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Abstract

New Caledonia is a tropical hotspot of biodiversity with high rates of regional and local endemism. Despite offering an ideal setting
to study the evolution of endemism, NewCaledonia has received little attention compared with the other nearby hotspots, particularly
New Zealand. Most studies of the Neocaledonian endemism have been carried out at the regional level, comparing the various groups
and species present in New Caledonia but absent in neighboring territories. In addition, remarkably high short-range endemism has
been documented among plants, lizard and invertebrates, although these have usually been done, lacking a phylogenetic perspective.
Most studies of Neocaledonian endemism have referred to the geological Gondwanan antiquity of the island and its metalliferous soils
derived from ultramafic rocks. Very old clades are thought to have been maintained in refugia and diversified on the metalliferous
soils. The present study documents the pattern of diversification and establishment of short-range endemism in a phylogenetic context
using the Neocaledonian cockroach genusLauraesilpha. Mitochondrial and nuclear genes were sequenced to reconstruct phylogenetic
relationships among the species of this genus. These relationships, in the light of the species distribution, do not support the hypothesis
that species diversified via an adaptive radiation on metalliferous soils and are not consistent with areas of highest rainfall. Species of
Lauraesilpha have similar altitudinal ranges and ecological habits and are short-range endemics on mountains. What our analysis did
reveal was that closely related species are found on nearby or contiguous mountains, and thus these formations probably played the
key role establishing short-range endemism (in association with recent climatic changes).

� The Willi Hennig Society 2008.

New Caledonia is widely recognized as a biodiversity
hotspot (Myers et al., 2000). In addition to high species
richness relative to its small size (about 19 000 km2), it
shows an exceptional level of endemism. Seventy-six
percent of plant species (Lowry, 1998; Morat et al.,
2001), 86% of reptiles (Bauer, 1999), and up to 100% of
many invertebrate groups (Holloway, 1979; Chazeau,
1993; Haase and Bouchet, 1998; Najt and Grandcolas,
2002) are endemic. This island also harbors numerous
endemics restricted to small areas (‘‘short-range endem-
ics’’), either on peculiar soils or mountains. However,
most of this short-range endemism has been docu-
mented from botanical inventories and taxonomic

revisions of invertebrate groups, and very few phyloge-
netic analyses have been undertaken to understand the
pattern and timing of diversification of these Neocale-
donian endemics (Good et al., 1997; Setoguchi et al.,
1998; Pintaud and Jaffré, 2001; Murienne et al., 2005;
Balke et al., 2006, 2007; Smith et al., 2007). Although
little is known about the origins of local endemism, three
main hypotheses have been advocated to explain them;
the factors these hypotheses invoke lead to different
predictions about any phylogenetic analysis of Neocale-
donian endemics.

The first factor is soil diversity, specifically the
metalliferous laterites derived from ultramafic rocks.
New Caledonia was submerged and covered by the
oceanic lithospheric mantle during the Eocene and a
terrain of ultramafic rocks developed on the whole
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island during this period (Clarke et al., 1997; Aitchison
et al., 1998; Cluzel et al., 2001; Rawling and Lister,
2002; Crawford et al., 2003). These rocks were later
eroded and the pedogenesis gave birth to metalliferous
and nickel-rich soils (Paris, 1981; Crawford et al., 2003).
These soils have been often mentioned as an adaptive
explanation for the occurrence of local endemism and
richness in different groups of plants and animals
(Holloway, 1979; Haase and Bouchet, 1998; Lowry,
1998; Bauer and Sadlier, 2000; Pintaud and Jaffré,
2001). Distributional and phylogenetic patterns result-
ing from this adaptation to metalliferous soils should
typically substantiate radiations of species occurring on
such soils with a smaller sister-group occurring on other
soils, as currently assumed for Araucaria trees (Setogu-
chi et al., 1998).

A second causal factor that has been mentioned is the
mountainous landscape and its orogeny. It can be
invoked as a generator of endemism in conjunction with
temperature and rainfall, as has been done with New
Zealand’s ranges (Trewick et al., 2000; Chinn and
Gemmell, 2004). Interestingly, the Neocaledonian orog-
eny is much older than New Zealand’s, dating back to the
last major subduction events between 44 and 34 MYA.
New Caledonian landscape is highly partitioned by
several distinct groups of mountains that form a complex
central chain, culminating in several places at more than
1600 m (Paris, 1981). If mountains played a role in the
establishment of short-range endemism, species should be
restricted to particular mountains and their phylogenetic
relationships should reflect the geographic connections
existing among the different parts of the central chain.

Climatic conditions vary considerably by elevation,
western versus eastern slopes and other local particu-
larities (Orstom, 1981). In this context, local mountain-
ous areas presently receiving the highest rainfall have
been seen as potential refuges for forest species during
the driest periods of the Pleistocene (Pintaud et al.,
2001). If climatic conditions have been more important
in determining the endemism, an overlying relationship
should be found between local climate and species
relationships.

In order to better understand the pattern of diversi-
fication of the New Caledonian biota, we examined one
local endemic radiation. The cockroach genus Laurae-
silpha Grandcolas, 1997 (Insecta: Blattaria) belongs to
the family Blattidae, subfamily Tryonicinae (Grandc-
olas, 1996, 1997), but see Klass and Meier (2006) for an
alternative placement. Lauraesilpha cockroaches are
small, flightless, wood-eaters, endemic to New Caledo-
nian rainforests (Grandcolas, 1997; Grandcolas et al.,
2002) and cockroaches is a useful group for studying
endemism in New Zealand (Trewick, 2000; Chinn and
Gemmell, 2004) and in New Caledonia (Pellens, 2004;
Murienne et al., 2005). The number of Lauraesilpha
species occurring without sympatry on an island only

400 km long is remarkably high when compared with
other tropical cockroach groups in which species have
larger distributions (Grandcolas, 1994; Grandcolas and
Pellens, 2008) but remarkably similar to observations of
Neocaledonian species distributions in the cockroach
genus Angustonicus (Pellens, 2004; Murienne et al.,
2005). Lauraesilpha provides a good opportunity to
study a Neocaledonian diversification with respect to
metalliferous soils, mountains and climate. To under-
stand the pattern of diversification in light of these
three potentially causal factors, we sampled the genus
Lauraesilpha on the New Caledonia mainland, and
sequenced mitochondrial and nuclear genes. Using the
resultant molecular phylogeny, we tested the following:
(1) if Lauraesilpha diversified as an adaptive radiation
on metalliferous soils, in which case we would find
monophyletic groups of species on similar soils; (2) if
species have diversified in relation to mountains, leading
to species from the same mountain chains forming
monophyletic groups independently of the substrate; or
(3) if species have diversified mainly in climatic areas of
highest rainfall, in which case species would form
monophyletic groups according to rainfall-dependent
refuges as hypothesized by Pintaud and Jaffré (2001).

Materials and methods

Sampling

Lauraesilpha is distributed across the Neocaledonian
mainland (Grande Terre). Several species were found to
be short-range endemics, but locally abundant where
dead wood was in sufficient quantity for their xyloph-
agous habits (Grandcolas et al., 2002). To assess their
distribution patterns, Lauraesilpha were searched be-
tween 1994 and 2005 from 32 localities chosen to
contrast soil types, mountains and climates (Table 1).
Collecting locations, species distributional data, taxon-
omy and information on morphological diversity can be
found in Grandcolas (1997), Grandcolas et al. (2002)
and Murienne et al. (2008). The sampling strategy
includes sites with different altitudes for the same broad
locality in order to check species delimitation (specimens
from the same mountain should form a monophyletic
group). Only larvae have been collected from the
mountain Mandjélia and are here referred to as
‘‘Lauraesilpha sp1’’. Also, as Mt Moné is part of the
Koghis chain, the specimen from Mt Moné is not
mapped independently from those of the Koghis
mountains sensu stricto. Lauraesilpha angusta (Chopard,
1924) from Mt Ignambi has not been included in the
molecular study as the specimens were too old to
provide useful DNA. Our analysis thus includes all
known Lauraesilpha species except one. Outgroups
represent the large and worldwide family Blattidae:

2 J. Murienne et al. / Cladistics 24 (2008) 1–11



three species endemic to New Caledonia (two species of
Tryonicus and one of Angustonicus sampled at the same
time), one species distributed in Oceania and Australia
(Melanozosteria soror) and the cosmopolitan Periplaneta
americana. The distribution of ultramafic rocks and
corresponding metalliferous soils has been checked from
the relevant and abundant literature (e.g., Latham et al.,
1978; Orstom, 1981; Paris, 1981; Chevillotte et al.,
2006), as well as for climate and orography from
detailed maps (Orstom, 1981). Maps have been obtained
using DIVA-GIS (Hijmans et al., 2002) with the
geo_3az data (Generalized geology of Australia and
New Zealand, US Geological Survey, Denver, CO,
USA) and the worldclim data (Hijmans et al., 2005).

DNA extraction, amplification and sequencing

The molecular markers 12S and 16S rRNA, classically
used for studying cockroaches and other insects (Kamb-
hampati, 1995; Kambhampati et al., 1996; Murienne
et al., 2005), and the H3 gene were utilized in this study
in accordance with preliminary tests showing that this
combination yielded the highest phylogenetic resolution.

A DNeasy Tissue Kit (Qiagen, Valencia, CA) was
used for tissue lysis and DNA purification. Ready-To-
Go polymerase chain reaction Beads (GE Healthcare,
Piscataway, NJ) were used for amplifications. The
12Sai ⁄12Sbi primers (Kambhampati, 1995) were used

to amplify a fragment of approximately 420 bp from the
12S rRNA region of the mtDNA. The 16SA ⁄16SB
primers (Kambhampati, 1995) were used to amplify a
fragment of approximately 500 bp from the 16S rRNA
region of the mtDNA. The H3aF ⁄H3aR primers
(Svenson and Whiting, 2004) were used to amplify a
fragment of approximately 400 bp from the H3 protein-
encoding nuclear gene. Flanking regions were cropped
in order to avoid missing data in the less clean regions.
Each 25 lL reaction contained 1 lL of each 10 mm

primer, 2 lL of template and 21 lL of water. Reaction
mixtures were heated to 94 �C for 5 min, followed by 35
cycles of 94 �C (15 s), 50 �C (15 s) and 72 �C (15 s), and
then a final extension of 72 �C (7 min) on MJ Research
Peltier Thermal Cyclers (MJ Research Inc., Waltham,
MA). Polymerase chain reaction products were purified
using AMPure magnetic bead purification (Agencourt
Bioscience Corp., Beverly, MA) on a Biomek NX robot
(Beckman Coulter, Fullerton, CA). Amplification prod-
ucts were then sequenced in both directions. Each
reaction mixture contained 1 lL BigDye (Applied Bio-
systems), 1 lL of 3.2 mm primer, 1 lL BigDye Extender
Buffer (Applied Biosystems) and 5 lL of DNA tem-
plate. Sequencing reactions ran for 25 cycles of 96 �C
(15 s), 50 �C (15 s) and 60 �C (4 min). Sequences were
purified using CleanSeq magnetic bead purification
(Agencourt Bioscience Corporation) on a Biomek NX
robot (Beckman Coulter) to remove unincorporated

Table 1
Sampling localities and GenBank accession number of the specimens included in this study. Sampling has been made in 32 localities. Only those
where Lauraesilpha was found are shown. Species on ultramafic soils are indicated in bold.

Species Locality Latitude Longitude Altitude 12S rRNA 16S rRNA H3

P. americana Cosmopolitan – – – U17805 U17806 AF370816
M. soror Australasia – –- – U17793 U17794 EU486055
A. amieuensis New Caledonia )21.6100 166.7500 – AJ870995 AJ870994 EU486056
Tryonicus sp1 New Caledonia )20.5578 164.7916 330 m EU486010 EU486033 EU486057
Tryonicus sp2 New Caledonia )20.3968 164.5322 800 m EU486011 EU486034 EU486058
L. sp1 Mandjélia )20.4017 154.5236 685 m EU486012 EU486035 EU486059
L. paniensis Mt Panié )20.5588 164.7846 550 m EU486013 EU486036 EU486060
L. paniensis Mt Panié )20.5578 164.7916 330 m EU486014 EU486037 EU486061
L. chazeaui Aoupinié )21.1565 165.3189 545 m EU486015 EU486038 EU486062
L. chazeaui Aoupinié )21.1768 165.2691 1000 m EU486016 EU486039 EU486063
L. koghiensis Mt Moné )22.1648 166.5111 850 m EU486017 EU486040 EU486064
L. koghiensis Mts Koghis )22.1813 166.5115 500 m EU486018 EU486041 EU486065
L. heteroclita Rivière Bleue – – 200 m EU486019 EU486042 EU486066
L. vulcania Pic Vulcain )21.9167 166.3667 600 m EU486020 EU486043 EU486067
L. antiqua Mt Mou – – 1200 m EU486021 EU486044 EU486068
L. antiqua Mt Mou )22.0620 166.3444 1165 m EU486022 EU486045 EU486069
L. antiqua Mt Mou )22.0752 166.3353 445 m EU486023 EU486046 EU486070
L. do Mt Do )21.7491 166.0035 948 m EU486024 EU486047 EU486071
L. dogniensis Plateau de Dogny – – 850 m EU486025 – EU486072
L. dogniensis Plateau de Dogny )21.6289 165.8651 270 m EU486026 EU486048 EU486073
L. mearetoi Mé Aréto )21.6041 165.774 710 m EU486027 EU486049 EU486074
L. mearetoi Mé Aréto – – 680 m EU486028 EU486050 EU486075
L. mearetoi Mé Aréto )21.5903 165.7829 520 m EU486029 EU486051 –
L. unio Table Unio )21.5647 165.7686 540 m EU486030 EU486052 EU486076
L. unio Table Unio )21.5576 165.7717 850 m EU486031 EU486053 EU486077
L. unio Table Unio )21.5576 165.7717 1000 m EU486032 EU486054 EU486078
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primers and dyes. Products were re-suspended in 40 lL
of 0.5 mm EDTA and were electrophoresed in an ABI
Prism 3730xl sequencer (Applied Biosystems).

Phylogenetic analyses

Phylogenetic analysis was carried out using Direct
Optimization (Wheeler, 1996) with the software POY 3.0
(Wheeler et al., 2002). To maximize explanatory power
(Kluge, 1989; Nixon and Carpenter, 1996), we analyzed
all three loci simultaneously. 12S rRNA and 16S rRNA
were treated under direct optimization and H3 treated as
prealigned (after alignment according to the protein
sequence). The analyses were performed using a subclus-
ter of eight processors of theMNHNparallel cluster. The
analysis began by generating three random addition
sequences (RAS) per random replicate for 10 replicates.
These 30 replicates were improved with tree bisection
reconnection (TBR) branch swapping during the
searches, an additional round of TBR branch swapping
of all trees within 0.5% of the shortest tree(s) found per
replicate (slop 5), 50 ratchet (Nixon, 1999) replicates (five
rounds in each of the 10 replicates with ratchetper-
cent 10, ratchetseverity 3 and ratchettree
2), and treefusing (Goloboff, 1999) (fuselimit 100,
fusemingroup 5, fusemaxtrees 100). In addition,
all resulting trees within 1.0% of the shortest trees were
examined in an additional round of TBR branch swap-
ping (checkslop 10). Bootstrap frequencies (Felsen-
stein, 1985) and Bremer support (Bremer, 1988) were
calculated with PAUP* (version 4.0b10; Swofford, 2002)
and TreeRot (version 2; Sorenson, 1999) based on the
resulting implied alignment. In order to assess the nodal
stability (Giribet, 2003), we explored different parameter
sets for gaps, transversion and transition (weights applied
are indicated as XXX). In addition to equal weighting, we
used 211, 221 and 421.

Static parsimony analyses were performed using
PAUP* after alignment of the 12S and 16S with
Clustal_X (Thompson et al., 1997). Gaps were treated
as fifth state. Heuristic searches with RAS and TBR
were followed by 1000 bootstrap replicates. For the ML
analyses, the best-fit model was chosen using mraic.pl
(version 1.4; Nylander, 2004) and phyml (Guindon and
Gascuel, 2003) was then used with the fitting model with
base frequencies estimated by maximum likelihood,
Ts ⁄Tv ratio estimated, four substitution rate categories
with the G distribution parameter estimated. Results
obtained for the different partitions are mentioned for
the record.

Results

Lauraesilpha specimens were collected from abundant
populations in dead wood at 12 of the 32 localities

explored (Table 1). This distribution suggests that the
genus is totally absent in dry sclerophyllous forests and
‘‘maquis’’ (a low and sparse vegetation with shrubs) and
is present only in evergreen rainforests within the
observed altitudinal range of 270–1165 m. These ever-
green rainforests typically consist of only angiosperm
trees (even when heavily disturbed by humans, e.g.,
Plateau de Dogny), mixed forests with Araucariaceae
and angiosperms (e.g., Mt Mou, 1200 m), or heath
forest fragments with a cover predominantly formed by
Araucaria and Nothofagus trees (e.g., Mt Do). The
analysis of the combined data set under direct optimi-
zation with poy led to two equally parsimonious trees of
659 steps (consistency index, CI ¼ 0.74 and retention
index, RI ¼ 0.82, consensus shown in Fig. 1). The
general topology was not altered by variations of the
parameter set even if few nodes were collapsed.

Our phylogeny strongly supports (bootstrap 100%)
the hypothesis that Lauraesilpha is monophyletic and
sister to the genus Tryonicus (Fig. 1). Within Lauraesil-
pha, three main clades supported by very high bootstrap
values are inferred: a clade from the central chain (Mt
Aoupinié), which is sister to a clade consisting of a
monophyletic group of species from northern chain of
Panié (L. sp1 and L. paniensis) and another monophy-
letic group of species from all over the southern regions
(all remaining species from Col d’Amieu to Rivière
Bleue). Some species occurred on metalliferous soils
only in the southern clade (Fig. 2) but not as a
monophyletic group (five of eight species in the southern
clade and five of 10–11 in the whole genus). If living on
metalliferous soils is considered as a character state, its
parsimonious optimization on the tree implies one
origin ancestral to the southern clade and two reversals
or one reversal followed by a second reversal toward the
ancestral state in L. do. In each region, specimens from
the same mountains always clustered together regardless
of elevation, and nearby or contiguous mountains
harbored close relatives. For example, L. dogniensis,
L. mearetoi, L. unio and L. do were close relatives and
actually distributed over the same group of mountains
(Fig. 3). The same pattern was found for species found
between Mt Mou and Rivière Bleue, which were close
geographically and formed a monophyletic group
(Figs 1 and 3). Annual rainfall did not match the
distribution of Lauraesilpha species, which are distrib-
uted in places of diverse climates within the tropical
rainforests.

After alignment with Clustal_X, 12S rRNA, 16S
rRNA and H3 genes had, respectively, 92, 114 and 49
parsimony informative characters, for a total length of
366, 416 and 231 characters. The base composition was
35.7% A, 14.0% C, 14.1% G, 36.7% T for mitochon-
drial genes and 21.6% A, 31.3% C, 26.2% G, 20.9% T
for the nuclear gene. As expected for insects, the
sequences were AT rich for mitochondrial genes. In a
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static homology framework (alignment with clustal_x

followed by tree-search with PAUP*) with equal
weighting, the parsimony analysis led to one tree of
682 steps with CI ¼ 0.75 and RI ¼ 0.82, which was
identical to one of the dynamic homology one (poy

analysis), even with 23 extra steps. In this topology, the
L. unio trichotomy was resolved with a sister group
relationship between L. unio 550 m and L. unio 1000 m.
For the combined 12S rRNA, 16S rRNA and H3, the
best-fit model was GTR + G. ML analysis resulted in a

topology with lnL ¼ )4315.93, which was identical with
the parsimony analysis results. The final parameters
estimates were as follows: base frequencies A ¼ 0.34,
C ¼ 0.17, G ¼ 0.16, T ¼ 0.33, a¼ 0.277. Separate
analyses of the three included genes all gave the same
general topology with three major clades (South, Center
and North as specified in Fig. 1). However, mitochon-
drial and nuclear genes do not agree on the basal
relationship of those clades. The nuclear gene favors
a basal position of the northern clade, whereas

Fig. 1. Strict consensus of the two equally parsimonious trees obtained by POY with equal weighting. Bootstrap and Bremer values are indicated on
nodes. Species occurring on ultramafic soils are indicated in bold. Distribution in New Caledonia (Grande Terre) is indicated in the sidebar.
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mitochondrial genes favor a basal position of the central
clade. This could be attributed to conflicting lineage
sorting in the earliest history of the genus or to the small
number of informative characters for this particular
node. We show the total tree resulting from the
combined analysis of all available data (Fig. 1).

Discussion

Importance of ultramafic rocks

Metalliferous soils derived from ultramafic rocks
represent only 1% of the emerged land on Earth
(Broock, 1984) but cover about a third of New
Caledonia. These rocks were formed during the obduc-
tion of the oceanic lithospheric mantle in the Eocene
(Avias, 1967; Paris, 1981; Crawford et al., 2003) and at
that time they covered the entire surface of New
Caledonia. Owing to subsequent erosion, however,
ultramafic rocks became restricted to the southern
region and a number of small patches in the North.
The combination of low nutrient and high nickel
concentration in the ultramafic soils derived from these
rocks provides a distinctive environment, which could

have influenced biotic diversification (Jaffré, 1980). This
environment was generally thought to have provided a
refuge for ‘‘archaic’’ Gondwanan organisms, which
would have otherwise disappeared through competition
with more recent groups colonizing the island (Thorne,
1965; Morat et al., 1986), although this view has been
challenged repeatedly (de Kok, 2002 for a review). The
most spectacular example thought to support this
hypothesis is found in the family Araucariaceae where
13 of the 19 species of Araucaria in the world are
endemic to New Caledonia, 10 of which are found only
on ultramafic soils (Setoguchi et al., 1998). Ultramafic
soils may have also played a role in the diversification of
the fauna, either directly through the influence of the
soils or indirectly through the specialized vegetation.
The influence of rock type on diversification may more
strongly impact animals affected by the particular
chemistry of metalliferous soil, via the water from rivers
or streams, the plants or their dead organic matter for
phytophagous or saprophagous animals, such as the
xylophagous Lauraesilpha (Holloway, 1979; Bauer,
1989; Bauer and Sadlier, 2000; Boyd et al., 2006).

Such a scenario for the origin of the endemism in New
Caledonia would be supported in a particular group
of organisms if they had significantly more species

Mandjélia

Ignambi

Mt Panié

Aoupinié

Mé Aréto

Table Unio

Plateau de Dogny

Mt Do

Pic Vulcain

Rivière Bleue

Mt Mou

Mts Koghis

Ultramafic rocks
overthrusted during Eocene

N

Fig. 2. Geological map showing the distribution of species and the location of ultramafic soils in New Caledonia. Circles represent site where species
of Lauraesilpha have been found and squares sites where species have not been found. Locations on ultramafic soils are indicated in bold.
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associated with ultramafic soils than with other soils,
and the group found on ultramafic soils was monophy-
letic. This is not the case for Lauraesilpha. According to
Fig. 1, the stem species that has acquired the habit of
living on metalliferous soils has differentiated into five
species having retained this habit. This could be
interpreted as a radiation in the Southern clade, but
considering the small number of species, it is impossible
to test statistically if there has been a radiation on
ultramafic soils. There is also evidence for several shifts
between regions with or without metalliferous soils as if
these changes do not have any adaptive significance. In
light of the fact that only a limited number of species
have radiated on ultramafic soils and that there has been
multiple shifts between the soils, it is difficult to
conclude that an adaptive radiation on metalliferous
soils alone is responsible for the diversification of the
genus.

Our results do not agree with previous generalizations
about endemism in New Caledonia, which often refer to
adaptive radiations on ultramafic soils, and they call for
a re-examination of these earlier case studies. It is
interesting that except for the exemplary case of

Araucaria (Setoguchi et al., 1998), other case studies on
the relationships between endemism and ultramafic soils
have been less decisive. For example, the phylogenetic
analysis of two subtribes of palms had equivocal results
vis-à-vis the ultramafic soils, and Pintaud and Jaffré
(2001) concluded that some endemism on this substrate is
also partly due to factors unrelated to the edaphic
conditions. More generally, comparing the different
vegetation on ultramafic rocks in the tropical Far East
(Proctor, 2003), it appears that species richness and
endemism are highly variable. Based on the phylogeny of
Lauraesilpha, we show that some locally endemic species
occurred on ultramafic rocks but that a major part of the
diversification of the clade cannot be assumed to be
related to these particular soils. As with certain groups of
plants, other factors need to be invoked to fully explain
the patterns of endemism in Lauraesilpha.

Importance of mountains

We have shown that specimens of Lauraesilpha from
the same mountains always fall into the same clades.
This is true for Mt Aoupinié (545 m and 1000 m),

0 - 350

350 - 450

450 - 650

650 - 900

900 - 1510

Altitude (m)

Mandjélia

Ignambi

Mt Panié

Aoupinié

Mé Aréto

Table Unio

Plateau de Dogny

Mt Do

Pic Vulcain

Mt Mou

Mts Koghis

Rivière Bleue

0

kilometers N

100

Fig. 3. Simplified topographic map of New Caledonia showing the distribution of species in relation to mountains. Species occurring on ultramafic
soils are indicated in bold.
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Mt Panié (330 m and 550 m), Mt Mou (445 m, 1165m
and 1200 m), Plateau de Dogny (270 and 850 m), Mé
Aréto (520 m, 680 m and 710 m) and Table Unio
(540 m, 850 m and 1000 m). This clustering by moun-
tain occurs even for spatially close individuals that are
on different peaks, such as those from Mé Aréto and
Table Unio, which are only 5.5 km apart ‘‘as the crow
flies’’. Several closely related species (forming a sister-
group relationship) appear to have exclusive connec-
tions (see Fig. 3). This was true for Mandjélia–Mt
Panié, Plateau de Dogny–Mt Do and Pic Vulcain–Mt
Mou. However, the phylogenetic position of some
species does not fit a scenario where the mountains
played such a role in the diversification of the clade. For
example, we expected species from Pic Vulcain and Mt
Mou to cluster with species from Mt Koghis and Rivière
Bleue. However, the Pic Vulcain–Mt Mou clade is more
closely related to species from which they are separated
by much lower elevation. It appears that if we look at a
global scale, we cannot conclude that mountains and the
shape of the landscape have played a major role in the
diversification of the genus. On the other hand, if we
look at a local scale, mountains seem to have played a
part in the establishment of microendemism.

Microendemism is frequently associated with moun-
tains (Kruckeberg and Rabinowitz, 1985). Mountains
play an important and complex part as the association of
altitude with climatic variations can cause diversification
(Trewick et al., 2000; Calsbeek et al., 2003; Chinn and
Gemmell, 2004). In particular, climatic variations are
supposed to promote diversification by allopatric speci-
ation related to niche conservatism (Wiens, 2004). In this
case, an ancestral species is displaced to higher altitudes
by the expansion of drier climates at lower altitudes (e.g.,
Hope and Pask, 1998) and the populations become
separated on each mountain (provided that the ecolog-
ical preferences of the species did not change). After
separation, isolation in several descendant species
occurred on each mountain. This scenario is favored
when related species on different mountains show the
same ecological range in terms of altitudinal distribution
and environment use. Phylogenetic and distributional
patterns of Lauraesilpha species have therefore led us to
conclude that the mountains have played a part in their
establishment of microendemism. Given the ecological
homogeneity of the genus and the absence of an obvious
relationship with present climatic parameters, the origin
of microendemism can be attributed to speciation by
isolation on different mountains following previous
climatic variations. At present, Lauraesilpha species are
no longer geographically separated on mountains as
they occur from peaks to low elevations and must be
assumed to have speciated during previous isolation
event. A more refined sampling along mountain chains
and a population genetic approach could allow testing of
this hypothesis. If past drying of lowland habitats

resulted in allopatric speciation with various populations
of Lauraesilpha isolated on mountain top refugia, we
should be able to detect range expansion of populations
(from high elevation to low elevation) in the different
species. This approach could also be informative about
the identity of Lauraesilpha sp1.

Importance of climatic refuges

Allopatric speciation could have also occurred with
respect to climatic variations leading to forest fragmen-
tation and the creation of forest refuges (Haffer, 1969;
Bush, 1994). In this later scenario, hypothesized by
Pintaud et al. (2001) for Neocaledonian palms, short-
range endemic species are supposed to occur only in
those limited areas with the highest rainfalls. The genus
Lauraesilpha occurs too widely in New Caledonia to
provide support for such a scenario and the monophy-
letic groups of species shown by our analysis do not
correspond to particular climatic areas.

Conclusions

The situation exposed here is very similar to that
described for the cockroach genus Angustonicus in New
Caledonia (Murienne et al., 2005) and the Neocaledo-
nian cricket genus Agnotecous (Desutter-Grandcolas
and Robillard, 2006). These genera similarly include
short-range endemic species in tropical rainforests with
allopatric distributions and no obvious ecological dif-
ferences. In the case of Angustonicus, the recent age of
the diversification was assessed by its basal split between
species from the New Caledonian mainland and the
more recent coraline Loyalty Islands. These previous
studies of Neocaledonian insects, as well as the present
study, contrast with molecular results obtained from
other animals such as geckos (Rhacodactylus), the
diversification of which took place 15 million years
ago and resulted in much wider and partly sympatric
distributions (Good et al., 1997; Bauer et al., 2004).

Even if Lauraesilpha diversification is similar in many
aspects to the situation of the cockroach as analyzed by
Chinn and Gemmell (2004) in New Zealand, they are
not entirely analogous. Chinn and Gemmell (2004)
studied the radiation of 10 species of Celatoblatta in
South Island, New Zealand. They observed a relation-
ship between ecological change and phylogenetic differ-
entiation that was interpreted as a consequence of recent
mountain building. These results differ from the present
study where Lauraesilpha species seem to have remained
with a stable but large ecological range. The environ-
ment is different as well, for New Zealand has experi-
enced both strong cooling and a recent orogenesis
(Trewick et al., 2000), which could have shaped the
cockroach diversification.
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New Caledonia has often been portrayed as a
‘‘museum’’ of biodiversity, housing species of old
lineages and low extinction rates (Stebbins, 1974),
particularly plants (see Lowry, 1998 for a review).
Accordingly, short-range endemism and local diversifi-
cation were most often assumed to result from the
diversity of metalliferous soils, mountains and ⁄or cli-
matic heterogeneity (Holloway, 1979; Morat et al.,
1986; Chazeau, 1993; Haase and Bouchet, 1998; Lowry,
1998; Setoguchi et al., 1998; Bauer and Sadlier, 2000).
Many different organisms other than plants are also
known to have distributions correlated to particular
soils, such as butterflies, mollusks and lizards
(Holloway, 1979; Haase and Bouchet, 1998; Bauer and
Sadlier, 2000). Clearly, Lauraesilpha cockroaches do not
appear to have diversified according to soils or climatic
refuges and mountains seems to have only played a part
on a very local scale.
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Calédonie. Notice explicative no. 78. Office de la Rercherche
Scientifique et Technique Outre Mer (ORSTOM), Paris.

Lowry, P.P., 1998. Diversity, endemism, and extinction in the flora of
New Caledonia, a review. In: Peng, C.I., Lowry, I.I.P.P. (Eds.),
Proceedings of the International Symposium on Rare. Threatened
and Endangered Floras of Asia and the Pacific Rim, pp. 181–206.
Academia Sinica, Taipei, Taiwan.

Morat, P., Veillon, J.-M., Mackee, H.S., 1986. Floristic relationships
of New Caledonian rainforest phanerogams. Teleopea 2, 631–679.
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Systématique et endémisme en Nouvelle-Calédonie, Mém. Mus.
Nat. Hist. Nat., 187. Publications Scientifiques du Muséum.
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genre en Nouvelle-Calédonie. Zoosystema 26, 307–314.
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