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Evolution of endemism on a young tropical mountain
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Mennes, Leontine E. Becking, Katja T. C. A. Peijnenburg, Aqilah Afendy, Nivaarani 
Arumugam, Hugo de Boer, Alim Biun, Matsain M. Buang, Ping-Ping Chen, Arthur 

Y. C. Chung, Rory Dow, Frida A. A. Feijen, Hans Feijen, Cobi Feijen-van Soest, 
Jo´zsef Geml, René Geurts, Barbara Gravendeel, Peter Hovenkamp, Paul Imbun, Isa 
Ipor, Steven B. Janssens, Merlijn Jocqué, Heike Kappes, Eyen Khoo, Peter Koomen, 
Frederic Lens, Richard J. Majapun, Luis N. Morgado, Suman Neupane, Nico Nieser, 

Joan T. Pereira, Homathevi Rahman, Suzana Sabran, Anati Sawang, Rachel M. 
Schwallier, Phyau-Soon Shim, Harry Smit, Nicolien Sol, Maipul Spait, Michael 
Stech, Frank Stokvis, John B. Sugau, Monica Suleiman, Sukaibin Sumail, Daniel 

C. Thomas, Jan van Tol, Fred Y. Y. Tuh, Bakhtiar E. Yahya, Jamili Nais, Rimi Repin, 
Maklarin Lakim & Menno Schilthuizen

Tropical mountains are hotspots of biodiversity and endemism, but 
the evolutionary origin of their unique biotas are poorly understood. 
Mountains may either act as “museums” where older lineages persist 
through evolutionary time, or as “cradles” where new species continue to 
be generated. We traced the evolutionary origins of endemism in 28 genera 
of plants, animals, and fungi on Mount Kinabalu (Malaysian Borneo), one 
of the richest biodiversity hotspots on earth. We demonstrate that most 
of its unique biota is younger than the mountain itself and evolved from 
a mixture of immigrant and local lowland ancestors. According to the 
molecular clock analyses, Nepenthes show centric endemism.  Speciation 
of the four Nepenthes species endemic to Mount Kinabalu, N. edwardsiana, 
N. rajah, N. villosa  and  N. x kinabaluensis, appears to coincide with the 
timing of mountain formation.

Keywords: Nepenthes systematics, tropical ecology.

Tropical mountains are hot spots of biodiversity and endemism (Korner & 
Spehn, 2002; Chen et al., 2009; Graham et al., 2014), but the evolutionary 
origins of their unique biotas are poorly understood (Graham et al., 2014). In 
varying degrees, local and regional extinction, long-distance colonization, 
and local recruitment may all contribute to the exceptional character of these 
communities (Cadena et al., 2011). Also, it is debated whether mountain 
endemics mostly originate from local lowland taxa, or from lineages that 
reach the mountain by long-range dispersal from cool localities elsewhere 
(Rodriguez-Castaneda et al., 2010). Here we investigate the evolutionary 
routes to endemism by sampling an entire tropical mountain biota on the 
4,095-metre-high Mount Kinabalu in Sabah, East Malaysia. We discover 
that most of its unique biodiversity is younger than the mountain itself (6 
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million years), and comprises a mix of immigrant pre-adapted lineages and 
descendants from local lowland ancestors, although substantial shifts from 
lower to higher vegetation zones in this latter group were rare. These insights 
could improve forecasts of the likelihood of extinction and ‘evolutionary 
rescue’ (Schiffers et al., 2013) in montane biodiversity hot spots under 
climate change scenariosIn mountainous areas of the humid tropics, steep 
environmental gradients coincide with high primary productivity and 
relative climatic stability to sustain large numbers of species, often with 
striking degrees of endemism at higher elevations (Korner & Spehn, 2002; 
Hoorn et al., 2013). It has therefore been recognized that tropical mountains 
are biodiversity hot spots of great conservation value (Korner & Spehn, 
2002), especially because endemics on mountain tops are vulnerable to 
becoming trapped and then annihilated as a result of global warming (Chen 
et al., 2009; La Sorte & Jetz, 2010).

The evolutionary origins of these unique biotas, however, are poorly 
understood (Graham et al., 2014). Like other insular habitats (Warren et 
al., 2015), the endemic biota of an isolated mountain results from complex 
dynamics among colonization, in situ speciation, and local extinction. 
Each of these factors is dependent on the age and size of the habitat, 
and on the environmental contrast between the insular habitat and its 
matrix (Watson, 2002). In the case of a tropical mountain top, an added 
complication is the fact that climate fluctuations may have widened and 
restricted the geographic range over which the montane conditions have 
extended in the past, meaning that parts of the endemic biota may be 
relicts, and other components may be novel in character (Cadena et al., 
2011; Graham et al., 2014).

Disentangling these possibilities for a single tropical montane biodiversity 
hot spot requires molecular phylogenetic study of a large number of fauna 
and flora elements. However, with only few exceptions (Madriñán et al., 2013; 
Ornelas et al., 2013), evolutionary studies in such hot spots have been limited 
to single taxa (Barkman & Simpson, 2001; Gawin et al., 2014). This precludes 
broad understanding of the evolutionary and biogeographic origins of an 
endemic biota as a whole (Graham et al., 2014).

We investigated the evolutionary routes to endemism by sampling an entire 
tropical mountain biota on the UNESCO World Heritage site of Gunung 
Kinabalu in Sabah, East Malaysia. Included in this are the iconic carnivorous 
plant genera Nepenthes (Table 3 & Figure 6). We demonstrate that most of its 
unique biodiversity is younger than the mountain itself and comprises a mix 
of immigrant pre-adapted lineages as well as descendants from local lowland 
ancestors.



Evolution of Endemism

30

FIGURE 6. Nepenthes endemic to Mount Kinabalu & neighboring Mount Tambyukon. From left to right, N. 
edwardsiana, N. rajah, N. villosa, N. x kinabaluensis. Photos courtesy of Rogier van Vugt.

At 4,095 m, Kinabalu is the tallest mountain between the Himalayas and 
New Guinea.  It is a solitary ‘sky island’, having emerged during the Pliocene 
and early Pleistocene as a granite pluton within the surrounding sandstone 
of the Crocker Range, the latter having formed much earlier, between the 
Eocene and the early Miocene (Cottam et al., 2013). Because of the area’s 
tectonic activity, as well as Pleistocene sea level changes, the exact historical 
progression of its elevation above sea level is not known, but it is likely that a 
major rise, even beyond today’s elevation, of Kinabalu, as well as the central 
spine of the Crocker Range, took place between 6 million years ago and today 
(for more geological background see Methods). Since the early days of its 
exploration (Whitehead, 1893), Kinabalu has been famous for its extremely 
high biological diversity, especially its richness in endemic species, with 
endemism proportions reaching 25–30% for some taxa (Wong, 1996).

TABLE 3. Nepenthes collected from the Kinabalu Park and Crocker Range Park expedition stations and their 
distribution.

Species Distribution

Nepenthes chaniana Borneo

Nepenthes edwardsiana Endemic to Mount Kinabalu & neighboring Mount Tambyukon

Nepenthes fusca Borneo

Nepenthes gracilis Wide distribution across SE Asia

Nepenthes lowii Borneo

Nepenthes mirabilis Wide distribution across SE Asia

Nepenthes rajah Endemic to Mount Kinabalu & neighboring Mount Tambyukon

Nepenthes tetaculata Wide distribution across Borneo & Sulawesi

Nepenthes villosa Endemic to Mount Kinabalu & neighboring Mount Tambyukon

Nepenthes x kinabaluensis Endemic to Mount Kinabalu & neighboring Mount Tambyukon
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FIGURE 7. Map of the study area. Inset left, location of the study area in the World and in Borneo. Inset 
middle, detail of the summit trail in Kinabalu Park. The eight expedition stations in Kinabalu Park and 
Crocker Range Park are indicated with red markers, ten additional sampling sites with blue markers. Not 
indicated separately are 15 sites along the summit trail, and four sites very close to Mahua, Gunung Alab, 
and Inobong.

To unravel the origins of the exceptionally rich Kinabalu biota, we mounted a 
Malaysian–Dutch expedition in which 47 taxonomists worked at 37 localities, 
spanning the full range of elevations (Fig. 7). We used Sanger sequencing to 
sequence one or more fast-evolving loci for 1,852 individuals, belonging to 
18 genera representing gastropods, annelids, insects, arachnids, vertebrates, 
pteridophytes, bryophytes, and angiosperms. We also obtained 3.7 million 
basidiomycete and glomeromycete ITS2 rDNA sequences from soil cores 
with ion semiconductor sequencing. In addition, we retrieved data from eight 
previously published single-taxon studies on vascular plants.

We analyzed all data within a phylogenetic framework to estimate the times 
of origin of endemic species, and to determine whether endemic species had 
descended from local or distant congeners (Methods, see web based publication 
online Fig. 2, Figs 8-10). Note that we define ‘endemic’ as restricted to the area 
in which our expedition took place. Although the present study offers the 
most comprehensive evolutionary analysis of any mountain biota to date, the 
taxa covered are, by necessity, an uneven and fragmentary sampling of the 
full diversity. Nonetheless, we expect that our results are representative for 
the Kinabalu biota as a whole, as our selected taxa encompass organisms with 
a wide variety of phylogenetic backgrounds, ecologies, and life history traits.
Similar to Mesoamerican endemic cloud forest seed plants and vertebrates 
(Ornelas et al., 2013), our molecular dating results show that the estimated 
mean stem-node ages of 33 endemic species span a wide range, from 1.12 
million years to 14.6 million years (Figs. 8,9 and web-based publication 
Extended data Figs. 7-9). However, 76% of these fall within the past 6 million 
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years, the time span during which Kinabalu is likely to have reached its 
present elevation. Only two endemics, the frog Kalophrynus baluensis and 
the flowering plant Ilex kinabaluensis, are markedly older than the mountain 
itself. These may be explained as artefactual if we failed to identify the closest 
non-endemic sister lineage, thereby inflating their reconstructed age, or if 
these species are actually not endemics, but more widespread. Alternatively, 
they may truly be old endemics that evolved during cooler periods at lower 
elevations in Borneo before Kinabalu’s formation.

Our phylogenetic and biogeographic analyzes (Extended Data Online Table 
1 and Figs 1–4, 7–9) suggest the existence of two categories of endemics (van 
Steenis, 1964): ‘eccentric’ (12 taxa) and ‘centric’ (25 taxa). The eccentric type of 
endemic has sister taxa that occur either in temperate climates (seven cases) 
or in other tropical mountains outside of Borneo  (five cases). To this group 
belong all bryophytes, pteridophytes, some of the fungal lineages and also the 
endemics in the flowering plant groups Hedyotis, Ilex, Impatiens, Ranunculus 
and Euphrasia, and the animals Coeliccia and Tritetrabdella. Eccentric endemics 
predominantly occur at high elevations (mean lower elevational boundary, 
2,212 m; s.d., 837 m), they are strict Kinabalu endemics (they do not occur 
on nearby, lower mountains), and are further characterized by high dispersal 
capacities (one, two and seven clades with eccentric endemism have small, 
medium and large dispersal, respectively).

FIGURE 8. Elevations and ages for endemic species. Elevations (mid-points, minima and maxima) and 
dates of origination derived from molecular dating (averages and 95% credible intervals) for endemic 
species; eccentric species (see main text) are indicated with a black circle. The vertical dashed line indicates 
the oldest possible date for Kinabalu to have reached its current elevation. For details, see Extended 
Data Online Figs 5 and 6.
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The centric type of endemic has sister taxa that occur locally, in the Borneo lowlands. 
Six out of the eight endemic animal species, some of the fungal lineages, the 
conifers, and 17 of the 20 flowering plants belong to this type. Centric endemics 
occur on average at lower elevations (mean lower elevational boundary, 1,724 
m; s.d., 728 m) and tend to have lower dispersal capacities than the eccentric 
endemics (eight, seven and ten clades with centric endemism have small, medium 
and large dispersal, respectively). Some centric endemics, including Nepenthes, 
are not strict Kinabalu endemics, as they are also found on other mountains in 
Kinabalu’s vicinity. Our ancestral state reconstructions (Supplementary Table 
6 online) confirm a pattern of altitudinal bottom-up cladogenesis in the centric 
endemics, with 8 out of 11 species ranging partially or entirely outside of the 95% 
credibility interval for the reconstructed elevation of the most recent common 
ancestor, and the remaining 3 out of 11 falling entirely within this interval. When 
we performed the same analysis with Kitayama’s (1992) seven vegetation zones, 
rather than elevation, we found that only three of these eight elevation shifts may 
represent a shift towards a higher vegetation zone. This suggests that, even in high-
elevation centric endemics, substantial niche shifts are rare. Niche conservatism 
is probably even underestimated, since the Massenerhebung effect causes an 

FIGURE 10. Phylogenetic reconstructions for Nepenthaceae.
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FIGURE 11. Chronograms for Nepenthes. Node colors represent posterior probabilities. Endemic species 
printed in red.

upward shift of vegetation zones on Kinabalu compared with other Bornean 
mountains (Grubb, 1971; Gawin et al., 2014). Niche conservatism indeed occurs 
in Nepenthes. The high altitude species N. villosa, occurs in the alpine zone and 
moss forest zone, and seems to be derived from clades of species occurring in 
the moss forest and submontane zones. Those ancestral clades in turn seem 
derived from species occurring in lowland forest in the separate nrITS and matK 
and combined analyses (Figs. 10, 11).Our multi-taxon study shows that Kinabalu’s 
biodiversity hot spot is of recent origin. This means the mountain is an evolutionary 
cradle, accumulating neo-endemics, as has been suggested for other young, high-
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Euphrasia_marchesettii

Euphrasia_alsa

Euphrasia_foulaensis

Euphrasia_christii

Euphrasia_wettsteinii

Euphrasia_durietziana

Euphrasia_rostkoviana

Euphrasia_formosissima

Euphrasia_callosa

Euphrasia_tetraquetra

Euphrasia_fedtschenkoana

Euphrasia_spectabilis

Euphrasia_officinalis

Euphrasia_salisburgensis

Euphrasia_arctica

Euphrasia_disjuncta

Euphrasia_pectinata

Euphrasia_cisalpina

Euphrasia_grandiflora

Euphrasia_transmorrisonensis

1,5

5,33

0,72

6,54

1,07

0,18

4,03

1,31

3,89

0,29

0,62

0,44

7,38

0,57

1,3

0,86

3,29

2,72

1,31

7,61

5,38

0,19

1,21

1,4

2,71

2,15

0,89

0,66

4,88

0,42

1,75

2,87

2,62

1,87

8,22

6,3

5,96

1,62

1,23

26,5

6,41

0,36

3,55

0,37

4,43

8,49

2,36

0,42

0,97

3,12

1,03

2,25

0,21

3,34

0,95

0,36

6,73

0,46

4,45

1,72

Euphrasia

MJ81_K_baluensis_1750to2000mASL_GA

Elachistocleis_ovalis

Glyphoglossus_molossus

Dermatonotus_muelleri

Anodonthyla_boulengerii

Phrynomantis_bifasciatus

Platypelis_grandis

Scaphiophryne_calcarata

Otophryne_pyburni

Calluella_guttulata

Ramanella_cf_obscura_MNHN_2000_628

Rhombophryne_alluaudi

Cophixalus_sp_SJR3271

Dyscophus_antongilii

AB611939_Metaphrynella_sundana

Breviceps_mossambicus

MJ65_K_sp_2_500to750mASL_IN

Gastrophryne_carolinensis

Asterophrys_turpicola

MJ64_K_sp_1_500to750mASL_IN

AB611931_Metaphrynella_pollicaris

Callulina_kreffti

Hypopachus_variolosus

Stumpffia_psologlossa

Microhyla_heymonsi

Dyscophus_insularis

Paradoxophyla_palmata

Plethodontohyla_brevipes

Chiasmocleis_shudikarensis

Breviceps_fuscus

AB611913_K_interlineatus

Anodonthyla_montana

Microhyla_pulchra

Syncope_hudsoni

Stumpffia_pygmaea

Kaloula_pulchra

Microhyla_butleri

AB611921_Kalophrynus_pleurostigma

Rhombophryne_testudo

AB611973_Phrynella_pulchra

Phrynomantis_annectens

Micryletta_inornata

24,02

29,94

16,39

29,63

10,68

18,93

24,54

18,33

28,48

60,18

48,85

37,99

42,56

20,77

49,42

27,07

41,53

47,32

21,61

35,78

29,24

19,96

16,95

14,47

46,69

32,43

34,74

58,51
30,17

68,65

29,56

53,15

55,9

34,89

25,88

27,46

47,98

54,22

14,32

40,37

38,18

Nepenthes_fusca

Nepenthes_northiana

Nepenthes_reinwardtiana

Dioncophyllum_thollonii

Nepenthes_singalana

Nepenthes_macfarlanei

Nepenthes_villosa

Nepenthes_rajah

Nepenthes_sanguinea

Nepenthes_mirabilis

Nepenthes_specatabilis

Nepenthes_bongso

Nepenthes_bokorensis

Nepenthes_hurrelliana

Nepenthes_lowii

Nepenthes_truncata

Nepenthes_kamotiana

Nepenthes_ventricosa

Nepenthes_x_kinabaluensis

Ancistrocladus_tectorius

Nepenthes_ramispina

Nepenthes_campanulata

Nepenthes_vieillardii

Nepenthes_villosa3

Nepenthes_gymnamphora

Nepenthes_edwardsiana2

Nepenthes_boschiana

Nepenthes_vogelii

Nepenthes_gracilis2

Nepenthes_peltata

Nepenthes_villosa2

Nepenthes_chaniana

Nepenthes_hemsleyana

Nepenthes_rafflesiana

Nepenthes_glandulifera

Nepenthes_kongkandana

Nepenthes_edwardsiana3

Nepenthes_alba

Drosophyllum_lusitanicum

Nepenthes_alata

Nepenthes_albomarginata

Nepenthes_rajah2

Nepenthes_andamana

Triphyophyllum_peltatum

Nepenthes_insignis

Nepenthes_maxima

Nepenthes_ampullaria

Nepenthes_benstonei

Nepenthes_tentaculata

Nepenthes_gracillima
2,4

19,97 9,05

1,36

1,34

18,29

11,5

1,29

5,15

7,56

3,34

2,73

27,06

3,22

1,84
4,23

3,22

4,23

8,84

1,24

3,79

14,03

3,29

13,52

1,63

2,28

14,6

53,45

10,84

36,21

1,48

5,47

5,93

2,52

8,14

2,17

5,58

27,11

5,71

1,27

15,89

22,16

32,1

3,07

2,9317,91

1,55

24,97

6,36

Nepenthes_muluensis

Nepenthes_ampullaria

Nepenthes_talangensis

Nepenthes_clipeata

Nepenthes_aristolochioides

Nepenthes_petiolata

Nepenthes_boschiana

Drosophyllum_lusitanicum

Nepenthes_truncata

Nepenthes_sibuyanensis

Nepenthes_diatas

Nepenthes_spectabilis

Nepenthes_eymae

Nepenthes_villosa_2

Nepenthes_edwardsiana2

Nepenthes_singalana

Nepenthes_mira

Nepenthes_mikei

Nepenthes_merrilliana

Nepenthes_dubia

Nepenthes_reinwardtiana

Nepenthes_villosa2

Nepenthes_sanguinea

Nepenthes_gymnamphora

Nepenthes_inermis

Nepenthes_rafflesiana

Nepenthes_densiflora

Nepenthes_hamata

Nepenthes_mapuluensis

Ancistrocladus_abbreviatus

Nepenthes_veitchii

Nepenthes_alata

Nepenthes_sumatrana

Nepenthes_hirsuta

Nepenthes_burkei

Nepenthes_maxima

Nepenthes_rajah

Nepenthes_gracillima

Triphyophyllum_peltatum

Nepenthes_murudensis

Nepenthes_rajah2

Nepenthes_tobaica

Habropetalum_dawei

Nepenthes_villosa3

Nepenthes_lowii

Nepenthes_thorelii

Nepenthes_stenophylla

Nepenthes_ephippiata

Nepenthes_adnata
Nepenthes_longifolia

Nepenthes_ventricosa

Nepenthes_insignis

Nepenthes_glabrata

Nepenthes_bicalcarata

Nepenthes_fusca

Dioncophyllum_thollonii

Nepenthes_burbidgeae

Nepenthes_macrovulgaris

Nepenthes_edwardsiana3

Nepenthes_mirabilis

Nepenthes_albomarginata

Nepenthes_bongso

Nepenthes_pilosa

Nepenthes_spathulata

Nepenthes_ramispina

Nepenthes_ovata

Nepenthes_gracilis2

Nepenthes_lavicola

Nepenthes_macfarlanei

Nepenthes_rhombicaulis

Nepenthes_eustachya

Nepenthes_bellii

Nepenthes_faizaliana

7,87

8,55

6,71

5,01

3,64

11,37

4,13

53,03

1,75

3,53

0,72
2,14

5,6

2,69

7,58

30,88

6,46

0,47

2,96

5,27

7,36

4,37

2,45

0,66

1,7

5,06

1,45

0,96

2,51

3,5

2,88

2,43

1,62

3,21

4,03

3,01

0,68

4,46

8,57

4,81

1,5

1,17

3,89

20,42

2,65

6,24

4,44

2,13

10,02
7,1

1,18

14,34

1,59

13,87

2,79

2,51

3,59

0,63

7,38

6,66

6,11

1,02

5,09

12,36

1,95

4,52

3,62

24,32

15,85

38,11

9,91

1,05

Kalophrynus

Nepenthes (ITS)

Nepenthes (matK)

Paphiopedilum_niveum

Paphiopedilum_philippinense

Paphiopedilum_micranthum

Paphiopedilum_sukhakulii

Paphiopedilum_glaucophyllum

Paphiopedilum_victoria-regina

Paphiopedilum_barbatum

Paphiopedilum_ciliolare

Paphiopedilum_wardii

Paphiopedilum_hennisianum

Paphiopedilum_glanduliferum

Paphiopedilum_druryi

Paphiopedilum_mastersianum

Paphiopedilum_kolopakingii

Paphiopedilum_liemianum

Paphiopedilum_primulinum

Paphiopedilum_charlesworthii

Paphiopedilum_gratrixianum

Paphiopedilum_besseae

Paphiopedilum_sangii

Paphiopedilum_stonei

Paphiopedilum_appletonianum

Paphiopedilum_lowii

Paphiopedilum_parishii

Paphiopedilum_randsii

Paphiopedilum_dianthum

Paphiopedilum_callosum

Phragmipedium_schlimii

Paphiopedilum_javanicum_var_virens

Paphiopedilum_spicerianum

Paphiopedilum_wilhelminiae

Paphiopedilum_villosum_var_boxallii

Paphiopedilum_lawrenceanum

Paphiopedilum_insigne

Paphiopedilum_delenatii

Paphiopedilum_haynaldianum

Paphiopedilum_concolor

Paphiopedilum_tonsum

Paphiopedilum_violascens

Paphiopedilum_malipoense

Paphiopedilum_superbiens_var_curtisii

Paphiopedilum_rothschildianum

Paphiopedilum_fowliei

Paphiopedilum_exul

Phragmipedium_longifolium

Paphiopedilum_adductum

5,73

1,16

1,24

0,61

2,63

3,57

4,16

1,32

2,13

0,14

0,46

3,78

0,79

1,8

2,46

9,14

2,04

1,06

4,79

12,77

0,93

9,16

5

0,64

22,6

2,76

6,65

1,48

2,01

0,53
3,67

6,07

1,8

1,94

3,56

1,19

2,75

0,32

7,22

1,56 0,85

5,35

0,71

2,77

0,07

Paphiopedilum

Anigozanthos_flavidus

Elaeis_oleifera

Listera

Paphiopedilum_haynaldianum
Paphiopedilum_delenatii

Monadenia

Eriochilus

Empodium

Platythelys

Earina_autumnalis

Lanaria

Epipactis

Microtis

Masdevallia

Maxillaria

Pleione

Astelia

Wullschlaegelia

Diuris

Palmorchis

Phragmipedium

Gongora

Musella_lasiocarpa

Ponthieva

Mormodes

Pogonia

Bifrenaria

Neuwiedia

Dendrobium_crystallinum

Cymbidium

Cleistes

Ludisia

Dendrobium_officinale

Calanthe

Apostasia

Hypoxis

Eria

Codonorchis

Nervilia

Disa

Galeandra

Nypa_fruticans

Zygopetalum

Agrostophyllum_majus

Platanthera

Vitekorchis

Phalaenopsis

Dendrobium_kingianum

Altenstenia

Dossinia

Habenaria

Goodyera

Cattleya

Sobralia

Lycaste

Sarcoglottis

Cypripedium

Chiloglottis

Orchis

Vanilla

Chloraea

Exalaria

Stanhopea

Megastylis

Disperis

Pterostylis

Earina_valida

Pachyplectron

Rhodohypoxis

Spiranthes

Selenipedium

39,82
33,16

50,11

61,82

77,19

34,07

40,81

18,43

22,56

106,78

40,79

13,75

8,73

32,6

12,1

33,18

68,88

16,72

49,39

38,74

83,97

39,36

31,92

19,41

26,22

32,21

14,01

60,75

26,52

24,5

33,24

11,76

16,11

18,96
23,48

29,23

25,59

16,55

34,38
37,1

38,32

13,71

48,92

59,36

24,3
27,67

14,0722,84

25,45

7,68

16,47

23,38

45,63

102,14

8,57

32,9

38,57

53,91

37,24

32,58

42,76

34,93

44,13

28,07

13,82

35,98

71,34

43,03

57,72

66,83

Orchidaceae – Paphiopedilum

Zospeum_pretneri

Zospeum_spelaeum

Zospeum_alpestre

SP13510_Philalanka_spec2_1000to1250mASL_MA

SP13507_Philalanka_spec1_250to500mASL_IN

SP13492_Philalanka_spec3_500to750mASL_PHS

HQ171529_Carychium_mexicanum_USA

Zospeum_frauenfeldi

Zospeum_subobesum

SP13519_Philalanka_thienemanni_1000to1250mASL_M

Carychium_ibazoricum

HQ171582_Zospeum_exiguum_Slovenia

Carychium_minimum

Zospeum_isselianum

Carychium_exile

Carychium_clappi

Carychium_exiguum

SP13428_Ibycus_rachelae_1000to1250mASL_MA

JX988066_Subulina_octona_unknown

Carychium_floridanum

15,37

0,63

21,4

2,21

8,12

4,59

9,01

0,64

1,04

19,72

6,66

1,53

2,67

1,4

3,56

12,01

3,08

5,73

1,26

RMNH_INS_555592_Ptomaphaginus_similipes_250to500mASL_Sugud

RMNH_INS_555607_Ptomaphaginus_latescens_1500to1750mASL_KHQ

RMNH_INS_555598_Ptomaphaginus_bryantioides_250to500mASL_Kiansom

RMNH_INS_555632_Ptomaphaginus_nr_fagei_1750to2000mASL_GA

Carabus_lewisianus

Dytiscus_alaskanus

Carabus_japonicus

RMNH_INS_555618_Ptomaphaginus_n_sp_bryanti_complex_2750to3000mASL_

RMNH_INS_555603_Ptomaphaginus_kinabaluensis_1500to1750mASL_KHQ

Dytiscus_dauricus

RMNH_INS_555623_Ptomaphaginus_ater_3000to3250mASL_L2

RMNH_INS_555611_Ptomaphaginus_cf_latimanus_750to1000mASL_SA

RMNH_INS_549243_Prionochaeta_harmandi_Japan

Carabus_kimurai

Carabus_albrechti

Carabus_yamato

0,88

0,66

0,06

0,1

0,42

1,6

2,14

1,55 0,15

0,7

0,06

0,12

0,98

1,05

1,99

Philalanka

Ptomaphaginus

Madhuca_pachyphylla_EDNA09_01386

Payena_leerii_EDNA09_02317

Diploknema_oligomera

Mimusops_obovata

Manilkara_obovata

Palaquium_sericeum_EDNA09_02304

Madhuca_utilis

Labramia_mayottensis

Palaquium_dasyphyllum_EDNA07_01936

Payena_obscura_EDNA09_02313

Sideroxylon_angustum

Sideroxylon_persimile

Vitellariopsis_cuneata

Madhuca_malaccensis_EDNA09_00958

Sideroxylon_wightianum

Sideroxylon_occidentale

Sideroxylon_picardae

Palaquium_maingayi_EDNA09_00957

Madhuca_elmeri_EDNA09_02183

Omphalocarpum_pachysteloides

Madhuca_sarawakensis_EDNA09_01136

Pouteria_maclayana_EDNA09_00990

Madhuca_microphylla

e4003829348_P_kinabaluensis_844mASL_OL

Sideroxylon_marginatum

Diploknema_siamensis_EDNA09_2330

Sideroxylon_inerme

Sideroxylon_oxyacanthum

Manilkara_kauki

Sideroxylon_americanum

Palaquium_microphyllum

Eberhardtia_aurata

Payena_lucida_EDNA09_02306

e4003829276_P_gigas_830mASL_OL

Englerophytum_natalense

Palaquium_microphyllum_EDNA09_02312

Payena_acuminata

Neolemonniera_clitandrifolia

Sideroxylon_mascatense

Sideroxylon_foetidissimum
Sideroxylon_capiri

Mimusops_caffra

Palaquium_pseudorostratum_EDNA09_01131

Mimusops_zeyheri

Palaquium_sumatranum_EDNA09_00955

Faucherea_parvifolia

Palaquium_oxleyanum_EDNA09_00719

Madhuca_laurifolia_EDNA09_02184

Sideroxylon_tepicense

Madhuca_curtisii_EDNA09_02307

Palaquium_amboinense

Madhuca_oblongifolia_EDNA09_01379

Burckella_polymera_EDNA09_01388

Labourdonnaisia_revoluta

Isonandra_perakensis_EDNA09_00998

Pouteria_sp_EDNA09_02322

Capurodendron_androyense

Palaquium_gutta_EDNA09_00717

Palaquium_sp_EDNA09_02320

Madhuca_korthalsii_EDNA09_01380

Sideroxylon_marmulano

Letestua_durissima

Palaquium_eriocalyx_EDNA09_00993

Sideroxylon_obovatum

Inhambanella_henriquesii

Palaquium_sericeum_EDNA09_01452

Sideroxylon_horridum

Autranella_congolensis

Palaquium_sp_EDNA09_00989

Labramia_costata

Palaquium_beccarianum_EDNA09_00952

Northia_seychellana

Palaquium_rigidum_EDNA09_01129

Palaquium_clarkeanum_EDNA09_00716

Madhuca_hainanensis

Palaquium_ridleyi_EDNA09_01132

Madhuca_lancifolia_EDNA09_01382

Madhuca_palida_EDNA09_01139

Palaquium_formosanum_EDNA09_00722

Xantolis_siamensis

Tieghemella_heckelii

Sideroxylon_floribundum

Mimusops_elengi

Burckella_macropoda_EDNA09_00995

Sarcosperma_laurinum

Madhuca_sericea_EDNA09_01378

Mimusops_comorensis

Palaquium_quercifolium_EDNA09_01451

Palaquium_lobbianum_EDNA09_02319

Vitellaria_paradoxa

Madhuca_longifolia_EDNA09_02311

Palaquium_rostratum_EDNA09_00956

Manilkara_discolor

Palaquium_cryptocarifolium_EDNA09_01144

Isonandra_sp

Sideroxylon_betsimisarakum

Palaquium_galactoxylon_EDNA09_00987

Lecomtedoxa_klaineana

Palaquium_brassii_EDNA09_01385

Vitellariopsis_marginata

Sideroxylon_reclinatum

Poutera_firma_EDNA09_01389

Sideroxylon_cubense

Madhuca_kunstleri_EDNA09_01138b

Argania_spinosa

Madhuca_palembanica

Manilkara_concolor

Palaquium_walsurifolium_EDNA09_01135

Madhuca_fulva_EDNA09_00985

Labourdonnaisia_calophylloides

Madhuca_prolixa_EDNA09_01381

Payena_maingayi_EDNA09_00988

Nesoluma_polynesiacum

Sideroxylon_lanuginosum

Manilkara_hexandra

Sideroxylon_saxorum

Madhuca_kuchingensis_EDNA09_01134

Sideroxylon_tenax

Diploknema_butyracea

Palaquium_calophyllum_EDNA09_00992

Isonandra_lanceolata_EDNA09_02321

e4003829322_P_microphylla_627mASL_IN

Madhuca_kingiana_EDNA09_00954

Sideroxylon_majus

Burckella_sp_EDNA09_02325

Madhuca_barbata_EDNA09_01143

Madhuca_erythrophylla_EDNA09_01137

Sideroxylon_repens

Madhuca_crassipes

Manilkara_zapota

Isonandra_compta_EDNA09_00984

Madhuca_motleyana

Palaquium_leiocarpum_EDNA09_01130

Sideroxylon_confertum

Palaquium_impressionervium_EDNA09_00720

Sideroxylon_salicifolium

Palaquium_rufolanigerum_EDNA09_01133

Madhuca_leucodermis

Aulandra_longifolia

Vitellariopsis_dispar

Payena_ferruginea_EDNA09_02314

Sideroxylon_lycioides

Palaquium_hexandrum_EDNA09_01142

Baillonella_toxisperma_EDNA09_01453

Palaquium_herveyi_EDNA09_01141

Pouteria_sp

Madhuca_sp_nov_EDNA09_01383

Palaquium_obovatum_EDNA09_00718

Sideroxylon_obtusifolium

Palaquium_xanthochymum_EDNA09_00721

7,39

9,27

6,05

3,88

3,93

24,31

38,68

20,87

39,04

3,56

7,17

3,35

36,47
11,14

22,99

3,41

0,57

14,21

68,99

15,87

5,02

11,2

3,07

7,59

2,11

14,46

40,95

11,44

16,15

2,07

5,49

2,14

31,72

10,5648,14

1,23

1,09

4,67

4,2

25,31

7,8 4,75

7,47

35,28

34,27

1,56

0,99

35,84

11,51

0,42

31,84

0,67

0,83

0,59

5,35

4,62

29

1,69

3,07
2,49

10,45

16,2

0,31

3,3

6,63

5,14

10,51

3,64

6,39

1,25

6,74

5,13

22,5

20,06

7,72

6,88

8,66

25,76

4,02

9,15

17,35

10,39

18,39

4,23

8,63

0,84

31,42

47,79

40,08

1,04

7,1

6,19

17,92

6,28

17,9

1,33

34,47

20,72

7,56

4,56

31,37

53,33

10,03

22,12

4,89

22,54

5,2

20,82

5,59

1

2,49

21,03

75,68

25,54

8,5

15,52

3,49

8,82

9,49

29,74

1,72

23,61

5,15

11,14

0,42

14,91

2,89

22,48

19,5

0,85

3,58

2,58

6,04

2,06

0,56

15,98

0,97

18,08

4,44

4,12

0,67

3,8

26,01

18,62

0,75

3,06

4,64

0,28

18,53

Rhododendron_ericoides

Cassiope_tetragona

Rhododendron_ferrugineum

Rhododendron_buxifolium

Rhododendron_dilatatum

Rhododendron_hongkongense

Rhododendron_transiens

Rhododendron_anthosphaerum

Rhododendron_leptothrium

Rhododendron_reticulatum

Rhododendron_agastum

Rhododendron_forrestii

Rhododendron_weyrichii

Rhododendron_yakuinsulare

Rhododendron_sanctum

Rhododendron_edgeworthii

Rhododendron_farrerae

Rhododendron_albrechtii

Rhododendron_floccigerum

Rhododendron_cavaleriei

Rhododendron_stenophyllum

Rhododendron_amanoi

Rhododendron_fastigiatum

Rhododendron_beesianum

Rhododendron_tashiroi

Rhododendron_cyanocarpum

Rhododendron_auriculatum

Rhododendron_feddei

Rhododendron_irroratum

Rhododendron_pachypodum

Rhododendron_spinuliferum

Rhododendron_championiae

Rhododendron_mollicomum

Rhododendron_semibarbatum

Rhododendron_bagobonum

Rhododendron_williamsianum

Rhododendron_mackenzianum

Rhododendron_aureum

Rhododendron_wardii

Rhododendron_moulmainense

Rhododendron_bureavii

Rhododendron_mayebarae

Rhododendron_santapaui

Rhododendron_dimitrum

Rhododendron_crassifolium

Rhododendron_cuneifolium

Rhododendron_lukiangense

Rhododendron_tsusiophyllum

Rhododendron_lowii

Rhododendron_campylocarpum

Rhododendron_glischrum

Rhododendron_tutcherae

Rhododendron_macrosepalum

Rhododendron_scabrifolium

Rhododendron_maximum

Rhododendron_micranthum

Rhododendron_fortunei

Rhododendron_spiciferum

Rhododendron_selense

Rhododendron_ovatum

Rhododendron_formosanum

Rhododendron_luteum
Rhododendron_molle

Rhododendron_rubropunctatum

Rhododendron_praetervisum

Rhododendron_stamineum

Rhododendron_orbiculatum

Rhododendron_trichocladum

Rhododendron_occidentale

Rhododendron_stapfianum

Rhododendron_racemosum

Rhododendron_scabrum

Rhododendron_suaveolens
Rhododendron_canadense

Rhododendron_kiusianum

Rhododendron_rubiginosum

Rhododendron_acuminatum

Cassiope_fastigiata

Rhododendron_rugosum

Rhododendron_latoucheae

Rhododendron_fulvum

Rhododendron_mucronulatum

Rhododendron_borneense

Rhododendron_rex_subsp_fictolacteum

Rhododendron_indicum

Rhododendron_camtschaticum

Rhododendron_mariesii

Rhododendron_sinogrande

Rhododendron_neriiflorum

Rhododendron_hancockii

Rhododendron_alutaceum

Rhododendron_lagopus

Rhododendron_grande

Rhododendron_schlippenbachii

Rhododendron_wadanum

Rhododendron_aganniphum

Rhododendron_tosaense

Rhododendron_argyrophyllum

Rhododendron_aberconwayi

Rhododendron_boninense

Rhododendron_bachii

Rhododendron_duclouxii

Rhododendron_vernicosum

Rhododendron_eriocarpum

Rhododendron_mitriforme

Rhododendron_tomentosum_subsp_tomentosum

Rhododendron_kiyosumense

Rhododendron_subestipitatum

Rhododendron_dayaoshanense

Rhododendron_decorum

Rhododendron_westlandii

Rhododendron_albiflorum

Rhododendron_vialii

Rhododendron_delavayi

Rhododendron_exuberans

Rhododendron_redowskianum

Rhododendron_henryi

Rhododendron_nipponicum

Rhododendron_virgatum

Rhododendron_fallacinum

Rhododendron_serpyllifolium

Rhododendron_javanicum

Rhododendron_primuliflorum

Rhododendron_viscistylum

Rhododendron_ponticum

Rhododendron_kaempferi

4,83

7,56

12,91

14,19

4,39

3,22

6,31

2,68

2,81

9,18

2,34

6,37

6,29

4,07

22,46

4,21

10,57

6,33

5,63

0,59

19,61

4,29

0,7

6,42

10,65

7,25

2,92

1,81

5,63

5,4

6,25

2,57

2,52

17,79

9,72

7,08

14,96

3,19

16,62

7,69

2,11

1,98

14,6

10,16

16,62

5,92

5,2

9,13

7,37

1,21

7,35

2,49

2,19

11,74

4,12

13,64

19,66

3,42

5,72

3,4

3,94

14,44

10,32

3,81

4,15

5,16

5,02

4,15

22,13

8,57

12,4

2,61

1,89

5,91

7,39

6,7

17,08

3,28

4,61

3,88

25,14

2,59

4,83

2,87

0,61

3,98

4,24

12,05

4,09

42

3,02

5,1

8,78

2,89

4,01

2,86

8,74

4,04

1,09

6,31

5,01

3,63

7,16

18,93

36,25

7,82

9,5

11,69

1,89

2,83

5,13

11,72

4,23

1,98

3,67

4,69

2,62

10,91

9,58

27,9

3,48

2,43

8,11

9,26

2,71

Payena

Rhododendron

Weinmannia_samoensis

Pancheria_brunhesii

Weinmannia_parviflora

Weinmannia_sp_Bradford_655

Weinmannia_sp_Bradford_435

Weinmannia_raiateensis

Weinmannia_sp_Bradford_837

Weinmannia_vescoi

Brunellia

Weinmannia_marojejyensis

Karrabina_benthamiana

Vesselowskya

Pancheria_hirsuta

Weinmannia_bangii

Pancheria_phylliraeoides

Weinmannia_tinctoria

Weinmannia_fraxinea

Pullea_glabra

Weinmannia_auriculata

Weinmannia_bojeriana

Cephalotus_follicularis

Spiraeopsis_celebica

Weinmannia_stenostachya

Caldcluvia_paniculata

Weinmannia_exigua

Weinmannia_myrtifolia

Eucryphia_moorei

Weinmannia_silvicola

Cunonia_montana

Cunonia_capensis

Ackama_rosifolia

Weinmannia_racemosa

Pancheria_engleriana

Weinmannia_tomentosa

Weinmannia_trichosperma

Weinmannia_clemensiae

Cunonia_macrophylla

Weinmannia_sanguisugarum

Caldcluvia_paniculosa

Weinmannia_serrata

Cunonia_pulchella

Codia_discolor

Cunonia_balansae

Weinmannia_richii

Weinmannia_hooglandii

Weinmannia_humbertiana

Weinmannia_rutenbergii

Weinmannia_dichotoma

Callicoma_serratifolia

Weinmannia_arguta

Weinmannia_madagascariensis

Pancheria_reticulata

Cunonia_atrorubens

Weinmannia_vitiensis

Weinmannia_minutiflora

Weinmannia_elattantha

Eucryphia_cordifolia

87,63

18,73

5,27

32,41

3,14

25

8,79

2,02

9,23

6,79

3,94

1,78
6,09

63,37

34,24

20,18

28,67

39,86

2,45

48,62

4,57

22,88

24,56

3,91

22,7

2,05

16,94

10,81

10,02

9,41

59,78

27,91

3,45

6,66

6,78

5,89

15,97

42,57

2,62

10,6

14,25

6,34

11,8

1,64

12,63

50,63

5,1

63,68

2

2,02

9,55

16,98

2,97

2,06

0,96

0,94

Weinmannia

Arcteranthis_cooleyae

Ranunculus_cardiophyllus

Ranunculus_natans

Ranunculus_multifidus

Ranunculus_marschlinsii

Ranunculus_adoneus

Ranunculus_hydrophilus

Ranunculus_tembensis

Ranunculus_macounii

Ranunculus_gregarius

Ranunculus_sericeus

Ranunculus_chinensis

Ranunculus_flagelliformis

Ranunculus_saruwagedicus

Ranunculus_rufosepalus

Ranunculus_sceleratus

Coptis_lutescens

Ranunculus_polyanthemos

Ranunculus_basilobatus

Ranunculus_millefolius

Beckwithia_andersonii

Ranunculus_kotschyi

Kumlienia_hystricula

Ranunculus_seguieri

Ranunculus_bonariensis

Ranunculus_pinnatus

Ranunculus_heterorrhizus

Anemone_quinquefolia

Halerpestes_uniflora

Ranunculus_meyeri

Coptis_deltoidea

Ranunculus_hispidus

Ceratocephala_orthoceras

Ranunculus_regelianus

Ranunculus_japonicus

Ranunculus_rumelicus

Ranunculus_venetus

Ranunculus_pseudomillefoliatus

Ranunculus_cf_pseudopygmaeus_KE2011

Ranunculus_sartorianus

Ranunculus_peduncularis

Ranunculus_brutius

Ranunculus_pseudohirculus

Ranunculus_millefoliatus

Ranunculus_longicaulis

Ranunculus_cortusifolius

Ranunculus_gouanii

Coptidium_lapponicum

Ranunculus_kuepferi_subsp_orientalis

Isopyrum_thalictroides

Ranunculus_peltatus_subsp_peltatus

Ranunculus_hybridus

Ranunculus_garganicus

Ranunculus_paludosus

Ranunculus_psilostachys

Ranunculus_crenatus

Ranunculus_argyreus

Ranunculus_amblyolobus

Ranunculus_papulentus

Ranunculus_pulchellus

Ranunculus_ollissiponensis

Ranunculus_traunfellneri

Ranunculus_bulbosus_subsp_bulbosus

Coptis_quinquefolia

Halerpestes_cymbalaria

Ranunculus_gramineus

Ranunculus_glabriusculus

Ranunculus_macropodoides

Ranunculus_alismifolius

Ranunculus_damascenus

Ranunculus_lowii

Ranunculus_acris

Ranunculus_repens

Ranunculus_reptans

Ranunculus_arvensis

Ranunculus_sprunerianus

Ranunculus_leptorrhynchus

Cyrtorhyncha_ranunculina

Ranunculus_spicatus

Ranunculus_ficariifolius

Ranunculus_caprarum

Ranunculus_uncinatus

Hamadryas_delfinii

Ranunculus_caucasicus

Ranunculus_linearilobus

Ranunculus_pinardi

Ranunculus_asiaticus
Ranunculus_oxyspermus

Ranunculus_afghanicus

Ranunculus_brevifolius_subsp_brevifolius

Ranunculus_amerophyllus

Ranunculus_cassius

Ranunculus_carpaticus

Ranunculus_bilobus

Ranunculus_taisanensis

Ranunculus_sphaerospermus

Krapfia_clypeata

Ranunculus_septentrionalis

Peltocalathos_baurii

Ranunculus_bullatus

Ranunculus_trilobus

Coptis_chinensis

Ranunculus_cantoniensis

Ranunculus_nipponicus

Ranunculus_petiolaris

Ranunculus_aduncus

Callianthemoides_semiverticillatus

Ranunculus_hyperboreus

Ranunculus_silerifolius

Ranunculus_amplexicaulis

Coptis_teeta

Coptis_trifolia

Ranunculus_cornutus

Ranunculus_sojakii

Ranunculus_brotherusii

Ranunculus_mauiensis

Ranunculus_membranaceus

Ranunculus_carinthiacus

Ranunculus_gmelinii

Ranunculus_hirtellus

Ranunculus_diffusus

Ranunculus_pyrenaeus

Ranunculus_cheirophyllus

Ranunculus_serbicus

Ranunculus_grandiflorus

Ranunculus_micranthus

Ranunculus_lateriflorus

Ranunculus_pygmaeus

Ranunculus_volkensii

Ranunculus_neapolitanus

Ranunculus_montanus

Ranunculus_radicans

Ranunculus_nivalis

Trautvetteria_grandis

Ranunculus_pseudomontanus

Ranunculus_magellensis

Ranunculus_platanifolius

Ranunculus_cassubicifolius

Ranunculus_hawaiensis

Ranunculus_parviflorus

Coptis_omeiensis

Ranunculus_laetus

Ranunculus_alpestris

Ranunculus_dissectus_subsp_napellifolius

Oxygraphis_polypetala

Ranunculus_aucheri

Myosurus_minimus

Ranunculus_sardous

Ranunculus_glacialis

Ranunculus_stagnalis

Ranunculus_gracilis

Ranunculus_pseudolowii

Ranunculus_makaluensis

Ranunculus_brachylobus

Ranunculus_parnassiifolius_subsp_parnassiifolius

Ranunculus_constantinopolitanus

Ranunculus_penicillatus_subsp_pseudofluitans

Ranunculus_brassii

Ranunculus_occidentalis

Ficaria_fascicularis

Ranunculus_pedatifidus

Ranunculus_maclovianus

Ranunculus_elbrusensis

Ranunculus_tenuirostris

Ranunculus_ophioglossifolius

Ranunculus_chius

Ranunculus_thora

Ranunculus_illyricus

Ranunculus_punctatus

Ficaria_verna

Ranunculus_lingua

Ranunculus_gelidus

Ranunculus_orthorhynchus

Ranunculus_cacuminis

Ranunculus_acetosellifolius

Ranunculus_oreophytus

Ranunculus_muricatus

Ranunculus_cicutarius

Laccopetalum_giganteum

Ranunculus_apiifolius

Ranunculus_carpaticola

Ranunculus_trichophyllus

Coptidium_pallasii

Ranunculus_macrorrhynchus

Ranunculus_submarginatus

Ranunculus_papyrocarpus

Ranunculus_cappadocicus

Ranunculus_lyallii

Ranunculus_serpens_subsp_nemorosus

Ranunculus_fascicularis

Ranunculus_hierosolymitanus

Ranunculus_flammula

Coptis_japonica

Ranunculus_termei

Ranunculus_acriformis

Ranunculus_collinus

Ranunculus_pensylvanicus

Ranunculus_marginatus

Ranunculus_aconitifolius

Ranunculus_buhsei

Ranunculus_granatensis

Ranunculus_aquatilis

Ranunculus_villarsii

Ranunculus_nephelogenes

Ranunculus_baldshuanicus

Ranunculus_notabilis

Ranunculus_velutinus

Ranunculus_pollinensis

Ranunculus_strigillosus

Ranunculus_apenninus

Ranunculus_breyninus

Ceratocephala_falcata

Ranunculus_raeae

Ranunculus_lanuginosus

Ranunculus_fuegianus

4,39

0,64

0,11

0,69

0,59

0,75

1,45

0,19

0,33

0,59

0,5

0,61

0,42

0,3

0,99

1,73

0,38

0,92

1,42

1,61

0,31

0,92

0,88

0,39

3,41

0,61

0,66

1,19

0,41

0,37

0,63

0,59

5,17

0,69

1,07

1,33

0,81

0,99

0,95

0,54

1,1

1,01

0,33

9,27

0,57

0,42

1,27

0,74

0,19

0,69

0,43

0,65

0,33

1,05

0,73

0,55

1,25

0,74

0,8

0,62

2,13

0,82

0,63

2,97

0,34

0,88

0,73

1,97

0,25

3,57

0,48

1,31

1,45

6,52

1,02

0,08

0,95

0,36

0,57

0,34

2,56

5,65

0,68
1,58

1,2

0,2

1,81

0,91

0,64

0,18

0,15

0,15

2,08

0,46

0,69

0,25

0,22

2,41

1,22

0,5

1,01

0,94

1,78

2,93

1,66

0,17

0,89

0,76

2,43

4,61

1,26

2,45

1,93

0,51

0,32

0,9

0,9

0,81

0,75

0,45

0,24

7,54

1,39

0,48

0,644,03

0,66

0,96

1,01

1,23

0,23

1,01

1,17

2,19

1,37

0,33

7,03

0,55

0,61

3,1

1,63

0,75

0,25

0,46

2,85

0,68

2,26

0,86

0,37

1,31

1,55

0,71

0,49

0,39

0,3

0,16

0,47

0,33

1,2

1,58

0,97

0,8

0,1

0,38

1,85

2,27

0,27

1,05

1,63

1,05

3,77

1,88

0,43

0,68

0,29

2,41

1,66

0,75

1,34

3,22

0,29

1,97

2,18

0,94

0,48

0,92

5,33

0,34

0,43

1,46

1,08

0,48

1,42

0,56

1,3

0,37

0,530,81

2,25

1,02

0,2

1,34

1,06

0,53

0,83

1,77

0,49

0,97

0,71

2,87

4,24

1,2

0,33

0,24

Luffa_echinata

Trichosanthes_intermedia

Trichosanthes_truncata3

Trichosanthes_elmeri

Trichosanthes_borneensis

Luffa_aegyptiaca

Trichosanthes_laceribractea1

Gymnopetalum_tubiflorum1

Trichosanthes_phonsenae2

Trichosanthes_wallichiana

Trichosanthes_phonsenae1

Gymnopetalum_chinense

Trichosanthes_rosthornii2

Trichosanthes_schlechteri

Trichosanthes_odontosperma3

Trichosanthes_pendula

Trichosanthes_obscura

Nothoalsomitra_suberosa

Gymnopetalum_scabrum1

Trichosanthes_pubera_var._rubriflos1

Trichosanthes_subvelutina1

Trichosanthes_pallida2

Trichosanthes_truncata1

Trichosanthes_laceribractea3

Trichosanthes_laeoica2

Echinocystis_lobata

Trichosanthes_lepiniana3

Trichosanthes_odontosperma2

Trichosanthes_pilosa_var._roseipulpa

Trichosanthes_edulis

Trichosanthes_miyagii

Trichosanthes_pedata

Trichosanthes_homophylla

Trichosanthes_inthanonensis1

Trichosanthes_reticulinervis

Trichosanthes_montana_subsp._crassipes

Trichosanthes_cucumerina2

Trichosanthes_villosa5

Trichosanthes_pentaphylla1

Trichosanthes_lepiniana2

Luffa_graveolens

Trichosanthes_multiloba2

Trichosanthes_pallida1

Cyclanthera_pedata

Trichosanthes_subvelutina3

Trichosanthes_dioica

Trichosanthes_quinquefolia

Gymnopetalum_scabrum3

Momordica_charantia

Trichosanthes_postarii2

Trichosanthes_papuana

Trichosanthes_dentifera

Gymnopetalum_orientale

Trichosanthes_pentaphylla2

Trichosanthes_pilosa2

Trichosanthes_tricuspidata_subsp._tricuspidata

Trichosanthes_kirilowii_var._japonica1

Trichosanthes_tricuspidata_subsp._javanica

Trichosanthes_truncata2

Trichosanthes_kirilowii_var._japonica2

Trichosanthes_sepilokensis

Linnaeosicyos_amara

Trichosanthes_laceribractea2

Trichosanthes_celebica

Sicyos_angulatus

Trichosanthes_villosa1

Trichosanthes_wawrae

Trichosanthes_postarii1

Trichosanthes_mucronata

Trichosanthes_laeoica1

Luffa_operculata

Trichosanthes_montana_subsp._montana

Trichosanthes_kerrii

Lagenaria_siceraria

Trichosanthes_pilosa4

Trichosanthes_quinquangulata2

Trichosanthes_pubera_var._fissisepala2

Ecballium_elaterium

Trichosanthes_kirilowii_var._japonica3

Marah_macrocarpus

Trichosanthes_villosa2

Gymnopetalum_tubiflorum3

Trichosanthes_fissibracteata

Trichosanthes_subvelutina2

Austrobryonia_micrantha

Trichosanthes_beccariana

Trichosanthes_pubera_var._fissisepala1

Trichosanthes_quinquangulata1

Trichosanthes_cucumerina1

Trichosanthes_smilacifolia

Trichosanthes_rosthornii1

Trichosanthes_multiloba1

Gymnopetalum_scabrum2

Trichosanthes_villosa3

Trichosanthes_auriculata

Trichosanthes_lepiniana1

Trichosanthes_adhaerens

Gymnopetalum_tubiflorum2

Trichosanthes_odontosperma1

Trichosanthes_villosa4

Trichosanthes_pubera_var._rubriflos2

Hodgsonia_heteroclita

Trichosanthes_pilosa3
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Extended Data Figure 6 | Chronograms for Euphrasia, Kalophrynus,
Nepenthes, Paphiopedilum, Philalanka, Ptomaphaginus, Payena,
Trichosanthes, Rhododendron, Ranunculus, Tritetrabdella and

Weinmannia. See Supplementary Table 5 for more details. Node colours
represent posterior probabilities. Endemic species printed in red.
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Manilkara_kauki

Sideroxylon_americanum

Palaquium_microphyllum

Eberhardtia_aurata

Payena_lucida_EDNA09_02306

e4003829276_P_gigas_830mASL_OL

Englerophytum_natalense

Palaquium_microphyllum_EDNA09_02312

Payena_acuminata

Neolemonniera_clitandrifolia

Sideroxylon_mascatense

Sideroxylon_foetidissimum
Sideroxylon_capiri

Mimusops_caffra

Palaquium_pseudorostratum_EDNA09_01131

Mimusops_zeyheri

Palaquium_sumatranum_EDNA09_00955

Faucherea_parvifolia

Palaquium_oxleyanum_EDNA09_00719

Madhuca_laurifolia_EDNA09_02184

Sideroxylon_tepicense

Madhuca_curtisii_EDNA09_02307

Palaquium_amboinense

Madhuca_oblongifolia_EDNA09_01379

Burckella_polymera_EDNA09_01388

Labourdonnaisia_revoluta

Isonandra_perakensis_EDNA09_00998

Pouteria_sp_EDNA09_02322

Capurodendron_androyense

Palaquium_gutta_EDNA09_00717

Palaquium_sp_EDNA09_02320

Madhuca_korthalsii_EDNA09_01380

Sideroxylon_marmulano

Letestua_durissima

Palaquium_eriocalyx_EDNA09_00993

Sideroxylon_obovatum

Inhambanella_henriquesii

Palaquium_sericeum_EDNA09_01452

Sideroxylon_horridum

Autranella_congolensis

Palaquium_sp_EDNA09_00989

Labramia_costata

Palaquium_beccarianum_EDNA09_00952

Northia_seychellana

Palaquium_rigidum_EDNA09_01129

Palaquium_clarkeanum_EDNA09_00716

Madhuca_hainanensis

Palaquium_ridleyi_EDNA09_01132

Madhuca_lancifolia_EDNA09_01382

Madhuca_palida_EDNA09_01139

Palaquium_formosanum_EDNA09_00722

Xantolis_siamensis

Tieghemella_heckelii

Sideroxylon_floribundum

Mimusops_elengi

Burckella_macropoda_EDNA09_00995

Sarcosperma_laurinum

Madhuca_sericea_EDNA09_01378

Mimusops_comorensis

Palaquium_quercifolium_EDNA09_01451

Palaquium_lobbianum_EDNA09_02319

Vitellaria_paradoxa

Madhuca_longifolia_EDNA09_02311

Palaquium_rostratum_EDNA09_00956

Manilkara_discolor

Palaquium_cryptocarifolium_EDNA09_01144

Isonandra_sp

Sideroxylon_betsimisarakum

Palaquium_galactoxylon_EDNA09_00987

Lecomtedoxa_klaineana

Palaquium_brassii_EDNA09_01385

Vitellariopsis_marginata

Sideroxylon_reclinatum

Poutera_firma_EDNA09_01389

Sideroxylon_cubense

Madhuca_kunstleri_EDNA09_01138b

Argania_spinosa

Madhuca_palembanica

Manilkara_concolor

Palaquium_walsurifolium_EDNA09_01135

Madhuca_fulva_EDNA09_00985

Labourdonnaisia_calophylloides

Madhuca_prolixa_EDNA09_01381

Payena_maingayi_EDNA09_00988

Nesoluma_polynesiacum

Sideroxylon_lanuginosum

Manilkara_hexandra

Sideroxylon_saxorum

Madhuca_kuchingensis_EDNA09_01134

Sideroxylon_tenax

Diploknema_butyracea

Palaquium_calophyllum_EDNA09_00992

Isonandra_lanceolata_EDNA09_02321

e4003829322_P_microphylla_627mASL_IN

Madhuca_kingiana_EDNA09_00954

Sideroxylon_majus

Burckella_sp_EDNA09_02325

Madhuca_barbata_EDNA09_01143

Madhuca_erythrophylla_EDNA09_01137

Sideroxylon_repens

Madhuca_crassipes

Manilkara_zapota

Isonandra_compta_EDNA09_00984

Madhuca_motleyana

Palaquium_leiocarpum_EDNA09_01130

Sideroxylon_confertum

Palaquium_impressionervium_EDNA09_00720

Sideroxylon_salicifolium

Palaquium_rufolanigerum_EDNA09_01133

Madhuca_leucodermis

Aulandra_longifolia

Vitellariopsis_dispar

Payena_ferruginea_EDNA09_02314

Sideroxylon_lycioides

Palaquium_hexandrum_EDNA09_01142

Baillonella_toxisperma_EDNA09_01453

Palaquium_herveyi_EDNA09_01141

Pouteria_sp

Madhuca_sp_nov_EDNA09_01383

Palaquium_obovatum_EDNA09_00718

Sideroxylon_obtusifolium

Palaquium_xanthochymum_EDNA09_00721
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34,47
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10,03
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20,82

5,59
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75,68

25,54
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9,49

29,74
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23,61

5,15

11,14
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22,48
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3,58
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4,44

4,12

0,67
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18,62

0,75
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4,64

0,28

18,53

Rhododendron_ericoides

Cassiope_tetragona

Rhododendron_ferrugineum

Rhododendron_buxifolium

Rhododendron_dilatatum

Rhododendron_hongkongense

Rhododendron_transiens

Rhododendron_anthosphaerum

Rhododendron_leptothrium

Rhododendron_reticulatum

Rhododendron_agastum

Rhododendron_forrestii

Rhododendron_weyrichii

Rhododendron_yakuinsulare

Rhododendron_sanctum

Rhododendron_edgeworthii

Rhododendron_farrerae

Rhododendron_albrechtii

Rhododendron_floccigerum

Rhododendron_cavaleriei

Rhododendron_stenophyllum

Rhododendron_amanoi

Rhododendron_fastigiatum

Rhododendron_beesianum

Rhododendron_tashiroi

Rhododendron_cyanocarpum

Rhododendron_auriculatum

Rhododendron_feddei

Rhododendron_irroratum

Rhododendron_pachypodum

Rhododendron_spinuliferum

Rhododendron_championiae

Rhododendron_mollicomum

Rhododendron_semibarbatum

Rhododendron_bagobonum

Rhododendron_williamsianum

Rhododendron_mackenzianum

Rhododendron_aureum

Rhododendron_wardii

Rhododendron_moulmainense

Rhododendron_bureavii

Rhododendron_mayebarae

Rhododendron_santapaui

Rhododendron_dimitrum

Rhododendron_crassifolium

Rhododendron_cuneifolium

Rhododendron_lukiangense

Rhododendron_tsusiophyllum

Rhododendron_lowii

Rhododendron_campylocarpum

Rhododendron_glischrum

Rhododendron_tutcherae

Rhododendron_macrosepalum

Rhododendron_scabrifolium

Rhododendron_maximum

Rhododendron_micranthum

Rhododendron_fortunei

Rhododendron_spiciferum

Rhododendron_selense

Rhododendron_ovatum

Rhododendron_formosanum

Rhododendron_luteum
Rhododendron_molle

Rhododendron_rubropunctatum

Rhododendron_praetervisum

Rhododendron_stamineum

Rhododendron_orbiculatum

Rhododendron_trichocladum

Rhododendron_occidentale

Rhododendron_stapfianum

Rhododendron_racemosum

Rhododendron_scabrum

Rhododendron_suaveolens
Rhododendron_canadense

Rhododendron_kiusianum

Rhododendron_rubiginosum

Rhododendron_acuminatum

Cassiope_fastigiata

Rhododendron_rugosum

Rhododendron_latoucheae

Rhododendron_fulvum

Rhododendron_mucronulatum

Rhododendron_borneense

Rhododendron_rex_subsp_fictolacteum

Rhododendron_indicum

Rhododendron_camtschaticum

Rhododendron_mariesii

Rhododendron_sinogrande

Rhododendron_neriiflorum

Rhododendron_hancockii

Rhododendron_alutaceum

Rhododendron_lagopus

Rhododendron_grande

Rhododendron_schlippenbachii

Rhododendron_wadanum

Rhododendron_aganniphum

Rhododendron_tosaense

Rhododendron_argyrophyllum

Rhododendron_aberconwayi

Rhododendron_boninense

Rhododendron_bachii

Rhododendron_duclouxii

Rhododendron_vernicosum

Rhododendron_eriocarpum

Rhododendron_mitriforme

Rhododendron_tomentosum_subsp_tomentosum

Rhododendron_kiyosumense

Rhododendron_subestipitatum

Rhododendron_dayaoshanense

Rhododendron_decorum

Rhododendron_westlandii

Rhododendron_albiflorum

Rhododendron_vialii

Rhododendron_delavayi

Rhododendron_exuberans

Rhododendron_redowskianum

Rhododendron_henryi

Rhododendron_nipponicum

Rhododendron_virgatum

Rhododendron_fallacinum

Rhododendron_serpyllifolium

Rhododendron_javanicum

Rhododendron_primuliflorum

Rhododendron_viscistylum

Rhododendron_ponticum

Rhododendron_kaempferi

4,83

7,56
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10,65

7,25
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2,11

1,98

14,6
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9,13
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1,21

7,35

2,49

2,19

11,74

4,12

13,64

19,66

3,42

5,72

3,4

3,94

14,44

10,32

3,81

4,15

5,16

5,02

4,15

22,13

8,57

12,4

2,61

1,89

5,91

7,39

6,7

17,08

3,28

4,61

3,88

25,14

2,59

4,83

2,87

0,61

3,98

4,24

12,05

4,09

42

3,02

5,1

8,78

2,89

4,01

2,86

8,74

4,04

1,09

6,31

5,01

3,63

7,16

18,93

36,25

7,82

9,5

11,69

1,89

2,83

5,13

11,72

4,23

1,98

3,67

4,69

2,62

10,91

9,58

27,9

3,48

2,43

8,11

9,26

2,71

Payena

Rhododendron

Weinmannia_samoensis

Pancheria_brunhesii

Weinmannia_parviflora

Weinmannia_sp_Bradford_655

Weinmannia_sp_Bradford_435

Weinmannia_raiateensis

Weinmannia_sp_Bradford_837

Weinmannia_vescoi

Brunellia

Weinmannia_marojejyensis

Karrabina_benthamiana

Vesselowskya

Pancheria_hirsuta

Weinmannia_bangii

Pancheria_phylliraeoides

Weinmannia_tinctoria

Weinmannia_fraxinea

Pullea_glabra

Weinmannia_auriculata

Weinmannia_bojeriana

Cephalotus_follicularis

Spiraeopsis_celebica

Weinmannia_stenostachya

Caldcluvia_paniculata

Weinmannia_exigua

Weinmannia_myrtifolia

Eucryphia_moorei

Weinmannia_silvicola

Cunonia_montana

Cunonia_capensis

Ackama_rosifolia

Weinmannia_racemosa

Pancheria_engleriana

Weinmannia_tomentosa

Weinmannia_trichosperma

Weinmannia_clemensiae

Cunonia_macrophylla

Weinmannia_sanguisugarum

Caldcluvia_paniculosa

Weinmannia_serrata

Cunonia_pulchella

Codia_discolor

Cunonia_balansae

Weinmannia_richii

Weinmannia_hooglandii

Weinmannia_humbertiana

Weinmannia_rutenbergii

Weinmannia_dichotoma

Callicoma_serratifolia

Weinmannia_arguta

Weinmannia_madagascariensis

Pancheria_reticulata

Cunonia_atrorubens

Weinmannia_vitiensis

Weinmannia_minutiflora

Weinmannia_elattantha

Eucryphia_cordifolia

87,63

18,73

5,27

32,41

3,14

25

8,79

2,02

9,23

6,79

3,94

1,78
6,09

63,37

34,24

20,18

28,67

39,86

2,45

48,62

4,57

22,88

24,56

3,91

22,7

2,05

16,94

10,81

10,02

9,41

59,78

27,91

3,45

6,66

6,78

5,89

15,97

42,57

2,62

10,6

14,25

6,34

11,8

1,64

12,63

50,63

5,1

63,68

2

2,02

9,55

16,98

2,97

2,06

0,96

0,94

Weinmannia

Arcteranthis_cooleyae

Ranunculus_cardiophyllus

Ranunculus_natans

Ranunculus_multifidus

Ranunculus_marschlinsii

Ranunculus_adoneus

Ranunculus_hydrophilus

Ranunculus_tembensis

Ranunculus_macounii

Ranunculus_gregarius

Ranunculus_sericeus

Ranunculus_chinensis

Ranunculus_flagelliformis

Ranunculus_saruwagedicus

Ranunculus_rufosepalus

Ranunculus_sceleratus

Coptis_lutescens

Ranunculus_polyanthemos

Ranunculus_basilobatus

Ranunculus_millefolius

Beckwithia_andersonii

Ranunculus_kotschyi

Kumlienia_hystricula

Ranunculus_seguieri

Ranunculus_bonariensis

Ranunculus_pinnatus

Ranunculus_heterorrhizus

Anemone_quinquefolia

Halerpestes_uniflora

Ranunculus_meyeri

Coptis_deltoidea

Ranunculus_hispidus

Ceratocephala_orthoceras

Ranunculus_regelianus

Ranunculus_japonicus

Ranunculus_rumelicus

Ranunculus_venetus

Ranunculus_pseudomillefoliatus

Ranunculus_cf_pseudopygmaeus_KE2011

Ranunculus_sartorianus

Ranunculus_peduncularis

Ranunculus_brutius

Ranunculus_pseudohirculus

Ranunculus_millefoliatus

Ranunculus_longicaulis

Ranunculus_cortusifolius

Ranunculus_gouanii

Coptidium_lapponicum

Ranunculus_kuepferi_subsp_orientalis

Isopyrum_thalictroides

Ranunculus_peltatus_subsp_peltatus

Ranunculus_hybridus

Ranunculus_garganicus

Ranunculus_paludosus

Ranunculus_psilostachys

Ranunculus_crenatus

Ranunculus_argyreus

Ranunculus_amblyolobus

Ranunculus_papulentus

Ranunculus_pulchellus

Ranunculus_ollissiponensis

Ranunculus_traunfellneri

Ranunculus_bulbosus_subsp_bulbosus

Coptis_quinquefolia

Halerpestes_cymbalaria

Ranunculus_gramineus

Ranunculus_glabriusculus

Ranunculus_macropodoides

Ranunculus_alismifolius

Ranunculus_damascenus

Ranunculus_lowii

Ranunculus_acris

Ranunculus_repens

Ranunculus_reptans

Ranunculus_arvensis

Ranunculus_sprunerianus

Ranunculus_leptorrhynchus

Cyrtorhyncha_ranunculina

Ranunculus_spicatus

Ranunculus_ficariifolius

Ranunculus_caprarum

Ranunculus_uncinatus

Hamadryas_delfinii

Ranunculus_caucasicus

Ranunculus_linearilobus

Ranunculus_pinardi

Ranunculus_asiaticus
Ranunculus_oxyspermus

Ranunculus_afghanicus

Ranunculus_brevifolius_subsp_brevifolius

Ranunculus_amerophyllus

Ranunculus_cassius

Ranunculus_carpaticus

Ranunculus_bilobus

Ranunculus_taisanensis

Ranunculus_sphaerospermus

Krapfia_clypeata

Ranunculus_septentrionalis

Peltocalathos_baurii

Ranunculus_bullatus

Ranunculus_trilobus

Coptis_chinensis

Ranunculus_cantoniensis

Ranunculus_nipponicus

Ranunculus_petiolaris

Ranunculus_aduncus

Callianthemoides_semiverticillatus

Ranunculus_hyperboreus

Ranunculus_silerifolius

Ranunculus_amplexicaulis

Coptis_teeta

Coptis_trifolia

Ranunculus_cornutus

Ranunculus_sojakii

Ranunculus_brotherusii

Ranunculus_mauiensis

Ranunculus_membranaceus

Ranunculus_carinthiacus

Ranunculus_gmelinii

Ranunculus_hirtellus

Ranunculus_diffusus

Ranunculus_pyrenaeus

Ranunculus_cheirophyllus

Ranunculus_serbicus

Ranunculus_grandiflorus

Ranunculus_micranthus

Ranunculus_lateriflorus

Ranunculus_pygmaeus

Ranunculus_volkensii

Ranunculus_neapolitanus

Ranunculus_montanus

Ranunculus_radicans

Ranunculus_nivalis

Trautvetteria_grandis

Ranunculus_pseudomontanus

Ranunculus_magellensis

Ranunculus_platanifolius

Ranunculus_cassubicifolius

Ranunculus_hawaiensis

Ranunculus_parviflorus

Coptis_omeiensis

Ranunculus_laetus

Ranunculus_alpestris

Ranunculus_dissectus_subsp_napellifolius

Oxygraphis_polypetala

Ranunculus_aucheri

Myosurus_minimus

Ranunculus_sardous

Ranunculus_glacialis

Ranunculus_stagnalis

Ranunculus_gracilis

Ranunculus_pseudolowii

Ranunculus_makaluensis

Ranunculus_brachylobus

Ranunculus_parnassiifolius_subsp_parnassiifolius

Ranunculus_constantinopolitanus

Ranunculus_penicillatus_subsp_pseudofluitans

Ranunculus_brassii

Ranunculus_occidentalis

Ficaria_fascicularis

Ranunculus_pedatifidus

Ranunculus_maclovianus

Ranunculus_elbrusensis

Ranunculus_tenuirostris

Ranunculus_ophioglossifolius

Ranunculus_chius

Ranunculus_thora

Ranunculus_illyricus

Ranunculus_punctatus

Ficaria_verna

Ranunculus_lingua

Ranunculus_gelidus

Ranunculus_orthorhynchus

Ranunculus_cacuminis

Ranunculus_acetosellifolius

Ranunculus_oreophytus

Ranunculus_muricatus

Ranunculus_cicutarius

Laccopetalum_giganteum

Ranunculus_apiifolius

Ranunculus_carpaticola

Ranunculus_trichophyllus

Coptidium_pallasii

Ranunculus_macrorrhynchus

Ranunculus_submarginatus

Ranunculus_papyrocarpus

Ranunculus_cappadocicus

Ranunculus_lyallii

Ranunculus_serpens_subsp_nemorosus

Ranunculus_fascicularis

Ranunculus_hierosolymitanus

Ranunculus_flammula

Coptis_japonica

Ranunculus_termei

Ranunculus_acriformis

Ranunculus_collinus

Ranunculus_pensylvanicus

Ranunculus_marginatus

Ranunculus_aconitifolius

Ranunculus_buhsei

Ranunculus_granatensis

Ranunculus_aquatilis

Ranunculus_villarsii

Ranunculus_nephelogenes

Ranunculus_baldshuanicus

Ranunculus_notabilis

Ranunculus_velutinus

Ranunculus_pollinensis

Ranunculus_strigillosus

Ranunculus_apenninus

Ranunculus_breyninus

Ceratocephala_falcata

Ranunculus_raeae

Ranunculus_lanuginosus

Ranunculus_fuegianus

4,39

0,64

0,11

0,69

0,59

0,75

1,45

0,19

0,33

0,59

0,5

0,61

0,42

0,3

0,99

1,73

0,38

0,92

1,42

1,61

0,31

0,92

0,88

0,39

3,41

0,61

0,66

1,19

0,41

0,37

0,63

0,59

5,17

0,69

1,07

1,33

0,81

0,99

0,95

0,54

1,1

1,01

0,33

9,27

0,57

0,42

1,27

0,74

0,19

0,69

0,43

0,65

0,33

1,05

0,73

0,55

1,25

0,74

0,8

0,62

2,13

0,82

0,63

2,97

0,34

0,88

0,73

1,97

0,25

3,57

0,48

1,31
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Extended Data Figure 6 | Chronograms for Euphrasia, Kalophrynus,
Nepenthes, Paphiopedilum, Philalanka, Ptomaphaginus, Payena,
Trichosanthes, Rhododendron, Ranunculus, Tritetrabdella and

Weinmannia. See Supplementary Table 5 for more details. Node colours
represent posterior probabilities. Endemic species printed in red.
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elevation biodiversity hot spots at low latitudes (Favre et al., 2014), such as the 
Tibetan plateau (Schwery et al., 2015), the Andean highlands (Hoorn et al., 2013), 
and Afrotropical volcanoes (Price et al., 2014). However, probably as a consequence 
of the rapid emergence of the mountain (Cottam et al., 2013) and its unique alpine 
summit conditions (Kitayama, 1992), many of these neo-endemics have not evolved 
by drastic niche shifts from local ancestors, but rather by immigration of pre-adapted 
propagules from elsewhere. This explains the multiple independent colonization 
events in some taxa (for example, Glomus, Rhododendron and Coeliccia). In addition, 
local lowland taxa have also generated montane species, but although some of these 
have reached vegetation zones above 2,000 m, most do not show substantial niche 
shifts away from their ancestral niche. The niches of Nepenthes species endemic to 
Mount Kinabalu and neighborying Mount Tambyukon appear to be conserved, 
coincide with the timing of mountain formation and are show a pattern of centric 
endemism. The fact that the endemic biota of Kinabalu appears to be composed 
largely of pre-adapted (eccentric) species and locally derived (centric), ecologically 
conserved endemics is in line with niche conservatism (Crisp et al., 2009).

We suggest that our novel approach of molecular dating of multiple clades be 
applied to larger communities in this and other tropical montane biodiversity hot 
spots (Culmsee & Leuschner, 2013). In combination, such information should allow 
a detailed dissection of the relative roles of ecological speciation, colonization and 
habitat filtering in the formation of endemic biotas in this and other tropical mountains. 
Moreover, such understanding could improve predictions of the likelihood of 
extinction and evolutionary rescue of endemic species experiencing changing climate 
conditions (Schiffers et al., 2013).


