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trans-Wallacean lizard lineage (Cyrtodactylus: Gekkota:
Squamata)

PAUL M. OLIVER™, SCOTT L. TRAVERS?, JONATHAN Q. RICHMOND?,
PATRICK PIKACHA* and ROBERT N. FISHER?

'Division of Ecology and Evolution, and Centre for Biodiversity Analysis, Research School of Biology,
Australian National University, Canberra, ACT 0200, Australia

2Department of Ecology and Evolutionary Biology; Biodiversity Institute, University of Kansas, Dyche
Hall, 1345 Jayhawk Blvd, Lawrence, KS 66045, USA

3U.S. Geological Survey, 4165 Spruance Rd, Suite 200, San Diego, CA 92101, USA

*Aquatic Research Group, School of Civil Engineering, University of Queensland, Brisbane, QLD 4072,
Australia

Received 25 January 2017; revised 29 April 2017; accepted for publication 26 June 2017

The islands of East Melanesia have generated key insights into speciation processes and community assembly.
However, when and how these islands began to form, emerge and accumulate endemic taxa remains poorly under-
stood. Here, we show that two divergent lineages within the world’s most diverse genus of geckos (Cyrtodactylus)
occur in the Solomon Islands. One large-bodied species is nested within a radiation from far eastern New Guinea,
with inferred colonization, spread and diversification since the late Miocene. In contrast, a newly sampled and rela-
tively small species with a restricted distribution on Guadalcanal Island is a relict that diverged from extant conge-
ners around the early to mid-Miocene. Similar Miocene divergences from extralimital relatives have been inferred
for other endemic bird, bat and lizard lineages in East Melanesia. In contrast, across all lineages (including divergent
relictual lineages), there is little evidence for endemic in situ diversification within East Melanesia predating the
Pliocene (especially in the Solomon Islands). While some East Melanesian endemic lineages may have origins on pro-
genitor islands during the Miocene or even earlier, current evidence suggests the in situ diversification and assembly
of extant biological communities commenced around the end of the Miocene.

ADDITIONAL KEYWORDS: East Melanesia — Guadalcanal — insular relicts — island biogeography — Makira —
phylogeography.

INTRODUCTION Ireland and New Britain to the west). They are situ-
ated to the east of Papua New Guinea and northwest
of Vanuatu and comprise six major islands (includ-
ing Bougainville, politically associated with Papua
New Guinea) and over 900 smaller islands. The main
archipelago consists of a double-chain of NW-SE ori-
ented islands at the collision zone between the Indo-
Australian Plate and the Pacific Plate (Hackman,
1980; Coulson & Vedder, 1986; Wells, 1989; Petterson
et al., 1999; Hall, 2002). These islands are encom-
passed by deep ocean floor to the northeast and south-
*Corresponding author. E-mail: paul.oliver@anu.edu.au west and, although they have never been connected

The endemic and often distinctive biotas of isolated
islands have provided model systems for understand-
ing the processes that shape biological diversity at
varying spatial and temporal scales (Whittaker &
Fernandez-Palacios, 2007). The Solomon Islands
occur in a broader region referred to here as East
Melanesia (also including the Admiralty Islands, New
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by land to other regions, nonetheless have a diverse
and highly endemic biota (Flannery, 1995; McCoy,
2006; Menzies, 2006; Pikacha, Morrison & Richards,
2008; Dutson, 2012). These terrestrial biotic commu-
nities provide a rich framework for analyses of speci-
ation processes, and community ecology and assembly
(Mayr & Diamond, 2001; Weeks & Claramunt, 2014;
Lavery et al., 2016).

The timing of when land became subaerial and the
subsequent terrestrial biota evolved in the Solomon
Islands, and other geologically complex insular regions
of Melanesia, is poorly understood. Although many
taxa occurring in this region have ultimate origins on
continental plates to the west, the timing of coloniza-
tion events has received little focussed attention using
modern phylogenetic approaches. Most recent molecu-
lar phylogenetic analyses have focussed on patterns
of differentiation between major islands, especially
in volant taxa which tend to have high vagility and
lower persistence over long timescales: birds (Smith &
Filardi, 2007), bats (Pulvers & Colgan, 2007; Lavery,
Leung & Seddon, 2014) and butterflies (Toussaint
et al., 2016). The Solomon Islands also have a moder-
ately rich reptile and amphibian fauna (McCoy, 2006;
Menzies, 2006; Pikacha et al., 2008). This includes lin-
eages closely related to or even conspecific with taxa
that occur across Australasia, and other endemics
that appear to be much more divergent (McCoy, 2006;
Austin et al., 2010; Brown et al., 2015; Strickland et al.,
2016).

Among the endemic reptiles of the Solomon Islands
are two species of bent-toed geckos in the genus
Cyrtodactylus (Fig. 1). Cyrtodactylus is the most
diverse genus of geckos in the world (over 235 spe-
cies) and has a wide distribution spanning much
of India, the Himalayas, Southeast Asia and as far
south as Australia and Melanesia (Oliver, Richards
& Sistrom, 2012; Wood et al., 2012; Uetz, Freed &
Hosek, 2017). The two Solomon Island endemics occur
at the far eastern extremity of this wide distribution.
Cyrtodactylus salomonensis is a large species [~150-
mm snout—vent length (SVL)] widespread across the
archipelago (excluding the easternmost large island of
Makira) and phylogenetically nested within a complex
of taxa (the louisiadensis group) from the easternmost
portion of New Guinea (the Papuan Peninsula) and
surrounding islands to the south (Oliver et al., 2012;
Worthington-Wilmer & Couper, 2016). The second
much smaller (~90-mm SVL) species, Cyrtodactylus
biordinis, occurs in lowland forests (up to 700-m eleva-
tion) and is known only from the northwest coast of
Guadalcanal Island (Brown & McCoy, 1980; McCoy,
2006). Cyrtodactylus biordinis has a distinctive mor-
phology that suggests it is not closely related to any
other Melanesian Cyrtodactylus, in particular males

have two continuous femoral pore rows on each
hindlimb (all other Melanesian Cyrtodactylus have
one or no rows). Where these two species co-occur, field
observations indicate they are ecologically differenti-
ated, with the smaller species using small trees and
vines, while the larger is associated with large forest
trees (McCoy, 2006).

The wide distribution and phylogenetic relation-
ships of C. salomonensis indicate it has colonized
and radiated across the Solomon Islands relatively
recently (Worthington-Wilmer & Couper, 2016). In
contrast, the phylogenetic placement of the morpho-
logically distinctive C. biordinis has yet to be tested.
The unique morphology and much more restricted and
isolated distribution of C. biordinis suggest this taxon
may be a relict, possibly reflecting the historical iso-
lation of Guadalcanal. However, two converse hypoth-
eses are that while it is morphologically distinctive, C.
biordinis may have (1) evolved in situ from within the
outwardly different C. salomonensis or (2) colonized
the Solomon Islands more recently, and be allied to
other outwardly different taxa that occur nearby (for
instance eastern New Guinea). Resolving the phylo-
genetic relationships and history of C. biordinis, and
patterns of diversity within C. salomonensis, are key
steps towards addressing these questions. Recently, we
obtained tissue samples from C. biordinis for the first
time, as well as additional samples of C. salomonen-
sis from new localities and islands. Here, we use these
samples to determine the biogeographic history of
these two congeneric, but distinctively different line-
ages from the Solomon Islands. To give context to these
results, we also present a broad summary of available
information on the biogeographic origins and timing of
divergences in other endemic or near endemic lineages
from East Melanesia.

MATERIAL AND METHODS
SAMPLING

New tissue samples are stored in ethanol (liver) and
accessioned at the University of Kansas Biodiversity
Institute and in the Museum of Comparative Zoology
at Harvard University. We obtained sequence data
from seven C. biordinis (from two localities) and
23 C. salomonensis from 11 localities on six islands,
including new samples from Guadalcanal (not previ-
ously sampled), Choiseul and Malaita. To make our
sampling for all Cyrtodactylus taxa as complete as pos-
sible for potential source islands around New Guinea,
we also added new sequence data for a single sample
of Cyrtodactylus from Kai Island to the west of New
Guinea (sp. Kai Islands). All sequence data for mate-
rial from the Solomon Islands included in this study
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Figure 1. Solomon Island bent-toed geckos in life. A, adult female Cyrtodactylus salomonensis from Choisuel Island (MCZ
R-193032). B, adult male C. salomonensis from Malaita Island (KU 343700). C, juvenile C. salomonensis from Malaita Island
(KU 343690). D, juvenile Cyrtodactylus biordinis from Guadalcanal Island (KU 341118). All Photos by Scott Travers.

are summarized in Supporting Information, Table SI1.
For an overall alignment spanning the global diversity
of Cyrtodactylus, selected new sequences were aligned
with pre-existing data from Wood et al. (2012), Oliver,
Skipwith & Lee (2014) and Worthington-Wilmer &
Couper (2016) (Supporting Information, Table SI12).

SEQUENCING PROTOCOLS

We extracted DNA from liver samples using a Qiagen
DNeasy Blood and Tissue Kit following the manu-
facturer protocol. We used Sanger methods (Sanger,
Nicklen & Coulson, 1977) to sequence the mito-
chondrial ND2 gene and adjacent tRNAs (tRNA-trp
and tRNA-ala) and two nuclear genes, RAG-1 and
Phosducin. We sequenced these genes for compatibil-
ity with other phylogenetic studies on Cyrtodactylus
(Wood et al., 2012; Oliver et al., 2012; Worthington-
Wilmer & Couper, 2016). Polymerase chains reac-
tions (12.5 uL) were composed of 1x PCR buffer, 2 mM
MgClL, 0.2 mM of each dNTP, 1 uM of each primer
(listed in Supporting Information, Table SI3), 1.25 U
Taq polymerase and ~100 ng DNA (see Supporting
Information, Table SI3 for details of the primer
sequences). Polymerase chain reaction cycling condi-
tions were as follows: 94 °C for 2 min, 30 cycles of 94
°C for 30 s, 5658 °C for 45 s, 72 °C for 60 s and a 5-min
extension at 72 °C. We sequenced all PCR products in
two directions using an ABI PRISM 3730 Analyser

(Applied Biosystems) at Genewiz, Inc. (La Jolla, CA,
USA). We edited all sequences using Sequencher 5.0
(Gene Codes Corp., Ann Arbor, MI, USA).

PHYLOGENY AND GENETIC DISTANCE ESTIMATION

We estimated phylogenetic relationships using maxi-
mum likelihood (RAxML v.8.0.24; Stamatakis, 2014)
and Bayesian analytical approaches (BEAST v.1.8.0;
Drummond et al., 2012). To initially place the two
Solomon Islands taxa into a broader phylogenetic con-
text, we used a species-level data set (four genes, sin-
gle examplars of 91 taxa). For this alignment, we used
a three-partition strategy following previous analyses
of Melanesian Cyrtodactylus (Oliver et al., 2014) (mito-
chondrial first and second codons; mitochondrial third
codons; and nuclear genes) with all partitions given
the GTR + G model. Maximum likelihood trees were
estimated using the CIPRES data portal for online
phylogenetic analyses (http:/www.phylo.org/).

To visualize diversity and estimate relationships
among populations of the more widespread C. salo-
monensis, we ran an additional maximum likelihood
analysis of an mtDNA alignment including all sam-
ples of this taxon, related taxa in the Cyrtodactylus
louisiadensis group from the Papuan Peninsula, and
Cyrtodactylus equestris as an outgroup. We selected
partitions and models (three codons GTR + G; HKY
+ G; GTR + G) for this data set using the Bayesian
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information criteria as implemented in Partitionfinder
v.1.0.1 (Lanfear et al., 2012).

Genetic divergences (uncorrected p-distances) in the
mitochondrial ND2 gene between all samples from the
Solomon Islands and additional samples in the C. loui-
siadenisis group were calculated using MEGA v.7.0.20
(Kumar, Stecher & Tamura, 2016).

DIVERGENCE TIME ESTIMATION

All dating analyses were undertaken in BEAST v.1.8.0
(Drummond et al., 2012) using the uncorrelated log-
normal model, birth—death speciation prior, run for 20
million generations, sampling every 20000 with the
first 20% of trees discarded as burn-in. Initial BEAST
analyses focussed on the species-level combined
nuclear mitochondrial data sets. Dating calibrations
largely followed those used by Oliver et al. (2014) with
the addition of a broad normally distributed prior at
the base of Cyrtodactylus (mean 32, SD 5.0), derived
from a reanalysis of a five nuclear gene alignment
containing the majority of recognized gecko genera
and major lineages (see Gamble et al., 2015; Oliver et
al., 2017). We also ran this analysis with third codons
removed to see how the removal of these potentially
saturated sites affected date estimates.

To estimate time frames for divergence between lin-
eages of C. salomonensis occurring across the Solomon
Islands, we ran an additional dating analysis focussed
specifically on a mitochondrial data set for the C. loui-
siadensis group. Sampling was reduced to a single
example of each divergent lineage (including samples
from all major islands in the Solomon Islands), and
analyses were secondarily calibrated using the mean
height and 95% highest posterior distribution esti-
mates for the C. louisiadensis crown age estimated
from the species-level combined alignment with third
codons removed (10.7, 8.3—-13.4). All other settings and
partitioning strategies for this analysis were as indi-
cated above.

RESULTS

The species-level alignment includes 91 taxa or candi-
date taxa, including all but three of the 30 recognized
species from Australia and Melanesia. This species-
level data set supports previous work showing that
only two Cyrtodactylus lineages have successfully
crossed Lydekker’s Line into Melanesia (Fig. 2A, B).
One of these shows an estimated early Miocene split
from extralimital lineages and has diversified exten-
sively (at least 29 recognized taxa), while the other
includes only a single recognized Melanesian taxon,
and is less divergent from taxa occurring to the east.

A further widespread lineage of apparently specialist
island taxa occurs in close geographic proximity to this
region (including a newly sampled lineage from the
Kai Islands just to the west of New Guinea), but does
not appear to have crossed into Melanesia.

In all phylogenetic analyses, the two Solomon
Islands endemic taxa are placed in the strongly sup-
ported and moderately diverse radiation of Melanesian
and Australian Cyrtodactylus taxa. Within this clade,
the newly sampled C. biordinis is sister to all other
taxa, but with very weak support (Fig. 2A). When
weakly supported nodes were collapsed, C. biordinis
forms one of the nine well-supported lineages within
what appears to be a relatively rapid initial radia-
tion of Melanesian Cyrtodactylus (in addition to eight
lineages delineated by Oliver et al., 2012). As per the
previous analyses (Worthington-Wilmer & Couper,
2016), C. salomonensis is nested within a strongly sup-
ported lineage from the Milne Bay region of eastern
New Guinea (the louisiadensis group), specifically it
is inferred to be the sister lineage to a clade compris-
ing Cyrtodactylus epiroticus (Papuan Peninsula and
D’Entrecasteaux Islands) and C. louisiadensis (Sudest
Island).

The seven samples of C. biordinis from three sites
on Guadalcanal show very low genetic divergence
(uncorrected ND2 p-distances = 0.000-0.002). Within
C. salomonensis, both islands from which we had sam-
ples from multiple localities show evidence of much
deeper intra-island haplotypic diversity. Samples from
Malaita form a clade with moderate divergences (p-dis-
tances = 0.000-0.042), while three divergent lineages
(p-distance = 0.056-0.059) are identified on Choiseul,
of which one is more closely allied to a sample from
Bougainville than other localities from the same island
(p-distance = 0.030, bootstrap support 100). Samples
from New Georgia and Guadalcanal form a clade with
moderate support (maximum likelihood bootstrap
78, Bayesian posterior 0.99). All other relationships
between islands were unresolved (Figs 2D, 3). Samples
of C. salomonensis from all major islands (Fig. 2C, D)
are moderately divergent from each other. Excluding
closely related lineages on Bougainville and Choiseul,
average net between group mean divergences between
islands range from 0.037 to 0.077 (Table 1), approach-
ing the mean genetic divergence between other insu-
lar populations recognized as species in this species
complex (e.g. Cyrtodactylus murua and Cyrtodactylus
tripartitus = 0.068) (Table 2).

Date estimates based on the overall species-level
data set suggest C. biordinis diverged from all other
sampled taxa around the time of the initial diversi-
fication of the main Melanesian Cyrtodactylus radi-
ation in the early Miocene (Table 3). In the same data
set and analysis, C. salomonensis diverged from its
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Figure 2. A, Species-level chronogram for Cyrtodactylus estimated from combined data set using BEAST with major line-
ages colour coded according to the region in which they occur. B, overall distribution the genus Cyrtodactylus with major
regions of occurrence highlighted. C, genetically sampled localities with the Solomon Islands. D, maximum likelihood tree
for Cyrtodactylus salomonensis and allied taxa estimated from the ND2 sequences.

closest relatives in the late Miocene (Table 3). Given
the nesting of C. salomonensis within a cluster of other
species from Milne Bay, we interpret this as the max-
imum age estimate of the time of colonization in the
Solomon Islands from eastern New Guinea. Dating
analyses focussed on a mitochondrial alignment of the
C. louisiadensis group suggest an initial radiation of

lineages of C. salomonensis in the Pliocene and a rela-
tively rapid spread across the Solomon Islands (Fig. 3).

DISCUSSION

The isolated and endemic biota of the Solomon Islands
offers great potential for testing major questions about
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Table 1. Mean genetic divergences (p-distances) within and between islands and major lineages of Cyrtodactylus salo-
monensis in the Solomon Islands

ND2 p-distances between and within islands (Cyrtodactylus salomonensis)

Bougainville/

: Choiseul 1  Choiseul 2 Isabel New Georgia Guadalcanal Malaita
Choiseul 3
Bougainville/ 0.030
Choiseul 3
Choiseul 1 0.037 n/a
Choiseul 2 0.043 0.062 0.002
Isabel 0.058 0.077 0.069 n/a
New Georgia 0.059 0.077 0.057 0.074 0.000
Guadalcanal 0.049 0.062 0.053 0.062 0.053 n/a
Malaita 0.039 0.057 0.039 0.064 0.051 0.052 0.019

Bold values indicate intralineage divergences. n/a, not applicable.

how species form and biological communities develop phylogenetic data sets for understanding the early
(Mayr & Diamond, 2001). However, more baseline data evolutionary history of this archipelago (and other
are needed to assemble stronger biogeographic and island systems of Melanesia). Here, we show that two
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Table 2. Mean genetic divergences (p-distances) between Cyrtodactylus geckos in the louisadensis group, including

Cyrtodactylus salomonensis

ND2 p-distances between and within taxa

salomonensis klugei epiroticus  epiroticus louisiadensis murua robustus tripartitus equestris
A B
salomonensis 0.048
klugei 0.129 n/a
epiroticus A 0.060 0.125 0.016
epiroticus B¥  0.090 0.175 0.067 0.000
louisiadensis 0.114 0.166 0.106 0.134 n/a
murua 0.110 0.148 0.115 0.152 0.143 0.010
robustus 0.143 0.126 0.150 0.182 0.179 0.170  0.002
tripartitus 0.127 0.160 0.127 0.163 0.160 0.068 0.178 0.003
equestris 0.150 0.190 0.175 0.196 0.208 0.182 0.218 0.209 n/a

Bold values indicate intraspecific divergences. n/a, not applicable.
*Normanby Island.

Table 3. Age estimates (height and 95% highest posterior distribution) for key divergence events in Cyrtodactylus esti-
mated using the combined mitochondrial and nuclear gene alignment and secondary calibrations

Clade

All data No third codons

Cyrtodactylus (crown group)

Main Melanesian clade (crown group)
louisiadensis group (crown group)

Cyrtodactylus salomonensis (vs. nearest relatives)
Cyrtodactylus biordinis (vs. nearest relatives)

37.4 (32.0-42.2)
21.1(17.8-25.2)
11.7 (9.6-14.0)
8.0 (6.5-9.7)
21.1(17.8-25.2)

40.0 (33.9-45.9)
20.4 (16.6-25.6)
10.7 (8.3-13.4)
7.7 (5.7-9.9)
17.2 (13.6-21.2)

All estimates are in Mya.

endemic lizards in the Solomon Islands have contrast-
ing patterns of distribution, diversity and divergence.
One is a relatively ancient relict with a restricted dis-
tribution, while the other is more recent colonist that
has spread and diversified across islands.

A MELANESIAN INSULAR RELICT BIOTA?

Some of the world’s most spectacular and rapid radia-
tions have occurred on the islands of the Pacific, espe-
cially some of the more isolated islands (Wagner &
Funk, 1995; Moyle et al., 2009; Chiba, 2010). However,
many Pacific islands, especially those closer to larger
continental landmasses, are also home to distinctive
relict lineages — moderately to deeply divergent taxa
with low species diversity — that are geographically dis-
junct from (or even completely lack) close living rela-
tives (Ota, 1998; Grandcolas, Nattier & Trewick, 2014).

Here, we found that C. biordinis is a relict species of
uncertain biogeographic origin that probably diverged
from all other living relatives in Melanesia around
the early Miocene. A growing number of phylogenetic
studies are providing similar evidence for divergent
and endemic lineages in East Melanesia (Table 4). This

includes relict lineages endemic to single islands (this
study), and more widespread taxa either endemic to
specific archipelagos (Lucky & Sarnat, 2010; Skinner,
Hugall & Hutchinson, 2011, Lavery et al.,2014) or occur-
ring across archipelagos (Oliver et al., 2016; Strickland
et al.,2016). Divergence dates for the separation of these
taxa from nearest relatives in Australia/New Guinea
generally date to the mid- to late-Miocene. Thus, while
many endemic taxa are probably more recently derived,
there is growing evidence for an older insular fauna
potentially predating the major accretion and uplift of
the much larger nearby landmass of New Guinea in the
later Miocene (Hall, 2002; Cloos et al., 2005).

Within the Solomon Islands, the high islands of
Guadalcanal (and Bougainville) show notable levels of
endemism, especially for lizards, birds and mammals
(Flannery, 1995; McCoy, 2006; Dutson, 2012). However,
while many of these endemics occur in montane habi-
tats, the four endemic lizard species currently known
only from Guadalcanal (including C. biordinis) have so
far only been reported from lower elevations, suggest-
ing montane gradients have not played a role in the
diversification of these taxa (although high elevation
habitats in Guadalcanal are poorly explored). These
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divergent or endemic lowland lineages on Guadalcanal
may reflect differing histories of uplift and isolation
of key islands through the Miocene. The Solomon
Islands are a montage of obducted crustal units with
separate geological histories that occurred in two
phases (62-24 Mya and 7 Mya—present; Petterson
et al., 1999; Hall, 2002). The Solomon Islands initially
formed as the Pacific Plate was subducting westward
beneath the Australian Plate in the Mid-Oligocene (c.
40 Mya) along the Vitiaz Trench. Guadalcanal (with
Choiseul) is part of this initial ‘old’ island arc. In the
early Late Miocene (c. 12 Mya), there was a reversal
of subduction that drove the formation of a second arc
that includes the New Georgia and Russell groups
(Petterson et al., 1999; Hall, 2002; Polhemus, 2007,
2008). These data suggest that Guadalcanal could be
older than the surrounding islands; however, in the
face of this complex geology, how and when different
fragments of the Solomon Islands became subaerial
still remains uncertain. Some islands containing the
oldest rocks may not have been subaerial the long-
est: Isabel and Malaita have basement rocks that are
~120 Mya, but apparently did not emerge as subae-
rial islands until the Miocene (c. 6 Mya). In contrast,
Choiseul and Guadalcanal may have been emergent
since at least the Miocene but have basement rocks
that are < 100 Mya (Petterson et al., 1999). Further
dated phylogenies for other endemic taxa may provide
an alternative means to better resolve the history of
isolation and uplift of key islands.

Another, not necessarily exclusive, hypothesis for
the restricted distribution of C. biordinis is that spe-
cies interactions may have played a role. For instance,
it has been suggested that larger lizards may displace
smaller congeners in sympatry (especially on islands)
[e.g. Roughgarden & Pacala, 1989 (but see Losos, 1992);
Rocha, Posada & Harris, 2013]. Ancestral state recon-
structions also suggest that Melanesian Cyrtodactylus
lineages have independently evolved large body size
from smaller ancestors relatively recently in their radi-
ation (Oliver et al., 2014). Unfortunately, given that
there are only two taxa in the example studied here, it
is difficult to test these ideas further, although better
data on inter-island variation in body size and shape,
habitat usage and ecology may provide some insight.

PLIO-PLEISTOCENE DIVERGENCES WITHIN THE
SOLOMON ISLANDS

In contrast to Cyrtodactylus biordinis, C. salomon-
ensis is widespread and clearly nested within a
complex of taxa occurring at the far eastern edge of
New Guinea and surrounding islands in Milne Bay
Province, Papua New Guinea (Worthington-Wilmer
& Couper, 2016). The only large island from which

this taxon has not been reported is Makira, the most
geographically distant island from likely source areas
for colonists to the west (i.e. present day New Guinea
and Australia). Makira was not connected by recent
glacial sea-level fluctuations to other large islands
(Neall & Trewick, 2008; Polhemus et al., 2008; Lavery
et al., 2016). This isolation is likely reflected in both
Makira’s large number of endemic birds (Danielsen
et al., 2010; Dutson, 2012), insects (Greenslade, 1969)
and other genetically distinct subspecific lineages
(Pulvers & Colgan, 2007; Uy, Moyle & Filardi, 2009;
Andersen et al., 2014), and depauperate fauna for
other terrestrial vertebrate groups (e.g. frogs; Pikacha
et al., 2008).

Across the islands where C. salomonensis is present,
genetic structuring and molecular dating analysis
suggests rapid spread during the Pleistocene, fol-
lowed by periods of isolation sufficient to cause mod-
erate diversification across (and in some cases within)
major islands. Cyrtodactylus salomonensis shows
variation in colour pattern that may provide fur-
ther evidence of differentiation (Fig. 1; McCoy, 2006),
although in many areas (such as Malaita) this appears
to be within, not between, populations (S. L. Travers,
pers. observ.). Similar moderate genetic structuring
and morphological divergence across major islands,
or paleo-island complexes, has been detected in other
widespread Solomon Islands species or ‘super-species’
(Table 4), including other lizards (Hagen, Donnellan
& Bull, 2012; Klein et al., 2016), bats (Pulvers &
Colgan, 2007), butterflies (Toussaint et al., 2016)
and especially birds (Filardi & Smith, 2005; Smith &
Filardi, 2007; Uy et al., 2009; Andersen et al., 2013,
2014). Broadly, while geographic patterns vary across
these taxa, overall levels of genetic and morphologi-
cal differentiation between allopatric populations all
show relatively recent (i.e. Plio-Pleistocene) expan-
sion and divergence (Table 4). Importantly, this ten-
dency towards post-Miocene diversification within
the Solomon Islands is observed across both old rel-
ictual lineages that have subsequently diversified
(see above) and those inferred to have colonized more
recently. This common pattern suggests that while
some lineages may have longer history in the general
region, biotic assemblages across the Solomon Islands
have largely developed their current configuration
since the end of the Miocene.

DISPERSAL, COLONIZATION AND DIVERSIFICATION
IN A HYPERDIVERSE GENUS

Recent work on Cyrtodactylus in different parts of the
range has presented evidence for numerous evolution-
ary processes in shaping the substantial phyletic diver-
sity of this genus, including parallel niche evolution
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(Grismer et al., 2015), shifts in macroevolutionary
regimes (Oliver et al., 2014) and ecological plasticity
coupled with refugial dynamics (Worthington-Wilmer
& Couper, 2016). In Melanesia, distributional data
suggest that Cyrtodactylus have been less effective at
dispersal than other co-occcuring gecko genera, most
of which extend further across the Solomon Islands
(including Makira) and well out into the Pacific.
This suggests that while Cyrtodactylus can clearly
disperse, they are apparently less able to do so than
many other gekkonine taxa (at least in Melanesia),
probably increasing the likelihood of speciation by
geographic isolation (Weeks & Claramunt, 2014). Of
the many islands inhabited by Cyrtodactylus in east-
ern Melanesia, Guadalcanal is thus far also one of only
two instances of sympatry [the other being C. louisia-
densis (133 mm) and Cyrtodactylus klugei (143 mm)
on Sudest Island in the Louisiade Archipelago] (Kraus,
2008). This further suggests a dominant role of disper-
sal and geographic isolation in shaping Cyrtodactylus
diversity (at least in insular Melanesia); however, fur-
ther work on the roles of ecological diversification and
species interactions is certainly warranted.

CONCLUSION

For 50 years, biogeographers have focussed on East
Melanesia as a model region to ask questions about
how lineages diversify, and especially how biotic com-
munities are assembled; however, the history of these
communities has remained largely unexamined. Here,
a summary of available phylogenetic data suggest
that islands with associated endemic lineages may
have been present in Melanesia since at least the
early Miocene. However, in situ diversification within
Eastern Melanesia tends to be much younger, sug-
gesting that while an earlier biota may have present,
extant communities may largely be explained by geo-
logical and biological processes since the late Miocene.
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