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ABSTRACT
Placostylus is a genus of large terrestrial pulmonate snails distributed in the western Paci�c, with endemic species in New Zealand, 
Solomon Islands, Fiji, New Caledonia, Vanuatu, Papua New Guinea and Lord Howe Island. In New Caledonia, as elsewhere, the 
taxonomy of Placostylus has been poorly resolved with more than 100 species being described in the 1900’s. Recent revisions have 
indicated that despite considerable variance in shell morphology among populations, the New Caledonian fauna consists of far 
fewer species (< 10). All are threatened to a greater or lesser extent by habitat loss and predation by introduced mammals and 
humans. Two species in particular remain important food sources for local people, P. �bratus and P. porphyrostomus, and these are the 
subject of intense research focussed at conserving the taxa and maintaining a traditional food source via culturing and protection. 
Even within these two taxa substantial morphological variation exists among populations. We used mitochondrial DNA sequence 
to survey diversity and phylogeny within these two species across their geographic range, and to elucidate their relationship to 
other Placostylus in New Caledonia and beyond. We �nd evidence of three clades among these two species with P. porphyrostomus 
being paraphyletic with respect to P. �bratus. We also �nd evidence of recent interspeci�c hybridisation in the form of haplotype 
sharing. Movement of snails by people might explain this pattern of exchange. Comparison of sequence data from New Caledonian 
Placostylus and representatives of the genus from New Zealand and Lord Howe Island, indicate that the New Caledonian radiation 
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En Nouvelle-Calédonie, comme ailleurs, la taxonomie de Placostylus a été pauvrement traitée avec plus de 100 espèces décrites 
au siècle dernier. Des révisions récentes indiquent qu’en dépit d’une variation considérable dans la morphologie de la coquille 
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1996; Wade et al.



426 STEVE



427PHYLOGENY OF PLACOSTYLUS LAND SNAILS

RESULTS

S EQUENCE  DIVERSITY

We analysed aligned, unambiguous sequences of 618 bp and 420 bp respectively for COI and 16S from a total of 
55 individuals of three species. Analysis of COI base composition gave nucleotide frequencies of A = 0.31, C = 0.11, 
G = 0.13, T = 0.44. Translation of COI nucleotide sequence to amino acid sequence revealed little variation and no 
frame shifts or stop codons that might indicate the presence of nuclear copies. However, among the New Caledonian 
sequences, a serine/alanine substitution distinguished the clade D haplotypes (P. caledonicus) from all others, and an 
isoleucine/valine substitution distinguished the clade C and D haplotypes from the rest. 16S nucleotide frequencies 
were A = 0.36, C = 0.16, G = 0.11, T = 0.36. Overall AT composition averaged 73% for these mitochondrial DNA 
sequences.

Among the 55 snails sequenced for part of the COI gene we found 30 haplotypes (A1-7, B1-18, C1-3 & D1-2). 25 
snails sequenced for 16S yielded 18 haplotypes. Two COI haplotypes (D1-D2) were found only in the three individuals 
of P. caledonicus ampli�ed. The A2 haplotype was found in two individuals of P. �bratus and two of P. porphyrostomus 
from the Isle of Pines but at different locations (Table 1). The C1 haplotype was found in four P. �bratus individuals 
from Forêt Nord and one P. porphyrostomus individual from Pindaï, both sites on Grande Terre. Haplotype sharing 
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FIG. 3. NJ tree of COI sequences from all N
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FIG. 4. NJ Phylogenies of New Caledonia Placostylus COI (left) and 16S (right) haplotypes. ML bootstrap values for 16S are shown at nodes. Dotted lines 
indicate difference in clade position of COI and 16S haplotypes from Forêt Nord P. �bratus PS53 and PS56. Thin dotted line indicates the alternative COI 
sequences obtained for PS53.

0.005 substitutions/site

PS39

PS31

PS38

PS43

PS44

PS60

PS14

 PS59

 PS30

PS21

PS18

PS46

PS25

 PS20

PS35

 PS29

 PS16

 PS50

PS48

 PS53

PS56

PS64

PS63

PS70

 PS680.01 substitutions/site

A1 PS39

A3 PS43

A2 PS38

A4 PS44

A5 PS60

A6 PS14

A7 PS59

B14 PS35

B13 PS17

B10 PS25

B6 PS16

B7 PS18

B8 PS46

B9 PS26

B11 PS20

B12 PS22

B1 PS30

B2 PS23

B3 PS21

B4 PS24

B5 PS34

B15 PS29

B16 PS48

B17 PS50

B18 PS53

C1 PS53

C1 PS56
C2 PS64

C3 PS63

D1 PS70

D2 PS68

COI 16S

Clade A

Clade C

Clade B

Clade D

C



431PHYLOGENY OF PLACOSTYLUS LAND SNAILS

GENETIC  DIVERSITY

We found relatively high genetic distances within New Caledonia with the overall pattern of genetic variation 
being characterised by higher among population variation than within population variation (Table 2). Pairwise 
genetic distances (TrN + I) between P. caledonicus and other New Caledonian samples ranged from 0.18 to 0.23 
indicating prolonged separation, while reaching only 0.012 within the P. caledonicus clade. Among clade variation for 
P. porphyrostomus and P. �bratus (clades A-C) ranged from 0.073 to 0.13, while within clade variation ranged from 
0.001 to 0.063. Comparison of sequences from New Caledonian species with outgroup Placostylus (New Zealand, 
Three Kings Islands, Lord Howe) indicate genetic distances between 0.38 and 0.084 (TrN + I) (Table 2).

DISCUSSION
Our analyses support the monophyly of the New Caledonian taxa surveyed in relation to outgroup taxa from Lord 

Howe and New Zealand, and other helicoidean pulmonates (Fig. 2). The topology revealed by Bayesian and MP analyses 
with multiple New Caledonian taxon representatives is consistent with that obtained by Ponder et al. (2003) using 
a single P. �bratus sample. There is a clear split between the New Zealand P. hongi/P. ambagiosus and New Zealand 
Three Kings P. bollonsi radiations. Intriguingly, the New Zealand, Lord Howe and Three Kings Islands Placostylus are 
apparently basal to the New Caledonian radiation. This pattern hints at an unexpected northward directionality in 
dispersal of Placostylus among these islands, but further analysis with additional data and outgroup taxa is required 
to test this. Our data indicate that the Lord Howe P. bivaricosus is not the product of anthropogenic introduction from 
New Zealand or New Caledonian stock as has been speculated (Ponder et al. 2003).

We observed similar levels of within and among species pairwise distance estimates with K2P model in the New 
Caledonian and New Zealand snail radiations. Within species diversity averaged < 0.1 while between species genetic 
diversity was > 0.2. Estimates with more parameter rich models of DNA evolution return much higher inferred distances 
in comparisons of sequences from New Caledonian and outgroup Placostylus (> 0.6 Trn + I). Among our sample, the 
P. caledonicus specimens from Koumac formed a basal branch in all trees. COI haplotypes from P. caledonicus differed 
from P. �bratus and P. porphyrostomus haplotypes by between 0.18 and 0.23 (TrN + I).

DNA sequences from P. �bratus from the Isle of Pines grouped with P. �bratus sequences from Ouvéa in clade B, and 
include the dwarf morphotype from Gossanah. Placostylus �bratus from the Loyalty Islands (Ouvéa) and Forêt Nord 
(Grande Terre) are distinguished from the Isle of Pines P. �bratus as distinct genetic lineages. These lineages deserve 
further treatment and consideration as distinct units for conservation purposes. Of the sixteen clade B haplotypes 
sequenced, two were shared by P. �bratus individuals from more than one location on the Isle of Pines. One of these 
shared haplotypes (B14) was present in both the giant and typical morphotypes of P. �bratus, while the other (B11) 
involved P. �bratus individuals of the typical morph from two locations (Touete and Vao).

DNA sequences from individuals of P. porphyrostomus fall into two distinct groups: the small forms from the dry 
forests of central New Caledonia (Poya and Nékoro) group with the samples from the Isle of Pines (Kere, Kanuméra, 
Gadgi) in clade A. In contrast, COI and 16S DNA sequences from P. porphyrostomus obtained from the dry forest 
site at Pindaï form a separate clade (C), although some closely related COI sequences from Forêt Nord P. �bratus 
individuals group with these. The clustering with Forêt Nord P. �bratus
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APPENDIX 1. Pairwise genetic distances using Kimura-2-parameter (lower left) and Trn + I (upper right). Boxes indicate clades. GeneBank accession numbers 
are indicated for non-New Caledonian samples.




