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Relict lineages with extreme ecology and physiology: metal hyperaccumulation on ultramafic substrates in New Caledonian Alseuosmineae (Asterales)

Keywords: Australia, island biogeography, molecular dating, refugium, serpentine Alseuosmiaceae Airy Shaw ecology, molecular dating, and phylogenetics

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

Relicts are 'species or a group of species remaining from a large group that is mainly extinct' [START_REF] Grandcolas | Relict species: a relict concept?[END_REF]. The use of the term 'relicts' in evolutionary biology is ancient, as Wallace (1880 p. 296) stated regarding the flora of Saint Helena: 'For, on the theory of evolution, nothing can be more certain than that groups now broken up and detached were once continuous, and that fragmentary groups and isolated forms are but the relics of once widespread types, which have been preserved in a few localities where the physical conditions were especially favourable, or where organic competition was less severe. [START_REF] Stebbins | Variation and Evolution in Plants[END_REF] discussed the morphological features of Ranales, a group once thought to include 'primitive' living angiosperms. He wrote (p.8): 'the group includes a high proportion of species which on the basis of all characteristics must be placed not only in monotypic genera but even monogeneric or digeneric families. They are obviously relict types of which the close relatives have long since become extinct.' He (p.8) also noticed that 'the genera and species are at present strongly concentrated in eastern Asia and Australasia', an idea that re-emerged later [START_REF] Morley | Why are there so many primitive angiosperms in the rain forests of Asia-Australasia? In Faunal and floral migrations and evolution in SE Asia-Australasia[END_REF] when molecular phylogenetics shed new light on the true earliest diverging lineages within angiosperms. The term 'relict' was also extensively used by [START_REF] Carlquist | Island life[END_REF][START_REF] Carlquist | Island Biology[END_REF] regarding island biology, particularly in the context of 'continental' islands. Related concepts in paleobiology include 'bradytelic lineages'  lineages with little morphological diversity, low rates of morphological change and low taxonomic diversity [START_REF] Eldredge | Alternative approaches to evolutionary theory[END_REF], and 'dead clades walking'  clades that survived extinction events only to become marginal or eventually disappearing [START_REF] Jablonski | Lessons from the past: Evolutionary impacts of mass extinctions[END_REF]. Importantly, species belonging to relict lineages may be considered to have more values in conservation biology than species from larger and more recent radiations, as they represent the sole survivors of groups with unique traits [START_REF] Vane-Wright | The first mistletoes: Origins of aerial parasitism in Santalales[END_REF].

The biodiversity hotpot of New Caledonia in the Southwest Pacific is well known for being home to Amborella Baill., the sister group to all other extant angiosperms [START_REF] Poncet | Amborella -bearing witness to the past?[END_REF]. The term 'relict' was already present in the work of the earlier scholars of the New Caledonian biota: Virot (1956, p.354), Holloway (1979, p.58, p.79), and many vascular plant lineages there could qualify as relicts [START_REF] Pillon | How many genera of vascular plants are endemic to New Caledonia? A critical review based on phylogenetic evidence[END_REF]. One such group is the AlseuosmiaceaeArgophyllaceaePhellinaceae (APA clade = suborder Alseuosmineae), with ca. 44 species within the species-rich order Asterales (ca. 28000 spp. [START_REF] Christenhusz | The number of known plants species in the world and its annual increase[END_REF]. The existence and affinities of the APA clade were not suspected before the advent of molecular phylogenetic studies [START_REF] Kårehed | Evolution of the Australasian families Alseuosmiaceae, Argophyllaceae, and Phellinaceae[END_REF]. The genera now included in these three families have been historically placed in various families, including Aquifoliaceae, Caprifoliaceae, Escalloniaceae, or Saxifragaceae, that are quite distantly related (Angiosperm Phylogeny Group IV, 2016). A later molecular phylogenetic study indicated that the enigmatic and unplaced genus Platyspermation Guillaumin, originally described in Myrtaceae [START_REF] Guillaumin | Plantae Neocaledonicae a C. Skottsberg a. 1949 lectae[END_REF], was sister to Alseuosmiaceae [START_REF] Lundberg | A phylogenetic study of the order Asterales using one morphological and three molecular data sets[END_REF], where it is now included. The APA clade now includes 7-8 genera and ca. 44 species (Table 1) from eastern Australia, Lord Howe Island, New Caledonia, New Guinea, New Zealand, and Rapa Iti (Figure 1).

Similarly to most Asterales (see the review of Martínez-Millán 2010), the fossil record of Alseuosmineae is sparse, consisting either of very recent fossils from the Quaternary or of three well-assigned fossils from the Early Miocene of New Zealand [START_REF] Conran | Reproductive niche conservatism in the isolated New Zealand flora over 23 million years[END_REF][START_REF] Pole | Dispersed leaf cuticle from the Early Miocene of southern New Zealand[END_REF][START_REF] Pole | Was New Zealand a primary source for the New Caledonian flora?[END_REF]; see also [START_REF] Shepherd | A biological and ecological review of the endemic New Zealand genus Alseuosmia (toropapa; Alseuosmiaceae)[END_REF].

Table 1. List of species in the Alseuosmineae with their natural distribution. Intraspecific and hybrid taxa are not shown. Underlined: restricted to ultramafic substrates of New Caledonia, Dotted underlined: occurring on ultramafic and other substrates in New Caledonia. The APA clade is most diversified in New Caledonia, with four genera (three endemic) and 19 species (all endemic). This archipelago is also well-known for the extent of ultramafic rocks that have shaped its flora [START_REF] Isnard | How did the ultramafic soils shape the flora of the New Caledonian hotspot?[END_REF]) and filtered some plant families [START_REF] Pillon | Ultramafic soils and species sorting in the flora of New Caledonia[END_REF]. Ultramafic rocks are composed of minerals high in magnesium and metals including nickel. These rocks weather to produce soils with extremely low Ca/Mg molar ratios and high concentrations of metals available to plants [START_REF] Kazakou | Hypotheses, mechanisms and trade-offs of tolerance and adaptation to serpentine soils: from species to ecosystem level[END_REF][START_REF] Proctor | Vegetation and soil and plant chemistry on ultramafic rocks in the tropical Far East[END_REF]. Some of the specialised physiological adaptations of plants to ultramafic substrates are metal tolerance and hyperaccumulation. New Caledonia is one of the world's major biodiversity hotspots for metal hyperaccumulating plant species [START_REF] Reeves | A global database for plants that hyperaccumulate metal and metalloid trace elements[END_REF]. Within the APA clade Ni hyperaccumulation was first reported in Argophyllum J.R.Forst. & G.Forst. [START_REF] Jaffré | Etude écologique du peuplement végétal des sols dérivés de roches ultrabasiques en Nouvelle-Calédonie[END_REF]. More recently a systematic screening of the herbarium of New Caledonia has also revealed Ni hyperaccumulation in Phelline Labill. and manganese hyperaccumulation in Platyspermation [START_REF] Gei | A systematic assessment of the occurrence of trace element hyperaccumulation in the flora of New Caledonia[END_REF]).

Relict lineages have often been studied with two approaches, (i) through the reconstruction of ancestral characters, or (ii) through the reconstruction of ancestral areas in biogeography, often with the wrong assumption that they have conserved ancestral characters.

Few of these studies have considered the particular ecological settings where relicts are more likely to be found. Interpretations of the habitat conditions of the early diverging angiosperms suggested a preference for shady, wet, and disturbed habitats [START_REF] Feild | Dark and disturbed: A new image of early angiosperm ecology[END_REF], or tropical montane cloud forests [START_REF] Pouteau | Retracing the contours of the early angiosperm environmental niche[END_REF]. Relicts within crown clades of angiosperms (i.e., Eudicots and Monocots) have been comparatively less studied, but preferences for humid subtropical/warm-temperate forests have also been found in 133 relict genera of East Asia [START_REF] Tang | Identifying long-term stable refugia for relict plant species in East Asia[END_REF]. Most studies have therefore focused on climatic preferences and have emphasized the importance of Pleistocene glacial refugia [START_REF] Cao | Evolution of East Asia's Arcto-Tertiary relict Euptelea (Eupteleaceae) shaped by Late Neogene vicariance and Quaternary climate change[END_REF][START_REF] Pouteau | New Caledonia: a Pleistocene refugium for rain forest lineages of relict angiosperms[END_REF].

In contrast, other authors (e.g., [START_REF] Parsons | Environments and evolution: interactions between stress, resource inadequacy and energetic efficiency[END_REF] have suggested that relict lineages are more likely to survive in harsh or fluctuating environments where the presence of predators or competitors is less likely and reduces negative interspecific interactions. Alseuosmineae are therefore an interesting model to investigate the ecological niches of relicts through analyses of plant-soil interactions.

Alseuosmineae have been the subject of several recent taxonomic reviews that have clarified species limits, particularly in the genera Alseuosmia A.Cunn. [START_REF] Shepherd | A biological and ecological review of the endemic New Zealand genus Alseuosmia (toropapa; Alseuosmiaceae)[END_REF], Argophyllum [START_REF] Bean | A taxonomic revision of Argophyllum J.R.Forst. & G.Forst[END_REF][START_REF] Pillon | A new species of Argophyllum (Argophyllaceae) with notes on the species from New Caledonia and nickel hyperaccumulation[END_REF] and Phelline [START_REF] Barriera | Novitates neocaledonicae. VIII. Taxonomie et nomenclature du genre Phelline (Phellinaceae) avec la description de la nouvelle espèce Phelline barrierei[END_REF][START_REF] Barriera | Phellinaceae[END_REF]. The first aim of this study is to demonstrate that Alseuosmineae qualify as a relict lineage. We use molecular phylogenetics and molecular dating analyses to reconstruct the evolutionary history of the group. Particular attention is given to the New Caledonian endemic genus Periomphale Baill. (sometimes included in Wittsteinia F.Muell.), which has never been included in any molecular phylogenetic study. We also characterise edaphic preferences for New Caledonian Alseuosmineae and determine their metal concentration with novel measurements to measure the frequency of metal (hyper)accumulation in the group.

Material and methods

DNA extraction and sequencing

Silica-dried leaf material of Periomphale balansae Baill. was obtained from the Herbarium of New Caledonia (NOU, [START_REF] Bruy | L'Herbier de Nouvelle-Calédonie[END_REF]) (herbarium code according to Thiers 2021). Total genomic DNA was extracted following a modified cetyltrimethylammonium bromide (CTAB) protocol [START_REF] Doyle | A rapid DNA isolation procedure for small quantities of fresh leaf tissue[END_REF].

Three plastid genes were amplified by PCR. The ATP synthase subunit beta (atpB) was amplified in two fragments with the primers rbcL1pro from [START_REF] Mast | An assessment of old and new DNA sequence evidence for the paraphyly of Banksia with respect to Dryandra (Proteaceae)[END_REF], S1494R, S611 from [START_REF] Hoot | The utility of atpB gene sequences in resolving phylogenetic relationships: comparison with rbcL and 18S ribosomal DNA sequences in the Lardizabalaceae[END_REF] and S766RProt modified from [START_REF] Hoot | The utility of atpB gene sequences in resolving phylogenetic relationships: comparison with rbcL and 18S ribosomal DNA sequences in the Lardizabalaceae[END_REF]. The NADH dehydrogenase F (ndhF) was amplified in two fragments with primers -52pro, 972Rpro, 972Fgre and 2100Rgre from [START_REF] Mast | A smaller Macadamia from a more vagile tribe: inference of phylogenetic relationships, divergence times, and diaspore evolution in Macadamia and relatives (tribe Macadamieae; Proteaceae)[END_REF]. The ribulose bisphosphate carboxylase large chain (rbcL) was amplified using primers rbcL1F of [START_REF] Fay | Taxonomic Affinities of Medusagyne oppositifolia (Medusagynaceae)[END_REF] and rbcL889R from Vidal-Russell and Nickrent (2008). The PCR amplification program consisted of 5 min of initial denaturation at 80 °C, followed by 30 cycles of 1 min denaturation at 95 °C, 1 min of annealing at 50 °C, 1.5 min elongation at 65 °C, and a final hold of 4 min at 65 °C. Purification and bidirectional sequencing were carried out by an external service (Genoscreen, Lille, France) on an automated sequencer using BigDye Terminator V3.1 Cycle sequencing kit. The resulting sequences were deposited in GenBank (see Table S1 for the corresponding accession numbers).

Molecular dataset

To establish the phylogenetic placement of Periomphale balansae we used GenBank to assemble a molecular dataset consisting of the three sequenced plastid genes. We included 10 members of the APA clade, with at least one representative of all Alseuosmineae genera. The sequences of the three plastid gene fragments were slightly variable in length. Their alignment was accomplished using MAFFT v7 [START_REF] Katoh | MAFFT Multiple Sequence Alignment Software Version 7: Improvements in Performance and Usability[END_REF] with default option settings. For all gene fragments, we used Mesquite v3.61 [START_REF] Maddison | Mesquite: a modular system for evolutionary analysis[END_REF] to check the coding frame for possible errors or stop codons. The combination of the three gene fragments resulted in a combined matrix of 13 specimens and 5030 aligned characters (with ca.

Species in Alseuosmiaceae included

16% of missing data).

Phylogenetic inference

Phylogenetic analyses were conducted using both Bayesian inference (BI) and maximum likelihood (ML). For both analytical approaches, partitioned analyses were implemented to improve phylogenetic accuracy [START_REF] Nylander | Bayesian Phylogenetic Analysis of Combined Data[END_REF]). The dataset was divided a priori into nine partitions, with three partitions (one per codon position) defined for each chloroplastic gene fragment. The best partitioning schemes and models were determined using ModelFinder [START_REF] Kalyaanamoorthy | ModelFinder: fast model selection for accurate phylogenetic estimates[END_REF]) with default settings.

Bayesian inference analyses were performed with BEAST v1.10.4 [START_REF] Suchard | Bayesian phylogenetic and phylodynamic data integration using BEAST 1.10[END_REF].

The BI partitioned analyses consisted of 50 million generations of MCMC with the parameters and trees sampled every 5000 generations. A maximum credibility tree was further generated with TreeAnnotator v1.10.4 [START_REF] Suchard | Bayesian phylogenetic and phylodynamic data integration using BEAST 1.10[END_REF], after removing the first 25% of topologies as burn-in. Convergence of runs was assessed by examining the ESS of parameters under Tracer v.1.7, using the recommended threshold of 200 [START_REF] Drummond | Relaxed phylogenetics and dating with confidence[END_REF]. Support of nodes for the BEAST analyses was provided by clade posterior probabilities (PP), as directly estimated from the majority-rule consensus topology. Nodes supported by PP ≥ 0.95 were considered strongly supported following [START_REF] Erixon | Reliability of bayesian posterior probabilities and bootstrap frequencies in phylogenetics[END_REF].

Maximum likelihood analyses were conducted with IQ-TREE v2 [START_REF] Minh | IQ-TREE 2: new models and efficient methods for phylogenetic inference in the genomic era[END_REF].

The best-score ML tree was obtained using a heuristic search implementing 500 randomaddition replicates with the following settings: random-starting tree, hill-climbing nearest neighbour interchange (NNI) search (-allnni option), perturbation strength of 0.2 (-pers 0.2 option), partition-resampling strategy (--sampling GENE option), best partition scheme allowing the merging of partitions (-m MFP+MERGE option). Support of nodes for the IQ-TREE 2 analyses was assessed using 1000 replicates for both ultrafast bootstraps [START_REF] Minh | Ultrafast approximation for phylogenetic bootstrap[END_REF]) and SH-like approximate likelihood ratio tests (SH-aLRT; [START_REF] Guindon | New algorithms and methods to estimate Maximum-Likelihood phylogenies: assessing the performance of PhyML 3.0[END_REF]. Nodes supported by ultrafast bootstrap values (uBV) ≥95% and SH-aLRT values ≥80% were considered as strongly supported following authors' recommendations.

Molecular dating

Molecular dating analyses were carried out using Bayesian relaxed clocks as implemented in BEAST v1.10.4 [START_REF] Suchard | Bayesian phylogenetic and phylodynamic data integration using BEAST 1.10[END_REF]. First, we implemented primary fossil calibrations relying on the three Alseuosmineae fossils. The first is a dispersed leaf cuticle assigned to the genus Argophyllum (see Pole 2008 for a complete description), from the Early Miocene of Central Otago in New Zealand (fluvial-lacustrine Manuherikia Group). This formation is from the Altonian stage of New Zealand dated at 15.9-19.0 Million years ago (Ma). As a conservative estimate, we used the youngest age estimated for this formation (15.9 Ma) to set a minimum age. Since our sampling for the genus Argophyllum is not comprehensive and because we cannot exclude the possibility that this Miocene cuticle is sister to all extant Argophyllum species, we used this as a stem calibration. The second calibration is based on a dispersed leaf fossil cuticle assigned to the genus Phelline (see Pole 2010 for a complete description) also found in the fluvial-lacustrine Manuherikia Group. Similarly to the Argophyllum fossil, we used this fossil for stem calibration with a minimum age of 15.9 Ma. The third fossil is a compression fossil (flower) assigned to the genus Alseuosmia (see [START_REF] Conran | Reproductive niche conservatism in the isolated New Zealand flora over 23 million years[END_REF]) from the Early Miocene of the Foulden Hills Diatomite Formation of New Zealand (Foulden Maar locality). This formation is from the Early Miocene (16.0-23.0 Ma) and was also radiometrically dated at ca. 23 Ma [START_REF] Lindqvist | High-frequency paleoclimate signals from Foulden Maar, Waipiata Volcanic Field, southern New Zealand: An Early Miocene varved lacustrine diatomite deposit[END_REF]. This age corresponds to the age of the Aquitanian stage (20.44-23.03 Ma;[START_REF] Walker | GSA Geologic Time Scale v. 5.0[END_REF]. To be conservative we set a minimum age for the stem of Alseuosmia at 20.44 Ma. For the three calibrated nodes and the root we also set a maximum age which was conservatively based on the lowest boundary of the 95% HPD of the age of the MRCA of Asterales (i.e., 114.93 Ma) from the study of [START_REF] Ramírez-Barahona | The delayed and geographically heterogeneous diversification of flowering plant families[END_REF].

In a complementary way we relied on secondary calibrations derived from the study of [START_REF] Ramírez-Barahona | The delayed and geographically heterogeneous diversification of flowering plant families[END_REF] who analysed a multi-marker molecular dataset of 1209 taxa encompassing all 435 currently recognized plant families. In this study, up to 238 fossil calibrations were used to infer divergence time estimates within angiosperms. Importantly their sampling includes 49 Asterales representatives, of which six belong to the APA clade. Based on the taxa shared between our dataset and theirs, we were able to set secondary calibrations for six nodes. We relied on ages estimated with the relaxed calibration dating strategy with the Ma). The corresponding calibrations were enforced using truncated normal distributions with minimum and maximum ages reflecting the 95% HPD, and a standard deviation of 10 Ma.

For both analyses, the tree model was set to a birth-death speciation process [START_REF] Gernhard | The conditioned reconstructed process[END_REF] to account more accurately for extinct and missing lineages. The other settings for the BEAST analyses were similar to the settings used for the phylogenetic analysis carried out beforehand (50 million generations of MCMC with the parameters and trees sampled every 5000 generations).

Net diversification rates were calculated based on the results of both dating analyses using the equation #4 from [START_REF] Magallón | Absolute diversification rates in angiosperm clades[END_REF], and time to net speciation events with equation #3. We compared diversification rates obtained here for Alseuosmineae with those calculated for total Asterales, Asteraceae and Campanulaceae using crown ages from Ramírez-Barahona et al. ( 2020) and estimates of species numbers from [START_REF] Christenhusz | The number of known plants species in the world and its annual increase[END_REF].

Ecology and metal measurements

Edaphic preferences of New Caledonian Alseuosmineae were obtained from the literature including: [START_REF] Tirel | Alseuosmiaceae[END_REF], [START_REF] Barriera | Phellinaceae[END_REF], and [START_REF] Pillon | A new species of Argophyllum (Argophyllaceae) with notes on the species from New Caledonia and nickel hyperaccumulation[END_REF].

Additionally, information was obtained from descriptions on herbarium specimens labels from the herbarium of New Caledonia (NOU) and the herbarium of Muséum national d'Histoire naturelle (P).

We used a Niton XL3T 950 GOLDD TM + handheld XRF analyzer (Thermo Fisher Scientific, Waltham, Massachusetts, USA) to screen herbarium specimens (see [START_REF] Belloeil | The X-ray fluorescence screening of multiple elements in herbarium specimens from the Neotropical region reveals new records of metal accumulation in plants[END_REF][START_REF] Van Der Ent | X-Ray fluorescence ionomics of herbarium collections[END_REF][START_REF] Invernón | La découverte de nouvelles espèces végétales hyperaccumulatrices de métaux dans les herbiers[END_REF]) at herbarium P. Each herbarium specimen was placed on 2 mm titanium foil (#269489, Sigma-Aldrich, Saint Louis, Missouri, USA) and X-ray fluorescent spectra were recorded in the soil mode for 30 sec. using the main filter. The analysis of spectra by the proprietary XRF quantification software (ver. HH-XRF_8.4G) provided an estimated concentration in g.g -1 for Mn and Ni, the two elements that are the focus of this study. Up to ten specimens for each species were screened, to cover as broadly as possible the distribution and substrate types of each species (Table S1).

Because this type of XRF measurements tend to overestimate Mn concentrations [START_REF] Belloeil | The X-ray fluorescence screening of multiple elements in herbarium specimens from the Neotropical region reveals new records of metal accumulation in plants[END_REF][START_REF] Gei | A systematic assessment of the occurrence of trace element hyperaccumulation in the flora of New Caledonia[END_REF], some analyses were validated with Microwave Plasma-Atomic Emission Spectroscopy (MP-AES). On a few selected herbarium specimens, one leaf was removed and more than 100 mg was ground to powder in a high-speed benchtop homogenizer (FastPrep®-24, MP Biomedicals, Solon, USA). The plant samples were analysed at the Service d'Analyses Multi-Élémentaires (INRAE, Montpellier, France) where they were digested in HNO3 (65%) and H2O2 (30%) before MP-AES analysis [START_REF] Chay | High throughput multi-elemental profiling of plant samples with the 4200 MP-AES[END_REF]. The data were deposited in TRY Plant Trait Database [START_REF] Kattge | TRY plant trait database -enhanced coverage and open access[END_REF])

Results

Phylogenetic inference

In our Bayesian phylogenetic analysis of Alseuosmineae, all parameters showed ESS values ≥200 for the BEAST analysis. Partitioned phylogenetic analyses yielded identical topologies under BI and ML (Figure 2). Node support was high under BI with 12 nodes out of 13 with PP >0.95, whereas under ML, only four nodes were well supported with uBV >95% and SH-aLRT ≥80%. The suborder Alseuosmineae was resolved as monophyletic (PP of 1.0, uBV and SH-aLRT of 89%). Monophyly was also observed for the sampled representatives of Alseuosmiaceae (PP of 1.0, uBV of 100%, SH-aLRT of 95.6%), Argophyllaceae (PP of 1.0, uBV of 98%, SH-aLRT of 97.8%), and Phellinaceae (PP of 1.0, uBV of 100%, SH-aLRT of 99.6%). Argophyllaceae and Phellinaceae were recovered as sister lineages with either a high support under BI (PP of 1.0) but a weak/moderate support under ML (uBV of 65%, SH-aLRT of 43.8%). Periomphale balansae was placed as sister to Wittsteinia vacciniacea with moderate support (PP of 0.93, uBV of 80%, SH-aLRT of 82.2%). 

Molecular dating

In our dating analyses of Alseuosmineae, all parameters showed ESS values ≥200 for all BEAST analyses. The results of both analyses yielded dating estimates that were largely overlapping (see Figure 2 for the analysis based on fossil calibrations [FOSS] and Figure S1 for the analysis relying on secondary calibrations based on the study of [START_REF] Ramírez-Barahona | The delayed and geographically heterogeneous diversification of flowering plant families[END_REF] [R2020]), with slightly older ages for the fossil-constrained analysis [FOSS] ). Net diversification rates of Alseuosmineae were estimated to be between 0.038 [FOSS] and 0.041 [R2020], lower than that of the entire Asterales (0.089), Campanulaceae (0.096), or Asteraceae (0.16).

Leaf metal concentrations

Leaf tissue Ni and Mn concentrations were measured for a total of 249 herbarium specimens representing 33 species. In most specimens, Ni was below the level of detection; however, it was consistently present in high concentrations in several species of Argophyllum from New Caledonia (Figure 3). Hequet (2021), A. montanum, A. riparium, and A. vernicosum. Although the median of each of these species was below 1000, one specimen of A. ellipticum reached 6700 µg.g -1 . Beside the New Caledonian species of Argophyllum cited above, occasional concentrations that were higher than the average were observed in some specimens of other species collected on ultramafic substrates from New Caledonia: Phelline gracilior (Katépahié: 90 and 640 µg.g -1 , Koumac: 270 µg.g -1 ), Phelline macrophylla (Isle of Pines: 70 µg.g -1 ) Periomphale balansae (Mount Ninga: 60 µg.g -1 , Ongone: 200 µg.g -1 ) and Argophyllum lejourdanii from Australia on unknown substrate (Rockingham Bay: 40 µg.g -1 ).

Mn was above the detection threshold for most specimens and displayed great variation.

Two species endemic to ultramafic substrates of New Caledonia consistently displayed high Mn concentration: Phelline barrierei (2500-57,000 µg.g -1 , median = 19,500 µg.g -1 , n = 9) and Platyspermation crassifolium (3,600-71,500 µg.g -1 , median=28,000 µg.g -1 , n=10). Only a few other specimens of occasionally had Mn values above 10,000 µg.g -1 . They were all specimens collected on ultramafic substrates of New Caledonia: Periomphale balansae (Bon Secours: 16,100 µg.g -1 ), Phelline comosa (Kouaoua: 10,100 µg.g -1 ), Phelline lucida (Ouenarou: 22,000 µg.g -1 ,Tchingou: 18,000 µg.g -1 , Mont Do: 10,000 µg.g -1 ) and one from New Zealand:

Alseuosmia macrophylla (Bay of Islands: 11000 µg.g -1 ). MP-AES measurements confirmed the high Mn concentration in both Phelline barrierei (11,062 and 19,688 µg.g -1 ) and Platyspermation crassifolium (9,615 and 30,068 µg.g -1 ), which clearly qualified as Mn hyperaccumulators. There is also fossil evidence for geographical extinction in Alseuosmineae. Leaf cuticle from New Zealand has been attributed to the New Caledonian endemic Phelline (Pole 2010), and to Argophyllum, now restricted to eastern Australia and New Caledonia [START_REF] Pole | Dispersed leaf cuticle from the Early Miocene of southern New Zealand[END_REF]. No fossils attributed to Alseuosmineae have yet been described outside their current range.

Alseuosmineae display an excess of representation on islands. Only a third of the species are now restricted to former Sahul (14 in mainland Australia, and one in New Guinea).

Wittsteinia papuana is known from a single collection in New Guinea (van Steenis 1978). The eleven species of Australian Argophyllum, Corokia whiteana, and Crispiloba disperma each have relatively narrow distributions in north-east Australia (Queensland), while Wittsteinia vacciniacea has a restricted range in south-west Australia (Victoria). Most of the Alseuosmineae diversity is restricted to islands: Chatham Islands (1), Lord Howe Island [START_REF] Cluzel | An outline of the geology of New Caledonia; from Permian-Mesozoic Southeast Gondwanaland active margin to Cenozoic obduction and supergene evolution[END_REF] New Caledonia ( 19), New Zealand (7), and Rapa Iti [START_REF] Cluzel | An outline of the geology of New Caledonia; from Permian-Mesozoic Southeast Gondwanaland active margin to Cenozoic obduction and supergene evolution[END_REF]. The occurrence of Alseuosmineae on isolated volcanic islands (Lord Howe Island, Rapa Iti) is also an indication of good dispersal ability, assisted by birds, wind, or other means. Thus, the current range of Alseuosmineae is more in line with an ongoing, long-term decline on continental Sahul, with islands likely serving as (climatic) refugia.

Metal accumulation patterns

Our results confirm previous observations reporting that all six New Caledonian Argophyllum species occurring on ultramafic substrates can be considered Ni hyperaccumulators (Jaffré 1977, Pillon and[START_REF] Pillon | A new species of Argophyllum (Argophyllaceae) with notes on the species from New Caledonia and nickel hyperaccumulation[END_REF]. [START_REF] Gei | A systematic assessment of the occurrence of trace element hyperaccumulation in the flora of New Caledonia[END_REF] measured a Ni concentration of 2150 µg.g -1 in one specimen at herbarium NOU identified as Phelline wagapensis (MacKee 16846, Katépahié). Measurement of the duplicate specimen at P shows a lower concentration of 640 µg.g -1 , with the specimen being identified as Phelline gracilior, while Phelline wagapensis is now treated as a synonym of Phelline erubescens [START_REF] Barriera | Phellinaceae[END_REF]. Therefore, we consider that the occurrence of Ni hyperaccumulation in the genus Phelline requires further validation.

Two species of Alseuosmineae qualify as Mn hyperaccumulators. We validated the measurements of [START_REF] Gei | A systematic assessment of the occurrence of trace element hyperaccumulation in the flora of New Caledonia[END_REF] for Platyspermation crassifolium with new and more reliable MP-AES measurements confirming that its Mn concentration exceeds 10,000 µg.g -1 . We also discovered another previously undetected Mn hyperaccumulator, Phelline barrierei, based on MP-AES measurements. In several other species including Alseuosmia macrophylla, Periomphale balansae, Phelline comosa, and Phelline lucida, a few specimens have XRF measurements exceeding 10,000 µg.g -1 (up to 22,000 µg.g -1 ). However, considering that XRF spectrometer tends to overestimate high Mn values by a factor of ca. 3.5 [START_REF] Belloeil | The X-ray fluorescence screening of multiple elements in herbarium specimens from the Neotropical region reveals new records of metal accumulation in plants[END_REF] and that high values were observed only in a minority of specimens for each species, we regard Mn hyperaccumulation in these species as doubtful, with currently available data.

Both Mn and Ni hyperaccumulation evolved independently on ultramafic substrates of New Caledonia. Within Alseuosmineae, these two metal accumulation physiological pathways seem to exclude each other as specimens could display either high Ni concentration or high Mn concentration, but never both. This cannot simply be explained by ecological differences 

Specialised ecology, specialised physiology

Alseuosmineae display a high affinity for ultramafic substrates, with 16 species (36%) in four genera occurring on ultramafic rocks in New Caledonia, of which 10 are restricted to them. This recurrent specialization for ultramafic substrates is remarkable considering the extreme chemical conditions of these soils [START_REF] Proctor | Vegetation and soil and plant chemistry on ultramafic rocks in the tropical Far East[END_REF][START_REF] Kazakou | Hypotheses, mechanisms and trade-offs of tolerance and adaptation to serpentine soils: from species to ecosystem level[END_REF], and their limited distribution globally, as well as within the entire Alseuosmineae range. They have not been reported on ultramafic substrates in Eastern Australia [START_REF] Batianoff | Vascular plant census and floristic analysis of serpentine landscapes in central Queensland[END_REF][START_REF] Batianoff | The serpentine flora of the humid subtropics of Eastern Australia[END_REF], but this could be explained by the narrow endemism of most Australian Alseuosmineae species (e.g., [START_REF] Bean | A taxonomic revision of Argophyllum J.R.Forst. & G.Forst[END_REF]. Similarly, despite extensive study and production of species lists, Alseuosmia and Corokia spp. have not been recorded on New Zealand ultramafic substrates up to the present time. Alseuosmia is most abundant in the western regions of the North Island [START_REF] Shepherd | A biological and ecological review of the endemic New Zealand genus Alseuosmia (toropapa; Alseuosmiaceae)[END_REF], while the largest ultramafic outcrops are in the southwest of the South Island (van der [START_REF] Van Der Ent | The flora of ultramafic soils in the Australia-Pacific Region: state of knowledge and research priorities[END_REF].

It is even more remarkable that metal hyperaccumulation occurs multiple times in Alseuosmineae. Fourteen percent of Alseuosmineae species are Ni hyperaccumulators, while only 0.18% of angiosperm species have this property according to the global inventory of metal hyperaccumulators [START_REF] Reeves | A global database for plants that hyperaccumulate metal and metalloid trace elements[END_REF]. Similarly, Mn hyperaccumulating species represent 4.5% of Alseuosmineae and only 0.014% of angiosperms. It seems likely that Alseuosmineae possess some exaptation to adapt to ultramafic substrates and to become metal hyperaccumulators.

A lineage with a similar history may be Oncotheca Baill. This genus comprising two species endemic to New Caledonia is almost restricted to ultramafic substrates, with one species being a Ni hyperaccumulator [START_REF] Jaffré | Etude écologique du peuplement végétal des sols dérivés de roches ultrabasiques en Nouvelle-Calédonie[END_REF][START_REF] Jaffré | The metal hyperaccumulators from New Caledonia can broaden our understanding of nickel accumulation in plants[END_REF]). This genus is the sole representative of the family Oncothecaceae and possibly of the order Oncothecales, a lineage of ca. 120 Ma [START_REF] Zhang | Asterid phylogenomics/phylotranscriptomics uncover morphological evolutionary histories and support phylogenetic placement for numerous wholegenome duplications[END_REF]. The double insularity of New Caledonia (geographical and ecological) has probably played a role in the persistence of such relict lineages. This may have allowed them to escape competition from more successful groups, including the related Asteraceae that are under-represented in New Caledonia [START_REF] Pillon | Ultramafic soils and species sorting in the flora of New Caledonia[END_REF].

There are several lines of evidence that New Caledonia fits in the 'Old Climatically Buffered Infertile Landscapes' (OCBILs; Pillon et al. 2021). When he introduced the OCBIL theory, [START_REF] Hopper | OCBIL theory: towards an integrated understanding of the evolution, ecology and conservation of biodiversity on old-climatically buffered, infertile landscapes[END_REF] made several predictions, which included the persistence of old lineages and nutritional specialisation. Alseuosmineae is a lineage where both features of an ancient, relictual lineage and edaphic specialisation are combined. Cuba is the other area in the world where metal hyperaccumulators are particularly diverse [START_REF] Belloeil | The X-ray fluorescence screening of multiple elements in herbarium specimens from the Neotropical region reveals new records of metal accumulation in plants[END_REF][START_REF] Reeves | Nickel accumulating plants from the ancient serpentine soils of Cuba[END_REF], 1999). There, the greatest numbers of hyperaccumulators are found in the older ultramafic terranes of the West and particularly the East that have been exposed for 10-30 Ma [START_REF] Reeves | Nickel accumulating plants from the ancient serpentine soils of Cuba[END_REF][START_REF] Reeves | Nickel hyperaccumulation in the serpentine flora of Cuba[END_REF].This age is close to the emergence of New Caledonian substrates which occurred sometimes between 25 and 34 Ma (Pillon et al. 2021). This suggests that the age of ultramafic terrane (and possibly its stability) is an important factor for metal hyperaccumulation to originate.

Conclusions

Alseuosmineae is a relict lineage with low net diversification rates that can probably be explained by high extinction rates, geographical extinction, and narrow distributions particularly on continents, in spite of dispersal abilities. Future phylogenetic studies should consider sampling all species in order to estimate extinction rates throughout the history of this lineage. Island refugia may have played an important role in the persistence of the diversity of Alseuosmineae. Alseuosmineae display recurrent specialization for ultramafic substrates in New Caledonia with multiple independent evolution of rare physiological syndromes: Ni and Mn hyperaccumulation. Many more studies, on metallophytes or other lineages will be necessary to determine whether relict lineages are more often generalists or specialists, and to provide more detailed understanding of their diversification through time and their relative niche breadth.
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Figure 1 .

 1 Figure 1. Distribution of Alseuosmineae (Asterales) in Oceania.

  Alseuosmia macrophylla, Crispiloba disperma, Platyspermation crassifolium, and Wittsteinia vacciniacea. Species in Argophyllaceae included Argophyllum cryptophlebum, Argophyllum nullumense, and Corokia cotoneaster. Species in Phellinaceae included Phelline billardierei, Phelline comosa, and Phelline lucida. For outgroup selection, we included Stylidium graminifolium in the Stylidiaceae family. Phylogenetically, Stylidiaceae is sister to Alseuosmineae (Ramírez-Barahona et al. 2020). As a more distinct outgroup (see also Ramírez-Barahona et al. 2020) we selected Menyanthes trifoliata, a member of the Menyanthaceae family. GenBank accession numbers and voucher information for all corresponding sequences are presented in the Appendix.

Figure 2 .

 2 Figure 2. Dated phylogeny resulting from Bayesian evolutionary analysis sampling trees (BEAST) analyses based on primary fossil calibrations [FOSS] (topology identical to the bestfit ML tree). Support values at nodes refer to posterior probabilities (PP), ultrafast bootstrap values (uBV) and SH-like approximate likelihood ratio tests (SH-aLRT), in that order. Median

Figure 3 .

 3 Figure 3. Boxplots showing Ni and Mn foliar concentrations (μg g-1) measured by X-ray fluorescence (XRF) scanning of herbarium specimens from 33 species of Argophyllaceae (green), Phellinaceae (blue) and Alseuosmiaceae (red). The dashed lines are the hyperaccumulation thresholds of Ni (1000 μg g-1) and Mn (10,000 μg g-1).

Figure 4

 4 Figure 4 displays Ni/(Ni+Mn) and indicates that most specimens predominantly

Figure 4 .

 4 Figure 4. Relation between leaf concentrations of Ni and Mn in Alseuosmineae expressed as the distribution of the values of the quotient Ni/(Ni+Mn). For the purpose of calculation, concentrations below the detection limit were assigned the value of zero. Twelve out of 249 specimens were excluded due to Ni and Mn values below detection levels. Ni hyperaccumulators are shown in green, and Mn hyperaccumulators in red.

  because the Ni hyperaccumulator Argophyllum ellipticum is observed in the same locations as the Mn hyperaccumulators Phelline barrierei (e.g., in Mount Paeoua) and Platyspermation crassifolium (in Mount Humboldt and Mount Kouakoué). A similar pattern has previously been observed in New Caledonian Cunoniaceae (van der Ent et al. 2022), suggesting that Mn and Ni accumulation are at least partially distinct strategies implying different molecular, physiological or anatomical pathways and structures.

  complete fossil set: (i) MRCA of sampled Alseuosmiaceae (median age of 23.40 Ma; 95% highest posterior densities, HPD: 5.05-45.53 Ma), (ii) MRCA of sampled Argophyllaceae (median age of 18.75 Ma; 95% HPD: 5.45-34.50 Ma), (iii) MRCA of sampled Phellinaceae (median age of 12.60 Ma; 95% HPD: 3.27-26.59 Ma), (iv) MRCA of sampled [Argophyllaceae + Phellinaceae] (median age of 71.81 Ma; 95% HPD: 36.52-95.02 Ma), (v) MRCA of sampled Alseuosmineae (median age of 81.07 Ma; 95% HPD: 48.18-102.23 Ma), and (vi) MRCA of [Alseuosmineae + Stylidium graminifolium] (median age of 92.58 Ma; 95% HPD: 79.75-105.03

  . Age estimates for the suborder Alseuosmineae suggested an origin between the Late Cretaceous and the Paleocene (median age 80.85 Ma, 95% HPD: 59.14-99.48 Ma [FOSS]; median age 75.27 Ma, 95% HPD: 64.17-86.96 Ma [R2020]). The median age for the MRCA of Argophyllaceae + Phellinaceae was estimated at about 71-76 Ma (median age 76.86 Ma, 95% HPD: 56.84-

	96.67 Ma [FOSS]; median age 71.84 Ma, 95% HPD: 60.58-83.16 Ma [R2020]). The age
	estimates for the MRCA of the sampled representatives of Alseuosmiaceae, Argophyllaceae,
	and Phellinaceae were significantly younger: (i) for Alseuosmiaceae: median age 37.44 Ma,
	95% HPD: 28.39-49.14 Ma [FOSS]; median age 29.13 Ma, 95% HPD: 20.46-38.24 Ma
	[R2020]; (ii) for Argophyllaceae: median age 19.89 Ma, 95% HPD: 15.97-28.67 Ma [FOSS];
	median age 15.81 Ma, 95% HPD: 9.21-24.37 Ma [R2020]; and (iii) for Phellinaceae: median
	age 13.06 Ma, 95% HPD: 6.41-22.40 Ma [FOSS]; median age 10.99 Ma, 95% HPD: 5.54-17.90
	Ma [R2020]. The age of the MRCA of Periomphale balansae and Wittsteinia vacciniacea was
	estimated at about 13-19 Ma (median age 19.71 Ma, 95% HPD: 13.68-25.96 Ma [FOSS];
	median age 12.90 Ma, 95% HPD: 7.28-19.39 Ma [R2020]

Table S1

 S1 Ni and Mn foliar concentrations (µg.g -1 ) measured by X-ray fluorescence (XRF) scanning of Alseuosmineae herbarium specimens from 33 species. See: https://science.mnhn.fr/institution/mnhn/collection/p/item/search [insert barcode]. LOD= limit of detection

	Alseuosmiacea e Argophyllaceae Corokia Alseuosmia Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	macrophylla collenettei ellipticum grunowii montanum vernicosum brachyphylla dumbeensis indivisa macrophylla	P04233474 P04352024 P06234110 P00217129 P04351398 P04445117 P00070316 P00071743 P00555315 P00071866	New Zealand Rapa Iti New Caledonia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia Caledonia New New New New	< LOD < LOD 433 167 511 298 < LOD < LOD < LOD < LOD	±70 ±50 ±20 ±20 ±20 ±20 ±70 ±70 ±60 ±60	1,627 0 123 403 1,171 < LOD 3,347 376	±130 ±60 ±40 ±30 ±30 ±40 ±90 ±110 ±90 ±160
	Argophyllaceae Corokia	collenettei	P04352025	Rapa Iti	< LOD	±40		±60
	Alseuosmiacea e Argophyllaceae Corokia Alseuosmia Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	macrophylla collenettei ellipticum grunowii montanum vernicosum brachyphylla dumbeensis indivisa macrophylla	P04233475 P04552547 P06234114 P03609314 P04284918 P04445117 P00071678 P00071835 P00071677 P00071671	New Zealand Rapa Iti New Caledonia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia Caledonia New New New New	< LOD < LOD 0 320 103 1023 < LOD < LOD < LOD < LOD	±70 ±50 ±20 ±20 ±20 ±20 ±60 ±70 ±50 ±60	8,659 0 721 1,273 4,358 223 195 78	±270 ±70 ±40 ±35 ±50 ±20 ±110 ±190 ±60 ±70
	Family Alseuosmiacea Alseuosmiacea e Argophyllaceae Corokia Genus Wittsteinia Alseuosmia Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Argophyllaceae Corokia Alseuosmiacea e Alseuosmia Argophyllaceae Corokia Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	Species balansae pusilla cotoneaster grunowii grunowii montanum vernicosum brachyphylla dumbeensis indivisa collenettei macrophylla collenettei ellipticum grunowii montanum vernicosum brachyphylla dumbeensis indivisa macrophylla	Barcode P00183557 P04233477 P04552539 P00354673 P04284521 P04445124 P05563809 P00071713 P00071807 P00071705 P06805435 P03616801 P04552546 P04445184 P04351401 P04284920 P04445162 P00071748 P00070469 P00071676 P00931006	Origin New New Zealand Rapa Iti New Caledonia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia New New New Rapa Iti New Zealand Rapa Iti New Caledonia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia Caledonia New New New New	Ni concentration < LOD < LOD < LOD 1351 796 33 1872 < LOD < LOD < LOD < LOD < LOD < LOD 6670 752 0 116 < LOD < LOD < LOD < LOD	Ni Error ±70 ±60 ±50 ±30 ±20 ±20 ±40 ±30 ±70 ±70 ±40 ±60 ±40 ±50 ±20 ±20 ±20 ±70 ±70 ±50 ±60	2,451 124 285 252 2,294 237 389 concentration Mn 2,796 1,641 1,802 121 1,210 211 566 63	±90 ±140 ±90 ±30 ±40 ±40 ±40 ±50 ±150 ±80 Error ±60 Mn ±150 ±50 ±50 ±30 ±60 ±30 ±70 ±110 ±60 ±80
	e Alseuosmiacea e Alseuosmiacea e Argophyllaceae Corokia Wittsteinia Alseuosmia Argophyllaceae Corokia Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	balansae quercifolia cotoneaster cotoneaster grunowii grunowii montanum vernicosum brachyphylla dumbeensis indivisa	P00183532 P04233478 P04552541 P04552540 P00537619 P04445128 P04445145 P05563811 P00071814 P00071809 P00478189	Caledonia New Caledonia New Zealand New Zealand New Zealand New Caledonia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia New New New	< LOD < LOD < LOD < LOD 207 461 50 217 < LOD < LOD < LOD	±80 ±70 ±70 ±60 ±20 ±20 ±20 ±20 ±70 ±60 ±30	512 16,064 385 74 601 469 5,771 < LOD 0	±400 ±90 ±70 ±80 ±40 ±40 ±40 ±40 ±90 ±200 ±60
	Alseuosmiacea Alseuosmiacea e Argophyllaceae Corokia Wittsteinia Alseuosmia Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	balansae quercifolia cotoneaster grunowii grunowii montanum vernicosum brachyphylla erubescens indivisa	P00183593 P04233479 P06234105 P04351389 P04445165 P04445158 P05563824 P06703750 P00071861 P00071726	New New Zealand New Zealnd New Caledonia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia New New New	< LOD < LOD < LOD 587 221 165 387 < LOD < LOD < LOD	±70 ±70 ±30 ±30 ±20 ±10 ±20 ±70 ±60 ±40	294 66 1,488 794 241 < LOD 94	±70 ±90 ±40 ±30 ±30 ±40 ±30 ±100 ±70 ±60
	e Alseuosmiacea e Alseuosmiacea e Argophyllaceae Corokia Wittsteinia Crispiloba Argophyllaceae Corokia Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	balansae disperma cotoneaster whiteana grunowii grunowii montanum vernicosum brachyphylla erubescens indivisa	P00217144 P03790607 P05490161 P04552538 P04351394 P04445172 P05563751 P05563829 P00070315 P01073019 P00071689	Caledonia New Caledonia New Zealand New Zealand New Zealand New Caledonia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia New New New	< LOD < LOD < LOD < LOD 1280 672 75 977 < LOD < LOD < LOD	±40 ±70 ±40 ±70 ±20 ±20 ±20 ±30 ±50 ±60 ±60	146 139 361 0 231 658 949 130 0	±40 ±80 ±60 ±80 ±30 ±30 ±40 ±50 ±80 ±90 ±60
	Alseuosmiacea Alseuosmiacea e Argophyllaceae Corokia Wittsteinia Platyspermatio n Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	balansae crassifolium whiteana grunowii grunowii nitidum barrierei brachyphylla erubescens lucida	P00183595 P00354799 P04352022 P04351404 P04445174 P04351380 P00071784 P00071844 P00071860 P00071682	New Australia Australia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia Caledonia New New New New	< LOD < LOD < LOD 782 1775 0 < LOD < LOD < LOD < LOD	±50 ±50 ±50 ±20 ±30 ±30 ±50 ±80 ±60 ±60	35,235 1,396 0 19,521 347 1,885 4,306 437	±60 ±420 ±90 ±50 ±50 ±40 ±330 ±90 ±120 ±160
	e Alseuosmiacea e Alseuosmiacea e Argophyllaceae Argophyllum Wittsteinia Platyspermatio n Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Alseuosmiacea e Wittsteinia Alseuosmiacea e Platyspermatio n Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Alseuosmiacea e Wittsteinia Alseuosmiacea e Platyspermatio n Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Alseuosmiacea e Wittsteinia Alseuosmiacea e Platyspermatio n Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Alseuosmiacea e Wittsteinia Alseuosmiacea e Platyspermatio n Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Alseuosmiacea e Wittsteinia Alseuosmiacea e Platyspermatio n Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Alseuosmiacea e Wittsteinia Alseuosmiacea e Platyspermatio n Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	balansae crassifolium brevipetalum brevipetalum grunowii grunowii nitidum barrierei brachyphylla erubescens lucida balansae crassifolium brevipetalum grunowii grunowii nitidum barrierei comosa erubescens lucida balansae crassifolium brevipetalum grunowii grunowii nitidum barrierei comosa erubescens lucida balansae crassifolium brevipetalum grunowii grunowii nitidum barrierei comosa erubescens lucida balansae crassifolium cryptophlebu grunowii grunowii nitidum barrierei comosa erubescens lucida vacciniacea crassifolium m cryptophlebu grunowii grunowii nitidum barrierei comosa erubescens lucida vacciniacea crassifolium m ellipticum grunowii grunowii nitidum barrierei comosa erubescens lucida	P00183596 P00244019 P03609438 P03609387 P04284933 P06234106 P04284934 P00071827 P00931013 P00071808 P00071773 P00183543 P03021199 P03609387 P04445164 P06234119 P04284935 P00070321 P00071824 P00071706 P00071708 P00354302 P00244016 P04351395 P04445166 P00217183 P04445131 P00071872 P00071742 P00070453 P00239234 P00183524 P04284510 P06234113 P04445180 P00537637 P04445133 P00071874 P00071760 P00071684 P00071616 P00183586 P00244010 P03616518 P00537622 P00537638 P04445173 P00071719 P00071881 P00070456 P00071661 P04518558 P01073596 P03616526 P03609383 P03609305 P05563784 P00071770 P04034829 P00071692 P00071749 P04518557 P06899934 P00354794 P03609384 P03609307 P05563794 P00931002 P00071834 P00071781 P00071694	Caledonia New Caledonia New Caledonia Australia New New Caledonia New Caledonia New Caledonia New New New New Caledonia Caledonia Caledonia Caledonia New Caledonia New Caledonia Caledonia New New Caledonia New Caledonia New Caledonia New New New New Caledonia Caledonia Caledonia Caledonia New Caledonia New Caledonia Caledonia New New Caledonia New Caledonia New Caledonia New New New New Caledonia Caledonia Caledonia Caledonia New Caledonia New Caledonia Caledonia New New Caledonia New Caledonia New Caledonia New New New New Caledonia Caledonia Caledonia Caledonia New Caledonia New Caledonia Caledonia New New Caledonia New Caledonia New Caledonia New New New New Caledonia Caledonia Caledonia Caledonia New Caledonia New Caledonia Caledonia Australia New Caledonia New Caledonia New Caledonia New New New New Caledonia Caledonia Caledonia Caledonia Australia New Caledonia Australia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia Caledonia New New New New	58 < LOD 101 157 347 133 0 < LOD < LOD < LOD < LOD < LOD < LOD 147 896 3896 0 < LOD < LOD < LOD < LOD < LOD < LOD 0 2778 1534 0 < LOD < LOD < LOD < LOD < LOD < LOD 1676 178 246 0 < LOD < LOD < LOD < LOD 217 < LOD 0 3879 960 0 < LOD < LOD < LOD < LOD < LOD < LOD 0 2649 737 0 < LOD < LOD < LOD < LOD < LOD < LOD 309 1238 485 0 < LOD < LOD < LOD < LOD	±40 ±30 ±20 ±20 ±20 ±20 ±20 ±50 ±60 ±70 ±40 ±70 ±30 ±20 ±20 ±40 ±20 ±50 ±50 ±60 ±50 ±70 ±30 ±20 ±40 ±20 ±20 ±50 ±60 ±50 ±50 ±70 ±50 ±30 ±20 ±20 ±20 ±60 ±60 ±60 ±60 ±50 ±50 ±30 ±40 ±30 ±30 ±60 ±60 ±50 ±60 ±60 ±50 ±30 ±30 ±20 ±30 ±50 ±60 ±50 ±50 ±60 ±50 ±10 ±30 ±20 ±30 ±40 ±60 ±60 ±50	339 5,036 63 833 8,496 2,070 1,639 6,483 294 3,595 397 597 14,215 6,083 1,390 5,293 143 21,217 135 1,862 44,378 < LOD 2,532 17,956 250 8,599 0 113 2,426 626 5,830 8,555 266 39,269 0 317 26,176 1,947 675 6,397 491 6,253 0 472 33,615 248 2,025 22,115 1,264 1,921 37,157 95 56,793 3,561 207 3,470 723	±70 ±120 ±50 ±30 ±40 ±50 ±220 ±120 ±130 ±170 ±30 ±70 ±110 ±30 ±40 ±40 ±260 ±180 ±110 ±170 ±40 ±80 ±250 ±30 ±30 ±50 ±500 ±90 ±120 ±280 ±30 ±80 ±230 ±50 ±60 ±30 ±140 ±80 ±190 ±230 ±40 ±90 ±430 ±40 ±30 ±40 ±420 ±120 ±80 ±200 ±60 ±110 ±170 ±30 ±40 ±40 ±430 ±70 ±110 ±360 ±40 ±130 ±460 ±20 ±30 ±30 ±50 ±450 ±160 ±70 ±140
	Alseuosmiacea e Alseuosmiacea e Argophyllaceae Argophyllum Wittsteinia Platyspermatio n Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	vacciniacea crassifolium ellipticum grunowii grunowii nitidum barrierei comosa gracilior lucida	P00760352 P00244020 P03609437 P03609385 P03609351 P06234107 P00580367 P00071812 P00555301 P00071619	Australia New Caledonia New Caledonia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia Caledonia New New New New	< LOD < LOD 967 5694 437 0 < LOD < LOD < LOD < LOD	±20 ±40 ±20 ±50 ±20 ±30 ±50 ±60 ±80 ±60	103 35,133 0 14,026 1,954 227 10,032 222	±30 ±410 ±20 ±30 ±40 ±40 ±260 ±120 ±80 ±260
	Alseuosmiacea e Alseuosmiacea e Argophyllaceae Argophyllum Wittsteinia Platyspermatio n Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	vacciniacea crassifolium ellipticum grunowii grunowii riparium billardierei comosa gracilior lucida	P04518559 P04393181 P03609439 P03609286 P04351397 P03609386 P00071886 P00555305 P00071746 P00071617	Australia New Caledonia New Caledonia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia Caledonia New New New New	< LOD < LOD 3223 41 2514 1667 < LOD < LOD 267.60 < LOD	±50 ±30 ±40 ±20 ±30 ±30 ±60 ±40 ±50 ±60	3,809 71,495 0 2,418 4,563 167 4,699 48	±140 ±460 ±40 ±50 ±40 ±30 ±140 ±140 ±60 ±180
	Alseuosmiacea e Argophyllaceae Corokia Wittsteinia Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	vacciniacea buddleiodes ellipticum grunowii grunowii riparium billardierei comosa gracilior macrophylla	P06775815 P04552544 P03609379 P03609287 P04445122 P03609388 P00071638 P00071805 P00555309 P00071741	Australia New Caledonia New Caledonia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia Caledonia New New New New	< LOD < LOD 0 1581 127 591 < LOD < LOD < LOD < LOD	±20 ±60 ±20 ±20 ±20 ±20 ±70 ±50 ±50 ±90	64 3,825 80 659 10,115 142 2,723 0	±30 ±160 ±30 ±20 ±50 ±40 ±100 ±230 ±60 ±180
	Alseuosmiacea e Argophyllaceae Corokia Alseuosmia Argophyllaceae Corokia Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	banksii buddleiodes buddleiodes ellipticum grunowii grunowii riparium billardierei comosa gracilior macrophylla	P04233471 P04552545 P04552543 P03609379 P04284938 P04445179 P04445141 P00071728 P00071672 P00071777 P00071778	Australia New Zealand Chatham New Caledonia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia Caledonia New New New New	< LOD < LOD < LOD 0 0 213 402 < LOD < LOD < LOD < LOD	±60 ±50 ±50 ±200 ±20 ±20 ±20 ±60 ±40 ±60 ±70	579 110 56 3,014 3,794 815 3,041 142	±80 ±50 ±100 ±500 ±30 ±30 ±30 ±150 ±130 ±90 ±160
	Alseuosmiacea e Argophyllaceae Corokia Alseuosmia Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	banksii buddleiodes ellipticum grunowii lejourdanii riparium billardierei dumbeensis gracilior macrophylla	P04233470 P04552542 P03609382 P04284939 P03616523 P06234104 P00071679 P00070452 P00071669 P00071915	New Zealand Islands New Zealand New Caledonia New Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia Caledonia New New New New	< LOD < LOD 2253 489 0 173 < LOD < LOD 93 < LOD	±80 ±60 ±50 ±20 ±30 ±10 ±60 ±70 ±30 ±50	2,323 1,294 3,363 0 1,846 1,132 218 < LOD 93	±160 ±160 ±40 ±30 ±50 ±30 ±120 ±110 ±50 ±90
	Alseuosmiacea e Argophyllaceae Corokia Alseuosmia Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	banksii buddleiodes ellipticum lejourdanii grunowii lejourdanii verae billardierei dumbeensis gracilior macrophylla	P04233469 P05490160 P04284932 P03616525 P04284517 P03616524 P00709627 P00071735 P00071754 P00071871 P00071730	New Zealand New Zealand New Australia Caledonia New Caledonia Australia New Caledonia Caledonia Caledonia Caledonia Caledonia New New New New	< LOD < LOD 36 608 373 0 0 < LOD < LOD 638 < LOD	±50 ±60 ±20 ±20 ±20 ±30 ±30 ±60 ±40 ±40 ±60	7,247 3,690 0 1,106 4,378 472 < LOD 214	±200 ±160 ±50 ±30 ±50 ±40 ±40 ±100 ±150 ±60 ±100
	Alseuosmiacea e Alseuosmiacea e Alseuosmiacea e Argophyllaceae Corokia Alseuosmia Alseuosmia Alseuosmia Argophyllaceae Corokia Argophyllaceae Corokia Argophyllaceae Corokia Argophyllaceae Corokia Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Argophyllaceae Argophyllum Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline Phellinaceae Phelline	linariifolia linariifolia macrophylla buddleiodes collenettei collenettei collenettei collenettei ellipticum grunowii vernicosum billardierei dumbeensis indivisa macrophylla montanum ellipticum grunowii montanum vernicosum billardierei dumbeensis indivisa macrophylla ellipticum grunowii montanum vernicosum brachyphylla dumbeensis indivisa macrophylla	P04233472 P04233473 P04233476 P04552556 P06805432 P06805434 P04552549 P06805433 P04445120 P04445152 P04351382 P00070360 P00071822 P00963295 P00071727 P03609289 P04445187 P04445157 P03609293 P04284916 P00071865 P00071802 P00071820 P04034864 P04445188 P04445160 P03609294 P04284936 P06800617 P00071804 P00071668 P00071830	New Zealand New Zealand New Zealand New Zealand New Zealand Rapa Iti Rapa Iti Rapa Iti New New Caledonia Australia New New New New Australia Caledonia Caledonia Caledonia Caledonia Caledonia New New Caledonia New New Caledonia New New New New Caledonia Caledonia Caledonia Caledonia Caledonia Caledonia New Caledonia New Caledonia Caledonia Caledonia Caledonia Caledonia Caledonia New New Caledonia New New New New	< LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 118 229 345 < LOD < LOD < LOD 72 1110 0 73 1076 132 < LOD < LOD < LOD < LOD 0 0 34 402 < LOD < LOD < LOD < LOD	±60 ±60 ±70 ±40 ±40 ±50 ±50 ±60 ±20 ±20 ±20 ±70 ±40 ±50 ±50 ±30 ±20 ±20 ±20 ±10 ±40 ±60 ±20 ±60 ±20 ±20 ±20 ±20 ±60 ±70 ±70 ±60	2,894 2,724 11,054 1,647 603 261 239 390 121 0 2,035 123 194 1,428 0 279 1,107 650 122 363 5,201 945 < LOD 129 135 98	±150 ±150 ±290 ±90 ±70 ±60 ±60 ±70 ±30 ±40 ±30 ±140 ±50 ±60 ±120 ±40 ±40 ±35 ±40 ±30 ±80 ±90 ±30 ±80 ±40 ±30 ±50 ±30 ±190 ±110 ±100 ±60
								44 48 49 50 51
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