
 

© The Norwegian Academy of Science and Letters • Zoologica Scripta, 

 

32

 

, 5, September 2003, pp415–435

 

415

Glaubrecht, M. & von Rintelen, T. (2003). Systematics, molecular genetics and historical
zoogeography of the viviparous freshwater gastropod 

 

Pseudopotamis

 

 (Cerithioidea, Pachychi-
lidae): a relic on the Torres Strait Islands, Australia. — 

 

Zoologica Scripta

 

, 

 

32,

 

 415–435.
Freshwater snails of the genus 

 

Pseudopotamis

 

 Martens, 1894 exemplify one of the most enig-
matic distributional patterns among limnic organisms in Australasia. These viviparous
cerithioidean gastropods are endemic to the Torres Strait Islands, located on the Sahul shelf
corridor between Australia and New Guinea. The occurrence of the two constituent species
is highly restricted: 

 

P. supralirata

 

 (Smith, 1887) on Prince of Wales Island, and 

 

P. semoni

 

 Mar-
tens, 1894 on Hammond Island. Long recognized erroneously as members of the heteroge-
neous, polyphyletic and widespread Thiaridae, morphological and molecular data presented
here reveal that the taxon has to be placed within Pachychilidae, a family otherwise absent
from Australia. Comparison with other South East Asian pachychilids, in particular 

 

Brotia

 

H. Adams, 1866, 

 

Tylomelania

 

 Sarasin & Sarasin, 1897, and 

 

Jagora

 

 Köhler & Glaubrecht, 2003
suggests that 

 

Pseudopotamis

 

 is most closely related to taxa endemic to Sulawesi (Celebes), thus
occurring disjunctly about 2000 km to the west of the Torres Strait. It is only with the Sulawesi
pachychilids that 

 

Pseudopotamis

 

 shares its peculiar uterine brood pouch. Consequently, all
pachychilid taxa east of the much-debated Wallace’s line (east of Bali, Borneo and the Philip-
pines) possess this uterine incubatory structure. In this paper the historical background of the
discovery, the taxonomic history, and an evaluation of the systematic position of 

 

Pseudopotamis

 

is provided, including molecular genetic data (genes of cytochrome c oxidase subunit I and 16S
ribosomal DNA). Finally, based on the phylogenetic assignment and the recent distribution,
implications for a historical biogeography are discussed utilizing a recently developed model
for the palaeogeography in Australasia. According to these available data, we favour early
vicariant event(s) over recent dispersal.
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Introduction

 

In the last two decades of the 19th century, two German
travellers and naturalists, Otto Finsch (1839

 

−

 

1917) and
Richard Semon (1859

 

−

 

1918), independently visited the remote
Torres Strait Islands between Australia and New Guinea. On
Prince of Wales and Hammond, respectively, both collected
series of a freshwater gastropod that differs considerably in
shell morphology and reproduces viviparously. Accordingly,
they were described by the German malacologist Eduard von
Martens as constituting species of the new genus 

 

Pseudo-
potamis

 

. Martens (1894) correctly recognized that they are
clearly distinguishable from other limnic Cerithioidea

traditionally assigned to the heterogeneous family Thiaridae,
which until well into the first half of the 20th century was
erroneously referred to as ‘Melaniidae’ (for a review of the
systematics of limnic Cerithioidea see Glaubrecht 1996,
1999).

Since its initial discovery, 

 

Pseudopotamis

 

 has only occasion-
ally been encountered on the islands in the Torres Strait, to
which it is restricted. With little further mention in the liter-
ature, the existence of this apparently endemic limnic gastro-
pod has fallen into oblivion. In volume 8 of the 

 

Zoological
Catalogue of Australia

 

 published in 1992, B. J. Smith (1992:
75) assumed the type material of 

 

P. finschi

 

 Martens, 1894 and
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P. semoni

 

 Martens, 1894 to be lost. Other material present in
museum collections is limited, mainly comprising small
series of shells originally collected by Finsch. Accordingly,

 

Pseudopotamis

 

 has largely been ignored by malacologists as
well as biogeographers; its highly restricted and isolated
occurrence remains enigmatic, particularly with respect to its
phylogenetic relationships and zoogeography.

Not surprisingly in the absence of anatomical investiga-
tions, the systematic placement of this limnic genus long
remained unknown. Following the earliest authors (E. A.
Smith 1887; Martens 1894), this taxon was mostly assigned to
the heterogeneous ‘Melaniidae’, later Thiaridae. However,
Sarasin & Sarasin (1898: 8) in their study on limnic gastro-
pods from Sulawesi (Celebes) suggested describing all
pachychilid gastropods endemic to the island as ‘palaeomel-
anians’, thus distinguishing them from other members of
the ‘melaniid’ group (i.e. the ‘neomelanians’). Consequently,
based on its multispiral operculum they considered 

 

Pseudo-
potamis

 

 to be close to the palaeomelanians. However, they
refrained from making a final decision based on generic affin-
ities and only listed several pachychilid genera with multi-
spiral opercula, for example the South East Asian 

 

Brotia

 

 Adams,
1866 and 

 

Sulcospira

 

 Troschel, 1857 as well as taxa from Mada-
gascar, Africa and South America (for a recent systematic
treatment of the former taxa see Köhler & Glaubrecht 2001,
2002).

Thiele (1925: 83) at first treated 

 

Pseudopotamis

 

, together with

 

Brotia

 

 and others, as a member of his subfamily Melanatriinae
within the Thiaridae. However, he later (Thiele 1929: 190)
considered 

 

Pseudopotamis

 

 to be a subgenus of 

 

Brotia

 

; in this he
was followed by Wenz (1938: 688). Iredale (1943: 209) listed
it as separate genus among Thiaridae. Morrison (1954),
although departing significantly from earlier concepts by
dividing the ‘melaniids’ into several independent families,
still considered 

 

Brotia

 

 to be a member of the Thiaridae. B. J.
Smith (1992: 75–76; 1996: 23–24) regarded 

 

Pseudopotamis

 

 as
a subgenus of 

 

Brotia

 

 among the Thiaridae.
Only recently has the traditional concept of Thiaridae

 

sensu lato

 

 as well as the systematic placement of 

 

Brotia

 

 and
closely related taxa been re-evaluated, based on ongoing
phylogenetic studies (Glaubrecht 1996, 1998, 1999, 2000a;
Köhler & Glaubrecht 2001; Lydeard 

 

et al

 

. 2002; Glaubrecht

 

et al.

 

 unpubl. data). According to these analyses, several mono-
phyletic lineages within the superfamily Cerithioidea have
been identified, representing presumably independent
colonizations of limnic habitats. Supported by morphological
and molecular evidence, this new systematization suggests
that the traditional Thiaridae 

 

s. l.

 

 are polyphyletic and that
the Pachychilidae, among others with 

 

Brotia

 

 and 

 

Pseudo-
potamis

 

 as Oriental and Australasian members, represent a
distinct clade, presumably being the sister group to the
Melanopsidae.

This perception of the Thiaridae 

 

s. l.

 

 as representing a
heterogeneous and polyphyletic assortment of limnic
cerithioidean lineages underscores the necessity to revise the
systematic affinity of the Australian 

 

Pseudopotamis

 

, not only
among other Australian nonmarine thiarids, but also in rela-
tion to the remaining taxa of the widely disjunct Asian pachy-
chilids

 

.

 

 Given its suggested systematic placement, the highly
isolated occurrence of 

 

Pseudopotamis

 

 is even more striking,
since it is more than 2000 km east of the closest known
area of putative relatives, i.e. pachychilid taxa on Sulawesi
(

 

Tylomelania

 

 Sarasin & Sarasin, 1897), 

 

Brotia

 

 on Java, Borneo
and mainland SE Asia as well as 

 

Jagora

 

 Köhler & Glaubrecht,
2003 on the Philippines (see Rintelen & Glaubrecht 1999;
Glaubrecht 2000a; Köhler & Glaubrecht 2001, 2002, 2003).

As part of an ongoing systematic revision of pantropical
freshwater Cerithioidea in general and the Australian Thiari-
dae in particular, the first author visited the Australian
Museum in Sydney. There he found preserved material in the
collection that provides greater insight into the morphology
and systematic affinity of the constituent species of 

 

Pseudo-
potamis.

 

 The reportedly missing types have also been found,
in the malacological collection of the Natural History Museum
in Berlin

 

.

 

 In this paper all available material of 

 

P. supralirata

 

E. A. Smith, 1887, 

 

P. finschi

 

 Martens, 1894 and 

 

P. semoni

 

 Mar-
tens, 1894 is re-evaluated, and the conchology re-described
in comparison with the types. We also present data on the
anatomy, ecology and distribution of these taxa. Our mor-
phologically based conclusions are supported by molecular
data gained from recently collected fresh material.

Following the preliminary phylogenetic placement we
discuss the main zoogeographical implications, based on a
recently developed synthesis of Indo-Australian palaeogeo-
graphy. Since biogeographers have only very rarely utilized
limnic gastropods as case studies, one aim of the present
paper is to outline some of the challenges in explaining recent
biological and geological evidence relevant to the natural his-
tory of these putative molluscan relics of Gondwanan origin.

 

Materials and methods

 

Materials

 

This account is based on the examination of all type material
and other specimens in the collection of the Natural History
Museum in Berlin (ZMB) and BMNH, supplemented by
material from other museum collections (see details under
the species). From some dry shell series, including the syn-
type material in ZMB, we gained additional parts of dried
soft-bodies and radulae extracted from the shells. In addition
to a small series of 

 

Pseudopotamis

 

 found in AMS with only
some soft bodies partly preserved, new material collected in
May 2002 by the authors (deposited in ZMB with vouchers
in AMS) was crucial for allowing molecular data to be inte-
grated with other pachychilid sequence data.
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Examination of the morphology

 

Dimensions of shells and protoconchs were measured with
callipers to 0.1 mm using standard procedures (for details see
Glaubrecht 1996), and analysed using SPSS for Windows
(version 9.0). Anatomy was studied using a stereo microscope
with camera lucida; a detailed histological study of the gonoduct
including the uterine brood pouch will be published elsewhere.
Extracted radulae were macerated at about 60 

 

°

 

C in a solution
of 5% KOH, cleaned using ultrasound, rinsed in distilled
water and mounted for SEM examination with a Jeol FSM
6300.

Due to the abbreviation or loss of early ontogenetic stages
in viviparous freshwater Cerithioidea, a distinct and abrupt
sculptural transition from the larval or primary shell (=
protoconch) to the adult or secondary shell (= teleoconch) is
lacking. Therefore, the term ‘protoconch’ as generally applied
to oviparous forms is not necessarily comparable to the con-
ditions found among viviparous gastropods. Consequently,
we prefer the more general term ‘embryonic shell’ for all
shelled stages in the brood pouch. Measurements of the
embryonic shell follow the methods and terminology
described in Glaubrecht (1996: 28, 298). Height (he), width
(we) and maximum diameter at one whorl (de) were taken
from scanning electron micrographs.

 

Molecular genetics and sequence analysis

 

DNA was purified from about 1–2 mm

 

3

 

 of tissue from the
feet of specimens preserved in ethanol by CTAB extraction
(Winnepenninckx 

 

et al.

 

 1993). Polymerase chain reaction
(PCR) was used to amplify two mitochondrial gene frag-
ments, a region of 

 

∼

 

710 bp at the 5

 

′

 

 end of the cytochrom c
oxidase subunit I gene (COI) and a 

 

∼

 

890 bp region of the 16S
ribosomal gene. PCR was performed in 25 

 

µ

 

L volumes con-
taining 1X Taq buffer, 1.5 mm MgCl

 

2

 

, 200 

 

µ

 

m each dNTP,
1–2.5 U Taq polymerase, c. 100 nm DNA and ddH

 

2

 

O up to
volume on a Perkin Elmer GeneAmp 9600 or 2400 thermo-
cycler. After an initial denaturation step of 3 min at 94 

 

°

 

C,
cycling conditions were 35 cycles of 1 min each at 94 

 

°

 

C, 45–
53 

 

°

 

C, and 72 

 

°

 

C, with a final elongation step of 5 min.
Primers used were LCO 1490 5

 

′

 

-1490GCTCAAC-
AAATCATAAAGATATT-3

 

′

 

 and HCO2198 var. 5

 

′

 

-TAWA-
CTTCTGGGTGKCCAAARAAAT-3

 

′

 

 (Folmer 

 

et al

 

. 1994;
modification of HCO2198 by A. B. Wilson) for COI, and
16SF 5

 

′

 

-CCGCACTTAGTGATAGCTAGTTTC-3

 

′

 

 (A. B.
Wilson) and H3059-Inv 5

 

′

 

-CCGGTYTGAACTCAGAT-
CATGT-3

 

′

 

 (Palumbi 

 

et al

 

. 1991) for 16S, respectively. PCR
products were purified with QiaQuick PCR purification kits
(Qiagen) following the standard protocol. Both strands of the
two genes were cycle sequenced with the original primers
using ABI Prism BigDye terminator chemistry and visual-
ized on an ABI Prism 377 automated DNA sequencer. The
resulting sequence electropherograms of both strands were

corrected manually for misreads and merged into one sequence
file using BioEdit Version 5.0.1 (Hall 1999).

COI sequences were aligned manually and checked by
translating the DNA sequences into amino acids in DAMBE
4.0.75 (Xia & Xie 2001) using the genetic code for inverte-
brate mitochondrial DNA. The ribosomal DNA sequences
were aligned with ClustalX 1.8.1 for Windows (Thompson

 

et al

 

. 1997) using default settings. The resulting alignment
was corrected manually. Ambiguous regions that could not be
aligned consistently were excluded from subsequent analyses,
reducing the data by 139 bases. A combined data set was build
by concatenating sequences. Pairwise distances were calcu-
lated with 

 

PAUP

 

* (Swofford 1999). Phylogenetic trees were
reconstructed using distance (neighbour joining (NJ), Saitou
& Nei 1987) and maximum parsimony (MP) methods as
implemented in 

 

PAUP

 

*. NJ analyses were conducted using the
random initial seed option to break ties. The HKY85 model
of nucleotide substitution was used to correct for multiple
substitutions (Swofford 1999). The robustness of inferences
was assessed through bootstrap resampling (using 1000
bootstrap replicates) (Felsenstein 1985). In the MP analyses,
the heuristic search algorithm was employed with 10 random
additions of taxa and tree bisection–reconstruction (TBR)
branch swapping. Gaps were treated as fifth base. All other
settings were left at default values. Support for nodes was
estimated by bootstrap resampling (100 replicates) with one
random addition per replicate. The sequences are accessible
via GenBank (accession numbers AY172451, AY172453,
AY172442, AY172443, AY242949, AY 242972).

 

Abbreviations

 

Repositories

 

AMS Australian Museum, Sydney
BMNH The National Museum (Natural History), London
(formerly British Museum of Natural History)
MCZ  Museum of Comparative Zoology, Harvard University,
Cambridge, MA
MHNG Muséum d’Histoire Naturelle, Genève
MNHN Muséum Nationale d’Histoire Naturelle, Paris
USNM National Museum of Natural History, Smithsonian
Institution, Washington D.C.
ZMB Museum für Naturkunde, Humboldt University,
Berlin (formerly Zoologisches Museum Berlin)

 

Conchological measurements

 

bw — body whorl, de — diameter of embryonic shell, shell
h — shell height, he — height of embryonic shell, la — length
of aperture, nw — number of whorls, w — width of shell,
wa — width of aperture, we — width of embryonic shell.
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Otto Friedrich Hermann Finsch (1839–1917) was one of the
most active naturalists in the Australasian and South Sea
regions during the second half of the 19th century. Included
among his various collections are c. 23 000 molluscs from his
first journey to the South Sea. During his extensive travelling
and collecting between 1879 and 1882 in the South Pacific,
Finsch also visited Australia and New Guinea; in 1881 he
spent some time on the Torres Strait Islands, especially on
Thursday Island (Fig. 1).

According to his letters preserved in the 

 

Handschriften

 

archives of the Museum für Naturkunde in Berlin, Finsch
made several excursions to Prince of Wales Island (then also
called ‘Morilug’) between September and November 1881,
where he collected some freshwater gastropods new to
science (see notes in Finsch 1882: 561–562; 1899: 15, 75, 153).
This material was sent to the Museum, in fulfillment of a con-
tract in connection with financial support for Finsch’s travels.
It was originally inventoried as 

 

Melania wallacei

 

 Reeve, 1859
between late 1882 and 1883 by the malacologist and then
curator Eduard von Martens (1831–1904).

Later, Martens (1894: 86–87) described these gastropods
as 

 

Pseudopotamis finschi

 

 together with a second species,

 

P. semoni

 

, collected by and named in honour of Richard
Semon. Semon (1859–1918) was a student of Ernst Haeckel,
the German evolutionist and early defender of Darwin’s
evolutionary theory, and went on to become a professor of
zoology in Jena. He was particularly interested in the embry-
ology of so-called missing links, such as platypus, echidna and
lungfish, and regarded Australia as the ‘the land of the living
fossils’, where he travelled and collected from 1891 to 1893.
Between February 13 and April 4 1892, Semon stayed on
Thursday Island, where all ships stopped en route while trav-
elling between Europe and Australia’s east coast. During this

stay, he also visited nearby Hammond Island where he found
unusual freshwater gastropods (Semon 1896).

For the two taxa 

 

finschi

 

 and 

 

semoni

 

 Martens (1894) created
the new generic name 

 

Pseudopotamis

 

, considering 

 

finschi

 

 as
being typical (see below under the genus). He apparently
based his description of the genus as well as of the type
species on a manuscript written by the Swiss malacologist and
melaniid expert Auguste-Louis Brot (1821–1896). Brot was
henceforth occasionally cited as author of the manuscript
name (see e.g. Sarasin & Sarasin 1898; Thiele 1925, 1929),
thus creating some nomenclatorial confusion. According to
Martens’ (1894) statements, Brot first recognized and named
this new taxon from the Torres Strait Islands, but did not
publish an account. Therefore, Martens (1894: 86) ‘felt
obliged’ to present a description and figures of the new
genus and species, utilizing the names Brot had suggested
earlier. Brot’s material of ‘

 

finschii

 

’ [sic] is still extant in the
collection of the Muséum d’Histoire Naturelle, Genève. It
comprises two series with six and seven shells, respectively,
both listing ‘Morilug’ as locality and Finsch as collector
(albeit without a date).

Despite intensive research, it is not fully clear to us whether
Brot received this material either directly from Finsch or via
Martens from the Museum in Berlin. However, we favour the
second alternative for two reasons. First, it is unequivocally
indicated by the correspondence of Finsch deposited in the
ZMB archives (

 

Handschriftenarchiv

 

) that he sent his material
directly to the Museum. According to his letters, the molluscs
in question were sent shortly after November 1881, along
with other material. Second, we also found evidence in the
archives for a direct contact of Martens and Brot in Berlin in
early 1882. A letter written by Martens on March 11 1882 to
Brot in Geneva implies that Brot visited Martens and the

Fig. 1 Occurrence of Pseudopotamis supralirata
(E. A. Smith 1887) and P. semoni Martens, 1894
on the Torres Strait Islands between Australia
and New Guinea. AUS — Australia, CY —
Cape York Peninsula, F — Friday Island, H
— Hammond Island, T — Thursday Island,
PW — Prince of Wales Island.
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Berlin collection immediately after the latter received Finsch’s
material from Australia: ‘Je suis très charmé de l’idée que
vous viendrez à Berlin et il me sera un plaisir de Vous montrer
tout ce que au va quelque interet pour vous’ [I am very
pleased by the idea of you visiting Berlin and it will be a pleas-
ure to show you everything you might find of interest]

 

.

 

 This
provides a strong hint that the shells collected by Finsch and
later named 

 

Pseudopotamis

 

 were shown and perhaps loaned
to Brot as an expert for ‘melanians’ on the occasion of this
1882 visit. However, unfortunately no other source further
substantiates any loan to Brot (Finet, pers. comm.). Thus,
the evidence for Brot’s original manuscript describing taxa of

 

Pseudopotamis

 

 remains circumstantial.
Both Brot and Martens were in any event unaware of the

fact that E. A. Smith (1887) at the BMNH in London had
already given a brief description of these gastropods from
Prince of Wales Island as 

 

Melania supralirata.

 

 His account was
based on a sample that had been sent to him by John Brazier
from the Australian Museum in Sydney, together with some
other limnic molluscs (Brazier was working up the material
from the Chevert Expedition to Torres Strait; W. Ponder,
pers. comm.). Although Smith presented no figure, his diag-
nosis of the shells with characteristically angulated whorls
and the evaluation of the type material (see below) leave no
doubt that 

 

supralirata

 

 is conspecific with Martens’ 

 

finschi

 

 and,
thus, the former name predates the latter.

 

Systematics

 

Family PACHYCHILIDAE Troschel, 1857

 

This family of limnic Cerithioidea is characterized by mainly
elongated, high-spired and strong shells, with or without
spiral and axial sculpture formed in various ways and degrees;
generally with a holostome aperture, only the lower (= ante-
rior) rim slightly expanding into a very shallow, broad gutter,
but never pronouncedly siphostome. Operculum oval to round
and multispiral, with a more or less central nucleus. Genital
groove, often pigmented, extends on the right side of the
head-foot beyond the right tentacle. Mantle edge smooth,
with folds (and sometimes pronounced flap) on anal side.
Salivary glands expanded, overlying as flat lobes the posterior
part of the buccal mass. Nervous system with long cerebral
commissures and suboesophageal ganglion closely adjacent
to the left pleural ganglion; many statoconia. Most distinctive
very long and strong radula ribbon, possessing a more or less
squarish to round rachidian with median glabella (‘Rampe’)
on the face and strong cusps at the upper edge, mostly of the
3/1/3 formula. Laterals with median glabella, separated from
relatively short lateral extensions; mostly one pronounced
major cusp flanked by smaller tapering ones. Marginal teeth
with somewhat kneed stalks and only a few cusps. Pallial
oviducts open with diverse formation of various pouches
(spermatophore bursa, receptaculum seminis) in the median

lamina to which open sperm gutters lead (Fig. 5E). Some
members are viviparous (

 

e.g. Brotia

 

 s. l.), others are oviparous
(Pachychilus, Potadoma, Melanatria). Discussion of the distin-
guishable features and rationale for the assignment of Pseu-
dopotamis to this family, as well as its relationships, is provided
within Phylogenetic relationships, below.

Genus Pseudopotamis Martens, 1894
Pseudopotamis Martens, 1894: 86, figs 4−7.
Pseudopotamis Martens, 1894 – Sarasin & Sarasin 1898: 8;
Iredale 1943: 209. Kabat & Boss 1997: 122.
Brotia (Pseudopotamis) [Brot 1894, in error for] Martens, 1894
— Thiele 1929: 190; Wenz 1938: 688; B. J. Smith 1992: 75;
B. J. Smith (1996): 24.

Type species. Pseudopotamis finschi, by original designation of
Martens (1894), now synonymized with Melania supralirata
E. A. Smith, 1887 (see below under the species).

Taxonomic remarks. Some confusion existed in the literature
as to the authorship of the genus and species. Martens (1894:
86), who first published a valid and available name for the
genus, acknowledged in his description that Brot first recog-
nized and named this genus, apparently in a manuscript (see
above). Thus, according to the rules of the ICZN Brot’s
manuscript name is not valid, and Martens is the author of the
generic name Pseudopotamis as well as of the name P. finschi.
This has been correctly applied, for example, by Iredale
(1943) and B. J. Smith (1992), but not by Thiele (1925, 1929)
and Wenz (1938).

Two species are generally differentiated based exclusively
on shell characters: P. supralirata (including P. finschi) is
characterized by angulated whorls with two subsuturally
most pronounced spiral grooves, while P. semoni has more
rounded whorls with a more regular spiral sculpture. The
statements by B. J. Smith (1992: 75) and Kabat & Boss (1997:
122) noting finschi as type of the genus by subsequent desig-
nation of either Iredale (1943) or Wenz (1938) are both erro-
neous, since Martens’ (1894: 86) description of finschi as
‘the typical species’ qualifies as original designation of a type
species.

Diagnosis
Shell. Elongately turreted, usually decollated, with 4–7
remaining whorls; darkish brown to black. Sculpture of mostly
faint spiral grooves, only few pronounced immediately below
suture and at base of whorls; axial sculpture only weak. Whorls
with deep suture, periphery either angulated through prominent
median keel or convex. Aperture oval, outer lip angulated or
round; anterior basis slightly sinuous. Embryonic shells with
wrinkled sculpture on initial whorl; spiral striae and few more
pronounced spiral grooves on subsequent whorls.
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Operculum. Round and multispiral, with central nucleus.

Anatomy. Headfoot black, sometimes dotted with small
white blotches. Right mantle edge with broad flap on inside.
Radula typical pachychilid, very long and coiled posterior
and mostly right of buccal mass. Salivary glands as flat,
expanded lobes dorsally of posterior part of buccal mass. The
species of the genus are uterine brooders, with the open pallial
oviduct containing only very few (n = 1–3), but large juveniles
with shells of multiple whorls.

Description
Shell (Figs 2, 3). Slender, darkish-brown, with short whorls,
usually decollated. Few prominent spiral grooves that are also
present in juveniles, most pronounced at the apical part of the
whorls. Shape of lower aperture somewhat siphonal, expanded
anteriorly, resulting in an oval shape of aperture. Shape of the
whorls either angulated as in supralirata or rounded as in semoni.

Embryonic shell (Fig. 4). With wrinkled sculpture on initial
whorl and more or less regular spiral elements on subsequent
ones. The apical whorl is somewhat lower than the subsequent
whorl that enwraps it; for more details see under the species.

Operculum (Fig. 5C,D). Circular, multispiral with about 6–8
regularly increasing whorls and central nucleus. Ventrally, a
circular and slightly elevated muscle attachment scar is
visible. The rim or outmost whorl of the operculum is
hyaline and flexible. Higher magnification particularly of the
outermost ring reveals that the growth pattern is concentric,
not lamellar.

Head-foot (Fig. 5A). Black, occasionally dotted with small
white blotches. In females there is a white pad where the open
gutter of the genital groove runs from below the mantle
edge anteriorly on the right side of the propodium; it termi-
nates in a deep u-shaped groove beyond the base of the right

Fig. 2 A–D. Shells of Pseudopotamis supralirata (E. A.  Smith 1887) from Prince of Wales Island, Torres Strait Islands, Australia. —A. Four
syntypes (BMNH 1886.7.26.164–167). —B.  Lectotype of P. finschi Martens, 1894 (ZMB 102.140). —C. Paralectotypes of P. finschi Martens,1894
(ZMB 34.754). —D. Sample from AMS (C.317349). Scale = 1 cm.
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tentacle. The animal has a broad snout and short stubby
tentacles.

Pallial cavity. Mantle edge smooth, slightly thickened and
darkly pigmented. Right mantle edge only slightly crenulated
and fringed, but not papillated; with broad flap on inside,
only slightly projecting from the edge and thus visible from
outside (Fig. 5A,B). Osphradium, running adjacent but not
close along the ctenidium, is embedded between two glandu-
lar ridges. Rectum terminates in an anal papilla that stands
free from the mantle tissue; oval-shaped faecal pellets were
found in the rectum of some animals.

Alimentary tract. Buccal mass with salivary glands that over-
lay the posterior part as large lobes. Stomach with a simple,
narrow and elongate glandular pad and only a weakly devel-
oped crescentic ridge. A single opening to the digestive gland
is present to the left of the glandular pad, near the beginning
of the crescentic ridge. Gastric shield small and strongly

concave. Crescentic thickenings of the sorting area present in
the stomach roof, with the larger outer crescent being weak
but distinct with visible septae, the inner crescent present
only as a faint impression with no visible septae.

Radula. Long and posteriorly coiled to the lower posterior
right of the buccal mass; taenioglossate, with typical pachy-
chilid pattern and about 90–100 rows. Central tooth almost
squarish, nearly as high as wide; its cutting edge with a
strongly pronounced main denticle, flanked by three smaller
ones on each side. Glabella (= ‘Rampe’ in Troschel 1856;
‘Erhebung’ in Martens 1894) rectangular on its face below
the cutting edge; its lower slightly convex rim not protruding
beyond the lower edge of the rachidian. Two lateral ramp-
like extensions running down from the lateral (minor) cusps
converge towards the glabella (Figs 6, 7). Laterals of triangu-
lar shape, with a broad v-shaped and short base, and relatively
thin lateral protrusions that extend from the upper cutting
edge. A finger-shaped inner plate built by largely fused cusps
on the inner side of the upper cutting edge, followed by the
main broad and triangular cusp pointing inwards and flanked
by two lateral denticles only half the size of the former one.
Marginal teeth slender, with typically kneed stalks and
hooked, fork-like heads with three (inner marginal) and 3–4
(outer marginal) strong cusps, respectively. Outer marginal
teeth with wide outer flange that fuses to the stalk about half
way, sometimes with a hook-like corner.

Reproductive system. Both species of Pseudopotamis are vivipa-
rous, with 1−3 large shelled juveniles contained in an uterine
brood pouch, thus possessing an incubatory structure that is
formed by the pallial section of the oviduct. For further
details see below under the species, in particular P. supralirata
(Fig. 5E).

Nervous system. Cerebral ganglia situated at the posterior end
of the buccal mass connected by a long commissure. Pedal
ganglia embedded in the tissue of the foot, ovoid and almost
abutting, with only a very short commissure. Suboesophageal
ganglion large, closely adjacent to and connected with the left
pleural ganglion. The latter gives rise to the pallial nerve
extending on the left, while the former gives rise to four
distinct nerves, viz. two relatively short and curving nerves
of unknown innervation, the suboesophageal connective and
a left pallial nerve. Supraoesophageal ganglion smaller, with
a long connective to the right pleural ganglion.

Ecology. Martens (1894: 87) noted that, unfortunately, no
details were known on the exact habitat, either fresh- or
brackish-water, of the two Pseudopotamis species. However, he
stated in a footnote on the same page that P. semoni was found
on Hammond Island in freshwater ponds. Semon (1896: 330)

Fig. 3 A–C. Shells of Pseudopotamis semoni Martens, 1894 from
Hammond Island, Torres Strait Islands, Australia. —A. Lectotype
(ZMB 102.137). —B. Paralectotype (ZMB 102.139). —C. AMS
(C.95421). Scale bar = 1 cm.
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in the narrative of his travels later explicitely mentioned that
he discovered P. semoni ‘im süßen Wasser einiger kleiner
Tümpel’ [in fresh water of several small ponds], next to a gold
mine on Hammond Island (see Fig. 1). With the exception of
a label note by Cameron, who reported P. supralirata from a
freshwater creek on Prince of Wales Island (see under the
species), detailed accounts on the ecology were long lacking.
We found both species in May 2002 inhabiting lotic as well
as lentic habitats (in contrast to the assumption of B. J. Smith
(1992: 76) who stated only lotic freshwater).

Distribution. Pseudopotamis occurrs exclusively on two islands
in the Torres Strait, between Australia and New Guinea (see
Fig. 1). B. J. Smith’s (1992: 76) mention of a NE coastal dis-
tribution in Queensland is misleading, since no material has
been reported as originating from there or deposited in any
collection. We failed to find any on Friday Island.

Fossils. There are apparently no published records of fossil
limnic Cerithioidea from the Australian region (Healy &
Wells 1998: 729). However, some Neogene shells known

from islands of the Indonesian Archipelago show some sur-
prising resemblance to Pseudopotamis. For example, Oostingh
(1935: 29ff) described and depicted fossil shells from Pliocene
sediments of Boemiajoe on Java (now deposited in the Geo-
logical Museum Bandung, Java) possessing angulated whorls
and shells of comparable size. Some shells that Oostingh
(1935: pl. 3, figs 39−41) listed under the albeit doubtful
assignment of the conchologically variable Sulcospira testudi-
naria (von dem Busch, 1842) (see Discussion in Köhler &
Glaubrecht 2001) exhibit similarly angulated shells (as in
P. supralirata) and those with more rounded whorls (as in
P. semoni). However, given the known conchological variabil-
ity in concert with the high amount of shell convergence
reported particularly in limnic Cerithioidea, the identity and
systematic affinity of this fossil material from Java remain
enigmatic until re-examination comparing it with recent
taxa.

Remarks. Martens (1894) not only figured both species of
Pseudopotamis but also gave a fairly detailed description and
figure of the operculum, radula and juvenile shells; the original

Fig. 4 A–F. Juvenile and embryonic shells of Pseudopotamis supralirata and P. semoni. A–C. P. supralirata: A. Lateral view, MCZ (75410), ‘Friday
Island’, Torres Strait (scale bar = 1 cm); B & C. Paralectotype (ZMB 34.754 of P. finschi Martens, 1894) Prince of Wales Island, Torres Strait: B,
apical view (scale bar = 300 µm); C, initial whorl. D–F. P. semoni Martens, 1894 (extracted from lectotype ZMB 102.137), Hammond Island: D,
lateral view (scale bar = 1 cm); E, apical view (scale bar = 300 µm); F, initial whorl.
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radula samples of ‘finschi’ and semoni are both still extant in
the ZMB collection (see under the species). Martens (1894:
87) also recognized that the operculum resembles that of Bro-
tia, and was the first to discover that this species is viviparous,
depicting one relatively large embryonic shell of 4 × 2.5 mm
with 4 whorls, extracted from a soft body found in Finsch’s
dried shell material.

Pseudopotamis supralirata (E. A. Smith, 1887)
Melania supralirata E. A. Smith, 1887: 237.
Pseudopotamis finschi Martens, 1894: 87, pl. iv, figs 4, 5
and 7.
Brotia (Pseudopotamis) finschi ([Brot 1894, in error for]
Martens, 1894) — Thiele 1929: 190; Wenz 1938: 688.
Pseudopotamis supralirata (E. A. Smith, 1887) — Iredale 1943:
209.
Brotia (Pseudopotamis) supralirata (E. A. Smith, 1887) — B. J.
Smith 1992: 75.

Type locality. AUSTRALIA: Prince of Wales Island, Torres
Strait Islands (10°40′ S, 142°10′ E) (Fig. 1).

Type material. Seven syntypes of Melania supralirata (BMNH
1886.7.26.164–167); four adult shells and 3 juv.; ded. J. Bra-
zier 1886. Lectotype of Pseudopotamis finschi Martens, 1894
(ZMB 102.140, designated herein as the specimen figured in

the original description); 7 paralectotypes of P. finschi (ZMB
34.754), 9 paralectotypes (ZMB 102.141), 3 paralectotypes
(ZMB 102.142); 13 paralectotypes (MHNG, without no.); 16
+ 22 paralectotypes MNHN (two lots without cat. no.; one
lot with label of Martens’ handwriting: ‘wallacei’; a second lot
labelled ‘Pseudopotamis finschi, coll. Finsch’); one paralectotype
(SMF 176029/1); 5 paralectotypes (ZSM 485; labelled ‘wallacei’).
All material (n = 77) was collected by O. Finsch 1881 on
‘Morilug’ = Prince of Wales Island in the Torres Strait.

Other material examined. Prince of Wales Island: (AMS
C.8891, C.30608, one lot without no.; leg. prior to 1909);
along clay banks of freshwater creek (AMS C.317349 (w), leg.
February 1975, E. Cameron); creek running NW in northern
part of island at 10°37′63″ S, 142°11′53″ Ε (ZMB 106.363,
AMS C.416932; leg. May 2002, M. Glaubrecht, T.v. Rintelen
& N. Brinkmann); (MNHN, n = 2); ‘Prince Edward Id.’ [=
Prince of Wales Id.] (MCZ 92331, n = 25, leg. June 1931);
Friday Id. [in error?] (MCZ 75410, n = 1; ex coll. S. Putzey,
acc. 971); ‘North Queensland’ [in error?] (USNM 170128,
n = 3 shells + 2 juv., leg. S. W. Jackson).

Taxonomic remarks. E.A. Smith (1887) named and described
P. supralirata based on the shortness of the shell and the pecu-
liar shape of the whorls. Syntypes (Fig. 2A) are identical with
the series in ZMB of ‘finschi’ described by Martens (1894) (see

Fig. 5 A–E. Anatomy of Pseudopotamis
supralirata (E. A. Smith, 1887) (AMS
C.317349), Prince of Wales Island. —A,
habitus and head-foot (scale bar = 1 mm). —
B, head-foot and mantle organs with mantle
roof opened (scale bar = 1 mm). —C,
operculum of P. supralirata (syntype BMNH
1886.7.26.164) (scale bar = 2 mm). —D,
operculum of P. semoni Martens, 1894 (AMS).
—E, anterior part of pallial oviduct of
P. supralirata (AMS C.317349) (scale bar =
3 mm). Abbreviations: a, anus; cm, columellar
muscle; c, ctenidium; f, foot; g, oviductal groove;
gg, genital groove; ll, lateral lamina; m, mouth;
me, mantle edge; mf, mantle flap; ml, median
lamina; og, oviductal groove; op, operculum;
os, osphradium; r, rectum; rs, receptaculum
seminis; sb, spermatophore bursa; sbg, anterior
spermatophore bursa gutter; s, sole of foot; sn,
snout; t, tentacle.
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Discussion). Contrary to a statement in B. J. Smith (1992),
who assumed the types of the latter to be lost, syntypes and
additional material collected by Finsch are present in ZMB.
The exact number of specimens originally collected remains
unknown. Specimens of Finsch’s original series were appar-
ently distributed to various collections after its arrival in
Berlin, presumably by Martens. One lot, comprising 10 spec-
imens, was catalogued in 1882 by Martens as ZMB no. 3475
and labelled ‘wallacei’. From this lot, which is regarded as rep-
resenting at least part of the syntype series on which Martens
based his description (and which were used for the figures as
stated by him), we selected the largest, figured specimen as
lectotype (Fig. 2B). Altogether, we traced in various museum
collections a total of 77 syntypes (see above), which were all
collected on ‘Morilug’ by Otto Finsch. As additional evidence
we found that some of these lots, e.g. the MNHN specimens,
contained a handwritten label by Martens indicating that this
material might also have been in his hands during the process
of the species description and was only later distributed, for

example, by exchange. Thus, we here consider all of Finsch’s
material as part of the syntype series.

E. A. Smith (1887) related this species to two taxa
described and figured in Reeve (1859), viz. Melania wallacei
and M. sooloensis (on putative relationships see Discussion).
Prior to Brot’s manuscript description of finschi, in most
collections the name ‘wallacei’ was long used. Martens later
changed this, at least on the ZMB labels of the types, into
finschi. In contrast, almost certainly due to a lack of figures in
Smith’s (1887) original description, the name supralirata long
remained unemployed.

Diagnosis. Shells black, usually decollated, with 5–6 whorls
(E. A. Smith 1887 reported up to 11 whorls, extrapolating
from the juvenile shells of the syntype series). Shells with
only few pronounced spiral grooves immediately below
suture and at base of whorls; axial sculpture only weak.
Whorls with deep suture, periphery angulated. Aperture
oval, outer lip angulated; anterior basis slightly sinuous.

Fig. 6 A–D. Radula of Pseudopotamis supralirata (E. A. Smith, 1887); paralectotype ZMB 34.754 of P. finschi Martens, 1894. —A. Entire row (scale bar
= 100 µm). —B. Central and lateral teeth (scale bar = 10 µm). — C. Central tooth (scale bar = 10 µm).—D. Marginal teeth (scale bar = 10 µm).
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Operculum round and multispiral, with central nucleus.
Radula of pachychilid pattern, with three cusps on inner
marginal tooth and four cusps on outer marginal tooth.
Females with open gonoducts, forming a uterine brood pouch
that contains mostly three large juveniles.

Description
Shell (Fig. 2). Shells solid, black; always decollated with
mostly 5–6 remaining whorls. Whorls angulated with two
prominent spiral grooves subsuturally, otherwise spiral
sculpture mostly lacking. Range of shell sizes (n = 223; all age
classes): h = 4.7–23.7 mm, w = 2.8–9.6 mm; spire angle: 10–
30°, mean 21.8° (see Table 1, Figs 8, 9). The shell dimensions
given in the original descriptions of the types of Melania
supralirata (24 × 9 mm, aperture 7 × 5 mm) and ‘P. finschi’
(19 × 8 mm, aperture 6 × 4.5 mm) fall well within the range
of the species.

Embryonic shell (Fig. 4A−C). Studied in the type material of
‘P. finschi’ from ZMB (where small juveniles shells are extant,

albeit partly with eroded central area of the inital whorl) and
P. supralirata from AMS and MCZ. Juvenile shells removed
from the brood pouch have up to 5 whorls (Table 2) and show
a pronouncedly wrinkled sculpture on the initial whorl; later
whorls possess very faint and narrow spiral striae crossed by
only very faint axial sculpture; some specimens with transi-
tion of sculpture at about 1.24 whorls. Two to three more
prominent spiral grooves first appearing on second whorl and

Fig. 7 A–D. Radula of Pseudopotamis semoni Martens, 1894; lectotype ZMB 102.137. —A. Entire row (scale bar = 100 µm). —B. Central and lateral
teeth (scale bar = 10 µm). —C. Central tooth (scale bar = 10 µm). —D. Marginal teeth (scale bar = 100 µm).

Table 1 Shell parameters of Pseudopotamis supralirata and P. semoni. 
Measurements in mm; for abbreviations see Materials and methods

h w la wa bw nw

P. supralirata 
n = 223

range 4.7–23.7 2.8–9.4 2.2–7.7 1.4–5.2 4.1–12.3 3–7
mean 15.3 6.9 5.2 3.5 8.5 5.0
SD 3.280 1.239 0.989 0.681 1.643 0.8

P. semoni 
n = 102

range 10.7–21.4 5.0–9.0 3.0–6.7 2.2–5.4 6.1–14.4 3–6
mean 17.2 7.4 5.5 4.0 9.7 4.5
SD 1.913 0.867 0.758 0.547 1.685 0.9
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subsequently continue to become the prominent subsutural
spiral grooves characteristic for the adults. First whorls of the
juveniles rounded, soon becoming straighter and angulated.
Size ranges of the embryonic shells (for n = 6): he = 40–
65 µm, we = 90–110 µm, and de = 205–255 µm (Table 2).

Operculum. Circular, multispiral with central nucleus as
described for the genus (Fig. 5C).

Head-foot. Animal grey to black with lighter pigmented
spots, particularly prominent dorsally on snout and tentacles.
Foot with white sole and anterior pedal gland only. Genital
groove visible as small grey line on right side, running from
mantle edge beyong right tentacle (Fig. 5A).

Radula. Taenioglossate, of pachychilid patterns, with at least
about 95–105 rows (n = 3 specimens, not with complete rows).
The features studied in the type specimens of ‘P. finschi’ and

P. supralirata from the AMS sample are similar and corre-
spond to those given above for the genus. Outer marginal
teeth in P. supralirata with four cusps, i.e. three smaller ones
on the inner side and one very broad, spatula-like cusp outside
(Fig. 6D); the inner marginal teeth with three cusps, the
outer cusps being broad and plate-like.

Reproductive system. Females with open pallial gonoduct. The
median lamina highly elevated, covering the oviductal groove
and therefore nearly forming a functionally closed tube
(Fig. 5E). In the anterior third of the oviduct a relatively
short but deep gutter (sbg) opens on the crest of the median
lamina, leading to a very deep pocket that deepens ventrally
and on the side. This anterior pocket covers the juvenile shells
as an orange pigmented sac-like extension and is interpreted
here tentatively as containing the spermatophore bursa (sb).
Deeper inside the opening of this gutter, thus further poste-
rior, starts a second, this time slender, pouch that runs as a
tube-like duct posteriorly for about at least half the length of
the pallial oviduct (rs), connecting presumably to a receptac-
ulum seminis. Genital groove forming several very thinly
lined compartments on its floor, each holding an individual
embryo or shelled juvenile, respectively. Thus, the oviduct in
P. supralirata forms a uterine incubatory structure or brood
pouch, with few advanced juveniles embedded in amorphic
white material deeply within the genital groove. In four
animals dissected, 1−3 shelled juveniles were found in each
individual, with the number of juvenile whorls ranging from
3.5 to 5.5 and a maximum shell size of about 6.5 × 3.5 mm. In
addition, mostly three developing embryos that are encapsuled
but without calcified shells were found in the female oviduct,

Table 2 Parameters of the embryonic shells of Pseudopotamis 
supralirata and P. semoni in comparison with the range of sizes of 
shells in endemic species from Sulawesi, Indonesia, assigned to 
Tylomelania (for details see text). Measurements in µm; for 
abbreviations see Materials and methods

he we de nw

P. supralirata n = 6 range 40–65 90–110 205–255 4–5
mean 55 79 238
SD 8.9 39.5 18.3

P. semoni n = 2 range 55–60 100 250–265 5.5–6

Sulawesi pachychilids 
species (n = 14) 
n = 58

range 43–68 77–100 281–358 2.5–8

Fig. 8 Comparison of shell height vs. shell width (in mm) of
Pseudopotamis supralirata and P. semoni.

Fig. 9 Comparative error bar chart plotting confidence intervals for
mean of shell height (in mm) for Pseudopotamis supralirata and
P. semoni; range and median are given.
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laying embedded in pockets lined by the thin tissue of the
uterus wall. These juveniles with their enormous size result
in a skewed position of the median lamina.

Ecology. Occurs in lotic freshwater, i.e. found in running
creeks by most recent expeditions (see under Material).

Distribution (Fig. 1). Endemic to Prince of Wales Island in
the Torres Strait (10°40′ S, 142°10′ E). Only one single spec-
imen in MCZ (75410) was reported from nearby Friday
Island. However, since in May 2002 the present authors
could neither find permanent freshwater nor specimens on
the latter, it is reasonable to assume that an erroneous locality
was given.

Remarks. Some variability can be found in the shell sculpture,
with subsutural spiral grooves or more or less smooth shells.
The main shell difference to semoni is the angularity of the
whorls of supralirata, which are never pronouncedly convex.
The biometrical analysis for standard shell parameters, for
example the height-to-width ratios, reveals some significant
differences between the two species. Although the sample
size is larger in P. supralirata (n = 223 vs. 102 in P. semoni)
and shells of both species reach a maximum length of up to
21–23 mm, respectively, the shells of P. semoni are on average
larger than those of P. supralirata (Fig. 8). Employing an
one-way ANOVA test of the mean shell heigth (with 95% con-
fidential intervals) we found F = 27.898 at a significance level
of P < 0.001; thus, as shown in Fig. 9, independent of sample
size the shells of P. supralirata tend to be smaller than those
of P. semoni.

The radula was first described and figured in Martens (1894:
pl. 4, fig. 7), who found it, with 60 rows, to be about 12 mm long
(extracted from an animal with a 19 × 8 mm shell). In contrast
to the four denticles found in supralirata, the radula of semoni
possess only three denticles on the outer marginal teeth.

Pseudopotamis semoni Martens, 1894
Pseudopotamis semoni Martens, 1894: 87, fig. 6.
Pseudopotamis semoni Martens, 1894 — Iredale 1943: 209.
Brotia (Pseudopotamis) semoni (Martens, 1887) — B. J. Smith
1992: 76.

Type locality. AUSTRALIA, Queensland: Hammond Island,
N of Thursday Island, Torres Strait (Fig. 1).

Type material examined. Lectotype (ZMB 102.137, herein
designated); 2 paralectotypes (ZMB 102.138–9); all specimens
collected by R. Semon in 1892.

Other material examined. Australia: Hammond Island, N of
Thursday Island, Torres Strait (AMS C.95421, n = 25 shells;

leg. July 1974 by H. Heatwole); in a small, very slowly run-
ning creek accessible from SE side of island (10°33′04″ S,
142°12′76″ Ε) (ZMB 106.364, AMS C.416933; leg. May 2002,
M. Glaubrecht, T.v. Rintelen & N. Brinkmann); shaded creek
uphill in the W of former locality (10°33′29″ S, 142°12′ Ε)
(ZMB 106.365; leg. May 2002).

Taxonomic remarks. Type material was erroneously held to be
lost according to B. J. Smith (1992), but is still housed in the
Museum für Naturkunde in Berlin. The synonymy suggested
in B. J. Smith (1992: 75–76) as including semoni in the con-
cept of supralirata is not followed here. The shells of P. semoni
are (consistently) not angulated as in the type species but
have rounded and convex whorls. The species is restricted to
a different island in the Torres Strait, and also exhibits signif-
icantly different mtDNA sequences (see below).

Description
Shell (Fig. 3). Solid, black; whorls rounded, with spiral grooves
prominent almost on all whorls. Syntypes up to 12 × 6 mm,
with aperture 3.5 × 4.5 mm (see Martens 1894). Adult shells
always decollated with only 3–6 whorls. Shell size (n = 102):
h = 10.7–21.4 mm, w = 5.0–9.0 mm; spire angle: 15–20°, mean
17.5° (Table 1, Figs 8, 9).

Embryonic shell. In the lectotype (ZMB 102.137; 21.4 × 8.7 mm)
a large embryo of 4.1 × 2.1 mm with 5 whorls was found, as
was also reported by Martens (1894: 87); in the AMS sample
the juvenile shell found inside an adult was 2.3 × 0.7 mm with
4 whorls. Juveniles (Fig. 4D−F) with somewhat wrinkled
sculpture on the initial whorl and a transition at about 1.5–2
whorls. The regularly faint spiral striae become pronounced
on subsequent whorls, evenly spaced with exception of one
deeper on apical third of the whorls. Size ranges of juvenile
shells (n = 2): he = 55–60 µm, we = 100 µm, and de = 250–
265 µm.

External animal and operculum as described for the genus.

Radula. Long, coiled ribbon with about 86–98 rows, as
extracted from a dried body of the ZMB syntypes, in addition
to the radula specimen mounted originally by Martens, and
one radula extracted from AMS material. The pattern found
generally corresponds to the description given above. In the
specimens studied the outer and inner marginal teeth both
have only three cusps, with the outer one very broad, widely
flaring and flanked on one side by two smaller cusps (Fig. 7).

Reproductive system. Female gonoduct open. Oviduct with
flaring and expanded median lamina and a gutter opening
anteriorly into a large ventral pouch. Thus, the pallial oviduct
of P. semoni basically provides a similar picture to that described
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above for the type species. In the specimens studied only one
large juvenile shell was found.

Ecology. Presumably also lotic, although Semon (1896: 330)
mentioned that he collected P. semoni on Hammond Island in
freshwater of several small ponds, next to a gold mine. Recent
collections were, however, made in slowly flowing water.

Distribution (Fig. 1). P. semoni is known only from Hammond
Island, north of Thursday Island in the Torres Strait (Martens
1894; Semon 1896) and was found again there in 1974 and
2002 (see Material examined).

Remarks. In contrast to the shells of the type species with
angulated whorls, those of P. semoni show pronouncedly
convex whorls. The comparison of all available material
including the types reveals constantly distinct features that
allow separation of semoni from supralirata on morphological
grounds (including shell and radula) and based on molecular
genetics. The species distinctness was first suggested by
Martens (1894) and noted accordingly in Iredale (1943), but
was not followed by B. J. Smith (1992).

Molecular genetics
The corrected sequence alignments comprise a total of 1373
characters for COI and 16S (after excluding 139 sites of the
ribosomal DNA from the analyses). Usually, we sequenced
two or three specimens from each locality in order to esti-
mate the variability within single populations; but multiple
individuals possessed identical sequences. Alignments were
made for 14 pachychilid taxa used here in the combined data
set, viz. specimens of the two populations of P. supralirata and
P. semoni from the Torres Strait Islands, six representative
lacustrine taxa of Tylomelania Sarasin & Sarasin, 1897 and one
of the riverine T. perfecta (Mousson, 1849) from Sulawesi,
Jagora asperata (Lamarck, 1822) from Luzon in the Philip-
pines, sequences of Brotia testudinaria (von dem Busch, 1842)
from Java and B. provisoria (Brot, 1881) from Borneo, as well as
two sequences of Brotia pagodula (Gould, 1847) and B. costula
(Rafinesque, 1833) from the SE Asian mainland as outgroup
representatives.

Cladistic analyses were conducted using maximum parsi-
mony (MP) and neighbour joining (NJ). All trees were rooted
with the two mainland Brotia species as outgroup; 464
characters were found to be informative and 148 variable
characters were uninformative. The general topology of all
MP trees and the NJ tree is identical, with deeper nodes in
the phylogeny being supported by high bootstrap values. The
two Pseudopotamis species from the Torres Strait Islands con-
sistently grouped as a monophyletic sister clade to Tylomela-
nia from Sulawesi. Sister to the Pseudopotamis + Tylomelania
clade are the pachychilids from the Philippines (Jagora) and

to all those the taxa of Brotia from Sundaland (i.e. Java and
Borneo plus the Asian mainland). The single most parsimo-
nious cladogram found for the COI and 16S sequences is
shown in Fig. 10.

The NJ analysis of the COI and 16S genes produced a tree
(Fig. 11) that corresponds to the topology of the MP tree, the
only exception being one sister-group relationship within
the Sulawesi clade, which is irrelevant in the present analysis.
Pairwise distance analysis (NJ, Kimura-2-parameter) was
conducted, revealing sequence distances of about 12% between
the two Pseudopotamis species in comparison with an average
of 7% (range 0.3−9.3%) within the Sulawesi clade and an
average of about 19% within the other pachychilids studied
(Table 3). With 16.9% the genetic distance between Pseudo-
potamis and Tylomelania is slightly lower than that between
Pseudopotamis and other pachychilids (19.3%) as well as
Tylomelania and other pachychilids (20.2%).

Discussion
Systematics and phylogeny
Systematics within the genus. Iredale (1943: 209) was the first
to synonymize P. finschi with P. supralirata, albeit without
providing any comment for this action. This was later fol-
lowed by B. J. Smith (1992: 75) who stated for P. finschi that
the status and whereabouts of the types are unknown, pre-
sumably lost; confusingly he noted on the next page that his
decision was based on examination of the types. In addition,
he also synonymized P. semoni under the type species, an
action that is not supported by the data presented here.

The comparison of the type material of finschi and suprali-
rata described above did not actually provide any evidence for
a specific distinction between these two taxa. In contrast,
P. supralirata and P. semoni are considered here as distinct
(bio-) species, based on conchological, anatomical (radula)
and molecular evidence. This is supplemented by the bio-
geographical evidence of each species occurring on a different
island within the Torres Strait.

Affinities to taxa from adjacent areas. Based on the characteristi-
cally angulated shells, E. A. Smith (1887) related P. supralirata
to taxa from outside the Australian region, viz. ‘Melania wallacei’
Reeve, 1859 (from Macassar, Sulawesi) and ‘M. sooloensis’
Reeve, 1860 (‘Sooloo’ = Sulu Islands, SW Philippines). The
latter name was replaced by Reeve (1860) for his preoccupied
name ‘M. canaliculata’ Reeve, 1859 (see also description and
figures in Brot 1874: 80, 105–106). The identity of these two
taxa, for which only a few dry shells are available, is still enig-
matic, but they might belong to different Brotia clades from
Sulawesi and the Philippines (T. v. Rintelen, F. Köhler,
unpubl. data). Comparison of figures and types of the above
mentioned taxa show, in contrast to the view expressed earlier
by E. A. Smith (1887), no close resemblance to Pseudopotamis.
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Thus, any genetic relationship must therefore be most doubtful.
The extent to which this holds true for the fossils found in
Java (see above under the genus) remains to be checked. Since
the typically angulated shell is not unique among those
freshwater Cerithioidea that were formerly united within the
Thiaridae s. l., this particular shell feature alone is certainly
not sufficient to indicate a close systematic relationship.

Evaluation of characters. The radula of Pseudopotamis exhibits
the typical pachychilid pattern found in several other taxa
(Troschel 1856; Thiele 1928; Glaubrecht 1996, 2000a;
Rintelen & Glaubrecht 1999; Köhler & Glaubrecht 2001, 2002,
2003). While all known taxa of Brotia except those from
Sulawesi have 2 cusps on their marginal teeth, Pseudopotamis
with its 3 and 4 cusps, respectively, differs in this respect.

In accordance with the above assignment, the circular,
multispiral operculum and the slightly sinuous anterior lip of
the aperture also closely resemble other pachychilids.

A pallially open gonoduct in both sexes is known from
many marine and limnic Cerithioidea and, accordingly,

should be considered plesiomorphic not only among the
Pachychilidae (Glaubrecht 1996). However, an open oviduct
with a characteristically largely inflated anterior portion of
the median lamella as described above is only known from
Pseudopotamis. It is hypothesized here that this pigmented and
extended anterior sac in the median lamina of the females
in Pseudopotamis might function as a spermatophore bursa
(Fig. 5E). Consequently, the second pouch, which starts deep
inside the opening of the same gutter but is more slender and
tube-like, is regarded as receptaculum seminis (rs). An other-
wise similar pattern, i.e. the existence of an anterior gutter in
the median lamina opening into the spermatophore bursa
and the receptaculum seminis, respectively, is also found in
Brotia s. l. (cf. Köhler & Glaubrecht 2001) and all pachychilid
taxa endemic to Sulawesi traditionally assigned to Brotia and
Tylomelania (cf. Rintelen & Glaubrecht 1999; unpubl. data).

Most interesting is the peculiar mode of viviparous repro-
duction in Pseudopotamis, since a uterine brood pouch built by
a morphologically open pallial oviduct is only rarely found in
limnic Cerithioidea (see review in Glaubrecht 1996, 1999).

Fig. 10 Maximum parsimony tree of Australasian pachychilids reconstructed using analyses of combined data of partial COI and 16S rDNA
sequences. Numbers above branches indicate percentage bootstrap values from 100 replicates. Bars give the distribution of the taxa in
Australasia; TSI — Torres Strait Islands, SL — Sundaland.
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Among the SE Asian Pachychilidae it is only known from
species endemic to the Indonesian island of Sulawesi (Rintelen
& Glaubrecht 1999; and unpub. data). For these species the
range of parameters of the embryonic shells (Rintelen unpubl.
data) was found to correspond well with the measurements
for Pseudopotamis, with the exception that the diameter of the

first whorl in the two species from the Torres Strait with a
maximum of about 250 µm is generally smaller than in the
Sulawesi taxa with a range of about 280–350 µm (Table 2).

Similar wrinkled sculptures of the embryonic shells as
described above for Pseudopotamis are also known from other
viviparous Cerithioidea, in particular from Thiaridae s. s. (cf.
Glaubrecht 1996) as well as from several SE Asian Brotia and
Tylomelania species (Rintelen & Glaubrecht 1999; Köhler &
Glaubrecht 2001, 2003), suggesting a late calcification of the
embryonic shells during ontogeny within the egg-capsule
embedded in the respective incubatory structures.

Phylogenetic relationships. In the absence of anatomical studies,
the familial position of Pseudopotamis and its relationships
with other genera was long obscured. Brot (in manuscript)
and Martens (1894), respectively, referred to this limnic
cerithioidean gastropod as Pseudopotamis since the circular
and multispiral operculum superficially resembles that of some
brackish-water taxa, e.g. Potamididae (and here Potamides).
Nevertheless, Martens (1894: 86) also indicated that a similar

Fig. 11 Neighbour-joining phylogram based on the combined data set of partial COI and 16S rDNA sequences of Australasian pachychilids.
Numbers above branches indicate percentage bootstrap values from 1000 replicates. Bars give the distribution of the taxa; TSI — Torres Strait
Islands, SL – Sundaland.

Table 3 Pairwise sequence distances (p = uncorrected), calculated for 
the fragments of the cytochrome c oxidase subunit I gene and the 
16S rDNA

Within groups
Pseudopotamis 12.1%
Tylomelania, Sulawesi 0.3–9.3%

average 7%
outgroup 14.7–21.1%

average 18.9%
Between groups

Pseudopotamis — Tylomelania 16.9%
Tylomelania — outgroup 19.3%
Pseudopotamis — outgroup 20.2%



M. Glaubrecht & T. von Rintelen • Systematics and zoogeography of Pseudopotamis

© The Norwegian Academy of Science and Letters • Zoologica Scripta, 32, 5, September 2003, pp415–435 431

operculum is found in limnic Brotia of SE Asia, and he also
noted the similarity of the radula of Pseudopotamis to that of
other limnic ‘melaniid’ genera such as Pachychilus. His view
was followed by subsequent authors, for example, Thiele
(1925, 1929), Wenz (1938), McMichael (1967) and B. J. Smith
(1992).

All available anatomical data presented and discussed
above indicate a placement of this taxon within the Pachychi-
lidae and close to the Asian Brotia, Jagora and Tylomelania (the
taxonomic status of which is currently under revision by the
authors). Based particularly on the shared peculiar uterine
viviparity and supported by molecular data, among pachychilids
Pseudopotamis appears most closely related to freshwater snails
endemic to Sulawesi. Consequently, all pachychilid taxa east
of the much-debated Wallace’s Line possess this uterine brood
pouch (or lack this modified oviduct and instead incubate eggs
and embryos in the mantle cavity as found recently in Jagora
on the Philippines; see Köhler & Glaubrecht 2003).

The molecular genetic data strongly support the proposed
sister-group relationship between Pseudopotamis on the Torres
Strait Islands and the Tylomelania species flock on Sulawesi.
They also indicate that apparently P. semoni and P. supralirata
not only split from each other very early on but also split
from the ancestor of the Tylomelania clade, the former event
perhaps even predating the latter. As also found in a recent
morphological and molecular study of the Philippine pachy-
chilids (Köhler & Glaubrecht 2003), Jagora appears as clearly
distinct lineage long separated from the species of Brotia.
Whereas these species occur on the SE Asian mainland and
the Sundaland islands (e.g. Java and Borneo), the Philippine
Jagora here groups with the Sulawesi and Torres Strait taxa.

Historical zoogeography
In concert with the finding that Pseudopotamis is a uterine
brooder, the systematic placement among pachychilid (and
not thiarid) cerithioidean gastropods with a close relationship
to taxa endemic to Sulawesi, leads to some zoogeographically
relevant implications about putative terrestrial connections
and/or dispersal of these limnic snails over the vast area of
ocean between SE Asia and the Torres Strait Islands.

Given its phylogenetic affinity with the endemic pachychi-
lids of Sulawesi, there are two zoogeographical aspects of
Pseudopotamis that are most striking and offer a challenge to
biogeographers. First, both species are highly restricted, being
endemic to Prince of Wales Island and Hammond Island,
respectively. Second, the Torres Strait taxon is separated by
about 2000 km of (partly deep) ocean from other known
confamilial and closely related freshwater cerithioideans, as
there are only Thiaridae s. s. in the Australasian region, but no
pachychilids known from either the Moluccas, New Guinea
or Australia itself (Glaubrecht 1996, 2000a; unpubl. data;
Köhler & Glaubrecht 2001, 2003).

Semon (1896: 330) was the first to note the curious fact
that the two distinct but closely related species of Pseudo-
potamis are only found on two adjacent islands in the Torres
Strait: ‘Here again we make the interesting observation that
the geographical separation on two islands only half a mile
apart, and certainly connected earlier, resulted in the diver-
gence of species, a phenomenon illustrated beautifully in
freshwater and land snails’ [our translation]. However, neither
he nor subsequent authors commented on or pondered the
even more curious fact of the wide disjunction decribed above.

This currently constitutes one of the most enigmatic
distributional patterns in SE Asia; it is a situation that still
requires explanation, particularly since Pseudopotamis can
no longer be considered a member of the Thiaridae (more
widespread in Australasia) but is a member of the more
restricted Pachychilidae (otherwise not known to occur east
of Sulawesi). Why is this pachychilid taxon, characterized by
a distinct conchology but united with taxa from Sulawesi by
anatomical (in particular reproductive) features, confined to
a highly isolated insular habitat on the shallow water Sahul
shelf area between Australia and New Guinea?

The accounts by Iredale (1943) and B. J. Smith (1992) are
purely descriptive, refraining from any analytical approach,
while biogeographers only very rarely utilize limnic gastro-
pods as case studies. McMichael (1967: 139), although still
lacking phylogenetic information, nevertheless assumed an
evolutionary relationship between Australian thiarids (includ-
ing Pseudopotamis) ‘with their Asian counterparts’ in general,
concluding that ‘they must be regarded as relatively recent
arrivals in Australia from the north’. He correctly pointed out
that the absence of males (in concert with parthenogenesis)
and viviparity in limnic ‘thiarids’ has important zoogeo-
graphical implications, ‘since it makes dispersal much more
likely to result in successful colonization, and consequently
we can expect widespread species’ (McMichael 1967: 137).
Thus, based on the long tradition of dispersalism in historical
biogeography (see review in Glaubrecht 2000a), McMichael
clearly posits a colonization event through dispersal as expla-
nation in the case of Pseudopotamis.

In contrast, based on the known distributional pattern
found in the constituent taxa, Glaubrecht (2000a,b) hypoth-
esized a Gondwanan origin and distribution for the Pachy-
chilidae in general, and implied a sister-group relationship of
Pseudopotamis and the SE Asian pachychilids in particular.
The family, revealed herein as these latter taxa most closely
related to Pseudopotamis, is widely distributed throughout
the mainland of SE Asia and the Indo-Malayan archipel-
ago, reaching as far east as the Philippines and Sulawesi
(Glaubrecht 2000a,b; Köhler et al. 2000; Köhler & Glaubrecht
2001, 2003). The latter authors anticipated that the dif-
ferent clades among the SE Asian pachychilids have separ-
ate zoogeographical histories that are correlated with the



Systematics and zoogeography of Pseudopotamis • M. Glaubrecht & T. von Rintelen

432 Zoologica Scripta, 32, 5, September 2003, pp415–435 • © The Norwegian Academy of Science and Letters

palaeogeography of the Wallacean region, therefore imply-
ing a vicariance event as causation for separation and specia-
tion of Pseudopotamis.

In order to resolve the question concerning a dispersalist
or vicariant explanation, recent reconstructions of the
palaeogeography of SE Asia and Australasia will be briefly
reviewed in the following section.

Recent models for the palaeogeography and climatic history of
Australasia. It has been suggested that limnic gastropods may
contribute to the biogeography of one of the geologically
most complex regions of the world, the so-called ‘Wallacea’
in SE Asia, a transitional zone between the Australian and
Oriental regions (see e.g. Hall & Holloway 1998; Glaubrecht
2000a). It consists of oceanic island arcs and drifting conti-
nental fragments, its faunal elements reflecting a complex
history of fragmentation and amalgamation by separation
and speciation, dispersal and colonization (for overviews see
Keast 1981; Whitmore 1981, 1987; Hall & Blundell 1996;
Hall & Holloway 1998).

Certainly, one of the most striking aspects of the earth’s
geological history since the break-up of Gondwana at the end
of the Mesozoic is the migration and amalgamation of tec-
tonic microplates in this region. Following their break-off
from different areas of northern Gondwana, terranes migrated
at different times and with different directions and rotations,
subsequently colliding with the northern continental shelf of
Australia and with the Sunda shelf of SE Asia. Among these
microplates, for example, were terranes such as Eastern and
Southern Sulawesi. Originating from northern Gondwana
close to Australia, they fused during the Cenozoic with
Western Sulawesi, which originated from the margin of the
Sunda shelf area of Laurasia (Metcalfe 1998; Hall 1998, 2000).
Thus, according to recent palaeogeographical reconstruction
Sulawesi is a compositum of parts with different origins and
long intervals of isolation. Only during very limited stages of
Neogene geological history were certain parts of Sulawesi
in contact with adjacent areas, for example, southern Borneo,
allowing only during those times faunal connection and
colonization. Any terrestrial connection of parts of Sulawesi
with land areas adjacent to those of the later Torres Strait Islands
can only be assumed for some time during the beginning of
the Tertiary.

From the available data it is inferred that the Torres Strait
area was land for most of the time during the Mesozoic and
the Tertiary until the Pleistocene. In addition, during the
Miocene and the collison of the Sahul and Sunda shelf regions,
the climate of Australia was much wetter, sustaining lush
vegetation and large rainforest areas that were drained by sys-
tems of rivers and lakes, and supporting a richer biodiversity
than known today. The mid and late Miocene saw decreasing
precipitation and falling sea-levels, eventually culminating in

various changing climatic events during the Pliocene and
Pleistocene with dry and hot arid phases. These resulted not
only in the increasing drying-up of inner parts of Australia
but also in isolating water bodies and, accordingly, shrinking
areas and the erasure of limnic faunal elements.

The Torres Strait area appears to have been unaffected by
the deformation processes that created and subsequently led
to the emergence of the present island of New Guinea by the
end of the Pliocene or by the accompanying advances and
retreats of the sea across the Australian/New Guinea continent.
The present water barriers in the area in question (Arafura
Sea, Gulf of Carpentaria and Torres Strait) came into existence
only in the Pleistocene. This drowning of the corridor between
Australia and New Guinea might have been linked with the
downfaulting of the Gulf of Carpentaria to the west and vul-
canism to the east (Walker 1972).

Again, however, the Torres Strait area was land during many
of the Ice Age sea level fluctations of the past 125 000 years
with levels assumed to have been nearly 150 m lower than
today. These Quaternary cycles were associated with changes
in the coastline of northern Australia and New Guinea, the
formation of Lake Carpentaria (14 000 years ago) and of
a land bridge in this area that disappeared again soon after,
c. 18 000 years ago. It is estimated that the Torres Strait was
submerged soon after, c. 9 000 years ago (for reviews see
Williams 1991; Jeans 1977; De Deckker & Williams 1986;
Haynes et al. 1991).

With this scenario, geology has ‘set the scene’ for any
vicariant or dispersal event as a possible explanation for the
modern disjunct distribution of the closely related pachychi-
lids endemic to Sulawesi and Pseudopotamis.

Vicariance or dispersal? It has been hypothesized recently
(Köhler et al. 2000; Köhler & Glaubrecht 2001) that the
phylogeny and distribution of Brotia s. l. in SE Asia reflects
palaeogeographical events during the Cenozoic rather than
more recent geological history. The latter includes events
related to the formation of Sundaland and its drowning
during the Plio-Pleistocene. Accordingly, the distribution of
Brotia s. l. might represent an ancient pattern, caused by plate
tectonics, that has not been obscured subsequently, presum-
ably due to comparatively restricted dispersal abilities in
conjunction with ecological factors.

Based on the known distribution of members of the Pach-
ychilidae, indicative of a Gondwanan origin for the entire
family, and supported by preliminary molecular data (Köhler
et al. 2000; Rintelen, Köhler & Glaubrecht unpubl. data), we
hypothesize that pachychilids might represent an ancient
lineage of Tertiary or even Mesozoic origin, and suggest that
Pseudopotamis on the Torres Strait Islands and Tylomelania on
Sulawesi have been separated from each other at least since
the mid Tertiary or even earlier. We also suggest as the most
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likely zoogeographical hypothesis that vicariance event(s) are
responsible for breaking up the once shared distributional
range of the common ancestor of the Sulawesi pachychilids
and Pseudopotamis. We have no evidence for cross-oceanic
dispersal translocating Pseudopotamis to the Torres Strait
Islands, although we generally acknowledge post-barrier
dispersal as a frequent stochastic process in order to explain
enigmatic distributions (see review and discussion in Glaubrecht
2000a).

Pseudopotamis as a relic in chance refugia. Simpson (1953: 303)
understood relics as ‘organisms on their way to extinction
and groups in evolutionary traps or blind alleys … sometimes
especially susceptible to extinction’ and he differentiated
and discussed numerical, geographical, phylogenetic and
taxonomic relics. Pseudopotamis is considered here to be a
geographical and presumably phylogenetic relic. The islands
were not so much evolutionary traps (per Simpson 1953:
306), but refugia where the ecological situation allowed
survival.

Freshwater pachychilids are today neither known from
Australia nor from New Guinea or any other adjacent region
further to the east. Thus, the endemic and isolated occurrence
of Pseudopotamis in the Torres Strait area is perplexing. In
accordance with the above sketched scenario, Pseudopotamis
is here considered as a relic of presumably ancient, originally
Gondwanan origin. However, why these freshwater gastropods
have survived only in this remote region remains unknown.

Today Australia is one of the driest continents. Its mon-
soonal north has a (not only aquatic) biota that is adapted to
the highly variable and unpredictable lentic environments
of riverine floodplains and billabongs (e.g. De Deckker &
Williams 1986; Haynes et al. 1991). These habitats are unu-
tilized by any of the known Oriental pachychilids throughout
their distributional range and thus are unlikely to be an eco-
logically suitable adaptive zone for species of Pseudopotamis.
Pachychilids are also unknown from rivers draining the
Coastal Divide in Australia.

Neither the overall arid Australian continent in general
nor the northern tropical part of the continent (with its sea-
sonal alternation of extreme dry and monsoonal wet periods)
in particular provided suitable conditions for pachychilid
taxa. However, in the absence of fossils it remains speculative
whether the freshwater lakes existing during the Pleistocene
and the Holocene low-level sea stands on the northern Sahul
shelf region between Australia and New Guinea once pro-
vided a suitable habitat for these gastropods otherwise
unknown from the Australasian region.

Isolation in refugia has become a well-established theory
to explain high levels of endemicity in a given region. How-
ever, the concept of refugia is still controversial (Willis &
Whittaker 2000; for an example from Australia see Webb &

Tracey in Keast 1981). The precise locations of refugia and
their impact on the present-day distribution and diversity of
species are still being investigated. In contrast to the long
isolation of Sulawesi, the Torres Strait Islands are neither
known as refugia nor as species pumps promoting long-term
biodiversity for other animal groups. Other than the separation
of pachychilid gastropods on Sulawesi, where an endemic
radiation of about 30 species exists (Rintelen & Glaubrecht
1999; and unpubl. data), the refuge on the Torres Strait islands
did not lead to an equally remarkable in situ speciation. Pos-
sibly, Pseudopotamis accidentally found a refuge on these two
remote islands where it survived, albeit lacking evolutionary
chances for speciation. It would appear that the islands have
played a passive rather than active role as chance refugia for
these snails, protecting a limited fragment of the earlier
diversity of limnic Cerithioidea in Australasia.

Conclusion
It is argued that the highly restricted, disjunct and endemic
Australian distribution of Pseudopotamis today is not the result
of a relatively recent stochastic colonization event on the
Torres Strait Islands that might have occurred long after
separation from other distributional areas of Pachychilidae.
Instead, its assigned systematic position and zoogeography
suggest the relic occurrence of a cerithioidean freshwater
lineage of presumably ancient Gondwanan origin. For this
lineage the closest phylogenetic relationship among the
Oriental pachychilids is with Tylomelania, endemic to Sulawesi.

The anatomical data, in concert with molecular genetics,
have uncovered the systematic affinity of Pseudopotamis and
revealed a useful test-bed for hypotheses concerning phylo-
genetic relationships and historical zoogeography. It is antic-
ipated that with improving molecular genetic techniques it
should be possible in the future to determine the date and
duration of separation from the putative sister taxa in the
Indo-Malayan Archipelago and the timing of within-island
differentiation of this relic. With the current data it is impos-
sible to decide if the imputed speciation of P. supralirata and
P. semoni happened allopatrically as result of the separation
on two islands, or represent more ancient events prior to
island formation in the Torres Strait.
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