Supplementary material for “Evolution of Hypolimnas butterflies (Nymphalidae): Out-of-Africa
origin and Wolbachia-mediated introgression.”

(Detailed legends are given along with respective table or figure)

Table A1: Distribution, host plant families and putative model taxa of recognized Hypolimnas species.
Table A2. Summarizing the divergence times across multiple analyses.

Table A3. Comparison for the fit of different models of diversification.

Table A4. Model selection table comparing the diversification of clades.

Figure Al. Maximum likelihood tree from the mitochondrial dataset.

Figure A2. Maximum likelihood tree from the nuclear dataset.

Figure A3. Lineage Through Time graph for empirical and simulated plots.

Figure A4. Best-tree configuration with diversification rates from BAMM analysis.

Figure AS. Geographical distribution of genera in the tribe Junoniini.

Figure A6. Maximum likelihood tree of mitochondrial COI locus including additional H. bolina
sequences from GenBank.



Table Al. Geographic distributions, larval host plants, and taxon of putative butterfly models (where

applicable) for all recognized Hypolimnas species, many of which are Batesian mimics.

Recognized Host plant Putative
Species Author by Lamas | Sampled | Distribution P References
families model taxa
(2015)
i Linnaeus, v v Oriental, AUrtll:t:Eceae, Eunl. 1,3,10,13,
alimena 1758 es es Australasian canthaceae, uploea spp. 16.18.20
Malvaceae
Wallace, Oriental, Urticaceae,
anomala 1869 Yes Yes Australasian | Euphorbiaceae Euploea spp. 1,13,18,20
antevorta Distant, 1880 Yes Yes Afrotropical Urticaceae NA 13
Doubleday, . Urticaceae, .
anthedon 1845 No Yes Afrotropical Asteraceae Amauris spp. 7,8,13
. Oriental, Urticaceae, 10,11,13,16,
antilope Cramer, 1777 Yes Yes Australasian Acanthaceae Euploea spp. 17.18.20
aubergeri Hecq, 1987 Yes No Afrotropical NA Acraea spp. 8,9
bartelotti Grosleg- S (r)n ith, Yes Yes Afrotropical NA NA 4
Linnaeus Alggzlllizllan’ 1.3,7.8,10,
bolina Yes Yes . >10 Euploea spp. | 11,12,13,16,
1758 Palearctic, 17.18.20
Afrotropical T
chapmani Herg;s;n, Yes No Afrotropical NA Acraea spp.? 8,20
deceptor Trimen, 1873 Yes Yes Afrotropical Urticaceae Amauris spp. 7,13,20
. Hewitson, Oriental, . Taenaris spp.
deois 1858 Yes Yes Australasian Urticaceae Euploea spp. 10,20
dexithea He;&gézon, Yes Yes Afrotropical Urticaceae NA 4
dimona lell;tlo 2r fer, Yes Yes Oriental NA NA 18
dinarcha Herggon, Yes Yes Afrotropical Urticaceae Amauris spp. 7,8,13,20
diomea Hergéslon, Yes Yes Oriental Urticaceae Euploea spp. 18,20
Hopkins, . Urticaceae,
errabunda 1927 Yes Yes Australasian Moraceac Euploea spp. | 11,13,14,20
euploeoides ROt{l ; <1:15111d, Yes No Australasian NA Euploea spp. 10,20
exiguus Salr;;(())n, Yes Yes Australasian NA NA 4
inopinata Wat{e ;gc())use, Yes Yes Australasian Urticaceae NA 11,14,19
mechowi Dewitz, 1884 Yes Yes Afrotropical NA Amauris spp. 20
Australasian,
Oriental,
misiopus Linnaeus, Yes Yes Palearctic, ~10 Danaus 1,7,8,10,13,
PP 1764 Afrotropical, chrysippus 16,17,18,20
Neotropical/
Nearctic
monteironis | Druce, 1874 Yes Yes Afrotropical Urticaceae non-mimetic 7,8,13
octocula Butler, 1869 Yes Yes Australasian Urticaceae, NA 23,1114,
Portulacaceae 15,17
pandarus L11I1;e}5%us, Yes Yes Oriental Urticaceae NA 5
Oriental Urticaceae,
pithoeka Kirsch, 1877 Yes Yes N Malvaceae, Euploea spp. 10,16,17,20
Australasian
Portulacaceae
salmacis Drury, 1773 Yes Yes Afrotropical Urticaceae non-mimetic 7,8,13,20
saundersi Wallace, Yes Yes Oriental NA NA 18

1869




Recognized Host plant Putative
Species Author by Lamas | Sampled | Distribution P References
families model taxa
(2015)
sumbawana Pageln 85 ;egcher, No Yes Oriental NA NA 18
usambara Ward, 1872 Yes Yes Afrotropical Urticaceae Amauris spp. 7,13,20
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Table A2. The mean crown age (in millions of years) estimates along with the 95% highest posterior
density (HPD), in parentheses, for three specific clades (Root, Junoniini and Hypolimnas) across
multiple analyses. Detail of the calibrations from Wahlberg et al. (2009) are mentioned in the
Methods section. Regarding calibrations from Su et al. (2017): we assigned 42.3 Mya (95% HPD:
35.3 - 49.8) to the crown age of Junoniini and 56.2 Mya (95% HPD: 47.3 - 64.5) to the root
(Junoniini+Victorinini).

Root Junoniini  Hypolimnas
(Victorinini+Junoniini)

v e BEAST analysis 39.5 29.5 13.4
é ;@ (birth-death tree prior) (33.3 -45.6) (24.6 -34.6) (9.3-18.1)
SE283 BEAST analysis 37.9 30.9 16.8
% hal= % (Yule-model tree prior) (32.0-43.9) (26.1 -35.8) (12.1-21.6)
S PATHdS 411 34.0 15.1
" BEAST analysis 54.6 41.9 18.7
g5 - _ (birth-death tree prior) (45.6 - 64.4) (34.5-49.5) (12.8-25.3)
=g s -
s 552 BEAST analysis 52.2 43.9 24.4
% = 2 < | (Yule-model tree prior) (43.0-61.2) (36.5-51.3) (17.4-31.9)
o PATHAS 56.2 46.8 20.7




Table A3. Comparison of different models of diversification fitted to the diversification pattern in
the time tree. Pure Birth is a pure birth or Yule model of diversification, Birth Death is a constant
birth-death model of diversification, SPVAR considers a variable speciation rate and constant
extinction rate, EXVAR considers a variable extinction rate and constant speciation rate, BOTHVAR
considers variability in both speciation and extinction rates. AIC = Akaike information criteria;
logLik = log-likelihood; A, p are speciation and extinction rates, respectively.

Pure Birth Birth Death SPVAR  EXVAR BOTHVAR

logLik -4.426 -4.426 -4.383 -4.433 -4.378
AIC 10.852 12.852 14.766 14.866 16.756
A 0.202 0.202 0.244 0.202 0.243

u - 0 0.001 0.001 0.001

Table A4. Model selection table comparing the diversification of African and non-African clades.
The wide spread species H. bolina and H. misippus are within the non-African clade. The African
clade based almost exclusively on Urticaceae, while non-African species often feed on several other
families. K = number of parameters; logLik = log-likelihood; AIC = Akaike information criteria; A, p
are speciation, extinction rates for Africa (0) or non-Africa (1) clade. The sampling frequency for
Africa clade was 10/12 and that for non-African clade was 16/17.

df AIC logLik Ao M Lo U8

Full model 6 141.858 -64.929 0.167  0.266 0 0
Equal speciation 5 140.678 -65.339  0.240 - 0.103 0
Equal extinction 5 139.857 -64.929  0.167 0.266 0 -
Equal diversification 4 139.174  -65.587  0.215 - 0 -
Null 3 138.819 -66.409  0.215 - 0 -
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Figure A1. Maximum likelihood tree based on the mitochondrial COI locus (1475 bp). Colors
indicate species and values at select nodes indicate bootstrap support. Samples in bold were infected
with Wolbachia. Inset: Hypolimnas bolina male in Singapore (photo by Khew Sin Khoon and used
with permission).
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Figure A2. Maximum likelihood tree based on the nuclear dataset (5538 bp). Colors indicate
species and values at select nodes indicate bootstrap support. Inset: Hypolimnas anomala
female in Panay, Philippines (photo by Shekainah D. Alaban and used with permission).
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Figure A4. The best tree configuration from BAMM analysis indicating diversification rate (colour
coded) across lineages.
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Figure AS. Topological uncertainty within Hypolimnas does not affect inference that the genus originated
and diversified in Africa before one lineage dispersed east and radiated. Relationships among genera in the
tribe Junoniini were consistent between the studies of Wahlberg et al. (2009) and Su et al. (2017).
However, there is not strong support for relationships among the three earliest diverging Hypolimnas
clades recovered by our analyses. The genera Salamis, Protogoniomorpha, Precis, and Hypolimnas

clades I and II are restricted to the Afrotropics (marked in red). Junonia likely originated in Afrotropics
and dispersed to all other tropical areas. Yoma is restricted to Southeast Asia and Australasia. Species in
Hypolimnas clade I1I are mostly restricted to the Oriental and Australasian regions, but two species in this
clade are found across multiple geographical areas. The arrow indicates possible dispersal of Hypolimnas
from Africa to Asia.
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Hypolimnas antevorta Tanzania DLV25
Hypolimnas antevorta Tanzania DLVO1
Hypolimnas antevorta Tanzania DLV06
Ofiypolimnas usambara Africa NW66-4
@®Hypolimnas usambara Tanzania DLV05
Hypolimnas dexithea Madagascar DL03-0005
Hypolimnas dexithea Madagascar DLV07
Hypolimnas dexithea Madagascar DLV29
Hypolimnas dexithea Madagascar DLV24
f{ypohmnas salmacis Cameroon FMO1
lypolimnas salmacis Ghana KA15-11
Hypolimnas salmacis Africa DLV10
Hypolimnas salmacis West Africa DLV23
Hypolimnas salmacis Africa DLV13
Hypolimnas salmacis West Africa DLV22
Hypolimnas salmacis West Africa DLV21
Hypolimnas salmacis Africa DLV12
Hypolimnas salmacis Africa DLV11
®Hypolimnas misippus Madagascar DCL-193
®Hypolimnas misippus Hispaniola NW153-22
®Hypolimnas misippus India RS3306
.'P:liypolimnas misippus Togo JS97
®Hypolimnas misippus New Guinea CJM2047
Hypolimnas misippus New Guinea CJM2046
Hypolimnas misippus Flores DL-13-F146
®Hypolimnas mis.opus Palawan DL-13-F017
®Hypolimnas misippus NW68-3
®Hypolimnas misippus NW68-4
Hypolimnas bolina Fiji AJ844904 haplotype5
f{ypohmnas bolina Australia AY090224
lypolimnas bolina FrenchPolynesia AJ844901 haplotype10
Hypolimnas bolina Fiji AJ844907 haplotype7
Hypolimnas bolina Australia AJ844900 haplotype4
Hypolimnas bolina FrenchPolynesia AJ844902 haplotype9
Hypolimnas bolina Fiji AJ844903 haplotype8
'P:l)/polfmnas bolina EU626556 haplotype2
lypolimnas bolina Sulawesi NW98-4
Hypolimnas bolina FrenchPolynesia KX053498
Hypolimnas bolina FrenchPolynesia KX053497
Hypolimnas bolina FrenchPolynesia KX053499
'P:I,ypolimnas bolina New Guinea CJM2049
lypolimnas bolina New Guinea CJM2048
Hypolimnas bolina Fiji AJ844906 haplotype6
Hypolimnas bolina Fiji AJ844905 haplotype3
Hypolimnas bolina Sangir DL-13-F090
Hypolimnas inopinata Fiji BP06
l_/pol/mnas alimena Australia NW81-1
®Hypolimnas alimena Kei Islands DL-15-X009
®Hypolimnas alimena Biak DL-15-X008
®Hypolimnas alimena Morotai DL-15-X007
Hypolimnas bolina India KU183738
;‘-Iiypolimnas bolina Malayasia AJ844898 haplotype1
lypolimnas bolina India GU012525
Hypolimnas bolina India GU091500
Hypolimnas bolina India GU091495
Hypolimnas bolina Madagascar DL95-0001
Hypolimnas bolina Madagascar JS202
;‘-Iiypolimnas bolina China EF683668
lypolimnas bolina NW101-9
Hypolimnas bolina India RS1704
Hypolimnas bolina Negros DL-12-E188
®Hypolimnas alimena Ambon DL-15-X005
®Hypolimnas alimena Seram DL-12-S022
;‘-Iiypolimnas bolina Madagascar JS201
lypolimnas bolina Palawan DL-13-B006
®Hypolimnas alimena Seram DL-12-Q063
®Hypolimnas alimena Ambon DL-15-X006
Hypolimnas bolina India GU012527
Hypolimnas bolina Thailand HQ962215
Hypolimnas bolina Malaysia KF226473
Hypolimnas bolina India GU012509
Hypolimnas bolina Myanmar KX300090
Hypolimnas bolina India RS1209
Hypolimnas bolina India KJ459843
Hypolimnas bolina HM446465
Hypolimnas bolina Malaysia KF226475
'P:l)/polfmnas bolina India GU012528
lypolimnas bolina India KT880642
Hypolimnas bolina Malaysia KF226472
Hypolimnas bolina Malaysia KF226474
Hypolimnas bolina India EU792493
Hypolimnas bolina peninsular Malay5|a NW29-5
Hypolimnas bolina China NW174-10
®Hypolimnas sumbawana Sumbawa DL-13-B076
®Hypolimnas saundersi Timor CJM2045
®Hypolimnas anomala Seram DL-12-E091
®Hypolimnas antilope Taliabu CJM2042
®Hypolimnas anomala Java DL-10-Z087
®Hypolimnas anomala Flores DL-13-F156
Hypolimnas errabunda Samoa BP01
Hypolimnas errabunda Samoa BP02
®Hypolimnas pithoeka New Guinea CJM2030
®Hypolimnas pithoeka New Guinea CJM2031
®Hypolimnas pithoeka New Guinea CJM2029
.'P:liypolimnas pithoeka Biak HD-13-D031
lypolimnas octocula New Caledonia CJM2027
Hypolimnas diomea Sulawesi CJM2043
Hypolimnas diomea Sulawesi DL-15-X011
Hypolimnas diomea Sulawesi DL-15-X010
®Hypolimnas dimona Taliabu DL-15-X013
Hypolimnas dimona Taliabu CJM2035
®Hypolimnas dimona Taliabu CJM2033
Hypolimnas pandarus Buru DL-15-X003
Hypolimnas pandarus Ambon DL-15-X004
Hypolimnas pandarus Seram DL-12-Q062
Hypolimnas pandarus Seram NW80-11
®Hypolimnas exiguus Solomon Islands CJMV01
®Hypolimnas exiguus Solomon Islands CJMV02
®Hypolimnas exiguus Solomon Islands CJMV03
Hypolimnas deois New Guinea DL-15-X001
Hypolimnas deois New Guinea DL-10-X023
Hypolimnas deois New Guinea DL-15-X002
'P:I,ypohmnas deois New Guinea CJM2040
lypolimnas deois New Guinea CJM2039
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Figure A6. Maximum likelihood tree of mitochondrial COI locus 1nc1ud1ng additional sequences of

H. bolina from Genbank; accession numbers are indicated at the terminal branches along with species name
and collection locality. Values at nodes indicate bootstrap support. Hypolimnas misippus female from
Negros, Philippines (photo by Romana Pahilanga Delos Reyes and used with permission).



