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UNARLDNTYDING 1

It is clear that mollusks are benefit to humans. As eaters of plants and detritus, they keep
algae, fungi, lichens and seedlings in ecological balance. As predators they also prevent
overpopulation of the soil by worms, insects and larvae, and overpopulation of the sea and
rivers by other molluscs. Molluscs have been closely linked with humankind; in cuitural,
religious and economic terms, and have always been a valuable source of food.

The IUCN Mollusc Biodiversity Program and the SSC Mollusc Specialist Group have
been assessing the conservation status of various regional molluscan faunas over the last 5
years. In 2010 two major regions were completed enabling a review of the freshwater molluscs,
and selected plant groups. These form the first comprehensive overviews of the status of these
faunas. Various tools have also been developed to assist local communities assess and
manage their habitat resources. However there's still almost no any initiative actions on Thai
mollusk fauna.

There are approximately 250,000 mollusc species reported in Thailand but specialist
estimate that number should exceed to double or more than that. Beside the known species,
less than 20 species, which indicated that we need to work intensively before some go
extinction or be assessed by people from outside our country. This research was emphasized
on reforming the fundamental knowledge creation on Thai mollusk, and produced the
monograph on Thai molluscs for basic knowledge on landsnails of Thai people. And we also

expected to initiate National Mollusc Research Center.
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@ ar ' A ar L% v A a ar =
wonervaIsWuTN TSNl fddudauld WasnmstAanisuaninuedlasiylounasd

A A A A’
Tnslulouriieaozlasisunsaiiadn

2.3 AIUNBIN BULAENTEISTIRAY
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uanmnﬁmumnunﬁommsnmguﬁmumqé‘uﬂ Toun Tanewsin 1y qonzd unaudoy
noduas  war  azna udu I@Umsa:aulmi{atﬁauauﬂﬁa_n_ Fmnasnnunasliduin
%ﬁngm‘vﬁﬁwaamsﬂmﬁau‘[am%ﬁnhﬁlam@a"au LLa:Lﬂmﬁmsdamumsﬂmﬁaumnﬁﬂﬂg
USlnadT (Carter, 1983) Wazian (Reichardt et al., 1985) \lunaaqly msfnwinisazanzay
lanzninlunasmnunladnis@nwininin 20 ﬂLLazwmmaumtﬁmﬁmm:amaaiaw:%ﬁnga
ﬁq@lumsm Kingdom &@a3 nnsinasymnunimsazanlansannonaiosanand ldliingln
Wnanelumsaauanmsgadalanenin  edpzAfmsazanlaneminldun dendieg luszuu
tiatanns (Dallinger, 1993) fﬁaﬁﬂ%mmmnﬁq@ shu.afm:ﬁuﬂ WUUSUNUTIIRINT LW 1N
wwdfisuazdnld 1udu wonanlansmindraduiingnan Sswumsnwrasninuniinmsaza
DDT lus19ns (Dindal and Wurzinger, 1971) wua:auﬁ@iaulus:uuziaummsl,t,a:s:uuﬁuﬁuﬁ
Toglumosmnunwumsazautooninlunagmnaadon  datumaoymnundadwunadssrm
m%hl,maﬂﬂgjﬁmfﬁns:@nﬁwéﬁﬁuF] mnﬁagaﬁondn%aﬁuvl@”ﬁmsﬁnwmaumnumﬁ‘a’lxﬁ
ilu biological indicator woaRsmadeufidusaimlasiamzmswdonaslanswin woonn
unﬁgn’tﬁﬂu@”ﬁ%ﬁﬁ'aLnﬂa"auﬁtﬂuuaﬁw qun Helix pomatia waz Cepaea nemoralis §1%3U
a3719R0U WAL NaIuAs §InzE uaz axid (Dallinger, 1993; Laskowski and Hopkin, 1996)

uanmni‘f%aumnunmmﬁ%ﬁgnlﬁﬂu Biomarker sadsanludsnadaulasnisesiagoy
ﬁnwm:mam{mﬁaﬁgnﬁwmﬂ@umsﬁmﬁ’mné’aaqammﬁ atnalsReunsitedusnitiionad
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(Marigomez et al., 1996) @”amfulumsmmaaum”m%’ﬁﬁm”aaﬁmsm%'uuLﬁuun”mi{atﬁaﬁgn
Yanodomsiad wonanmsasesnemiaifafindnundaduud  fignansnasiesauan
nWiquUsﬁuuwom”aﬁlﬁmsa%o”fwa”amnﬁl,i{atfiagnﬁwmulﬂUmsmﬁ \T%  stress  protein

A va =
(hsp70 wae hsp60) Faleinsfinwnlu Arion ater (Kohler et al., 1992, 1996)
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wmm&mugaLLa:ﬁmmﬁthw:ﬁuﬁLaa ﬁaﬁmuéhﬁ’fy'l,umsﬂnﬁawﬁ@wvuﬁsmﬁuvl.@ﬁﬂuatm@
(Kolar and Lodge, 2001) i)’mi’lU\‘l’m’ﬁﬁﬂwvufﬁimﬁluluﬂizmﬂvlvmlu Global Invasive Species
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'ﬁﬁ@w”uﬁmaﬁumn%uuﬁa u”aLﬂunwsLﬂ@Iama’lﬁ’mﬁ@w”mfmmwfu AR MURAINARILN
w”uqnﬁwLLa:mmmmaUﬂqwﬁumﬂ”zl’uaa’nﬁ@w”uﬁﬁ’aaﬁuvl,oﬁ’ﬁﬁ]fmuﬁﬂﬂzjmsgngw”mfvl@i'ﬁnd’w
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'nﬁ@w”uﬁﬁl,ﬂuﬂvtym’lmyazuiluﬂvmgu”uw”ngnmvﬂ’mﬂmwfswamommgﬁﬁ) YannziRuaile
uslne Wunoumndnuansiu (Upatham et al., 1988) uazwauinos (Keawjam and Upatham,
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daananvosduidisantaatszinang inwainseasltmsindiisnunsfarnaionoy vl
m"mlurlum‘swﬁ@gaﬂfu m‘sﬁn‘mLﬁmn”umﬁmw”ufmaf‘{urluﬂyfogu”uﬁmjaLﬁulunﬁiﬁwawﬂmu%ﬁ%
Vi M3lEnauaINay (Tesana et al., 2008) taaan1sldasind LLd%ﬁ%ﬁﬁagﬂn"l@TNalmw:
Audadoeimafnnlunidug  Uszney  igw msdAnfslasaamanuonIsy  Aeinm
wqan‘sswu,a:"fi'ﬁmwamaumaﬁ'ummi{ Snﬂxarluudmaammjwsﬁom'ss:m@’uawﬁmw”uf@m
fungslaifmsinuluwlsunalnodefivunudssmanwanuds (Temple et al, 2004) ¥hlw

mm‘sm‘f@mma:ag‘fnﬁw?wmn‘sﬁaaﬁuvl@i'atmtTaﬁu@'avl,ﬂ



12

.d
unn 3

QA

IN1s@NB

3.1. LL%')Y]’Ni%ﬂ’]?G%’]L%%Tﬂ?O nq

T a a . v a @ | v 2
ﬁﬂ‘hﬂ%ﬂ[lﬂ']ﬂllﬂ %BUNWLGU?%W%Q WREHAURDINT 3NAIDLNIDNIDILREAIDHIGULULN

a-

AU IRARTAM NI UITINTE N9 dsanalng  waziiusiunualstiveumn

' &=

Y A ) < & A4 o = v g dd e a
LlﬂLLR:V\aﬂu’]‘ﬂ(ﬂl‘ﬁuYnﬂizm?lv[ﬂtm\‘lwu?mLﬂUJJﬂ’]‘SﬂﬂE’]JJ’]LLa? LLa:W%YW]UOvlJJLﬂUJJﬂTSLﬂU

ADUINNDW
~ a v ~A A’ A 1 ar 1 =3 A l&l A [}
MINUAIBENIRBENINUN: LaanwuwqumamwmlLmemuﬂuuLuaammﬂunwag]
o @ < g A4 A v
mmmaﬂ’uamaumnurmnmnnmﬂmaaﬂsxmﬂvlnu pRswuAMIwauRasluae

azupanfoInile LLa:ﬁVuﬁﬁﬁ‘sm”ummﬁomaov{uﬁeﬁLwirl,u‘sm”uﬁw:m WD 2,500 LWATINN
seeuinnza uasanwoeos luiidudusu thdu Feanwmeussnssarlsl 1hlsann
6139 LLa:i:ﬁUﬂ’)’]MiﬁﬂJadﬁuﬁ ﬁwaeia'nﬁmw”uﬁmawaumnunﬂaaﬁvu

msifiueatavresinga: Lﬁmﬁamolunnﬁuﬁagmﬂ”m\xoLwiﬁfw'{muﬁaﬁﬁﬁnﬁuuajﬁﬁ
AROAANUNIY IR 'mJﬁaﬁwmfwmmua:u%&iaﬁuﬁwamm{ﬁmwﬁnmaaﬂs:mﬂvlmunnmu
Lﬁ'anﬁuﬁagaﬁnﬂ%ﬁtﬁﬂﬂau NTY fiw Hounsasiniis ﬁﬂmmamnmﬂmmﬂs:mﬂ st g

L. X v & 7 I~ 2 v e A €6 :’ P=d '
NHEUNTN?J%@’)U FUNIUITTNAIIALI Lwalﬁ"lmmtmummmmaﬂ'nmawaumwlmmax

At LLa:ﬂ‘samqunnnuﬁaglmﬁumamauﬁﬁ@luﬂs:mﬂ%u
mssaunnadfdlsnmalsoudsunuaaaisduiuuiungn  uidaegnemiiulelng
WafnNagwing masaesdisen uanfiudeinsuwnilsuuuntud i -80 saen el
Lﬂmméoﬁayjamaw”uqnﬁma\maUmnunuamauﬁﬁmaaﬂ‘s:mﬂLLa:QﬁmmaL%m\:{uaan
doole Wasmnfuw liiumsaadsemnsuesnestinsanansailddrialan e utoyany
BWANUANLIBIMmIINUNIaERaINEaassnalny lapaaiiuaratnegnadiuazaineng
dunuu I WRAT A UM UTTITEIMEURIImAINTIuM NN Y e lwindntmanina
Tanaunsnntauazandne o
ﬁﬁﬁayjai}’mﬂﬁi%tﬂiﬁ:ﬁﬂ%%uﬂu’]ﬁ%”mHaﬂ"]Lﬁlwﬁ?Uﬂﬁiﬂvﬂﬁﬁiuiuﬂ‘i’lﬂmBG%EJUVL‘Y]U lag

'
ar

P =l a @ o v a & ) a
galnunaMInu JUCN Lwal'lf‘}luﬂ'ﬁ‘lj'iﬂ'ﬁ%ﬂﬂﬁiﬂiwU']ﬂ'i%891%Lﬂ@ﬂ?:IU’H%EEJq@QUWJUJU%

3.2, AWAANHILALNITALAIDEN
1.ﬁnm<ﬂ”aazmﬁﬁag:u§3 Yaaenuazeagnimes e liFuAMuRE IR DT IRDY
mnunuazresinsalulsamalnglunwsiy anaregemivsnsn AR sApmaou
ﬁssu'mﬁ%"nmuﬁogwwmnsrﬁwﬁﬂm&u AMTNTARASIIATOU  WEIINLIALURAA

'3 Aa o ea ¢ a a ¥ a , e
DIAMINATAUIINLIFNFATUAITIG wacapIBUIzuI3a 33 LL%Jﬂ?ﬂstﬂﬂ‘lﬂU



13

Ce

A ar

& ' ' ' g 4 @ ' 1% R <
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3.3. Munnalsd
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1974) Gudunsdnmndreiuludssnalnodudulng  uazvinmsansluiui
TADNTY Uszinawain 817 AW URSU LT @uUIULaI Morelet (1875),
Morlet (1891), Bavay and Dautzenberg (1905), Gude (1921) Waz Benthem Jutting
(1959) 1uen
2. Hugwnisduunadddanuaistnoduiuy ﬁayﬂuﬁ'ﬁﬁn‘”mmamuﬁswmﬁ‘iﬂmﬁu;ﬂu
amuﬁwﬁnlumnﬁu?nmeﬁamaeﬁ’uuuwamaumnunLLa:%auﬁwﬁmmaoQﬁnWﬂLaL%u
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Museum, London; UMZC: University Museum of Zoology Cambridge, Cambridge);
MNHN: Muséum National d'Histoire Naturelle, Paris; ZMA: Zoological Museum of
Amsterdam, Netherland; ZMUC: Zoological Museum of University of Copenhagen,
Denmark; RBINS: The Royal Belgium Institute of Natural Science, Brussels
3. 8919 Dichotomous key $WUNENA uazailiduosmauminunuazwoningadinulu
Uszineting GhU'ﬁagaﬂg\amﬁmgm’iﬂm’uaoLﬂﬁan ToyanuIMamaaissUUFURUS
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& @ & o - . &g 4 v
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fIaaUUAIURaN ea8ndad SEM (Scanning Electron Microscope) I8N+t
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@ a 4d [P . A
anum:’uamuwagmﬂumawawammamﬂ’nﬁ
Qs P Qs 3 Qs A’ L3 1 a o a 1 ]
6. MAMWOTHIZFUNUT QaLnuaLﬂ'§w DIIZIALIAIEOU Rz IUIT@IANENI 9 1T
. o & @ P v A g 4 o @ 2 o
fudran @it wmdan 1 ihilawfen weniiiaiiatnaguings ialsznaud
UTSHNUANH M USHUANNLANGEIISTR IR DUARY R DT
ngunasaadr
1. dumwresuuiitiauasiuintoyamuuanitu  Anwmzvesriay  (siphon)
A o =) v r=} < dy p=1 = 0 A’ 4'
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Unaaudnen Walt lunsUSTINUAN BMELAZIUS I UL DUAN VAN TE R TR DT
2. MeatIN FUNALSNIHNGIY 70% waanasamna lTanIMEINAMaEasIzuL
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3. WSpusuaNuane1IreIlassaivesnian fvaniasnduuen fugﬂuazﬁ
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3.5, NFANHIANUFNNWENIITRWINGT NSAEASUSTTINTUATAANBIAEAS
3.5.1. MTANWIANNENHHS N1 TIWWINT
1. @NOAINUINTINALDY nnitaegui (foot tissue) B03da0t19lagls DNA
extraction kit %38 phenol-chloroform extraction Doyle and Doyle (1987) Iz
@mﬁ]aauﬂ‘%mmua:qmmwmaaﬁLSuLaﬁan”avl@T@Tm’ﬁ Gel electrophoresis

o a & P

2 Wdduefianaldanyin Polymerase Chain Reaction (PCR) lanldriun3nanany
fiweUsmanlulansuiasy atiniwnySinuuosmodiiwonhnng

3 @99 uUTN MU MW BINAAA A IdNUAT11an Gel electrophoresis
wazin PCR product ﬁﬁﬁnUmw"uaum'am”aamovl,ﬂﬁﬂﬁ’u'%qﬂ%(gﬂfuiwu1°1'f PCR
Purification kit kazvhnssuirauinilainduesanudiowe lavit Automated
DNA sequencing

4. Annedanauinndle Indeanlusunsa Clustal W (Thomson et al., 1994) uazuis
HRWIANNENAUDN I B IIRMNINEIT  Maximum  parsimony  (MP),
Neighbor-joining (NJ) 18z Maximum likelihood (ML) dulysunsy MEGA (Kumar
et al, 2008) uaz PAUP version 4.10 (Swofford, 2002) uanmnﬁﬁoﬁwm‘s
Aenzdanamannaomawigns vasmeumuluadifiduiiudin laoazi
mylwnsiimeludsansidoriuasszineszmns lagazdruimmi
mtDNA haplotypes (h), haplotype diversity (hd) (Nei, 1987), nucleotide diversity

(T0) (Tajima, 1983), total number of mutations (m) and mean number of pairwise
nucleotide differences (k) lavlsldsunsn DnaSp version 4.50.3 (Rozas et al.,
2003).

3.5.2. MyaTIeHRBamansserns
1, Lﬁu%“nmeﬁamwamiﬁ@ﬁwws”um‘sﬁnmlmfﬁow”ugma@ﬂuLaqalu Freezer -80
§IFN WAY -20 847N LAINIYNMNTIATIEAGIDAT Allozyme Electrophoresis
2. avnmouadiduosiiothvesfiiunn  lanSoufiouiudiotieduuunii
M IneT  ausineimaas  INaINTAMINIRBUAZINNINUITHYDY
Brandt (1974)

3. JiaTerlsau mpis allozyme electrophoresis lavld35nsu09 Clayton and
Tretiak (1972), Boyer et al. (1963), Ridgway et al. (1970) U8z Murphy et al.
(1996)

Staneilaseainavastssmnslagmuiumans g @it Allele frequency, Genetic

variability, Hardy-Weinberg equilibrium, Genetic differentiation, Genetic distance,

Isolation by distance (Mantel, 1967) LLa:LLNuQﬁLLammmﬁuw”uﬁszmn
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15211397835 neighbor-joining (Saitou and Nei, 1987) #¢ lUsunsy BIOSIS-1
(Swofford and Selander, 1989), GENEPOP version 2.0. (Raymond and Rousset,
1995) uar ARLEQUIN 3.1 (Excoffier et al., 2005).

3.5.3. msansuvasuazlasivlonlaginaia Hypotonic air-drying method

1, ﬂ”@tﬁaﬂﬂaw”uﬁm”w”oLWﬂ;juauwmﬁymrlm"lun’)sﬁnw’) Taslulay

2.

Tandamsazaoladdunnududn 0.05% Rasudinmsahaduloadmdarily
IﬂsTqunu%q@agJ'MS:U:LWWLWﬁ@Wﬁ@TMﬂ'ﬁ

aaiaifinfisasnis (ovary n3a testis) Whdududng ldlumsarauindaifons
Viw @sazans lm@ougiasn (0.9%) lmduuaaalsa 0.75% »3a lwunaifounas

156 0.75%

X 4 . o X v o © g - , “
. NIDILUALHIHTIUAIUALNI §) LLﬂ’J%”IVL'lJﬂuLﬂ’JUGY]ﬂ'J']NLTJ 3,000 FaUfUN Lﬂu

A v a R a ) . .
1287 10 WF UAIINAZNOULTART LN UAUAITATANE fixative (methanol: acetic
acid 999& % 3:1) Mdrad19kauraIngs
o Aa ¢ . & A a
'mmia:mrmaJLfnaaﬂuagvl,ﬂm@uuavlam:ammwuu warm plate  gmny
sz 60 aam e lwlasiulaunszanu@du Ltaawdavla@“l%LL%aluqm%Qu 89
& A A
winauNgmn)il 37 aaem
q , fa v v =1 ca ‘ ' = v = A A
muwuavla@mmmmuasznaawag Teanalasluloudiud Geimsa fiamy
v v a @ & W . v s o ] v v oa
WUTW 4% win 15w wasnniussEusosinauias iz lad iiwen
qmva{]ﬁﬂ“aa
Q [ e‘d‘ 1 v v v = v v 4 o A
udualadfidunsdanuazuiaudld@nimolandasganssed  duiinnw
=) s ar

L IaRILA metaphase chromosome LazinlUdiaszranslalndanunaninasivas
Levan et al. (1964)
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Tugrane s5enas ﬁ"l@”ﬁmsaﬁum&umsﬁnmaaﬁmmfﬁmmm%mn%mumo%’;mw
agnsu’immm:"ﬁwmmwamaumnunmaﬂmﬁmnﬁfu Fornamiann W lufiameia  fims
FUNURBUMINUNANYSEINa tng LLa:LﬂuﬁjﬁTnn”uﬂdﬂamﬁumm’fuﬁnﬁfm"aUaﬂ"ﬁa‘ uazIariily
lunyvaaveundudrsg veatny dmivldlumsuimsdanianineinsfiniwaasmenng oy

J dld Q s v \ 4 a 1 v 1 1 s ;
Lﬁaﬂ‘ﬁaUﬂ@\&m&lﬂ?ﬁ&lﬁﬁﬂmuLLNZLL%’JI%&JI%@’]%H’WWW%W@aﬂaﬂluﬂﬁu@nd"') 4 NYUGIW

4.1 n&iuwaﬂﬁd’mmﬂ?\an’mﬁ Cyclophoridae &na Rhiostoma
UNII
o A . A , . o b4
waumnidhdaifan (land operculate snails) (duwasniusaseasznitanaurasin
/A r=l 0 [} a ar =) r=4 a A/ Ad‘ﬁ(
FALRTRALNINUN ﬂa'nl,ﬂwammulumnmmwnﬂunwlmwmvﬁugu WIDUSIMAUNTL
I3 i & 4 aa 9] v a ' a ° a i
mivoma wwiumhaznzidansdu  snthuludasiuds 9 douirldoiloe wuedlu
a v A e o a & ' v A @ a 9 & o
AUANANAN TV T UNIZVAIDLTY AIUAUaTaRLDUII T Az Maanandld Juaudasanison
A =l P~} ' =3 [ v ld.lﬁ [ @ A ‘\‘: A
'memyﬂqu, I "I,ﬂwmmmmqwnuﬂaﬂﬂua ‘Ha’lUY]ENYIH?J’NLﬂ%WDWIJENQL'IJ’] YIATIION
LA . o o 3 o A =)
VauIY nagmﬁaw,ﬂwanﬂa%amﬁ%amamaﬁ Cyclophoridae amnﬂmoﬁmmlmywqm
Tuussamasidhilafannanue nundluniteids oSN aamasidy aaaaawaslInniie
Uratiunonuniswumandiunnd 600 a3 danalny 9 agnaivana 1w weuweusna
Cyclophorus %ouINYIaaNA Rhiostoma 484 #audviaans Rhiostoma fifialdinidunauunt
s a a o v v s a Ad o Qs d:! z:l
URAIRNHDAZUR AR T3 NI TamINg Molassasindugiuinendanusinzas wasiiiun
' ] LY o a A1 v o a 1 o = B » @
MTLNINTEZLADUTIING 'I,uma:ﬂmvl,ugnmmu mNaTmUmmamsmamﬂuﬂagmﬂu wa
IRV AT INNUDNARUNURALRAN  WANIRDURANLALRELINYIE  dndnilwsasda
FeRINIRA LA HIINIALRZALNINUN ﬁadmﬂwauww'u'luu'%nwmnﬂ”unmfl,umwmﬁugu

o a A Ada '3 , & 4 Aa o
RIDUIIUAUNNUQTTULUR L”D%W%Ylﬂ’m‘:m’]:ﬂua’ﬁl‘!u IuﬂszﬂﬂvLY]U&ls’]ﬂd’]uﬂ’]sWU%aUl%
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Mufdna 9 wwann 100 § mssuunresiulfanvurdugwinovesddon VIugUNTs uaz
aaay vhlwduunnenswrield 6 alid msandvaglumnivouiliueaiumsdannazas
Uszmnsluudaziufiognadnsa LwiLﬁaamnmunajufrtﬁuﬁﬁuuu%Inﬂmaaﬁ@fﬁi@iwmnwmu
TR ITUTATIADININ WD i%“m‘t,?ivmgndamfmu Tananzaainuuns wazuusd daneanan
padusmandasluudaziuilywoiuudinliiAansuandousesiuanasudada  nsls
smgingvaadianuazaivaznisly aelimansaaaufmouluiesvovivensaanvesaildd
WATANMNFUNUENITTAIUINTT LA DENITALIU nﬁﬁﬁm%ifﬁujaLﬁfums“;msww’lw'ﬁo
anuFuiuinIiawmsleslddalaloiuazfiduie  veaensnvioana  Rhiostoma  uda
AenedmdniuimaTianmadniinead  samyilensfezivelovrhiduerianndans
DU UWUT wazoadnNuiNITianms flasnwanluaed Cyclophoridae AN Rhiostoma
wnu'lifns@nmluudyudn 9 arewas m‘ﬁmnﬁsmmulm%aagnm?muﬁugmmaamﬁan

FVRITEge!

HaN15AN®I

NUAIBHNRDINYDLTOMMARTE NMANEIN NMAaziuaan  N1nazikganiaaniie
maazinan uwaznald vasdsznalng swfalseinaunaidusy Perlis, Perak, Selangor Laz
iz Langkawi 530 45 AR uastfinudragwnueetedwuuuluARE e Natural History
Museum (London), Natural History Museum of Wales, National Museum of Natural History
(Paris) WAz Senckenberg Museum of Natural History, Frakfurt lagfineaatnsannAnsnus

AINAT WUINARDDINTDIIUIU 15 THa A1571997 1

o A & e ' a \
AN 1 IDTUINUAIDHIIURETUAVDIRDLIWNDWUY

Locality Species

dlan, Foene Rhiostoma sp.1

i, 109y Rhiostoma sp.1
qwmuuﬁaﬂmﬁﬂaugma, Wbe Rhiostoma housei (Haines, 1858)
1wgd, qﬁbﬁ’]ﬁ Rhiostoma pulchellus (Morlet, 1889)
DY, WATEITTR Rhiostoma sp.2

dunTs Bnod, enal, WATEITIE Rhiostoma housei (Haines, 1858)
gﬂﬂﬂ’; WL, NINLAEN, E‘ﬁzlﬁ Rhiostoma housei (Haines, 1858)
NINLREN, JI2YT Rhiostoma housei (Haines, 1858)
’Jyﬂmwﬁﬂynﬁ, UATITRI Rhiostoma housei (Haines, 1858)
\13NT, HOTTITRIN Rhiostoma housei (Haines, 1858)
ReUng Y, uATIITINN Rhiostoma housei (Haines, 1858)
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€ L a

umww:wuqﬁﬂfﬂumﬁm, THNH

u

Rhiostoma sp.3

Rhiostoma hainesi Pfeiffer, 1862

a
Y
HANATONUY, ﬁ')”uﬂq’%'
a
U

wilwzwnsga T naanea, ﬁi“uﬂq%'

Rhiostoma hainesi Pfeiffer, 1862

quﬁw, vilwal, Sunys

Rhiostoma hainesi Pfeiffer, 1862

hanwznan, aj"u‘nq‘%

Rhiostoma hainesi Pfeiffer, 1862

~

ANINUUKITIAINANWRY, UNYI

9

Rhiostoma hainesi Pfeiffer, 1862

WNTE09A, Uanay, TAY3

Rhiostoma pulchellus (Morlet, 1889)

TANRIINGY, mauﬁ

Rhiostoma pulchellus (Morlet, 1889)

0 ¥ 6

FUNRIY mﬁuvl,ci,unm, RE4IDN

Rhiostoma sp.4

o A

8N, ARDIVIA, AT

Rhiostoma sp.4

v 3 ¢

TG NVIANTTY, FIZUND

Rhiostoma sp.4

L%
FAMUIANTTI, FTLUN

Rhiostoma cambojense (Morelet, 1875)

A D13NTDY, UIEEWIR, USEauATIWD

Rhiostoma housei (Haines, 1858)

v ' Ao o 6
PUNRBURUIN, 81IUSUND, U5¥IUATIUD

Rhiostoa housei (Haines, 1858)

fNgas, sz, TUWT

Rhiostoma housei (Haines, 1858)

NN, MYaudng, ae)Ini

Rhiostoma sp.5

NN, ABUAN, I IDH

Rhiostoma chupingense Tomlin, 1939

v

AT, thnuwsn, aaudn, anegini

17909, U, Eﬁ’]‘h}g{mﬁ Rhiostoma chupingense Tomlin, 1939
A

Rhiostoma chupingense Tomlin, 1939

hanAusa, inzayy, §9185018

Rhiostoma samuiense Tomlin, 1932

wenwiiias, inzay, gnugini

Rhiostoma samuiense Tomlin, 1932

MTUAK, FIEIN

Rhiostoma samuiense Tomlin, 1932

IMeamuld, Wiimedamad, gnuyinil

Rhiostoma asiphon MOellendorff, 1932

\MNETIAWAY, BNZE1INeY, aNEInIE

Rhiostoma asiphon MOellendorff, 1932

WNWIBLAY, B8R, @59

Rhiostoma chupingense Tomlin, 1939

v, w"ﬂqa

Rhiostoma chupingense Tomlin, 1939

WANLEIN DI, WIN

Rhiostoma jalorensis Sykes, 1903

fﬂﬁwqaﬁmﬂm, WIIN

Rhiostoma jalorensis Sykes, 1903

&lny, UK®, WIN

Rhiostoma jalorensis Sykes, 1903

dine, NIN

Rhiostoma jalorensis Sykes, 1903

L’U']Eﬂ’fﬁx‘l, FTLAN, FIUAN

Rhiostoma chupingense Tomlin, 1939

Sungai Jenis, Perlis, NUALTY

Rhiostoma chupingense Tomlin, 1939

Bhukit Chuping, Perlis, 81818

Rhiostoma chupingense Tomlin, 1939
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lunsansudifanandndatooalalod uasfauia lunansaviavading uaz Siemeh
msuwinsEnsuazaTiawmmaiipimaaivamonsnvietesing  lavldinnsifiudiadng
VOLITIVAUTIIHE NAWHE MANATY NAGZIKEEN NMAAZIREENRLIRTE MAAZIWAN WaY
malel voslszinalng sasialszinaniai@osy Perlis Perak Selangor Waz 1Ny Langkawi 533
Taimsidudratnaludssinaay aanmsiensianunanranvvesadsd  laumsifiou
S IRUUU LR AR T A N ED WISV E TN 4 NIROUADYH 1M3& uaz unsania wuindnes
nrannwuluwlsanalnesman 12 s8a ludwauid 7 viefdaeinesdusialnivedlan
Pt I8 N59 950 VIsIEENYIY 1WSsuITsURUTatIR LY gﬂﬁ 1

Namsﬁnmluﬁ‘awaaa%%ﬁﬂml,ﬁalﬁswUa:LSUQLﬁmn”ua"nwm:maw”ugnsmLLaz
ANURURBINIIWUINTT TONITaNaALE waUDIRDU YD IUIW 72 @”ﬁaﬂwamnﬁuﬁmm
warAaEand e sfufimanzarlumsinsmenuduininieiiawinms  Tagldumismes
fuunlulansouiaioadiduie cytochrome ¢ oxidase subunit | (COI) lunsdnwdSouiioy
fMAUIUFUIZNN M 700 W luidazeaadng mm:i‘fagjilumgu@aumuﬁuﬁwmuﬁtﬁma @830 PCR
war Sequencing 9niwilAszdeanlusunsy PAUP 4.10b msfnwauduluszadinlszns
’ua\‘maU\‘lN‘Yia’ﬁﬁ@ﬁﬁm‘in‘izﬁnuﬁdﬂi”m Rhiostoma housei @t allozyme electrophoresis L‘ﬁ'a
amvseuanuindanwusnysuuiimsidulsznaudoaiuein Biological  Species
Concept m@aaznisasiasavlu 11 loci tiasmnmamasovlmiasdn fuwltufazlius
MIBnTERne P levinmsanwRnludretnsmiuinanmaas Twaenidoaniiouas
mamilarosadifdaonan  mafladun iy neewusdddiidu  Cryptic species  1hatulu

Ama o A ' @
UsepnshinuanduNuana1anuly



b
10 mm
F ,
‘ G H | J
~
Vol |
K L M N @)

E‘Uﬁ 1 MagINYIeana Rhiostoma 31U A-E Rhiostoma housei 31 F, G Rhiostoma haughtoni 31/

H-M Rhiostoma haniesi W8¢ 3‘1J N, O Rhiostoma simplicilarbe
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4.2 néuwayﬁfnéw 296 Streptaxidae ttas Diapheridae
UNHI
a dda A . A v & a o vt o o A
waummﬂuammmannqmm AlaruTnaaun I T@WI MW nnsUsu AN
mmzauﬁumﬂ’ﬁ%%uuuﬁlm%awaogﬂmo’uamJﬁan nuay AL UHIMITMSAN launat
& & a oA A v a v A& a4 . 4 v, <
MNUNURINININAUNT LAwTIn Ty maumm%aumﬂu@]mmnuagmmwm Iﬂwamgmuu
@ a % a a v A 4 & f o & Us
INAzAwranFINWaInIo @A udaniiua1ns ﬂs:ma‘l‘ﬂmmaagj’lm:umawnuuuuguugm
P a aa a a v d . ) v
mtﬂuummmmmvxmnvxmwammwgwﬂsxmﬂ nilne wazh 1l Asasnalidseine
Vlmuﬁmmv\mnv\mumamaumnunmju@mG] smﬁwauqmgwﬁun”u
mnmmﬁu@T’samwauﬁfndmnmﬂ’uaaﬂs:mﬂvlm FUINYTTUIH 250 @288 AN
. fa & v u e o . &y N
msmuunaqaua:vnu@lumu@ulwaoﬂgmmswmm%awnmmau 8 @na §9% Discartemont,
Diaphera, Sinoennea, Stremmatopsis, Oophana, Haploptychius, Odontartemon WY Perrottetia
4 . =) a a a 1 ] I;’ v ar =Y
Lﬁaammmmumsﬁmmuunaqamamauunmnquummﬂlmanwm:amgwmﬂm*'uaamuuan
= v o v o A 0‘/, v v A ] a 1 ~
aypsidanle ﬁam'lﬁmwmmuaqaﬂwulumu@u‘lm Ynmumwuwamunmmm@mn’luaqa
= = ‘ . ) A E a .
Diaphera fmtﬂuv\azmwummwsnszmuau‘lmuyagﬂuﬂsxmﬂﬂaﬂﬂuﬁ asannwassiadiliing
a o [ a A av
ﬁswmmmswuluﬂszmﬂvlmu,a:mumﬁmmnmamnﬂazﬂuaqaLﬁmnuﬂwu'luﬂszmﬂnmy"m
] = A s 1] v L
AT Lm:tﬂwnu@ﬂm‘lumugnﬂuwumnau
' = o @ w d d« o . [ A o o A
ma"lsnmmmmwauunmluaqaawmumamﬂ@uu 1 DIINITIAWUNTRAV DIV D
) L™ v o ar =Y A A 3 A A Q‘; ar A a [
’luﬁqamwn%:’lmnum:amgwmwmmauﬂaamwmamaLmn Tauaisgsninnusuauay
& Mo, = ' Ao Ada v & o
N lwnsanvassnldrinisiiuaratninesigsidiauaziduanauiounlunsdneissuy
o v v oA . i o a ' = A
ﬁuwufmu "lmaanvxauluaqa Discartemon 31l 2 INANWTZAUTRADHNIRZLAD6 LiaINras
A S o ) o o ' A A A
luaqaumnum:maamaanmﬂmananum:ua:mmmmnmoﬁnn%auluaqaauﬂa wloniiu
' % 2 a1 o ) . a ) Xa
NYIAOWTNILUS Iuthnuldanivunansou LLazmnmSﬂnwmmumlua@@wmmauluaqauu
' e 9 { X
mmwsnszmUmmnmmaummQmﬁuﬁamﬂlmaaﬂszmﬂ‘lm ﬁmummuluaqauu
FUIIUMTAUNIRNALUTZNI 15 TRAGIINY NNNTANE RSN IUN LA 0E1IGUIULYDINDY
d & o a = , & ) @
‘luaqaumnmnmaqﬂ USTINALWLTOLAKE WAz 10aTNT HazaNNITIAUGIDLNINIRNANINNA ba
Fo g a 1% ar ¥ o A
°uaaﬂs:mﬂ‘lﬂUwuwamluaqaumauﬂszmm 8 THAGIUN® WHNIMNUIIWLRBLDIN 2 morpho
A a [} A =9 v 1 =9 A ar v v 1
type N liaunTnanImainumansia Lm:mmwmwuﬂwuﬂﬂUavlmﬂugnﬂuwumnau
o L ar ' ‘:Yv ' r=4 =2 I =4 - o d.
wdnlddi  wenindluanatidalinoimsdnmatnazidua LRENNTIATILND LT b4
e o ' o o e ' aa ' A . & e @ P= a
ﬂaquu"lwmmsnmm'lmnumazmmjag maamn%aun@umﬂaanunﬁ)zumwwuuﬂs
) I ' ' I3 a o a -~ a @ o @
fauTININ Lmamavl,snmmanwm:mdamgwmﬂm’uaaszuuauwunﬁﬂuanumz‘nmmwuuﬂi
, v v 2 o v o 9 . A - & Faw ,
fauintan mmmsnmmﬂs:qn@“lﬁ'l,umsmmmn"lmﬂuamw\ LLaxanmwauluaqaum’lu
P < = A o ' . A a2 & 5 v =
wodmsfnwlsoufsuaindnuinon dsmsanwluassfiazlfiduanaesgiu Tumsnyuas
Jadwunwenlusna  Discartemon uaztisltiduduuuulunmsdnsnuniulunduuesvoniing
A L. A v A v » ar
ANaauY Taisnndainsdnsauitunis
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A B C
: ‘ 1
D E | F
\ ‘ i
! | {
) 5 mm ‘
1‘ ‘ . ‘*
G Ho |
i ' {
Al ' ) 1
< « K L

o -
31 2 wasunaana Discartemon 31 A Discartemon stangulatus 31 B Discartemon sp.1 31 C
Discartemon sp.2 Eﬂ D Discartemon subglobosus Eﬂ E Discartemon sp.3 gﬂ F Discartemon
siamensis gﬂ G Discartemon sp. 4 Eﬂ H Discartemon globosus 3‘1] | Discartemon depressa g‘ﬂ

J Discartemon sp. 5 31 K Discartemon petti Waz 3\ L Discartemon sp.6
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4.3 nauvieudailien Ariphantidae uaz Dyakiidae
UNUI
a A = A A da Y ~ o ¢ . '
ssupinaavwdudnszuuiinanisniianuday  uwivuesdaingudeg 1w
o o Xa ' o o A |
FuauNN lummuumaumnurmmungumﬂuuazl’nﬂizim"nﬁmmmmugu Auannvan
a v ' @ . . 4 ' Aa . &
MNIWANTUraLTaliana9d Ariophantidae Faidundurasnidmsunsnszanoiiyszinalng
<& ' a X d4d A % o A L Fa v A, M
Aslwlsrsumauasluinnnndowudashud®  vosdanfonmiriiwihadmagidunadzany
A v de o &, @ a | A A & a
meqmwuazaamumqmms‘nmﬂtyuma‘lﬂmamfngwauﬂ Avuslnanras  luwnasivesta
= Qs A o 1 v v =y A ] & AaA J
Waenginafinoansanvasdwlyd  WRzWIRTTOIRROUNIITUIRDTE  athelsnainanluedn
° A€ A o a v @ A v Ave
sSuadddunniaduraanizinuas no u,mwwaﬂvsaUeumﬂﬂan%zwuvlmm"lmm:tﬂuwgan
, ,oA ' . o ' A @ S v oa e
wInudInlngiiossfimauninun Lmaaﬁmmj’lumumm annwaulmoﬁuﬂauuaguau
ISRy o a 1 v 1 nlo a A =) Y a ar
wazdvasnanaudszmsdensanmludiueni g Nddmlsznmitda msmuunwmwuf
v/ A’d ld‘d v ar T =1 ar = ar Q':
mwaulmaﬁuuLﬂﬁaﬂmmmﬂmUﬂﬁaﬂummtmw:tﬂuﬂua:aﬂ"ﬁﬁﬂua:aqaﬂunmu A%
A = a ' = ' a ) Aad
WINTENSANINAIUTZUY MIALMBIINARNMIUNINTZANY UATFNINABLIIAGTATINTD
WNANINNEIMAIFAT LR NsFasunnranlwisdiaaduldlaun Snﬂ”atﬂuﬂsjwau
A o =1 rA @ v =l o v v v o 6 ar =1 v var
AULFAIANW UV DIRUTANT DL mml%mmgmummvﬁmnaﬂ’na’uawawmﬂaan@aﬂmu
m'iiJ’%“mJ'Eal,mwlm LL&J”lmJﬁJgu”uLam”ﬂuQﬁmﬂLau'fi'umd”uaaﬂLﬁmlﬁﬁﬂajLﬂuﬁmmmmvxmn
aed e o & - & Xa o o o A€ 2 A -
adanuida dntumsdnsluafoidasiuluGasaimsdwwnanawazaddd laold3snsfinn
a & @ A v ¢ A o . A = A A o '
MUIMAMEA T8I IEILFUNUD snwavlumuumwﬂmluﬂs:mﬂvlmLmzqumﬂaulmuama
a o AV o A, o @ Ao
93999 waﬂvlmuﬂuummmmmylumsﬁnmwu'gmam‘i’ﬂs:mns LRZITAIUINNTT D9V 08 b aael
Jv ad a fﬂ‘/’ 0 O L v =S A 6
ummﬁmnmﬁ:mugwam uardsbtiduduwuuulunisanmanurvainadFdus masmnun
A = =9 =3 =1 ar =1 v
AU luszuuunﬂmmugwnadqummammmuaanmmlm
) . e A e o oA X A A
WOUNUNWIA Ariophantidae w3awanandailfon Janwmzdapfosinvaaioitionls
lumsashaidfen (mantle edge) ﬁgﬂs’wmwwz@ﬁ waondunssuuw Juwrednauiieswialng
WUWWINTEEaduaniId anwWsn tnizunangn Yssinaiaant dwae Qﬁmmm%um:fuaan
A v a adA s =1 Jﬂ/ 1 [ =1 =1 ar
Bosle way ingfiaii N?Tv\awmﬂaanmmﬂwaunqmw fanurangdiduin M
%mwgmaagnsu%muluﬂ%qﬁuumaam‘ﬂu 7 29ditan (Bouchet & Rocroi, 2005; Vaught,
1989; Schileyko, 2002) uay 2 WddasnanAwuwnludszinainufia Ariophantinae  Uay
. & @ i A ey A a &
Macrochlamydinae fanseiud liiduinnuuisaindsznainofianunainadfdvanauluna
» ;o 1 1 ! AV A 1 1 =l
2 wetauiiwamyile (Panha, 1996) udnnmaanwluiuntafoasw wauazthiamn
WUTat9F Ariophantidae Uszunms 40 ANA 450 fDTd HAZINTIWINBANZFNINTT IMETD)
. A Aea o
LAZAUFYNTANAY WUNINNTY 100 T8 nmsdnvndludsanalnonwunaslwrievauta
A A . A4 A o a @ -
wWaandszanme 10 @na 30-40 T FadaSouisunuenunanadTdavanied
=1 as v A - 0 A 1 Qs [} A v o N AQ‘: a
WAL SEN AT A LITRB I A URANGIINH DL ININ mmUml,mummmaguma@{

= ' v A ' o [ a < & 4 v
"UENlJ'iSLY]ﬂVLYIU YlE]Q@'Nﬂﬁﬂ\iLL&ZLﬂ%Lﬁ%ﬂWGL’UGNG\Qﬁ] aamgumammaaam‘lumaaawu‘n bR
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~ A6 . & . N a A v oa o & A 4 '
arsziinnunainaidfduasanluisd Arophantidae ludsinmnlndifpsnunsaesiun udens
o e o Xa o a A 4 o A o & A
dosnnuatlwndiinidduguinovasfaniadoafaiuinn nagunsauazawae piniaz
o o = = v A . e o At @ =1 o @
IFlumstadwunadfdnioududans nnnsdnmniriwndiahaivizuiuiienudidnyuaz
Ilumsthuunadfduazmioanalunayidd Arophantidae 1dd (Godwin-Austen, 1910; Solem,
. A o t% @ @ Aa o
1966; Sutcharit & Panha, 2008) \asnnaivizFunusidudnumenanusnssy msndaivag
@ gl ' @ ° Y v @ ° v a f A @
furiugiuandrsiuazhlioinlunsuautumeuiih idensudauonnemsiuiuduaz
woniduauazadd  widmesdinamazlizuig  sunsadfeon  memouaziduveafand
WwdaunuanAay
. . A’ A ' v v o A a
waNNBaulUIIF Ariophantidae Haziianulaadulumumsdnwsiuds dalnansznuny
Uszmrunaiodiusu 1) duassgin leodnonwhwesmnununanguaisanugyiiion
o @ a A4 aa a A & v A o
neassuazngauiuNanAaMInnees  Jafinestailfonieduninegdin  Welinme
A A A @ . v A a a 2 °
wrunsauaulandniniemssamslugduoudns g iwllldodfiussaninmgenae udu
[} QI ‘d’v ' s o =) ~ A’ v a A\
adwisndamualdd nurandmsdadiuun ussirinpuiasdu wis 2) MumInmInNgy
a A i { o da ' % . a
veudallienana Hemiplecta 311 3 unnfivwialng sansoldiduwundslusduoatsemmm
. % P e 2 o ' P N a
wulumeaaziueanidounile uazdsznasny wdilesnniduneswinfiondoatauiudu fiu
A ' 4 & o | a v e &
wwnAindes T biDuunasrnnzpaslsanentlutealugadiausuazluau (Berry, 1974,
Panha, 1988) WY 3) AUFILIARDY mzmaU'l,maﬁuunwuqn’gumuwuﬂﬂwuumvnmmi!lu
aeda o a o . A {o ar . & A
wazivesmauadfaniianudnwziu . woordvaguwpduluidinaminiu. Jawansznuan
] a ~ 1 0 a 0 A’ 1 a A ) A2
msiunidasin zdnansznulasassdomagyutvesnasmaiotnamanianslale

v 1

dannamnTIsuusimenluiad Arophantidae  Hazfinnuddywaudiu wdinNug
fnglunann g duflagersirin nsdaiuunlugiusadullldnndonsiuaddd
Fauriu tiasnniFaniianuadenioiu fanadusuusslitanulumssanunany uazanu
éwmnﬁﬁaaafm:ﬁuw”uﬁflumﬁmhl,mn ﬁau”ngn%ﬁnl,ﬁml,mzvl,&ivl,ﬁ{umwaulalumsﬁnmm
lagaaoa  adhalsfienuanmsAn®ve9  Godwin-Austen  (1888-1914)  daindudunuulu
MIANIG9aIRTTdTauY 1iu wepdaiaanwanididanuuy tels uazfrafandiuam
uniinvznnia lilwana Macrochlamys wivandildanywialvg) wwuazuds szandaliluana
Hemiplecta w38 Cryptozona muwanﬁmﬁaﬂﬁ’um@Lﬁnu,amﬂgﬂmvl,ﬂmnu”m?@vlﬂuaqa
Megasutenia W@3INMIANINETMNATLUUTFUNUE WuANUULANaar et i s luszeualdd
ﬁafm:%‘uw”uﬁtwmg ﬁﬂﬁuun%aUlumunfcjuﬁaﬂdﬂaamﬂu?ﬁﬂ%mana Fasmilesy
msdnsuRmduuazfuiulumends uazdotasinavasnmafiusnmarairarilitluedasnly
Insansnuiniamaas TnsUsTAIMAUIINIY 60 % VaIviasluiid Ariophantidae 9% le
FuMsfnmMImImemaaiuaznIianinanyaginndas wazoaivendaidanluiadin
fFawsudsldlddunudnuan (Schileyko, 2002) Ltamé’ﬂgmma’ﬁmmmwmUﬂs:mw”avl,&ign
Wawny (Panha, 1997; Maneewong, 2000)
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HaN1sAN®I

Tuns@nwigsGanunanavasnastailfan LAZALATIZRMITUNINIZAUUAZEY
Mamadiniimaaiuosastailienvasing laglavinnsiiualagranestailfanusiim
mawrile Manany Maaziuaan Mmeasiweanidoamniie maaziuan waznmald vasszing
Tny sHwdsdsanauiaidy fadlds aan WRENWT

%aﬁmummsﬁnmmjwuawaw”mﬂﬁanrluﬂs:mﬂvlﬂUﬁazhﬁhﬂ”@ Afinsfnwans

. s A P ' o @ ' d =
plsdaginnniweststinalng - Gimsdnmlundunasfinuludszinalnoanndiedisiiiven
dssinatnoiudshigmsfinmsaingeseds Us:nauﬁuﬁmumluaamwﬁoﬂvm;u”ums{fmhl,l.un
momgnsu"imwaomiwaU’LT@Lﬂﬁanﬂaﬂmzﬁuaqmm:aﬂfnﬁ dufdwswdnnuafidiaaug
Afudnsfnnaniienifysntnatdioarinin Fadanarhlimsdaduunmeaunninuses
vxaU’lunéjway’v‘“ﬂmﬁanﬁﬁmmﬁuauag’mn ua:ﬁﬁmwryﬁnwmwaoLﬂﬁanmawauluqéwﬁﬁ
a”nwm:ﬁﬂéﬁUﬂ50ﬁuuwnﬂ%mm@gﬂs’wmazﬁﬁu pnlumsfiesinmssasuunlassnwmzla
R R IR ARG Saflamusuduagnbefidosltwasandulunisdwsnumenis
fuguinevssszuuiuiug Solumsiiudsiufituinuazmsfnmanyoemedmgminm
maos:uuﬁuw”uflwfuﬁuwwaumnun’luqa’moﬁ Ariophantidae-Helicarionidae-Dyakiidae il

. e o
Usunalnodwiu 20 AN WAz 64 58 aaft

Ariophanta laevipes (Muller, 1774) Hemiplecta esculenta Maassen, 2006
Austenia dawnaensis Godwin-Austen, 1978 Hemiplecta funurea (Smith, 1899)
Austenia doisutepensis Solem, 1966 Hemiplecta humphreysiana (Lea, 1840)
Cryptaustenia gardinodromica Solem, 1966 Hemiplecta pluto (Pfeiffer, 1862)

Cryptaustenia tavoyensis (Godwin-Austen, 1910) Ibycus perakensis (Godwin-Austen, 1909)

Cryptogirasia rubra (Godwin-Austen, 1875) Macrochlamys molecular (Benson, 1859)

Cryptozona dicromatica (Morlet, 1889) Macrochlamys pataniensis (Morgan, 1885)

Cryptozona granulosa (Mollendorff, 1902) Macrochlamys pedina (Benson, 1865)

Cryptozona siamensis (Pfeiffer, 1856) Macrochlamys pumicata (Morelet, 1875)

Durgella levicula (Blanford, 1859) Megaustenia heliciformis (Pfeiffer, 1855)

Durgella libas Solem, 1966 Megaustenia inusitatum (Godwin-Austen, 1898)

Durgella siamensis Mollendorff, 1901 Megaustenia praestans (Gould, 1842)

Dyakia hugonis (Pfeiffer, 1863) Megaustenia siamensis (Haines, 1855)

Dyakia retrosa (Gould, 1844) Muangnua limax Solem, 1966

Dyakia salangana martensi (Collinge, 1903) Myotesta fruhstorferi Collinge, 1901

Dyakia salangana salangana (Martens, 1867) Naninia mouhoti (Pfeiffer, 1860)

Hemiplecta distincta (Pfeiffer, 1850) Naninia subcornea (Pfeiffer, 1861)



Parmarion martensi Simroth, 1893
Parmarion siamensis (Cockerell, 1891)
Sarika anceps (Gould, 1843)
Sarika asamurai (Panha, 1996)
Sarika brunnea (Mollendorff, 1902)
Sarika diadema (Dall, 1897)
Sarika dugasti (Morlet, 1891)
Sarika hainesii (Pfeiffer, 1856)
Sarika kawtaoensis Tomlin, 1929
Sarika limbata (Mollendorff, 1894)
Sarika obesior (Martens, 1867)
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Sarika ochtogyra (Mollendorff, 1902)
Sarika resplendens (Philippi, 1846)
Sesara diplodon (Benson, 1856)
Sesara megalodon Blanford, 1902
Sesara parva Solem, 1966

Sesara penoti Ancey, 1898

Sitala insularis Mollendorff, 1894
Sitala trochulus (Mollendorff, 1883)
Sivella castra (Benson, 1852)
Teraia creulata (Yen, 1939)

Teraia thailandica Solem, 1966

E & m o

P v oA @ A P ' i X =
lumsBnmadsiididulddeonwendailfanluananauidelng  Hemiplecta  duanfnmn
0t190ZBUANIAN Y UEA AW ININTUURUWUT uriuu uazauduLLIMINUENTIY 1asan
A/ Ad =] = ~ 1 a A €A 1 v
wavluanatidunenndifonvmalngiswanadddlinnin  vuadddinsuninszanunieg
! . . ' S e s .,
\DW Hemiplecta distincta UNRDTIH MTUNINSENuAINaLTY Hemiplecta funerea LRZENanDY
A Y o ° a ' o o &
walnnidudurasfiaulnuinanuilnaduems  wwdsrasulumaaziueanidsaniiovas
& o a @ 4 v oa
Yrzmalng  nudaszimaay  Snnadifinsnoanumswuneinueuivuadinaliifalse

P=3 A =] v
wenslauan lurouidaindasdls

asdwan1sdnm
= o o A € a Pl 4 X , & A
MsAnsUNLINIANIRAINFITFU0IvouTaRan19F Ariophantidae ludszinalnoiud
' 'Y A - A v A e o o e &
Liunin Fannmsfnsndwinlanusiunutaramarludiliifies 20 &%d G990
A o . o A = o &
MSANNLRZIIUTINT BN TaIaun nunAnUlulszinalng  Faarnmsanmanuwanad5d
A . A ¢ ¢ @ A
ApsvaumMnunludsemalngndiuen  au1solszanmanunaInaldduasdvastaiUian b
1 = 1 =1 A =1 1 as I} ] =}
Uszineinmihaziiinnnd 500 #l4d Tierasiivevlunguuesmevdalfonuazweuvioidon
. ) o 1% B = § @ & g
(Helicoidea) waznauiiuudny (Dyakiidae) Uszunms 100 &4d 1ipsdionasvsaainduiiiuvay
A @ . a o ' o A & & 4 av A v & 4
Amwsowudtaglufiufiagendufinannnany AsRufssuN @ bitnegnsuniu wiawlidRun
A ' ¥ 4 ' % o
INBAINTINATNITUNIUBLAADAINT  AUAURAITNTHUALIMTOUU 2T T UAzUURUN1aT
. v & & 4 & o
@19 wu"l,mmmeummwﬁwa@mgoﬁj@"uaoﬂs:mﬂ‘lm wamsﬁnmlwu@uwumuluaqa
, sy A &
Hemiplecta Iudszinainunau 6 alldd uard 2 addamduswoomsnuasasnludsanalng
A/ =Y a o . v ar =Y
wanaNimMsAnmImuMuneynInimu wazmsdaiuwnlwalasldanwusduguing ua

@ratewuLY ternsdneiagiasudamiduatiusnadlan
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PNNMTNATERANURANNAANLVIFDTT  laumaifipualiageuiuy ARATATMaENY
Aan ' v A f i A Aa
pIINTEIngea laswtunsdnsmuniuluananeuiaelng Hemiplecta iasnnidunayd
' A o o . o A, o P2 @ a a
palng  TSwamsdddlinndnuazndrapdunesnanlnglumaazineandoanitafow
a y $ ., L o . A a
USlnautu wasuldainiey Hemiplecta distincta uazgswuindunasiiduwivzuaslsangdly
@ & 4 val v o A 9 9 s
Yaalud@diduauazanasanioluan damnlaiinisdinmnsiaduuniondaids azasnsngau
A v ar =y 0‘: et (J o~ J A =) v
Tumimuuniatasiumsdalsanaludadifumialuan wanndnaiaaidfeaning
R A & o & 4
Hemiplecta funerea \Junapfnunsausnlutszinalng uazdaindunasamzin Anuansln
- ar o 4 & d g, v o 4 ' o v A
wwafianingavasdiniorimw dsRumhluunidulngonime Seeneezdinarilinenide
A v A ' o € v a 4:' ' v
wWiaanndidnsdansgywusadwniniaoslale
& X 4 . . & & A 4 o
namsAnnaiiwunenidalwaiana Hemiplecta lulszinalnovishu 5 ad%d Tavey
 da a o 2| @ A A o . b
ninfinpemlueda 6 sldd WesnnmfnmmiFauguing oz uuiunig wazuduny
, . . . X, a d e .
athenziBue uazaNuduulIEn TN weuluedafandadwuntiluana Hemiplecta
waualsd (Hemiplecta crossei, Hemiplecta danae, Hemiplecta dichromatica, Hemiplecta
siamensis, Hemiplecta neptunus Wae Hemiplecta zimmayensis Godwin-Austen, 1888) HUIG
Fwunhigndasuiinesldugwingnvealianiiadwadsnunasluana  Hemiplecta fuanni
[ ¢ 9 o o A o Aa o . . & A @
Ik duanymzrIaitzFUNUINlandnyuziarnzuazuand eI FW 1023ty
“Hemiplecta” danae lilotluana Pseudoplecta 131 Dyakidae sudnmmzadlionuazszyy
@ . A X . . " . .
ﬁuwmfumnmamnﬁaumamao “Hemiplecta” crossei “Hemiplecta dichromatica  UR:
“Hemiplecta™ siamensis wandwadariunauluana Cryptozona nnin uazanmsliouifioy
AIDUNARILLLUDI Hemiplecta neptunus Wae Hemiplecta zimmayensis WG9 196 WU LB
< A e A ' . . T ! A
waunigeIgaaR lldanuuanan3an Hemiplecta pluto waz Hemiplecta distincta 331 Tuhanas
o‘; d(u‘// a as 0‘4/;‘1 a ’ ar a4 A € 1 ; ]
paInauIsaIrdfdinauidy aidnhmngmadivdynsdaduunadfduasmenimanitlng
v v . g o . A o 9 , ..
Tigndasuaziunomsdey wananiidinuiiivesivudroluana Dyakia 296 Dyakiidae
(Dyakia retrosa WRY Dyakia salangana  fdanwmzuasdfanfiuandrsainnesluied
' S A ' vaV v o . > S -. @ '
Ariophantidae 8t 19duEs uazdaulwilddaduunliluana Dyakia Hatwhihamdy udan
] a Ual — ar a ) ; = 0 =)
msfinmagsandvauasSouifisuiudretsvemenluanaiinnlszsimaniady wuindl
ANy UURFUNUTUAnd I NranTuuTans Dyakia IFuwds navlienuaduafived
=) O o . . . ' P v & X, '
TUURURUIAURaUIUENR Hemiplecta 1961 Ariophantidae 1NN TaMIAuNUATIRIANENS
Jauunlndueinanluiif Arophantidae-Dyakiidae wazdaudulileninesioudonigesa
A e ' . . ' ' I a o o
DFdtanTuneuanalnivaid Arophantidae dald aghelsfiaumylienzianuduniuinmg
a e 1Y ' . . .. Yea ° A a o
MuTiuImIdin DNA luwesngudidl  Ariophantidae-Dyakiidae #ndinnausniuinabugu
ar g 1 P A v a o a = . 2] (3 =} ar v
AMAFENHUTAINENY Tormsildisudniiunsdnmldunsdin deezldidunsiuduanugndas
] v v =) Ll ar a i3 . - . A/
wazulwlumslddugwinowesszupuwuiindaduunnaslungs Ariophantidae-Dyakiidae i

datihagndas
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10 mm

4 A . 4 .
310 3 nawLd a'lmyaqa Hemiplecta nwululszina lng 31U A-D Hemiplecta distincta uaz 31 E,

F Hemiplecta pluto
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4.4 néuwasﬁ%lﬁw&f Camaenidae sl%ﬂqa Amphidromus
UNu

mM3veIwssnas i Tnanuu S outy (sinistral) wio1ounan (dextral) fuﬂaue}m'fm
HULNEIG R UILAE 7 (Murray and Clarke, 1976; Ueshima and Asami, 2003; Davision et al.
2005) lapludszminsnieg  szuaasmadvuvendfondioiuumdon  snrfuuneasiluung
Uszmnsananyldigasuuy mm@!ﬁmuchLﬁmﬁnLLammsﬁmumaoLﬂﬁamﬂmuumﬁszu
Lﬁaomnwanﬁﬂﬁaﬂﬁnm’iuuﬁLmn@mu"na:ﬁmmﬁﬁaUluﬂs:’mnma:azgnﬂ"mﬁanaanvlﬂ
stwzmﬂwaww”uﬂﬁmn (Johnson, 1982, 1987) LLﬁ’dﬂumaﬂ%mmsnwugﬂuuumsﬁmumao
waanlevmsanuvluiuiidoatu uafiinelif gene flow sEwietudariliiAanisudanon
NIMIFUNUT (Johnson, 1982, 1987; Johnson et al. 1993) LLa:Lﬂuﬁj’ﬁuI@uﬁﬂﬂdmamﬁﬁ
wRensudnuinzusnnwduauazria azha"lsﬁmulumsm%auwwnunluianﬁswmawuag;
11 aqaﬁwu&nwm:msﬁwﬂ{maoLmu (Asami, 1993) uadwlnpiinaziduauazsiiani szfiud
Woaageulsy wihinfinudndousroussSsusntiwliutsws niduawas ot

ﬂs:mﬂvlmUc’fiosﬁaagﬂuwm%’au%mmuguﬁgm Faduusaiiiesunemenimiaade
mmﬂmﬂﬂmmJaowssmﬁ@ﬁosmﬁmaumnunnq’mﬁoG] Tuussamasmnunfinululszne
"ImUwuﬁﬂ%ﬁmﬁ’uayjuuv’fuua:uuﬁuw lasnandwliana  Amphidromus  fnsunwinszanlu
wnuiauaziuaanidoald Tudszinalnodsvnveguszanm 12 o8ia (Sutcharit, 2005) naulu
aqai‘fﬁﬂuaméfnwm:ﬁﬂmn%mwaoﬁﬁuua:m‘sﬁmwaoLﬂﬁaﬂé’umﬁ'm@i’u waefidnamniaz
IFlumsannalnmadiasnislusduuueng wazannsansdanmeialysinluioodu
WUTMaU BRI BUAZ IIWININNNTNHFN NI WUAZIAG gene flow Sxwinanle (Clarke et al.
1969: Johnson et al. 1993) Fansiiouaranuvasnddanaralalddudaiialunsutwonsie
mamauluaqai‘f wonanil A glaucolarynx GIUFOIAMUFNRUINIITLT AWM T lraandas
n”umﬁmhu,u,nmeﬁuLtaxﬁoﬁmmu@n@mmaw"ugnsmﬁmmimmnaanmLﬂuSnaan’aU

maTuuiuaneatusanydonnesfianuiduazsildifa speciation lunasmnunle
(Gittenberger, 1988; Ueshima and Asami, 2003; Davision et al. 2005) Lﬁa\‘lmﬂmsﬁuwﬁ'ﬂﬂﬂ%‘a
Gousm W ldunngnfanifinsetndoaudiidonalioioizmeludg  madalufiemanay
VN UAIE %o&nwm:m’“@ndni{azdoNa'l,ﬁ‘ﬂaUﬁﬁl,ﬂﬁanmmu@mn”uhimmmwauw"uﬁn”uvlﬁ
wnzdodavasszuuiunutagauazauni (Vermei, 1975; Asami et al. 1998; Ueshima and
Asami,  2003) azmvl,'sﬁmuﬁswuomimauﬁtﬂﬁanmomuL"?mu”ﬂ%:wumswaww"’uﬁ’ﬁ’mﬁu
sy fidlfenioutioussiiounn (interchiral mating) lefauniwanfAfidennsouun
(Asami et al. 1998) ﬁmm@ﬁﬁoawﬁwdﬁﬁnwmz dimorphism i{ﬂswngLLa:magvlm“Lwauaqa
Amphidromus i azmvlsﬁmuLL@imSLt']wammumswauwvufma\mauluﬁssum@,ﬂu"lﬂvlﬁmnﬁn
vamariietiesiiaoneanm 34 1 dniwitmsanreusuudusaimsuaniaouiu

STz NS L wT U N U DU EN NN TNz BTN I I sA e ALE e
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0IRIND PEIRINMNIANENNINTENEaeIlsr NS AT Ao S uuiisesuuuTes A,
inversus wuhiimsnszawaawitodoanwlindsusniuusinesdnunludsern s duweiin
(Goodacre and Wade, 2001; Schilthuizen et al. 2005) udatndlsnaumsAnmniiinginen
SN IRINE U”ovl,ajmmsmjo%ﬁommﬂ\nmn'[unwﬁuw”uﬁua:%nas"wmow”wgnsmlmm”u
Usenns e uanmnﬁmsmagj'maaa"num:ﬁuwﬁmLmu‘imumﬂﬁwuvlﬁﬂaulumauﬁuvl,ﬁaqa
Amphidromus f{ﬁa‘hiﬁmﬁnmmaw”ugnsmlmm”uﬂ‘s:mm (population genetic)
msfnaisiiden A, glaucolarynx  inlslunmsanwiilossnidunesisssiiadiolu
na;mlawam’?uu%u%oﬁagﬂs:mm 40 w9ie uaznuMISouandientathouazn (Pilsbry,
1900; Laidlaw and Solem, 1961; Solem, 1965; Sutcharit, 2005) G’éoﬁnwmzmsﬁmuﬂ%aamuui{
smnngiRnstannlasdnsaziouamazdan g w le,ﬂﬁm'luﬁqmmﬁmﬂwauﬁuwﬁw i
mﬁaun‘”wﬁﬂﬁuluaqmiauLﬁmn‘”u msﬁnmﬁagammﬁ'mauﬂﬁanﬁuwﬁﬂmm:ﬁuumﬂﬁwu
luudastszannstromamssiuwr umafiediauimsves A glaucolarynx  nazidululu
fienala ddodianladnulasiaiameiinssy wazmsudaonmansfuriug Twszmnsh
ﬁﬁ‘i‘ltﬂﬁaﬂL%UWB’WULLML’SUWU’NI@U?% enzyme electrophoresis W8z microsatellite marker lag
wnala allozyme §UNINATIVFOUNIHIHUTU ANULANANMINUINTTNTER Iz T |6
Lazlifidestuesdoniedauaning Lm:mmu@n@mmow‘”u'qnsw 299U52TINT 00 WA
sunsnisuifisuszdurasnnudlsmaiuonssumolulsznnslddnds. winh A,
glaucolarynx FaNsUARIWGANSTUNSHENTINM IdaiurenSuudroussisuanmainess

gene pool $I4N%

NAMTANMN
nsAnIdmgININg
& @ a A & o A P A
NNNIANEMIIWINDILITImesunaiutestinfiag A glaucolarynx gun 4
FUUINDTTUUFLIRUTIMBUEN (IWauszIUT) waznoly lotanizamwdmovoaszuy
“ o o e . v . , . , X,
auwu'g'mﬂaﬂﬁmm@aumﬂwawn‘nwuaqauam Amphidromus WaENINIYDIVDL WD
] =1 a @ o A [l \‘/I
lusnatos  Syndromus  memunulussuuduusidsluuuamsdslinulunaonisessna
' v @ v o [ 4 v v § Yoo oA 9 & '
dautadu  nsvaininvostWuukuEunLazg v sWudlilananwalianzuazuane
&~ ' A . . 49 & A A o 0y A
ﬁnn%aUunwu'luaqauauamwnu wANMNHANBHEMINUNIURanA I uuduwazIousnlu
= [ % V) =1 ] = @ a .
UsEINS@0INY% W9 U1IUTETINIANUNITIA U B IUR NN IMLULADY RTUANUSLAN
] . P . A a A v ~
mmnmoﬁnn%amunwuuaUluaqauau Syndromus fnmnwwwmﬂﬁana:ﬁwmmwmuw
a A =1 -~ 1 Q‘l
WWeoa Usznaunuulianinung fuwiadngalszanm 2.5-3 wa. ﬁotmnmomnvxamunmuu'l,uaqa
H . t v L - a A
tion Amphidromus \Waeanrw Jvwalwgigatszanm 4-7 @, dwdnyuedugmwingidu
LONANBIAINAIIT1IN U ﬁﬂﬁmmsm‘imun%auunmﬁuﬁaumnﬁmoaamﬂuaqadamlmi
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MIANMIANNANWHS NI AIHITHWINT
mﬁmﬁ:ﬁmmN”uuﬂsmaw”ugnimd’aUmﬂﬁﬂmﬂﬂiﬁu WURN S MHEVDINNUNUUY S
maw”uqnssuﬁmau’lwmuﬂs:msvﬂu wuhmesfidoutoussd onunvanuafianen bif
mmmesmmow”ugnﬁumUluﬂs:’mni WAL AR IR DT B UAZ I DUV NI NNTOHEY
w”mfuamamﬂSuuw‘"ugniwn"uvL@TLLaxgﬂLLuum'SL""mwuaaLﬂﬁanﬁ@han‘”u 'I.unsjwuamaﬂun’uﬁu
Wophnfineil Tildiduduntsuunmimsiuiusudadnile f’ﬂammu@n@mmow”ugnssuﬁwu
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w”ugnssumnﬂs:mnsﬁwuﬁi‘fmﬂ"@mtywq'%'l,mm”mf@mnazhaém%a Twrmeivszrinslu
iTovsi"@mnLm:m:y%uy'%ﬁamwuhﬁmmanLﬂﬁuumaw‘"ugnsw
Fmsumdinneianugunwimeiawnmslagaduseuiuauasiin 165 rRNA i Tag
Tumsnwldlddrasomonunaiuioonanue 11 U253 1w 35 2089 gﬂﬁ 5 uaeld
outgroup f’ﬁaLﬂuam%nluﬂ%aaaaqaU'awﬁ@u,a:aqaSu'lmaﬁtﬁmn”m%%m 3 she mIsned
o PCR uazdinunéreuiusuniin 165 rRNA d9ldnnusnnuasmofiiuiolssanm 780-
800 1§ navNIUIzNaf leu A dTsunsy PAUP Hamsaiasssiwumasunyin
ﬁ’aumnﬁmaﬁmmﬁuw”uﬂﬂmmufi’?wmmﬂ%aLﬁmLmumn@mmn%ami”uvlu"lmgaaaaaqa
Hou AMAANRUET leFuszmnsiinaniSanaiiu basal clade uazdszmnsludamianmoauwy’s
utiseaniidu 3 naudunuda nq’uLLsn‘L!s:mn‘sﬁfIwﬂvlﬂsIUﬂﬁaU GV IS ERSTRVRUIRELIIRIN
Wi @mansaninfuns na;miamLﬂuﬂszmnsﬁf@ﬁwjamqmsw uazviua1ss dunelnslua
uazna;wq@ﬂ”wLﬂuﬂixmnsﬁﬁmﬁ?mmjouazqnmuummﬁnaomQﬁ Taofifiuszmnnisnsuna
wigaq %m‘"@mnﬁﬂ’nué’uw”uﬂna”%@n”uﬂs:’mnsﬁqnmuuﬁa’mﬁumns:mu wananit
Uszmnsiidandaszues SaffanulndGarvlszmnsludmiamaanyinguiiay WaRvsanis
mafetawimsvasmsdewvastdion  fenudwlyldisnsmzulfandowde  @szng
ianSananuarizlie N owtomniu awa}xtﬂm"ﬂwmzmswq@wuamaUun"uﬁvuﬁammn
fine lwwneddnsmadonSowsnomesiiamnmstunmenas  saezwinldannszansd
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] v
a =Y as

wasnluszau GHR nudsldtanuiuiuazdasfiuviiavainasismasans toulunaiaseiiy
¥
Y INDU

N I's
a@uammsmwamsﬁnm
= A o A @ A - A

gﬂuuum‘muwzjaaLﬂaam&aummmluﬂs:mnwmG] INvzURAINITA U RanINY

a o 9 L. A A A da o a a .
WuLLApn [Aowdhe (sinistral) wIadauwn (dextral)] LHasnnuasniilfaniiuuarsainwan
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Bangon Kongim, Chirasak Sutcharit, Piyoros Tongkerd, Shau-Hwai Aileen Tan, Nguyen Xuan Quynh,
Fred Naggs, and Somsak Panha (2010) Karyotype variations in the genus Pollicaria (Caenogastropoda:
Pupinidae). Zoological Studies 49(1): 125-131. The karyotypes of 4 recognized Southeast Asian species of
the genus Pollicaria were examined. All 7 populations studied were found to possess the same chromosome
pattern: n = 13, 2n = 26. However, the fundamental chromosome number (FN) of both populations of P. elephas
from the south (Malaysia) was 46, while those for the other 3 species (5 populations) were all 50. Moreover,
although each species had a unigue karyotype, the karyotype of the isolated species, P. elephas, differed
from the other 3 northern species in exhibiting 3 distinct telocentric chromosomes (2m+6sm+2st+3t). The 3
smaller species, P. mouhoti from northeastern Thailand, P. myersii from Laos, and P, gravida from 2 localities in
northern Vietnam, exhibited similar karyotypes of 6m+4sm+2st+1t, 4m+6sm+2st+1t, and (3m+7sm+2st+1t and
2m+8sm+2st+1t) respectively, with only 1 telocentric chromosome. The karyotypes of the 2 morphologically
variant populations of P. gravida from Vietnam differed by 1 in the number of metacentric and submetacentric
chromosomes. The genus Pollicaria exhibits slight rearrangements in the centromeric positions of the smaller
chromosomes and the deletion of 1 chromosome pair. A ZZ-ZW sex-determining system is proposed for this
genus. http://zoolstud.sinica.edu.tw/Journals/49.1/125.pdf

Key words: Operculate snails, Pollicaria, Karyotype variation, Sex determination, Sex chromosome.

The operculate land-snail genus Pollicaria
Gould, 1856 is endemic to threatened limestone
outcrops of Southeast Asia (Kobelt 1902, Gude
1921, Solem 1966, Pain 1974, Abbott 1989), where
species occur in highly localized populations.
The snails of this genus are often called elephant
pupinids or elephant snails because of their
gigantic size relative to other members of the
family Pupinidae. The form and color of the shell
are highly distinctive; the shell is large and inflated,
has an expanded aperture in the adult, and is
orange. Although the isolated, southern species,

P. elephas, which is the largest of the species, has
a cream-colored shell, the aperture and peristome
of the shell are bright orange (Morgan 1885,
Pain 1974). The distributional range of Pollicaria
is quite narrow, with at least 4 species from the
genus having been recorded in the northern part
of Southeast Asia (Myanmar, Thailand, Cambodia,
Laos, and Vietnam) and only 1 species, P. elephas,
recorded in the south, on the Malay Peninsula
(Morgan 1885, Kobelt 1902, Pain 1974). So far,
the 4 recognized species of Pollicaria have been
entirely discriminated based on shell characters

*To whom correspondence and reprint requests should be addressed. Tel and Fax: 66-2-2185273. E-mail:somsakp@sc.chula.ac.th;

somsak.pan@chula.ac.th
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(Crosse 1885, Fischer 1885, Pain 1974). Even
the recent work by Pain (1974), a revision of
the systematics of Pollicaria, was based solely
upon shell morphology, with P. gravida from
Vietnam being hypothesized to have 2 shell
morphotypes (i.e., a large, brown-shelled form
and a smaller, orange form, Fig. 1). In this study,
we karyologically analyzed both morphotypes
of P. gravida using samples of the smaller form
collected from Cuc Phuong National Park and of
the large form from Khe Se in northern Vietnam.
We compared these forms with 3 other Pollicaria
species. Our initial anatomical investigation of
Pollicaria indicated that the 2 morphotypes of P.
gravida were conspecific, as suggested by Pain
(1974), but the karyotypic analysis presented here
suggests that the 2 forms are distinct species.

The karyotypes of the 4 species of Pollicaria
from Thailand, Laos, Vietnam, and Malaysia,
presented herein, represent the 1st karyotypic
analysis of the genus Pollicaria.

MATERIALS AND METHODS

The locality, sex (i.e., determined by the

presence/absence of a penis near the lower
right tentacle), and number of snails karyotyped
are given in figures 1, 2 and table 1. Species
identifications were made on the basis of published
work (Gould 1856, Benson 1856 1859, Haines
1858, Pfeiffer 1862, Crosse 1885, Fischer 1885,
Morgan 1885, Mabille 1887, Kobelt 1902, Gude
1921, Habe 1964, Solem 1966, Pain 1974), and
by comparison with type material at the Natural
History Museum, London, UK (NHM), Muséum
National d’Histoire Naturelle, Paris, France (NMHN)
and Senckenberg Museum, Frankfurt, Germany
(SMF).

Chromosome preparations were made from
metaphase-arrested gonadal tissue of both males
and females using an air-drying method modified
from Patterson and Burch (1978) and Park (1994).
Gonads were enriched for mitotic metaphase
cells by the direct injection with 0.1 ml of 0.1%
colchicine (Sigma, D-89552 Steinheim, Germany).
After a period of 4 h, the gonads were dissected
and cut into small pieces after being placed in a
0.07% hypotonic KCI solution. The separated cells
were collected by centrifugation at 1000 rpm for
10 min, and were subsequently fixed in fresh
Carnoy’s fixative (3 parts absolute ethanol with

Fig. 1. Shells of (a) Pollicaria mouhoti, (b) P. myersii, (c) P. gravida (big brown shell), (d) P. gravida (small orange shell), and (e) P.

elephas.
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1 part glacial acetic acid). The supernatant
was replaced with fresh fixative for each of 2
centrifugation-based washes. The cells were re-
suspended, and the suspensions were placed
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on clean glass slides, which had been preheated
to 60°C. The slides were air-dried and then
stained with a 4% Giemsa solution for 15 min.
Photomicrographs of 10 well-spread metaphase
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Fig. 2. Southeast Asian localities where Polficaria was sampled in this study. Collection locality numbers are the same as those in

table 1.

Table 1. Scientific names, sample localities, diploid number (2n), fundamental number (FN), and karyotype
formula of species of Poliicaria investigated in the present study

Scientific name

Locality

P. mouhoti (Pfeifler, 1862)

P. mouhoti (Pfeiffer, 1862)

P. myersii (Haines, 1858)

P. gravida (Benson, 1856)
(small orange shell)

P. gravida (Benson, 1856)
(big brown shell)

P elephas (Morgan, 1885)

P. elephas (Morgan, 1885)

~N O

. Chiayaphum, Thailand

. Khon Kaen, Thailand

. Vang Vieng, Laos

. Cuc Phuong, Ninh Binh, Vietnam

. Khe Se, Vietnam

. Tangung Rambutan, Ipoh, Perak, Malaysia
. Gunung Genting, Ipoh, Perak, Malaysia

Sex No. (2n, FN) Karyotype
Male, Female 10, 9 26,50 6m+t4sm+2st+1t
Male, Female 9,7 26, 50 6m+4sm+2st+1t
Male, Female 10, 6 26, 50 4m+6sm+2st+1t

Male 10 26, 50 2m+8sm+2st+1t

Male 10 26, 50 3m+7sm+2st+1t
Male, Female 10, 10 26, 46 2m+6sm+2st+3t
Male, Female 10, 10 26, 46 2m+8sm+2st+3t

m, metacentric; sm, submetacentric; st, subtelocentric; t, telocentric chromosome.
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cells were measured to evaluate the relative length
and centromeric index. Mitotic karyotype images
were arranged and numbered for chromosome
pairs in order of the decreasing mean relative
length; the nomenclature of morphological
chromosome types followed that of Levan et al.
(1964).

RESULTS

The 4 species (from 7 populations) of
Pollicaria all exhibited the same number of haploid
and diploid chromosomes (n = 13, 2n = 26), but
the 2 fundamental chromosome numbers (FNs)
were 46 in both P. elephas populations, compared
to 50 in the other 3 species.

Each species possessed a unique karyotype,
but the isolated Malaysian species, P. elephas,
significantly differed from the other 3 northern
species. It exhibited 3 distinct telocentric chromo-
somes (2m+6sm+2st+3t), in contrast to the single
telomeric chromosome of the 3 northern species.
The karyotypes of P. mouhoti from northeastern
Thailand, P. myersii from Laos, and P. gravida from
2 localities in northern Vietnam were more similar
to each other than to that of P. elephas and were
respectively 6m+4sm+2st+1t, 4m+6sm+2st+1t,
and (3m+7sm+2st+1t and 2m+8sm+2st+1t)
(Figs. 3, 4, Table 1). The number of metacentric
and submetacentric chromosomes of the 2
morphologically variant populations of P. gravida
from Vietnam (Fig. 1, Table 1) differed by 1.

Comparison of the female karyotypes of the
4 species, P. mouhoti from Chiayaphum, Thailand,
P. myesii from Vang Vieng, Laos, P. elephas from
Ipoh, Malaysia, and P. gravida from Cuc Phuong,
Vietnam, revealed distinct size heteromorphism of
metacentric and submetacentric chromosome pairs
akin to ZW chromosomes (Fig. 4). In contrast, all
of the males examined had homologous pairs of
chromosomes. This suggests the presence of ZZ-
ZW sex chromosomes (ZZ in males and ZW in
females) and a probable sex-determining system.

The 3 northern species showed a larger
portion of metacentric chromosomes than
telocentric chromosomes with a ratio of 10: 3. In
contrast, the southern species, P. elephas, has
a ratio of 8: 5, and this evidence indicates that
chromosome rearrangements have occurred in
Pollicaria. The form, aperture, and color of the
shell of P. elephas greatly differed from those of
the other 3 species (Fig. 1).

DISCUSSION

Karyotype data offer valuable systematic
characters in cyclophoroideans because the
metaphase chromosomes in the group exhibit
a clear bi-armed form which is rarely found in
land puimonate snails (Burch 1967, Kongim
2006). Chromosome numbers in the superfamily
Cyclophoroidea are highly conserved. For
example, the very common genus Cyclophorus
shows a relatively invariable low diploid number
(2n = 28), the presence of 2 distinct size groups,
and the numerical predominance of metacentrics
in both size groups, while some species contain
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Fig. 3. Mitotic chromosome spreads of the 4 recognized
Southeast Asian Pollicaria species: (a) Pollicaria mouhoti (male);
(b) P. mouhoti (female); (c) P. myersii (male); (d) P. myersii
(female); (e) P. elephas (male); (f) P. elephas (female); (g) P.
gravida (male of big brown shell); and (h) P. gravida (male of
small orange shell).
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only metacentric chromosomes (Kasinathan and
Natarajan 1975, Choudhury and Pandit 1997,
Kongim et al. 2006). The 10 tiny cyclophoroideans
belonging to Diplommatina also show a
conservative chromosome number similar to that
of Pollicaria (2n = 26) and similar morphologies of
the metacentric and submetacentric chromosomes
(leyama and Tada 1991, leyama et al. 1993,
Ogaito and leyama 1997, leyama and Ogaito 1998
2000). Also within the Pupinidae, Burch (1967)
demonstrated the presence of haploid (n = 13) and
diploid chromosome numbers (2n = 26) in Pupina
sp.

Karyotypes of Pollicaria described in this
study indicate a divergence in characteristics of
both karyotype formation and the lesser FN value
between P. elephas, and the 3 other species
analyzed. This result is consistent with the current
geographic distribution of these taxa. Pollicaria
elephas is the only species recorded from the
south, whereas the other 3 species have been
recorded from more-northerly parts of Southeast
Asia.

In contrast to P. elephas which has a
telocentric karyotype, the 3 northern species have
karyotypes that share many similarities with each
other, such as metacentricity mostly in pairs 1 to 9,
and an FN value of 50. According to White (1978a),
karyotypes with a higher proportion of metacentric
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chromosomes are probably primitive, and show
relative stability, a notion that is supported by the
degree of asymmetry in karyotypes where the
primitive karyotype has the lowest asymmetry
and the derived karyotype has higher asymmetry
(Diupotex-Chong et al. 2004). Thus, in showing
the highest asymmetry, with 2m+6sm+2st+3t,
the karyotype of P. elephas is hypothesized
as exhibiting a derived character state within
Pollicaria, whereas the karyotype with the lowest
asymmetry in Pollicaria, exhibited by P. mouhoti
(Thailand) with 6m+4sm+2st+1t, is hypothesized
to be a plesiomorphic state.

As is currently known, P. gravida ranges
in distribution from Myanmar (type locality) to
Vietnam and is notable for exhibiting significant
variation in shell morphology. Nevertheless,
our examination of shells from various natural
history museums in Europe showed that the shell
characters described above are a consistent
feature of this species. It is, therefore, noteworthy
that comparisons of the karyotypes of populations
of P. gravida from Khe Se and Cuc Phuong,
northern Vietnam differed (i.e., 3Im+7sm+2st+1t
and 2m+8sm+2st+1t, respectively), as did the
shell morphology, particularly the sheli size and
color of the periostracum. These differences are
consistent with King’'s (1993) suggestion that the
2 populations are distinct species. Karyotypic
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Fig. 4. Karyotypes of the 4 recognized Southeast Asian Pollicaria species: P. mouhoti (male above and female below); P. myersii (male
above and female below); P. elephas (male above and female below); P. gravida (big brown shell above and small orange shell below).
Metacentric (unlabeled); sm, submetacentric; st, subtelocentric; t, telocentric.
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divergence may occur as part of population
differentiation, as well as an adaptive component
in phyletic evolution (Bickham and Baker 1979,
Bush et al. 1977, White 1973 1978b, Espinosa
et al. 2007). Such chromosomal differences are
often associated with species-level differentiation
and may in some cases either cause or reinforce
speciation events {(Swanson et al. 1967, Patton
and Sherwood 1983, Clark and Wall 1996, Rickart
et al. 1999)

The ZZ/ZW-type sex chromosome
determination is known to occur in Cyclophorus
{(Caenogastropoda: Cyclophoridae) (Kongim et
al. 2006) and other related gastropods (BarSiené
and Ribi 1998-1999, Barsiené et al. 2000). The
likely existence of ZZ/ZW sex chromosomes and
thus a sex -determining system in Pollicaria is not
conclusive given the rapid and multiple evolution of
different sex-determining systems including ZZ/ZW
as exhibited between other closely related animals
such as in the Lepidoptera (Yoshido et al. 2005,
Traut et al. 2008).

As with other cyclophoroideans, species
boundaries between allopatric populations are
extremely difficult to determine. For example, an
anatomical study of P. elephas by Fischer (1885)
and an investigation including the ‘soft’ anatomy
(unpublished investigation by BK) found that the
3 species of P. elephas from Ipoh, Malaysia, P.
myersii from Laos, and P. mouhoti from Thailand,
showed no significant differences. With current
evidence, morphological information alone
provides insufficiently distinct characters to allow
recognition of species within the Cyclophoroidea
{(Kongim 2006, Lee et al. 2008). Karyotype
analysis in combination with anatomical information
and karyotype analysis is proving to be a valuable
tool for determining species-level boundaries and
relationships in terrestrial operculate snails.
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The new family Diapheridae, a new species of Diaphera
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The Streptaxoidea are an ancient and species diverse group that is poorly understood. Examination of the
reproductive anatomy of Diaphera showed it to be notably distinct from that of most other streptaxid genera but
to exhibit similarities with the reproductive anatomy of Sinoennea (Enneinae), Careoradula (Strepaxinae),
Discartemon (Strepaxinae), Augustula (Strepaxinae), and a species of Imperturbatia (Gibbinae). Our molecular
phylogenetic analysis placed the two genera with high-spired shells, Sinoennea and Diaphera, in an isolated
position as a sister group to the Streptaxidae sensu stricto. This basal divergence within the Streptaxoidea provides
support to the proposed recognition of a new family, the Diapheridae. None of the genera possessing low-spired
shells, Careoradula, Discartemon, Augustula, and Imperturbatia, were available for inclusion in the molecular
analysis and we therefore provisionally restrict the Diapheridae to Diaphera and Sinoennea. However, based on
their reproductive anatomy Careoradula, Discartemon, Augustula and a species of Imperturbatia may cluster with
the Diapheridae when included in a molecular analysis.
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doi: 10.1111/.1096-3642.2009.00598.x

ADDITIONAL KEYWORDS: Achatinoidea — carnivorous snail — land snails — molecular phylogeny — rRNA
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INTRODUCTION subfamily categories and provided supporting informa-
tion on the reproductive morphology. However, the
internal anatomy of most species is unknown and the
only evidence to support their inclusion in subfamily or
generic categories is based on shell characters and, to
some extent, this is influenced by geographical distri-
bution. Shell shape is diverse ranging from helicoid to
pupiform and turriform, often with axial distortion
(Bruggen, 1967). In many stylommatophoran groups
complex structures of the reproductive organs proxi-
mal to the genital orifice have proved to be valuable for
recognizing species and genera. Apart from the posses-
~ sion of penial armature, generally in the form of hooks
*Corresponding author. E-mail: somsakp@sc.chula.ac.th or claws, few accessory organs in the reproductive

The approximately 1000 described species in the
Streptaxoidea have been placed in a single family and
about 60 genera, largely on the basis of shell charac-
ters (Zilch, 1960; Bruggen, 1967; Richardson, 1988;
Schileyko, 2000). The group is widely distributed in the
tropics and some subtropical areas but is absent from
the eastern and southern Pacific regions. Some 15
genera have been reported from South-East Asia. In
reviewing the group, Schileyko (2000) recognized six

© 2010 The Linnean Society of London, Zoological Journal of the Linnean Society, 2010, 160, 1-16 1
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system of streptaxids have been recognized as provid-
ing useful characters for identifying generic groupings.

Diaphera Albers, 1850, is a poorly known genus
endemic to the South-East Asian region. Bruggen
(1967, 1972, 1974) and Dance (1970) suggested that
Diaphera may have originated in the Philippines
and subsequently dispersed to the Sunda shelf and
to southern mainland South-East Asia. Of the 38
described species, most exhibit localized distributions
in the Philippines, one species is recorded from
Borneo, and six species are recorded from mainland
southern South-East Asia (Stoliczka, 1871; Beddome,
1891; Quadras & Mollendorff, 1894: 1895, 1896; Blan-
ford & Godwin-Austen, 1908; Zilch, 1961; Benthem
Jutting, 1962; Bruggen, 1974; Richardson, 1988;
Vermeulen, 1990). There have previously been no
confirmed records of Diaphera from Thailand, only
ambiguous statements by Blanford (1899) and Blan-
ford & Godwin-Austen (1908) that Diaphera seatoni
(Beddome, 1891) occurred near the Thai-Burmese
border. Diaphera was discovered on several isolated
limestone hills in eastern Thailand during malaco-
logical surveys carried out between 1999 and 2007.
The striking turretted shell with a partly detached
last whorl serves to distinguish Diaphera from other
streptaxoid genera in the region.

MATERIAL AND METHODS
SAMPLES AND MORPHOLOGY

A total of 148 specimens collected from our eastern
Thailand surveys were identified from the publica-
tions of Stoliczka (1871), Mollendorff (1887, 1890),
Beddome (1891), Quadras & Moéllendorff (1894, 1895,
1896), Kobelt (1904, 1910), Blanford & Godwin-
Austen (1908), Zilch (1961), Benthem Jutting (1962),
Dance (1970), Bruggen (1974, 1975), -and Vermeulen
(1990), and were subsequently compared with the
relevant type specimens. Living examples of Diaphera
prima sp. nov. were frozen at —20 °C and ten speci-
mens were dissected and examined under a stereomi-
croscope as detailed below. With the aid of a camera
lucida attachment, the genital morphology of one
specimen was figured and shell sculpture and radula
morphology (form and formula of radula teeth) were
examined by scanning electron microscopy (SEM:
JEOL, JSM-5410 LV). For details of other streptaxids,
plus other stylommatophoran taxa used in the
molecular analysis in this study, see Table 1.

MOLECULAR METHODS

DNA extraction, PCR amplification, and sequencing
of a fragment of the rRNA gene spanning the 3" end
(~80 nucleotides) of the 5.8S gene, the complete inter-
nal transcribed spacer 2 (ITS-2) region, and the 5’ end

(~840 nucleotides) of the large subunit (LSU; 28S)
gene were undertaken on single samples of each
species as described in Wade, Mordan & Naggs
(2006). Sequences were assembled using the STADEN
package (Staden, 1993) and aligned within the
Genetic Data Environment (GDE) package (Smith
et al., 1994). Sequence analyses were performed using
a representative subset of taxa (see Table 1 for
details) selected from the phylogenies presented in
Wade et al. (2006). In total, 823 nucleotide sites could
be aligned unambiguously in comparisons of all taxa
and analyses were therefore based on this 823 nucle-
otide dataset. As the ITS-2 region showed extremely
high variability amongst taxa, all ITS-2 sites were
excluded. Phylogenetic trees were constructed using
neighbor-joining (NJ), maximum likelihood (ML),
and Bayesian inference (BI). For all methods, the
general time reversible model of sequence evolution
incorporating a gamma correction to account for
between-site rate variation (GTR+T) was used to
account for multiple hits (this was determined to be
the most appropriate model for the data based on
likelihood ratio tests). NJ analysis was carried out
using PAUP* (version 4.0b10) (Swofford, 2003), with
ML analysis undertaken using PHYML (version
2.4.5) (Guindon & Gascuel, 2003). BI analysis was
performed using MrBayes (version 3.1.2 (Huelsenbeck
& Ronquist, 2001), with the tree space explored using
four chains of a Markov chain Monte Carlo algorithm
for 3000000 generations (heating parameter =
0.175), sampling every 100 generations. A consensus
tree was built using the last 1000 trees with a burnin
of 29001 samples. Bootstrap resampling (Felsenstein,
1985) with 1000 replicates was undertaken in order to
assign support to particular branches within the NJ
and ML trees. Nucleotide sequences new to this study
have been deposited in GenBank under accession
numbers GQ330503 to 330511.

ANATOMICAL ABBREVIATIONS

In the description of the genitalia the term ‘proximal’
refers to the region closest to the genital orifice and
the term ‘distal’ refers to the region furthest away
from the genital orifice. The following abbreviations
were used following Stoliczka (1871), Berry (1963,
1965), Winter, Gomez & Prieto (1999), and Herbert
(2002): ag, albumin gland; at, atrium; eg, egg; fo, free
oviduct; g, gonad; hd, hermaphroditic duct; ov,
oviduct; p, penis; pp, penial pilaster; pr, penial retrac-
tor muscle; sv, seminal vesicle; v, vagina; vd,
vas deferens.

INSTITUTIONAL ABBREVIATIONS

BMNH, The Natural History Museum, London;
CUMZ, Chulalongkorn University, Museum of
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Zoology, Bangkok, Thailand; MNHN, Muséum
National d’Histoire Naturelle, Paris; SMF, Fors-
chungsinstitut und Naturmuseum Senckenberg,
Frankfurt, a.m.; ZMA, Zoological Museum, Amster-
dam, the Netherlands. :

SYSTEMATIC DESCRIPTION

SUPERFAMILY STREPTAXOIDEA GRAY, 1860
FAMILY DIAPHERIDAE PANHA & NAGGS
FAM. NOV.

Type genus: Diaphera Albers, 1850.

Diagnosis: Shell high spired and narrow or pupiform,;
whorls symmetrical about straight axis, apart from a
portion of the last whorl, which is detached in Dia-
phera. Penis simple, long, and without a penial
sheath or internal hooks.

Remarks: The Diapheridae is defined by the type
genus Diaphera. On currently available evidence only
Diaphera and Sinoennea Kobelt, 1904 are included in
the Diapheridae. The shell form with a simple repro-
ductive system, lacking a penial sheath and internal
hooks, set Diaphera and Sinoennea apart from other
streptaxoid taxa. Although no single morphological
synapomorphy characterizing the Diapheridae has
been identified, the robust, distinct, and basal posi-
tion of the Diapheridae within the molecular
streptaxoid clade presented below supports the dis-
tinct identity of this group.

GENUS DIAPHERA ALBERS, 1850

Type species: Cylindrella cumingiana Pfeiffer, 1845,
by original designation; lectotype BMNH 20080230
(Fig. 1A); type locality: the Philippines (in grass,
Guimaras, the Philippines’, given on original label).

Diagnosis: Shell ovate to cylindrical, thin, transpar-
ent, and glossy, surface smooth or sculptured; apex
obtuse, surface smooth, subsequent whorls smooth or
with radial ribs; part of last whorl always detached,;
aperture circular to ovate; lip expanded and slightly
reflexed; apertural dentition usually comprised of
parietal, palatal, basal, and columellar lamellae.
Radula plate narrow; teeth lanceolate, central tooth
minute, lateral and marginal teeth similar with long
cusp. Genitalia with well-developed penis; penial
sheath, verge, and spines are absent.

Remarks: Diaphera currently includes 39 nominal
species that range from Burma, Thailand, Cambodia,
and the Philippines to Kalimantan (Blanford, 1899;
Bruggen, 1975; Richardson, 1988; Vermeulen, 1990;
Schileyko, 2000). In Thailand Diaphera can be

distinguished conchologically from similar genera
such as Sinoennea (with six to seven whorls) by
possessing a greater number (eight to 20) of more
elongate, cylindrical whorls; partially detached last
whorl and ovate aperture (Tryon, 1885; Zilch, 1960;
Richardson, 1988; Schileyko, 2000).

Diaphera was treated as a subgenus of Gibbus
Montfort, 1810 by Tryon (1885) and of Gulella Pfeiffer,
1856 by Thiele (1931). Zilch (1960) subsequently
treated Diaphera as a distinct genus. Richardson
(1988) placed 46 species from the Philippines and
Indochina in Diaphera. However, Richardson’s inclu-
sion of the two pupiform Madagascan species, Gulella
miaryi (Fischer-Piette & Bedoucha, 1964) and Gulella
gallora (Fischer-Piette, Blanc & Salvat, 1975), both of
which lack a detached last whorl, seems unjustified
(see Fischer-Piette & Bedoucha, 1964; Fischer-Piette
et al., 1975). The Madagascan taxa are likely to be part
of or allied to the Gulella group. Eight cylindrically
shelled species from the Philippines Ennea sericina
Mollendorff (1887), Ennea hidalgoi Méllendorff, 1888,
Ennea cardiostoma Quadras & Mollendorff, 1894,
Ennea nitidula Quadras & Mollendorff, 1894, Ennea
otostoma Quadras & Mollendorff, 1894, Ennea cylin-
drica Quadras & Mollendorff, 1895, Ennea cristatella
Mollendorft, 1896, and Ennea samarica Mollendorff,
1896 were placed in Diaphera by Zilch (1961) and
Richardson (1988). However, these taxa lack a par-
tially detached last whorl and are thus more likely to
be related to Ennea H. & A. Adams, 1855. Richardson
(1988) followed Kobelt (1904) and Blanford & Godwin-
Austen (1908) in placing Ennea brevicollis Blanford,
1899 in Sinoennea, but this species possesses a multi-
whorled turriform shell with detached body whorl and
belongs in Diaphera (Table 2).

DIAPHERA PRIMA PANHA SP. NOV. (FIGS 1B-G, 2)

Type material: Holotype CUMZ 3544 (height 6.2 mm,
width 2 mm, whorls eight) (Fig. 1B, C); paratypes
CUMZ 3543 (2a shells), 3545 (3a ethanol; Fig. 1GQ),
3627 (8a + 8j shells), 3629 (13a ethanol; Fig. 1E, F),
3630 (1j shell; Fig. 1D), 3649 (10a + 13j shells), 4299
(10a + 3j ethanol), 4656 (5a shells); BMNH 20070007
(2a shells); MNHN 21991 (2a shells); SMF 333515 (2a
shells); ZMA 409052 (2a shells). Type locality: Khao
Cha Ang-Oan, Bor Thong, Chonburi, Thailand
(13°11’5"N, 101°34'59"E). Other material examined:
Khao Chakan, Srakeo, Thailand (13°39’80.2"N,
102°05’'71.1"E): CUMZ 3541, 3542, 3546, 3628, 3650,
4296, 4297, 4298. Tam Khao Loy, Khao Chamao,
Rayong, Thailand (13°03'28.9"N, 101°36'27.6"E):
CUMZ 3800.

Description: Shell small, turreted, tapering slightly
away from apex, thin, transparent, and glossy when
fresh; part of last whorl detached (Fig. 1B). Apex

© 2010 The Linnean Society of London, Zoological Journal of the Linnean Society, 2010, 160, 1-16



6 C. SUTCHARIT ET AL.

Table 2. Comparison of shell characters amongst five species of Diaphera Albers, 1850 from Indochina

D. cylindrelloideat

D. brevicollist D. seatonit

D. saurini*

D. prima sp. nov.

Characters

4.5

9.5

6.2

Shell height of holotype in mm
Shell width of holotype in mm

Number of whorls

Apex

1.3

2.25
11

[a\]

11

10

Obtuse and smooth
Closely ribbed

Obtuse and smooth
Not closely ribbed

Obtuse and smooth

Distinct rib

Obtuse and smooth

Distinct rib

Obtuse and smooth

Almost smooth, only short

Shell sculpture

ribbed below suture

Rounded

Ovate Rounded

Rounded

Rounded

Shape of aperture

Parietal, thin palatal

Parietal, palatal,

Parietal, thin palatal

Parietal, palatal,

Parietal, 2 palatals,

Apertural lamellae

columellar

columellar
Battambang, Tenasserim, Burma

basal, columellar
Eastern Thailand

Moulmein, Tenasserim,

Moulmein, Tenasserim,

Distribution

Burma

Burma

Cambodia

46

Total number of

specimens examined

*Holotype ZMA 3.62.016.

+Indicates data derived from Stoliczka (1871); Beddome (1891); Blanford (1899); Blanford & Godwin-Austen (1908).

smooth, obtusely conical. Whorls seven to eight
(excluding detached section) slightly convex; suture
depressed. Shell surface with very fine growth lines in
appearance; short transverse ridges immediately
below suture extend around circumference of
detached section of body whorl. Detached part of last
whorl long, being approximately one third the length
of last whorl, descending, with sutural line extending
as vallicular depression and corresponding with pari-
etal lamella (P). Umbilicus wide, deep with strong
transverse ribs. Aperture circular (Fig. 1C); inner
surface with thin wrinkles. Lip slightly thickened and
expanded. Dentition of peristome comprises one large
and curved parietal lamella fold and two small
palatal lamellae (P1) {(one on the margin of the peris-
tome and one inside the peristome), one convex basal
lamella (Bl), and one large internal columellar
lamella (Cl) (Fig. 1C). Juvenile shell composed of
about four whorls and shows distinct parietal,
palatal, basal, and columellar lamellae in peristome
(Fig. 1D).

Animal body colour externally pale greenish yellow;
digestive gland pale brownish yellow, extended body
entirely lacking bright skin pigmentation and bright
red, orange, or yellow eye retractor muscles often
associated with streptaxids (Fig. 1E, F). Foot narrow
and undivided (holopoda), anterior long, posterior
rather short as typical of streptaxids. Upper tentacle
long with black eye spot on tip, lower tentacles very
short.

Radula: Radula teeth arranged in anteriorly pointed
V-shaped rows on the dorsal odontophore, each row
contains 31-33 teeth with formula (15-16)-1-(15-16).
Central tooth triangular, minute with pointed cusp.
Lateral and marginal teeth weakly differentiated,
unicuspid, lanceolate, basal plate well developed;
lateral teeth gradually reduced in length and size
towards radular margin; inner lateral teeth straight
and slightly curved cusp (Fig. 1G).

Genitalia: Genital atrium (at) short. Penis (p) very
long, slender with thick muscular wall. Epiphallus,
penial verge and penial sheath absent. Vas deferens
(vd) small tube, inserting on penial apex and almost
coincident with attachment of penial retractor
muscle. Penial retractor muscle (pr) thin, very long,
originating from columellar muscle (Fig. 2A). Internal
wall of penis smooth with two longitudinal pilasters
(pp); major pilaster extends almost the entire
penis length; minor. pilaster about half as long.
Penial armature in form of hooks characteristic of
streptaxids entirely absent (Fig. 2B). Vagina (v) short,
about one fifth of the length of the penis. Duct of
gametolytic organ {(gd) slender and short, ending
without distinct gametolytic sac, and attached to free

© 2010 The Linnean Society of London, Zoological Journal of the Linnean Society, 2010, 160, 1-16
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1z . i

Figure 1. A, shell morphology of Diaphera cumingiana (Pfeiffer, 1845) (lectotype BMNH 20080230). B—G, morphology of
shell and radular and living animals of Diaphera prima sp. nov. B, the shell and C, the aperture of holotype (CUMZ
3544) showing lamellae. D, juvenile specimen showing apertural lamellae (paratype CUMZ 3630). E, F, living animals
(paratype CUMZ 3629): E, shell height 6.5 mm; and F, shell height 6.8 mm. G, radula morphology (paratype CUMZ 3545);
arrow on top-right inset indicates the central tooth. H, I, morphology of shell of Diaphera saurini Benthem Jutting, 1962.
H, the shell and I, aperture of holotype (ZMA 3.62.016) showing lamellae. Abbreviations: P, parletal lamella; Pl, palatal
lamella; Bl, basal lamella; CI, columellar lamella.

© 2010 The Linnean Society of London, Zoological Journal of the Linnean Society, 2010, 160, 1-16



8 C. SUTCHARIT ET AL.

Figure 2. Genitalia of Diaphera prima sp. nov. (paratype CUMZ 3545). A, whole genital system. B, details of internal
wall of penis. Abbreviations: ag, albumin gland; at, atrium; eg, egg; fo, free oviduct; g, gonad; hd, hermaphroditic duct;
ov, oviduct; p, penis; pp, penial pilasters; pr, penial retractor muscle; sv, seminal vesicle; v, vagina; vd, vas deferens.

oviduct by thin connective tissue. Free oviduct (fo)
long; oviduct (ov) enlarged with lobular shape (figured
specimen contained one large spherical egg proxi-
mally). Inconspicuous prostate gland bound to exter-
nal section of oviduct. Albumen gland (ag) thick,
bean-shaped. Gonad (g) lobular; hermaphroditic duct
(hd) slender and straight, bearing globular seminal
vesicle (sv) in middle (Fig. 2A).

Distribution: The species is presently known from
three localities, namely the isolated limestone hills at
the type locality, at Khao Chakan, Srakeo, Thailand,
and at Tam Khao Loy, Khao Chamao, Rayong, Thai-
land. The shells of specimens from Khao Chakan are
slightly smaller than those from the type locality, but
shell shape, sculpture, and apertural dentition are
essentially identical to that of the type specimens.
The slight difference in size is probably indicative of
local population variation.

Etymology: From the Latin ‘prima’ meaning ‘first,
original’. It refers to the fact that this new species is
the first Diaphera definitely recorded from Thailand.

Remark: Several of the Philippines Diaphera such as
Diaphera canaliculata (Quadras & Moéllendorff, 1896)
are pupiform with few whorls, and are quite distinct
from the more common high, narrow shelled species
(Zilch, 1961). These two groups may represent dis-
tinct genera. We limit our discussion of Diaphera
species to D. prima sp. nov. and the four high-spired
geographically proximal (from Indochina) species,
Diaphera cylindrelloidea (Stoliczka, 1871), D. seatoni
(Beddome, 1891), Diaphera brevicollis (Blanford,
1899), and Diaphera saurini Benthem Jutting, 1962.

Diaphera prima sp. nov. can be distinguished from
these four regional species on the basis of several
conchological characters (Table 2). Diaphera cylin-
drelloidea and D. brevicollis from Burma resemble
each other in shell form with smooth embryonic
whorls, distinct transverse ribs on the later whorls,
and only parietal and thin palatal lamellae in the
aperture (Stoliczka, 1871; Beddome, 1891; Blanford,
1899; Blanford & Godwin-Austen, 1908). Compared to
other species within the genus, D. seatoni from Moo-
leyit Mountain, Tenasserim, Burma, possesses a
higher shell with distinct transverse ribs and the
detached part of the last whorl is slightly shorter
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than D. prima sp. nov. (Blanford, 1899; Blanford &
Godwin-Austen, 1908). Diaphera seatoni can be dis-
tinguished from D. cylindrelloidea and D. brevicollis
by its higher shell, ovate aperture with a sinus on
upper corner, the presence of a basal lamella and
shorter detached part to the last whorl (Stoliczka,
1871; Beddome, 1891; Blanford & Godwin-Austen,
1908). In the morphologically similar species D.
saurini from Cambodia (Fig. 1H, I), the fourth and
later whorls have strong transverse ribs, the penul-
timate and last whorls are enlarged, and the basal
lamella is absent (Benthem Jutting, 1962).

The soft internal anatomy of a limited number of
streptaxid genera has been previously described
(Table 3) and this is the first account of the reproduc-
tive anatomy of Diaphera. The anatomical descrip-
tions of Sinoennea kanchingensis Tomlin, 1948 and
Huteonella bicolor (Hutton, 1834) were the most com-
prehensive available for comparing the morphology of
Diaphera (Stoliczka, 1871; Berry, 1963, 1965; Schil-
eyko, 2000). Diaphera possesses a very long penis, the
penial retractor muscle inserts on the distal penis,
being almost coincident with entry of the vas defer-
ens; the gametolytic organ is slender, a short duct,
and lacks a distinct gametolytic sac; the seminal
vesicle is cylindrical. In Sinocennea and Huttonella
Pfeiffer, 1856 the penis is shorter, the vas deferens
inserts centrally on the penis, remote from the dis-
tally inserting penial retractor muscle; and the game-
tolytic organ has a long duct and terminates in a
globular gametolytic sac.

MOLECULAR RESULTS

rRNA sequences of nine new streptaxoid genera
were obtained in this study. Together, with the two
streptaxid rRNA sequences obtained by Wade,
Mordan & Clarke (2001), molecular data for the
rRNA gene are now available for 11 streptaxoid
genera (Table 1), with at least one representative
species from each of the six currently recognized
subfamilies in the Streptaxidae. A phylogenetic tree
showing the evolutionary relationships amongst the
Streptaxoidea and its position within the Stylom-
matophora is presented in Figure 3. The tree is rooted
on the aplysiid opisthobranch Aplysia punctata. The
phylogeny is based on the analysis of 823 unambigu-
ously aligned nucleotide sites, of which 287 were
variable and 206 were parsimony informative. DNA
base frequencies were highly consistent across all
taxa in the tree, ranging from 60.0 to 63.5% GC.
The Streptaxoidea are a monophyletic group within
the rRNA molecular phylogeny supported in 100% of
NJ and ML bootstraps and with a Bayesian posterior
probability of 1.00. Representatives from all six
currently recognized streptaxoid subfamilies are

included in the tree (Fig. 3; Schileyko, 2000; Bouchet
& Rocroi, 2005). Diaphera prima and Sinoennea
cluster together within the tree with 100% NJ and
98% ML bootstrap support and with a Bayesian pos-
terior probability of 1.00. This ‘diapherid’ group is a
sister group of the Streptaxidae sensu stricto, follow-
ing a basal divergence within the Streptaxoidea and
is highly divergent from the other streptaxoids with
the branch falling at a similar depth to that between
the Ferussaciidae and the Achatinidae/Subulinidae
clade.

DISCUSSION

In many Stylommatophoran groups complexities in
morphology of the reproductive system have proved
to be of considerable value for recognizing species,
genera, and higher level taxa. Despite the relative
simplicity of reproductive morphology in the
achatinoid/streptaxoid clade (discussed below) geni-
talic characters have nevertheless been of value in
recognizing achatinoid species and genera (Naggs,
1994). However, the same does not hold for the
streptaxoids as few characters have proved to be of
value for recognizing systematic groups. For example,
judged by current concepts of subfamily units, the
presence or absence of a penial sheath appears to be
of little value in recognizing groups above generic
level in streptaxids. A penial sheath is present in 23
streptaxid genera and is recorded as being absent
not only in Diaphera but also in Augustula Thiele,
1931 and Careoradula Gerlach & Bruggen, 1999
(Streptaxinae), Sinoennea (Enneinae), Gulella and
Huttonella (Ptychtrematinae), and Odontartemon
Pfeiffer, 1856 (Odontartemoninae) (Table 3).

Penial armature in the Mollusca is confined to the
Euthyneura and occurs in some carnivorous opistho-
branchs and such diverse stylommatophoran taxa as
the Himalayan arionid slug Anadenus Heynemann,
1863 (lanceolate penial armature), the African urocyl-
cid Polytoxon (calcareous needles located in penial
pits), and the Streptaxidae (Godwin-Austen, 1882;
Schileyko, 2002) (generally cat-like claws). Penial
armature is clearly an important feature within the
Streptaxidae; it has been considered to be an apomor-
phy for the group and its absence in streptaxids is
assumed to be secondary. For example, Schileyko
(2000: 771) asserts that ‘rarely hooks secondarily dis-
appear’. However, in the case of Diaphera and Sinoen-
nea, which on molecular phylogenetic evidence
diverged at a basal stage in the streptaxoid clade
(Fig. 3), it seems reasonable to hypothesize that the
absence of penial armature is a plesiomorphic condi-
tion. Of the 60 currently recognized streptaxoid
genera, some internal anatomy has been described for
37 genera and, of these, 28 possess penial armature.
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Table 3. List of streptaxoid subfamilies and genera compiled primarily from Schileyko (2000)

Known Penial hooks Penial
Taxa anatomically  or spines sheath  Distribution
Streptaxinae
Scolodonta No Argentina
Martinella No Ecuador, south Brazil
Rectartemon Yes + + Brazil, Venezuela, Caribbean Islands
Streptaxis No Brazil, Colombia, Venezuela
Hypselartemon  No Brazil, Colombia
Sairostoma No North-east Brazil
Streptartemon Yes + + South America (Brazil, Bolivia, Colombia, Venezuela,
Guyana)
Seychellaxis Yes + + Seychelles
Indoartemon No Sri Lanka, South-East Asia, Hainan
Stemmatopsis No North Vietnam
Perrottetia Yes + + South India, South-East Asia, Mascarenes
Acanthennea Yes + + Silhouette and Mahé Islands, Seychelles
Glabrennea Yes + + Seychelles
Stereostele Yes + + Seychelles
Silhouettia Yes + + Silhouette Island, Seychelles
Augustula Yes - ? Seychelles
Careoradula Yes - - Seychelles
Discartemon Yes - + South-East Asia
Glyptoconus No Busuangga Island, Philippines
Micrartemon No Philippines
Platycochlium No Kalimantan, Borneo
Tonkinia No North Vietnam
Gibbinae
Edentulina Yes + + East Africa, Comores, Seychelles
Pseudelma - Mayotte, Comores
Gonospira Yes + + Mauritius, Réunion, Rodrigues
Microstrophia No Mauritius and Réunion
Gonidomus Yes + + Mauritius extinct
Plicadomus No Mauritius
Gibbus Yes + + Mauritius extinct
Gibbulinella Yes + + Canary Islands
Imperturbatia Yes + + Seychelles
Priodiscus Yes + + Seychelles
Gonaxis Yes + + Equatorial and South Africa.
Qophana Yes + + South-East Asia
Haploptychius Yes + + Andamans, south India, South-East Asia, southern and
central China, North Sulawesi
Enneinae
Ennea Yes + ? Afrotropical
Maurennea Yes + ? Mauritius, Comoros?
Indoennea No India, Malaya, Sumatra
Sinoennea Yes - - India, IndoChina, China, Malaysian Peninsula, Sumatra,
Japan, South Korea
Diaphera Yes - - Philippines, Kalimantan, South-East Asia
Bruggennea No Kalimantan
Elma No Taiwan, Vietnam
Streptostele Yes + + Afrotropical, Gulf of Guinea islands, Seychelles, Comoros,
Mascarenes
Varicostele Yes ? ? Central Africa, Congo Basin
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Table 3. Continued

Known Penial hooks  Penial

Taxa anatomically  or spines sheath  Distribution
Ptychotrematinae

Gulella Yes + ? Afrotropical, Arabia, Madagascar, Comoros, Seychelles,

Mauritius
Mirellia No East Africa
Huttonella Yes + - Tropical cosmopolitan ‘weed’ unknown origin but type
locality India

Parennea No Afrotropical

Ptychotrema Yes + ? Afrotropical

Sinistrexcisa Yes + South-west Cameroon, Equatorial Guinea
Marconiinae

Stenomarconia  Yes + + Tanzania, Kenya

Marconia Yes + + Afrotropical, Comores

Macrogonaxis No East Africa, Seychelles
Odontartemoninae

Somalitayloria  Yes ? ? Somalia

Artemonopsis No Ivory Coast

Tayloria Yes ? ? East Africa

Pseudogonaxis No Congo Basin

Gigantaxis No East Africa

Afristreptaxis Yes ? + Afrotropical and South Africa

Ondontartemon Yes + - West Africa

Global distributions, availability of anatomical data and presence/absence of penial hooks and sheath are shown
(+, character present; —, character absent; ? character not described in the literature).

We include Myanmar and all Asian countries to the south and west as being South-East Asia and confine IndoChina to
Laos, Vietnam, and Cambodia, but source references may have used these terms with different meanings.

Penial armature is not mentioned in the anatomical
descriptions of four genera (Enneinae: Varicostele;
Odontartemoninae: Somalitayloria Verdcourt, 1962,
Tayloria Bourguignat, 1889, Afristeptaxis Thiele,
1932). There are only five streptaxoid genera (Table 3)
for which penial armature is recorded as being absent
(Streptaxinae: Careoradula, Discartemon Pfeiffer,
1856, Augustula; Enneinae: Sinoennea, Diaphera).
Careoradula, Discartemon, and Diaphera lack any
penial hard structures; Sinocennea and Augustula
possess chitinized penial papillae.

Discartemon possesses a discoidal shell and a
penial sheath. The enigmatic Careoradula, which is
the only land snail recorded as lacking a radula
(Gerlach & Bruggen, 1999), resembles Imperturbatia
constans (Martens & Wiegmann, 1898) in possessing
a depressed helicoid shell and in the absence of penial
hooks, penial sheath and gametolytic sac. However, in
Imperturbatia violascens (Martens & Wiegmann,
1898) the penis possesses spinules and both a penial
sheath and gametolytic sac are present (Gerlach &
Bruggen, 1999). Despite the similarity in shells it
appears that the two species currently included in
Imperturbatia Martens, 1898 might belong in differ-

ent groups. The combination of these shared charac-
ters in Diaphera, Careoradula, and I. constans is
quite remarkable. Schileyko’s (2000: 794) figure of L
constans, which shows a penial sheath occupying half
the length of the penis; large penial hooks, and a
voluminous gametolytic sac is based on a misidenti-
fication. Justin Gerlach (unpubl. data) points out that
the ‘I. constans’ reported on by Schileyko was from
Silhouette Island, Seychelles, where Imperturbatia
does not occur and that it would be a Silhouette
Gerlach & Bruggen, 1999 species. Whereas Diaphera
and Sinoennea share high spired shell forms, Sinoen-
nea possesses a distinct gametolytic sac that is absent
in Diaphera, Careoradula, and I. constans. The sys-
tematic significance of the presence or absence of a
distinct gametolytic sac is not clear. In addition,
because the gametolytic sac may not be distinct in
virgin individuals of some species when the game-
tolytic sac has not digested allospermatophores, the
absence of a clearly defined gametolytic sac could be
related to the state of reproductive development in
examined specimens rather than being a species char-
acter. Although the presence or absence of a penial
sheath is apparently of no value for identifying cur-
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Figure 3. Neighbor-joining (NJ) phylogeny of the Streptaxoidea. The phylogeny includes representatives of the major
stylommatophoran land snail groups and is rooted on the Opisthobranch Aplysia. The tree is based on 823 unambiguously
aligned nucleotide sites with distances corrected for multiple hits using a GTR + I" model (alpha = 0.197409). Bootstrap
values [1000 NJ bootstraps and 1000 maximum likelihood (ML) bootstraps expressed as a percentage] and Bayesian
posterior probabilities indicating support for individual branches are shown on the tree (NJ bootstraps/ML bootstraps/
Bayesian inference posterior probabilities). The scale bar corresponds to a genetic distance of 2%. The geographical
distribution of streptaxid genera and their current subfamily attributions are shown. A, first fossil record of achatinoid
140 Mya. B, minimum age 80 Mya based on fossil Gibbulinella from Portugal.

rently recognized subfamily groups within the Morphological characters have not provided a

Streptaxoidea, these subfamilies are unlikely to be
natural groups. Thus the significance of Discartemon
possibly belonging to a basal group in the Streptax-
oidea and possessing a penial sheath is not clear.

robust basis for recognizing higher level relationships
in the Streptaxoidea and it seems likely that the
extent of homoplasy and plesiomorphy in streptaxoid
morphological characters will only be resolved when
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they are mapped on a molecular phylogenetic tree.
Although described as a well-defined family (Bruggen,
1967), there is no identified apomorphy by which the
group can be recognized. It is inherent in the molecu-
lar trees presented by Wade et al. (2001, 2006) that
supposed streptaxoid affinity with other carnivorous
stylommatophorans (Thiele, 1931; Zilch, 1960) is the
result of homoplasies associated with specialized car-
nivory (Naggs, Raheem & Budha, 2008). Indeed, prior
to our demonstration of the molecular relationship of
Diaphera and Sinoennea being closer to streptaxoids
than to achatinoids, inclusion of these genera within
the Streptaxoidea was questionable.

Molecular phylogenetic trees are powerful tools for
investigating evolutionary relationships and the rela-
tive chronologies of cladogenesis. In combination with
the fossil record they provide a framework for devel-
oping testable hypotheses relating to calibrated
chronologies and geographical distribution of taxa
through time. Wade etal. (2001, 2006) reported
molecular phylogenetic trees comprised of a large
number of taxa in the major land snail group, the
Stylommatophora. These support taxonomic relation-
ships that had not been suspected on the basis of
comparative morphology. Most notably, this includes
a basal divergence within the Stylommatophora
between a clade that includes the Achatinidae,
Subulinidae, Ferussaciidae, Streptaxidae sensu lato
(= Streptaxoidea = Streptaxidae + Diapheridae) and
a clade that includes all other stylommatophoran
groups. These two groups are currently referred to as
the achatinoid and non-achatinoid clades. It appears
likely that, in addition to the hierarchical position of
the achatinoid group not being previously recognized
within the Stylommatophora, that the degree of
higher level diversity within the achatinoid group has
also not been identified.

This investigation of Diaphera is an opportunity to
present new molecular information on nine streptax-
oid genera in addition to the two presented in Wade
et al. (2006). Our molecular phylogenetic tree (Fig. 3)
includes 11 streptaxoid species (Table 1) with at least
one representative species from each of the six cur-
rently recognized subfamilies in the Streptaxidae
(Table 3) (Schileyko, 2000; Bouchet & Rocroi, 2005).
Current attribution of genera to subfamily categories
and the subfamilies, which are also largely based on
shell characters, is likely to require substantial revi-
sion and there is no merit in simply raising the status
of current subfamily categories to family level in
order to demonstrate the presence of higher level
taxa. An indication of the extent to which current
subfamily groups may be based on homoplasy is clear
from the paraphyletic distribution of Enneinae sensu
Schileyko in the tree (Fig. 3), which is represented in
both the Streptaxidae senswu stricto and in the Dia-

pheridae. The basal divergence of the Streptaxidae
sensu stricto from the Diapheridae is strongly sup-
ported. There is little support for relationships within
the Streptaxidae in the new restricted sense.
However, there is strong support for Gulella and
Huttonella as sister groups; a point of particular
interest because of the tropical cosmopolitan distri-
bution of Huttonella and doubts about its affinities
and geographical origin (Naggs, 1989).

Here we use molecular information to clarify a high
level systematic issue that the currently available
morphological information cannot resolve. Although
we have representatives of genera from all currently
recognized subfamily groups, we are mindful of the
limited geographical representation, most notably the
absence of any South American taxa. The extent to
which we are able to establish that taxonomic rela-
tionships correspond with geographical distribution is
therefore limited (Fig. 3). In a group that has a fossil
record extending deep into the Mesozoic (Zilch, 1960)
this is a key issue. Because the group radiated
through a period that corresponded with the major
tectonic events associated with the break-up of Gond-
wana and possibly Pangaea, the extent of dispersal
and vicariant distributions is central to understand-
ing relationships and current distributions.

Supposed Palaeozoic stylommatophoran fossils
(Solem & Yochelson, 1979) are of uncertain status
(Naggs, 1997) and we have little idea of when sty-
lommatophorans first appeared or when divergence of
the achatinoid/streptaxoid and non-achatinoid clades
may have taken place. There is both molecular and
fossil evidence to support a long history for the
streptaxoid clade but the occurrence of streptaxids on
Atlantic and Indian oceanic islands of volcanic origin
(Table 3) and the tropical cosmopolitan distribution of
Huttonella bicolor is clear evidence of long distance
dispersal in the group. The extent to which streptax-
oids exhibit distributions based on Mesozoic vicariant
events is unclear, unlike, for example, in the non-
achatinoid acavoid groups, for which the extant
species exhibit a classical Gondwanan distribution
and occur only on continental tectonic plates or plate
fragments. The earliest fossil record of what appears
to be a subulinid member of the achatinoid/
streptaxoid group was described from the Upper
Jurassic/Early Cretaceous (about 140 Mya) of north-
west Germany as Hydrobia cypridae Huckriede, 1967
(Huckriede, 1967; Naggs & Raheem, 2005). The first
appearance of streptaxids was of Gibbulinella Wenz,
1920 recorded from the Late Cretaceous (about
80 Mya) of Portugal (Zilch, 1960). Gibbulinella, now
restricted to the Canary Islands, is a possible survivor
of the Continental European ‘tropical’ land snail
taxa that become locally extinct in the Late Euro-
pean Eocene/Early Oligocene cooling (Preece, 1982).
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However, the placement of Gibbulinella in the topol-
ogy of our molecular tree (Fig.3) indicates that a
number of streptaxid clades had already diverged by
the Late Cretaceous.

Solem (1978) gave a conservative estimate of 20 500
for the number of validly described stylommatopho-
ran species. The approximately 18 000 non-achatinoid
stylommatophorans have been split into 105 families
(an average of some 170 species per family), whereas
the approximately 2500 described achatinoid/
streptaxoid species have been placed in five families,
or six if the Glessulidae are recognized as a distinct
family (Godwin-Austen, 1920; Schileyko, 1999), of
which the about 1000 species in the Streptaxoidea are
included in a single family and six subfamilies (Schi-
leyko, 2000; Bouchet & Rocroi, 2005). That a taxon is
species diverse is no justification in itself for classifi-
cation into subgroups but, as an ancient group with
few morphological characters that have proven to be
of systematic value, higher level diversity within
the streptaxoids may currently be underestimated.
Although the molecular tree presented here gives
strong support to the recognition of the Streptaxidae
and Diapheridae it has not given strong support for
groups with the Streptaxidae sensu stricto. A priority
in studies of the achatinoid/streptaxoid clade is both
to investigate the anatomy and molecular status of
more species and to seek to establish categories at
and above generic level.
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TAXONOMIC RE-EVALUATION OF CHLORITIS BIFOVEATA
(BENSON 1856) AND C. DIPLOCHONE MOLLENDOREFF 1898
(PULMONATA: CAMAENIDAE)

CHIRASAK SUTCHARIT & SOMSAK PANHA

Animal Systematics Research Unit, Department of Biology, Faculty of Science, Chulalongkorn University, Bangkok 10330,
Thailand

Abstract  Morphological comparison of the two congeneric allopatric camaenid land snails, Chloritis bifoveata (Benson
1856) and C. diplochone Mollendorff 1898, was evaluated. Both species show strong similarities in some unique characters
such as the extraordinary biconcave shell shape. However, the species differ in shell size with C. bifoveata the smaller of the
two, and also in length of the penis and vagina, again shorter in C. bifoveata. The penis and vagina are of almost equal length
and size in C. bifoveata are almost equal but in C. diplochone the penis is longer and more slender than the vagina. The
distributions of the species are also very different with C. bifoveata occurring in southern Myanmar, Thailand and northern
Malaysia and C. diplochone in eastern Thailand to the Indochina region.

Key words Chloritis, Camaenidae, land snail, Gastropoda, Thailand

INTRODUCTION

Chloritis Beck 1837, the largest genus of the
Camaenidae, consists of eight subgenera (Zilch,
1960) with over 150 nominal species (Richardson,
1985). Identification of the known species has
proved to be difficult (Pilsbry, 1891, Godwin-
Austen, 1920) due to the diversification and
high similarity of shell morphology amongst
species. Therefore, taxonomic clarification based
only on shell characters is insufficient. Although
several authors have highlighted this problem
and suggested that the genital anatomy should
be elucidated to solve the problem (e.g. Pilsbry,
1891, 1894; Godwin-Austen, 1920), an anatomical
review has not been published despite the repro-
ductive anatomy of a few species being known
(e.g. Pilsbry, 1894; Moss & Webb, 1896; Rensch,
1933, 1937).

From the 20 or so Chloritis species known
from Thailand, Laos and Cambodia, C. bifove-
ata (Benson 1856) and C. diplochone Mollendorff
1898, with their peculiar biconcave shell shape
have been largely overlooked and there are no
intensive studies (Gude, 1903, 1906; Panha, 1996).
According to the current available information,
the distribution of C. bifoveata is confined to
the Malay Peninsula (Henley & Theobald, 1876;

Hemmen & Hemmen, 2001), whilst C. diplochone

is distributed in Indochina (Moéllendorff, 1898;
Panha & Thanamitramanee, 1997). Although,
Mollendorff 1898 stated that C. diplochone has

Contact author : somsakp@sc.chula.ac.th

a similar shell morphology to C. bifoveata, with
only the shell size being different, more than
a hundred years later there is still no reported
informative characters to discriminate between
these two potentially allopatric species. Recently,
we have collected snails of both species from
various localities in Thailand. These specimens
provided an opportunity for anatomical exami-
nation to look for new characters including their
reproductive anatomy.

The aim of the present study is to conduct a
morphological evaluation of C. diplochone and C.
bifoveata including genitalia, radula, jaw and shell
micro-sculptures.

MATERIALS AND METHODS

Both shell and live material were collected from
eastern and southern Thailand and peninsular
Malaysia. Snails were drowned in water and
then fixed in 70% v/v ethanol for anatomical
examination. Specimens were identified using
Benson (1856) and Mollendorff (1898), and later
compared with type specimens. For anatomical
purposes, three specimens were dissected and
the drawing of one specimen was selected as
representative of the species. The adults were
measured for shell height (h) and shell width (d).
The radular formula and teeth shape, embryonic
shells and periostracal sculptures were examined
under a SEM (JEOL, JSM-5410).

In the description of genitalia, proximal refers
to the region closest to the genital orifice and
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distal to the region furthest away from the genital
orifice. The anatomical abbreviations used are
defined by Pilsbry (1894), Sutcharit and Panha
(2006), and Sutcharit ef al. (2007).

Institutional abbreviations CUMZ, Chulalongkorn
University, Museum of Zoology, Bangkok,
Thailand; SMF,  Forschungsinstitut  und
Naturmuseum Senckenberg, Frankfurt, a.m.

SysTEMATIC DESCRIPTION

Family CaMAENIDAE Albers 1850
Genus Chloritis Beck 1837

Type species Helix unguling Linnaeus 1758;
subsequent designation by Martens in Albers
(1860).

Diagnosis  Shell low discoidal, flattened to con-
cave, small to large and thick to thin, with five or
more whorls; umbilicus narrow to wide. Surface
smooth or with pits, nodules or granulation
arranged along growth lines. Periostracum trans-
parent to moderately thick, brownish and fibrous
or with hairs in oblique rows. Aperture rounded,
oblique or securiform. Peristome whitish to
brownish; lip expanded and slightly reflected.
Genitalia without dart apparatus; penial verge
present; penis connected to epiphallus, with
short to long flagellum. Radula with triangular
and tricuspid teeth. Jaw brownish corneous with
strong vertical ridges.

Distribution A widely distributed genus rang-
ing from southern China to Japan, Indochina,
Sundaic islands, northern part of Australia, New
Guinea and New Zealand (Solem, 1959; Zilch,
1960; Richardson, 1985; Schileyko, 2003).

Remarks The genus Chloritis comprises 8 sub-
genera (Zilch, 1960; Vaught, 1989), of which sub-
genus Trichochloritis is distributed in Indochina,
Sundalands and the Philippines (Pilsbry, 1894;
Schileyko, 2007). Trichochloritis as originally
nominated included some 40 nominal species
(Pilsbry, 1891, 1894). However, the subgeneric
position of the species considered here were
mainly based on shell characters and geographi-
cal distribution (sensu Pilsbry, 1891, 1894; Zilch,
1960). The distinguishing characters of the sub-

genus are a wide umbilicus and the presence of
a truncated ridge around the umbilicus (Pilsbry,
1891, 1894; Schileyko, 2007). However, Schileyko
(2007) raised Trichochloritis to generic level, a
change that may have to be re-considered when
the anatomy of the type species, “Helix breviseta
Pfeiffer, 1862", is available for examination and
comparison.

Chloritis bifoveata (Benson 1856)
Figs 1A, B, 2A-F, 3A-D; Table 1.

Helix bifoveata Benson 1856: 251; Type local-
ity: Therabuin, Tenasserim, Burma. Henley &
Theobald, 1876: 7, pl. 14, fig. 8.

Helix (Chloritis) bifoveata Benson — Pilsbry, 1891:
245, 246; pl. 50, figure between figure 36 and 42.
Chloritis bifoveata (Benson) — Pilsbry, 1891: 320
(figure legend). Richardson, 1985: 87. Hemmen &
Hemmen, 2001: 46, fig. 17. Maassen, 2001: 120.
Chloritis (Trichochloritis) bifoveata (Benson) —
Pilsbry, 1894: 124. Gude, 1906: 116. Gude, 1914:
167.

Material examined Wat Khao Kok, Kanchnadit,
Suratthani: CUMZ 3531; Wat Sathitkhirirom,
Khiriratnikhom, Suratthani: CUMZ 4658, 4677;
Tam Ka-min, Nasarn, Suratthani: CUMZ 4682;
Tam Pannara, Nakornsrithammarat: CUMZ
3533; Khao Poo Chaow, Trang: CUMZ 3510; Khao -
Huay Haeng, Huay Yod, Trang: CUMZ 3527,
3528; Botanic Garden, Trang: CUMZ 3605, 3607,
3611; Khao Chong, Trang: CUMZ 3501, 4666;
Ton Nga Chang Waterfall Wildlife Sanctuary,
Songkhla: CUMZ 3786, 4680; Tao Thong Waterfall,
Tubpud, Pangnga: CUMZ 3529, 3788, 4672;
Tam Nampud, Tubpud, Pangnga: CUMZ 3530,
3532, 3787, 4181; Wat Khiriwong (Tam Koop),
Tubpud, Pangnga: CUMZ 3525; 3645; 3789, 4671;
Khao Oak Talu, Patthalung: CUMZ 3540, 3601,
3612, 3646; Khao Poo-Khao Ya National Park,
Patthalung: CUMZ 3608, 3792; Koh Bu Loan-
pai, Krabi: 3603; Sra Morakot, Krabi: CUMZ
4662, 4667, 4673, 4676, 4678; Wat Tam Sue, Krabi:
CUMZ 3526, 3790, 3791, 4657, 4664, 4665, 4668,
4670, 4674, 4675; Tam Srikesorn, Ratthaphum,
Songkhla: CUMZ 4663; Kuan Karong, Satun:
CUMZ 4659; La Ngu, Satun: CUMZ 4661;
Tarutao National Park, Satun: CUMZ 4660; Bukit
Chuping, Peris, Malaysia: CUMZ 3636, 4185;
Langawi Island, Peris, Malaysia: CUMZ 3635,
3637.
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Figure 1 Shells and live snails characteristics. Chloritis bifoveata from Songkhla (CUMZ 3786) (A), and from Krabi
(CUMZ 3789) with shell width approximately 15 mm (B). Chioritis diplochone from Plieu Waterfall (CUMZ 3647)
(C), and from Makok Waterfall (CUMZ 3785) with shell width approximately 20 mm (D). White arrows indicate

the shell constriction.

Description  Shell rather small, thin, dextral,
brownish to dark brown in colour, biconcave
in shape (dorsoventrally concave) (Fig. 1A, B).
Embryonic shell smooth; following whorls with
corneous to brownish periostracum, short hairs
arranged in an oblique row along the growth
line, and transversely micro ridged (Fig. 2A-C).
Whorls 5 to 6 well-rounded, increasing regularly;
spire concave, resembling an umbilicus. Descent
of last whorl beginning about % whorl from
aperture, and constriction occurring at about
Y2 whorl from aperture i.e. opposite aperture.
Aperture subvertical, narrowly sickle- or cres-
cent-shaped. Peristome brownish; lip expanded

a little and slightly thickened. Umbilicus wide,
but narrower than the concave upper side and
shouldered.

Radulaand jaw  Teeth arranged in almost straight
rows. Each row with 73 (35-1-37) teeth. Central
tooth triangular tricuspid with pointed meso-
cone and very small ectocones. Lateral teeth tri-
cuspid, mesocone with sharp cusp; ectocone and
endocone small (Fig. 2D). Latero-marginal teeth
moderately long and oblique tricuspid-shaped;
endocone placed near tip of the tooth; ectocone
moderately large and located in the middle level
of the tooth (Fig. 2E). Outermost teeth short;



280 C SUTCHARIT & S PaNHA

Table 1 Shell measurements and whorls count of Chloritis bifoveata (Benson 1856) and Chloritis diplochone

Mollendorff 1898. The number in parentheses are CUMZ catalogue numbers.

Species, Locality and Number Ranges, Mean + SD in mm of: Whorl
CUMZ nos. Shell Height ~ Shell Width h/d Ratio Ranges
Chloritis bifoveata

Botanic Garden Trang 15 8.7-9.8 13.9-16.5 0.57-0.62 5157,
(3605, 3607, 3609, 3611) 913 + 0.35 15.37 + 0.69 0.59 = 0.02 e
Bukit Chuping, Perlis, 9 8.5-95 13.7-16.6 0.56-0.62 5.5%
Malaysia (3636, 4185) 9.05 + 0.41 1524 + 0.77 0.59 + 0.02

Tam Nam Pud, Pangnga 15 8.1-9.8 13.3-15.7 0.58-0.69 556
(3530, 3532, 3787) 9.02 + 0.45 14.64 + 0.72 0.62 £ 0.03 i
Wat Tam Keep, Pangnga 29 7899 13.2-16.1 0.57-0.65 51,56,
(3525, 3789) 8.09 + 0.53 14.62 + 0.80 0.61 + 0.02 58
Wat Khao Huay Haeng, 18 7.5-8.9 12.1-15.1 0.54-0.63 53,58,
Krabi (3527, 3528) 8.00 + 0.40 13.85 = 0.80 0.58 + 0.02 s
Wat Tam Sue, Krabi (3526, 54 7.7-10.1 12.7-16.6 0.58-0.66 Sy
3790, 3791, 4155) 9.11 + 0.51 14.93 + 0.83 0.61 = 0.02 U
Ton Nga Chang W.S., 7 8.0-8.7 13.2~14.7 0.59-0.61 54 6
Songkhla (3786) 8.32 +0.25 13.98 + 0.54 0.59 £ 0.01 8
Chloritis diplochone

Makok W.E,, Chanthaburi 7 9.3-10.9 17.0-19.4 0.53-0.60 56,6,
(2620, 3614, 3647, 3785) 10.11 £ 0.57 18.13 £ 0.85 0.56 = 0.02 s
Trong Nong W.F.,, Chanthaburi 9 8.3-9.9 15.9-18.3 0.52-0.59 5%—6%
(3602, 3606) 9.36 + 0.45 17.37 + 0.95 0.54 + 0.02

mesocone, endocone and ectocone similar in size

duct (hd) a small, twisted tube connected

with pointed cusps (Fig. 2F).

Jaw thickened, corneous-brownish, crescent-
shaped, anteriorly convex with cutting margin.
Vertical ribs strong and prominent and variable
in number (Fig. 3C).

Genitalia  Atrium (at) very short. Penis (p) mod-
erately short but broad; epiphallus (e) longer than
penis; flagellum (fI) short. Penial retractor muscle
(pr) thin and relatively long. Vas deferens (vd) a
small tube, connected between free oviduct and
end of epiphallus. Internal wall of penis ribbed
with series of swollen and smooth longitudi-
nal pilasters (pp), and line introverted to penial
chamber to encircle the irregular-shaped penial
verge (pv) (Fig. 3A).

Vagina (v) stout, short and about half of
penis length. Gametolytic duct (gd) proximally
enlarged but suddenly tapering to a small tube;
distally connected to swollen gametolytic sac (gs):
Free oviduct (fo) small; oviduct (ov) enlarged
towards alveoli; prostate gland situated under
oviduct. Albumen gland (ag) thin with a long
tongue shape. Hermaphroditic gland (hg) with
somewhat numerous lobules. Hermaphroditic

to head of talon (ta). Internal wall of vagina with
several longitudinal vaginal pilasters (vp) with
swollen and smooth pilaster surface (Fig. 3B).

Living snail  The living animal has blackish-grey
reticulated skin; dorsally with lighter stripe start-
ing from between posterior tentacles and along
dorsal part of body length. Foot pale brown
to greyish, posterior tail rather wide with scat-
tered light mottle. Posterior tentacles are drum-
stick-shaped and distally light brown; anterior
tentacles and mouth part are greyish (Fig. 1B).
Headwart small and curved, located between
posterior tentacles (Fig. 3D). Mantle edge and
mantle cavity are blackish.

Distribution ~Chloritis bifoveata was originally
reported from the village of Therabuin, Tenasserim
or Burma. No subsequent specimens and locali-
ties were added for more than 150 years until
Hemmenand Hemmen (2001) reported specimens
from southern Thailand. The recent collections are
known in several localities in southern peninsular
Thailand, recorded south of the type locality and
ranging from Suratthani, Nakornsrithammarat,
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Figure 2 SEM images of protoconch, perjostracal structure and radula. Chloritis bifoveata from Patthalung
(CUMZ 3646) (A-F), and Chloritis diplochone from Chanthaburi (CUMZ 3647) (G-L). (A, G) protoconch sculpture.
Periostracal structure: (B, H) periostraca with rows of periostracal hairs; (C, I} hairs and micro-sculptures on peri-
ostraca. Radula morphology: (D, J) central teeth with the first to the fourth lateral teeth; (E, K) lateral teeth with
the transitional tricuspid marginal teeth; (F, L) marginal teeth. Central tooth indicated by ‘C’. Numbers indicate
the tooth order from lateral to marginal end.




282 C SuTCHARIT & S PANHA

Figure 3 Genital organs and jaws of Chloritis bifoveata from Patthalung (CUMZ 3608) (A-C), and Chloritis
diplochone from Chanthaburi (CUMZ 3615) (D-F). (A, E) general characteristic of genital system; (B, F) interior
structures of penis, atrium and vagina chamber; (C, H) jaws; (D) dorsal view of head portion showing headwart.
Abbreviations: ag, albumen gland; at, atrium; e, epiphallus; fl, flagellum; fo, free oviduct; gd, gametolytic duct;
gs, gametolytic sac; hd, hermaphroditic duct; hg, hermaphroditic gland; ov, oviduct; p, penis; pp, penial pilaster;
pr, penial retractor muscle; pv, penial verge; v, vagina; vd, vas deferens; vp, vaginal pilaster.



Trang, Krabi, Patthalung and Songkla Provinces.
In Malaysia the snail is recorded from Langawi
Island, and several limestone hills in Perlis.

Chloritis diplochone Méllendorff 1898
Figs 1C, D, 2G-L, 3E-H; Table 1.

Chloritis diplochone Mollendorff 1898: 72; Type
locality: Boloven. Richardson, 1985: 94.

Chloritis (Trichochloritis) diplochone Méllendorff —
Gude, 1906: 116. Zilch, 1966: 301, pl. 7, fig. 8
(Lectotype SMF 8594). Panha, 1996: 36. Panha &
Thanamitramanee, 1997: 2, fig. a.

Material examined Lectotype SMF 8594, Para-
lectotype SMF 8595 (1 shell). Trong Nong Water-
fall, Plieu National Park, Chanthaburi: CUMZ
3602, 3606, 3613. Wat Khao Chakan, Srakeo:
CUMZ 3609. Khao Soi Dao, Chanthaburi: CUMZ
3610. Makok Waterfall, Chanthaburi: CUMZ
3614, 3615, 3647, 3648, 3785, 3993, 4679, 4681.

Description  Shell morphology is similar to the
previous species. The major differences are larger
shell size, whitish apertural lip and slightly longer
periostracal hairs (Figs 1C, D, 2G-I).

Radula and jaw Each row contained about 69
(34-1-34) teeth. Central tooth tricuspid, dulled
mesocone and very small ectocones (Fig. 2], K).
Latero-marginal (Fig. 2K), outermost teeth (Fig.
2L) and jaw (Fig. 3H) are similar to previous
species.

Genitalia Penis longer and more distinct in
penial sculptures than C. bifoveata. Atrium (at)
very short. Penis (p) extremely long, somewhat
slender; proximally very thin; distally a little
enlarged. Internal wall of penis ribbed by series
of thin longitudinal pilasters (pp). In the distal
part pilasters line the introverted penial chamber
and encircle penial verge. Penial verge (pv) small
and cone shaped (Fig. 3E, F).

Female genital organ similar to the previous
species. Only slightly distinct in that the internal
wall of vagina possesses several thin longitudi-
nal vaginal pilasters (vp) with smooth pilaster
surface (Fig. 3G, F).

Living animal The living snail is blackish grey.
Others characters are similar to the previous
species.
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Distribution ~ Chloritis diplochone was known from
Boloven Plateau in southern Laos (Mollendorff,
1898) and a hundred years later from eastern
Thailand (Panha & Thanamitramanee, 1997). The
recent collections were recorded from several
localities in Chanthaburi and Srakeo Provinces.

DiscussioN

Both species described here exhibit a unique
biconcave shell with brownish and hairy perios-
tracum, but where the periostracum has disap-
peared only a hair-base or nodule scars remain.
Although, C. bifoveata and C. diplochone have a
similar shell shape and periostracal structures,
distinct differences have been observed. Chloritis
diplochone has a larger ‘shell size (Table 1), and
longer penis and epiphallus, whilst C. bifoveata
has a smaller shell size (Table 1), with a penis of
similar length to the vagina, and the proximal
part of the gametolytic duct swollen with a
rounded shape (see also description and fig-
ures). These characteristics provide sufficient
evidence for the two entities to be considered
separate species. They are allopatric with each
having fairly clearly delimited ranges which do
not overlap. Chloritis bifoveata has been found
in southern Thailand and northern peninsular
Malaysia, while C. diplochone is known only from
eastern Thailand and possibly Laos (Méllendorff,
1898).

Only two species of the subgenus Trichochloritis
out of a total of ten Chloritis s.]. species have had
their genitalia and radula examined (Wiegmann,
1893; Moss & Webb, 1896; Pilsbry, 1905; Rensch,
1933, 1937; Schileyko, 2007). The absence of a
pouch-like enlargement of the penis found in
other species, distinguishes both C. bifoveata
and C. diplochone, from for example C. crassula
(Philippi  1845) (Wiegmann, 1893). The long
epiphallus, short flagellum and penial verge pro-
vide good characters to distinguish C. brevidens
(Sowerby 1841) which lacks these (Schileyko,
2007). The camaenid radula with a triangular
unicuspid central tooth, tricuspid lateral and
marginal teeth and ribbed jaw is found in the two
species described here and across the genus (see
also Pilsbry, 1894; Moss & Webb, 1896; Pilsbry,
1905; Rensch, 1933, 1937). However, supplemen-
tary genital anatomy and radular morphology
from the type species and other congener species
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is needed to clarify and improve the systematics
of the Chloritis (Trichochloritis).

In our survey, snails were found around heavy,
decayed logs or tree stumps in moist evergreen
forests where they appeared to feed on various
fungal species. This may be a temporary condi-
tion, but in our long experience of collecting the
snails have never been found in other habitats.
The snails may possibly live or aestivate in soil,
waiting for fungi to fructify on decomposing
fallen trees. In tropical evergreen forests like
those of Thailand the log decomposition occurs
throughout the year. So what appear as tempo-
rary habitats may have more permanence. More
surveys are needed to clarify this point.
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ABSTRACT

Newly collected specimens of Moellendorffia eastlakeana
(Mollendorff, 1882) expand the known range of this species into
Vietnam. Using these new Vietnamese and existing museum
samples we have re-described the species including new infor-
mation on radula and genital anatomy. Comparison with the
type material of M. callitricha (Bavay and Dautzenberg, 1899)
from Vietnam suggested M. callitricha is a junior synonym of
M. eastlakeana.

Additional keywords: Gastropoda, pulmonate, Traumatophora,
Chloritis, Trichelix

INTRODUCTION

The land snail genus Moellendorffia Ancey, 1887, has a
wide distribution in southeastern China, Hong Kong and
Vietnam. The detached peristome, descending aperture
with denticles, and hirsute shell with external furrows,
confer a very distinctive morphology on the shells
(Pilsbry, 1890, 1895, 1902, 1905; Yen, 1939; Azuma,
1982).

Currently, seven species are recognized within this
genus, namely: M. trisinuata (von Martens, 1867),
M. eastlakeana (Méllendorff, 1882), M. hensaniensis
(Gredler, 1885), M. loxotata (Mabille, 1887), M. messageri
(Bavay and Dautzenberg, 1899), M. spurca (Bavay and
Dautzenberg, 1899), and M. depressispira (Bavay and
Dautzenberg, 1908) (Pilsbry, 1905; Zilch, 1966; Richard-
son, 1985).

Originally, Moellendorffia was placed by Pilsbry (1890)
in a section of Helix (Stegodera) Martens, 1876, then
reclassified by Pilsbry (1894) as a subgenus of Heli-
codonta Férussac, 1819, and finally (Pilsbry, 1905) as a
distinet southeastern Chinese and Indo-Chinese genus
related to Stegodera and allied to Chloritis Beck,

1837. Likewise, Trichelix Ancey, 1887, was originally
placed by Pilsbry (1905) along with Moellendorffiella
Pilsbry, 1905, as subgenera within Moellendorffia, and
Traumatophora Ancey, 1887, as a subgenus ol Stegodera.
Subsequently, Schileyko (2003) recognized Trichelix
as a genus distinct from Moellendorffia and Zilch (1959)
separated Traumatophora as a genus distinct from Stego-
dera on the basis of the possession of a dextral shell with
apertural teeth.

The early descriptive work on Mollendorffia was
restricted to shell morphology (e.g., Pfeiffer, 1862;
Mabille, 1887; Bavay and Dautzenberg, 1899; 1908,
Pilsbry, 1902; 1905). Subsequently, Habe (1957), Azuma
(1982), and Schileyko (2003) provided some additional
anatomical information for M. trisinuata and Trichelix
eucharista (Pilsbry, 1902) (= M. (Trichelix) eucharista).
In this article, we examine specimens of M. eastlakeana
collected from a forest reserve in northern Vietnam and
compare them to museum material originally collected
from other locations.

MATERIALS AND METHODS

We examined three specimens of M. eastlakeana collected
in May 1999 from the Huu Lien Nature Reserve, Lang
Son Province, northeastern border of Vietnam, which are
now deposited in the Chulalongkom University, Museum
of Zoology (CUMZ). Type and other materials were criti-
cally examined in the Senckenberg Museum, Frankfurt
(SMF) and Muséum National d’Histoire Naturelle, Paris
(MNHN). Terminology for soft anatomy follows that of
Habe (1957) and Schileyko (2003). The terms “proximal”
and “distal” refer to a position relative to the genital ori-
fice. Methodology for whorl counts and shell measure-
ments follow Kerney and Cameron (1979).
Abbreviations: at, atrium; e, epiphallus; fl, flagellum;
fo, free oviduct; gd, gametolytic duct; gs, gametolytic
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sac; hw, head wart; ov, oviduct; p, penis; pp, penial
pilaster; pr, penial retractor muscle; pv, penial verge;
v, vagina; vd, vas deferens; vp, vaginal pilaster.

SYSTEMATICS
Family Camaenidae

Genus Moellendorffia Ancey, 1887

Type species: Helix trisinuata von Martens, 1867,
Hong-Kong, China; by subsequent designation of Pilsbry
(1905: 64).

Diagnosis: Shell medium size (11.5x19.5 mm), de-
pressed, rather thin, umbilicate and corneous to brown-
ish. Spire low to slightly convex; embryonic shell nearly
smooth; subsequent whorls granulated and with short to
long periostracal hairs. Last whorl rounded to shoulder
and suddenly descending anteriorly. Aperture trigonal
or squarish, entirely free from preceding whorl; usually
with barriers inside and externally marked with furrows.

‘ 10 mm

1 mm

Peristome expanded and continuous. Penis and epi-
phallus long, flagellum short and vagina long. Penial
wall with longitudinal pilasters. Radula with triangular-
shaped teeth.

Moellendorffia castlakeana (Méllendorff, 1882)

Helix  eastlakeana Mollendorff, 1882: 185 (Tai-mo-shan,
Kwangtung, China (= Hong Kong): Lectotype SMF 8328
by Yen, 1939); Mollendorff, 1885: 391, pl. 10, fig. 18.
Ancey, 1887: 64

Helix (Moellendorffia) eastlakeana.—Pilsbry, 1890: 12,13, pl. 1,
figs 21, 22; Pilsbry, 1895: 290.

Stegodera castlakeana.—Pilsbry, 1890: 310 (figure legend),
pl. 1, figs 21, 22.

Helix (Moellendorffia) callitricha Bavay and Dautzenberg,
1899: 35, pl. 1, figs 6, 6° (That-Khé near Lang Son,
Vietnam).

Moellendorffia eastlakeana.—Pilsbry, 1905: 65; Yen, 1939: 125,
228, pl. 13, fig. 3 (Lectotype SMF 8328); Richardson,
1985: 184.

Moellendorffia callitricha.—Pilsbry, 1905: 66; Richardson,
1985: 183.

y
3

3 4
| - \
|
| ,
1 mm 5 mm

Figures 1-4. Shell characteristics of Moellendorffia eastlakeana, CUMZ 2547. 1. Shell morphology. 2. Shell surface structure and
showing the bristles on the periostracum..3. Protoconch sculpture 4. Apertural lamellae.
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Moellendorffia (Moellendorffia) eastlakeana.—Zilch, 1966: 210,
pl. 6, fig. 52 (Lectotype SMI" 8328).

Material Examined: Tai-mo-shan, Hong Kong: Lec-
totype SMF 8328, Paralectotype SMF 8329 (2 shells);
Huu Lien Nature Reserve, Lang Son Province, Vietnam:
CUMZ 2547 (1 specimen), CUMZ 2549 (2 shells); That-
Khé, Tonkin, Vietnam (1 shell), MNHN Holotype of
“callitricha”; That-Khé, Tonkin, Vietnam (2 shells),
Denis collection (NMIN); That-Khé, Tonkin, Vietnam
(1 shell), Staadt collection (NMHN); Tonkin, Vietnam
(1 shell), Messager collection (NMHN); Tonkin, Viet-
nam (2 shells), Messager collection (NMHN)

Measurements: From 10 specimens analyzed; shell
height ranged from 12.4 to 14.7 mm (mean 13.5%1.0
mm); shell width ranged from 20.8 to 23.9 mm (mean
22.0+1.2); and whorl count ranged from 6.0 to 6.1
whorls.

Shell:  Shell (13.5 mm height, 22.0 mm width) slightly
thin, translucent, depressed globose and deeply umbili-
cate. Spire flat to convex. Shell brownish to light brown;
upper surface with long hairs (Figures 1, 2); lower sur-
face with short hairs, few hairs around umbilicus. Shell
surface rough, rows of tubercles running obliquely and
descending, relatively smooth around umbilicus. Embry-
onic shell large and with very fine growth lines (Figure 3).
Whorls 5-6, slightly convex and increasing regularly;
suture depressed. Last whorl rounded and little con-
vex below periphery. Aperture ear-shaped; lip margin
light brown and continuously expanded; externally with

furrows. Peristome free from preceding whorl and
abruptly descending. Aperture brownish inside with
well-developed, whitish, and semi-circular palatal and
basal lamellae located closed to apertural lip. Two exter-
nal furrows align with the internal apertural denticles.
Parietal callus thickened, elevated, emarginated and
obtusely projecting inward (I'igure 4).

Genitalia: Atrium (at) short; penis (p) long; proxi-
mally with short penial verge and folded at penial verge
based; distally long and somewhat slender. Epiphallus
(e) shorter than penis. Flagellum (fl) short, small and
without appendix. From free oviduct, vas deferens (vd)
follows vagina and penis and connects distally on
epiphallus. Penial retractor muscle (pr) thin and very
long (Figure 5).

Internal wall of penis ribbed by series of swollen lon-
gitudinal pilasters (pp) (Figure 6). Smooth pilasters line
introverted penial chamber and encircle penial verge tip.
Penial verge (pv) short, conic and smooth (Figure 6).

Vagina (v) of similar length to penis, cylindrical and
held in position by connective tissue attached to foot
floor. Slightly swollen proximally; more slender distally.
Gametolytic duct (gd) as wide as gametolytic sac (gs) for
most of its length but narrows before gemetolytic sac.
I'ree oviduct (fo) short; oviduct (ov) small (Figure 5).

Internal wall of vagina possess several longitudinal
vaginal pilasters (vp) with smooth pilaster surfaces
(Figure 6).

Animal: Live animal covered with blackish reticulated
skin and dorsally with whitish stripe in middle of the

Figures 5~7. Reproductive system of Moellendorffia eastlakeana, CUMZ 9547. 5. General view of the genital system. 6. Interior
structure of the atrium, penis and vaginal chamber. 7. Dorsal view showing head wart.
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body. A small curve-shaped head wart (hw) is located
between the posterior tentacles (Figure 7). Foot narrow
and long; mantle edge grayish; tentacles gray, and lower
tentacles paler. Mantle cavity with blackish pigmenta-
tion. Live snails possess short to long periostracal hairs,
which mostly break off after death.

Radula: Teeth arranged in anteriorly pointed V-shaped
rows, each row contains about 70 (34-(15-17)-1-(15-17)-
35) teeth. Central tooth triangular with minute ectocones.
Teeth become taller laterally. Lateral teeth tricuspid;
endocones and ectocones small and located half way
along tooth length (Figure 8). From tooth 16 to 17 out-
ward lateral teeth, the marginal ectocone originates from
the tooth base (Figure 9). Marginal teeth rather small,
tricuspid and aligned obliquely; endocone becomes taller
than mesocone; ectocone located basally (Figure 10),
sometimes divided into two or three cusps in outermost
teeth.

Distribution: Moellendorffia eastlakeana was previ-

ously known only from the type locality: Tai-mo-shan,

Hong Kong (Méllendorff, 1882, 1885; Pilsbry, 1890;

Yen, 1939; Zilch, 1966). Our material was collected from

~ Huu Lien Nature Reserve, Lang Son Province, north-
eastern border of Vietnam.

Remarks: On examination of the holotype of M. calli-
tricha and other topotypic material identified as this
species, the only detectable difference was a slightly ele-
vated spire relative to that of the lectotype of M. east-
lakeana and other material recognized as M. eastlakeana.
On this basis we consider M. callitricha to be a junior
synonym of M. eastlakeana.

The locality characteristic of our sampling is mon-
soonal karst landform with high humidity. The snails
occurred among the tropical moist deciduous forest.
There was rain before the time of our visit in May, 1999.
The snails were active, crawling on moist rotten logs.

Moellendorffia (M.) eastlakeana is distinctly different
in shell morphology from M. (M.) messageri (Bavay and
Dautzenberg, 1899), which occurs in the same area. The
latter species has a much smaller shell (about 8 mm
height; 14 mm width), flattened spire and shouldered
last whorl.

DISCUSSION

The newly collected material from Vietnam presents
valuable additional information for the taxonomic revi-
sion of Moellendorffia and it allies. The presence of
shell apertural lamellae and shell external furrows appear
as common shell characters among Moellendorffia,
Trichelix, and Moellendorfficlla.

In consideration to the generic relationship, the pres-
ence of lamellae and external furrows could be com-
mon characters among Moellendorffia, Trichelix, and
Moellendorffiella. The long epiphallus, short flagellum,
and triangular shape of the radula central tooth in both

fl

S &
. :

Figures 8-10. Scanning electron micrographs of Moell-
endorffia eastlakeana radula, CUMZ 2547. 8. Central teeth
with the first to the third lateral teeth (black arrows indicate
endocone and ectocone). 9. Lateral teeth with the tricuspid
marginal teeth transition. 10. Marginal teeth. Central tooth is
indicated by “C” and the other numbers indicate the order of
lateral and marginal teeth.
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Trichelix and Moellendorffia (Habe, 1957; Schileyko,
2003) may support their having a close relationship.
The parietal callus free from a preceding whorl, with
aperture lamellae, ear shaped aperture, and long hairs
are possibly the distinctive characters of Moellendorffia
sensu stricto. The position of two furrows (upper and
lower periphery), parietal callus thickened at the edge,
and tuberculated penial wall are probably the unique
characteristics of Trichelix. Unfortunately, the anatomy
of species of Mocllendorffiella is still lacking for
comparison, but the differences between shells of
Moellendorffiella and Moellendorffia are the shouldered
last whorl, flattened spire, parietal callus shortly
attached to penultimate whorl, and rounded aperture
(Pilsbry, 1890, 1905). These differences support the dis-
tinct generic position of Moellendorffia, Trichelix, and
Moellendorffiella as proposed by Schileyko (2003).
However, with so few samples and, especially, so few
different species and informative morphological charac-
ters, the exact phylogenetic relationships remain equiv-
ocal. To better resolve the exact phylogeny, we suggest
that the anatomical examination from more localities
within each species range and from different species
required is still insufficient, however a molecular based
phylogenic approach is required in conjunction with
morphology traits.
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ABSTRACT. - This first assessment of the status of the poorly known family Cerastidae in Thailand was
made by comparing Thai material with types and additional specimens from natural history museums in
Europe. Rhachistia sulphurea (Tomlin & Peile, 1930) and Amimopina subangulatus (Pfeiffer, 1862) were
identified and a new species of Rhachistia from Thailand was recognised. We re-describe A. subangulatus
and describe the new species Rhachistia conformalis Sutcharit & Panha, new species, which has a small, thin,
elongately conic, dextral, yellowish-white to creamy ground coloured shell. Shell ornamentation consists of
two rows of blackish spots and two spiral bands on the lower periphery. Radular teeth are typical of cerastids.
The penial appendix is very long, being about twice that of the vaginal length, proximally thin, distally
enlarged and of a cylindrical shape. The penis is short, small, proximally cylindrical and distally forming
a swollen globular structure. The vagina is large, long and cylindrical in shape with blackish pigmentation
along almost its entire length. The bud-like shaped gametolytic sac is very short.

KEY WORDS. - Cerastidae, systematics, taxonomy, anatomy, Orthurethra, Pulmonata, Southeast Asia,

Thailand.

INTRODUCTION

The Cerastidae is a family of common orthurethran land
snails and consists of approximately 15 genera, which
are principally represented in tropical Africa, East, South
and Southeast Asia and Australia (Zilch, 1959; Mordan,
1984, 1998; Nordsieck, 1986; Solem, 1988; Vaught, 1989;
Schileyko, 1998; Smith & Stanisic, 1998). Phylogenetic and
biogeographic work on the Cerastidae has focussed on their
disjunct southern hemisphere distribution (Mordan, 1984,
1991, 1992, 1998) and current knowledge of the taxonomy
and biogeography of this family is primarily based on African,
Indian and Australian taxa (e.g., Gude, 1914; Pilsbry, 1919;
Connolly, 1925; Solem, 1959b, 1964a, 1988; Verdcourt,
1961; Mordan, 1986; Smith & Stanisic, 1998; Naggs &
Raheem, 2000). To date the only information on Southeast
Asian endemic cerastids is the presence of two poorly
known species (Pfeiffer, 1862; Tomlin & Peile, 1930). In
this study, a new cerastid species from peninsular Thailand
is described. Amimopina subangulatus (Pfeiffer, 1862), also
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from Thailand, is re-described following its rediscovery
after many years. In providing a taxonomic revision of the
Cerastidae in Thailand we fill an important distributional
gap, which facilitates future phylogenetic and biogeographic
work on this family.

MATERIALS AND METHODS

Snails were sampled throughout central, eastern and
southern peninsular Thailand. Living snails were drowned
in water and then fixed in 70% (v/v) ethanol for anatomical
examination. The genitalia of 3—5 specimens of each species
were examined. Radula morphology was examined under a
scanning electron microscope. Dissections were carried out
under a low power binocular microscope. In descriptions
of the genitalia, we used ‘proximal’ to refer to the region
closest to the genital orifice and ‘distal’ to refer to the region
furthest away from the genital orifice.
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Anatomical terms largely follow those of Solem (1964a),
Mordan (1986, 1992) and Tillier & Mordan (1995), the
exception being that we follow our use of gametolytic sac
(Sutcharit & Panha, 2006, 2008; Sutcharit, Naggs & Panha,
2007) rather than the inappropriate term spermatheca adopted
by these authors: a, anus; ag, albumin gland; ar, appendicular
retractor muscle; at, atrium; au, auricle; e, epiphallus; fo,
free oviduct; gs, gametolytic sac; hd, hermaphrodite duct;
hg, hermaphroditic gland; i, intestine; k, kidney; mc, mantle
collar; p, penis; pa, penial appendix; pf, penial flagellum; pn,
pneumostome; pr, penial retractor muscle; pv, pulmonary
vein; r, rectum; rnu, renal ureter; rtf, rectal fold; so,
spermoviduct; v, vagina; vd, vas deferens; ve, ventricle.

The material examined in this study are deposited in the
following institutions: The Natural History Museum, London
(BMNH), Chulalongkorn University Museum of Zoology,
Bangkok, Thailand (CUMZ), National Museum of Well,
Cardiff (NMW), Forschungsinstitut und Naturmuseum
Senckenberg, Frankfurt, a.m. (SMF), and the Zoological
Reference Collection, Raffles Museum of Biodiversity
Research, National University of Singapore, Singapore
(ZRO).

All descriptions of new species are attributable only to first
and third authors, Sutcharit and Panha, respectively.

SYSTEMATIC DESCRIPTIONS
Cerastidae Wenz, 1930
Rhachistia Connolly, 1925

Type species. — Bulimulus rhodotaenia Martens, 1869; by
original designation Connolly, 1925; 163.

Remarks. — Rhachistia usually has comparatively small
shells, thin to slightly solid and ovate to elongate conic. The
surface is smooth, fairly glossy and cream with a series of
dark spots and/or bands. The aperture is ovate, peristome
simple; umbilicus narrow (Connolly, 1925; Solem, 1959b;
Schileyko, 1998). Radula teeth are spatulate with monocuspid
central teeth and bicuspid lateral teeth. The genitalia are
typical of cerastids, with a very short gametolytic sac, a
short to long penial appendix, short penis and a brownish
spongy tissue lining the atrium and vagina (Solem, 1973;
Smith & Stanisic, 1998).

Rhachistia sulphurea (Tomlin & Peile, 1930)
(Fig. 1A, B)

Errorachis sulphurea Tomlin & Peile, 1930: 153-154, PI. 17a (type
locality: Pran, Siam).

Rhachistia sulphurea— Schileyko, 1998: 169; Hemmen & Hemmen,
2001: 41

Material examined. — The figured specimen in Tomlin & Peile (1930,
pl. 17) is designated herein as the lectotype NMW 1955.158.01155
(Fig. 1A), and the paralectotype BMNH 1939.6.6.17 (Fig. 1B).
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Remnarks.— A bright creamy shell with a yellowish subsutural
band clearly distinguishes this species from other known
species in this region. Tomlin & Peile (1930) provided a full
description of the shell and radula but the genital anatomy
i1s unknown. Our land snail surveys in many locations
throughout peninsular Thailand since 1994 have failed to find
any specimens that resemble R. sulphurea. If the distribution
was restricted to the type locality, Pran, Siam, then it is
possible that this species is extinct. Pranburi (= Pran sensu
Tomlin & Piele, 1930) lies in an area of western Thailand
that has been subjected to extensive deforestation since 1930,
with most trees having been felled.

Rhachistia conformalis Sutcharit & Panha, new species
(Figs. 1C, D, H; 2A, B; 3A-D)

Type material. — Holotype CUMZ 3796 (Fig. 1C), 1 Sep.2007, coll.
S. Panha. Measurements: shell height 19.6 mm, shell width 10.7
mm and with 6% whorls. Paratype BMNH 20090361 (2 shells);
SMF 334685 (2 shells); ZRC MOL.3008 (2 shells); CUMZ 3795
(7 shells), 3797 (1 shell; Fig. 1D), 4086 (5 shells), 4090 (14 shells),
4095 (4 shells), 4287 (7 shells).

Type locality. — Ban Karang, Kaeng Kracharn National
Park, Phetchaburi, Peninsular Thailand (12°52'20.04"N 99°
18'20.73"E).

Other material examined. — Pa-La-Oo Waterfall, Kaeng Kracharn
National Park, Phetchaburi: CUMZ 4080 (1 shell); Tam Khiriwong,
Donsak, Suratthani: CUMZ 4093 (3 shells); Wat Tam Por-ngam,
Donsak, Suratthani: CUMZ 4275 (3 shells); Km. 3 (road no.
4100) to Khiriratnikhom, Suratthani: CUMZ 4652 (14 shells); Wat
Sathitkhirirom, Khiriratnikhom, Suratthani: CUMZ: 4653 (2 shells);
Khao Phanomwang, Kanchanadit, Suratthani CUMZ 3794 (2 shells),
4300 (5 in ethanol), 4654 (6 shells), 4915 (1 in ethanol), 4916 (2
shells); Tam Lod, Khao Nan National Park, Nakhonsrithammarat:
CUMZ 4288 (4 shells), 4655 (2 in ethanol).

Etymology.— The specific name is from the Latin ‘conformalis’
meaning “like” or “similar”. This name refers to the new
species possessing a shell superficially similar to those of the
sympatric species Amphidromus glaucolarynx (Dohm, 1861)
and Amphidromus semitessellatus (Morlet, 1884).

Diagnosis. — Comparison of this new species with the type
species of Rhachistia demonstrates that it shares the generic
characters cited above. This new species differs from R.
pulcher (Gray, 1825) and R. adumbratus (Pfeiffer, 1855)
from Sri Lanka (see Gude, 1914; Naggs & Raheem, 2000)
by having a slightly thinner shell, a creamy ground colour
ormamented with two rows of blackish spots on the upper
periphery and two spiral bands on the lower periphery,
whereas, R. pulcher has scattered blackish spots and pale
spiral bands, and R. adumbratus has only blackish spiral bands
on the whitish ground colour with a reddish subsutural band,
pink columella area and a spiral band on the periphery.

Description.~ Shell elongate conical, small, dextral, thin and
fragile; apex acute with dark spot on tip. Whorls convex;
suture depressed. Last whorl large, convex, yellowish-white
to creamy ground colour with very fine growth lines. In the
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final whorl the upper periphery exhibits two rows of blackish
spots, one just below the suture, the other runs approximately
in middle of the last whorl; below the periphery are two
brownish bands; one just below periphery, the other close
to the umbilicus. Spire conical, having similar colour pattern
to last whorl but slightly paler. Aperture ovate; lip simple
and sharp. Parietal callus translucent. Umbilicus narrow;
columella short, straight with triangular dilation.

Genitalia. — Atrium (at) rather large, long and without
blackish pigments on male side (Fig. 2A). Penial appendix
(pa) very long, about twice that of vaginal length, proximally
thin, distally slightly enlarged and cylindrical. Penis (p) short,
small, proximally cylindrical and distally forms swollen
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globular structure. Epiphallus (e) larger than vas deferens;
penial flagellum (pf) very thin and short. Retractor muscle
thin and split into two bundles: penial retractor muscle (pr)
inserted on distal globular end of penis, and atrial retractor
muscle (ar) inserted on proximal end of penial appendix. Vas
deferens (vd) thin tube connected to head of epiphallus.

Vagina (v) large, long, cylindrical with blackish pigmentation
along almost entire length (Fig. 2A). Gametolytic sac (gs)
very short, bud-like. Free oviduct (fo) short; spermoviduct
(so) enlarged and swollen. Albumin gland (ag) slightly
enlarged, short and ligulate. Hermaphroditic duct (hd) slender
and convoluted. Hermaphroditic gland (hg) forms multiple
clumped alveoli embedded in digestive gland.

H | |

Fig. 1. Shell of Rhachistia sulphurea: A, lectotype NMW 1955.158.01155; B, paralectotype BMNH 1939.6.6.17. Sheli of Rhachistia
conformalis Sutcharit & Panha, new species: C, holotype CUMZ 3796; D, paratype CUMZ 3797. Shell of Amimopina subangudatus: E,
lectotype BMINH 1986166; F, G, specimens from Jed Sao Noi Waterfall, Saraburi (CUMZ 3798, 3799). Rhachistia conformalis Sutcharit
& Panha, new species: H, at type locality (shell height about 17 mm) CUMZ 3797. Amimopina subangulatus: 1, at Jed Sao Noi Waterfall,
Saraburi (shell height about 15 mm) CUMZ 3650.
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Pallial system. — Typical orthurethran form. Auricle (au)
and_ventricle (ve) located left of kidney (on right in figure).
Pulmonary vein (pv) and blood vessel very distinct and well
developed at anterior end near mantle collar (mc). Kidney
(k) elongate, broadened at base and approximately half of
lung cavity length.

Renal ureter (rnu) very thin and attached to kidney; renal
fold (rtf) with very thin and transparent ridge located between
kidney and rectum (r). Anus (a) adjacent to mantle collar
(me) (Fig. 2B).

Radula. — Teeth arranged in V-shaped rows. Each row
contains about 88 (43-1-44) teeth. Central tooth monocuspid,
broadly spatulate. Latero-marginal teeth (teeth number 1 to
15) bicuspid, endocone similar to central tooth; ectocone
located at base of tooth and with two pointed cusps. Outermost
teeth (teeth number 16 to 43 or 44) polycuspid; endocone
spatulate with slightly outward oblique cusp; ectocones
located laterally and progressively divided up into six
pointed cusps.

10 mm

Fig. 2. Anatomy of Rhachistia conformalis Sutcharit & Panha, new species (Paratype CUMZ 3797): A, reproductive system; B, pallial
system; C, genitalia of Amimopina subangulatus from Jed Saw Noi Waterfall, Saraburi (CUMZ 3798).
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Distribution.— Peninsular Thailand, ranging from Phetchaburi
(the type locality) to Suratthani and Nakhonsrithammarat
Provinces.

Remarks.— Superficially similar but obviously distinct from
the sympatric Amphidromus semitessellatus (Morlet, 1884)
in having a smailer dextral shell, with simple lip. Although
A. glaucolarynx (Dohrn, 1861) has dimorphic shell coiling,
it differs by having a thinner and smaller shell, a simple lip
and a creamy shell colour. The shapes of the radula teeth
and genital morphology of Amphidromus and Rhachistia are
also very distinct (Sutcharit, 2004).

Apart from our new species and R. sulphurea there are no
unequivocal records of Rhachistia from the region. The
shell of R. sulphurea can generally be distinguished from
R. conformalis Sutcharit & Panha, new species, in that the
former is thick-walled with a uniform sulphur to yellowish
colour, as well as having a reddish subsutural band on the
last whorl and a pink columella (Tomlin & Peile, 1930).

Rhachistia conformalis Sutcharit & Panha, new species,
was found on tree trunks, branches, twigs and leaves of
non-specific plants. The snails usually live higher than 2 m
above ground, up to canopy height.

Amimopina Solem, 1964

Type species. — Bulimus macleayi Brazier, 1876; by original
designation Solem, 1964a: 118.
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Remarks.— Amimopina possesses an ovate conical, small, thin
and translucent shell; uniformly corneous or light brownish
with thin growth lines on the surface; aperture ovate with a
simple peristome (Solem, 1964a; Schileyko, 1998). Radula
teeth are monocuspid and spatulate. The genitalia are typical
of cerastids with a short gametolytic sac (Solem, 1964a;
1973).

Negligible information is available on Amimopina systematics
and distribution; the evidence for Schileyko’s (1998)
assertion that Amimopina includes two or three species is
not clear. Solem (1964a, b; 1973) provided reliable reports
of Amimopina from Australia and New Guinea but, primarily
owing to the low abundance of these fragile shells and their
exhibiting very few taxonomically informative characters,
species limits have not been established. Our results and
those of Solem (1959a) suggest a close relationship between
Rhachistia and Amimopina. The genera are very similar in
possessing a conical shell, a simple peristome and spatulate
radula, as well as exhibiting a blackish pigment lining in
the vagina and bud-shaped gametolytic sac. Only small
differences in the thickness and translucence of the shell, in
the very fine growth lines and the monochrome corneous to
light brown colour separate them.

Amimopina subangulatus (Pfeiffer, 1862)
(Figs. 1E-G, I; 2C; 3E-H)

Bulimus subangulatus Pfeiffer, 1862: 274, 275 (type locality: Laos
Mountains, Cambodia); Martens, 1867: 82; Pfeiffer, 1868: 148;
Pleiffer, 1877: 181.

Amimopina subangulatus—Mordan, 1992: 3, 4,
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Fig. 3. Radula morphology. Rhachistia conformalis Sutcharit & Panha, new species (Paratype CUMZ 3797): A, central tooth with first to
third lateral teeth; B, C, lateral teeth with bicuspid marginal teeth transition; D, outermost marginal teeth. Amimopina subangulatus (CUMZ
3798): E, central tooth with first to third lateral teeth; F, G, Jateral teeth with bicuspid marginal teeth transition; H, outermost marginal
teeth. The numbers indicate the order of the 1eeth and the letter 'C’ in the images indicates the central tooth.
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Material examined. — Lectotype BMNH 1986166 (Fig. 1E). Pu
Kae Botanic Garden, Saraburi: CUMZ 4290 (3 shells). Jed Sao Noi
Waterfall, Muaklek, Saraburi: CUMZ 3798 (2 shells; Fig. 1F), 3799
(2 shells; Fig. 1G), 4650 (8 shells). Muaklek Waterfall, Muaklek,
Saraburi: CUMZ 4651 (2 in ethanol).

Shell. — Shell rather small, dextral, pellucid, very thin and
fragile, ovate conical, and narrowly perforate. Spire short
conical; apex acute with dark spot on the tip; 5—6 whorls,
slightly convex with depressed suture. Last whorl large,
and round. Shell surface with very fine growth lines to
nearly smooth. Last two whorls corneous to brownish;
somewhat dark brown on first 2-3 whorls. Aperture ovate;
lip simple; columella dilated and triangular. Parietal callus
transparent.

Genitalia. — Atrium (at) rather large, long, with no black
pigment on male side (Fig. 2C). Penial appendix (pa)
relatively short, proximally with constriction and enlarging
distally. Penis (p) small, distally forms round knotty shape;
penial flagellum (pf) very thin and long. Epiphallus (e)
slightly larger than vas deferens. Retractor muscle thin and
split into three bundles: penial retractor muscle (pr) inserted
on proximal end of penial appendix, and atrial retractor
muscle (ar) inserted on globular end of penis and epiphallus.
Vas deferens (vd) thin tube connected to head of epiphallus
(Fig. 2C).

Female reproductive organ is similar to that described for
Rhachistia conformalis Sutcharit & Panha, new species,
except the spread and cover of prominent black pigments
extends to approximately half the vaginal length.

Radula. — Teeth arranged in V-shaped rows, each row
contains about 99 (48-1-50) teeth. Central tooth monocuspid
with notable narrow extension (Fig. 3E). Lateral teeth
bicuspid, endocone spatulate, ectocone triangular and located
at tooth base (Fig. 3E, F). Marginal teeth tricuspid with small
entocone; mesocone rather large with blunt cusp; ectocone
with two to four cusps located laterally (Fig. 3G, H).

Distribution.— Amimopina subangulatus was described from
the Laos Mountains, Cambodia (Pfeiffer, 1862), and so far
no one has subsequently reported this species. Including
data from the present study, the distribution of this species
is confined to the type locality in Cambodia (Pfeiffer, 1862)
and to Saraburi Province, central Thailand.

Remarks. — Originally, “Bulimus subangulatus Pfeiffer,
1862” was described from only two shells (Pfeiffer, 1862).
In this study, we compared the recently collected specimens
from Thailand to the lectotype (BMINH 1986166) and found
no significant shell morphological differences. No other
representatives of this species have been recorded since the
types were described almost 150 years ago.

The shell shapes of A. subangulatus and R. conformalis
Sutcharit & Panha, new species, are very similar; the principal
differences between these two species are the translucent
corneous shell, which is slightly darker in the earlier whorls
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of A. subangulatus, whilst R. conformalis has a creamy shell,
decorated with two rows of black spots and spiral bands.
Amimopina subangulatus has a short penial appendix, longer
caecum and blackish pigments distributed approximately to
half of the vaginal length, while it is spread over nearly the
entire vaginal length in R. conformalis Sutcharit & Panha
new species. The arrangements of excretory, respiratory and
circulation systems are similar to the previously mentioned
species and to A. macleayi (see Solem, 1964a; Smith &
Stanisic, 1998).

DISCUSSION

Orthurethran land snails have long been considered to be a
basal group within the Stylommatophora. Pilsbry (1900) was
influential in establishing groups above family level within the
Stylommatophora and introducing the group Orthurethra on
the basis of what he considered to be a primitive renal system;
the Orthurethra was subsequently described as a primitive
and ancient group probably extant since the Palaeozoic
(Hyatt & Pilsbry, 1910). Such views were supported by the
determination of some Palaeozoic fossil snails as representing
orthurethran taxa (Solem 1979; Solem & Yochelson, 1979). A
Palaeozoic origin for orthurethrans allowed for the possibility
of their having a Pangaean distribution in the early Mesozoic
and a subsequent division into Laurasian and Gondwanan
groups. Most orthurethran groups currently exhibit a northern
distribution but the presence of cerastids in Africa, south-
western Arabia, central and southern India, Sri Lanka, New
Guinea and Australia provided a reasonable basis for Mordan
(1984) to hypothesise that the cerastids have a Gondwanan
origin. Tillier (1989) also recognised a basal division of the
Orthurethra into Laurasian and Gondwanan clades that he
hypothesised as having a vicariant origin. Further support
for recognition of Palaecozoic orthurethrans was given by
Nordsieck (1985, 1986) and most recently by Stworzewicz
et al. (2009). However, molecular phylogenetic trees (Wade
et al., 2006) have robustly demonstrated that the Orthurethra
are a derived group within the Stylommatophora and on
that basis cannot be a basal Stylommatophoran Palaeozoic
ancestor for the Stylommatophoran clade. Wade et al.
(2006) expressed the view that the extent of homoplasy in
pulmonate shell characters did not allow a clear basis for
attributing Palaeozoic fossils to the Stylommatophora and
suggested that the Palaeozoic snails reported on by Solem
and Yochelson (1979) may represent an early colonisation of
the land by gastropods that died out, possibly as victims of
the Permian/Triassic extinction event [which, incidentally, 1s
quite different to the interpretation attributed to Wade et al.
(2006) by Storzewicz et al. (2009: 943) that ‘most probably
no land snails survived the end Permian mass extinction’].
Having demonstrated that, on the evidence of their molecular
phylogenetic tree, the Orthurethra is an advanced group, Wade
et al. (2006) were nevertheless faced with the difficulty of
attributing a time frame for their trees. Such a time freme
for the origin and diversification of the Stylommatophora is
still far from clear but, on available evidence, they concluded
that the Orthurethra probably originated too late to owe its
current distribution to Mesozoic plate tectonic events. Their
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conclusion was that the Orthurethra is probably of Laurasian
origin and that the Cerastidae attained its current southern
distribution by dispersal. Thus, our recording of cerastids in
Thailand is of considerable interest in this debate. As part of
the continental land mass of Asia, the presence of cerastids
in Thailand could be attributed to their being representatives
of the hypothesised original Laurasian cerastids. This
interpretation would be supported if their inclusion in a
molecular phylogenetic tree showed them to be basal to
New Guinea and Australian cerastid taxa, whereas if they are
shown to be a derived group it would support the hypothesis
that cerastids are of Gondwanan origin.
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Abstract

Development s deft-right reversed between dextral and sinisiral morphs of -
snails. n sympatry, they share the same gene pool, including polygences for
shell shape. Nevertheless, their shell shapes are not the mirror images of each
other. This triggeved a debate between hypotheses that argue cither lor a
developmental consiraint or tor pleiotropic effects of the polarity gene. We
found that dextrals can be wider or narrower than sinmistrals depending on the
population, contrary 1o the prediction ol invariable deviation under a
developmental constraint. If zygotic pleiotropy is solely responsible, the mean
shape of each morph should change, depending on the frequency of the
polarity genotype. Qur simulations of this mean shape change under zygotic
pleioropy, however, show that the direction of interchiral difference remains
the same regardless of genotype frequency. Our results suggest the presence ol
genctic varation among populations that changes the maternal or zygotic
plciotropic effect of the polarity gene.

Introduction

The left-right polarity (dircction) of visceral asymmetry
represents the polarity ol primary asymmetry that
appears in carly development in many mectazoans.,
independent of the polarity of sccondary asymmetry
m external structure such as the eves ol Hounders
(Okumura ef al., 2008). The leli-right reversal ol primary
asymmectry by mutation or physical manipulation lcads
to the reversal throughout subsequent development
(Freeman & Lundelius, 1982; Wood, 1991; Yokokawa
ef al, 1993; Kuroda er al., 2009). Thus, unless additional
factors are involved, individuals that are reversed in
primary asynunetry (enantiomorphs) should develop as
mirror images of each other. This null hypothesis,
however, remains untested in- most metazoans, despite
the generality ol left-right asymmetry (chirality) in
internal structure.
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In pulmonate snails, several studies have found by
statistical tests that shell shapes differ between elockwisce-
coiled (dextral} and counterclockwise-coiled (sinistral)
cnantiomorphs  (Gould eral, 1985; Johnson, 1987;
Davison et al, 2009; but sce Schilthuizen er al., 2007).
The direction ol spiral cleavage is derermined by a
marernal cytoplasmic substance (Freeman & fundelius,
1982). Thus, the polarity of primary asymmeuy exhibits
maternal inhervitance (Toyama, 1913) al a single nuciear
locus in pulmonates (Stortevant, 1923; Boveotr ef al.,
1930; Fig. 1). Regardless of the genctic determinauon of
blastomere configuration by this maternal effect, physical
reversal of the configuration in early spiral cleavage
results in the reversal of whole-body asymmetry at least
in a nematode (Wood, 1991) and a pulimonate (Kuroda
et al, 2009). Thus, the polarity of cell configuration is
responsible by itsclf for the polarity of subsequent
development  and  thus  epigenetically  determines
whether  visceral and  coiling  asymmcetries  develop
dextrally or sinistrally in snails.

Because of this genetic svstem (Fig. 1), gene llow
continues between cnantiomorphs across generations
where they coexist (Johnson eral, 1990y, cven il the
morphs cannot copulate because ol polanty mismaich
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(a) (b)
P DS >|< DS DS >|< DS
| 2 RS R4 3 1 1
DD DS SS SS bs DID Fig. 1 Maternal inheritance of the left-right
l ;__J_‘ J_I_J l I | I 1 polarity and zvgotic pleiotropy in shell widih,
where Fy osiblings mate randomly. (ay The
F dextral allele (D) is dominant in s marernal
2 eflect on progeny polarity and pleiotropic .
clfect by zygotic expression during ontogeny.
DD DD ss DS SS Ss SS DD DS DD The recessive sinistral aliele (S) widens the
or or ar or shell. by The § allele is dominant in both
bs DS bs bs ol these effects.
{Gittenberger, 1988; Asami ef al, 1998; Ucshima & inversus (Miller), although this result was not interpret-

Asami, 2003), for example, in the following process. In
the system of Fig. 1a, all the progeny ol the maternal
parent carrving 2 develop dextrally and their genotypes
can be DD, DS or §S. Only the recessive homozygotes S
produce sinistral progeny (blue). The phenotypically
dextral §§ mates with the dextral DD or DS with no
physical difficuity because of their common phenotype.
By this mating, SS produces only sinistral progeny,
whereas the latier partner (DD or DS) produces only
dextral progeny. Consequently, enantiomorphs in symp-
atry share the same gene pool (genomic background)
across generations, even if their copulation is physically
impossible. Accordingly, shape differences between coex-
isting enantiomorphs indicate that some factor, other
than the nuclear genetic background, including polyg-
encs for shell shape (Cook, 1965), differentially affects
the morphogenesis of the momhs.

Gould eral. (1985) proposced that shape differences
between the wild type and sinistral variants in two
species of the West Indian land snail genus Cerien were
caused by a developmental constraint (Gould, 1989), in
that left-right reversal is incompatible with subsequent
morphogenesis. However, Johnson (1987) showed 7ygo-
tic pleiotropy, in which the simstral gene (or linked
genes) widens shell shape during ontogeny (Fig. 1h), in
the Polynesian tree snail Partula suturalis Pleiffer before
its extinction in the wild (Murray et al., 1998). Thus,
sinistrals were wider but not shorter in the mean
phenotype as a result of carrying the sinistral allele more
frequently than dextrals, although the genotype and
phenatype of polarity do not correspond to each other in
maternal inheritance (Fig. 1). Davison et al. (2009) sug-
gested that some maternal elfect of the polarity gene may
also be involved in interchiral shape differences in this
specics. In contrast to these studies, Schilthuizen er al.
(2007) found no significant differences in shell shape
between  coexisting  enantomorphs i Amphidromus

L 201G THE AUT
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able with no replicate of poputation or locality.

Most species of gastropods are lised Tor either one or
the other enantiomorph, and most chirally dimorphic
species ol gastropods have gone extincl. At present, the
Southeast Asian (ree snail genus Amphidromus may he
the only extant pulimonate group in which populations
are frequently dimorphic for primary asymmetry in
multiple species (Sutcharit & Panha, 2006; Sutcharil
et al., 2007). In Amphidromus arricallosus (Gould, 1843),
enantiomorphs coexist in the same habilat and mate with
each other freely (Sutcharit eral, 2007). Interchiral
copulation has been found more f{requently than
expected in random mating in A. fmversus (Schilthuizen
et al., 2007). All hatchlings trom single clutches exhibited
the same coiling direction, as predicted in maternal
inheritance (Sutchant eral., 2007; Schilthuizen er al,,
2007; Fig. 1}. This suggests that the polariry of develop-
ment in this group is also determined by a maternal cffect
ol the polarity gene as well as in four other superfamilies
of pulmonates (Sturtevant, 1923; Degner, 1952; Murray
& Clarke, 1976; Asami eral., 2008; Utsuno & Asami,
2010y,

Here, we show thar enantiomorphs
f'rom cach other in opposite directions
tions of A atricallosus, in contrast 1o the previously
known cases of interchiral differences in single direc-
tions. Crossing experiments are necessary to test whether
zygotic pleiotropy could explain this result, but remain
technically difficult in this group (Sutcharil et al., 2007).
Under zygotic pleiotropy, the mean shape of each morph
should change depending on the genotype Irequency.
Thus, we tesied whether the mean shapes could beconme
different even in opposite directions under hypathetical
zygotic plciotropy. by simulating a population where the
frequencics of polarity genotypes vary. We found that
simple zygotic plciotropy cannot explain the observed
shape ditferences between morphs. Instead, our results

differ in shape
among popula-
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Fig. 2 Locations of shell collecting sites.

suggest that the pleiotropic effect of the polarity gene,
whether it operates through maternal subsiances or
zygolic expression, interacts with the genetic structure of
populations.

Material and methods

Amphidronus snails exhibit determinate growth by form-
ing a reflected apertural lip at maturity. We used intact
adult shells of A. atricallosus collected from six areas of
2500-4000 m” in Thailand (Fig. 2 and Table ). We ook
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digital photographs of the shells, each of which we placed
n a consistent predetermined orientation under a fixed
camera. We reversed the images ol sinistrals bilaterally 1o
avoid possible measurement biases resulting from an a
priori knowledge of polarity. Using these two-dimen-
sional images. we avoided possible morphometric biases
resulting from interactions among shell coiling direction,
polarity of vernier caliper which is left—right asymmeirric
and handedness of a easuring person.

We used a landimark-based geometric morphometric
method (Bookstein, 1991; Ubukata, 2003) because it
could detect slight differences in shape separately from
size by preserving complete information about the
relative spatial arrangements of landmarks (Zelditch
cf al, 2004; Ubukata er al., 2008). We recorded the two-
dimensional coordinates of seven landmarks (Fig. 3a). As
a size variable, we used centroid size, which is the square
root of the summed squared distances from the centroid
to the landmarks (Zelditch er al,, 2004). As shape vari-
ables, we oblained relative warps (RWs) as follows. We
removed  nonshape  properties  (size, orientation  and
position) by generalized least squares Procrusies super-
imposition (Rohlf & Slice, 1990). Thin-plate spline
deformation front the tean shape conliguration to cach
speaimen was decomposed into uniform and nonuniform
components (partial warps). The principal components of
partial warp scores, i.e. RWs were computed 1o coordi-
nate the shape of each specimen (Rohlf, 1996). For these
analyses, we used the program TesReww (Rohll, 2007).
We measured the elfects of morph, population and
centroid size on RW scores by two-way multivar-
iate analysis of covariance (MAncova) with size as a
covariate.

Table 1 Collection sites and pumber ol specimens used [or morphometric analyses. Probabilities show the results ol Fisher’s exact ests, (hat
detected no significant changes in enantiomorph [requency between years in LS, KN, PS and €S, where intact adult shiells were pooled lor
morphometric analyses. Probabilitics imdicate signilicance of differences in enantiomorph frequencics between vears and from the ratio 11, B

No. intact
No. empty aduit specimens used
shells Prob Prob. for morphomietry
Coallecting Collecting .- [ yearly deviat. - .
Locality name Coordinates area year Dextral Sinistral shift from 1:1 Dextrat Sirstral
KS: Khac Soi Dao Breeding 12°54’ 96.7"N 50 x 50 m 2004 39 44 0.661 25 25
Center, Chanthaburi 102°14' 59.2"E - :
LS: Loop site East, Makok 12°35"12.8"N 10 ¥ 300 m 2005 87 56 0.345 c.om 157 98
Waterfall, Chanthaburi 102°15" 20.9"E 2006 58 32
- 2007 68 56
KK@@ew. Chonbur 13912" 45.9"N 50 x50 m 2004 122 81 0.005 104 67
101°4’ 11.6"E .
KN: Kuiburi National Park, 12°2° 83.7"N 10 x 300 m 2005 32 34 0.524 0.695 43 45
Prachuap Khii Khan 99°37° 51.3"E 2006 52 44
PS: Pomelo site, Ban Takun, 8°57° 36.7"N 40 % 100 m 2003 38 68 1.0 0.001 24 15
Surat Thani T 98°47 45.0"E : 2006 10 18
CS: Cabin site Soutn. 854" 20.6"N 50 x 50 m 2005 19 22 6.212 [SR B¢ 39 56
Khao Sok. Surat Thani 9832 235" 2006 23 1
2007 28 34
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(a) (b} (¢}
H < | ® Dextrals }
o | @ Sinistrals
T 3
i PS
2
o
2 = ¢ @
L] g KN i
RwW2 =0.07
x Cs
81 § |
o ) Fig. 3 Interchiral shape dilferences in
KK; Amphidromus arricallosus detecied by
o } geometric morphametrics. (a} Landmarks
S_ i KS used for analyses. (b) Deflormation grids
i Cl> » corresponding to the shapes of 0.07 and -
] Ls 0.07 in a relative warp Rw2, which chiclly
represents the apertine width, (¢) Vanaltion
¥ 7 : R - : -
0.3 0.5 0.7 in RW2 (mean = SE) among six populations
RW2 = -0.07 (Fig. 2), which diflered in enantiomorph

Frequency of sinistrals

lrequencies in empry adult shells,

Table 2 Siable frequendies of genotyfes and phenotypes at Hardy-Weinberg cquilibrium, where enantomorphs mate randomly and D is
dominang o S in polarity determingfion. The maternal genotvpe at a nuclear locus detennines the leli—right polariny ol progeny.

Hypothetically, the sinistral allele

where S is either recessive vr dominant in this elfect as Fig. 1 illusirates.

widens the shell aperture three times as much as the dextrad atfele /D) ihraugh zygotic expressiog,

Offspring

Dextral Sinistral
Parents _ e _
Mating probability DD DS SS DD DS SS
DD x DD o' g
DD x DS apq 2p°q 20%q
DD x SS loplel P’ pEq’
DS x DS aprg? p4q 207 p’q?
DS x SS 4pq” g’ pq’ g pq’
SS x SS q’ q
Genotypic frequency o pg (1 . p) pG’ pa” g’
Phenotypic frequency p?a2pg q°
Mean width, where widths of DD, DS (1+g4209/(1 1 G 1429
and SSare1,1and 3 Fig. 4a, black solid line Fig. 4a, biue sokd line
Mean width, where widths of OD. DS (1 + 500 v q) 3

and SS are 1, 3 and 3

Fig. 4a, black interrupled tine

Fig. 4a. biue interrupted line

we simulated the relation between mean shell aper-
turc width (as an example of shell shape traitsy and the
frequencies of the dextral (D) and sinisiral (S) alleles in
hypothetical populations. If D is dominant 10 § in its
maternal cffect on progeny polarity, dextrals can be
genotypically DD, DS or 5§ and sinistrals DS or SS
(Fig. 1a). First, we derived formulas for genotype fre-
quencies at Hardy—Weinberg equilibrium (Table 2). We
made S widen the aperture three times as much as D,
with the effect being either recessive or dominant (i.e.
the aperture widths of DD, DS and SS were 1, 1 and 3, or
1, 3 and 3, respectively). We chose the values 3 and 1 for
simplicity, with no reason 10 avoid more or less widening

% 2610 THE AUTHORS. J. EVGL. 6I0L

clfect than ihree times. wWe then ploited the mean
aperture width of cach morph against the frequency of
sinistrals in the population. In a sccond model,- we
assumed the dominance ot S in polarity determination
(Fig. 1b} and kept the other conditions as in the first
model. In the third and fourth models, we examined
whether the polarity-shape rclationship changes where
D instcad of § widens the shape by providing the
phenotypic values 3, 3 and 1 or 3, t and 1 10 DD, DS
and SS, whereas the other conditions remain the same as
in the first and second models, respectively.

In the Hfth model, we introduced the condition of
complete disassortative mating into the first imodel,

dov 10 Tiii 1477
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considering a casc in which interchiral mating was more
frequent than expecied in random mating in A inversus
(Schilthuizen er al., 2007). We et snails continue to mate
only with the opposite morph, with the inital frequency
of §set at 0.05 or 0.9, and the genotype frequencies at
Hardy-Weinberg equilibrium (Table 2). in this case, the
population shifts 1o equilibrium with morphs at equal
frequencies  through negative frequency-dependent
selection. We calculated and plotted the mean aperture
width every generation until morph frequencies equal-
ized in 100 generations. For the sixth model, we
examined the case of incomplete disassortative mating.
We reduced the frequency of mating with the same
morph in every combination of genotypes by 50%
compared with the frequency in random mating, with
the initial conditions as in the third model. In this casc,
the rate of interchiral mating in the population con-
verged to 0.67 as morph frequencics cqualized (sce
Fig. S1). In the wild, however, the morph frequencics are
significantly different from 0.5 in many populations
(Sutcharit er al, 2007), such that dextrals stay around
35Y% over several vears in 4. inversus (Schilthuizen et al,
2007).

Results

Testing the developmental constraint hypothesis

Relative warps RWI1-RW4 explained 86.5% of total
variance of shell shape (see Table S1). RWI1 and Rw2
mainly reflected variation in widths uf shell and aperture,
respectively. Shapes differcd betwceen morphs and among
populations (Table 3). The significant interaction effect
between polarity and population indicated that the
morph shapes differ from each other in opposite direc-
tions among populations. For instance, the aperture of
dextrals was wider (larger in RW2; Fig. 3b) than that of
sinistrals in KS and KK but narrower in the other
populations (Fig. 3c). Morph shapes differed in opposite
directions among populations also in RW1, RW3 and
RW4 (sec Fig. $2). These results conflict with the
prediction of the developmental constraint hypothesis
that the direction of the interchiral difference will
be consistent from population to populaiion. In hoth

Table 3 Results of two-way muhtivariate analysis of covariance with
centroid size as a covariate, testing effects on relative warps, RW,
RW2, RW3 and RW4,

Factors df.  Pillai trace  Approx. £ P
Left—right polarity 1 0.05 8.24 < 0.00t
Popuiation 5 1.43 65.74 < 0.001 °
Size 1 0.26 50.68 < 0.001
Polarity x population 5 0.13 4.07 < 0.001
Polarity x size 1 o0 0.98 0.417
Populaticn x size 5 0.13 3.92 < 0.001
Polarity x population x size 5 G.05 1.47 C 082
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morphs, shell shape varied with size, exhibiting anisom-
ctry (Table 3). The significant intervaction effects between
size and population indicate that the pattern of anisom-
ctry also varies among populations.

Testing the zygotic pleiotropy hypothesis

In our hypothetical populations, in which the sinistral {S)
allele or the dextral allele (D) widens the shell aperture by
zygotic pleiotropy, cither sinistrals or dextrals exhibited a
consistently wider aperture, regardless of genotype fre-
quency and genetic dominance in widening effect or
polarity deternmination (Fig. 4). The same was also the
case when mating was completely or incompletely
disassortative between morphs. Thercfore, simple zygotic
plciotropy as previously suggested does not explain the
reversal of the polarity—shape relationship among popu-
lations in this specices. :

Discussion

This study showed that the shell shapes of cnant-
iomorphs are not mirror images of cach other within
populations of A. arricallosus, consistent with the findings
for species of Cerion (Gould eral, 1985y and Partula
(Johnson, 1987). In contrast 1o these datier  cases,
however, in A. atricallosus, interchiral dillerences vary
significantly in both degree and direction amony popu-
lations, which rules out the possibility that developimen-
tal constraint (Gould, 1989) is responsible far the
differences in shape between morphs in this species
(Bcldade er al., 2002; Frankino er al., 2005).

Our simulations showed that differences in genotypic
frequencies or genetic dominance cannol cxplain differ-
cnces in the shapes of enantiomorphs that are in opposite
dircctions in diffecrent populations, as postulated under
zygotic pleiotropy (Johnson, 1987). According to the
simulation results, the reversal of polarity—shape rela-
tionship between any two populations is possible only
where the S allele widens the shape in some populations
and the D allele in other populations. This requires
genetic divergence between populations in the interac-
tions or linkage of the polarity gene wilth other zygoti-
cally expressed genes lor shape development. Our results
illuminate the importance of further studics 10 examiue
this possibility by explicit breeding experiments with
suitable pulmonates or other animals that are varabie in
left-right polarity. Enantiomorph  [requencies signili-
cantly shift between years in the same populations
(Sutcharit er al,, 2007). Thus, the signilicance of zygotic
plciotropy for interchiral shape deviation could also be
tested by examining whether the incan shape of morph
temporally changes along with morph frequency.

The results of the simulations also indicate that morphs
cannot be different in opposite directions under zygotic
pleiotropy, cven if the present “populations  greatly
differcd trom onc other in alicle frequency as the morph
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6 Y. NAKADERA ET AL.

Fig. 4 Mean phenotypic values of dextrals
(black) and sinistrals (blue)y expecied in

Mean phenotypic value

populations where a zygotic pleioiropic eflect
of the polarity gene causes interchiral dif-
lerence in aperture widih. (a) The dexeral
allele (D) is dominant wo 1he sinistral allele (5)
in polarity determination ar Hardy-Weinherg
equilibrium. The genotypes D0, 05 and $S
are given the relative aperiure width 1, 1 and
3 (solid lines) or 1, 3 and 3 (interruped
lines). respectively. (b} D iy recessive 1o 8,
and § widens the aperture as in AL () Dis

(e) "

s
Lt b

s

s

dominant in polarity determination at
Hardy-Weinberg equilibrium and widens the
aperture. The phenotypic values of DD, DS

s and SSare 3. 3 and 1 esolid Binesy or 3, 1 and

A amsaaaa s ' -mmn....uu.u.u.‘.....m“u::xe“

uass
T Linterropred Jines), respeclively. (di D s
recessive in polarity determination ar Hardy -
weinberg equilibrivm and widens the aper-
wire as in Co ey Changes i mean apertare
widths while the enantiomorph frequencics
converge 1o 0.5 under complele disassorta-
tive maling. 1 is dominant in polarity derer-
mination. The phenotypic values of DD, DS

0 T — —

0 02 04 06

08 1 0 02 04

Frequency of sinistrals

frequencies suggested. If negative frequency-dependent
selection through disassortative mating maintains enani-
iomorphs, their phenotypic frequencies would generally
stay shifting around 0.5. However, their ratios signifi-
cantly deviated from 1 : 1 in three of the present six
populations (after Bonferroni correction, Table 1) and
also differed from onc another among those populations
(Fisher's exact test, P < 0.001), as well as in many other
populations in multiple species (Schilthuizen er al,2007;
Sutchant er al., 2007). Thus, the maintenance of chiral
dimorphism in the present species cannot be ascribable
solely to disassortative mating, and there has been little
evidence for an cquilibrium: in chirally dimorphic
populations.

Although coexisting enantiomorphs in pulmonates
share a common genetic background, they necessarily
differ in a maternal substance for polarity determination
and maybe in additional maternal substances produced

£ 2CG'C THE AUTHORS J EVOL
JOURNAL COMPILATION € 2010 EURCFEAN S0
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and SS were 1, 1 and 3, respectively.
(M) Changes in mean apertire widths under
incomplete disassorlative mating, where the
other conditions are the same as in L.

by genes linked with the polarity genc (Freeman &
Lundelius, 1982; Okumura er al., 2008). These substances
may dilferentially affect the shape of enantiomorphs
(Davison er al., 2009). However, this is only possible if
maternal products of the polarity or linked genes mediate
a pleiotropic effect on shape. This matemal pleiotropy
could be dircctly cffective only before the maternal-
zygotic transition in gene expression proceeds in the 8- 1o
16-cell stages (Van den Biggelaar, 1971; Edgar eral,
1994; Schicr, 2007). Afterwards, cell configuration in
spiral cleavage, instead of maternal products, epigenet-
ically determines the polarity ol asymmetry in subse-
quent gene cexpressions (Hierck ez al, 2005; Grande &

COLOR

Patel, 2009) and development linked to visceral and B

coiling asymmertries (Wood, 1991; Kuroda er al., 2009).
Similarly, if maternal pleiotropy underlies the present
interchiral shell shape differences, the cell configuration
in carly spiral cleavage needs o be linking them.
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Accordingly, the present changes of polarity-shape rela-
tionship depending on population may reflect genctic
differences in the epigenetic effect of early development
on shape among populations. In support of this view,
previous studies also suggested that the polarity of
development affects embryonic viability in the land
snails Bradybaena similaris (Rang) (Ulsuno & Asami,
2010) and Hemizaptyx stimpsoni (Bétgery (Utsuno et al.,
2010). These polarity elfects largely depended on the
genetic background, which varied among parents and/or
inbred lines, similarly to the present results.

Annual patterns of remperature and precipitation
greatly vary among the localities where the present
samples were collected (Figs S3 and S4). However, they
show little corrcspondence to the present reversals of
polarity-shape relationship between populations. Thus,
the two major climatic factors, temperature and precip-
itation, are not likely to be principal faciors interacting
with the cause of interchiral difference, although
unknown environmental cffects cannot be ruled out
without breeding experiments in common environment.

Snail enantiomoiphs have been thought to difler in
shell shape from cach other in a consistent direction,
regardless of rarely found reversed mutants or frequently
coexisting enantiomorphs (Gould et al., 1985; Johnson,
1987; Davison et al., 2009). However, our study revealed
that how they differ in shape significantly changes
among populations. They do differ even in opposite
directions depending on populations, which has not been
even theoretically expected before this study. This [ind-
ing is remarkable especially because the morphs have
probably long been positively maintained within most
populations in specics of the subgenus Amphidromus that
are generally dimorphic for the polarity of primary
asymmetry (Sutcharit et al, 2007), in contrast to the
case of P.suturalis in which enantiomorphs cocxisted
only in boundary between dextral and sinistral popula-
tions (Johnson efr al, 1993). Our results suggest that
genes lor shape dimarphism have diverged between
populations while this dimorphism has been maintained
through the zygotic or maternal pleiotropic effect of the
polarity gene within chirally dimorphic populations.

The present discovery ol variability in polarity—shape
relationship stems rom the advantage of exploiting the
external asymmertry in solid shells, which represents
primary asymumetry, and the maternal inheritance of
polarity at a single locus in pulmonates that are dimor-
phic for polarity in natural populations. Virtually, no
equivalent studies have been pursucd in other metazo-
ans, although the genctics and development of primary
asymmetry have frequently been studied by utilizing
left-right-reversed mutants. Our study demonstrated the
presence of genctic variation in zygotic or maternal
pleiotropy in morphogenecsis. Therefore, our results have
important evolutionary implications for the exploration
of possible structural changes associated with lefi-right-
reversed development and of the responsible mecha-

Variability of interchiral shape difference 7

nisms for those deviations by calling attention 1o the
[unction of genetic variability within model animals,
which may have been overfooked in other metazoans
because of their basic symmetry in external body plans.
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cumz Species Date Locality No-of
Specimen
4501 Hemiplecta distincta 10.10.1998 | Khao Look Chang, Pak Chong, 8
Nakhonratchasrima
4502 Hemiplecta distincta Huay Kla Kleng, Uthaithani 6
4503 Hemiplecta distincta 26.10.1983 | Foret in Mukdaharn 7
4504 Hemiplecta distincta 10.12.1998 | Phu Phan, Sakonnakhon 6
L4505 Hemiplecta distincta 9.8.1997 | Pu Kare Botanic Garden, Saraburi 4
L4506 Hemiplecta distincta 5-6.7.1997 | Supalai Pasak Resort Saraburi 1
L4507 Hemiplecta distincta Phu Phan, Sakonnakhon 5
4508 | Hemiplecta distincta 6.6.1998 | Wat Tharahat, Saraburi 1
4509 Hemiplecta distincta 29.10.1996 | Plieu National Park, Chanthaburi 1
4510 Hemiplecta distincta 22.10.1995 | Khao Nangram, Huay Kla Kleng, Uthaithani 3
4527 Hemiplecta distincta 11.12.1995 | Ban Krang Camp, Kaengkracharn National 1
Park, Phetchaburi
4528 Hemiplecta distincta 10-11.9.1995 | Tam Pang Thong, Maehongsorn 2
4529 Hemiplecta distincta 14.10.1998 | Na Wang, Nongbualumpoo 1
4530 Hemiplecta distincta 6.6.1998 | Wat Tharahat, Saraburi 1
4531 Hemiplecta distincta 14.10.1994 | Khao Ang Rue Nai Wildlife sanctuary, 1
Chacheongsao
4532 Hemiplecta distincta 13.5.2008 | Tam Pha Ban, Pahom, Chiengkhan, Loei 1
4533 Hemiplecta distincta Pahom, Vang Vieng, LAOS 24
4534 Hemiplecta distincta 27.6.1998 Pu Kare Botanic Garden, Saraburi
4535 Hemiplecta distincta 18.10.1998 | Khao Look Chang, Pak Chong, 3
Nakhonratchasrima
4536 Hemiplecta distincta 4.7.1998 | Chanthaburi 1
4537 Hemiplecta distincta 10.1.1999 | Pahom, Vang Vieng, LAOS 10
4538 Hemiplecta distincta 3.6.1995 | Khao Nangram, Huay Kla Kleng, Uthaithani 3
4539 Hemiplecta distincta 20.4.1997 | Plieu National Park, Chanthaburi 9
4540 Hemiplecta distincta 11.3.1997 | Wang Takrai Waterfall, Nakhonnayok 2
4541 Hemiplecta distincta 25.11.1895 | Khao Nangram, Huay Kla Kleng, Uthaithani 6
4542 Hemiplecta distincta 14.3.1999 | Khao Cha Ang Oan, Borthong, Chonburi 4
4543 Hemiplecta distincta 6.9.2008 | Khao Cha Mao Waterfall, Rayong 1




45

4544 Hemiplecta distincta 5.9.2008 | Wat Ma Due, Khao Wong, Rayong 2
4545 Hemiplecta distincta 6.9.2008 | Tam Suwankuha, Khao Chamao, Rayong 1
4546 Hemiplecta distincta 3.11.1995 | Khao Ang Rue Nai Wildlife sanctuary, 7
chacheongsao
4547 Hemiplecta distincta 30.12.2008 | Sibha Chan National Park, Chanthaburi 6
4548 Hemiplecta distincta 7.3.2009 | Jed Sao Noi Waterfall, Muaklek, Saraburi 3
4549 Hemiplecta distincta 7.3.2009 | Wang Takrai Waterfall, Nakhonnayok 2
4550 Hemiplecta distincta 25.12.1961 Tam Chieng Dao, Chieng Dao, Chiengmai
4551 Hemiplecta sp. 19.7.2008 | 1 km, entrance of Tam Maelana, 1
Pangmapha, Maehongsorn
4552 Hemiplecta pluto -.8.2007 | Pahom, Vang Vieng, LAOS 1
4553 Hemiplecta esculenta Tam Chieng Dao, Chieng Dao, Chiengmai 5
4554 Hemiplecta humphreysiana Pulau Bersa, Johor, MALAYSIA 1
l 4555 Hemiplecta distincta Bang Kruay, Pathumthani 3
\ 4556 Hemiplecta pluto 27.7.1999 | Pahom, Vang Vieng, LAOS 20
4557 Hemiplecta distincta 12.9.2002 | Phu Kum Klao, Kalasin 8
4558 Hemiplecta distincta Tam Chieng Dao, Chieng Dao, Chiengmai 5
4559 Hemiplecta distincta 20-26.10.2000| Koh Kud, Trat 9
4560 Hemiplecta distincta Plieu National Park, Chanthaburi 1
4561 Hemiplecta humphreysiana Natuna Island, INDONESIA 1
4562 Hemiplecta distincta CAMBODIA 2
4563 Hemiplecta humphreysiana Pulau Permanggil, Johor, MALAYSIA 2
4564 Hemiplecta esculenta 20.7.2008 | Tam Chieng Dao, Chieng Dao, Chiengmai 25
4565 Hemiplecta esculenta 8.1.2008 | Tam Chieng Dao, Chieng Dao, Chiengmai 9
4566 Hemiplecta distincta 12.5.2008 | Tam Yai Nannao, Namnao National Park, 1
Phetchaboon
4567 Hemiplecta distincta 11.5.2008 | Tam Mahasombat, L.omsak, Phetchaboon 1
4568 Hemiplecta humphreysiana 11.3.2008 | Pulau Bersa, Johor, MALAY SIA 33
4569 Hemiplecta cymatium -.3.2009 | Top of Peneng Hill, Penang, MALAYSIA 1
4570 Hemiplecta cymatium -.3.2008 | Penang Dam, Penang, MALAYSIA 1
4571 Hemiplecta humphreysiana 25.12.2009 | Botanic Garden, SINGAPORE 1
4572 Hemiplecta humphreysiana 25.12.2009 | Botanic Garden, SINGAPORE 7
4573 Hemiplecta humphreysiana 25.12.2009 | Bukit Timah, SINGAPORE 1
4574 Hemiplecta esculenta Tam Chieng Dao, Chieng Dao, Chiengmai 18
4575 Hemiplecta funerea Nan 16
4576 Hemiplecta funerea Nan
4577 Hemiplecta distincta 19.9.2009 | Phu Tara Resort, Nakhonnayok 1
4578 Hemiptecta distincta 14.9.2005 | Sam Lan Waterfall, Saraburi 2
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4579 Hemiplecta distincta 31.5.2009 | Klong Lann National Park, Kampaengphet 2

4580 Hemiplecta esculenta 1.10.2009 | Tam Tabtao, Chaiprakarn, Chiengmai 15

4601 Hemiplecta distincta 19-20.7.1997 | Plieu National Park, Chanthaburi 1

4602 Hemiplecta distincta 10.7.1961 | Chulalongkorn University, Bangkok 2

4603 Hemiplecta distincta 23.4.1995 | Tha Mai, Chanthaburi 1

4604 Hemiplecta distincta 12-13.10.2000| Patam National Park, Ubonratchathani 3

4605 Hemiplecta distincta -.2.1995 | Wang Takrai Waterfall, Nakhonnayok 1

4606 Hemiplecta distincta 18.10.1998 | Khao Look Chang, Pak Chong, 9
Nakhonratchasrima

4607 Hemiplecta distincta 1-3.4.1998 | Huay Kla Kleng, Uthaithani 6

4608 Hemiplecta distincta 15.7.1973 | Thung Kamang, Phu Kiew, Chaiyaphum 5

4609 Hemiplecta distincta 2.5.1995 | Khao Ang Rue Nai Wildlife sanctuary, 3
chacheongsao

4610 Hemiplecta distincta Huay Kla Kleng, Uthaithani 9

L4611 Hemiplecta distincta -.5.1998 | Huay Kla Kleng, Uthaithani 3

4612 Hemiplecta distincta 18.1.1998 | Khao Look Chang, Pak Chong, 9
Nakhonratchasrima

4613 Hemiplecta distincta 11.4.1995 | Khao Ang Rue Nai Wildlife sanctuary, 4
chacheongsao

4614 Hemiplecta distincta 7.4.2002 | Koh Kud, Trat 7

4615 Hemiplecta distincta Plieu National Park, Chanthaburi 4

4616 Hemiplecta distincta Patam National Park, Ubonratchathani 3

4617 Hemiplecta distincta 10.7.1998 | Tub Lann National Park, Prachinburi 1

4618 Hemiplecta distincta 9.5.2008 | Khao Ang Rue Nai Wildlife sanctuary, 1
chacheongsao

4619 Hemiplecta distincta 1.5.2003 | Pang Khone, Sakonakhon 4

4620 Hemiplecta distincta 7.4.2000 | Khao Ang Rue Nai Wildlife sanctuary, 2
chacheongsao

4621 Hemiplecta distincta 2.1.2000 | Phu Sritar Waterfall, Kuchinarai, Kalasin 1

4622 Hemiplecta distincta 12.5.2008 | Tam Yai Nannao, Namnao National Park, 2
Phetchaboon

4623 Hemiplecta distincta 8.10.2006 | Tam Nam Pud, Tubpud, Pangnga 1

4624 Hemiplecta distincta 20.5.2006 | Tam Dao Khao Kaew, Muklek, Saraburi 1

4625 Hemiplecta distincta 25.11.2006 | Tam Leum, Klonghad, Srakaew 1

4626 Hemiplecta distincta 20.6.1999 | Khao Cha Ang Oan, Borthong, Chonburi 4

4627 Hemiplecta distincta 7.4.2000 | Khao Ang Rue Nai Wildlife sanctuary, 1
chacheongsao

4628 Hemiplecta distincta 24.11.2006 | La-lu, Tarpraya, Srakaew 1
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4629 Hemiplecta distincta 9.7.1998 | Yod Dome Wildlife Sanctuary, 2
Ubonratchathani

4630 Hemiplecta distincta 19.6.2000 | Khao Ang Rue Nai Wildlife sanctuary, 1
Chacheongsao

4631 Hemiplecta distincta 23.11.2006 | Pang Srida National Park, Prachinburi 4

4632 Hemiplecta distincta 13.1.2008 | Tam Wang Daeng, Nernmaprang, 1
Phitsanuloke

4633 Hemiplecta distincta 17.10.2007 | Tam Suwankuha, Khao Chamao, Rayong 3

4634 Hemiplecta distincta 12.5.2008 | Huay Laos Waterfall, Phuluang, Loei 1

4635 Hemiplecta distincta 20.10.2007 | Tam Praya Nakharat, Phuphaman, 1
Khonkaen

4636 Hemiplecta distincta 18.1.2007 | Tam Pha Bing, Wang Sapung, Loei 1

4637 Hemiplecta distincta 17.10.2007 | Wat Suwankhusa, Nongbualumpoo 3

4638 Hemiplecta distincta 22.7.2008 | Kaeng Jed Kware National Park, Wat Bot, 7
Phitsanuloke

4639 Hemiplecta distincta 12.5.28 | Tam Piya, Loei 3

4640 Hémiplecta distincta 8.7.2004 | Wang Takrai Waterfall, Nakhonnayok 5

4641 Hemiplecta distincta 1.7.1998 | Wang Chao Waterfall 4

4642 Hemiplecta humphreysiana 1.3.2008 | Pulau Bersa, Johor, MALAYSIA 11

4643 Hemiplecta pluto 13.2.1999 | Pahom, Vang Vieng, LAOS 21

4644 Hemiplecta pluto Pahom, Vang Vieng, LAOS 4

4645 Hemiplecta pluto 10.1.1999 | Pahom, Vang Vieng, LAOS 1

4646 Hemiplecta pluto 28.11.1998 | Tam Muangkon, Bolikamsai, LAOS 2

4647 Hemiplecta humphreysiana -.1.1997 | Sirindhorn Waterfall, Halabala Wildlife 2
Sanctuary, Narathivat

4648 Hemiplecta humphreysiana 13.1.1997 Halabala National Park, Narathivat

4649 Hemiplecta pluto Bor Klue, Nan 5
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CUMz Species Locality Dextral | Sinistral |Specimens
2238 A. glaucolarynx | Huay Kok, Kaeng Kra Jarn, 1 shell
Petchaburi
2239 A. glaucolarynx | Tam Vore, Mae Sod, Tak 1 shell
2240 A. glaucolarynx | Tubsathorn, Kanchanaburi 2 10 shell
2241 A. glaucolarynx | Kaeng Kracharn National Park, 3 3 shell
Petchaburi
2242 A. glaucolarynx | Pala-u Waterfall, Petchaburi 1 shell
2243 A. glaucolarynx | Lod Cave, Paye District, 2 shell
Maehongsom
2244 A. glaucolarynx | Erawan Waterfall, Kanchanaburi 1 1 shell
2245 A. glaucolarynx | Erawan Waterfall, Kanchanaburi 2 4 shell
2246 A. glaucolarynx | Prakayang Cave, Kra Buri, 2 shell
Ranong
2247 A. glaucolarynx | Pa Charoen Wterfall, Tak 1 shel
2248 A. glaucolarynx | Tubsathorn, Kanchanaburi 14 12 shell
2249 A. glaucolarynx | Tubsathorn, Kanchanaburi 5 8 shell
2250 A. glaucolarynx | Tubsathorn, Kanchanaburi 1 1 shell
2251 A. glaucolarynx | Tubsathorn, Kanchanaburi 16 8 shell
2252 A. glaucolarynx | Tubsathorn, Kanchanaburi 10 8 shell
2253 A. glaucolarynx | Erawan Waterfall, Kanchanaburi 1 shell
2254 A. glaucolarynx | Thee Lor Zoo Waterfall, Umpang, 1 3 shell
Tak
2255 A. glaucolarynx | Tubsathorn, Kanchanaburi 2 2 sheli
2256 A. glaucolarynx | Sai Yok Noi Waterfall, Sai yok, 1 shell
Kanchanaburi
2257 A. glaucolarynx | Tubsathorn, Kanchanaburi 1 3 shell
2258 A. glaucolarynx | Tubsathorn, Kanchanaburi 17 17 shell
2259 A. glaucolarynx | Ban Krang, Kaeng Kra Jarn 6 4 shell
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National Park, Petchaburi

2260 A. glaucolarynx | Prakayang Cave, Kra Buri, 18 shell
Ranong

2261 A. glaucolarynx | Pong Pu Ron, Thong Phapoom, 2 3 shell
Kanchanaburi

2262 A. glaucolarynx | Pong Pu Ron, Thong Phapoom, 4 2 shell
Kanchanaburi

2263 A. glaucolarynx | Pong Pu Ron, Thong Phapoom, 5 1 shell
Kanchanaburi

2264 A. glaucolarynx | Pong Pu Ron, Thong Phapoom, 6 4 shell
Kanchanaburi

2265 A. glaucolarynx | Nam Naou National Park, 3 shell
Petchaboon

2266 A. glaucolarynx | Kaeng Kracharn National Park, 1 2 shell
Petchaburi

2267 A. glaucolarynx | Hin Tok Station, Chong Khao 2 2 shell
Kad, Sai Yok, Kanchanaburi

2268 A. glaucolarynx | Kanchanaburi 4 4 shell

2269 A. glaucolarynx | Tubsathorn, Kanchanaburi 7 7 shell

2270 A. glaucolarynx | Tubsathorn, Kanchanaburi 10 10 shell

2272 A. glaucolarynx | Kanchanaburi 1 shell

2319 A. glaucolarynx | Ban Hui Hin Fon, Mae Sod, Tak 1 2 frozen

232844W A. glaucolarynx | Pong Pu Ron, Thong Phapoom, 1 frozen
Kanchanaburi

2395 A. glaucolarynx | Tubsathorn, Kanchanaburi 2 14 shell

2396 A. glaucolarynx | Tubsathorn, Kanchanaburi 1 shell

2398 A. glaucolarynx | Tubsathorn, Kanchanaburi 6 shell

2399 A. glaucolarynx | Tam Sing Nang Non, Umphang, 1 shell
Tak

2453 A. glaucolarynx | Ban Krang, Kaeng Kra Jarn 4 3 wet
National Park, Petchaburi

2460 A. glaucolarynx | Pong Pu Ron, Thong Phapoom, 24 wet

L

Kanchanaburi
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2463

A. glaucolarynx | Huy Kayang, Thong Pha Phum, 8 6 wet
Kanchanaburi
2467 A. glaucolarynx | Pong Pu Ron, Thong Phapoom, 4 wet
Kanchanaburi
2469 A. glaucolarynx | Kaeng Kracharn National Park, 2 wet
Petchaburi
2476 A. glaucolarynx | Pong Pu Ron, Thong Phapoom, 5 8 wet
Kanchanaburi
2482 A. glaucolarynx | Prakayang Cave, Kra Buri, 1 wet
Ranong
2485 A. glaucolarynx | Hyu Ya, Tak 1 1 wet
2497 A. glaucolarynx | Khao Dong Kamen, 1 5 wet
Thongphaphum,
Kanchanaburi
2498 A. glaucolarynx | Tubsathorn, Kanchanaburi 1 4 wet
2499 A. glaucolarynx | Tubsathorn, Kanchanaburi 7 8 wet
2500 A. glaucolarynx | Tubsathorn, Kanchanaburi 20 29 wet
2502 A. glaucolarynx | Prakayang Cave, Kra Buri, 4 wet
Ranong
2503 A. glaucolarynx | Tubsathorn, Kanchanaburi 3 1 wet
» 2504 A. glaucolarynx | Tubsathorn, Kanchanaburi 13 19 wet
2505 A. glaucolarynx | Chong Khao Kad, Thong 2 wet
Phaphum, Kanchanaburi
2506 A. glaucolarynx | Kaeng Kracharn National Park, 1 wet
Petchaburi
2507 A. glaucolarynx | Tubsathorn, Kanchanaburi 4 wet
2508 A. glaucolarynx | Tubsathorn, Kanchanaburi 4 2 wet
2509 A. glaucolarynx | Tubsathorn, Kanchanaburi 2 4 wet
2510 A. glaucolarynx | Tubsathorn, Kanchanaburi 3 3 wet
2511 A. glaucolarynx | Tubsathorn, Kanchanaburi 20 24 shell
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