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Figure 5: Percentage sequence divergence between sister species clades of Menelaides (based on Fig. 699 
3B). If specific taxa are reciprocal sister groups of each other, then both the species names are shown 700 
(e.g., (diophantus, macilentus)). If a species has a group of species as its sister, then only the name of 701 
the species which is being compared is shown (e.g., jordani for (jordani) (heringi, woodfordi)). Blue 702 
dots show percentage divergence between sister clades that are traditionally accepted as distinct species. 703 
Red dots represent taxa elevated or reinstated in this study from subspecies to species level based on 704 
Bayesian and Maximum Likelihood phylogenetic and species delimitation analyses (see Fig. 3 and 705 
Appendix 1). Error bars are computed from multiple comparisons in cases where a single species is 706 
sister to a group of species, e.g., P. jordani. Shown at the right end is subspecies-level molecular 707 
divergence averaged across all the species for which multiple subspecies were sequenced. 708 
 709 

 710 
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Appendix 1: Species checklist of Menelaides based on the analyses presented here. Taxon names that are underlined and marked bold are taxonomic changes 712 
with respect to the latest taxonomic checklist of Menelaides (Häuser et al. 2005). 713 
 714 

Sr. 
No. 

Taxon name (as per original description) Taxonomic status as given 
in Häuser et al. 2005 

Proposed status based on 
species delimitation analysis 
using GMYC and mPTP 
methods (Fig. 3A) 

Proposed status based on well-
supported reciprocal 
monophyly (Fig. 3B) 

 helenus species group    
1 Papilio iswara White, 1842 P. iswara P. iswara P. iswara 
2 Papilio iswaroides Fruhstorfer, 1898 P. iswaroides P. iswaroides P. iswaroides 
3 Papilio hystaspes C. & R. Felder, 1862 P. hystaspes P. hystaspes P. hystaspes 
4 Papilio (Charus) daksha Hampson, 1888 P. helenus daksha P. helenus daksha P. (helenus) daksha* 
5 Papilio sataspes C. & R. Felder, [1865] P. sataspes P. helenus sataspes P. (helenus) sataspes* 
6 Papilio (Charus) helenus var. enganius Doherty, 1891 P. helenus enganius P. helenus enganius P. (helenus) enganius* 
7 Papilio helenus mangarinus Rothschild, 1908 P. helenus mangarinus P. helenus mangarinus P. (helenus) mangarinus* 
8 Papilio helenus biseriatus Rothschild, 1895 P. helenus biseriatus P. helenus biseriatus P. (helenus) biseriatus* 
9 Papilio helenus Linnaeus, 1758 P. helenus P. helenus P. helenus 
     
 fuscus species group    
10 Papilio hypsicles Hewitson, 1868 P. hypsicles P. hypsicles P. hypsicles 
11 Papilio cilix Godman & Salvin, 1879 P. canopus cilix P. cilix P. cilix 
12 Papilio capaneus Westwood, 1843 P. canopus capaneus P. cilix capaneus P. (cilix) capaneus* 
13 Papilio canopus Westwood, 1842 P. canopus P. canopus P. canopus 
14 Papilio prexaspes C. & R. Felder, [1865] P. fuscus prexaspes P. prexaspes P. prexaspes 
15 Papilio pitmani Elwes & de Nicéville, [1887] P. pitmani P. prexaspes pitmani P. prexaspes pitmani 
16 Papilio hipponous C. & R. Felder, 1862 P. hipponous P. hipponous P. hipponous 
17 Papilio fuscus Goeze, 1779 P. fuscus P. fuscus P. fuscus 
18 Papilio woodfordi Godman & Salvin, 1888 P. woodfordi P. woodfordi P. woodfordi 
19 Papilio heringi Niepelt, 1924 P. fuscus x tydeus (hybrid) P. heringi P. heringi 
20 Papilio albinus Wallace, 1865 P. albinus P. albinus P. albinus 
     
 gambrisius species group    
21 Papilio amynthor Boisduval, 1859 P. amynthor P. amynthor P. amynthor 
22 Papilio schmeltzi Herrich-Schäffer, 1869 P. schmeltzi P. schmeltzi P. schmeltzi 
23 Papilio godeffroyi Semper, 1866 P. godeffroyi P. godeffroyi P. godeffroyi 
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24 Papilio oritas Godman & Salvin, 1879 P. aegeus oritas P. oritas P. oritas 
25 Papilio tydeus C. & R. Felder, 1860 P. tydeus P. tydeus P. tydeus 
26 Papilio bridgei Mathew, 1886 P. bridgei P. bridgei P. bridgei 
27 Papilio weymeri Niepelt, 1914 P. weymeri P. weymeri P. weymeri 
28 Papilio gambrisius Cramer, [1777] P. gambrisius P. gambrisius P. gambrisius 
29 Papilio aegeus Donovan, 1805 P. aegeus P. gambrisius aegeus P. (gambrisius) aegeus* 
30 Papilio inopinatus Butler, 1883 P. inopinatus P. gambrisius inopinatus P. aegeus inopinatus 
31 Papilio erskinei Mathew, 1886 P. erskinei Not sampled Not sampled 
     
 nephelus species group    
32 Papilio chaon Westwood, [1845] P. nephelus chaon P. chaon P. chaon 
33 Papilio nephelus Boisduval, 1836 P. nephelus P. nephelus P. nephelus 
34 Papilio dravidarum Wood-Mason, 18801 P. dravidarum P. dravidarum P. dravidarum 
35 Papilio castor Westwood, 1842 P. castor P. castor P. castor 
36 Papilio mahadeva Moore, [1879] P. mahadeva P. castor mahadeva P. castor mahadeva 
     
 polytes species group    
37 Papilio protenor Cramer, [1775] P. protenor P. protenor P. protenor 
38 Papilio demetrius Stoll, [1782] P. demetrius P. protenor demetrius P. protenor demetrius 
39 Papilio polytes Linnaeus, 1758 P. polytes P. polytes P. polytes 
40 Papilio pammon var. javanus C. Felder, 1862 P. polytes javanus P. polytes javanus P. (polytes) javanus* 
41 Papilio alphenor Cramer, [1776] P. alphenor P. alphenor P. alphenor 
42 Papilio phestus Guérin-Méneville, [1830] P. phestus P. phestus P. phestus 
43 Papilio ambrax Boisduval, 1832 P. ambrax P. ambrax P. ambrax 
     
 memnon species group    
44 Papilio macilentus Janson, 1877 P. macilentus P. macilentus P. macilentus 
45 Papilio diophantus Grose-Smith, 1883 P. diophantus P. diophantus P. diophantus 
46 Papilio jordani Fruhstorfer, 1902 P. jordani P. jordani P. jordani 
47 Papilio oenomaus Godart, 1819 P. oenomaus P. oenomaus P. oenomaus 
48 Papilio memnon Linnaeus, 1758 P. memnon P. memnon P. memnon 
49 Papilio lowii Druce, 1873 P. lowii P. memnon lowii P. memnon lowii 
50 Papilio mayo Atkinson, [1874] P. mayo P. memnon mayo P. memnon mayo 
51 Papilio agenor Linnaeus, 1758 P. memnon agenor P. agenor P. agenor 
52 Papilio polymnestor Cramer, [1775] P. polymnestor P. agenor polymnestor P. agenor polymnestor 
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53 Papilio deiphobus Linnaeus, 1758 P. deiphobus P. deiphobus P. deiphobus 
54 Papilio deiphontes C. & R. Felder, [1865] P. deiphobus deiphontes P. deiphobus deiphontes P. (deiphobus) deiphontes* 
55 Papilio rumanzovia Eschscholtz, 1821 P. rumanzovia P. deiphobus rumanzovia P. (deiphobus) rumanzovia* 
56 Papilio ascalaphus Boisduval, 1836 P. ascalaphus P. ascalaphus P. ascalaphus 
57 Papilio janaka Moore, [1858] P. janaka P. janaka P. janaka 
58 Papilio bootes Westwood, 1842 P. bootes P. bootes P. bootes 
59 Papilio alcmenor C. & R. Felder, [1864] P. alcmenor P. alcmenor P. alcmenor 
60 Papilio thaiwanus Rothschild, 1898 P. thaiwanus P. alcmenor thaiwanus P. (alcmenor) thaiwanus* 
61 Papilio forbesi Grose-Smith, 1883 P. forbesi P. alcmenor forbesi P. (alcmenor) forbesi* 
62 Papilio acheron Grose-Smith, 1887 P. acheron P. alcmenor acheron P. (alcmenor) acheron* 
63 Papilio lampsacus Boisduval, 1836 P. lampsacus Not sampled Not sampled 
 715 
* Taxon name with another name in parentheses before it, e.g., P. (helenus) daksha*, P. (gambrisius) aegeus* and P. (polytes) javanus*, is provisionally 716 
treated here as a subspecies based on species delimitation analyses. However, these taxa are well-supported monophyletic clades that are biogeographically 717 
meaningful; i.e., they are isolated across well-known major biogeographic barriers, which have evidently contributed to their molecular divergence and 718 
monophyly. These ‘subspecies’ clusters should be tested for phylogenetic cohesiveness and reciprocal monophyly using additional samples and a larger 719 
molecular dataset. 720 
1: Papilio dravidarum Wood-Mason, 1880 is a well-established name that has been used widely in taxonomic literature over the past 150 years. Papilio abrisa 721 
Kirby, 1880 is considered its junior subjective synonym (Beccaloni et al. 2003), although as per the publication dates of the two descriptions, it is older and 722 
should take priority. However, Papilio dravidarum Wood-Mason, 1880 may be preserved for taxonomic stability due to its prevalent use. 723 
 724 

.
C

C
-B

Y
-N

C
-N

D
 4.0 International license

preprint in perpetuity. It is m
ade available under a

this preprint (w
hich w

as not certified by peer review
) is the author/funder, w

ho has granted bioR
xiv a license to display the 

T
he copyright holder for

this version posted M
arch 26, 2022. 

; 
https://doi.org/10.1101/2022.03.23.485569

doi: 
bioR

xiv preprint 

https://doi.org/10.1101/2022.03.23.485569
http://creativecommons.org/licenses/by-nc-nd/4.0/


23 
 

SUPPLEMENTARY TABLES AND FIGURES 725 

 726 
SI Table 1: This table follows classification of Papilio species as inferred from our molecular 727 
phylogenetic analyses. In other words, these are current hypotheses about species and higher taxonomic 728 
classification of Papilio (also see Appendix 1). Given under gene names are Genbank accession 729 
numbers. See Excel sheet, SITable1_TaxaDetails.xlsx. 730 
 731 
SI Table 2: Information about the primers and loci used in this study. See Word document, 732 
SITable2_PrimersInfo.docx. 733 
 734 
SI Table 3: Phylogenetic support (posterior probability) from the species delimitation methods—735 
Generalized Mixed Yule Coalescent (GMYC) and Multi-rate Poisson Tree Process model (mPTP)—to 736 
delineate Menelaides species. Species names follow Appendix 1. See Excel sheet, 737 
SITable3_SpeciesDelimitationResults.xlsx. 738 
  739 
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SI Figure 1: A partitioned Bayesian phylogram of Papilio based on two nuclear markers (EF1-alpha 740 
and wingless). Bayesian posterior probability is indicated at each node. Taxonomic position and 741 
monophyly of Menelaides as fixed by our phylogenetic analyses is marked red. Taxa that were 742 
previously treated under Menelaides but are now found to be outside the subgenus are also marked red. 743 
 744 

 745 
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SI Figure 2: A detailed Bayesian phylogram of Menelaides species of the Indo-Australian Region based 747 
on three mitochondrial and two nuclear markers along with voucher codes, taxa names and geographic 748 
distribution. 749 
 750 

 751 
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