
Zoological Journal of the Linnean Society, 2025, 204, zlaf075
https://doi.org/10.1093/zoolinnean/zlaf075
Advance access publication 3 July 2025
Original Article

Received 22 October 2024; revised 7 May 2025; accepted 16 May 2025

Original Article
Rediscovery of Melanesobasis Donnelly, 1984  

(Odonata: Coenagrionidae) in Vanuatu reveals  
a pattern of vicariance in insular damselflies

Natalie A. Saxton1,2,*, , Gareth S. Powell3, , Bindiya Rashni4, , Colin R. Jensen2,5,  
Christopher D. Beatty6,7, , Dan Polhemus8, Milen Marinov9,  and Seth M. Bybee2

1Department of Biology, Case Western Reserve University, 2080 Adelbert Road, Cleveland, OH 44106, USA
2Department of Biology and Monte L. Bean Museum, Brigham Young University, 4102 LSB, Provo, UT 84602, USA

3Department of Entomology and Plant Pathology, North Carolina State University, Raleigh, NC, USA
4Discipline of Biological and Chemical Sciences, School of Agriculture, Geography, Environment, Ocean and Natural Sciences, The University of the 

South Pacific, Laucala Campus, Suva, Fiji
5Department of Conservation Biology, University of Göttingen, Göttingen, Germany

6Program for Conservation Genomics, Department of Biology, Stanford University, Stanford, CA, USA
7Division of Invertebrate Zoology, American Museum of Natural History, New York, NY, USA

8Department of Natural Sciences, Bishop Museum, 1525 Bernice Street, Honolulu, HI, USA.
9National Museum of Natural Hisotry, Bulgarian Academy of Sciences Tsar Osvoboditel Blvd. 1, 1000 Sofia, Bulgaria

*Corresponding author. Department of Biology, Case Western Reserve University, 2080 Adelbert Road, Cleveland, OH 44106, USA. E-mail: nas229@case.edu

A B ST R A CT 

The Vitiaz Arc provides a compelling opportunity to examine biogeographical patterns in the South Pacific. Previously, however, many groups 
lacked the appropriate taxon sampling to examine this system fully. Fieldwork aimed at improving our understanding of Vanuatu insect diversity 
and evolution resulted in the collection of two specimens of Melanesobasis bicellulare Donelly, 1984, a species previously known from a single 
specimen collected 40 years ago. Using a combination of morphological and molecular methods, we are able to associate the female, update dis-
tributional data, and record intraspecific variation, including the number of post-discoidal cells. We also use this genus, Melanesobasis Donnelly, 
1984, found across Fiji and Vanuatu, to explore biogeographical patterns across the Vitiaz Arc. Our results provide additional evidence of the 
importance of the Vitiaz Arc in South Pacific damselfly biogeography and show a pattern of vicariance between the two island archipelagos.
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I N T RO D U CT I O N
The origin of diversity on South Pacific islands has long fascin-
ated biologists (Keppel et al. 2009). Although evidence exists for 
fauna evolving through both vicariance and dispersal mechan-
isms, debate remains about the prevalence of each (Rota et al. 
2016, Swenson et al. 2019). The biogeography of the region is 
complicated by its complex geology, with dynamic, volcanic is-
lands that have gone through multiple periods of submergence 
and re-emergence (Macfarlane et al. 1988, Polhemus 1996). 
This unstable history makes it difficult to track the composition 
of an archipelago through time, which makes coding geograph-
ical areas particularly difficult. Owing to this uncertainty, pre-
vious work has highlighted that island biogeography can benefit 

from examining patterns on the archipelago scale rather than 
by individual islands (Triantis et al. 2016, Saxton et al. 2023). 
This problem arises because most biogeographical analyses 
are still limited in their ability to account for extinct areas (i.e. 
sunken islands) (Sanmartín and Meseguer 2016). Historically, 
long-distance dispersal has been proposed as the primary mech-
anism of diversity on volcanic islands owing to their isolation 
from mainland continents (MacArthur and Wilson 2001). 
Under this model, the diversity of islands is a function of their 
size and distance from faunal sources. However, in recent years 
researchers have explored the idea that populations can evolve in 
situ by means of metapopulation vicariance, in which organisms 
are able to persist on archipelagos for long periods of time by 
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dispersing short distances between islands in the same region. 
This will often lead to old lineages on recently emerged islands 
(Heads 2014, 2018).

The remnants of the Vitiaz Arc provide an ideal opportunity 
to explore some of these biogeographical patterns, owing to its 
long volcanic history and subsequent break-up that is conducive 
to metapopulation vicariance (Heads 2018). An oceanic arc that 
once spanned from Tonga to the Solomon Islands, the Vitiaz Arc 
included the island systems of both Fiji and Vanuatu (Crawford 
et al. 2003). Around 10–12 Mya, the archipelago of Vanuatu 
swung southwest from Fiji, possibly a result of the Ontong Java 
Plateau collision with the Solomon Islands (Begg and Gray 
2002), forming what is now the North Fiji Basin (Meffre and 
Crawford 2001) (Fig. 1). The formation of this biogeographical 
barrier (i.e. the North Fiji Basin) could facilitate vicariance if the 
ancestor of a group was found throughout the region and pre-
dates the origin of this barrier. Alternatively, if the ancestor of 
the group is younger than the barrier and found on only one side 
of it, long-distance dispersal might best explain current distribu-
tions. As such, the ages of clades provide valuable information 
when examining biogeographical patterns.

Geological evidence suggests that the oldest rocks in Fiji 
(Yavuna group) are found on the main island of Viti Levu and 
date back to the Late Eocene to early Oligocene (~30–40 Mya) 
(Neall and Trewick 2008, Colley 2009). Owing to their age, 

these portions of the island are likely to represent remnants 
of the Vitiaz Arc. In contrast, the second largest Fijian island, 
Vanua Levu, is much younger, having been formed within only 
the past 7 Myr (Colley 2009, Keppel et al. 2009). In Vanuatu, 
the oldest islands make up the Western Chain, including 
Malekula and Espiritu Santo, which are estimated to have 
formed in the late Oligocene. This was followed by the Eastern 
chain, including the islands of Maewo and Pentecost, which are 
likely to have formed in the Late Miocene (Greene et al. 1994; 
see also Saxton et al. 2023).

In line with their former position in the Vitiaz Arc, the close 
alliance between the fauna in Fiji and Vanuatu has been noted in 
several groups (Ingleby and Colgan 2003, Bickel 2009, Grehan 
and Mielke 2020), including the endemic damselfly genera 
Nesobasis Selys, 1891, Nikoulabasis Ferguson et al., 2023, and 
Vanuatubasis Ober & Staniczek, 2009 (Ferguson et al. 2023). 
Previous work exploring the biogeography of these damselfly 
genera suggests that the break-up of the Vitiaz Arc played an im-
portant role in their divergence (Saxton et al. 2023), highlighting 
the role of vicariance in the evolution of taxa on isolated island 
systems in the South Pacific. It is likely that the biology of a 
group, such as habitat and distributions, play an essential role in 
how organisms respond to similar or even the same evolutionary 
and biogeographical pressures (Salces‐Castellano et al. 2020, 
Suárez et al. 2022). The damselfly genus Melanesobasis Donnelly, 

Figure 1. A, map of the distribution of Melanesobasis spp. in Vanuatu (left) and Fiji (right). Note the ‘?’ inside Melanesobasis simmondsi on Viti 
Levu, indicating a potentially incorrect record (for more information, see Discussion). B, Vitiaz Arc prior to break-up. C, Vitiaz Arc as Vanuatu 
rotated clockwise away from Fiji. D, current position of Vanuatu and Fiji relative to New Caledonia. Palaeogeographical reconstructions based 
on the study by Gill et al. (2022).
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1984 is distributed in a similar manner to the clade Nesobasis 
+ Nikoulabasis + Vanuatubasis and was thought to be closely re-
lated (Beatty et al. 2017). Both groups are stream dwellers and, 
in some cases, are collected from the same localities (Marinov 
2011, Saxton et al. 2021). This genus, therefore, provides a 
unique opportunity to see how the biogeography of similar lin-
eages compare in the region.

The genus Melanesobasis was established for four undescribed 
species and three species previously belonging to Nesobasis 
(Donnelly, 1984). Melanesobasis, found in Fiji and Vanuatu, 
currently contains seven species and one subspecies. Six spe-
cies are endemic to Fiji and one, M. bicellulare Donnelly, 1984, 
to Vanuatu. It also includes two undescribed species (treated 
here as M. sp1 and M. sp2) held in the personal collection of 
Donnelly (see Beatty et al. 2017). Melanesobasis bicellulare is 
known from a single specimen collected on the island of Maewo 
in 1979 (Donnelly 1984). This specimen represents the only 
record of Melanesobasis in Vanuatu. Morphologically similar to 
Melanesobasis flavilabris (Selys, 1891) from Fiji, M. bicellulare 
can be distinguished easily from M. flavilabris by the rounded 
terminal edge of the genital ligula in Melanesobasis bicellulare 
(distinctly pointed in M. flavilabris), quadrate mesostigmal 
laminae (triangular in M. flavilabris), and the presence of only 
two post-discoidal cells in the hindwing (three in M. flavilabris) 
(Donnelly 1984).

Melanesobasis appears to share characteristics of some of the 
Platycnemididae, such as an undulate wing margin, long legs, 
wide head, and stout thorax, in addition to some nymphal char-
acteristics (Donnelly 1984). However, despite these similarities, 
Donnelly (1984) suggested a close relationship to the endemic 
genus Nesobasis, citing wing and nymphal characters (i.e. lack of 
setae on mentum or labial palps). De Marmels (2007) placed 
Melanesobasis within the Teinobasinae, citing the cercal spur as 
a key character for the group. Dijkstra et al. (2014) tentatively 
placed the genus within the ‘ridge-face’ Coenagrionidae along 
with other Teinobasinae, such as Vanuatubasis and Nesobasis. 
Phylogenetic analyses completed by Beatty et al. (2017) in-
cluded all but two species (M. bicellulare and M. proxila Donnelly, 
1984) in the genus and did not recover Melanesobasis as sister to 
Nesobasis as was previously hypothesized. They did, however, 
establish two well-supported clades within the Melanesobasis, 
including the ‘corniculata clade’, which contains M. corniculata 
marginata Donnelly, 1984, M. corniculata corniculata (Tillyard, 
1924), M. flavilabris (Selys, 1891) and M. sp1, and the 
‘simmondsi clade’, which contains M. simmondsi (Tillyard, 1924), 
M. mcleani Donnelly, 1984, M. maculosa Donnelly, 1984, and M. 
sp2 (Beatty et al. 2017). Owing to limited generic taxon sam-
pling available at the time, this phylogeny did not resolve its 
placement within Coenagrionidae. Most recently, Willink et al. 
(2024) reconstructed a densely sampled phylogeny across the 
entire family Coenagrionidae, which found consistent results 
with those major clades recovered in previous works (Dijkstra 
et al. 2014, Bybee et al. 2021), but was able to place three spe-
cies of Melanesobasis within the ‘ridge-face’ Coenagrionidae 
sensu Dijkstra et al. (2014). Melanesobasis was recovered by 
Willink et al. (2024) as sister to Bromeliagrion De Marmels, 
2005 + Sangabasis Villanueva, 2012 + Pericnemis Selys, 1863, 
 albeit with low support.

Historically, Vanuatu has been undersampled, especially for 
insects, despite being in a unique biogeographical position owing 
to its former position in the Vitiaz Arc (Miller 1996, Cranston 
2017, Marinov 2015). This oversight has left gaps in our under-
standing of the distribution and diversity of insect fauna in the 
South Pacific. Recent expeditions have taken large steps to begin 
to fill in these knowledge gaps. The results of these expeditions 
have led directly to a significant increase in our understanding 
of the diversity (Soldati et al. 2012, Kakinuma 2019, Gomy 
and Tishechkin 2020, Theischinger et al. 2020, Saxton et al. 
2022), distribution (Marinov et al. 2019, Hadden et al. 2020, 
Sutherland et al. 2021, Gray 2023), natural history (Bouchet et 
al. 2011, Saxton et al. 2019, 2021), and evolutionary patterns 
(Toussaint and Balke 2016, Matos-Maraví et al. 2018, Saxton 
et al. 2023) of insects across the region. In continuation of this 
progress, additional fieldwork undertaken in 2019 resulted in 
the collection of two Melanesobasis specimens from the islands 
of Pentecost and Malekula, Vanuatu (Fig. 1). These represent 
the first Melanesobasis specimens collected in Vanuatu since the 
holotype of M. bicellulare in 1979. These records expand the dis-
tribution of Melanesobasis and provide the first molecular-grade 
samples, allowing for the incorporation of Vanuatu into previous 
phylogenetic hypotheses (see Beatty et al. 2017).

Here, with the incorporation of new material, we are able to 
associate and describe the female of M. bicellulare and to recon-
struct a phylogeny incorporating important specimens from 
Vanuatu. With the incorporation of these specimens, we are able 
to examine, for the first time, the biogeographical patterns of the 
genus across both Fiji and Vanuatu in the context of their former 
placement in the Vitiaz arc. Specifically, here we use the age of 
the most recent common ancestor (MRCA) for Melanesobasis in 
addition to its reconstructed range to determine whether vicari-
ance or dispersal best explains current distributions.

M AT E R I A L S  A N D  M ET H O D S

Specimen methods
Fieldwork in Vanuatu took place in May–June 2019. Two speci-
mens of Melanesobasis were collected on the islands of Malekula 
(female) and Pentecost (male) (see stars in Fig. 1) using aerial 
nets and immediately stored in 95% ethanol. Newly collected 
specimens were examined using an Olympus SZ51 stereo micro-
scope. Identifications were made using the paper by Donnelly 
(1984) and comparisons with the holotype of Melanesobasis 
bicellulare deposited at the Bernice P. Bishop Museum. Images 
were taken using a Vision Digital Passport imaging system with a 
65 mm lens. Images were stitched using Zerene v.1.04 (Zerene 
Systems LLC, Richland, WA, USA). Dissections of genitalia 
were performed on the ethanol-preserved male from Pentecost. 
Label data are given verbatim, with ‘/’ to indicate line breaks.

Specimens examined are deposited in the following institu-
tions: Bernice P. Bishop Museum, Honolulu, HI, USA (BPBM) 
and Monte L. Bean Museum, Provo, UT, USA (BYU).

Molecular methods
Thoracic tissues from Melanesobasis specimens were used to 
extract DNA following the standard protocol for insects using 
Qiagen DNeasy extraction kits. We amplified portions of nuclear 
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internal transcribed spacer I (ITS1) and the mitochondrial genes 
cytochrome c oxidase I (COI) (two regions treated here as Pat/
Jerry and LCO/HCO) and small ribosomal RNA subunit (12S) 
using PCRs. Amplification conditions and primers followed 
those of Beatty et al. (2017). PCR products were sequenced at 
the DNA Sequencing Center of Brigham Young University.

Previously published Melanesobasis sequences used in study 
by Beatty et al. (2017) were gathered from GenBank, in add-
ition to outgroups (i.e. Ceriagrion Selys, 1876, Chromagrion 
Needham, 1903, Mecistogaster Rambur, 1842, Nehalennia 
Selys, 1850, Pericnemis, and Platystigma Kennedy, 1920). 
Outgroups were selected based on the classification of ridge-
faced Coenagrionidae given by Dijkstra et al. (2014) and the 
results obtained by Willink et al. (2024). For two Ceriagrion 
specimens, the published mitochondrial genomes were used to 
extract overlapping regions of COI and 12S (Shao et al. 2021) 
(see Table 1).

All sequences were aligned, trimmed, and concatenated in 
Geneious Prime v.2024.0.7 (https://www.geneious.com) 
using MAFFT v.7.490 (Katoh et al. 2013). We reconstructed a 
maximum likelihood tree using IQ-TREE v.1.6.12 (Nguyen et al. 
2015). ModelFinder (Kalyaanamoorthy et al. 2017) was used 
to select the best model of molecular evolution based on our 

sequence data (K3Pu+F+I+G4). We used 1000 ultrafast boot-
straps (Minh et al. 2013) to assess node support.

Association of the female specimen was completed with both 
a pairwise distance matrix comparing the dissimilarity between 
barcode sequences (two regions of COI; see above molecular 
methods) across the diversity of Melanesobasis and the phylo-
genetic estimate performed for the group. Previously unknown 
female specimens that were recovered as sister to a known male 
and with a genetic similarity >98% (Hebert et al. 2003) were 
considered reliably associated.

Divergence time estimation
The ages of these clades are important when examining whether 
vicariance or dispersal explains present distributions. Endemic 
fauna that evolved in situ are expected to pre-date the formation 
of biogeographical barriers (i.e. separation of Fiji and Vanuatu), 
whereas organisms that evolved after the formation of a bar-
rier are more likely to be the result of dispersal. As a result, it 
is often necessary to approach divergence time estimates using 
multiple strategies. Here, we applied two different dating strat-
egies. The first strategy (D1) applied an amber fossil Nehalennia 
sp. (Ross et al. 2016) calibration point to the MRCA of the genus 
Nehalennia in addition to a fixed clock rate on the mitochondrial 

Table 1. GenBank accession numbers of taxa included in phylogenetic analyses.

Genus Species Voucher Pat/Jerry LCO/HCO 12S ITS

Ceriagrion auranticum RF2732 LC366839 LC366245
Ceriagrion auranticum mtGenome NC_054209 NC_054209 NC_054209
Ceriagrion fallax mtGenome NC_054209 NC_054209 NC_054209
Ceriagrion melanurum RF2022 LC366676 LC366082
Chromagrion conditum KU220873 KU245324
Mecistogaster linearis MK044580 MK032075
Melanesobasis bicellular OD1705 PV577727 PV577730 PV583925 PV583929
Melanesobasis bicellular OD1706 PV577728 PV577731 PV583926 PV583930
Melanesobasis c. corniculata OD1707 PV577732 PV583927 PV583931
Melanesobasis c. marginata JSS16976 FJ812822 FJ812778 FJ812733 FJ812865
Melanesobasis c. corniculata JSS17153 FJ812819 FJ812775 FJ812730 FJ812862
Melanesobasis flavilabris JSS17158 FJ812820 FJ812776 FJ812731 FJ812863
Melanesobasis maculosa NE1572 MH348620
Melanesobasis maculosa JSS16975 FJ812821 FJ812777 FJ812732 FJ812864
Melanesobasis mcleani NE1589 MH348619
Melanesobasis mcleani JSS17159 FJ812823 FJ812779 FJ812734 FJ812866
Melanesobasis simmondsi OD1708 PV577729 PV577733 PV583928 PV583932
Melanesobasis simmondsi JSS16978 FJ812824 FJ812780 FJ812735 FJ812867
Melanesobasis sp1 FJ812826 FJ812782 FJ812737 FJ812869
Melanesobasis sp2 FJ812825 FJ812781 FJ812736 FJ812868
Pericnemis lestoides KF369484
Platystigma asticutum MK044579 MK032074
Platystigma martinezi PP110007 JQ966644
Platystigma martinezi MK044583 MK032078
Nehalennia gracilis GQ256041 GQ256007
Nehalennia irene MG377572 GQ256015
Nehalennia speciosa LC366879 LC366285
Nehalennia speciosa FN252223 HM598667
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DNA (0.0115 substitutions per site) (Brower 1994). This amber 
specimen is mostly complete but is missing the abdomen and 
the tips of the wings, making it difficult to compare with extant 
species. The transverse ridges on the frons and supplementary 
tooth on the tarsal claws place this specimen within the ‘ridge-
faced’ damselflies. Distinct thoracic carina and stripe pattern 
led authors to place it in Nehalennia, but could not determine 
whether it represented any of the extant species (Ross et al. 
2016). To account for the uncertainty in the placement of this 
fossil, a log-normal distribution with a soft minimum age (15 
Mya) was applied rather than an exponential distribution with 
a hard minimum. A hard maximum was placed at the base of the 
phylogeny based on the crown Zygoptera group Hemiphlebiidae 
(150 Mya) (Mersituria ludmilae Vasilenko, 2005).

The second strategy (D2) used ages obtained by Willink et al. 
(2024), in a superfamily-wide dating analysis based on weakly 
informed root-prior ages. These ages were chosen because they 
were largely in line with generic ages obtained in previous studies 
(i.e. Ischnura Charpentier, 1840, Nesobasis, and Vanuatubasis) 
(Beatty et al. 2017, Toussaint et al. 2019, Saxton et al. 2023). 
As such, log-normal distributions were applied for the MRCA 
of Ceriagrion, Melanesobasis, and Mecistogaster + Platystigma. A 
hard maximum was placed at the base of the phylogeny based 
on the crown Zygoptera group Hemiphlebiidae (Mersituria 
ludmilae, 150 Mya) (Vasilenko 2005).

We used the topology reconstructed in IQ-TREE (Supporting 
Information, File S1) as a fixed starting tree in all our diver-
gence time estimates. Using a fixed topology ensures that ages 
between all models are directly comparable, in addition to min-
imizing computational time. We used the ‘chronopl’ command 
implemented within ape v.5.8 (Paradis and Schliep 2019), which 
applies a semi-parametric method based on penalized likeli-
hood to force the topology to be ultrametric, and adjusts nodes 
based on minimum and maximum ages provided by the user to 

be within the distributions of the priors used in subsequent di-
vergence time estimation. The tree was adjusted such that the 
Melanesobasis (node 43) was 8–40 Mya. Ceriagrion (node 40) 
set between 24 and 78 Mya. Mecistogaster + Platystigma (node 
32) was specified to be 16–57 Mya. Finally, the root was set 
to be 50–150 Mya. The resulting ultrametric topology was ex-
ported and used as a fixed starting tree for both dating strategies 
in BEAUTi by setting all tree rearrangement operators to zero.

BEAUTi v.2.6.7 (Bouckaert et al. 2014) was used to set all ana-
lysis parameters, including clock and tree models in an XML file. 
We applied a combination of each of the tree and clock models 
across both dating strategies (i.e. birth–death, Yule, relaxed clock 
exponential, and relaxed clock log normal). For D1 analyses, the 
alignment was partitioned such that a strict clock could be ap-
plied to the mitochondrial DNA (e.g. COI, 12S). For D2 ana-
lyses, the alignment was not partitioned (for clock models, see 
Table 2). In order to incorporate the best-fitting site model into 
our analyses, TN93 was chosen, with the following modifica-
tions based on ModelFinder (Kalyaanamoorthy et al. 2017) 
results: gamma category count = 4, shape = 0.82, proportion 
invariant = 0.447. All transition rates were set to be estimated. 
We ran the resulting XML files in BEAST 2 v.2.6.6 (Bouckaert 
et al. 2014) on the CIPRES Science Gateway accessed through 
DeCIFR (https://decifr.cifr.ncsu.edu/), with a chain length 
of 300 000. Log files from each run were examined visually in 
Tracer v.1.7.2 (Rambaut et al. 2018) to ensure convergence 
and had effective sample size values of >200. A consensus tree 
was generated for each analysis using a 25% burn-in.

Biogeographical analyses
The historical ranges of these clades are important to deter-
mine whether the ancestor of Melanesobasis was widespread 
across the region (Vanuatu and Fiji) or found in only part of 
the region. This information, in conjunction with the age of the 

Table 2. Ages obtained in all divergence time estimates.

Dating strategy Tree model Clock model Melanesobasis MRCA Melanesobasis (Fiji only)

D1: fossil calibration points and a fixed clock rate on mitochondrial DNA (partitioned alignment)
D1.1 BD RCE 26.25

[18.62–35.27]
24.69

[17.61–33.19]
D1.2 BD RCLN 26.05

[19.02–36.10]
24.43

[17.74–33.78]
D1.3 Yule RCE 25.31

[18.43–34.88]
23.82

[17.35–32.97]
D1.4 Yule RCLN 26.03

[19.06–36.28]
24.41

[17.70–33.76]
D2: based on Willink et al. (2024) ages from the weakly informed root-prior ages (i.e. uniform root age 240–40 Mya)
D2.1 BD RCE 23.05

[9.02–42.35]
18.86

[7.68–35.19]
D2.2 BD RCLN 23.60

[13.81–35.05]
20.44

[11.88–30.28]
D2.3 Yule RCE 22.43

[9.26–40.48]
18.24

[7.69–31.70]
D2.4 Yule RCLN 23.60

[13.81–35.05]
20.44

[11.88–30.28]

Median ages are given above, with 95% highest posterior density (HPD) given in square brackets. All D1 alignments were partitioned and mitochondrial DNA given a strict clock 
rate. Abbreviations: BD, birth–death; MRCA, most recent common ancestor; RCE, relaxed clock exponential; RCLN, relaxed clock log normal.
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clade, can inform patterns of vicariance or relative dispersal. 
We would expect to find widespread ancestors pre-dating the 
formation of a barrier expected under a vicariance scenario and 
ancestors found in only a portion of the region after the forma-
tion of the barrier in a dispersal scenario. We performed a total 
of 18 biogeographical analyses using BioGeoBEARS (Matzke 
2013), using two different methods of coding areas in add-
ition to time-stratified analyses. These included models with 
and without jump-dispersal events (+J), allowing for founder 
speciation (Matzke 2022). The three main models tested (i.e. 
DEC, DIVALIKE, and BAYAREALIKE) allow for or restrict 
different types of anogenic and cladogenic events, allowing 
the user to determine which model best accounts of the data 
given. For a more detailed account and comparison of the three 
main models tested, see Matzke (2013, 2014). In order to per-
form biogeographical analyses, the resulting dated topology 
D1.2 was trimmed using the ‘drop.tip’ function in phytools v.2.3 
(Revell 2024), such that each species in Melanesobasis was 
represented by one tip. We chose topology D1.2 because our 
dataset contains intraspecific sampling, and the birth–death 
tree model has been shown to be robust to mixed sampling 
(Ritchie et al. 2017). This model (D1) also relied on fossil cali-
bration points rather than previous divergence time estima-
tions. However, we note that the ages recovered for all models 
are largely congruent (Table 2). For the first six models, bio-
geographical areas were coded as Fiji (A) and Vanuatu (B), 
with the maximum areas allowed set equal to two. This model, 
coded at the archipelago level, examines broader patterns of 
biogeography, which is important when trying to account for 
extinct areas (Triantis et al. 2016, Saxton et al. 2023).

An additional six models were run based on biogeographical 
areas coded as: southwest Fiji (Viti Levu, Ovalau, Kadavu) (A); 
northeast Fiji (Vanua Levu, Koro, Taveuni) (B); and Vanuatu 
(C). The maximum number of areas was set to three. In this 
model, we split Fiji into southwestern and northeastern regions 
based on a natural barrier found in species distributions (see 
also Beatty et al. 2017). This method of coding was then used in 
conjunction with a time-stratified analysis that restricted lineage 
movements between Vanuatu (C) and regions of Fiji (A and B) 
prior to 10 Mya, corresponding to the estimated time when the 
two archipelagos split. Results from all models were compared 
using the Akaike information criterion (AIC) to assess best fit.

R E SU LTS

Variation in male and association of the female
The two male specimens investigated in the present study show 
some variation in post-discoidal cells, numbering two (Maewo) 
and three (Pentecost) (Fig. 2). In both, the male cerci bear long, 
curved setae along their rounded apex, with the Pentecost male 
appearing more hirsute. In the Pentecost male, the penis also 
appears expanded dorsally before constricting to a rounded ter-
minal segment (Fig. 3). This expansion is not visible in the illus-
tration of the Maewo male genitalia given by Donnelly (1984). 
However, for the moment, both are considered Melanesobasis 
bicellulare with the following shared characters: pale occipital 
bar, broadly rounded mesostigmal plate, shape of the penis, and 
thoracic colour pattern (see Donnelly 1984: figs 5, 7, 8, 10, 11).

The female specimen collected in Malekula had a pairwise 
genetic similarity to the Pentecost male that was 98.69% (Pat/
Jerry) and 98.60% (LCO/HCO). The Malekula female specimen 
was also recovered sister to the Pentecost male Melanesobasis 
bicellulare with 100% bootstrap support (BS).

Melanesobasis bicellulare Donnelly (Figs 2–4)
Melanesobasis bicellulare Donnelly 1984: 100.

Type material examined: Holotype (one ♂, BPBM), ‘NEW 
HEBRIDES [Vanuatu]: Maewo I: Sounwari: 0–360 m, 4–5.
IX.1979’ ‘G.M. Nishida Coll. / BISHOP Museum / Acc. No. 
1979.380’.

Additional material examined: (one ♂, BYU), ‘VANUATU: 
Pentecost Is., / Ranmawat, May 30, 2019; / −15.8126, 168.1770 / 
Coll: SM Bybee, GS Powell / #BYU-VU-2019’ ‘OD1706’.

(one ♀, BYU), ‘VANUATU: Malekula Is., / Wiaru River, May 
13th 2019 / −16.0787, 167.2726 / Coll. SM Bybee, GS Powell / 
BYU-VU-2019’ ‘OD1705’.

Description of female
Head: Labium beige; labrum light yellow with darker 
posterolateral corners, medial posterior edge with dark brown 
spot; anteclypeus and genae green, mandibles (except for red-
dish tips) yellow; postclypeus, frons, and scape black with bronze 
shimmer; antennae with black scape, pedicels yellow, flagella 
dark brown and darkening apically (Fig. 4D); vertex and rear of 
head black except for pale yellow–white patches extending from 
the base of the scape to the lateral ocelli; pale occipital bar pre-
sent; eyes dark green on dorsal two-thirds and lighter on basal 
one-third.

Thorax: Prothorax dorsally black with strong bronze shimmer; 
laterally black with pale stripes; hind lobe with a straight medi-
ally edge; mesostigmal plates light brown, roughly triangular, 
and without a prominent caudal depression, lateral corner 
broadly rounded (Fig. 4B). Pterothorax with black carina; 
laterally black with bronze shimmer except for a pale stripe 
along the mesopleural suture, a pale spot on the apical corner 
of the mesinfraepisternum, a short pale stripe on the posterior 
one-third of the interpleural suture, and a pale stripe that runs 
along the ventral edge of the metepisternum but reaches the 
metapleural suture on its posterior half; anterior carina pale 
along the metepisternum and metepimeron. Coxae black; legs 
light brown ventrally and dark brown dorsally; trochanters and 
femora with dark brown spines; tibiae with lighter spines than 
that of the femora; tarsi reddish-brown and small recurved 
spines; claws reddish brown.

Wings: Hyaline, with dark brown venation; brown pterostigma; 
three post-discoidal cells. Nodal index: forewing 18/2–2/15; 
hindwing 17/2–2/14.

Abdomen: Overall black with bronze shimmer; S8 reddish-
brown dorsally; S9 and S10 black (Fig. 4E); cerci dark brown and 
roughly limuloid, lightening apically; paraproct dark brown on 
dorsal side, fading to a brownish red on ventral side; valve with 
excision on dorsal apex forming small tooth, stylus extending 
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Figure 2. Hindwing venation in Melanesobasis bicellulare. A, male, holotype, Maewo, with two post-discoidal cells. B, male, Pentecost, with 
three post-discoidal cells. C, Female, Malekula; note undulating wing margin.

Figure 3. Male Melanesobasis bicellulare from Pentecost. A, dorsal view of terminal appendages, showing setae. B, lateral view of penis.
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beyond cerci, narrow and broadly rounded, gonapophysis 
reddish-brown (Fig. 4A, C).

Measurements: Total length 41 mm, abdomen 33 mm, and hind-
wing 24 mm.

Distribution: Vanuatu (Maewo, Pentecost, and Malekula).

Molecular phylogenetics and divergence time estimates
In total, we included 28 specimens in the maximum likelihood 
phylogeny (Table 1), composing 2596 bp. Seven of the eight 
known species of Melanesobasis were included, in addition to 

one subspecies. Currently M. c. marginata is treated as a sub-
species of M. c. corniculata. The maximum likelihood phyl-
ogeny recovered a monophyletic Melanesobasis (98% BS). 
Vanuatu specimens of Melanesobasis bicellulare were recovered 
as sister to all Fijian species. Congruent with previous ana-
lyses (i.e. Beatty et al. 2017), we recovered a well-supported 
‘corniculata’ clade (100% BS) and ‘simmondsi’ clade (100% 
BS). Of the species tested for monophyly, Melanesobasis c. 
corniculata is recovered as non-monophyletic (51% BS), with 
undescribed species Melanesobasis sp2 sister to the subspecies 
M. c. marginata (71% BS) (Fig. 5).

Figure 4. Female Melanesobasis bicellulare. A, lateral view of ovipositor. B, dorsal view of pronotum. C, dorsal view of ovipositor. D, face. E, 
lateral view of habitus. Unless otherwise labelled, scale bars represent 1 mm.
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Divergence time analyses (D1 and D2) recovered overall 
similar median ages (Table 2; Supporting Information, 
File  S1). Both recovered the age of Melanesobasis around 
23–26 Mya [9–40 Mya highest posterior density (HPD)] and 
specifically the age of Fijian Melanesobasis at 18–24 Mya (7–33 
Mya HPD). Most extant species are estimated to have origin-
ated within the last 5 Myr in both analyses. The second dating 
strategy (D2) consistently recovered broader 95% HPD than 
the first dating strategy (D1), often with ranges spanning an 
additional 10–15 Myr.

Biogeography
Results of all models, including ancestral state probabilities for 
all internal nodes, can be found in the Supporting Information, 
File S2. Of all biogeographical models tested, DIVALIKE was 
recovered as the best fit for our two-area models, with an AIC 
score of 5.386 (Table 2). In both DEC and DIVALIKE models, 
the MRCA of all Melanesobasis (node 10) was recovered as 
Fiji + Vanuatu (AB) with >99% ancestral state probabilities, 
supporting a vicariance event in which descendants were split 
between Fiji (A) and Vanuatu (B). The remaining internal nodes 
were recovered as Fiji (A) with >99% probability (Fig. 6). 
Conversely, the BAYAREALIKE model (AIC 15.49) recovered 
the MRCA of all Melanesobasis (node 10) as Fiji (A) (80%), 

with a subsequent dispersal event to Vanuatu. The remaining in-
ternal nodes for this model recovered Fiji as the ancestral range 
with >90% probability. BAYAREALIKE+J recovered a similar 
result but with Fiji (A) and Vanuatu (B) as equally likely (50%) 
to be the ancestral state for Melanesobasis (node 10), with sub-
sequent jump-dispersal events (founder-event speciation) to 
either Vanuatu or Fiji. All remaining internal nodes were recon-
structed as Fiji (A) with >99% probability.

Using three-area models, the DIVALIKE+J model (Fig. 7) 
was recovered as the best fit with an AIC score of 19.87. In this 
model, the MRCA of all Melanesobasis (node 10) was recon-
structed with the highest probability (52%) to be southwest 
Fiji + Vanuatu (AC). A vicariance event was reconstructed, 
with the descendants of node 10 being found in either 
southwest Fiji (A) or Vanuatu (C). Jump dispersal (founder-
event speciation) was inferred for the species M. sp2 and M. 
c. marginata from southwest Fiji (A) to northeast Fiji (B). 
DIVALIKE reconstructed a highly similar scenario, in which 
vicariance was inferred with node 10 reconstructed as AC 
(85%) and the direct descendants being found in only A or C. 
Under this model, however, dispersal to northeast Fiji (B) oc-
curred after cladogenesis leading to a range expansion (nodes 
14 and 15; AB), which was followed by vicariance in both 
major clades of Fijian Melanesobasis.

Figure 5. Results of divergence time estimation in BEAST 2 based on D1.2. Node support <95% is shown at nodes. The yellow star indicates 
placement of the previously unknown female specimen.
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In the three-area DEC model, all areas (ABC 46%) were 
recovered at node 10. The descendants of the MRCA of 
Melanesobasis under this model had range contraction in 
northeast Fiji (B) (extinction) and vicariance into Fiji (A) and 
Vanuatu (C). Within the Fijian Melanesobasis there was back dis-
persal to northeast Fiji (B) leading to nodes 14 and 15 (AB) fol-
lowed by vicariance. DEC+J had a largely unresolved ancestral 
area for all Melanesobasis at node 10 (AC 33%; A 20%; C 23%). 
Vicariance was recovered as the mostly likely scenario, with des-
cendants of node 10 in area A or C. This was followed by jump-
dispersal to northeast Fiji (B).

Under BAYAREALIKE, node 10 had the greatest probability 
to inhabit all three areas (ABC 38%) or all of southwest and 
northeastern Fiji (AB 31%). This reconstruction suggested either 
range contraction (extinction) leading to descendants in AB 
(node 11) and C (node 1), or subsequent dispersal to Vanuatu. 
Additional range contraction events were reconstructed in Fiji 
(AB), leading to extant distributions in only southwestern Fiji 
(A) or northeastern Fiji (B). BAYAREALIKE+J recovered node 
10 as C (50%) or A (42%). Based on the highest probabilities, 
jump-dispersal from Vanuatu to southwestern Fiji (A) occurred, 
with subsequent jump-dispersal to northeastern Fiji (B).

When the three-area model was time constrained to limit 
movement between Vanuatu and Fiji after 10 Mya, we recovered 

almost identical results to the unconstrained three-area model 
(Supporting Information, File S2). DIVALIKE+J was recovered 
as the best-fitting model in this case, with an AIC score of 19.87. 
The MRCA for all Melanesobasis was recovered as both Fiji and 
Vanuatu (AC), followed by vicariance.

D I S C U S S I O N
The results presented here highlight the importance of vicari-
ance in the evolution of taxa on remote islands in the South 
Pacific, while also exhibiting the importance of complete geo-
graphical sampling to explore these patterns fully. Previous 
phylogenetic hypotheses of Melanesobasis were able to include 
only Fijian species, limiting biogeographical analyses to those 
islands. With the incorporation of Vanuatu specimens, we are 
able to examine biogeographical patterns fully, gaining insight 
into the origin of the genus.

Previously, M. bicellulare was known from only one specimen 
collected in 1979 from Maewo, Vanuatu, and these new col-
lecting events represent not only a significant temporal result, 
demonstrating the continued presence of the taxon 45 years 
later, but also a distributional expansion onto two additional is-
lands of Vanuatu. The specimens that were collected as part of 
this study have allowed for the reliable association of female M. 

Figure 6. Results of BioGeoBEARS best-fitting model (DIVALIKE) using a two-area model. Grey bar indicates estimated timing of Vitiaz Arc 
break-up (10–12 Mya).
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bicellulare and add to what we know about the distribution and 
morphology of this group. These specimens, in conjunction with 
the known diversity and distributional patterns in Fiji, suggest 
that the diversity of Melanesobasis in Vanuatu might be greater 
than is currently understood. Additional fieldwork targeting this 
genus should be undertaken across the archipelago to improve 
our understanding of both the distribution and the phenology 
of this genus.

Donnelly (1984) suggested that M. bicellulare was easily mis-
taken for M. flavilabris but was diagnosed by the presence of only 
two post-discoidal cells, in addition to the shape of the cerci, 
penis, and mesostigmal plates. However, in Coenagrionidae, 
the number of post-discoidal (‘post-quadrangular’) cells has 
been known to vary within species (De Marmels 1984, Garrison 
and Von Ellenrieder 2018). In some genera, such as Argia 
Rambur, 1842, it is common to find specimens of the same spe-
cies with three to five post-discoidal cells (Garrison and Von 
Ellenrieder 2018). The male specimen of M. bicellulare collected 
in Pentecost appears to show that variation in the number of cells 
is also occurring in Melanesobasis. The male specimen strongly 
resembles the holotype of M. bicellulare in head coloration (i.e. 
labrum, antennal pattern, pale spots lateral to the ocelli, and a 
transverse occipital bar), thorax coloration (i.e. dark), paraproct 

configuration, broadly rounded mesostigmal plates, and penis 
shape, with the major difference being that the Pentecost spe-
cimen has three post-discoidal cells. At the moment, the observed 
differences are attributed to suspect intraspecific variations be-
tween members of populations inhabiting neighbouring islands. 
However, the collection of additional specimens is needed to 
provide sufficient material to explore this hypothesis fully. The 
female M. bicellulare, in addition to having >98% pairwise gen-
etic similarity with the male identified as M. bicellulare, also 
shares the following characters: labrum pale with medial brown 
spot, pale spots on the dorsum of head, coloration of antennae, 
coloration of legs, and general coloration of the abdomen. 
Redefining the diagnostic morphology of this taxon to include 
the observed intraspecific variation is vital to aid in future iden-
tification of this species within Vanuatu. Future studies should 
examine Melanesobasis morphology in the context of phylogen-
etic results to gain a better understanding of the evolution of this 
genus. For example, there appear to be two major clades of Fijian 
Melanesobasis, which also align with the presence or absence of a 
small tooth on the inner edge of the cerci.

The topology, with the addition of M. bicellulare, remains 
largely unchanged from those results obtained by Beatty 
et  al. (2017). All species except for M. prolixa have now been 

Figure 7. Results of BioGeoBEARS best-fitting model (DIVALIKE+J) using a three-area model, in which Fiji was divided into two areas. For 
the full breakdown of the ancestral state probabilities at each node, see Supporting Information, File S2. Grey bar indicates estimated timing of 
Vitiaz Arc break-up (10–12 Mya).
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included, with the single missing taxon being known from a 
single specimen collected in 1924 from Moala, Fiji. At the time 
of this study, the holotype of this species was unable to be lo-
cated, meaning that interpretations including this missing taxon 
are limited. Our results also suggest the necessity to elevate the 
rank of the subspecies M. c. marginata. This result was also shown 
by Beatty et al. (2017), although with slightly different relation-
ships. The ‘corniculata’ clade was recovered in both analyses, but 
in the study by Beatty et al. (2017) M. flavilabris + M. sp1 was 
sister to M. c. marginata. We recovered M. c. marginata as sister 
to M. sp1, although the node support for this relationship was 
not high (71% BS). The clade containing both these species (M. 
c. marginata + M. sp1) was recovered sister to M. c. corniculata 
(Fig. 5). If valid, the elevation of this subspecies would add to the 
two undescribed species that were known previously.

Previous estimates for the crown age of Zygoptera have found 
189 Mya (Suvorov et al. 2022) to 240 Mya (Kohli et al. 2021). 
Estimates for Coenagrionoidea have recovered 115 Mya (Suvorov 
et al. 2022) to 128 Mya (Kohli et al. 2021) and Coenagrionidae 
at 95 Mya (Suvorov et al. 2022). Estimates have placed the ‘ridge-
faced’ Coenagrionidae at 115 Mya (Toussaint et al. 2019) and 78 
Mya (Suvorov et al. 2022). Previous divergence time estimates 
for damselflies in Vanuatu and Fiji have found the clade Nesobas
is + Nikoulabasis + Vanuatubasis as 18–23 Mya, with individual 
genera originating right around the time Vanuatu is estimated to 
have swung away from Fiji (Nesobasis 15–19 Mya, Nikoulabasis 
12–19 Mya, and Vanuatubasis 7–10 Mya) (Saxton et al. 2023). 
Willink et al. (2024) recovered the age of Melanesobasis as 21 
Mya including three species (M. c. corniculata, M. flavilabris, and 
M. mcleani). Here, we recover a median age of Melanesobasis as 
23–26 Mya (9–40 Mya HPD), an estimate that is congruent 

overall with previous work, and placing the origin of the genus 
well before the break-up of the Vitiaz Arc. The origin of the two 
main Fijian clades within Melanesobasis is also recovered before 
or around the same time as the break-up of the Vitiaz Arc (Fig. 5; 
Table 2). Only two analyses, D2.1 and D2.3, recovered an HPD 
that included 9 Mya as the earliest potential age of Melanesobasis, 
which would have been right after the break-up of Vanuatu and 
Fiji, pointing to the split of the islands being a driver of evolution 
in the clade.

Both methods of area coding recovered similar results, with 
the combined regions including both Vanuatu and Fiji (i.e. Vitiaz 
Arc) being recovered as the ancestral area for all Melanesobasis 
(Fig. 6). This result is consistent with a vicariance scenario in 
which the MRCA of all Melanesobasis (23–26 Mya) was found 
across the Vitiaz Arc, with its descendants being found in only 
Vanuatu or Fiji. These results suggest that the lineage inhabiting 
the southern portion of the Vitiaz Arc (now Fiji) might have 
been distinct from the lineage inhabiting the northern portion 
of the arc (now Vanuatu) prior to the split of the two archipel-
agos (Fig. 6). It is also interesting to note the long branch length 
for the MRCA to the Vanuatu species M. bicellulare, suggesting 
that there might be additional undescribed species and/or ex-
tinction that has taken place along that branch. The former ex-
planation is highly plausible because comprehensive sampling 
has not been completed for the entire region, particularly in 
Vanuatu. Assuming, however, that the long branch length is not 
attributable to missing taxa but represents an older split between 
Fiji and Vanuatu prior to the break-up of the Vitaiz Arc, it is likely 
that other geological or ecological change can explain this diver-
gence. Natural disasters, which are commonplace in the South 
Pacific, are certainly a plausible explanation for this division by 

Table 3. BioGeoBEARS analysis results for all models tested.

Model Number of areas n d e j LnL AIC

DEC 2 2 1.0 × 10−12 1.0 × 10−12 0 −1.79 7.58
DEC+J 2 3 1.0 × 10−12 1.0 × 10−12 1.0 × 10−5 −1.79 9.58
DIVALIKE* 2 2 1.0 × 10−12 1.0 × 10−12 0 −0.69 5.39
DIVALIKE+J 2 3 1.0 × 10−12 1.0 × 10−12 1.0 × 10−5 −0.69 7.39
BAYAREALIKE 2 2 0.0069 0.0092 0 −5.74 15.49
BAYAREALIKE+J 2 3 1.0 × 10−12 1.0 × 10−7 0.067 −3.01 12.03
DEC 3 2 0.0068 0.0069 0 −12.58 29.16
DEC+J 3 3 1.0 × 10−12 1.0 × 10−12 0.15 −7.53 21.07
DIVALIKE 3 2 0.0076 1.0 × 10−12 0 −11.06 26.11
DIVALIKE+J* 3 3 1.0 × 10−12 1.0 × 10−12 0.13 −6.93 19.87
BAYAREALIKE 3 2 0.0079 0.043 0 −14.47 32.93
BAYAREALIKE+J 3 3 1.0 × 10−7 1.0 × 10−7 0.17 −8.25 22.51
Time-stratified analyses
DEC 3 2 0.010 0.0060 0 −12.05 28.09
DEC+J 3 3 1.0 × 10−12 1.0 × 10−12 0.15 −7.53 21.07
DIVALIKE 3 2 0.011 1.0 × 10−12 0 −10.78 24.56
DIVALIKE+J* 3 3 1.0 × 10−12 1.0 × 10−12 0.13 −6.93 19.87
BAYAREALIKE 3 2 0.016 0.040 0 −14.76 33.52
BAYAREALIKE+J 3 3 1.0 × 10−7 1.0 × 10−7 0.17 −8.25 22.51

*The best-fitting model for each method used to code geographical areas.
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introducing uninhabitable or sunken islands serving as barriers. 
Alternatively, if one island or archipelago experienced rapid eco-
logical change, whether in response to natural disaster or climate 
change, it could lead to adaptation and vicariant speciation in the 
absence of physical geographical barriers.

In order to increase our resolution while still retaining bio-
logically meaningful areas, we also ran a three-area model based 
on a natural break between southwest and northeast Fiji. In 
the three-area model, vicariance was reconstructed with the 
MRCA of all Melanesobasis found in both southwestern Fiji and 
Vanuatu and its direct descendants found in only one of those 
areas (Fig. 7). Dispersal was inferred as the most likely mech-
anism of spread to younger Fijian islands within the past ~5–10 
Myr, with the origin of extant lineages (Fig. 7). The MCRA of 
Melanesobasis was found in Vanuatu and the southwest portion of 
Fiji, including the islands of Viti Levu, Kadavu, and Ovalau. This 
result would also be consistent with Viti Levu having the oldest 
rocks in Fiji (Neall and Trewick 2008), which are likely to be 
remnants of the original Vitiaz Arc (Colley 2009). Interestingly, 
rocks from the Yavuna group formation have also been detected 
in Maewo (Colley 2009), despite the estimated age of Maewo 
being much younger. This is of note because the only islands in 
Vanuatu known to have Melanesobasis include the eastern chain 
(Maewo and Pentecost) and Malekula. When time constrained 
to allow movement between Vanuatu and Fiji only prior to the 
break-up of the islands, the fit of the model performed as well 
as (if not better than) unconstrained models (Table 3), further 
indicating how the southwest movement of Vanuatu limited 
movement between the landmasses.

At present, Melanesobasis species display less restricted distri-
butions than the genera Nesobasis and Nikoulabasis in Fiji, which 
are usually single-island endemics. However, preliminary taxo-
nomic work suggests that M. c. marginata should be elevated to 
species rank, and M. c. corniculata displays variation in Kadavu 
that needs to be investigated further. Melanesobasis simmondsi was 
reported by Tillyard (1924) to be from Viti Levu; however, since 
that time M. simmondsi has been collected only from Kadavu, 
where it is almost as common as what Marinov and Rashni 
(2023) recorded as Melanesobasis c. corniculata. This is similar to 
N. brachycerca Tillyard, 1924, which was reported from Viti Levu 
but has been found only on Vanua Levu and Rabi (Donnelly 
1990, Marinov and Rashni 2023, Rashni et al. 2023). These taxo-
nomic changes would result in a similar pattern of highly endemic 
species as found in other Fijian damselfly genera. Melanesobasis 
bicellulare, found on three islands in Vanuatu, would be a stark 
exception to this pattern (also different from single-island en-
demics found in Vanuatubasis). Future work might prove that 
the variation noted in males cannot be explained by intraspecific 
variation. A full revision of the genus is needed to resolve these 
distributional patterns and reflect the true diversity of the genus.

The results obtained here provide an additional piece of evi-
dence of the role of vicariance in the evolution of damselfly taxa 
in the South Pacific, specifically across the Vitaiz Arc (see also 
Saxton et al. 2023). These results could provide compelling evi-
dence for future research examining how organisms with similar 
biologies (i.e. Melanesobasis, Nesobasis, and Vanuatubasis) re-
spond to the same biogeographical pressures. A similar pattern 
has also been hypothesized in taxa of Lepidoptera (Grehan and 

Mielk 2020, Grehan and Ramik 2024). This is in contrast to 
a study that found no such evidence of vicariance in the plant 
genus Planchonella and suggested that long-distance dispersal 
was the best explanation (Swenson et al. 2019). In the ongoing 
task of understanding Coenagrionidae biogeography in the 
South Pacific, the results of endemic genera in Vanuatu and Fiji 
provide valuable insights into the important role of Vanuatu in 
fully understanding their evolutionary history. Future workers, 
building upon phylogenetic hypotheses presented here and 
in previous papers (i.e. Beatty et al. 2017, Ferguson et al. 2023, 
Saxton et al. 2023), should remain aware of the unique geology 
of the region and how this might influence both the coding of 
geographical areas and the interpretation of results of biogeo-
graphical analysis.

CO N CLU S I O N
The results of this study provide important insight into the bio-
geographical history of taxa on remote islands, underscoring the 
importance of vicariance in their evolutionary history. However, 
they also illustrate the importance of fieldwork and integrative 
taxonomy in understanding the evolutionary history of lineages. 
Fieldwork undertaken in 2019 on islands in Vanuatu, many of 
which were largely undersampled (Marinov 2015), led to a re-
discovery of a rarely collected and poorly understood taxon. 
Through a combination of morphological and molecular data, 
we were able to associate the female specimen reliably to the 
largely unknown M. bicellulare, greatly expanding on its natural 
history and distribution.
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