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The binturong is a forest mesocarnivore ranging from Nepal to Indonesia and the Philippines.

Several subspecies of binturongs are recognized but a revision is needed. The binturong from Palawan was described as a species and is now considered a subspecies, but its status has never been checked using molecular approaches. Owing to its restricted range and the pressure on its habitat, the Palawan binturong may be endangered, and so it is crucial to clarify its taxonomic status. Such information is important for the management of captive populations. We sequenced one nuclear and two mitochondrial markers for binturongs from locations over the species range, and from zoos. Our results provided an assessment of the genetic polymorphism and structure within the binturong, resulting in two groups, corresponding to the Indochinese and the Sundaic regions. Within the latter were found the Palawan binturongs on one side, and an individual from Sulu archipelago (a locality not reported before) on the other side. The Palawan binturongs formed a monophyletic group, genetically very close to Bornean binturongs, which suggests that they may have dispersed from Borneo, and may represent a lineage to preserve, but which is not a separate species nor a separate subspecies.

Introduction

Although carnivoran mammals seem well studied and include many flagship species, most small carnivoran species receive very little attention and so their systematics, distribution and conservation status remain poorly known. This is the case for the binturong (Arctictis binturong Raffles, 1921), a Southeast Asian carnivoran belonging to the Family Viverridae. This is one of the largest members of the family, weighing 6 to 20 kg, and with a body length reaching over 90 cm, and a long tail of similar length; it is one of the only two carnivoran species with a prehensile tail [START_REF] Jennings | Family Viverridae[END_REF]. The binturong is a forest species, strongly arboreal, feeding on invertebrates, small vertebrates, and fruits; it may be predominantly frugivorous and feeds largely on various species of figs [START_REF] Jennings | Family Viverridae[END_REF][START_REF] Nakabayashi | Behavioral feeding strategy of frugivorous civets in a Bornean rainforest[END_REF][START_REF] Nakabayashi | Fruit selection of a binturong (Arctictis binturong) by focal animal sampling in Sabah, Malaysian Borneo[END_REF][START_REF] Nakabayashi | Short-term movements and strong dependence on figs of Binturongs (Arctictis binturong) in Bornean rainforests[END_REF], and seems to contribute to seed dispersal [START_REF] Colon | The Impact of Gut Passage by Binturongs (Arctictis Binturong) on Seed Germination[END_REF]. The binturong is classified as Vulnerable by the IUCN; the main threats it faces are destruction and degradation of primary rainforest, hunting for meat, use in traditional medicines and as pets, as well as accidental or intentional snaring, which are exacerbated by negligible penalties for hunting and trade in some countries (The IUCN Red List of Threatened Species 2016; [START_REF] Sanggin | Natural Resources and Indigenous People's Livelihood Strategies: A Case Study of Human Communities in the Headwaters of Engkari River, Sri Aman, Sarawak, Malaysia[END_REF][START_REF] Gray | Wildlifesnaring crisis in Asian forests[END_REF]). In addition, like the common palm civets (Paradoxurus spp.), binturongs are live trapped and kept in farms for the production of civet coffee (Kopi Luwak) in Indonesia, with poor housing conditions, resulting in high mortality [START_REF] D'cruze | What is the true cost of the world's most expensive coffee?[END_REF].

The distribution of the binturong ranges from Nepal to Indonesia and the Philippines; it is known to occur in the following countries: Bangladesh, Bhutan, Brunei, Cambodia, South China, West India, Indonesia (Java, Kalimantan, Sumatra), Laos, Malaysia (Peninsular Malaysia, Sarawak, Sabah), Myanmar, Nepal, Philippines (Palawan Island), Thailand and Vietnam.

Several subspecies of binturongs are recognized, but a taxonomic revision is needed [START_REF] Jennings | Family Viverridae[END_REF]. [START_REF] Pocock | The rarer Genera of Oriental Viverridae[END_REF] recognized four subspecies: A. b. albifrons (F. Cuvier, 1822) from Nepal to northern Indochinese region, A. b. binturong (Raffles, 1822) in the Malay-Thai peninsula and Sumatra, A. b. penicillatus (Temminck, 1835), on Java and Borneo, and A. b. whitei [START_REF] Allen | Mammals from Palawan Island, Philippine Islands[END_REF] on Palawan. No recent systematic revision has been done, but a study based on Control Region sequences suggested the presence of a main divergence between the Indochinese and Sundaic regions [START_REF] Cosson | Genetic diversity of captive binturongs (Arctictis binturong, Viverridae, Carnivora): implications for conservation[END_REF]). However, populations from several parts of the range were missing in this former study, in particular, binturongs from the Philippines.

In the Philippines, the binturong is said to occur only on the island of Palawan [START_REF] Corbet | The mammals of the Indomalayan region: A systematic review[END_REF][START_REF] Wozencraft | Order Carnivora[END_REF][START_REF] Jennings | Family Viverridae[END_REF]. However, we discovered that it also occurs (or occurred) in the archipelago of Sulu, where Hombron and Jacquinot collected one specimen during the expedition on the French ship Astrolabe in 1837-1840 (specimen MNHN-ZM-MO 1962-328;[START_REF] Oustalet | Sur la distribution géographique de l'Arctictis binturong Raffles[END_REF]GV pers. obs.). To our knowledge, this is the only specimen from the Sulu Islands, and the presence of the binturong in the Philippine Islands other than Palawan has been overlooked so far. Its presence in the Sulu Islands was not mentioned by [START_REF] Musser | Philippine Rattus: a new species from the Sulu Archipelago[END_REF] who provided a list of mammals occurring in the archipelago (while they mentioned the presence of another viverrid, the common palm civet).

The Palawan binturong Arctictis whitei Allen, 1910 was described on the basis of a female specimen collected in 1909 together with three other specimens by J. R. White, after whom it was named. [START_REF] Allen | Mammals from Palawan Island, Philippine Islands[END_REF] mentioned some differences in the morphology of the teeth and pelage colour of the head, when compared to specimens from Sumatra and India.

Unfortunately, this author apparently did not compare the Palawan binturong to Borneo specimens, to which it is geographically closer. The Palawan binturong is considered a separate species by Taylor (1934) and [START_REF] Goodwin | Catalogue of the type specimens of recent mammals in the American Museum of Natural History[END_REF]. [START_REF] Pocock | The rarer Genera of Oriental Viverridae[END_REF] did not find much morphological evidence for distinguishing the Palawan binturong from Borneo and Java specimens, and he recognized it as a subspecies, close to A. b. penicillatus (Borneo and Java).

Already earlier, [START_REF] Oustalet | Sur la distribution géographique de l'Arctictis binturong Raffles[END_REF], reviewing the specimens from various origins, suggested that there was only one species of binturong, and that the coloration may vary with age. [START_REF] Corbet | The mammals of the Indomalayan region: A systematic review[END_REF] listed the name of the Palawan taxa without mentioning if they recognized the subspecies as valid. The subspecies is listed by [START_REF] Wozencraft | Order Carnivora[END_REF].

The Palawan binturong has a very small distribution and thus may be of conservation concern. Owing to its dependence on forest, it is threatened by deforestation, which is important in Palawan (11% of forest has been lost between 2000 and 2017, www.globalforestwatch.org). Moreover, Palawan is a hotspot of illegal wildlife trade and Palawan binturongs have been seized regularly [START_REF] Cruz | Wildlife Trade in Southern Palawan, Philippines[END_REF]).

The binturong is part of a European Endangered Species Program (EEP), in which 193 zoological parks participate. The number of binturongs included in the program in 2018 was 148 individuals, but only 23.2% of the individuals have a known pedigree (AB pers. info.).

One of the concerns of the captive breeding program is to maintain the main lineages (see [START_REF] Cosson | Genetic diversity of captive binturongs (Arctictis binturong, Viverridae, Carnivora): implications for conservation[END_REF]) and in particular, that of the Palawan binturong. Recently, binturongs from Avilon Zoo (formerly known as Avilon Montalban Zoological Park), in the Philippines, were brought to several zoos in Europe to contribute to the captive breeding of this population.

The main purpose of this study was to investigate the systematic status of the Palawan binturong, which has sometimes been recognized as a species [START_REF] Allen | Mammals from Palawan Island, Philippine Islands[END_REF]Taylor 1934;[START_REF] Goodwin | Catalogue of the type specimens of recent mammals in the American Museum of Natural History[END_REF]. This investigation has been recognized as a priority by the IUCN/SSC Small Carnivores Specialist Group [START_REF] Schreiber | Gland: IUCN/ SSC Mustelid and Viverrid specialists group[END_REF]. For this purpose, we sequenced one nuclear and two mitochondrial markers for binturong individuals from various locations over the species range, in order to investigate the genetic diversity and structure of the species. The paucity of fresh samples required us to use museum specimens including one specimen of the type series of A. b. whitei (AMNH 29741), collected by White in 1909. We also included the only known specimen from Sulu archipelago in the Philippines (MNHN-ZM-MO 1962-328), collected between 1837 and 1840. We included zoo individuals, among which some were said to be Palawan binturongs. Our aim is to help to clarify the taxonomic status of the binturongs from the Philippines, both from Palawan and the Sulu archipelago, but we also investigated the structure of the populations within the rest of the range. Such studies are crucial for setting conservation priorities and for helping captive breeding programs.

Material and methods

Sampling, extraction, PCR and sequencing

We analyzed 73 samples (tissues and hair samples, and dry tissues from museum specimens) of Arctictis binturong (Table 1, Figure 1). DNA was isolated following a cetyl trimethyl ammonium bromide (CTAB)-based protocol [START_REF] Winnepenninckx | Extraction of high molecular weight DNA from molluscs[END_REF]. For museum samples, dithiothreitol (DTT 1M, ca 8-15 µL per extract) was added during tissue lysis to break up disulfide bonds, and lysis time was increased (up to 72 hours).

We sequenced two mitochondrial fragments: Cytochrome b (Cytb), and the hypervariable region 1 of the Control Region (CR), using previously described primers (Cytb: [START_REF] Veron | Molecular systematics of the Asiatic Viverridae (Carnivora) inferred from mitochondrial cytochrome b sequence analysis[END_REF][START_REF] Veron | The molecular systematics and conservation of an endangered carnivore, the Owston's palm civet Chrotogale owstoni (Thomas, 1912) (Carnivora, Viverridae, Hemigalinae)[END_REF][START_REF] Veron | The distribution of the Malay civet Viverra tangalunga (Carnivora: Viverridae) across Southeast Asia: Natural or humanmediated dispersal?[END_REF]CR: Palomares et al. 2002;[START_REF] Cosson | Genetic diversity of captive binturongs (Arctictis binturong, Viverridae, Carnivora): implications for conservation[END_REF]). To provide an evolutionary assessment independent from mitochondrial markers, we amplified the nuclear marker Beta-fibrinogen intron 7 (FGB), using primers from [START_REF] Yu | Phylogenetic studies of pantherine cats (Felidae) based on multiple genes, with novel application of nuclear beta-fibrinogen intron 7 to carnivores[END_REF].

Polymerase chain reactions (PCRs) were performed as in [START_REF] Veron | The distribution of the Malay civet Viverra tangalunga (Carnivora: Viverridae) across Southeast Asia: Natural or humanmediated dispersal?[END_REF], with annealing temperatures of 50°C for Cytb, 61°C for CR, and 59°C for FGB. PCR products were sent to Eurofins Genomics (Ebersberg, Germany) for purification and sequencing (on Applied Biosystem® 3730XL DNA Analyzer). Sequences were edited and aligned manually using Bioedit (version 7;[START_REF] Hall | BioEdit: A user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT[END_REF].

Phylogenetic and haplotypic network analyses

Phylogenetic analyses for each marker were performed using Maximum Likelihood (ML) method, as implemented in MEGA6 [START_REF] Tamura | MEGA6: Molecular Evolutionary Genetics Analysis version 6.0[END_REF] and Bayesian inference (BI) using MrBayes 3.2 [START_REF] Ronquist | MrBayes 3.2: Efficient Bayesian Phylogenetic Inference and Model Choice Across a Large Model Space[END_REF]. We rooted the phylogenetic analyses with representatives of two other genera of Viverridae (another species of Paradoxurinae, Arctogalidia trivirgata and one species of Hemigalinae, Chrotogale owstoni). For ML, the best-fitting model was estimated using MEGA6, following the Akaike information criterion (AIC). The selected model was implemented in the ML analyses and node robustness was assessed through 1,000 bootstrap replicates. For BI, we used Reversible Jump Markov Chain, to sample across the 201 substitution models, and gamma distribution (Lset nst = mixed rates = gamma option) to sample the posterior distribution of trees and take into account the substitution model uncertainty. We used default priors for branch lengths and ran the chains for 10,000,000 Metropolis-coupled MCMC generations, with trees sampled every 1,000 generations, and a burn-in of 25%. Two Bayesian runs were performed, and the posterior probabilities were checked to ascertain that the chains had reached stationarity.

We compared resulting topologies and node support; nodes were considered as supported when posterior probabilities were ≥ 0.95 and bootstrap values were ≥ 70%.

We employed DNAsp 5.10 (Librado & Rosas 2009) for defining haplotypes, and Network (v 4.6, www.fluxus-engineering.com) to construct haplotype median-joining networks [START_REF] Bandelt | Median-joining networks for inferring intraspecific phylogenies[END_REF] for each of the fragments. We computed genetic distances (pdistances within and between groups) and genetic diversity (haplotype and nucleotide diversity) using MEGA6 and DNAsp5.10.

Results

We obtained sequences from 73 individuals of Arctictis binturong (GenBank numbers MK680970 to MK681110; Table 1), and with previously sequenced individuals, we analyzed a total of 105 individuals, covering the range of the species in Southeast Asia (Figure 1). None of the museum samples or poorly preserved samples provided nuclear fragments. The Cytb fragment analyzed provided an overall mean distance of 1.5% (range = 0 to 4.3%) within the species. The Cytb divergence between the Sundaic and Indochinese regions was 2.6%. Within those regions, the mean distance was 0.6% for the Sundaic region, and 0.2% within the Indochinese region. Between the Palawan and Indonesia-Malaysia individuals, the mean distance was 0.65%, while it was 2.78% between the Palawan clade and the Indochinese region.

Between localities, the Cytb mean distances ranged from 0.09% between Vietnam and Myanmar to 1.95% between Palawan and Thailand (Table 2). The lowest mean Cytb distances of Palawan individuals were those to Indonesian and Malaysian individuals (with no precise localities) and to Bornean individuals (0.19 to 0.38%). Within localities, Cytb mean distances are provided in Table 2. The FGB fragment (length = 651 bp; number of variable sites = 11; number of parsimony informative sites = 5; n = 48) showed an overall mean distance of 0.2% (range from 0 to 1.2%) across the species. Between localities, the FGB distances ranged between 0 and 0.5%. The phylogenetic analyses failed to provide any well supported clades due to the low number of informative sites. Most variable sites were heterozygous.

Discussion

The results of this study provide a better overview on the genetic polymorphism and structure within the binturong. The overall diversity (e.g. Cytb: 1.5%, and pairwise distances ranging from 0 to 4.3%) tends to be similar to (e.g. within Paradoxurus spp., Veron et al. 2015c) or lower than (e.g. within the small-toothed palm civet Arctogalidia trivirgata: overall diversity: 11% for Cytb, [START_REF] Veron | Identification numbers in bold correspond to samples from historical museum specimens[END_REF]) that of other Paradoxurinae species studied previously. We obtained two quite distant main haplogroups, one for the Indochinese region and one for the Sundaic region, which correspond to a well-known biogeographical split, likely related to repeated sea-level variations and local extinctions around the Isthmus of Kra [START_REF] Woodruff | The Indochinese-Sundaic zoogeographic transition: a description and analysis of terrestrial mammal species distributions[END_REF][START_REF] Meijaard | Solving mammalian riddles along the Indochinese-Sundaic zoogeographic transition: new insights from mammalian biogeography[END_REF]. A similar subdivision between these two biogeographical regions has been observed in many other mammal species (e. 
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). This could be explained by a more recent dispersal of the binturong within the Sundaic region, and/or by the larger dispersal capacity of this species, which may have been capable of using forest corridors that may have been present over the Sunda Shelf during low sea levels and wet periods [START_REF] Sheldon | Return to the Malay Archipelago: the biogeography of Sundaic rainforest birds[END_REF]. Or this could also be explained by a lower rate of evolution of the markers in this species compared to the carnivoran species studied previously. Also, except for some museum samples with precise localities, many of the samples were from zoos, and although some clearly fall within the Sundaic region haplogroup, we cannot assess more precisely their origin. Anyway, overall, the divergences between individuals from the Sundaic region were quite low.

Our results suggested that the Palawan binturongs, including one individual from the type series of A. b. whitei (AMNH 29741), form a distinct haplogroup, closely related to Bornean individuals, but no haplotypes were shared with Bornean individuals, and, despite a quite low divergence to them, the Palawan binturongs form a monophyletic group. Despite our low sample size, this suggests that there may have been one colonization event, very likely from Borneo. Landscape reconstructions by [START_REF] Robles | Late Quaternary Sea-Level Changes and the Palaeohistory of Palawan Island, Philippines[END_REF] suggested that the last land-bridge connection between Borneo and Palawan occurred at ca. 440 Ky (or even earlier at ca. 630Ky), which may explain the absence of shared haplotypes between Palawan and other localities. Also, our results suggest a low polymorphism within the Palawan binturongs (see Table 2), which could be an impediment to the long term survival of the population. To investigate whether this could be due to a bottleneck or a founder effect, or a consequence of our sampling (with many individuals coming from the same wildlife rescue center in the Philippines) would require more samples. However, the museum individual collected in 1901 in Palawan (AMNH 29741), shared its haplotype with some of the recent samples from this wildlife rescue center, suggesting that the low polymorphism observed is not solely related to our sampling.

The individual from the Sulu archipelago did not group with the other Philippine individuals (which were all from Palawan), but it was closer to one Borneo haplotype, which geographically makes sense as the archipelago is closer to Borneo than to Palawan. This archipelago is thought to have comprised fewer but larger islands during the Pleistocene, almost connecting them to Borneo and Mindanao; the Sulu fauna includes species occurring in the Sundaic region (but not in the rest of the Philippines), and a few endemics [START_REF] Heaney | Biogeography of mammals in SE Asia: estimates of rates of colonization, extinction and speciation[END_REF]. [START_REF] Musser | Philippine Rattus: a new species from the Sulu Archipelago[END_REF] mentioned only one carnivoran present in two islands of the Sulu archipelago, the common palm civet, but not the binturong. Unfortunately, there is no information about the precise island of origin of the only binturong specimen within the archipelago. Also, we did not find any other mention of the species in this archipelago (beside [START_REF] Oustalet | Sur la distribution géographique de l'Arctictis binturong Raffles[END_REF], and this MNHN specimen collected in 1837-1840), and thus, we do not know in which islands of the archipelago the species may be present. Further investigation of the binturong population in this archipelago is needed. It cannot be totally excluded that the presence of the binturong in this archipelago might have resulted from introductions, as occurred frequently for other viverrid species (common palm civet, [START_REF] Patou | Evolutionary history of the Paradoxurus palm civets -a new model for Asian biogeography[END_REF]Malay civet, Veron et al. 2014).

Our results tend to suggest the presence of at least two subspecies, one in the Indochinese region, A. b. albifrons, and one in the Sundaic region, A. b. binturong. Whether the latter may have to be split into two or three subspecies (A. b. binturong in the Thai-Malay peninsula; A. b. penicillatus, on Borneo and Java, and A. b. whitei on Palawan) would require further investigations, although the low structure and low divergence for the three sequenced markers would tend to be consistent with having only one subspecies for the Sundaic region, including Palawan and Sulu. However, more individuals with a known origin would be needed to confirm whether there is any geographical structure within the Sundaic region.

Further information from more variable nuclear markers would also be needed. Anyway, the Palawan binturong is now isolated from the Bornean population; it may represent an important conservation entity, which needs attention.

Within the Indochinese region, more samples with a known geographic origin, including samples from the western part of the range of the species (the Himalaya region) would be needed to investigate further the geographic structure.

Morphologically, the pelage of the binturong is of little use to define subspecies or geographical variations, having no specific pattern or marks. The color varies from black to blackish, and with some greyish areas in particular on the head (with whitish hair tips), but no geographical pattern can be clearly identified from our observations of museums specimens, or of individuals in the wild and in captivity. No obvious diagnostic characters on the skulls for the subspecies/genetic groups could be found on the series of specimens observed (95 specimens from 10 museums, GV pers. obs.), however the use of morphometric geometrics analyses may reveal some differences. From preliminary analyses of the body measurements from museum specimens, wild individuals from rescue centers, and zoo individuals with known origins (with a total of 69 individuals), we observed that the individuals north the Isthmus of Kra (Indochinese region) seem significantly larger than the ones from the south (Sundaic region). The individuals from Palawan do not differ significantly in size from the ones from the Sundaic region, although they are significantly larger than the ones from Borneo (Data S 1 and Table S 1). Owing to the low number of specimens, we were not able to test for size differences between males and females, so these results remain preliminary.

Further morphological investigations should be done on binturongs with a larger sample size and appropriate methods to look for geographical variations. A few zoo individuals were said to be from Borneo, in particular in Singapore Zoo.

One of them (TC13, sampled in 1997) seems to be from Borneo, while for another one, this origin appeared to be unlikely (TC465, sampled in 2005), as it clustered with the Indochinese region haplogroup (see Table S 2). Another one (TC627, sampled in 2010) said to be from Borneo, clustered with the Sundaic region individuals, but it could not be confirmed that its origin was indeed Borneo. So it appears that individuals from Singapore Zoo have various origins or have been crossed with individuals from various origins. Berlin Zoo individuals (TC653 to TC655, sampled in 2010) were said to be from Malaysia and did cluster with the Sundaic region individuals.

According to the genealogy based on the studbook (AB pers. info.), a series of individuals that we sampled 332,333,336,337,338,371,376,381,382,393,399,761) were all derived from the same pair (EEP#107 and EEP#108, not sampled) which was said to be from the Malay archipelago. However, our results attribute them all to the Indochinese region group. Thus, our results suggest that the geographical origin of zoo individuals has to be taken with extreme caution. Crossing of individuals from different regions has also likely occurred frequently.

The zoos in Singapore, Taiwan, and Malaysia have only individuals from the Sundaic region (with the one exception mentioned above). The binturongs in French zoos belong only to the Indochinese haplogroup. The zoos in the Indochinese region seem to have binturongs only from this region (Vietnam, Myanmar and Laos). Other zoos which provided samples have binturongs from various origins.

For the captive breeding program, according to our results, it is possible to maintain separate management of the Palawan binturongs; also populations from the Sundaic and Indochinese regions should be kept separately, as they appear to be two distinct lineages, but it appears that some mixing has already occurred.

In the absence of any signal in the nuclear marker used here, these results are based only on the maternal lineages, and therefore should be taken with caution.

Conclusion

This study has provided a better assessment of the genetic polymorphism and structure within the binturong, with two main groups, corresponding to the Indochinese region and the Sundaic region. Within the latter, are found the Palawan binturongs on one side, and the Sulu individual on the other side. The Palawan binturongs appear to be very close to the Bornean binturongs, and should not be considered a separate species nor a separate subspecies. However, they form a separate monophyletic group, which may result from one dispersal event from Borneo during lower sea levels. Palawan binturongs do not share their haplotypes with binturongs from any other localities and are now geographically separated from Bornean binturongs, and thus may represent an important conservation entity. Due to anthropogenic pressures on their populations and habitat, conservation attention is needed. In the latest Philippines' Department of Environment and Natural Resources list of threatened terrestrial species, binturongs are listed under the Other Threatened Species category, granting them legal protection in the Philippines [START_REF] Gonzalez | Review and update of the 2004 National List of Threatened Terrestrial Fauna of the Philippines[END_REF]. A program is currently underway (see http://en.abconservation.org/our-current-and-futur-projects/) to study the Palawan binturong and is already providing the first information on this population, which has never been studied before. Over its whole range, the binturong remains the victim of many threats according to the IUCN, and research and conservation actions are urgently needed for this threatened forest species.

Table 2: Estimates of evolutionary divergence over sequence pairs between localities (below the diagonal) and within localities (on the diagonal). Borneo individuals were separated from Malaysia and Indonesia individuals from other localities. Table S 2: Assignment of zoo individuals to the main haplogroups. The supposed origin is based on the information provided by the zoos, or is based on the genealogy from the studbook (AB, pers. info.). The haplogroup is in bold when it contradicts the supposed origin.

Figure legends

  The ML and BI analyses of Cytb (length of the Cytb fragment = 1140 bp; number of variable sites = 66; number of parsimony informative sites = 45; n = 67; Figure S 1) provided trees with one well supported clade comprising Indochinese region individuals, and two clades with Sundaic region individuals. Within one of those Sundaic clades was nested a wellsupported clade grouping all the Palawan individuals.

The

  Cytb haplotype network based on the whole sequence (length = 1140 bp; Number of haplotypes, h = 22; Haplotype diversity, Hd = 0.9145; Nucleotide diversity, Pi = 0.01466; Number of polymorphic sites, S = 52; Average number of nucleotide differences, k = 15.398; n = 51; Figure S 2) displayed two main haplogroups, separated by 21 mutations, and corresponding to the Indochinese region and Sundaic region. Within the latter is nested the Palawan haplogroup, separated by three mutations to the closest Sundaic individuals. Another Cytb haplotype network was constructed based on a shorter fragment in order to include most museum specimens which had missing data (length = 538 bp, excluding 323-767 and 1021-1140 on complete Cytb alignment; Number of Haplotypes, h = 18; Haplotype diversity, Hd = 0.8234; Nucleotide diversity, Pi = 0.01462; Number of polymorphic sites, S = 25; Average number of nucleotide differences, k = 7.867; n = 62). The network (Figure 2) showed two main haplogroups separated by 11 mutations, one comprising individuals from the Indochinese region and the other comprising individuals from the Sundaic region. Within the latter were found the individuals from Palawan (3 haplotypes, separated by one mutation), which clustered together. The structure was not strong within the Sundaic region, but the Palawan group was close to one Bornean haplotype, to which they were separated by one mutation (Figure 2). To account for missing data in the Sulu individual, the Cytb haplotype network was also constructed with another fragment (length = 567 bp located at 425-1020 on complete Cytb alignment; Number of Haplotypes, h = 18; Haplotype diversity, Hd = 0.8656; Nucleotide diversity, Pi = 0.01401; Number of polymorphic sites, S = 29; Average number of nucleotide differences, k = 7.946; n=59). The results (Figure 3) were similar to those obtained with the other Cytb fragment. The Sulu individual did not cluster with the other individuals from the Philippines (which were all from Palawan); it was close (separated by one mutation) to the same Bornean haplotype which was closest to the Palawan individuals.The CR fragment (length = 593 bp; number of variable sites = 77; number of parsimony informative sites = 39; n = 85) showed an overall mean distance of 2.1% (range from 0 to 5.5%) across the species. Between localities, the lowest CR distances were between Myanmar and Laos individuals (0.58%), and the highest between those from Thailand and Borneo (4.04%). The lowest CR distances to Palawan individuals were those from Malaysia (with no precise localities) and Borneo (1.10% to 1.43%). The CR haplotype network (length = 451 bp; length excluding gaps = 246 bp; Number of haplotypes, h = 30; Haplotype diversity, Hd = 0.8731; Nucleotide diversity, Pi = 0.02192; Number of polymorphic sites, S = 31; Average number of nucleotide differences, k = 5.392; n = 80) showed again two main haplogroups for the two main regions; within the Sundaic haplogroup, Palawan individuals were represented by two close haplotypes separated by two mutations (Figure 4). Within the Indochinese region, Laos was represented by three haplotypes (separated by one to two mutations), one of which was shared with Myanmar individuals, Thailand was represented by two haplotypes (separated by four mutations), and Vietnam by one haplotype.

  g. common palm civet,[START_REF] Patou | Evolutionary history of the Paradoxurus palm civets -a new model for Asian biogeography[END_REF] felids, Luo et al. 2014; long-tailed macaque, Macaca fascicularis, Abdul-Latiff et al. 2014; red muntjacs, Muntiacus spp., Martins et al. 2017). Surprisingly, we found no strong structure within the Sundaic region, while a strong divergence for Bornean populations has been observed in other viverrids (e.g. small-toothed palm civet,[START_REF] Veron | Identification numbers in bold correspond to samples from historical museum specimens[END_REF]; masked palm civet Paguma larvata,[START_REF] Patou | Low genetic diversity in the masked palm civet Paguma larvata (Viverridae)[END_REF], other carnivorans (e.g. short-tailed mongoose Urva brachyura,Veron et al. 2015a), as well as in other mammals (e.g. rodents,[START_REF] Gorog | Vicariance or dispersal? Historical biogeography of three Sunda shelf murine rodents (Maxomys surifer, Leopoldamys sabanus and Maxomys whiteheadi)[END_REF] colugos and mouse deers, Mason et al. 

From

  our genetic data, all the zoo individuals which were said to originate in Palawan clustered with known specimens from Palawan. One individual from Parken Zoo (Sweden) obtained from a private collection, also grouped with the Palawan individuals. Thus, the following zoos outside the Philippines have the Palawan binturong, including Parken Zoo in Sweden, and City of Belfast Zoo in the UK (and also previously Sandwich Zoo, UK), likely all coming from the same facility, Avilon Zoo in the Philippines, which seemed to have obtained them from a rescue center (DF pers. obs.).
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 1 Figure 1: Distribution of Arctictis binturong based on IUCN data in grey, and localities of
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 2 Figure 2: Median-joining network of Cytb haplotypes for the fragment of 538 bp. The size of
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 3 Figure 3: Median-joining network of Cytb haplotypes for the fragment of 567 bp focusing on
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 41 Figure 4: Median-joining network of CR haplotypes. The size of each circle is proportional to

Figure S 2 :

 2 Figure S 2: Median-joining network of Cytb haplotypes for the fragment of 1140 bp. The size of each circle is proportional to the haplotype frequency; the shortest link corresponds to one mutation. Indochinese region: blue; Sundaic region: pink; the Philippines: red.
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Data S 1: Preliminary results on size variations in Arctictis binturong.

Species I d # S a m p l e # C y t b C R B F G O r i g i n S t u d b o o k # / Z o o I d # A. binturong

A b A 1 0 3 9 9 6 AMNH 103996 M K 6 8 0 9 7 0 Indonesia: Borneo, Kalimantan, Peleben, Sungai Kajan A. binturong A b A 1 0 3 9 9 7 AMNH 103997 M K 6 8 0 9 7 1 Indonesia: Borneo, Kalimantan, Peleben, Sungai Kajan