them from becoming more threatened.

Insights for the conservation of Diprotodontia and other groups

Here, we showed that the choice of an index of evolutionary distinctiveness may have important consequences for conservation prioritization. Most current measurements of evolutionary distinctiveness highlight the oldest species or merely species with long terminal branches in the phylogeny of extant species. However, being distinctive from the perspective of recent history does not necessarily imply being distinctive according to the complex entangled shared and unshared histories over the course of the evolution that the shape of the whole phylogenetic tree represents. We identified only two top-priority species from all perspectives of evolutionary distinctiveness: Mountain Pygmy Possum and Koala. [START_REF] Farida | The life of cuscuses (Phalangeridae): action plan conservation ex-situ[END_REF]. While Woodlark Cuscus is only occasionally hunted for food with forest logging as a major threat, the main threat to Gebe, Blue-eyed, and Telefomin cuscuses is illegally hunting for food by local people. Moreover, hunting is the main threat to eight species out of ten in priority areas #1 to #5, which are especially distributed in Indonesia and Papua New Guinea nations (IUCN 2023). Active regulation of local hunting, while developing harvest sustainability considering the ecological and socioeconomic context, seems to be urgent so as to avoid the extinction of evolutionarily distinctive diprotodonts and deleterious consequences on plant communities and ecosystem functioning.

Apart from the Koala and Greater Glider in Eastern Australia, the Bear Cuscus Ailurops ursinus on the relatively large island of Sulawesi (Indonesia) and the Black-spotted Cuscus Spilocuscus rufoniger on the island of New Guinea (Indonesia and Papua New Guinea), all threatened and evolutionarily distinctive species we identified have strongly restricted, sometimes fragmented, ranges. The Alliance for Zero Extinction (AZE) has designated important local sites holding the last-remaining populations of some species according to the IUCN Red List (https://zeroextinction.org/the-alliance/). Eight Diprotodontia species triggered AZE sites, six of which were in priority areas we identified: Talaud Bear Cuscus Ailurops melanotis in priority area #2, Gebe Cuscus P. alexandrae in priority area #3, Northern Glider P. abidi and Telefomin Cuscus P. matanim in the Papua New Guinean part of priority area #4, Tate's Triok D. tatei in priority area #5, and Gilbert's Potoroo P. gilbertii in priority area #7. While the charismatic threatened and distinctive koalas could serve as flagships to draw society and public attention to the need to further strengthen conservation actions and policies in the large priority area #6, attention must thus also be paid to all local sites that are last refuges for one of the top-distinctive Diprotodontia species in Australia, Papua New Guinea and Indonesia. These include but are not restricted to AZE sites.

Conclusion

Our findings revealed 24 evolutionarily distinctive Diprotodontia species in danger of extinction. The feasibility and effectiveness of conservation policies that target threatened and evolutionarily distinctive species have yet to be assessed. The 2019-2020 Australian megafire season has both undermined the order of Diprotodontia and put the spotlight on these species in the media on an international scale. Images on social media during the megafires focused on diprotodonts that are kangaroos jumping over the flames and amidst smoke and the koalas that were rescued by the public, volunteer firefighters and rescue organizations [START_REF] Dickman | Raking over the ashes: assessing the impact of fire on native fauna in the aftermath of Australia's 2019-2020 fires[END_REF]. Images of rescued koalas in the media led to approximately $AU 100 million donated to animal welfare organizations [START_REF] Wintle | After the megafires: What next for Australian wildlife?[END_REF]. The currently large distribution area of koalas could make them a flagship species for strengthened conservation actions in the identified priority area #6. However, conservation measures outside Australia remain rare compared to the number of threatened Diprotodontia species. Regular updates of IUCN Red

List assessments, rigorous research on the phylogeny of diverse taxa, and the improvement in the understanding of different evolutionary distinctiveness indices will contribute to the development of prioritization systems in conservation that consider evolutionary distinctiveness. Highlighting threatened nationally endemic species among the most evolutionarily distinctive species may contribute to increasing public interest in these species.

  , and parametric indices , and (Pavoine and Ricotta 2022) that incorporate various perspectives of evolution. This study highlights specific Diprotodontia species with high conservation values prioritized by these different indices, each of which represents a different point of view of evolutionary distinctiveness and extinction probability.

  ) extant species of the Diprotodontia order from the IUCN Red List (IUCN 2023). For the phylogeny, we downloaded 10,000 credible birth-death, tip-dated completed trees containing the 139 species from http://vertlife.org/phylosubsets/ on 2022/04/10 (Upham et al. 2019). Thirty-five species lacking DNA information (see Online Resource Appendix S1 for the full list of 35 DNAunsampled species) were randomly placed in phylogenetic trees within taxonomic constraints (Upham et al. 2019). We calculated the ED, ED2, EDGE, EDGE2, , , and values for each credible phylogenetic tree. We varied α from -10 to 10 with a step of 1 for , , and . ED2, EDGE2, and depend on a model of extinction probability. We compared the results obtained by two models: the Gumbs et al. (2023) model and the Andermann et al. (2021) model with the CritE EX mode. In the Gumbs et al. (2023) model, the extinction probability for CR species is defined using IUCN designation projected at a given elapsed time (see Mooers et al. 2008) and then halved as the status changes to the next less severe. In the Andermann et al. model, the estimation of extinction probability is unique to each species.
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 1 Fig. 1 Extinction probabilities and their contributions to the multiplicative indices. In a),
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  Fig. S1.4 in Appendix S1). The ranking was only slightly influenced by α (rank correlations
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 3 Fig. 3 Geographic distributions of the 24 species that are threatened and among the most

  was found most distinctive according to all indices (ED, ED2, and regardless of α) is Mountain Pygmy Possum B. parvus. Its assessment in the IUCN Red List is the oldest over all diprotodonts (dating back to 2008, IUCN 2023). The IUCN Red List specifies a need for updating this species (IUCN 2023). B. parvus was first thought to be extinct, as it has been known since 1895 from fossil records only. It was then discovered alive in 1960 in Victoria state, Australia (Loxdale et al. 2016). It is currently affected by multiple threats, including climate change and associated drought and increased frequency of bushfires (Mo et al. 2020; IUCN 2023). The B. parvus population is fragmented into three isolated, genetically distinct and range-restricted populations. The fate of B. parvus after the 2019-2020 Australian megafires depended on food and water supplementation by NSW government staff and volunteers (Mo et al. 2020).

  

  

  Andermann et al. model was less pessimistic than that ofGumbs et al. (Fig. 1a). As regards the variability of values of

	with the Andermann et al. model (see details in Online Resource Fig. S1.2 in Appendix
	S1). For ED and ED2, CV varied from 10% to 45% for ED (which, as expected, corresponded
	to CV obtained with	when α = 0), from 11% to 102% for ED2 with the Gumbs et al.
	model and from 11% to 105% with the Andermann et al. model, which corresponds to CV
	patterns obtained with		and	for low values of α. As expected, DNA-unsampled
	species were associated with the highest CV. However, the accuracy of distinctiveness
	assessments for other species was also affected by the uncertainty of the phylogenetic position
	distinctiveness indices over the 10,000 credible phylogenetic trees, for	and , CV
	remained close to 10% when	, while when	, it increased up to 125% for some
	species for	, 110% for	with the Gumbs et al. extinction model and up to 122% for

of DNA-unsampled species. In particular, Dorcopsulus vanheurni and Dactylopsila trivirgata with DNA data were associated with as high CV as their cogenera species (Dorcopsulus macleayi, Dactylopsila megalura, Dactylopsila tatei) for which

[START_REF] Upham | Inferring the mammal tree: species-level sets of phylogenies for questions in ecology, evolution, and conservation[END_REF] 

did not have sampled DNA data (Appendices S1, S2).

  1 to 35 from the most to least distinctive species. Seventy, 71 and 72 species occurred in at least one of the top 25% species lists obtained by varying α in with the Gumbs et al. model, with the Andermann et al. model, and , respectively, which amounts to approximately half of the Diprotodontia species. The list of the top 25% species is thus strongly affected by the choice of α, that is, by the definition of distinctiveness from the high consideration of the terminal branch of the phylogeny to that of the whole shared history of a species. but not with high values. They are hare-wallabies, potoroos, possums and gliders that are evolutionarily distinctive from the perspective of recent evolutionary history. Group B species are a few threatened (glider and possum) species that are prioritized by several values of without linear trends. Group C species are those threatened species highlighted by with relatively high values. They are mostly cuscuses that have relatively short terminal branches in the established phylogenetic trees but are evolutionarily distinctive from the perspective of the entire evolutionary history.

	The top 25% species lists for ED and ED2 were totally incorporated in that of	(with
	α = 0 for ED and α = -3 and -2 with ED2).	identified the same top 25% species list as
	indices (not only	over all α values, Fig. 2 but also ED, ED2,	, Online Resource Fig.
	S1.3 in Appendix S1), suggesting that they could be the priority target species for the
	conservation of Diprotodontia.	
	Group A species in Fig. 2 are those threatened species highlighted by	with
	relatively low values	

the Andermann et al. model in , plus the near threatened Petrogale xanthopus. We thus focused on the analysis of . We retained 24 threatened (being VU, EN or CR) mostdistinctive (according to ) species: 10 were CR, 4 were EN, 10 were VU (9 identified by both extinction models + Pseudochirops coronatus identified by Gumbs et al. model) on the IUCN Red List (Fig. 2). Nine of them were DNA-unsampled species. All but one were nationally endemic. We observed species whose ranks increased, decreased, or remained constant with increasing values. Mountain Pygmy Possum Burramys parvus and Koala Phascolarctos cinereus were threatened species that were identified as most distinctive by all

  After this intense bushfire season, a list of 20 priority mammals requiring urgent management intervention was established by Legge et al. (2022), eight of which were Diprotodontia: Mountain Pygmy Possum, Greater Glider, Koala, and Long-Footed Potoroo discussed above, in addition to Long-nosed Potoroo Potorous tridactylus and Yellow-bellied Glider Petaurus australis top-distinctive with near threatened IUCN category (last published assessment in 2020 and 2016, respectively; IUCN 2023), and

  They are represented by relatively long terminal branches in the phylogeny as well as belonging to clades with low numbers of relatives that only share ancient evolutionary history. Comparing different points of view in evolutionary distinctiveness enabled us to detect species representing different patterns of rank distributions among indices such as those of Groups A, B, Top, and C. Group A species are prioritized because they are distinctive from the perspective of recent evolutionary history. Extinction of group A species would result in the loss of the independent evolutionary history that each species represents. Group C species with cuscuses, in contrast, are highlighted as evolutionarily distinctive from the perspective of the whole evolutionary history of Diprotodontia. They do not display long terminal branches but belong to a species-poor clade relative to its age. With currently most-used measurements of evolutionary distinctiveness, group A species would have been classified as evolutionarily distinctive but not group C species. However, the loss of any cuscus species in group C would accelerate the extinction of the whole clade (Phalangeridae) that diverged from Burramyidae early in the history of Diprotodontia (more than 36 million years ago;[START_REF] Meredith | A phylogeny of Diprotodontia (Marsupialia) based on sequences for five nuclear genes[END_REF] Online Resource Appendix S1).In addition, all current synthetic measures developed to identify evolutionarily distinctive and threatened species result from the product of two measures: one for distinctiveness and the other for extinction risk. Vulnerable species, however, are barely highlighted by these multiplicative indices. In our case study, we have highlighted that this is because multiplicative indices tend to be more influenced by extinction risk than by the distinctiveness of a species. However, conservation measures may be easier to implement for these vulnerable species than for already endangered or critically endangered species. Any action that prevents vulnerable species from becoming more threatened would already be useful for their fate. Forty-two percent of the 24 threatened top-distinctive species we identified are vulnerable. The EDGE of Existence program mentioned above is the only current program for the preservation of evolutionarily distinct and globally endangered species. They list top-EDGE species that are the 100 species from a large taxonomic group that have the highest EDGE values and collect punctual and regular donations to fund their conservation. Among the top-EDGE mammal species, 68% are CR, 24% are EN and 8% are VU (https://www.edgeofexistence.org/, accessed on February 17, 2023). The 68 CR species include all but one CR top-distinctive Diprotodontia species we identified. The CR species that was not identified as top-EDGE mammal by the edge of existence program is the northern glider Petaurus abidi. None of the EN top-distinctive diprotodonts we identified were included in the top-EDGE mammal list. The eight VU top-EDGE species, however, included one Diprotodontia: Koala. Our recommendation is thus to first identify topdistinctive species and then to prioritize those that are threatened.Regarding priority areas that contain populations of evolutionarily distinctive and threatened diprotodonts, priority area #6 includes the Koala, a wombat, a glider, a potoroo, and two possums, Mountain Pygmy Possum B. parvus and Leadbeater's Possum G. leadbeateri, which are the only members of their genus. Both possums and Koala, together with the potoroo P. gilbertii in priority area #7 and the hare-wallaby L. fasciatus in priority[START_REF] Catullo | A gap analysis of southeast Asian mammals based on habitat suitability models[END_REF]. For example, Tate's Triok D. tatei is a littleknown species that is endemic to Fergusson Island in priority area #5(IUCN, 2023). This species does not appear in any protected area, and threats to this species are not well investigated(IUCN 2023). Further studies on this poorly known but threatened top-distinctive species are needed. Another example concerns cuscuses in priority areas #3, #4, and #5, which do not occur in any protected area: Gebe Cuscus Phalanger alexandrae, Blue-eyed Cuscus Phalanger matabiru, Woodlark Cuscus Phalanger lullulae and Telefomin Cuscus P. matanim (IUCN 2023). Furthermore, the Woodlark and Telefomin cuscuses are not specifically listed as protected species by Indonesian law, whereas Gebe and Blue-eyed cuscuses have been listed through Regulation of the Indonesian Minister of Environment and Forestry Number P.106/MENLHK/SETJEN/KUM.1/8/2018 concerning Protected Types of Plants and Animals

	area #8, were highlighted as the (1st, 3rd, 35th, 47th and 96th, respectively) most threatened
	and distinctive among all mammals according to the EDGE2 index (Gumbs et al. 2023). Top
	distinctive species in priority areas of Australia are mainly threatened by habitat destruction
	by harvesting practices, predation of introduced species, and inappropriate fire regimes
	(IUCN 2023). Although these priority areas overlap with several protected areas (mostly
	government reserves, e.g., the World Heritage Listed Gondwana Rainforests of Australia and
	Greater Blue Mountains Area), this did not protect them from intense fires. In 2019-2020,
	fires extensively burnt these areas, including 79% of the Greater Blue Mountains Area, which
	consists of eight conservation reserves and is dominated by eucalyptus forests (Smith and
	Smith 2022; Dickman et al. 2022).
	Outside Australia, a high number of threatened Diprotodontia species are not covered
	in any protected areas (e.g.,
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