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Abstract

Project Code: MRG4980202
Project Title: Phylogeography and Systematics of Snorkel Snail Genus
Rhiostoma in Thailand
Investigator: Dr. Piyoros Tongkerd Deapartment of Biology, Faculty of Science,
Chulalongkorn University
E-mail Address: piyorose@hotmail.com
Project Period: 2 year
The land operculate cyclophorid snail genus Rhiostoma Benson, 1860 is endemic to
Indochina and the Malay Peninsula region. The peculiar appearance of the external breathing
tube extending from the final whorl of the shell has given rise to its common name of ‘snorkel
snail'. These snails have received little attention beyond the original, largely nineteenth century,
descriptions of about 25 species that were based purely on shell characters. After a critical
study of type specimens and other reference collections from many museums and examination
of recently collected specimens, we recognise 15 previously described species as valid and
propose 5 new species. In addition, a large genetic distances value from allozyme variation
analysis that is also supported by mt DNA analysis, may represent at least two distinct species
within the current concept of R. housei.
Karyotypic analysis showed that Rhiostoma exhibits similar diploid and haploid numbers
to the well-known cyclophorid genus Cyclophorus Montfort, 1810. However, Rhiostoma

karyotypes exhibit differences in the appearance of telocentric and acrocentric chromosomes.

Keywords: Phylogeography, Systematics, Rhiostoma
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1 s, Baene Rhiostoma sp.1
2 fnan, 1B Rhiostoma sp.1
3 qﬂmuum"ma@]aﬂgmd, WeLEN Rhiostoma housei (Haines, 1858)
4 wnl3d, gniemd Rhiostoma pulchellus (Morlet, 1889)
5 NYBY, UATRITIA Rhiostoma sp.2
6 f;{’ll,W"ﬁi ﬁv’ma\‘i, AN, UATHITIA Rhiostoma housei (Haines, 1858)
7 gﬁma LWILA7, WINLAAN, Eﬁzlﬁ Rhiostoma housei (Haines, 1858)
8 mﬂmﬁﬂ, Eﬁ'zlﬁ Rhiostoma housei (Haines, 1858)
9 AUNNANNY, WATIITHNN Rhiostoma housei (Haines, 1858)
10 LTW@ﬂ“ﬁ”]d, PATINTRUN Rhiostoma housei (Haines, 1858)
11 aszET‘i’m, WATINTRNN Rhiostoma housei (Haines, 1858)
12| gudwziuidaithando, Tugil Rhiostoma sp.3
13 [ hanasenuas, Suny Rhiostoma hainesi Pfeiffer, 1862
14| gudiwnziusaaiihnsesans, 3uny3 Rhiostoma hainesi Pfeiffer, 1862
15 Lmqﬁu, vinlnd, %’umﬁ Rhiostoma hainesi Pfeiffer, 1862
16 ﬁﬂ@lﬂ&l:ﬂaﬂ, %’uﬂq‘% Rhiostoma hainesi Pfeiffer, 1862
17 an muLLﬁo"ma%{’]@mWé’J, %’umﬁ Rhiostoma hainesi Pfeiffer, 1862
18 Lﬂlﬁ‘ﬁza’mﬁ, Uanay, muﬁ Rhiostoma pulchellus (Morlet, 1889)
19 TOAWAINGY, TR Rhiostoma pulchellus (Morlet, 1889)
20 funaIsl LmﬁﬁuvLN,Lmad, PN Rhiostoma sp.4
21 5’1?11’18\‘1, ANDINNG, /IZWAN Rhiostoma sp.4
22 | Sadananss, azui Rhiostoma sp.4
23 3'@15%"11?%ﬂ‘555, §IZUN? Rhiostoma cambojense (Morelet, 1875)
24 Sadnwnih¥es, vesswnn, Ussnuaiaus Rhiostoma housei (Haines, 1858)
25 | @NRBNRNIN, 81NEU, UTTUATIUS Rhiostoma housei (Haines, 1858)




26 f%”lﬁﬁ@ﬂ‘i, Uszin, Tuws Rhiostoma housei (Haines, 1858)
27 | wawundy, moaudug, gnugini Rhiostoma sp.5
28 L°11’1°ﬁ"ld, (ﬂaué‘fﬂ, qi’liﬂgﬁ(ﬁ’lﬁ Rhiostoma chupingense Tomlin, 1939
29 5’1’3’@7}90, VNDY, E;Iiﬂﬂg]gﬁﬂﬁ Rhiostoma chupingense Tomlin, 1939
30 | §@329, hnuwan, aaudn, GERITZ K ighy Rhiostoma chupingense Tomlin, 1939
31 ‘Li’l@mﬁum@, LR, qi’mg%ﬁ’lﬁ Rhiostoma samuiense Tomlin, 1932
32 | shenwibuiias, IMEaNY, §EgImil Rhiostoma samuiense Tomlin, 1932
33 NS, Egﬂ‘i&g%ﬁﬂﬁ Rhiostoma samuiense Tomlin, 1932
34 LZEINLEN, qﬂmuuﬁa"m@%gmﬁ:éwma, q‘smg% _ , )
A Rhiostoma asiphon MOellendorff, 1932

M

35 [ MEIOMAL, aneuLiITIAninizananad, syt _ _ .
a Rhiostoma asiphon MOellendorff, 1932

Mu
36 LWNRIBLAY, K800, AT Rhiostoma chupingense Tomlin, 1939
37 Lﬂlﬁﬂ; L8N, Wﬂﬁgd Rhiostoma chupingense Tomlin, 1939
38 ﬁwmﬁi’maa, W99 Rhiostoma jalorensis Sykes, 1903
39 3'@5quiimﬂ%1, W9 Rhiostoma jalorensis Sykes, 1903
40 dnlnw, NURA, W Rhiostoma jalorensis Sykes, 1903
41 g’]i’]ﬁg@, W9 Rhiostoma jalorensis Sykes, 1903
42 {@f;iy’ll,ﬁa, ﬂi:ﬁ Rhiostoma jalorensis Sykes, 1903
43 L°1|’131J°ﬁ"1<1, /LA, RIVAN Rhiostoma chupingense Tomlin, 1939
44 Sungai Jenis, Perlis, WLaLde Rhiostoma chupingense Tomlin, 1939
45 Bhukit Chuping, Perlis, ULALTE Rhiostoma chupingense Tomlin, 1939
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7. Rhiostoma samuiense
8. Rhiostoma cambojens
9. Rhiostoma sp.1
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Taxonomic Revision of the Snorkel Snail Genus Rhiostoma Benson, 1860
(Caenogastropoda: Cyclophoridae), with Description of New Species

INTRODUCTION

An operculated land snail of the Cyclophoridae have conspicuously and
substantially represent by the vast range in there habitats, and are ecologically
importance groups of the land snails occurring in the tropical forest. They
represent a great variety in number of species and their morphology from
turbinate or discoidal shaped to an eluded last whorl. In Southeast Asia, more
than 30 genera of the cycophorids have been reported (Kobelt, 1902; Gude,
1921; Yen, 1939; Azuma, 1982). One of these is the “Snorkel Snail” Rhiostoma
Benson, 1860, the most poorly investigated group, and are the endemic to the
Indochina and Pinsular Malaysia regions. Up to now, approximately 25 nominal
species-group names have been introduced to this genus, of which utilised only
the shell morpholog to distinguish between species (e.g. Benson, 1860; Pfeiffer,
1862; Sykes, 1903; Tomlin, 1932, 1938; Salisbury, 1949). In fact, the recent
classification of the Rhiostoma species is rooted to the classical work of Kobelt
(1902; 1911-1914) and Gude (1921), who had complied only species
descriptions with included 10 species. Subsequently, ten additional taxa had
been described from the Southeast Asia region, but none of an efficient
taxonomic revision has been implemented. There classification received a
superficial attention, and the significant characteristics and systematics position
of the Rhiostoma are remaining enigmatic until today. Foremost difficulty is an
inapplicable the species-group names and species boundary on the recent field
collections through out their range. The peculiar freely and extended part of last
whorl (collar), calcareous cup-shaped operculum and usually hold an accessory
breathing device (breathing tube) closed to an aperture have made these snails
obviously distinct from all other closely related genera (e.g. Cyclotus,
Pearsonia, Pterocyclus, Theobaldius) from Sri Lanka and India.

The present revision has the following aims: 1) to revise the taxonomy of
the Rhiostoma based on genitalia, radula and external shell morphology, and 2)
to clarify the identities of each recognized species with the primary type
specimens and characters differences among those recognized species. In
addition, the hitherto undiscovered species are carefully described. The
relationship among the species will be implementing using molecular technique
for further purpose.

MATERIALS AND METHODS
Areas were surveyed throughout Thailand, peninsular Malaysia and Laos.

Living snails were freeze up and transferred into 70% (v/v) ethanol for fixation
and preservation. Adult shells were measured for height and diameter as shown
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in Figure 1A. Features of the genitalia were examined in at least 5 specimens.
Radulae were extracted, and examined under a Scanning Electron Microscope
(JEOL, JSM-5410 LV). Radula shape and teeth formulae were described.

We have examined both male and female reproductive organs of all
species recognized here, except R. hughtoni, R. simplicilarbre, R. strubelli, R.
morleti and R. prestoni. The result showed that the reproductive system and
external penis are seemed to conserve and less in distinguishing the congener
species or even difficulty undistinguishing of the confamily. Therefore, only
reproductive organ of the representative species, R. housei, are shown here for
fulfil the soft body characteristic of the Rhiostoma.

The morphological terms (Fig. 1A), ‘collar’ referred to the part of last
whorl, which is short or long disconnected or freely from the preceding whorl,
and ‘siphon’ denoted the various types of accessory breathing device attached to
the apertural lip, used through this study are modified from Rees (1964) and
Little (1984).

For the anatomical descriptions, following anatomical terms used in the
descriptions as described by Schneider (1922) and Welber (1925): an, anus; bc,
bursa copulartrix; cm, columellar muscle; ct, cephalic tentacle; dg, digestive
gland; es, eye spot; f, foot; fc, feces; go, genital opening; h, heart; int, intestine;
kd, kidney; Ic, lung cavity; mc, mantle collar; od, oviduct; op, operculum; ov,
ovary; p, external penis; pg, prostate gland; re, rectum; sg, sperm groove; sn,
snout; sr, seminal receptacle; sto, stomach; te, testis; ut, uterus; v, vein; vd, vas
deferens;

Registration numbers all refer to the collections of the Chulalongkorn
University, Museum of Zoology, Bangkok, Thailand (CUMZ), unless otherwise
stated. The abbreviations for type material from other museum collections are as
follows: AMNH, American Museum of Natural History, New York; BMNH,
The Natural History Museum, London; CUMZ, Chulalongkorn University,
Museum of Zoology, Bangkok; MNHN, Muséum National d’Histoire Naturelle,
Paris; NMNH, National Museum of Natural History, Smithsonian Institute,
Washington D.C; NMW, National Museum of Well, Cardiff; NSMT, National
Science Museum and Technology, Tokyo; RBINS, Royal Belgian Institute of
Natural Sciences, Brussels; SMF, Forschungsinstitut und Naturmuseum
Senckenberg, Frankfurt, a.m.; UMZC, University Museum of Zoology
Cambridge, Cambridge.

SYSTEMATIC ACCOUNT

Family Cyclophoridae Gray, 1847
Genus Rhiostoma Benson, 1860

Rhiostoma Benson, 1860: 96. Blanford, 1864: 251. Kobelt, 1902: 176. Kobelt,
1911: 754. Gude, 1921: 127, 128. Wenz, 1938: 462.
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Pterocyclus (Rhiostoma)—Nevill, 1878: 262.

Type species: Rhiostoma haughtoni Benson, 1860 by original designation in
Benson, 1860: 96.

Diagnosis: Shell depressed to subdiscoidal, solid, and widely umbilicate which
shows all preceding whorls. Collar (disconnected part of last whorl) detach or
solute from preceding whorl, which short to long and curved descending.
Periostracum thicken corneous or thin transparent. Shell colour uniform
brownish to purplish and/or with brownish variegated streaks. Peristome
continuous and circular; lip thickens and/or expanded. Siphon (accessory
breathing devices) vary form notch shape (Fig. 2C), canal shape (Fig. 2D),
incomplete siphon (Fig. 2E) and complete siphon (Fig. 2F). Operculum
calcareous, cylindrical, concaved with shallow to deep cup-shaped, anti-
clockwise multi-lamellar (Fig. 1B), and diameter considerably smaller than
aperture.

External feature: Animal blackish, light brown, whitish or dark grey, and often
with light dark-brown patches or black mottle on pale yellow background with
fade down near mantle cavity (Figs 3, 4). Cephalic tentacle (ct) long, each with
dark eye (es) on the side at outer base of tentacles (Fig. 3A, B). Snout (sn) broad
and furrowed, and genital groove present at right side running downwards from
anterior end of pallial gonoduct. Animal dioecious: male with long conical penis
(p) on right side below cephalic tentacle, and sperm groove pass along to tip of
penis (Fig. 3B); female with only vaginal groove (vg) on right side (Fig. 3A).

Internal anatomy: Kidney (k) brownish, with triangular shaped (Fig. 3C, D).
Heart (h) located on the left side of kidney; pericardium thin, atrium slightly
larger than ventricle. Lung cavity (Ic) with reticulated vessels (v). Rectum (re)
large, placed on genital apparatus (prostate gland in male/ uterus in female),
inside contained elliptical-shaped feces (fc), and anteriorly tapering to small
anus (an) opened closed to mantle collar edge. Ctenidium and osphradium
absent. Mantle collar (mc) smooth and slightly thicken. Columellar muscle (cm)
broad and thicken (Fig. 3A, B).

Reproductive organ: Testis (te) with branched tubules, bright orange and
occupies around 2-3 whorls from apex (Fig. 3B, E). Vas deferens (vd) thin and
slender-straight tube attached to prostate gland at around two-third of its length
proximal to external penis. Prostate gland (pg) large and long slender with pale
yellowish; proximally with genital opening (go). Sperm groove (sg) narrow,
distinct and connected from genital opening on right side of snail to external
penis. External penis (p) with digitiform, short and locates posteriorly below
cephalic tentacles (Fig. 3B).
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Ovary (ov) with bright orange colour and multi-lobulate gland embedded
with digestive gland (Fig. 3A, F). Oviduct (od) with pale yellowish colour, thin
tube, and connected between ovary and uterus at near base of seminal
receptacle. Bursa copulatrix (bc) large with approximately half length of uterus,
and creamy to whitish colour with soft peanut shape. Seminal receptacle (sr)
with digitiform, small and locate posteriorly of uterus and with pale orange
colour. Uterus (ut) large, curved pea pod shape, posterior end rounded and
anterior end tapering and with genital opening (Fig. 3F).

Spermatophore whitish (Fig. 4F) with about 10 mm long (Fig. 3G).
Anterior part slightly depressed, with two weak keels (see cross-section) and
narrow sperm sac. Middle part with swollen sperm sac, circular in cross-section,
and with one prominent keel. Posterior part tapered, with pointed end, and
sperm sac disappeared.

Remarks: The genus Rhiostoma seems to be limited distribution only in the
Indochina region ranged from Burma to Thailand, Laos, Cambodia, peninsular
Malaysia, and some parts of Vietnam (Benson, 1860; Ancey, 1898; Bavay &
Dautzenberg, 1908, 1909; Kobelt, 1902, 1911-1914; Gude, 1921; Tomlin, 1932,
1938;). Within the overall limits of it total geographical range (Table 1);
Rhiostoma occupies more restricted area than other cyclophorids such as
Pterocyclus and Cyclotus. The limits of the genus demarcated with the endemic
genera Pearsonia and Theobaldeous of western Asia and Burma, the
Ptychopoma Méllendorff, 1885 and Scabrina Blandford, 1863 of China in the
northern range (Yen, 1939), and in the south, Sundaic islands and the Philippine
seem to be dominated with a closely related genus Pterocyclus.

The species arrangements are following the initially grouping of the
species, mainly based on the similarity of shell morphology. This informal
subdivision composed of 3 species groups, which possibly reflecting the
evolutionary relationship and assisting in the species identifications. No formal
names or descriptions are given, only the general characteristic that can be
represented in the species names of the groups.

Group I: Rhiostoma housei group usually exhibit a long collar (sometime
short collar) and siphon always present with complete tubular shaped. This
group contained 9 species: R. housei, R. breviocollar breviocollar s. ssp. and R.
breviocollar uthaiensis n. ssp., R. hainesi, R. simplicilabre, R. marioni, R.
jalorensis, R. tigris tigris n. ssp., R. tigris lannaensis n. ssp., R. aquilozonatus n.
sp., R. furfurosus n. sp.

Group I1: Rhiostoma haughtoni group can be distinguished by short to
long collar and siphon usually absent or replaced with knob or canal shaped.
This group composed of 6 species: R. haughtoni, R. strubelli, R. samuiense, R.
chupingense, R. parahainesi n. sp., and R. proboscidius n. sp.

Group I1I: Rhiostoma cambodjensis group can be separated by a very
short to absent collar, and siphon performs knob or slit-knob shaped. There are 5
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species belonging to this group: R. cambodjensis, R. asiphon, R. morleti, R.
prestoni, and R. pygmaeus n. sp.

Key to species of the Rhiostoma recognized in this study.

l1a. Siphon incomplete (Fig. 2E) or complete (Fig. 2F); collar present with short

to long Or abSent ..o 2
1b. Siphon notch shaped (Fig. 2C) or canal shaped (Fig.2 D); collar present with
SNOMT L0 JONQ ..v v 14

2a. Collar absent or present with short (shorter than apertural width) or medium
(equivalent length to apertural width); complete or incomplete siphon ..... 3

2b. Collar long (longer than aperture width); complete siphon ................... 12
3a. Complete siphon; collar shortor medium ..., 4
3b. Incomplete siphon; collar absent or present with very short .................... 9
4a. Periostracum thicken and brownish; shell uniform yellowish or brownish .. 5
4b. Periostracum thin; shell with brownish zigzag pattern .......................... 7

5a. Peripheral band very wide and dark brown to blackish colour...................
................................................................ R. aquilozonatus n. sp.
5b. Peripheral band narrow dark brown colour orabsent ........................... 6
6a. Shell large; elevated spire; collar long; lip expanded; complete siphon
(excepted some specimens perform canal shaped siphon) ......... R. hainesi
6b Shell medium; depressed spire; collar short; short complete siphon
perpendiculartocollar ... R. marioni
7a. Whorl slender with clear brownish zigzag pattern; short to long complete
siphon; collar short (excepted some specimens perform very long collar) ...
.................................................................. R. tigris tigris n. sp.
7b. Whorl stout; complete siphon with short or long, straight or curved .......... 8
8a. Periostracum thin; apex with darker colour than following whorls; collar
medium; shell with brownish zigzag pattern; siphon usually curved and

attached to lastwhorl ... ..., R. housei
8b. Periostracum thicken and brownish; depressed spire; siphon usually
perpendiculartocollar ..., R. simplicilarbe
9a. Collar short; shell with uniform reddish-brown (sometime with pale zigzag
pattern); apex blackish; spire slightly depressed ......... R. furfurosus n. sp.
9b. Collar short or absent; shell small to large and with brownish zigzag pattern;
apexX bright COlOUN ... 10

10a. Shell large; collar absent; lip with expansion at base of siphon ... R. morleti
10b. Shell small to large; collar short; periostracum thin; lip without expansion ..

......................... R. breviocollarn.sp. ......ccovevviiiiiicn 11
11a. Shell larger, thin and with brownish or zigzag pattern; spire depressed;
periostracumthin ...............ccooeeenen, R. breviocollar breviocollar n. ssp.

11b. Shell small, thicken and with uniform reddish brown (sometime with
brownish pattern); spire little elevated ..... R. breviocollar uthaiensis n. ssp.
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12a. Whorl stout; shell uniform blackish to brownish; long complete siphon ......
........................................................................... R. jalorensis
12b. Whorl slender; shell with distinct brownish zigzag pattern; short to long

complete siphon ....................... R. QIS N SP.veve e, 13
13a. Operculum with dense multi-spiral; collar short to long; siphon usually
attached to lastwhorl ..., R. tigris tigris n. ssp.
13b. Operculum with loose multi-spiral; collar extremely long and curved;
siphon detached from last whorl ................... R. tigris lannaensis n. ssp.
14a. Siphon canal shaped ... 15
14b. Siphon notch shaped ..........cooi i 20
15a. Collar wanting; shell with brownish pattern or uniform colour ............ 16
15h. Collar shorter to longer than aperture width; shell usually with uniform
COlOUN e 18

16a. Shell relatively large; spire depressed; periostracum thicken and brownish;
shell colour vary from uniform brownish to with brownish pattern;

apertural lip with expansion at based of siphon ..................... R. prestoni
16b. Shell relatively small; spire elevated .............cccooiiiiiiiiiiin e, 17
17a. Apex with darker colour than following whorls; shell thicken and with

uniform blackish or brownish; collar wanting ............... R. cambodjensis

17b. Apex indistinct colour from following whorls; shell thin and with brownish
zigzag pattern (sometime uniform whitish); collar short ........................
.................................................................... R. pygmaeus n. sp.
18a. Shell uniform brownish, yellowish or whitish colour; collar short to

MEAIUM L. e e e e e e R. haughtoni
18b. Shell with thin brownish zigzag pattern; collar short to long; apex with
darker colour than following whorl ... 19

19a. Shell large; collar long; periostracum thicken and brownish ...................
.................................................................. R. parahainesi n. sp.

19b. Shell small; collar short; periostracum thin ......................... R. strubelli
20a. Collar very short; shell medium with uniform brownish to purplish colour;
SPITE UEPIESSEA ...ttt e e e e e e e e R. asiphon
20b. Collar long; spire elevated; periostracum thick or thin ...................... 21
21a. Shell relatively small and thin; periostracum thicken and brownish; collar
usually medium length ... R. samuiense
21b. Shell large and thicken; periostracum thick or thin; collar long ............ 22
22a. Collar normally longand curved .............cooviiinnnnn, R. chupingensis

22Db. Collar extremely long (proboscis like), twisted and curved .....................
................................................................ R. proboscidius n. sp.

Rhiostoma housei (Haines, 1858)
(Figures 3A-F, 4A, 5A-H, 9A; Table 2)

Cyclostoma housei Haines, 1855: 157, pl. 5, figs 12-15. Type locality: Siam.
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Pterocyclus housei—Pfeiffer, 1858: 29.

Rhiostoma housei—Benson, 1860: 97. Pfeiffer, 1862: 117, pl. 12, fig. 9.
Martens, 1867: 63. Fischer, 1891: 101. Mollendorff, 1894: 152. Kobelt &
Mollendorff, 1897: 115. Kobelt, 1902: 178. Fischer & Dautzenberg, 1904:
427. Kobelt, 1911: 757, 758, pl. 110, figs 8-10, pl. 113, fig. 2. Zilch, 1956:
174. Rees, 1964: 67, pl. 4, fig. 15. Habe, 1965: 128, pl. 2, fig 10. Solem,
1966: 11. Fischer, 1973: 47. Abbott, 1989: 29, 42; 3 figures.

Pterocyclos (Spiraculum) housei—Martens, 1860: 10

Pterocyclos housei—Reeve, 1863: Pterocyclos pl. 4, species 21.

Pterocyclus (Rhiostoma) housei—Nevill, 1878: 263.

Rhiostoma dalyi Blanford, 1902: 34-35, fig. 1. Type locality: Phitsanulok,
Thailand. Blanford, 1903: 281. Fischer & Dautzenberg, 1904: 427. Solem,
1966: 11.

Material examined: Five syntypes in Haines collection, a figured specimen (fig.
12, 13) in the original description is designated here as the lectotype of “housei”
AMNH 42923 (Fig. 5A), and paralectotype AMNH xxxx (Fig. 5B). Three
syntype specimens in W.H. Blanford collection, the figured specimen (fig. 1) in
the original description is designated here as lectotype of ‘dalyi’ BMNH
1902.1.24.14 (Fig. 5C) and paralectotype BMNH xxxx. Boong Tuey, East Siam:
RBINS 659990, 659991; Pak Chong, East Siam: RBINS 659978, 659979,
659980; Lam Ton Lang, East Siam: RBINS 659982, 659983, 659984. Doi
Phunang National Park, Dok Khamtai, Prayao: 3824, 3826, 3938, 3942, 3951,
3952, 3977, 4313, 4319, 4420; Tam Pha Daeng, Chiengkam, Prayao: 4462,
4729; Tam Pha Tangyai, Doi Phunang National Park, Prayao: 3926 (Fig. 5H),
4784; Tam Air Thammachard, Long, Phare: 3979, 4451, 4762; Tam Pha
Nangkoy, Rongkwang, Phare: 3884, 3924, 3943, 4726; Tam Seareethai (3 km
before), Long, Phare: 4450; Ban Tha-sri, Muang, Lampang: 4728; Khao Pratu-
Pha, Ngoaw, Lampang: 4463; Khao Sompod, Chaibadarn, Lopburi: 3932, 3936,
3937; Sub Lanka Forest Reserved, Lopburi: 4736; Khao Look Chang,
Pakchong, Nakhonratchasrima: 3805, 3953, 3981, 4316, 4318, 4320, 4379, 4384
(Fig. 5F), 4454, Srakaerat, Pakthongchai, Nakhonratchasrima: 4391; Wat
Thepphitak, Pakchong, Nakhonratchasrima: 3954, 4321, 4416; Jed Saw Noi
Waterfall, Muaklek, Saraburi: 4732; Kaeng Koy, Saraburi: 4315; Muak Lek,
Saraburi: 4390, 4460; Pu Kare Botanic Garden, Saraburi: 4742; Tam Dao
Khaokaew, Muaklek, Saraburi: 3802, 3934, 4389, 4760; Tam Sri Wilai,
Chalermprakeit, Saraburi: 3982 (Fig. 5E), 4449; Kang Kracharn National Park,
Phetchaburi: 4409, 4412; Khao Nang Panthurat Nature Reserved, Cha-am,
Phetchaburi: 4480; Pa La-Au Waterfall (km 30™ before), Phetchaburi: 3827,
4740; Tam Na Khwang, Cha-am, Phetchaburi: 3988, 4452, 4719; Aow Noi,
Prachuapkhirikhan: 3868; Bang Poo, Sam Roi Yod, Prachuapkhirikhan: 4414,
4417, 4429, 4430, 4431; Khao Lom Muak, Aow Manow, Prachuapkhirikhan:
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3870, 3987, 4322; Tam Phitsadan, Pratiew, Chumporn: 3816, 3867, 4383 (Fig.
5D), 4453.

Shell: Shell medium to large, depressed, solid, and widely umbilicate. Apex
acute and with dark colour; spire little elevated. Whorl 5 to 6 convex, increasing
regularly; suture shallow and wide; last whorl rounded. Shell surface smooth or
with thin growth lines. Periostracum thin corneous and transparent. Shell colour
varying from uniform whitish or brownish to variegated with dark brown zigzag
pattern, dorsal shell with darker colour than ventral side; on periphery with thin
peripheral band. Collar usually with same length or shorter than aperture width.
Aperture rounded; lip thickened and little expanded. Siphon short to long tubular
shape, curved posteriorly and its tip usually attached to last whorl. Operculum
thick calcareous, deep cup shaped and anti-clockwise multi-lamellar.

Radula: Taenioglossate arrange in v-shaped row (Fig. 9A), each transverse row
contained 7 teeth (2-1-1-1-2). Central tooth with well develop central cusp and
two tapered in size lateral cusps on each side. Central cusp largest with blunt tip;
four lateral cusps on both side with triangular shape and pointed head. Lateral
teeth with 4 cusps, central cusp largest and elongate shape with dull head,
flanked with relatively small with point tip of two inner lateral cusps and one
outer lateral cusp. Inner and outer marginal teeth composed of 3 cusps; largest
and convex head central cusp flanked with relatively small and pointed head of
inner and outer lateral cusps.

Distribution: The previous record of this species was from Thailand; Laos;
Grottes de Baphnam, Phnom Rong, Cambodia; Tonkin (Haines, 1858; Ancey,
1898; Mollendorff, 1895; Solem, 1966; Fischer, 1973). The recent study is
recorded from northern to central and southern peninsular Thailand. The
southern most limits of this species are approximately at Isthmus of Kra
(Prachuapkhirikhan Province), and the northern limited is approximately in
Prayao Province.

Remarks: Rhiostoma housei has widest distribution among other known
Rhiostoma species. Specimens collected from Peninsular Thailand (Chumporn,
Phetchaburi and Prachuapkhirikhan Provinces) tended to have long collar and
siphon, and brighter shell colour than other populations. The most peculiar
variation of this species is known from Tam Pha-Tang (Fig. 5H) that exhibit
smaller shell size than other populations (Table ). However, with colour pattern,
and collar and siphon structures are identical to the type specimens (Fig. 5A, B).
Therefore, these attributed to the morphological variation among the wide
distribution range species.

Rhiostoma breviocollar Tongkerd & Tumpeesuwan n.sp.
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Etymology: The specific name “breviocollar” come from Latin words “brevior”
meaning ‘short or shorter’, and “collum” means ‘neck’. It refers to the very short
to wanting of collar, a distinguished character of this species from R. housie.

Diagnosis: This new species differs from R. housei by having very short to
wanting collar and incomplete tubular shape of siphon. The differences from R.
cambojense are larger shell, flatten spire, dark brown variegated pattern, and
canal shaped siphon. This species can be distinguished from R. chupingense, R.
samuiense and R. proboscidius n. sp. by having very short to absent collar, with
variegated brownish pattern, and canal shape of siphon. It differs from R.
asiphon by having variegated brownish pattern and canal shape of siphon.

Shell: Shell medium to small, depressed, thicken, and widely umbilicate. Apex
acute; spire nearly flatten to little elevated. Whorl 4 to 5 convex, increasing
regularly; suture wide and shallow; last whorl rounded and stout. Shell surface
with irregular growth lines. Shell colour uniform brownish or dorsal side with
variegated brownish zigzag pattern on brownish or whitish background, ventral
side with paler irregular pattern; on periphery with narrow and dark peripheral
band. Periostracum thin, corneous and transparent. Collar extremely short to
absent. Aperture rounded and whitish; lip thicken and expanded. Siphon with
incomplete tubular or slit-knob shapes. Operculum thick calcareous, and cap
shaped with anti-clockwise multilamellar.

Rhiostoma breviocollar breviocollar s. str.
(Figures 51, J, 9B; Table 2)

Type material: Holotype CUMZ 4490 (Fig. 51); type locality: Khao Smokon,
Lopburi (14° 54’ 25.9” N, 100° 30’ 21.9” E). Paratype CUMZ 4491 (Fig. 5J),
and five specimens of paratype deposited in AMNH, BMNH, MNHN, NMNH,
NMW, RBINS, SMF, UMZC.

Other material examined: Phukiew Wildlife Sanctuary, Chaiyaphum: 3969;
Khao Samorkhon, Thawung, Lopburi: 3927, 3975, 4366, 4490, 4491; Khao Tee
Hin, Banmee, Lopburi: 4367; Wat Bandai Samsaen, Thawung, Lopburi: 3888;
Wat Tam Tambon, Chaibadan, Lopburi: 3983, 4445, 4466.

Shell: Shell morphology as in species description. The distinct characters of the
nominotypical subspecies are: relatively larger shell size. Shell colour usually
with variegated brownish zigzag pattern on dorsal side, and ventral side with
paler colour pattern. Siphon form incomplete tubular shape.
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Radula: Teeth arrangement with central, lateral and marginal teeth shape almost
similar to R. housei. Major differences: central tooth with triangular shaped
central cusp (Fig. 9B). Outer marginal teeth composed of 3 cusps; largest and
convex head central cusp flanked with relatively small and pointed head outer
lateral cusps, inner lateral cusp usually small to nearly wanting.

Distribution: This species is recorded from several localities in Lopburi
Province, central Thailand.

Remarks: With the brownish zigzag shell pattern is suggest a closely related to
R. housei. The short to wanting collar, incomplete tubular shape of siphon, and
flatten spire are the major distinguished characters. In addition, with the
karyotypic and allozyme study also support these distinct species (Panha,
unpublished data).

Rhiostoma breviocollar uthaiensis Tongkerd & Tumpeesuwan n. ssp.
(Figures 5K-M, 9C; Table 1)

Type material: Holotype CUMZ 4492 (Fig. 5K); type locality: Khao Patawee,
Tuptan, Uthaithani (15° 28* 22.4” N, 99° 45’ 29.07” E). Paratype CUMZ 3804,
3900, 3978, 4358, 4492, 4493 (Fig. 5L), 4772, and five paratype specimens
deposited in AMNH, BMNH, MNHN, NMNH, NMW, RBINS, SMF, UMZC.

Other material examined: Khao Cha Ang-Oan, Borthong, Chonburi: 3809,
3818, 3861, 3972, 3984, 4363, 4364, 4377, 4448, 4461, 4475; Wat Pluang
Thong, Borthong, Chonburi: 3970, 3971, 4354, 4355, 4357, 4360; Tam
Neramitr, Khaochamao, Rayong: 4468; Tam Takien, Khaochamao, Rayong:
3985 (Fig. 5M), 4470; Wat Ma Diea (Tam Khao Loy), Khaochamao, Rayong:
4467, 4469;

Etymology: The subspecific name “uthaiensis” is derived from the name of the
type locality ‘Uthai Thani Province’, where this new subspecies was collected.

Diagnosis: Rhiostoma breviocollar uthaiensis n. ssp. differs from the
nominotypical subspecies by having small shell size (Table ), and reduced
reddish brown zigzag pattern to monochrome shell colour. It differs from R.
cambodjensis by having slightly depressed shell, short incomplete siphon, and
reddish brown shell colour. Moreover, this new subspecies is obviously differs
from R. hainesi and R. parahainesi n. sp. in almost characters such as larger
shell, longer collar, shape of siphon, and shell colour pattern of the latter two
species.
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Shell: Shell morphology as in the description of species. The major distinguish
characters are: shell relatively small and depressed spire. Shell colour usually
with uniform reddish brown or with zigzag pattern. Collar extremely short to
absent. Siphon form short incomplete shaped.

Radula: Teeth arrangement with central, lateral and marginal teeth shape almost
similar to the nominotypical subspecies (Fig. 9C).

Distribution: The new subspecies is known from an isolated limestone outcrops
in Uthaithani, Chonburi and Rayong Provinces.

Remarks: The disjunct distribution of this subspecies in western (Chonburi and
Rayong Provinces) and eastern (Uthaithani Province) populations is still
ambiguous. The western populations perform the shell morphology clearly
distinct from R. cambodjensis. Shell variation is recorded from Rayong
populations, which showing much thicker shells than the typical specimens.

Rhiostoma hainesi Pfeiffer, 1862
(Figures 4B, 5N-R, 6A, B, 9D; Table 2)

Rhiostoma hainesi Pfeiffer, 1862: 115, pl. 12, fig. 8. Type locality: Cambodia.
Martens, 1867: 64. Fischer, 1891: 101. Kobelt: 1902: 178. Fischer &
Dautzenberg, 1904: 427. Kobelt, 1911: 762, pl. 113, fig. 1. Fischer, 1973:
47,

Pterocyclos hainesi Reeve, 1863: Pterocyclos pl. 4, species 19.

Pterocyclus (Rhiostoma) hainesi—Nevill, 1878: 263.

Rhiostoma smithi Bartsch, 1932: 70-71, fig. 1. Type locality: Khao Sabap,
southern Siam. Abbott, 1989: 34, 2 figures (Paratype). Solem, 1966: 11.
Panha & Thanamit