
Proc. R. Soc. B (2009) 276, 2359–2367

doi:10.1098/rspb.2009.0015

 on 2 June 2009rspb.royalsocietypublishing.orgDownloaded from 
New Guinea highland origin of a widespread
arthropod supertramp

Michael Balke1,*, Ignacio Ribera2,3, Lars Hendrich4, Michael A. Miller4,

Katayo Sagata5, Aloysius Posman6, Alfried P. Vogler7,8 and Rudolf Meier1

1Department of Biological Sciences, National University of Singapore, 14 Science Drive 4, Singapore 117543,

Republic of Singapore
2Museo Nacional de Ciencias Naturales (CSIC), 28006 Madrid, Spain

3Institute of Evolutionary Biology (CSIC-UPF), 08003 Barcelona, Spain
4Zoological State Collection, 81247 Munich, Germany

5Papua New Guinea Institute for Biological Research, Pacific Estate, Goroka 44, Papua New Guinea
6Papua New Guinea Binatang Research Center, Madang 51, Papua New Guinea

7Department of Entomology, The Natural History Museum, London SW7 5BD, UK
8Division of Biology, Silwood Park Campus, Imperial College London, Ascot SL5 7PY, UK

Published online 1 April 2009
Electron
1098/rsp

*Autho
Collecti
(michae

Received
Accepted
The biologically and geologically extremely diverse archipelagos of Wallacea, Australasia and Oceania have

long stimulated ecologists and evolutionary biologists. Yet, few molecular phylogenetic analyses of the

terrestrial fauna have been carried out to understand the evolutionary patterns. We use dense taxon and

character sampling of more than 7000 bp DNA sequence data for a group of diving beetles ranging from

the Holarctic throughout Asia to as far east as French Polynesia. We here show that an ecologically diverse,

common and widespread (Portugal to New Zealand) arthropod supertramp species originated in the

highlands of New Guinea, ca 6.0–2.7 Myr ago. The approximately 25 closely related species are narrow

endemics in Australasia/Oceania. The ancestor of this clade colonized that region from Eurasia ca 9–7 Myr

ago. Our finding contradicts the widely held view of local endemism as an evolutionary dead end, as we find

multiple peripatric speciation events within the Pleistocene and complex colonization patterns between the

Oriental and Australian zoogeographic regions, including the recolonization of Eurasia, jumping across

Wallace’s line and colonization of continental Australia out of New Guinea. Our study strongly highlights

the importance of dispersal over water gaps in shaping biogeographic patterns.

Keywords: molecular phylogeny; evolution of Oceanian fauna; origin of widespread species;

Rhantus colonization of Wallacea; Wallace’s line
1. INTRODUCTION

Island radiations are thought to undergo evolutionarily

short ‘taxon cycles’ of diversification and rapid demise,

before being superseded by different lineages of colonizers

(Bellemain & Ricklefs 2008). The archipelagos of

Wallacea (eastern Indonesia), Melanesia (including

New Guinea) and Oceania have long served as a natural

laboratory to study the evolutionary dynamics of such

colonizations and biological radiations (Wallace 1859;

Wilson 1961; Diamond 1974; Mayr & Diamond 2001;

Novotny et al. 2007; Trewick & Cowie 2008). Yet, the

faunal origins and mechanisms responsible for the region’s

diversification as well as their contribution to global

diversity remain poorly understood. Several conferences

have addressed the region’s highly complex biogeography,

often linking clade diversification and biogeographic

patterns to plate tectonic activity (Keast & Miller 1996;

Hall & Holloway 1998; Metcalfe et al. 2001; SAGE 2009).
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However, modern phylogenetic studies, especially at a

wider geographical scale, are scarce. While zoologists find

with Wallace’s line a sharp biogeographic boundary in the

centre of Indonesia, the situation is different for plants.

Botanists classify the entire Malayan archipelago, the

Philippines and New Guinea as one phytogeographic

region, Malesia (van Steenis 1979), but for some plants,

e.g. palms, Wallace’s line seems to be an important

boundary, too (e.g. Dransfield 1981). Genera such as

Cyrtandra (Gesneriaceae) colonized Oceania in a single

event out of southeast Asia via Malesia, radiating

extensively to produce numerous island endemics

(Cronk et al. 2005; Clark et al. 2008). Similarly, drynaroid

ferns possibly originated in southeast Asia and West

Malesia, and then dispersed across Indonesia and the

Philippines to New Guinea (Schneider et al. 2008).

Molecular phylogenetics of sandalwoods suggests an

Australian origin followed by complex long-distance

dispersal patterns throughout the Pacific as far west

as Juan Fernandez (Harbaugh & Baldwin 2007).

Phylogenetic research on insects suggests that rare

dispersal events out of Eurasia followed by vicariance on

island chains played a prominent role in the evolution of

the Wallacean and Melanesian faunas (Boer & Duffels

1996). Molecular phylogenetic studies on passerine birds
This journal is q 2009 The Royal Society
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suggest a more complex scenario. They reveal colonization

of Australasia/Oceania out of Eurasia followed by a

colonization sequence in the opposite direction in recent

geological time, as well as repeated transgressions of

Wallace’s line (Filardi & Moyle 2005; Jønsson & Fjeldså

2006). The evolution of megadiverse drosophilid clades in

Hawaii and their unexpected subsequent colonization of

continental areas and remote islands suggested by

O’Grady & DeSalle (2008) is evidence that, for arthro-

pods, even more complex biogeographic scenarios are

possible. Polynesian spiders in the family Thomisidae have

probably colonized Oceania twice: once from Eurasia and

once from the New World (Garb & Gillespie 2006).

Extended taxon and DNA character sampling thus

unveiled more complex scenarios than that were apparent

from morphological data, most notably the colonization of

larger islands from remote, smaller ones (Filardi & Moyle

2005, see also Gillespie et al. 2008).

However, detailed molecular phylogenetic analyses in

the region remain rare for arthropods (Garb & Gillespie

2006) and particularly insects (Austin et al. 2004). The

few existing studies suggest, for example, unidirectional

colonization of New Guinea and Melanesia out of Eurasia

via Wallacea (Leys et al. 2002; Kodandaramaiah &

Wahlberg 2007), or out of Australia (Balke et al. 2007a;

Braby & Pierce 2007) followed by recent local radiations.

Comparative studies on terrestrial species with ranges

spanning the entire, vast region between southeast Asia

and Oceania have not been undertaken to date.

We use molecular phylogenetic analyses to study the

evolutionary history of aquatic beetles in the genus

Rhantus to document the complexities of faunal evolution

in these diverse archipelagos. The approximately 45

known species of the monophyletic Rhantus suturalis

group are commonly encountered in the wetlands of the

Holarctic, Oriental and Australian regions. These

medium-sized, approximately 1 cm long predatory beetles

are also abundant in southeast Asian, Wallacean and

Melanesian highland habitats, but avoid tropical lowlands

(Balke 2001). Most of the approximately 25 species of

Australasia/Oceania are nevertheless narrow endemics on

islands or single mountain chains with at least 12 endemic

species in New Guinea alone (Balke 2001). However,

one species, R. suturalis, is extremely widespread, ranging

from New Zealand to the Iberian Peninsula. This species

is a first colonizer of emerging lentic habitats where it is

frequently replaced by other species during habitat

succession. It is surprisingly the only species of the

R. suturalis group found in numerous remote Wallacean

island highland habitats (Balke 2001).

Based on the study of 28 species of the R. suturalis

group and the comprehensive geographical sampling of

R. suturalis itself, we aim to reconstruct the faunal

evolution of this extraordinarily diverse and geologically

complex part of the world.
2. MATERIAL AND METHODS
(a) Taxon sampling and DNA sequencing

We focused on the R. suturalis species group (Balke 2001;

Balke et al. 2007b) and included 18 out of the 22 known

species from Wallacea, Melanesia, Australia and Oceania, and

two undescribed species from that region. Specimens for the

widespread R. suturalis were obtained from its entire range
Proc. R. Soc. B (2009)
(Europe, Central Asia, India, Japan, Wallacea, Melanesia,

Australia and New Zealand; see the electronic supplementary

material, table S1); while this sampling spans a large

geographical area, with localities up to 18 000 km apart, we

have not yet managed to acquire larger series from the

individual localities for a population genetics analysis. The

suturalis group otherwise occurs in the Holarctic and Oriental

regions, from where we included eight species. To place the

species of the R. suturalis group in a wider phylogenetic

context, we included most other known Colymbetini species

east of mainland Asia, i.e. Rhantus of the pacificus group and

Carabdytes upin as outgroups (Balke et al. 2007b).

We sequenced more than 7 kb from the nuclear histone

3 (322 bp), wingless (352 bp), elongation factor 1-a (1092 bp,

and approximately 180 bp intron sequence used for a subset of

species), and 18S rRNA genes (602 aligned bp), as well as from

the mitochondrial cytochrome c oxidase subunit 1–tRNALeu–

cytochrome c oxidase subunit 2 (cox1–cox2; 2084 aligned bp),

cytochrome b–tRNASer–NADH dehydrogenase subunit 1

(cob–nad1) (1564 aligned bp), 16S rRNA–tRNALeu–NADH

dehydrogenase subunit 1 (16S rRNA–nad1) (751 aligned bp)

and 12S rRNA (384 aligned bp). Primers are listed in the

electronic supplementary material, table S2. PCR protocols

followed Cho et al. (1995) and Balke et al. (2004) for EF1a.

(b) Alignment and data matrices

The protein-coding genes were length invariant while length

variation of the tRNAs and rRNAs amounted to a maximum

of 11 bp length difference between pairs of sequences. In

addition, Rhantus pseudopacificus had an autapomorphic 16 bp

insertion in rrnL. We used the multiple alignment software

MUSCLE with default settings to align the sequences (Edgar

2004). In order to explore whether indel placement influences

topology, we carried out separate analyses excluding all

nucleotide positions of the matrix containing indels.

Of the aligned 7151 characters in the combined analyses,

5288 characters were invariant and 1381 were parsimoniously

informative, including 590 informative characters in the

cox1–cox2 fragment, 353 characters in cob–nad1, 156

characters in EF1a, 93 characters in 16S rRNA–nad1,

67 characters in H3, 62 characters in wng, 40 characters in

12S rRNA and 21 characters in 18S rRNA.

We analysed nuclear DNA separately, using a dataset

reduced to 20 individuals to avoid large amounts of missing

data particularly for the long EF1a fragment. Here, we

included the EF1a intron for most species except the highly

deviating outgroup Dytiscus dimidiatus. Intron sequence length

was 167–177 bp (aligned 180 bp; longest sequences in Rhantus

poellerbauerae, Rhantus montheithi and R. pseudopacificus). The

length of the aligned nDNA dataset, including the intron,

was 2548 bp.

(c) Phylogenetic analysis and molecular dating

Phylogenetic relationships were inferred using parsimony

(PAUP�, Swofford 2002) and partitioned Bayesian

(MRBAYES v. 3.1, Huelsenbeck & Ronquist 2001) analyses.

MRMODELTEST v. 2.2.1 (Nylander 2004) was used in

conjunction with PAUP� for finding the best models as

suggested by the hierarchical likelihood ratio tests for the

combined dataset as well as for the partitions. Bayesian

analyses were run with the data partitioned according to gene

fragments. The fragments cox1–cox2, cob–nad1 and 16S

rRNA–nad1 were treated as three separate partitions. For

the Bayesian analyses, we used the default priors starting

http://rspb.royalsocietypublishing.org/
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with random trees and ran two separate runs of three heated

and one cold Markov chains for 4 000 000 generations,

sampled every 500 generations. Posterior probabilities (PP)

were calculated after discarding the first 5000 trees before

likelihood values became stationary. Parsimony heuristic

searches used 1000 replicates of random sequence addition

with indels treated as a fifth character state in PAUP�.

Bootstrap support (Felsenstein 1985) was obtained from 100

pseudoreplicates with 10 random sequence addition

replicates each.

Maximum-likelihood analysis was conducted with GARLI

(Zwickl 2006) under the GTRCICG model using the default

options, terminating the search after the analyses ran for

10 000 generations without significant increase in the

likelihood of the topology. The bootstrap support of

the likelihood trees was based on 250 replications.

We analysed the reduced nDNA dataset with GARLI and

bootstrap support is based on 250 replications as above.

Marker performance and interaction were explored by

calculating partitioned Bremer support values ( PBS;

Baker & DeSalle 1997) for the tree topology shown in

figure 1, with indels treated as fifth characters, and the full

species dataset except for the EF1a intron. Constrained trees

were generated with TREEROT v. 3 (Sorenson & Franzosa

2007) and partitioned for mtDNA, H3, wng, EF1a exons and

18S rRNA. The parsimony analysis was run in PAUP�. To

normalize the summed PBS values for each partition, we

divided its PBS by the number of characters in the partition.

We estimated divergence times of splits using the Bayesian

relaxed phylogenetic approach implemented in BEAST v. 1.4.7

(Drummond & Rambaut 2007), using only the mito-

chondrial sequence and constraining the nine nodes marked

in figure 1, which were present in all trees sampled from the

chain for dating. The model was set to GTRCICG with four

rate categories. The uncorrelated lognormal relaxed molecu-

lar clock model was used to estimate substitution rates, with a

Yule process of speciation as the tree prior. We ran two

separate analyses for a combined 107 generations and used

TRACER v. 1.4 to determine convergence of the two chains,

measure the effective sample size of each parameter and

calculate the mean and 95 per cent highest posterior density

interval for divergence times (Rambaut & Drummond 2004).

We set the age of the node between R. intermedius (Tahiti)

and R. schereri (Bora Bora) CR. debilis (Tahiti) to 1 Myr,

assuming the origin of the two Tahitian species R. intermedius

and R. debilis on that large island, and dispersal-mediated

allopatry (sensu Clark et al. 2008) of R. schereri by dispersal to

Bora Bora out of Tahiti. One Myr is the approximate age of

Tahiti island (0.4–1.2 Myr, Guillou et al. 2005; Neall &

Trewick 2008), and obtained a mean rate of 0.019

substitutions per site per Myr, with a 95% confidence interval

between 0.011 and 0.028. This rate is in agreement with the

0.0115 substitutions per site per Myr widely assumed for

insect mtDNA (Brower 1994) that we here also used

for alternative age estimations.

(d) Biogeography

We used dispersal–vicariance analysis as implemented in the

software DIVA (see Ronquist 1996) under default settings,

i.e. allowing widespread ancestral species (maxtreesZ
number of recognized areas), to infer ancestral ranges at the

nodes of interest. Biogeographic analysis was also conducted

by parsimony character mapping, using area as an unordered,

multistate character traced on the topology of figure 1 with
Proc. R. Soc. B (2009)
MACCLADE (Maddison & Maddison 1998). For this analysis,

we defined the following biogeographic areas (character states)

that are generally coherent in their overall faunal composition:

Oriental region, Holarctic, Australia (incl. New Zealand and

New Caledonia), Sundaland/Wallacea (the transitional zone

between Oriental region and Australia), New Guinea and

Eastern MelanesiaCPolynesia.

We also tested how alternative area codings impact our

conclusions. By redrawing area boundaries, this might change

the conclusions about ancestral and derived area and

hence dispersal routes in the DIVA analysis. The alternatives

tested and implications are outlined under results, illustrated

in the electronic supplementary material and additional

constrained analyses are described in the electronic

supplementary material.
3. RESULTS
(a) Molecular phylogenetics

The combined analysis of 10 gene fragments (six

mitochondrial, 4783 bp; and four nuclear, 2368 bp

(excluding the EF1a intron), with a total of 7151 aligned

base pairs, table 1) resulted in a strongly supported and

well-resolved topology, at both the species and population

level (figure 1). This exact topology was supported by

parsimony as well as Bayesian phylogenetic methods in

which model parameters were estimated independently for

each gene. The protein-coding mitochondrial markers

provided the highest number of informative characters,

while the nuclear 18S rRNA had the lowest contribution

(table 1). Partitioned Bremer support analysis contrasting

the node support of the combined mtDNA markers, H3,

wng, EF1a exons and 18S rRNA shows that mtDNA has

the highest summed PBS (414.66), while all nDNA

markers combined had 113.36 PBS. Normalized against

the number of characters in each partition, mtDNA still

contributed nearly twice the PBS of nDNA (0.086 versus

0.047) (see the electronic supplementary material,

table S4). The normalized PBS of H3 and wng, however,

was higher than that of the mtDNA partition (0.194 and

0.116 versus 0.086, respectively). 18S rRNA had a poor

overall performance, conflicting with the other genes

(see the electronic supplementary material, figure S2F ) in

the PBS analysis (note: 18S analysed separately does not

reveal a supported topology in conflict with the combined

topology, as GARLI bootstrapping collapses all nodes). In

the PBS analysis, R. suturalis was supported with positive

PBS values for mtDNA, and the nuclear H3 and EF1a

exons; both the northern and southern clades of

R. suturalis had positive PBS values for mtDNA and the

nuclear H3. The lack of support from EF1a is most

likely in this analysis due to the large amount of missing

data, and, for the northern clade, the inclusion of

R. pederzanii, which is clearly driven by the mtDNA

genes (see §4).

Only one of nine backbone nodes differed between

Bayesian and maximum-likelihood analysis of the unparti-

tioned dataset (see §2 and the electronic supplementary

material), moving the Oriental clade above node 6 and

the Melanesian clade above node 7 (see the electronic

supplementary material, figure S1A). The topology

remained robust to the removal of all sites with indels

from the aligned dataset. The backbone of the tree and all

crucial nodes discussed below were highly supported with

http://rspb.royalsocietypublishing.org/
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Figure 1. Phylogram of Bayesian analysis with data partitioned according to genetic loci. Numbers in circles refer to nodes
discussed in the text and numbers above branches are Bayesian PP (!100)/ML bootstrap values obtained from GARLI,
indicated for all crucial nodes (only one numberZBayesian pp). Branch colours denote distribution areas: orange, Oriental
region; blue, New Guinea; red, Australia, New Zealand and New Caledonia; purple, Melanesia; black, Oceania (Polynesia);
green, Holarctic. Extents of branch coloration derived from parsimony optimization with MACCLADE. Colour squares at the
nodes denote ancestral ranges inferred with DIVA, using the same colour code as for the branches.

2362 M. Balke et al. Papuan origin of arthropod supertramp

 on 2 June 2009rspb.royalsocietypublishing.orgDownloaded from 
Bayesian PPO0.95, as well as high maximum-likelihood

and parsimony bootstrap support values. Parsimony

analysis in PAUP� yielded 24 trees of 6102 steps (gapsZ
fifth base, CIZ0.42, RIZ0.60, see the electronic supple-

mentary material for analyses of different partitions and

indel treatment).
Proc. R. Soc. B (2009)
The R. suturalis group was monophyletic (figure 1,

node 8, PP 1.0) and R. suturalis was placed within a clade

of narrowly endemic New Guinean and Australo-

Oceanian species (figure 1, node 1). Sampling throughout

its geographical range revealed two separate Asian /

Palaearctic and Australian/Melanesian lineages, although

http://rspb.royalsocietypublishing.org/


Table 1. Marker performance and tree statistics. (Parsimony analysis using PAUP�, CI, consistency index; RI, retention index;
inf, parsimony informative.)

no. of
taxa

no. of
characters

variable
characters

inf
characters

inf characters/
no. of
characters

tree
length no. of trees CI RI

cox1–cox2 64 2083 133 595 0.28 3132 60 0.34 0.58
cob–nad1 53 1565 114 367 0.23 1509 O5000 0.43 0.59
h3 50 322 10 52 0.16 166 O5000 0.54 0.79
Wng 43 352 42 62 0.18 187 1241 0.67 0.81
EF1a 20 1092 51 152 0.14 283 288 0.79 0.82
12S 41 384 28 40 0.10 126 826 0.62 0.75
16S rRNA–nad1 45 751 89 93 0.12 352 O1000 0.61 0.70
18S rRNA 52 602 18 8 0.01 39 O500 0.82 0.90
combined 64 7151 479 1387 0.19 6102 24 0.41 0.60
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Figure 2. Generalized phylogram from figure 1 depicting major colonization events (A–E). Branch colours: orange, Oriental
region; blue, New Guinea; red, Australia, New Zealand and New Caledonia; purple, Melanesia; black, Oceania (Polynesia);
green, Holarctic; origin of R. suturalis in the New Guinea highlands (asterisk) and its range expansion towards the north (green
arrows) (B); and colonization of Wallacea, Sumatra and the Australian region (orange and red arrows) (C, D, E).
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sequence divergence within each of these was low

even at great geographical distances. In the barcoding

(www.barcodinglife.org) gene cox1, haplotypes from the

Czech Republic and Sumatra, which are separated by

9500 km, differ by only 2.42 per cent, and those from

Belarus and India (5000 km) by 0.42 per cent, i.e. well

within the 2–3% intraspecific divergence widely seen in

insects. The southern lineage of R. suturalis was para-

phyletic with respect to three species restricted to minute

ranges in the New Guinean highlands, and the northern

lineage included one species found only in the southeast

Chinese highlands. These subordinated endemics in the

northern and southern clades took basal positions as

the sister to the other clade members in the Bayesian and

maximum-likelihood analysis, but using parsimony,

R. pederzanii from China was the sister of R. suturalis from

Myanmar, and R. suturalis from Tari in Papua New Guinea

was the sister of the other individuals of the southern clade.

Hence, R. suturalis gave rise to local endemics that are

clearly distinct in male genitalia and external traits.
Proc. R. Soc. B (2009)
Separate analysis of only the nuclear DNA data (see the

electronic supplementary material, figure S2A) including

180 bp EF1a intron sequence recovered the northern

and southern clades and confirmed the nested position

of R. ekari and R. supranubicus within R. suturalis, but

R. pederzanii was recovered outside R. suturalis and not

assigned to the northern clade above node 2. Even the two

EF1a exons and the EF1a intron alone each support a

northern and southern clade within R. suturalis, and the

placement of R. ekari and R. supranubicus in the southern

clade, but place R. pederzanii outside R. suturalis (see the

electronic supplementary material, figures S2B,C ).

The southern and northern clades of R. suturalis can be

diagnosed by four fixed character changes in the EF1a

exon plus intron sequence that would result in their

recognition as two separate species under some species

concepts (Cracraft 1983; Wheeler & Meier 2000).

Analyses of wng, h3 and 18S separately (see the

electronic supplementary material figures S2D–F ) reveal

little resolution and collapsed bootstrap topologies

http://www.barcodinglife.org
http://rspb.royalsocietypublishing.org/
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(not shown), but importantly not conflicting, supported

topologies with respect to figure 1.

A group of New Guinean species and the southwest

Australian endemic R. simulans (node 4) was basal

to R. suturalis, followed by a clade of MelanesianC
Polynesian (node 5), a clade of two Oriental (node 6) and

a clade of Fijian species (node 7). Holarctic members of the

suturalis group, and the Holarctic genus Colymbetes were

sister to all of these clades. Several other Rhantus species

endemic to Oceanian islands, and the New Guinean C. upin

were placed in a strongly supported clade sister to the

remaining Colymbetini (node 9, PP 1.0, Balke et al. 2007b).

(b) Faunal evolution and biogeography

Biogeographic reconstruction using a dispersal–vicariance

method as well as character optimization places the origin of

R. suturalis or its ancestor in the New Guinean highlands

(asterisk in figure 2), followed by a complex pattern of large

range expansion throughout the Old World and secondary

back migrations into the Indonesian islands from both

Eurasian and Australian region (figure 2, nodes B–E).

The Australasian/Oceanian region was colonized by the

R. suturalis group from Eurasia (figure 1, nodes 6 and 7:

according to parsimony character mapping, or only figure 1,

node 7: dispersal–vicariance analysis).

Rhantus suturalis occurs sympatrically or even syntopi-

cally with narrowly endemic species in eastern New

Guinea. Rhantus suturalis appears to be ecologically more

generalist, and more abundant in newly occurring or man-

made habitats such as irrigation ditches and watering

holes in open land, while the narrowly endemic species

such as the co-occurring R. elisabethae and R. bacchusi

seem to prefer more primary forest water holes. Detailed

ecological studies remain desirable however. The western

part of New Guinea’s central mountain chain interestingly

only supports endemic species such as R. supranubicus,

R. dani, R. ekari and R. riedeli. These endemics are nested

within R. suturalis (clade at node 1) and were possibly

peripheral isolates undergoing morphological change with

no subsequent contact with the ‘parental’ R. suturalis.

Rhantus dani and R. ekari are nevertheless morpho-

logically highly similar to R. suturalis, differing slightly in

male genital curvature (Balke 2001).

The two main clades of R. suturalis (figure 1, node 3)

separated ca 2.7 or 4.3 Myr ago, using either the split of

the Tahitian species or the insect mtDNA molecular clock

of Brower (1994) to date the ultrametric tree derived from

the BEAST analysis (4.2–1.4 Myr 95% confidence interval

with the Tahitian dating or 6.7–2.3 Myr using Brower’s

rate), in the Late to Early Pliocene. Eurasia was

recolonized from New Guinea by the ancestors of one of

these lineages, i.e. Rhantus crossed Wallace’s line again,

and the populations in the northern clade of R. suturalis

(figure 2) spread over the entire Palaearctic region

including north Africa and wide stretches of the Oriental

region, diversifying there in the past ca 1.6 Myr or 950 000

years (1.5–0.4 Myr or 2.4–0.9 Myr) (node 2). However,

this colonization left no faunal trace in Wallacea, the

region between New Guinea/Melanesia and Eurasia.

The only Rhantus known from there, the widespread

R. suturalis, entered only in the Late Pleistocene, out of

New Guinea again, to colonize Flores, Sulawesi and Java

less than 900 000 years ago (1.2–0.3 Myr ago or

1.5–0.6 Myr ago; figure 2). Rhantus suturalis has recently
Proc. R. Soc. B (2009)
colonized Sumatra from Eurasia, also less than 900 000

years ago (1.1–0.3 Myr ago or 1.7–0.6 Myr ago; figure 2).

This colonization scenario is based on the topology within

the northern and southern clades of R. suturalis, which is

driven by mtDNA. However, the assignment of a Javanese

specimen to the southern clade (figure 1, node 1), and a

Sumatran specimen to the northern clade (figure 1, node 2)

in the separate analysis of the EF1a intron (see the electronic

supplementary material, figure S2B), shows that the

directionality described here is supported by nDNA, too.

The Melanesian and Pacific Colymbetini faunal

diversity encompasses an older, possibly Early Miocene

component (figure 1, node 9) that is widely distributed

from New Guinea, via the Solomons, Fiji, Samoa to

Hawaii, with high levels of species endemism.

Finally, we constrained topologies where all R. suturalis

from east and all specimens from west of Wallace’s line

group together, and a topology where all Rhantus of the

suturalis group from east/west of Wallace’s line have their

own clade to enforce Wallace’s line as a powerful dispersal

boundary for these insects. Both these topologies were

statistically significantly worse than our preferred topology

as suggested by a Shimodaira–Hasegawa test (see also the

electronic supplementary material).
(c) Alternative distributional area coding

The following alternative area delimitations were tested.

(i) New Zealand and New Caledonia were coded as

separate areas, not part of the Australian region,

as both are at least in part old landmasses with

comparably high degrees of local endemism (e.g.

Sanmartin & Ronquist 2004). This concerns only

nodes subordinated within the clade at node 1. Thus,

the overall biogeographic scenario does not change.

(ii) New Guinea, Solomon Islands, Vanuatu and Fiji

were merged into Melanesia together with New

Caledonia. This more conservative coding for the

southern areas merely suggests a larger ancestral area

and reveals a scenario where the Palaearctic and

Oriental regions were colonized out of Melanesia,

rather than specifically suggesting New Guinea

highlands as the origin of R. suturalis.

(iii) Only the central mountain chain (Zocean floor

uplift) of New Guinea was coded as ‘New Guinea’

without the localities on the Huon peninsula

(Rhantus sp.n. Huon) and the Papuan Peninsula

(Rhantus sp.n. Myola), which are parts of a former

oceanic Melanesian island arc (e.g. Polhemus &

Polhemus 1998) and therefore were assigned to

Melanesia. This separation of New Guinean

localities seems however inappropriate, as these

different geological elements were already accreted

to eachother (Hall& Holloway 1998) before Rhantus

began to diversify in the region (this paper). This

coding scheme (see the electronic supplementary

material figure, S1B) does not affect the preferred

dispersal–vicariance scenario, as New Guinea

remains the ancestral area of R. suturalis. Using

parsimony reconstruction, this character coding

introduces ambiguity as to whether R. suturalis

originated in New Guinea or Melanesia.

(iv) Vanuatu was assigned to New Guinea instead of

Melanesia, following Sanmartin & Ronquist (2004,

http://rspb.royalsocietypublishing.org/
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see the electronic supplementary material, figure

S1C ). Under this coding scheme, the lineage leading

to R. suturalis is inferred to be confined to New Guinea

at an even earlier stage in the phylogeny (at nodes 5/6,

rather than node 4 under the original coding; see the

electronic supplementary material, figure S2).
4. DISCUSSION
Recent molecular studies in various lineages of animals

have shown the great importance of dispersal in biogeo-

graphy (Sanmartin et al. 2008), which has long been

accepted for the flora. Plants, probably because of the

dispersal ability of seeds, are less affected by geographical

barriers and it is now believed that many southern

phytogeographic patterns were shaped by recent dispersal

(see Sanmartin & Ronquist 2004 for a comprehensive

multi-taxon analysis; Harbaugh & Baldwin 2007,

Pacific Sandalwoods; Keppel et al. 2008, southwest Pacific

cycads). For the fauna, simple colonization scenarios have

been replaced by more complex ones (Bellemain &

Ricklefs 2008), particularly since recently diverged,

morphologically conserved species can be included.

Oscine passerine birds originated in the Australian/

Melanesian region, and subsequently dispersed into

southeast Asia after Australia entered a northern position

close enough for successful dispersion, ca 30–15 Myr ago

(Barker et al. 2004; Jønsson & Fjeldså 2006). A few species

subsequently dispersed back to the Australian region.

Thus, Melanesia C Australia not only received the

northern biota as had been generally thought, but also

served as a diversity pump in the opposite direction

(Jønsson & Fjeldså 2006). Monarch flycatchers have

dispersed from Eurasia into Melanesia and Oceania

recently, diversifying over the past ca 2 Myr into numerous

insular endemics. Out of this area of high endemism, some

species dispersed to the larger island of New Guinea in

the past 1 Myr (Filardi & Moyle 2005).

Here, we show the emergence of a very widespread and

ecologically versatile ‘supertramp’ (Diamond 1974),

R. suturalis, from a clade of Melanesian endemics that

originated in the remote New Guinea highlands (figure 1,

node 3). Samples of R. suturalis from throughout its

geographical range revealed numerous genotypes repre-

senting two main clades that correspond to the Asian/

Palaearctic and Australian/Melanesian populations,

respectively. Both clades contain narrow endemics

restricted to small areas in the New Guinean highlands,

some of them morphologically still highly similar to

R. suturalis (R. ekari, R. dani, R. supranubicus, R. riedeli )

and southwest China (R. pederzanii ), respectively

(figure 1). Therefore, R. suturalis also gave rise to local

endemics distinguishable by male genitalia, and in some

species, external traits (Balke 2001). These differences

possibly result in reproductive isolation when in contact

with its dispersive ancestor. Extensive fieldwork in New

Guinea has never uncovered the sympatric occurrence of

R. suturalis with one of its nested species. However,

R. suturalis frequently occurs even syntopically with

distantly related species in the clade containing R. bacchusi

and R. elisabethae (above node 4). While nDNA data

support the inclusion of species such as R. supranubicus

and R. riedeli (see the electronic supplementary material
Proc. R. Soc. B (2009)
figures S2A,B) in the southern clade of R. suturalis, the

inclusion of the Chinese R. pederzanii in the northern

clade (figure 1) is clearly driven by mtDNA data alone and

not recovered in any analysis of nDNA data (see the

electronic supplementary material, figure S2). Although

R. suturalis and R. pederzanii are morphologically very

different species with respect to body size, genital

structures and shape of the male claws, this might be an

interesting case of introgression calling for analysis of

additional, more variable genetic markers and especially

different populations of R. pederzanii.

The traditional taxonomic scenario for the Australasian

diving beetles of the R. suturalis group was in line with the

literature on other arthropods (Gressitt 1956; Boer &

Duffels 1996; Balke 2001; Kodandaramaiah & Wahlberg

2007) and older literature on birds. It suggested uni-

directional colonization out of Eurasia, across Wallace’s

line, to enter Melanesia and the Australian–Polynesian

region with subsequent diversification into numerous

endemic species. Their subsequent diversification pro-

duced approximately 25 narrow endemics, which are rather

abundant in some places and an important part of

Melanesian/Oceanian freshwater ecosystems (figure 2).

Rhantus suturalis is the only species of this genus in most of

Australia, and, strikingly, in the vast Malay archipelago

between Asia and New Guinea/Australia. Islands such as

Sulawesi, Java, Borneo, Lombok, Flores and Timor all

feature extensive highlands habitats yet only support this

one species. Our results suggest that this region was

colonized only during the past few hundred thousand

years, and more extensive specimen sampling for popu-

lation genetic analyses is required to understand whether

the lack of morphological differentiation is due to a

comparatively recent colonization of the region or con-

tinued gene flow despite the highly patchy insular range.

The surprising morphological similarity among popu-

lations of R. suturalis (Balke 2001) and lack of regional

ecological specialization support a conservative recog-

nition of only one paraphyletic, morphologically well-

defined species. However, the presence of fixed character

changes in the EF1a, although only few, would support

the recognition of two phylogenetic species sensu

Wheeler & Platnick (see debate in Wheeler & Meier 2000).

Rhantus suturalis occurs sympatrically or even syntopi-

cally with narrowly endemic species in eastern New

Guinea. Rhantus suturalis appears to be ecologically more

generalist, and more abundant in newly occurring or man-

made habitats such as irrigation ditches and watering

holes in open land, while the narrowly endemic species

such as the co-occurring R. elisabethae and R. bacchusi

seem to prefer more primary forest water holes. Detailed

ecological studies remain desirable however. The western

part of New Guinea’s central mountain chain interestingly

supports only endemic species such as R. supranubicus,

R. dani, R. ekari and R. riedeli. These endemics are nested

within R. suturalis (clade at node 1) and were possibly

peripheral isolates undergoing morphological change with

no subsequent contact with the parental R. suturalis.

R. dani and R. ekari are nevertheless morphologically

highly similar to R. suturalis, differing slightly in male

genital curvature (Balke 2001).

Rhantus suturalis inhabits saline desert pools, steppe

lakes, peat bogs, high-altitude puddles, stream pools, and

even cattle troughs and other man-made waters
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throughout its range. The northern and southern clades

are now close to making contact—our localities from

Sumatra and Java are only 1000 km apart, but there are

several potential highland habitats in between. Sampling

these areas might offer a rare opportunity to better

understand the evolutionary dynamics of the diversifica-

tion or reinforcement process.
5. CONCLUSIONS
The complex biogeographic pattern revealed here involves

multiple transgressions of Wallace’s line, one of the most

widely known biogeographic boundaries of the world

(van Oosterzee 1997). Although considered isolated by

distance from the northern and western biota, New Guinea

instead contributed a supertramp species with a vast

geographical range and large ecological amplitude. As

islands are increasingly recognized as a ‘pump’ of species

diversity rather than an evolutionary sink (Filardi & Moyle

2005; Garb & Gillespie 2006), R. suturalis must be among

the most extreme cases of an island emigrant founding

new continental lineages. Bellemain & Ricklefs (2008)

argued that ‘more diverse continental communities are

difficult to invade. Accordingly, one might expect ‘reverse

colonists’ to occupy ecologically peripheral or specialized

positions in continental communities, perhaps with

little potential for further diversification’. However,

R. suturalis’s generalist habitat associations that include

high-altitude peat swamps, steppe lakes and marshlands

might have favoured the invasion of diverse continental

areas. Here, phylogenetic data reveal the opposite pattern,

and the initial ecological diversity of the widespread

supertramp R. suturalis may have triggered further

isolation of lineages and possibly speciation.
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A) Additional Analyses  

 

Molecular clock. We used likelihood-ratio tests for testing compliance of our data 

with a molecular clock (Felsenstein, 1981). The clock assumption was rejected for all 

mtDNA partitions combined as well as for cox1 separately, whether applied to the 

entire R. suturalis group or to a subset of the New Guinean species only. For example, 

for the cox1 data and the New Guinean species (Fig. 1, node 1) the -log lnL was 

5056.25 when enforcing a clock versus 4926.23 without clock (
2
 with 26 degrees of 

freedom, P << 0.001). 

 

Additional phylogenetic analyses. Parsimony analyses using Paup* produced 

38 trees of 5917 steps (CI = 0.41, RI = 0.60) when indels were coded as missing, and 

24 very similar topologies of 6102 steps were obtained with indels coded as fifth 

character state. The major difference is the placement of R. pederzanii which is either 

part of a clade with R. suturalis from Hong Kong, Japan and China (indels = missing) 

or Myanmar (indels = 5
th

 base).  Parsimony analysis of the 2449 bp nuclear DNA 

alone resulted in 466 trees of 785 steps (CI = 0.63, RI = 0.75) with minor changes to 

the topology, placing the Chinese R. pederzanii as the sister of R. suturalis.  

Removing 49 ambiguously aligned characters in PAUP* (exclude “gapped”), we 

found the same overall consensus topology as in the above analyses, with R. 

pederzanii as part of a clade with R. suturalis from Hong Kong, Japan and China (26 

trees of 5877 steps, CI = 0.41, RI = 0.60). 

We also carried out a Bayesian analysis using the GTR+I+  model on the 

combined dataset, as well as partitioning the data in two partitions contained protein 

coding genes versus rRNAs, both under the GTR+I+  model as suggested by 

MrModeltest.  These additional Bayesian analyses as well as the maximum likelihood 

analysis reveal a similar topology as the parsimony tree, with generally strong nodal 

support. The only difference between these unpartitioned model-based analyses, the 

parsimony analyses, and the partitioned Bayesian analysis (Fig. 1) is that the clades 

(R. ovalis, R. sikkimensis) and (R. bula, R. kini, R. vitiensis) reverse position (nodes 6, 

7), with the Oriental R. ovalis + R. sikkimensis at the base of a clade containing 

mainly southern hemisphere species.  

This alternative topology (Fig. S1A) provides even stronger support for the 

proposed biogeographical scenario, as two clades of Melanesian species (at nodes 5 



and 6 in Fig. S1A) are basal to the clade of mainly New Guinean terminals (at node 

4).  

 

Constrained topology analyses.  In addition to various schemes for area coding, 

we also evaluated the sensitivity of the biogeographic conclusions to various tree 

topologies.  We constrained topologies which challenge: 

(1) the origin of a Palearctic clade in New Guinea / Melanesia by constraining a 

topology that enforces the monophyly of the New Guinean and Melanesian 

individuals above node 7 (Fig. 1) to the exclusion of the Palearctic and 

Oriental individuals of R. suturalis; 

(2) the monophyly of R. suturalis without the paraphyletic origin of several 

morphologically distinctive species, by constraining a topology where R. dani, 

R. ekari, R. supranubicus and R. perderzani are not subordinated within R. 

suturalis; 

(3) a complex, multiple colonization scenario of Sundaland and Wallacea by 

enforcing the monophyly (= single origin) of all Oriental and Wallacean 

species and populations, i.e. R. ovalis, R. sikkimensis, and R. suturalis from 

Java, Sumatra, Flores and Sulawesi. 

 

Maximum likelihood analysis using GARLI under the three constrained topologies 

were evaluated against the unconstrained topology using the Shimodaira-Hasegawa 

test, with likelihood parameter evaluation under the GTR+I+  model, using the 

RELL approximation (Shimodaira and Hasegawa, 1999) and 1000 bootstrap 

replicates, as implemented in PAUP*.  However, all constrained topologies were 

significantly worse than the preferred topology (Table S3, P < 0.05).  



B) Supporting Figures and Legends  

Alternative area coding 

 

ESM Fig. S1.  Phylograms obtained in the Bayesian analyses of the MUSCLE 
alignment.  Fig. S1A depicts the result of the analysis of the combined dataset (not 
partitioned) under the GTR+I+G model in MrBayes and GARLI. Figs S1 B & C show 
results of alternative coding of biogeographical areas. Colours denote areas: Orange, 
Oriental Region; blue, New Guinea; red , Australia, New Zealand, New Caledonia; 
purple, Melanesia; black, Oceania (Polynesia); green, Palearctic.  Coloured boxes at 
the nodes denote ancestral ranges inferred with DIVA, using the same colour code as 
for branches. 



Separate analyses of the nDNA dataset 
 

 

 
 
ESM Fig. S2 A.  Maximum likelihood analysis using Garli, of the combined nDNA data 

(wingless, h3, EF1 , and 18S rRNA) but reducing the dataset so that only those 20 taxa 

with complete EF1  sequence remain in the dataset to avoid large amounts of missing 

data. This reduced dataset also contains the manually aligned 180 bp EF1  intron 

sequence, except for the highly deviating outgroup Dytiscus dimidiatus. Above nodes 
are bootstrap values obtained from 250 boostrap replications in Garli. 



 
 
ESM Fig. S2 B.  Maximum likelihood analysis using Garli, of 180 bp aligned EF1  

intron sequence only. Above nodes are bootstrap values obtained from 250 boostrap 
replications in Garli. 
 
Note: For R. pseudopacificus 150 and R. suturalis, Czech Republic, 148, Sumatra 3299 

and Java 3414 we only have sequence data for the EF1  intron region, these 

individuals are not included in the EF1  exon tree or the combined nDNA analyses. 



 
 
ESM Fig. S2 C.  Maximum likelihood analysis using Garli, of EF1  exons only. 



 
 
ESM Fig. S2 D.  Maximum likelihood analysis using Garli, of h3 only. 



 
 
ESM Fig. S2 E.  Maximum likelihood analysis using Garli, of wng only. 



 
 
ESM Fig. S2 F.  Maximum likelihood analysis using Garli, of 18S rRNA only. 



C) Supporting Tables and Legends 
 

 

ESM Table S1. Extracted specimens and collecting localities. Species of the R. 

suturalis species group occurring in the study region (Wallacea in the West to French 

Polynesia in the east) are shown in bold, other species of the tribe from that region are 

marked with an asterisk. 

 

Taxon Extraction Locality Altitude Collector Date 
*Carabdytes upin MB 306 Papua New Guinea: Simbu 

Province: Kegsugl 
2500-
2600m 

Balke 24.ix.2002 

Colymbetes paykulli MB 218 Germany: Brandenburg  Hendrich viii.2002 

Colymbetes striatus MB 172 Belarus  Shaverdo vii.2002 

Dytiscus dimidiatus MB 244 Germany: Brandenburg  Hendrich viii.2002 

*Rhantus alutaceus MB 119 New Caledonia: Aoupinié, 25 km 
SW Ponérihouen 

700m  Balke & 
Wewalka 

14.xi.2001 

Rhantus annectens MB 467 Fiji: Viti Levu, Lautoka, road Abaca 
to coast 

200m Balke, 
Wewalka & 
Koto 

12.xi.2003 

Rhantus annectens MB 3332 Samoa: Upolu, 13 km ENE 

Lotofago 
50m Mailautoka viii.2007 

Rhantus annectens MB 3333 Tonga: Kallaul Island 
 

160m Mailautoka viii.2007 

Rhantus bacchusi MB 387 Papua New Guinea: EH Province: 
Aiyura 

1600m Sagata ii.2003 

Rhantus bistriatus MB 183 Russia: 12/5:2, Astrakhan oblast, 
Nishniy Baskuntyak 

 Nilsson  

Rhantus bula MB 477 Fiji: Viti Levu, Nadarivatu, just N of 
pass towards coast 

650m Balke, 
Wewalka & 
Koto 

8.xi.2003 

Rhantus 
cheesmanae 

MB 1384 Vanuatu: Espirito Santo, Penaru  Schmidl 11.xi.2006 

Rhantus consputus MB 182 Russia    

Rhantus dani MB 3322 Indonesia: Papua, Megapura River, 
5 km S Wamena 

1677m Sites & Suputa 14.iv.2007 

Rhantus ekari  Indonesia: Papua, Enarotali, Lake 
Paniai 

1900m Balke & 
Hendrich 

 

Rhantus 
elisabethae 

MB 1308 Papua New Guinea: Southern 
Highlands, Tari, Mt. Ambua 

2500m Balke 14.v.2006 

Rhantus englundi MB 1264 French Polynesia: Tubuai    

Rhantus exsoletus MB 180 Germany: Lüneburger Heide  Ribera & 
Cieslak 

vii.2002 

Rhantus 
intermedius 

MB 3426 French Polynesia: Tahiti, Mt. 
Morau, Tipaerui Valley  

1165m D Polhemus 4.ix.2006 

Rhantus 
intermedius 

MB 3427 French Polynesia: Tahiti, Mt. 
Morau, Tipaerui Valley  

1165m D Polhemus 4.ix.2006 

Rhantus kini MB 471 Fiji : Vanua Levu, Mount Delaikoro 800m Balke, 
Wewalka & 
Koto 

14.xi.2003 

Rhantus latitans MB 181 Austria: Vorarlberg, Bodensee   Ribera  
Rhantus n.sp. 
Myola 

MB 3396 Papua New Guinea: Central, Owen 
Stanley, Myola 

c. 1000m Posman i.2008 

*Rhantus 
novaecaledoniae 

MB 125 New Caledonia: Nérin, water 
reservoir, Me Maoya slopes (NC 35) 

600m Balke & 
Wewalka 

14.xi.2001 

Rhantus ovalis MB 1318 Bhutan: Timphu, N Timphu, Wang 
Chhu 

2360m Jäch 23.xi.2005 



*Rhantus monteithie MB 033 New Caledonia: Mont Panié, below 
summit 

1550m Balke & 
Wewalka 

9.xi.2001 

*Rhantus 
poellerbauerae  

MB 031 New Caledonia: Mont Panié, below 
summit 

1550m Balke & 
Wewalka 

9.xi.2001 

*Rhantus 
pseudopacificus 

MB 150 USA: Hawaii, Big Island   Englund 14.ii.2002 

Rhantus riedeli MB 1284 Indonesia: Papua, Anggi lake at Iray 1900m Balke 1.ii.2006 

Rhantus schereri MB 3424 French Polynesia: Bora Bora, 
Fa'anui Stream 

100m Englund 2.vii.2007 

Rhantus schereri MB 3425 French Polynesia: Bora Bora, 
Fa'anui Stream 

100m Englund 2.vii.2007 

Rhantus pederzanii MB 112 China: Guangdong  Jäch 2001 

Rhantus sikkimensis MB 303 India  Fresneda  

Rhantus simulans MB 284 Australia:WA: GinGin Brook  Hendrich  
Rhantus sp.n. Huon MB 1317 Papua New Guinea: Morobe, Huon, 

2 km above Yakop vill. 
1800m Sagata 13.v.2006 

Rhantus 
supranubicus 

MB 70 Indonesia: Papua, Lake Habbema  Phyllodrom 2000 

Rhantus 
supranubicus 

MB 71 Indonesia: Papua, Lake Habbema  Phyllodrom 2000 

Rhantus suturalis MB 102 Australia: SA: Watts Gully nr 
Adelaide 

 Balke & Watts 28.x.2001 

Rhantus suturalis MB 3414 Indonesia: Java,Dieng Plateau, 
Telaga warna 

2000m Balke & Amran ii.2008 

Rhantus suturalis MB 3415 Indonesia,Java,Dieng Plateau, 
Telaga warna 

2000m Balke & Amran ii.2008 

Rhantus suturalis MB 3299 Indonesia, Sumatra, Danau di Atas 1500m Balke & Amran xi.2007 

Rhantus suturalis MB 3300 Indonesia, Sumatra, Danau di Atas 1500m Balke & Amran xi.2007 

Rhantus suturalis MB 1259 Usbekistan, Taschkent, Botanical 
Garden 

600m Hendrich 2005 

Rhantus suturalis MB 1309 Papua New Guinea: Southern 
Highlands, Tari, Mt Ambua 

2500m Balke 14.v.2006 

Rhantus suturalis MB 1319 Nepal: Kavre, 25km E Kathmandu 1900m Jäch 19.xi.2005 

Rhantus suturalis MB 1392 Japan: Hokkaido, Tomakomai  Kikuchi 2005 

Rhantus suturalis  Indonesia, Papua, Aipomek, Pass to 
Langda 

3400 m Balke  

Rhantus suturalis  Indonesia: Flores, Ranamese Lake  900 m Balke  

Rhantus suturalis  Myanmar  Shaverdo  

Rhantus suturalis  Indoensia: Sulawesi, Makassar, 
Kanse Apia 

1200 m Schoedl  

Rhantus suturalis MB 113 China: Guangdong  Jäch 2001 

Rhantus suturalis MB 148 Czech Republic: Liberec  Stastny v.2002 

Rhantus suturalis MB 174 Belarus  Shaverdo vi.2002 

Rhantus suturalis MB 185 Hong Kong    

Rhantus suturalis MB 194 Iran: Fars, Firuzabad  Elmi  

Rhantus suturalis MB 304 India  Fresneda  

Rhantus suturalis MB 655 Papua New Guinea: Sandaun, 
Telefomin stn 

1500 m Sagata 29.x.2003 

Rhantus suturellus MB 291 Canada: Manitoba    

Rhantus vitiensis MB 469 Fiji: Viti Levu, Lautoka, Abaca, 
waterfall 

500-700 m Balke, 
Wewalka & 
Koto 

11.xi.2003 

Rhantus wallisi MB 289 Canada, QC, Iles de la Madeleine   Alarie   

*Rhantus sp.n. 
Samoa 
 

MB 2894  Samoa, Upolu, 13 km ENE 

Lotofago 
50 m Mailautoka viii.2007 



ESM  Table S2.  Primer names, sequences and references. 

 
Primer name (* internal 
sequencing only) F/R Primer sequence (fragment number) Reference 

    

Cox1 5’:1460 F TAC AAT TTA TCG CCT AAA CTT CAG CC 
Sperling & Hickey, 
1994 

Tom1 R AC(AG)TAATGAAA(AG)TGGGCTAC(T/A)A Cieslak, unpubl. 

    

    

Cox1 3’: Jerry F CAA CAT TTA TTT TGA TTT TTT GG Simon et al., 1994 

Pat R TCC AAT GCA CTA ATC TGC CAT ATT A  

    

Cox2 5’: CO2F F GCT CCA CAA ATT TCT GAG CA Simon et al., 1994 

George R ATA CCT CGA CGT TAT TCA GA  

    

Cob: CB3 F GAG GAG CAA CTG TAA TTA CTA A 
Barraclough et al., 
1999 

CB4 R AAA AGA AA(AG) TAT CAT TCA GGT TGA AT  

    

Nad1: mt30 R GTA GCA TTT TTA ACT TTA TTA GAA CGG AAC G Simon et al., 1994 

 
Rhantus cob3-
mt30_intF1* F GGT AAA AAA CTY TTT CAA GCY AAA TAT AT This paper 
Rhantus cob3-
mt30_intF2* R CAAGCTAAATATATTAACTTATCATACCG  

    

    

Wng: LepWg1 F GAR TGY AAR TGY CAY GGY ATG TCT GG Brower & Egan, 1997 

LepWg2a R ACT ICG CAR CAC CAR TGG AAT GTR CA  

    

H3: H3aF F ATG GCT CGT ACC AAG CAG AC(AG) CGC Colgan et al., 1998 

H3aR R ATA TCC TT(AG) GGC AT(AG) AT(AG) GTG AC  

    

EF1a: M44-1  F 

CAG GAA ACA GCT ATG ACC CAC A T(CT) AAC ATT 
GTC GT(CG) AT(CT) GG Cho et al., 1995 

rcM4 R 

TGT AAA ACG ACG GCC AGT ACA GC(CGA) AC(GT) 

GT(TC) TG(CT) CTC AT(AG) TC  

    

EF1a Rhantus F1* F GTA TTG GAA CAG TAC CAG TC This paper 

EF1a Rhantus R1* R CAC CAG TTT CAA CAC GAC CG  

    

12S ai F AAA CTA GGA TTA GAT ACC CTA TTA T Simon et al., 1994 

12S bi  R AAG AGC GAC GGG CGA TGT GT  

    

16s aR (=M14) F CGC CTG TTT AAC AAA AAC AT Simon et al., 1994 

ND1 A (=M223) R GGT CCC TTA CGA ATT TGA ATA TAT CCT  

    

18S 5' F GAC AAC CTG GTT GAT CCT GCC AGT  Shull et al., 2001 

18S b5.0 R TAA CCG CAA CAA CTT TAA T   



ESM Table S3. Contrasting likelihood values of: Tree 1 is the ML topology (Fig. S1 A) from 

Garli analysis (combined dataset, GTR+I+G) with constrained topologies: Tree 2 was 

constrained for the monophyly of the New Guinea and Melanesian species above node 7 in 

Fig. 1; Tree 3 enforced the monophyly R. suturalis, i.e., excluding the subordinated 

morphospecies such as R. riedeli, R. supranubicus etc.; Tree 4 was constrained for 

monophyly of all Oriental and Wallacean species and populations, i.e. R. ovalis, R. 

sikkimensis, and R. suturalis from Java, Sumatra, Flores and Sulawesi. 

 

Tree -ln L  -ln L P 

1  38697.15609 (best) 0.542 

2  38980.35765 283.20156 <0.001 

3 38986.32934 289.17324 <0.001 

4 38983.19158 286.03549 <0.001 



ESM  Table S4. Partitioned bremer support values for different partitions.  

  mt H3 wng EF1a 18S 
SUM 

nDNA 
SUM 
PBS 

  -5 3 8 0 0 11 6 

  -5 3 8 0 0 11 6 

  6.21 -0.55 5.54 2.04 -1.24 5.79 12 

  8.2 -0.52 1.78 1.77 -0.22 2.81 11 

  0 0 0 0 0 0 0 

node 5 (Fig. 1) -1.23 1.16 -0.67 3.47 -0.74 3.22 2 

node 4 -1.27 1.16 -0.66 3.48 -0.71 3.27 2 

node 3: R. suturalis 6.33 2 -1 3 -1.33 2.67 9 

node 1: S clade suturalis 6.65 1 -3 -1 -1.65 -4.65 2 

  3.43 0.8 -1.99 -0.28 -0.97 -2.44 1 

  -7 3.52 4 2 -1.52 8 1 

  -7 3.48 4 2 -1.48 8 1 

  5.88 1.08 -0.6 0.23 -1.58 -0.87 5 

  0 0 0 0 0 0 0 

  0 0 0 0 0 0 0 

  0 0 0 0 0 0 0 

  -3 2.24 2 1 -1.24 4 1 

  0 0 0 0 0 0 0 

  2 0.77 0 0 -0.77 0 2 

  4 0 0 0 0 0 4 

  15.34 0.83 0 1.83 -3 -0.34 15 

  0 0 0 0 0 0 0 

node 2: N clade suturalis  13.87 1.13 -3 0 -1 -2.87 11 

 0 0 0 0 0 0 0 

  2.42 1.47 -2.26 -0.63 0 -1.42 1 

  3.35 1.09 -2.26 -0.93 -0.26 -2.36 1 

  0 0 0 0 0 0 0 

  0 0 0 0 0 0 0 

  4 1 0 0 0 1 5 

  0 0 0 0 0 0 0 

  0 0 0 0 0 0 0 

  0 0 0 0 0 0 0 

  4.25 0.91 -2.02 -0.46 -0.68 -2.25 2 

  11.93 0.78 -1.07 -0.28 -0.36 -0.93 11 

  0 0 0 0 0 0 0 

  -1.63 1.33 0.56 1.9 -1.16 2.63 1 
4 PNG species w. 
elisabethae 21.15 0.15 0.31 1.31 0.07 1.84 23 

  0 0 0 0 0 0 0 

  -0.92 0.68 0.62 1.55 0.08 2.93 2 
Oceanian clade w. 
cheesmanae 17.06 1.79 1.29 2.01 -1.15 3.94 21 

  6 0 0 0 0 0 6 

  5.8 1.03 -1.14 0.27 -0.96 -0.8 5 

  7 0 0 0 0 0 7 

  6.58 1.44 1.21 1.21 -1.44 2.42 9 

  0 0 0 0 0 0 0 

  9.73 1.17 -1.61 0.72 -2 -1.72 8 

  5.91 0.99 -1.69 -0.06 -1.14 -1.9 4 

Fijian species 34.12 4.41 -1.14 2.49 -0.87 4.89 39 

Fijian species 72.85 4.09 0.43 1.62 -0.99 5.15 78 

  8.29 1 2 5.29 -0.57 7.72 16 

  18 2 3 0 0 5 23 

              Cont’d 



  mt H3 wng EF1a 18S 
SUM 

nDNA SUM BS 

  2 0 1 0 0 1 3 

  5 0 0 0 0 0 5 

  0 0 0 0 0 0 0 

  3.85 1.59 -0.6 3.05 -0.9 3.14 7 

  37.52 1.12 9.32 0.07 -1.02 9.49 47 

  -0.21 6.04 10.76 0.39 1.01 18.2 18 

  0 0 0 0 0 0 0 

  47 5 0 0 0 5 52 

  17 -3 2 0 0 -1 16 

  7.69 2.47 0.4 1.16 -0.72 3.31 11 

  16.51 0 -0.51 0 0 -0.51 16 

                

Sum PBS 414.66 62.65 41 40.22 -30.51 113.36 528.2 

Chars 4783 322 352 1092 602 2368 7151 

PBS/chars 0.086 0.194 0.116 0.036 n/a 0.047 0.048 
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