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Figure legends 

Fig. 1. Distribution of Hoya. Circles mark the abundance of Hoya in each area (larger circle 

corresponds to a higher number of species in one area). Different colours correspond to 

clades I–VI in the text (Results): black = Clade I; yellow = Clade II; olive = Clade III; 

green = Clade IV; blue = Clade V; red = Clade VI. Further colours: purple = taxa with 

affinity to clades V and VI; white = taxa of ambiguous or unresolved systematic affinity; 

light green = Philippine sister taxa of Clade IV. Shown are also the climate diagrams for 

selected stations [32] within the distribution range of Hoya. The Köppen climate 

classification for each station is indicated following Kottek et al.[31]. 

 

Fig. 2. Best-known ML trees based on matrices 1 and 2, including all analysed accessions. 

Overall, the plastid (left) and nuclear (right) trees found similar groups and clades as 

annotated with varying support. Colouring of terminals and clades refers to major clades 

and groups defined by the analyses of the combined data (matrix 3, Figs 3–4): dark grey = 

Clade I; yellow = Clade II; light and dark olive = Clade III; green = Clade IV; dark green = 

Clade J; turquoise = Clade M; blue and dark blue = Clade V; red = Clade VI; dark red = 

Clade P; pink = other members of Group 2. Numbers at branches indicate BS support 

based on 800 (matrix 1), respectively, 1000 BS (matrix 2) replicates. Individual taxa 

abbreviated by the first three letters of their names, rogue taxa in bold font. For some taxa 

(*) only limited data is available so far, these have been excluded from further analyses. 

 

Fig. 3. Hoya phylogeny, Clade I–IV. Best-known ML tree based on the combined plastid 

(trnT-trnL and trnH-psbA intergenic spacers) and nuclear data set (ITS region, and 5’-

BlaBla
Schreibmaschinentext
Note: These are the original figures of Wanntorp et al., Taxon 63:89–102, 2014. The networks had to be dropped on editorial advise.
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ETS; matrix 3). Numbers at branches denote bootstrap support under ML (BSML). Symbols 

left of species names show the distribution of each species: Open triangle, Himalayas and 

adjacent mountains of S. W. China; open rectangle, S. Asia and mainland S. E. Asia (S. W. 

India and Sri Lanka, Indo-Burma); open five-pointed star, S. China, Taiwan, Ryukyu and 

Kyushu islands, S. Japan (subtropical); open circle, Philippines; open hexagon, Sundaland; 

closed hexagon, Wallacea; closed circle, New Guinea; closed upside-down triangle, 

Melanesia and New Caledonia; closed ten-pointed star, Polynesian  islands; closed seven-

pointed star, Australia. 

 

Fig. 4. Hoya phylogeny, Clade V and VI and related taxa (Group 2). Detail of the best-known 

ML tree based on the combined plastid (trnT-trnL and trnH-psbA intergenic spacers) and 

nuclear data set (ITS region, and 5’-ETS; matrix 3). Numbers denote bootstrap support 

values under ML (BSML). Symbols left of species names show the distribution of each 

species: Open triangle, Himalayas and adjacent mountains of S. W. China; open rectangle, 

S. Asia and mainland S. E. Asia (S. W. India and Sri Lanka, Indo-Burma); open five-

pointed star, S. China, Taiwan, Ryukyu and Kyushu islands, S. Japan (subtropical); open 

circle, Philippines; open hexagon, Sundaland; closed hexagon, Wallacea; closed circle, 

New Guinea; closed upside-down triangle, Melanesia and New Caledonia; closed ten-

pointed star, (outer) Polynesian islands; closed seven-pointed star, Australia. 

 

Fig. 5. Best-known ML tree showing putative phylogenetic relationships between major 

clades of Hoya after all phylogenetically ambiguous taxa were excluded from the data set 

(matrix 4). Numbers at branches indicate ML-BS support based on 400 replicates (BSML). 
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Note the general increase in backbone support and the shift within Group 1 regarding the 

putative sister clade of Clade IV. Terminal subtrees have been collapsed for better 

visibility, the triangles reflect the dimensions of the collapsed subtrees. For branches with 

BSML <95, competing splits are shown in the inlets; only such splits are shown that 

occurred at least in 15% of BS replicates. Taxa inflicting ambiguous signal regarding basal 

relationships within Clade V abbreviated by first three letters: KUH = H. kuhlii; OBS = H.

obscura; SIP = H. sipitangensis; PUS = H. pusilla. 

Fig. 6. Phylogenetic relationships based on a matrix with as comprehensive as possible gene 

sampling, strongly limited taxon sampling, and adding further outgroup taxa from the 

Marsdenieae. A. Best-known ML tree, BS support (based on 1000 replicates) annotated 

along branches. B. Bipartition network based on the BS replicate sample, only bipartitions 

are shown that were found in >20% of the BS replicates. Note that even this most optimal 

dimensioned matrix (few taxa, many nucleotides) failed to resolve basal relationships in 

Hoya (grey-shadowed circles) and to unambiguously place H. serpens (pink-shadowed 

circle) 

 

Fig. 7. Competing and additive signals from nuclear and plastid data, illustrated using 

bipartition networks. A. Based on the combined trnH-psbA and trnT-trnL data (matrix 1); 

B. Based on the combined 5'-ETS and ITS data (matrix 2). Edge lengths are proportional to 

the number of BS replicates showing the respective phylogenetic split. For selected splits 

(coloured), absolute BS support values are given. Species clustering outside major and 

minor clades are abbreviated by the three first letters of their names.  
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Fig. 8. Schematized median-joining networks illustrating general differentiation pathways in 

Hoya. A–C. Relatively variable/informative partitions. A. 5’-ETS. B. ITS1. C. trnT-trnL. 

D–E. Conserved/rather uninformative partitions. D. ITS2. E. trnH-psbA (only 

unambiguously alignable nucleotides considered). 

 

Fig. 9. Hoya biogeography. A. Distribution of Clade I-III. Dotted line shows the widespread 

distribution of H. multiflora; B. Distribution of Clade IV. Purple, distribution range of 

phylogenetically ambiguous species with affinities to Clade V and VI; C-D. Distribution of 

Clade V and VI in the IAA and adjacent areas of continental Asia and Australia. Arrows 

indicate potential migration routes. 

 



W
a

ll
a

ce
’s

 l
in

e

K
ag

os
hi

m
a,

C
fa

M
an

ila
,A

m

K
at

hm
an

du
,C

w
a

K
oz

hi
ko

de
,A

m

S
in

ga
po

re
,A

f

B
un

da
be

rg
,C

fa
/C

w
a

S
o

lo
m

o
n

 I
s.

tr
o

p
. A

u
st

ra
li

a

V
a

n
u

a
tu

S
a

m
o

a

B
is

m
a

rc
k

 I
s.

H
a

in
a

n

S
./

  S
.E

. C
h

in
a

B
o

rn
e

o

F
ij

i

E
. H

im
a

la
y

a
n

 f
o

o
th

il
ls

W
. H

im
a

la
y

a
n

fo
o

th
il

ls tr
o

p
. I

n
d

ia
B

u
rm

a

T
h

a
il

a
n

d
In

d
o

ch
in

a

Ja
v

a

M
a

la
y

 P
e

n
in

s.

M
a

la
y

si
a

M
o

lu
cc

a
s

N
e

w
 C

a
le

d
o

n
ia

To
n

g
a

N
e

w
 G

u
in

e
a

P
h

il
ip

p
in

e
s

S
u

la
w

e
si

S
u

m
a

tr
a

A
m

b
o

nR
y

u
k

y
u

 I
s.

S
. K

y
u

sh
u

S
ri

 L
a

n
k

a

C
h

ri
st

m
a

s 
Is

.

su
b

tr
o

p
. A

u
st

ra
li

a

Fi
g.

 1



93

79

49
96

1515

78

69

76

97

50

69

40

100

<10

<10

<10

<10

<10

<10

<10

70

79

52

100

91

80

20
<10

10

<20

<20

1717
9393

65

45

40

45

<20
<20

<20

47

61

<20

33

39

33

99
99

26
92

30

100

48

62

<20
<20

<20

97

34

51

6666

100

Dischidia
cp-A/nr-A

cp-B

cp-D

cp-C

cp-E

cp-J

VIL

VIT*

PLC

DARTHO
MAG

cp-H

MIT

IMB
SPA

CUR
LAC

MEL

MAN

cp-P

PAD

MON
FUN* PCX

ARN
OVACAR

SAL

GRI
?SP

LON*SER
cp-L

cp-F

cp-G

MYR

cp-K

MAR nr-B

MAR

WIG
FUS nr-D

WIG
FUS

nr-C

nr-E

nr-J
GRA

GRA

CUR MYR

nr-H

nr-O
nr-N

MONSAL
PCX

CAR

MIT
DAR

PUB

IMB
PUB VIL

MEL

nr-P
MAN

nr-L
SPA

nr-K
?SP

nr-M
OVA

nr-F

nr-G

PLC

MAG

PAD
ARN

LAC

nr-Q

nr-R

nr-S

WAY

WAY

Fig. 2



100

74
92

65

75

52

47

66

95

32

85
58

21
24

59

94 64

82

100
100

95
90

99

100

46

100

97

100

34

100
97

100

100
94

12

18
50

95

74

77

98
98

60
41

99

46

96

56
74

63

94
98

98

49

92

91

99
98

66

59

54

62

80

76

48

63

100
36

82

100

H. thomsonii
H. griffithii

H. serpens

H. pauciflora
H. retusa

H. polyneura
H. lobbii

H. sussuela  1
H. sussuela  2

H. sussuela  3

H. lauterbachii

H. guppyi
H. ariadna

H. purpurea

H. eriostemma  2

H. coronaria
H. sp. Liddle IML1792 (BRI)

H. hollrungii
H. eriostemma  1

H. affinis

H. greenii

H.  fusca

H. ciliata

H. praetorii

H. nyhuusiae
H. telosmoides

H. inflata
H. hypolasia

H. danumensis

H. campanulata

H. megalaster

H. archboldiana
H. onychoides

H. microphylla
H. solaniflora

H. macgillivrayi

H. sp.  Chase 17132 (K)

H. lamingtoniae
H. rubida

H. montana
H. dimorpha

H. ischnopus

H. kenejiana
H. australis 1

H. australis subsp. oramicola
H. australis 2

H. albiflora

H. magnifica*
H. calycina

H. betchei

H. dennisii

H. naumannii
H. subcalva

H. paziae

H. patella
H. subglabra

H. densifolia
H. cumingiana

H. odorata

H. edeni
H. engleriana

H. bella
H. linearis

D. hirsuta
H. thailandica

D. astephana

H.wightii

H.  mariae

H. wallichii vel danumensis 

H. multiflora

H. villosa

H. manipurensis
H. meliflua

H. excavata
H. diversifolia

H. kerrii
H. obovata

H. ovalifolia
H. curtisii H. spartioides

*  Position unresolved based on cp data

Clade I

Clade III

Clade II

( )

Fig. 3



80

97

98

90

91

83

100

84

39

88

54

44
89

61

24

65

64

48

92
82

2

16

100

29

9

99
99

81

57

93
98

92
47

64
94

54
73

26

100

68

62

66

16

26

94

65

93

53

80
91

77

12

13

44

18
35

79
90

72

43

H. cf. pentaphlebia
H. merrillii

H. citrina

H. quinquenervia

H. aldrichii
H. erythrina

H. cinnamomifolia

H. ridleyi

H. forbesii

H. finlaysonii
H. callistophylla

H. mcgregorii
H. lambii

H. clemensiorum
H. vitellina

H. fitchii
H. bordenii

H. scortechinii

H. camphorifolia

H. neoebudica

H. commsii

H. blashernaezii
H. siariae

H. palawanica

H. cf. hellwigiana
H. marginata

H. limoniaca
H. samoensis

H. tomataensis

H. hellwigiana
H. cf. nicholsoniae

H. mindorensis
H. elliptica

H. tjadasmalangensis
H. macrophylla

H. padangensis
H. arnottiana

H. monetteae
H. cf. salweenica

H. carnosa
H. pubicalyx

H. cf. tsangii
H. kloppenburgii

H. acicularis

H. loheri
H. bilobata

H. endauensis
H. heuschkeliana

H. leytensis
H. burtoniae

H. pallilimba

H. picta
H. kentiana

H. brevialata

H. litoralis
H. rumphii

H. halophila
H. davidcummingii

H. revoluta
H. pseudolanceolata
H. micrantha

H. sipitangensis
H. pusilla

H. obscura

H. collina
H. eitapensis

H. anulata

H. flavida

H. diptera
H. vanuatensis

H. kuhlii

H. erythrostemma

H. mitrata*

H. cf. incrassata

H. myrmecopa*

* Unresolved based on rDNA,
with affinity to clades V/VI

( (

Philippines

S.E. China, S. Japan

Himalayas, and adjacent subtropical, mountaineous  regions

Tropical Indoburma and S. Asia

Sundaland

Wallacea

New Guinea

Australia

E. Melanesia, New Caledonia

Polynesia

Fig. 4



98

100

99

99

100

39

100

100

97

95

100

96

60

88

82

100

78

100

Clade I

Clade III

Clade II

Clade IV

Clade V

Clade VI

Subclade C

Subclade D

Indomalayan subclade [F]

Australasian subclade [G]

Subclade N
Subclade O

Core subclade

Dischidia

39

19

94

26

100

100

55

82

20
39

15

41

24

78
19

99

88

15

59

100

C

D

To root

II

IV

G

OBS

SIP,PUS
Remainder of F

KUH

N
O

Core

To root

To root

Fig. 5



NON-EPIPHYTIC EPIPHYTIC

1000 BS pseudoreplicates

Hserpens_XM
Other marsdenids

Clade IV

Clade III

Clade II

Clade I

Dischidia

Clade V

Clade VI*

continental Asia

subtropical-tropical

subtropical-montane

IndomalayaIndomalaya

AustralasiaAustralasia

Indomalya

*/98/-

94/*/-

95/18/8

*/*/*

59/72/-

*/93/91

*/100/26

*/95/99

77/-/29

*/88/*

*/*/92

40/88/-

*/*/NA

*/99/NAA

B

cp+nr/cp only/nr only
81/5/6981/5/69

*/99/72*/99/72

Hcarnosa_HN

Hspartioides_HX

Hcurtisii_HQ

Hmerrillii_HH

Hneoebudica_HH

Hserpens_XM

Hheuschkeliana_FF

Hdavidcummingii_FF

Hanulata_GG

Dhirsuta_OG

Dastephana_OG

Hciliata

Htelosmoides_CC

Hpatella_EE

Hsubcalva_EE

Hedeni_AA

Sgrandiflora_OG

Mcoulteri_OG

Mangolense_OG

Mbillardieri_OG

N
O

N
-E

P
IP

H
Y

T
IC

E
P

IP
H

Y
T

IC

Tropical to subtropical
Australasia

Subtropical-montane,
continental Asia

Indomalaya

Indomalaya

Widespread

Subtropical-tropical,
continental Asia

Australasia

IAA, indomalayan part

IAA, widespread

Widespread

Clade IV

Clade III

Clade II

Clade I

Dischidia

Clade V

Clade VI*

Fig. 6



69

31

20

18
34

79

78

48

17

76

96

1000 BS replicates

GRE [C]

WIG

VIT*

FUS,GRI

VIL,?SP

MAG,THO

L

K
LON,SERClade V

Clade IV Clade II

Dischidia

Clade I

J

Clade III
D

C

Clade VI FUN,PCX [N]

MON [O]MON [O]

SAL [O]

MAN

CAR [O]CAR [O]

OVA

MEL

ARN [core H]

cp-H

P

1000 BS replicates

GRE [C]

WIG

IMB,PUB

VIL

OVA,?SP

L

K

Clade V

Clade IV

Clade II

Dischidia

Clade I

J

Clade III

D
C

Clade VI

MAN

MEL

MITDAR

CUR
MYR

N

O

nr-H

G F

SPA

P M

FUS

MAR

GRA

A

B

Fig. 7



Fi
g.

 8



A
B

C
D

Fi
g.

 9




