57897338
NUAANYUNITIWAINIUYTTINUUHUAUY 2556

1591959 NENRUSNITUNTTULLDWIIINWILITIUAS
AUAANITTNNIAUIIYEAT FBUUTUINVAUS

=
L399

AIUVINWANBVDINBENINUNLALTLANUSTUNIZAUY UTIUNUNYaY
1A39N3aUSNENRUGNITUNVIULLDIWIIINNIZIIBATI FURINITLIN
SAUTIVEA FEIUUTUTIVNUS

biversity and Endemic Speceis of Land Snail in the Area of
Plant Genetic Conservation Project under the Initiative of Her

Royal Highness Princess Maha Chakri Sirindhorn

v £ a
B’j‘lj’lﬂﬂ'lﬂﬂi’l’il'l'ié A9, AIANA %‘!‘059’1

U

AMAIVITIINGT AUZINBIATENT JUIRINTAIUNIINETAE



UNARLD

msﬁnmuaza’ifmwaUmﬂUﬂ'luﬁuﬁ-uaa’[ﬂsamsaq%’néﬁuqnsmﬁ% suilennanwsesaiige
Trsawzluuiioydndmjinmeuauas waud il sayd way Auiniaas-goauivn Tns
Ton megauy? Imumeemnunionun 13 29 $1uou 39 % Taivesidalddiwmeniesn
msunsnszanefidifinann wasliu endanger species vaaUstmAlvy ¢ windevosluanavasvey
unﬂ)ﬁu Amphidromus schomburgki Amphidromus inversus Amphidromus semitesselatus way
Amphidromus glaucolarynx wariivesting1ed Streptaxidae #siuuiltiussfusiinlmifinuuu
fufinYaus-goarivin nslon nigyauyisn 2 aldd nsfinvimeiniamansszuuduiugues
wopmEDINUIN @IuvDe male genitalia lunesidssiidnvusiinansa usnaniTawunenunuii
ot Amphidromus glaucolarynx albicans Faflsorundiusnidlel 1902 Viﬁ’wi’mmrgauq‘% we
msinwmwduiusmdtanmslasandudduaiieguulilnaounds 165 DNA  wuindl
AN LUUITRINNSUSSWUTHALY  (Amphidromus  clade, Syndromus clade and A.
glaucolarynx clade) Tumesisanaiiuazluanatos Amphidromus Turnsiinenudiiusvsane
Fmnmsveavesluanates  Syndromus  FWistuisruduiuuuuitannisu Taedl A
dlaucolarynx  woneamnuiugwwougll  uazaumsiiseusneanliluanateniuansis
wenmniinansAnymadugiuinen oiuvdunug LLa::LwiuWueTaaﬁuaqummLmnm"mi'f Taefivey
suliiviin A. glaucolarynx msugnesnainvesluanatioy Syndromus s.s. a8138ase
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Abstract

This land snails survey were conducted under the Plant Genetic Conservation Project under
the Initiative of Her Royal Highness Princess Maha Chakri Sirindhorn. The area of Samaesan
islands, Khao Kiew, Chonburi and Khao Wang Kamen, Saiyok, Kanchanaburi were survey for
the land snails. These three main collecting sites show high diversity of the landsnails
included 13 families and 39 species. Among these Amphidromus inversus, A. semitessellatus,
A schomburgil and A. glaucolarynx are supposed to be the endanger species. The two
carnivorous streptaxids snails from Kanchanaburi are supposed to be undescribed species.
There shell morphology is almost similar, but they differ mainly based on the malr genital
organ. In addition, the most vanishing subspecies Amphidromus glaucolarynx was
rediscoveded from Kanchanaburi since it was described in 1902. The phylogentic result from
mitochondrial DNA, 165 RNA gene sequences showed the monophyletic of the genus
including three monophyletic groups (Amphidromus clade, Syndromus clade and A
glaucolarynx clade). Most species in the nominotypical subgenus revealed a monophyletic.
While the majority species of the subgenus Syndromus sl. were recovered as non-
monophyletic, and A. glaucolarynx formed a distinct clade. The apparent paraphyly of

Syndromus s.l. clade indicates that A. glaucolarynx should be recognized as

Keywords: land snail, anatomy, Samaesarn Islands
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Diversity and Endemic Speceis of Land Snail in the Area of Plant Genetic Conservation
Project under the Initiative of Her Royal Highness Princess Maha Chakri Sirindhorn
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umhuazaideniieatios

“woy” \HuEiTinfigiRtunuulandaudumigauandoy. Sunumsimendannimunszuums
fadonmissssud veuiitannmsivilwiinmanuanevesatidunniduiiassesandniude
(arthropods)  uaziivthidednrethavannvaty  deluiaeiiufduiusfudai@indug  odhmen
neunfumugeaovoslaniimanudimasiesdnd  mavssnaswualddvomensilanihasi
f 150,000 e 200,000 AT egralsfmuiitoulmmeotnaiivilinsUssusuualEdsll
fernuduademsanmaeineg Tunnsiialifddeusu (cyptic species) Agdlisimsimsizlsocs
Thil wielimaianisinseilngldarstiluana

Jagtumnuvarnyanemsiinwiuidudesimneulieuauls  Tngawznizanausie
rmvanmvatsedinm  sudusaduidonnninamunisellanieuluiegtu  nsdnwien
wemvaneeTawiuivened  ufitrruddnnnsuniiaiiendesivanuainalddves
&0 Tuszmaiifaniudosdenuifumuvmnatidvesdaidinadiitmiluimn fadudu
ddniitslunsmasuvieulonemsliuazmsdamsvinensanuanuaneideglildeeaiu
UszAvSnmuasdedu dmsulsemalnomnudfugniluddiiinngunneg Tegdevmnnuazdia 3
Fusstuiumisiidmagiimansnduusdisemelnednduuinaifienuanangvesinig
LAERLGNSTUTBAWITIAANGY BE18INANE

mMswnIurosesidinaiifuuudsudie (sinistral) wiedaunan (dextral 15umw]m€fw§u
WeWALUAL (Murray and Clarke, 1976; Ueshima and Asami, 2003; Davision et al. 2005)
Teluvsseinsuiieg ssuansnmsdouveaydenfivauvuiies sniiuunesssiuunssesnserawuld
Faptuuu  mwmiverrdidiviinuansnisdoureauBenifivswuuiitnduiiosnwandiudeniing
Aoufuansasinesiimnuiitosluusemnsuasasgnimienaenlumsismguauiuglion
(Johnson, 1982, 1987) LLﬁiﬁlumQﬂ%u’ammsnwugﬂu,wmsﬁau‘uaqLﬂﬁanlﬁﬁv’qamu,uu'luﬁuﬁ
Weatu udnsineslaiil gene flow sewiretudahliifansuvansnynanisduiug (Johnson, 1982,



1987; Johnson et al. 1993) uavWuiisfiulaeiiluimesiifiudenioussfuinasusniudiunuas
1in  egwlsimuluvisavesmnunlulaniswauey 11 anafinudnwarnsSeuasauuy
(dimorphic coiling) (Asami, 1993) usidwlngiinasfuruareliniu  aviiusfismessiulidfana
Amphidromus whiufiwuseudrowarSousnduliwiaendusuassiafu
Usawrlnedshioglunioutuiuaudges  Suluuinaiiitedemamenmisereny
anwmummw-ﬁmé’mﬁasauﬁmaamﬂunnduma‘] Tuussamvesmnundinuluysumelnewuiing
fodveguuiuuazuuiulyl  Taevewiulifana  Amphidromus  imsunsnsvasluuouieidy
nzTupenidesls lulssinalvedisteauegUssann 12 9l (Sutcharit, 2005; Sutcharit and Panha,
in press) wesluanailiinuansdnvasivannmansvesddunarnmsioureaudonduiniiugy wavil
fommdiagldlumsdnwnalamediaunmsluguuuuding  wazainnisdnuidiemealialusily
Woswumuimendoudouasivurnannsanauiuiiuuanin gene flow sewifuildl (Clarke et
al. 1969; Johnson et al. 1993) Famsiisuiniuveavdonosliliidutedialunmsutusnyin
vowesluanail uenanid A glaucolarynx FauansmudiiudmensiTaunmsihisonadsiy
msdadwunuuuiRnuasSailnnuunnmemaiugnssuiianansaseneenuiudnanatesiisls
nsdsuiiuanastureydenvesiirudduasiiliiin  speciation  lumesymnunlsl
(Gittenberger, 1988; Ueshima and Asami, 2003; Davision et al. 2005) Lﬁaamﬂmiﬁau%’wﬁa
Geurnlalldusngidonifissesnaiuntidmalietoizaeludg eilufiamendudeen
fushe  Sednwasdindniazdmalivesiifiudonvmussiuliannsonauiuiiulfnszdoadn
vassvuvdAvWugegAuasauiu (Vermeij, 1975; Asami et al. 1998; Ueshima and Asami, 2003)
stlsinufissanuimesiGennsiemiduiinasnunisuaniuginutusswindhiifiudeniou
Fwuaziourn (interchiral mating) WWussnimwandifiugonnsauuy (Asami et al. 1998) fowail
Fwedanalidnuay dimorphism Usnguazeseylsluvesana Amphidromus & egndlsfinmus
msdhRsmumsnaiuiveveslusssmAdululdendnimesiniihwsFinunussnn - 34
B fnfuiBmansaevauyiigiudesnsuanuisulusywinszensdoudeudourmanansal §
mAeneieinmemnalusfusasidueiomny fiuinmsinyinisnszaesvesssringi
fdendiowieiuures A inversus wuiniinsnssaedaduioiefilivvsentuiieg
Anwludszrnsisivunmdn (Goodacre and Wade, 2001; Schilthuizen et al. 2005) wiptnalsf
mumsfnwiineingszannsdingm flianseydimsuiuenlunsiuiuuasinasadioma
Wugnssuluseiuvssrnsld  uenaniinsmegvesdnenelvudreuazdourainuldveslunes
sulsiana Amphidromus 5&'}’&1@m'sﬁnmmqﬁuqﬂﬁﬁ[u'ﬁw‘\’wsxmﬂs (population genetic)
msfnwadaiidon A elaucolarynx wildluntsdnwuilessn A slaucolarynx \Huvey
wesiinierlunguremesSoudedaliogusvann 40 win waynUMIBuTRUFenisinauaz
(Pilsbry, 1900; Laidlaw and Solem, 1961; Solem, 1965; Sutcharit, 2005) %aé’nwmzmsﬁauvﬁg@
apawvuifnsusngiiesiinsnlasdnvusiournasdes woluaulufianmdedumendoudod
miloutvesiinduluanagosifieatu msfnudeyarnuiiveatdonivudiouaziourinuluusias
Ussanstsmansaiuuliumsnadiauinisues A elaucolarynx T1astuliluiienila §ided
guladnulassaiamaiugnssu (genetic structure) wagnsuUwmunIaNsaUNLG (reproductive
solation)  luuszensiihadendoudrouasiounlngds  enzyme  electrophoresis  hay



microsatellite marker Inowptin  allozyme  @WNSOASIABUNSTAIHILEY  AULANRIIYNG
Wugnssusewinssnnslen  werhifitedovesdsindoninging  dwiuwedin  microsatellite
AINSONTIANRLLUSINOWUGNS Y (genetic variation) Tiwuiisadntfesldd Anwilaseaiiama
Wugnssu (population genetic) warAIMUUANAIMIIRUGNISU (genetic distance) VoIUsTEINSLHR
wasenusailisuvisussiuresanuiuudsmanugnssunsludsemnslafdndne . winih A
glaucolarynx anusauananganssuntsiauduiu (interchiral mating) éaziunesoushowas
NIUTNAIRNEd gene pool 5

nguszasnvaslasenis

d o hod € o C\' (= 4 i 1 i
WefnsAuvanviasremesnun uaslinWuginumiziu UinuwuNves an.as. (Wu wjine
wawans Weuidiiasnsel sunevernll sudniilaiunden uashuidus)
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MitsssumAuuwiuAuImgLas U LmEe Sy 11 my Ssdulneduiuitiegaels
MIguaTeINDWINZe wariuiousny dmsulunsnuadeiflfjatiuinuininisuasars luwe
Sunednity Yaunvays Sauiimiinsuarasiiuiilunshiuguaresguinedniiu Ussney
Wisnsdesluginnuenia 20 e Fansdrsranesmnuniflddrsianesmnalngfdu 11
iy WesniumeAtiuivlidreutsanysal ftuflegendomnyandmiumesmnun uasda
Lignynsnimifuszeznaiun venvnidaiuuvdeydndwusnssuremesmnunngusneg T
80

1433 n151fiuReE1 1Y hand-picking Tneiiunesmuialngq uasyurmdn sauaveslaid
wieniiwuuuitu vusull snfiefinesiunuuazusuliiy wWisnuasiiiulfaz dwdeinany
azomwazislinis asemdeiveimani Tamnaavlignsoadufviegiadliluffis funanu
SITYFING MWW TBIINTINEFE euTilTiamEsnasiomTeineimans lutusu udaae
indnssuumailivben (relaxation) 1218 Falus wdnhwregretuluiuinulilu 70 %
uax 95 % edauoanoaed aliulildlumsfinyvms meinemansseuuAuiug uas ONA sioly
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1. nmsfivsegavesninun muﬁuﬁagmﬁ’wﬁnmawaumnunmn*ﬁuﬁmm aw.as. lumjine
wavans waus uienden vayd uar wrieiious-govuma nsloa ngouy3 Aildnwae
yosthuasiSeudfisuaumainuans Wesnussivuazsiiavesthlll wassediuainugaves
AT SinareriaiuguamesynnUNYIAY

2 Auimlimzaauans vaud Wvhmsdsenuiieauy 11 meldun inisusn inzuanans mme
929 1z gl imsmdon 1ngiu 1nEndannana inwansid Inenszuou waz 1M



AsM (Mus1earulasanisn Tl 2555) Muilvnder says uay Muiaous-seaanun lns
ToA N1QYauYI '

3. msInunalddlinsisuisuiuietesediuiasiietnadunuy (type specimen) u
win wiseteiivlsliifeAnudnuusdugu Tnotfulluweanssed 70 %  waufiu
fhegndumianuvutudedt -80 pam welfifuunasdoyameiugnssuvemesmnunlu
Uszineuaziimaleiiuns Tueanideudla

0. Fwhgudeyammmarnmansvemesmnunluiufivainizuass vaud Muivndor sayd
was goau1ve Wslea n1gauys lavdaiuidudiegnignaduasdagrssiuwuulily
FfsfunanusssuTEIMEIWiaInsaiiv inendy Weliininemansannsadifauas
inAnwlalunends

5. hdeyasnmsifuiieiediliimuninataadiiugsensinihdugudeyainasguuay
Invinguteya DNA Barcoding wasvesmnunvatine lnsdauuiunsigiu IUCN (World
Conservation Union) witeldlunisuimsdamsminensvesliianustlomigegaunuszme
sty

MsmunaUTe
nM3IRTnunalFdlgnsiuis Ui uiufiied 919D e SR LU (type specimen) Tu
win wishegramiulaliiednudnuausdugu leadiuliluweanssed 70 % waziiuseyied

o " 8 o - v ) v w a
wiluuugundan 80 o iweldiluunasioyavnsiugnssuvemesnnunluusemeauaziinia
wdynz Jusonidoals

L heshaesldnsuunal@dufususuenmssndmsn  FadunsAnwandesisly
Vsealnaudnvg  wazannsinuluiuiidhadoaty vsavamih an AN uax
1aTy (Godwin-Austen, 1882-1914; Dall, 1897; MéUendorff, 1901, 1902; Gude, 1903;
Blanford & Godwin-Austen, 1908; Solem, 1966; Panha, 1996, 1997; Sutcharit & Panha,
2008)

2. BuffumsdwunalFdiumetaduuy (type specimens) Fogluiifisinmaniusssumd
Ineiduanuivdnlufivinnmetiwusuuremesmnunlugiimaeidons fusenidosls
WUy
AMNH, American Museurm of Natural History, New York
BMNH, The Natural History Museum, London
MNHN, Muséum National d'Histoire Naturelle, Paris
NMNH, National Museum of Natural History, Smithsonian Institute, Washington D.C
NMW, National Museum of Well, Cardiff
NSMT, National Science Museum and Technology, Tokyo
RBINS, Royal Belgian Institute of Natural Sciences, Brussels
RMBR, Raffles Museum of Biodiversity Research, Singapore



SMF, Forschungsinstitut und Naturmuseum Senckenberg, Frankfurt, a.m.
UMZC, University Museum of Zoology Cambridge, Cambridge

ZMA: Zoological Museum of Amsterdam, The Netherland

ZMB, Zoological Museum of Berlin, Berlin

ZMUC, Museum of Zoology, University of Copenhagen, Denmark
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themwreyyndTinuarduiinteyanisusnigy amae dduuusiives uiuwh uasdnemg
29U INAIUNIN wislflumsusseednunzuasiiisuifioumiuuanswazamnuiunds
JEWiUsEYNs '
thegiildunifiuinuiie 70% woanesedioliAinwinmeinmamaniseuuduig uas
shegaBndruanfiuinmlii -80 °C wiplflunsfing DNA uat allozyme rsly _
AnwUisuifisunnuuanasveseTuivduiudnes dugiuinenvesquivalst wavdiues
Jedeatrauden vemesuwiazdsemnsiiny
uigoutearINANEUFNINE Y MMBULIUGDNLSN (protoconch) warannalyuu
Fawden smondos SEM (Scanning Electron Microscope) fednwaswaniinzdnnseuly
MM YRV InvRMeY
afnwsuiudie NaOH wedinundugiuiver graitu wazmudunlsvesdiulunesusiunaail
WUAIENABY SEM (Scanning Electron Microscope) WagunuIvIALUANG AL A IUAULS
TuvesusiazUsesng
Manmedoirduiug gufvalsl wezeToavddyanee wu dauda dou wilen i way
daibounaaudn euszneumussssdnuamUounauanensEr e Busy aldA
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1.

afanswugnssuidu vindededauni (foot tissue) waaiag1alagly DNA extraction kit
wia phenol-chloroform extraction Doyle and Doyle (1987) uazasivaoulsuiniuas
AunMYRIREuLeTiaeliie s Gel electrophoresis

ihiduefiatalduvih Polymerase Chain Reaction (PCR) ImgldfuieSesmuismdue
Usuinvlularewa3e (mitochondrial DNA) delfinsnnuyimamesmeidueimene

3 A5I9ARUUTIUMAZANNNUBNERSUTTLAINUGASEY  (PCR product) ey Gel
electrophoresis wavth PCR product #ififinenmmupsusazdregisluvilidavdgeduladld
PCR Purification kit wazyimssuamuihadlolnaresaisidue (DNA sequencing) 1ne33
Automated DNA sequencing

Aeseidsuiinadlolvamelusunsy Clustal W (Thomson et al, 1994) uazuwusHam
AMLEIRUSMNIABI TUINSMBIS Maximum parsimony (MP), Neighbor-joining (NJ) uay
Maximum lkelihood (ML) seluswnsy MEGA (Kumar et al, 2008) uaz PAUP version
410 (Swofford, 2002) uBNYINGENYIMSIATIEAAMAINVaIBYNARUENSTY  (Genetic
Diversity) weseunglualddiieadume Tagawihmsiesssitanelulssnnidieiuias



5eINUsEEINs TneagAuIuMl mtDNA haplotypes (h), haplotype diversity (hd) (Nei,
1987), nucleotide diversity (7T) (Tajima, 1983), total number of mutations (m) and mean

number of pairwise nucleotide differences (k) laglglusunsy DnaSp version 4.50.3
(Rozas et al., 2003).
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nnifesar 90 vewesmnunduminifuRisuasmwnluliduoms dufivdadunnting13s
Snunossofuemiieldifoudenduoms  lusmnuilfinuldives feweslursdventingr wdo
woodonides  (Streptaxidae  Gray 1837) dnvardrdiyremensdiie  wWienfuumidn
nheszne 5-10 fiefwms Tdvngu wWienddudsunssonGneiewdadn wuiagunsuuy
Wt (eccentric shape) Snildduanlasundndesdousuddunaty weslurdisiaumainyia
fouthaunn fimsuninszanewuldumunmnvivilandsegiulistnueguszann 96 ana fiiun
Wermomestinainulunoue@ons uoenidoslsnaun azgninliluana Streptaxis Gray 1837
uviviamtﬁaﬁnWSLﬁw‘haU'Nu,azﬁmsﬁn‘mLU’%UULﬁau‘lﬂa'l%'a?nwmwaagww JUTavenuFenuay
Huvuwden vildsuuuunsinsuunvestindifirugnaesuasiamuninndy Tnoidunestnaiiny
TuwmeidoneSuoenidoslsiilszunu 16 ana Fwszvelveiiswauey 8 ana Ao Digphera,
Discartemon, Haplontychius, Odontartemon, Oophana, Perrottetia, Sincennea uWay
Stremmatopsis %q{]wﬂ’ummi’maaunsuﬁswu«uawaaﬁ’néw'luﬂszmeﬂwaﬁv’unsz%’ﬂnssmaaq’lu
miAmwerIANTIREy  YlinguueseninaniléisunmsAnwliesusnaniifededifaues
vt wildd@nu sl D. collingei (Sykes, 1902), D. discus (Pfeiffer, 1851), D. numus
(Laidlaw, 1929), D. klongensis Panha, 1997, D. platymorphus Jutting, 1955, D. plussensis
(Morgan, 1885), D. roebeleni (Moettendorff, 1894) waz D. sykesi (Collinge, 1902)

msAnviiefuenmamanatddvemesluvsandlnelasaulnoty sy iareutraduios
50-60 ¥ Tnsldisrununedevesdnisnmnmesilull a.a. 1938 wio w.a. 2081 (Suvathi, 1938) usd
dossnifuailuszezusng  Lildfinmsifvieselidundngu  FeddldnsAnuluszezusniide
adveginn soxnnguvementihialulsemalnglsiunisAnelngumiwesiu (Brandt, 1974) Tl
ushedmesideimesdudvuesovasshilinnnniy 500 @UFd  wdwandunsinw
RenfurnurannadddvesdmisimannesmnunisléSuduiu (Panha, 1996; Panha and Burch,
2005) Fel¥srumuiosnaesnnunkaz v INTETe NN 200 aUTdE dwmdunisfnyidieatu
woenziansEInnsEaeweauAIsItY Habe (1964) way Abbott (1998) wusiu winidunisfinm
Taggnainenduas  duuinaslunaurewindayiveynineusndy Singy  Liseiuaus wa
Bt wesiy wavansgeusn TnsawsUsammiout uiiinuiisetuyssmealny uasan
WHumaniauveswfingSunnsneg  Iidnwimetnamnmindetuubuasefiiudoraamns 7
Wumadnunludszmelne Savinlinesanfuuauasiy L’éutﬂuﬁiﬁ’ﬂuﬂxLﬁmﬂuaaﬁmmgﬁ'awma
%4

NNNsAnsdugAINEUITIvesunuiiutioaund@siae Amphidromus  glaucolarynx i
dugnAnensuuduiudimeusn uieuargUing) uazanelu Tsewzduuaeuesszuduiug
wemnadundilunesunafiuanates Amphidromus  usgnaninvamesunuiiuteyluanatey
Syndromus  aanaeniglussuuAuiudSadisuuuamedslinulunesassanatestieiy  ns
desnvesdfuuumiuiuuarsUieesiudeiiandnualiamzuasuansmeainvesunuiiuluana
gavduuiu  uenvnidnuuznInuhideniiGeudouasdourlutsvrnadieaty  wiiesd

VUSENSANUNISIAIUIDAU DN RBUUULGET Tatludnunsmuiinananagnuesunatiuviosu




ﬂl Ll L% 1 =< Ady 5 = (Adl ﬂy Ad. L <l
A 1 WasnuesinatuaonlvivivassetTdinulunuiiwiTuaus 1‘1/1‘518?’1 NIEYAUYI



psr

FnulufuiinTavs nsles mogauys

ANA 2 EﬁsmﬁuﬁquawaﬂﬁndwﬁanLﬁmﬁaamaﬂ‘“ﬂaﬁ



d o/ ) a v = c‘l’
M319A 1 uananesn A glaucolarynx Miulauazlglunisfinmesal
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anates Syndromus Fmnvdiafiwudenssdoudefivauude Ussneufudeniiune fwune
dingeUszana 2.5-3 wu. Saandannvesunviuluanates Amphidromus Wapnun Snnsilug)
awseana 4-7 su. fmednvarduguinofiduendnvalinandieiu fhidansesuunmesun
wiutisrundsiseenifuanadeslvel uenaniifeyaninarmduiusandimuinssaivayuai
Wuendnuaiiang

cumz Species Locality Dextral| Sinistral [Specimens
-
2238 A. garynx 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
i Petchaburi
2242 A. glaucolarynx | Pala-u Waterfall, Petchaburi 1 shell
2243 | A. glaucolarynx [ Lod Cave, Paye District, 2 shell
Maehongsorn B
| 2244 A. glaucolarynx | Erawan Waterfall, Kanchanaburi I 1 shell
2245 A. glaucolarynx | Erawan Waterfall, Kanchanaburi 2 | il shell
2246 A. glaucolarynx | Prakayang Cave, Kra Buri, Ranong 2 shell
2247 A. glaucolarynx | Pa Charoen Wterfall, Tak 1 shell
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. claucolarynx | Thee Lor Zoo Waterfall, 1 3 shell
L Umpang, Tak |
2255 A. glaucolarynx | Tubsathorn, Kanchanaburi 2 . 2 shell
2256 A. glaucolarynx | Sai Yok Noi Waterfall, Sai yok, 1 shell
Kanchanaburi
2257 A. claucolarynx | Tubsathorn, Kanchanaburi 1 3 shell
2258 A. glaucolarynx | Tubsathorn, Kanchanaburi 17 17 shell
2259 A. glaucolarynx | Ban Krang, Kaeng Kra Jarn 6 4 shell
National Park, Petchaburi
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2260 A. glaucotarynx | Prakayang Cave, Kra Buri, Ranong 18 shell
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
{%6 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 aq 4 shell
2269 A. glaucolarynx | Hin Tok Station, Chong Khao 7 7 shell
Kad, Sai Yok, Kanchanaburi
2270 A. glaucolarynx | Hin Tok Station, Chong Khao 10 10 shell
Kad, Sai Yok, Kanchanaburi
2272 A. glaucolarynx | Kanchanaburi 1 shell
2319 A. glaucolarynx | Ban Hui Hin Fon, Mae Sod, Tak 1 2 frozen
2328 A. glaucolarynx | Pong Pu Ron, Thong Phapoom, 1 frozen
Kanchanaburi
2395 A. glaucolarynx | Hin Tok Station, Chong Khao 2 14 shell
_ Kad, Sai Yok, Kanchanaburi
2396 A. glaucolarynx | Hin Tok Station, Chong Khao 1 shell
Kad, Sai Yok, Kanchanaburi
2398 A. glaucolarynx | Hin Tok Station, Chong Khao 6 shell
| Kad, Sai Yok, Kanchanaburi
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
Kanchanaburi
2463 A. glaucolarynx | Huy Kayang, Thong Pha Phum, 8 6 wet
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Kanchanaburi
2467 A. glaucolarynx | Pong Pu Ron, Thong Phapoom, a wet
Kanchanaburi
2069 A. glaucolarynx | Kaeng Kracharn National Park, 2 wet
Petchaburi
2076 A. glaucolarynx | Pong Pu Ron, Thong Phapoom, 5 8 wet ]
Kanchanaburi
2482 A. glaucolarynx | Prakayang Cave, Kra Buri, Ranong 1 wet
2485 A. glaucolarynx | Hyu Ya, Tak 1 1 wet
2497 A. glaucolarynx | Khao Wang Kamen, 1 5 wet
Thongphaphum,
Kanchanaburi
2498 A. glaucolarynx | Hin Tok Station, Chong Khao 1 4 wet
Kad, Sai Yok, Kanchanaburi
2499 | A glaucolarynx | Hin Tok Station, Chong Khao 7 8 wet
L Kad, Sai Yok, Kanchanaburi ]
2500 A. glaucolarynx | Hin Tok Station, Chong Khao 20 29 wet
Kad, Sai Yok, Kanchanaburi
2502 A. glaucolarynx | Prakayang Cave, Kra Buri, Ranong 4 wet
2503 A. glaucolarynx | Hin Tok Station, Chong Khao 3 1 wet
| Kad, Sai Yok, Kanchanaburi
2504 A. glaucolarynx | Hin Tok Station, Chong Khao 13 19 wet
Kad, Sai Yok, Kanchanaburi ]
2505 A. glaucolarynx | Chong Khao Kad, Thong 2 wet
Phaphum, Kanchanaburi
2506 A. glaucolarynx | Kaeng Kracharn National Park, 1 wet B
Petchaburi
2507 A. glaucolarynx | Hin Tok Station, Chong Khao 4 wet
Kad, Sai Yok, Kanchanaburi
2508 | A. glaucolarynx | Hin Tok Station, Chong Khao q 2 wet
Kad, Sai Yok, Kanchanaburi
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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ATARUIN

New Subgenus and New Species of Amphidromus Albers, 1850 from Thailand
(Pulmonata: Camaenidae)

INTRODUCTION

Many species of the tree snail genus Amphidromus Albers, 1850 have attractive shells
exhibiting of especially diverse colour patterns and the polymorphic shell coiling
(Schilthuizen & Davision, 2005; Schilthuizen et al. 2005, 2007; Sutcharit, 2006; SQitcharit &
Panha, 2006b; Sutcharit et al., 2007). Most recent documents dealt with the systematic
shown the well define characteristic of species in each subgenera (Sutcharit et al. 2007).
Several workers (Pilsbry, 1900; Zilch, 1953; Laidlaw & Solem, 1961) have approved that the
subgeneric classification of Amphidromus is satisfactory in almost species, but some of the
species are still inadequate due to the low abundant and little information known. Previous
conclusions on molecular phylogeny by Sutcharit et al. (2007) provided a new insight on the
systematic knowledge of Amphidromus s. str.

Traditionally, a small and thin amphidromid shells were assigned to the subgenus
Syndromus Pilsbry, 1900. However, it has been known or at least suspected that
Amphidromus (Syndromus) s. L. is not monophyletic, which a number of species were
assigned into uncertainty subgeneric classification (syndromus-like taxa) (see Laidlaw &
Solem, 1961). Although, doubts having been expressed concerning the monophyly of the
uncertain classified subgeneric species due to detailed studies on genital anatomy of them
are still lacking. Though there have been contradicted, attempts to classify the subgeneric
position within Amphidromus.

Most recent studies place A. glaucolarynx into syndromus-like taxa (Laidlaw & Solem,
1961). However, mitochondrial phylogeny of Amphidromus indicates a rather distant
relationship, independent evolution of A. glaucolarynx to any other named subgenera and
agrees on the monophyly of the lineages at the subgeneric level (Sutcharit et al. 2007).
These species processes characters that allow the animals to be classified in the new
subgenus closed to both subgenera. It was clear that of the shell variation revealed that
there was one more addition species. As these two species, A. glaucolarynx (Dohrn, 1861)
and this new species are most closely related. The description of the new subgenus offers
new systematic insight, because it shows characteristics of the ancestor of the genus.
Therefore, we proposed to classify the two species into a new subgenus. Amphidromus
(Periallodromus) n. subgen. is sister taxa to both subgenera and this sister taxa relationship is
strongly supported by conchological, anatomical and genetic data. This paper, we introduce

and describes in morphological and anatomical detail of the new subgenus. The new
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subgenus is comprised of one new species and one other species, which all newly described
anatomy and radula.

MATERIALS AND METHODS

Specimens were collected from throughout Thailand as follow the previous records and
included several additional localities. The living snails were drowned in water and fixed in
70% for anatomical purposes. The radula was examined using scanning electron microscope
as follow Sutcharit and Panha (2006). Dissections were carrying out under binocular
microscope. The number of whorls was estimated to the nearest eight of the whorl. Intact
adult shells were measured for whorl number, shell height (h), major diameters or shell
width (d) using digital vernier calipers (Mitutoyo, CD-6 CS). Shell height/shell width ratios (h/d
ratio) were calculated as a measure of shape to reduce the dominating effects of overall
size (Pilsbry, 1939, Kerney & Cameron, 1979).

We use the term “proximal” for the region, which closest to the genital orifice and
“distal” for the region, which furthest away from genital orifice. The following abbreviations
are used and as defined by Bishop (1977), Solem (1983) Sutcharit and Panha (2006b): ag,
albumin ¢land; ap, appendix; at, atrium; e, epiphallus; ep, epiphallic pilaster; evd, fl,
flagellum; fo, free oviduct; g¢d, gametolytic duct; gs, gsametolytic sac; hd, hermaphroditic
duct; hg, hermaphroditic gland; ov, oviduct; p, penis; pp, penial pilaster; pr, penial retractor
muscle; pv, penial verge; pvo, penial verge opening; ta, talon; v, vagina; vd, vas deferens; vp,
vaginal pilaster. The direction of shell coiling for the material examined is indicated by: D,
dextral and S, sinistral

Institutional abbreviation: Registration numbers all refer to collections of the Chulalongkorn
University, Museum of Zoology, Bangkok, Thailand (CUMZ), unless otherwise stated.

BMNH, The Natural History Museum, London;

MNHN, Muséum National d’Histoire Naturelle, Paris;

SMF, Forschungsinstitut und Naturmuseum Senckenberg, Frankfurt, a.m;

RBINS, Royal Belgian Institute of Natural Sciences, Brussels;

RMNH, Nationaal Natuurhistorisch Museum Naturalis, Leiden;

UMZC, University Museum of Zoology Cambridge, Cambridge;

ZMB, Zoological Museum of Berlin, Berlin;

ZMUC, Zoological Museum, University of Copenhagen, Copenhagen.



21

SYSTEMATIC ACCOUNT
Genus Amphidromus Albers, 1850

Subgenus Amphidromus Albers, 1850

Type species: Helix perversus Linnaeus, 1758; by subsequent designation of Martens in
Albers, 1860: 184.

The genitalia and radula morphology of A. (A.) perversus see Solem (1983: figs 8-13, 20, 21),
and Sutcharit & Panha (2006b: figs 5, 6).

Subgenus Syndromus Pilsbry, 1900
Type species: Helix contraria Muller, 1774, by subsequent designation of Zilch, 1960: 623.

The genital anatomy and radula morphology of A. (S.) contrarius are examined herein (Figs
1A, B; 3A-0), and Wiegmann (1898: pl. 15, figs 12-17).

Subgenus Periallodromus n. subgen.

Type species: Bulimus glaucolarynx Dohrn, 1861

Etymology: The new subgeneric name is come from a combination of “periallo” (Greek)
meaning “ancestor” and “dromos” (Greek) meaning “running”. It is refer to the ancestor of

it type species compared to other species in the genus Amphidromus.

Diagnosis: Shell thin, relatively small, conic or elongate conic, shell usually dimorphism or
either dextral or sinistral. Apex acute with dark purplish or black spot. Genitalia
amphidromus type with long epiphallic caecum (flagellum and appendix), appendix always
presence; proximally of vaginal swollen with pouch. Radula with elongate and tricuspid
central tooth and basal plate large.

External features: Living animals have a very long head-foot, undivided sole, brownish to
light brown, and covered with light grayish reticulated skin. Mantle edge is blackish and
mottle gray respectively. Foot broad and grayish with a light brownish margin. Eye tentacles
dark brown at base and becoming lighter with black eye spots on the tips. Head, mouth and
lower tentacles dark brown to blackish (Fig. 1M, N).

Remark: Comparing the genitalia and radula morphology of the new subgenus among nine
species of the nominotypical subgenus (see Collinge, 1901, 1902; Bishop, 1977; Solem, 1983,
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Lehmann & Maassen, 2004; Sutcharit & Panha, 2006a, b), and 8 species of the subgenus
Syndromus (Wiegmann, 1898, 1899; Haniel, 1921; Rensch, 1934; Minato, 1979; Solem, 1983;
Sutcharit, 2006). A new subgenus, Periallodromus can be characterized by longer flagellum,
appendix present and peculiar radula (longer than it width, and the lateral teeth with
tricuspid cusp) morphology; while the subgenus Syndromus have short flagellum and

appendix absent, and the nominotypical subgenus have longer flagellum and larger shell.
Key to subgenera of Amphidromus
1a. Shell small, thin and height usually less than 35 mMMmi........co.ooicec s 2

1b. Shell large, solid, usually uniformly yellowish or greenish, height usually greater than 35
mm and h/d ratio less than 1.85; epiphallus and flagellum long; appendix usually

PIESENT. oottt ettt essesse et et esasess e e Amphidromus
2a. Epiphallus and flagellum short; appendix absent; radula with bicuspid lateral teeth h/d
ratio greater than 1.85 .. Syndromus

2b. Epiphallus and flagellum slightly long; appendix short; radula with tricuspid lateral teeth.
h/d ratio less than 1.85 .o Periallodromus n. subgen.

Amphidromus (Periallodromus) glaucolarynx (Dohrn, 1861)
(Figure 1A-J, M; 2C, D; 3D-F; Table 1)

Bulimus glaucolarynx Dohrn, 1861: 207, pl. 26, fie. 7. Type locality: in regno Siam.

Bulimus schombureki var. fasciata Martens, 1867: 80, pl. 21, figs la, 1b. Type locality:
Petshaburi.

Amphidromus peerieri Rocherrune, 1882: 71. Type locality: Forést de Prek-Scholl, au sud de
Cratate Cambodge. Laidlaw & Solem, 1961: 524-525, fig. 17.

Amphidromus g¢laucolarynx var. fasciata-Fulton, 1896: 90, pl. 7, fig. 3. Pilsbry, 1900: 181, pl.
60, figs 46-48.

Amphidromus glaucolarynx-Fulton, 1896: 90. Pilsbry, 1900: 180-182. Blandford, 1903: 278-
279. Hass, 1952: 24. Zilch, 1953: 132. Laidlaw & Solem, 1961: 524, 525. Solem, 1965:
618, pl. 2, fig. 1.

Amphidromus g¢laucolarynx albicans Méllendorff, 1902: 157. Type locality: Siam. Zilch, 1953:
132, pl. 22, figs 2, 3. Laidlaw & Solem, 1961: 524, 525. Solem, 1965: 525, 598.

Amphidromus glaucolarynx var. perrieri-Pilsbry, 1900: 181-182.

Amphidromus glaucolarynx fasciata-Laidlaw & Solem, 1961: 524, 525, fig. 17.
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Material examined: Lectotype of “glaucolarynx” BMNH 196Q1454 (Fig. 1A), and
paralectotype BMNH 19601455 (2D, 1S; Fig. 1B). The figured specimen in Martens (1867, pl.
21, fig. 1a) is designated here as the lectotype of “fasciatus” ZMB 97685 (Fig. 1C). Holotype
of “perrieri” MNHN (Fig. 1D). Specimen in Mollendorff collection having similar shell
morphology to the original description is designated here as the lectotype of “albican” SMF
28259.1 (Fig. 1E), and paralectotype SMF 28259.2 (1D, 1S). Chieng Kong, LAOS: SMF 28260
(1D). Siam: RBINS Dautzenberg coll. (1D, 1S), BMNH MacAndrew coll. (3D, 25), SMF 28261 (1D),
ZMB Paetel coll. (1D, 15), RMNH Fruhstorfer coll. (1S). Pitsunaloke, Lampun, Siam: BMNH
Blanford coll. (6D, 25). Pitsunaloke, Siam: RBINS Dautzenberg coll. (15). Near Um Pang, Siam:
BMNH 1924.5.26.4 (1S). Kanburi, Siam: RBINS Dautzenberg ex. Frihstofer coll. (2D, 2S), BMNH
1902.9.17.13-14 (2D), BMNH 1910.12.30.23-25 (2D 15). Near Ban Kao, Thailand: ZMUC Johnsen
coll. 3013 (2D). Petschaburi, Siam: ZMB 6392 (3D, 75). Tam Tab Tao, Chaiprakarn, Chiengmai:
4689; Tam Lod National Park, Maehongsorn: 2243;Chao Por Pratupha, Ngao, Lampang:
4683;Tam Pha Bing, Wangsapung, Loei: 4518;Phu Luang Wildlife Sanctuary, Loei: 4686;Tam
Pha Mak-hor, Wangsapung, Loei: 4523, Narm Nao National Park, Phetchaboon: 2265, 4517;Phu
Wieng, Khonkaen: 4015;Wat Po Thikun, Maesod, Tak: 4690;Phra Wor, Maesod, Tak: 2239,
4692;Tam Singha Nang-non, Umpang, Tak: 2399; Tee Lor Zoo Waterfall, Umpang, Tak: 4694,
4695, 2254;Tam Ta-ko-bi, Umpang, Tak: 4693;Taksinmaharat National Park, Maesod, Tak:
4619;Pa Charoen National Park, Pobphra, Tak: 2247;Huy Hin Fon Village, Maesod, Tak: 2319;
Wat Thepsathaporn, Banpotpisai, Nakhonsawan: 4697;Jedkot Waterfall, Muaklek, Saraburi:
4908, 4026, 4031;Erawan National Park, Kanchanaburi: 2244, 2253:Kanchanaburi: 2272, 4902,
2571;Salyok Noi  Waterfall, Kanchanaburi: 4684, 2532;Khao Dong Kamen, Saiyok,
Kanchanaburi:  2267;Charcem Rattanakosin  Nationat Park, Kanchanaburi: 3506, 4901,
4062;Tam Sukho, Sangkhraburi, Kanchanaburi: 4696,Pong Pu Ron, Thong Phaphum National
Park, Kanchanaburi: 4077, 4261, 2262, 2264, 2263, 2540;Pala-u Waterfall, Phetchaburi: 4079,
3501, 4078, 2242, 4522, 2652; Ban Krang Camp, Kaeng Kracharn National Park, Phetchaburi:
4515, 4685, 4501, 4516, 4513, 4514, 2241, 4501, 2259, 2238, 2266, 4909, 4521, 4520, 4524,
4525; Tam Na Kwang, Cha-am, Phetchaburi: 4688; Khao Nang Panthurat, Cha-am,
Phetchaburi: 4912; Tam Rong, Bann-lad, Phetchaburi: 4910; Kuiburi National Park,
Prachuapkhirikhan: 4262, 4512, 4009; Tam Khiriwong, Bangsaphan, Prachuapkhirikhan: 4088,
4519; Tam Phra Krayang, Kraburi, Ranong: 4006, 2260, 2537, 2246, 4687, 4029, 4047, 4911;
Tam Khao Kriap, Langsuan, Chumporn: 4699; Suratthani: 4905; Tam Lord, Khao Nan National
Park, Nakhonsrithammarat: 4084,

Shell: Shell elongate conic, rather thin, usually dimorphic coiling, and umbilicus rimate. Apex
acute with blackish or dark purplish, one to two following whorls with tinted pink. Whorl
littte convex; last whorl rounded; suture wide and shallow. Subsutural band narrow with

greenish colour, and usually paler to disappear on upper whorl. Shell colour with brown or
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dark brown blotch or streaks, and sometime interrupted in middle with whitish band.
Umbilical area whitish and with greenish inside umbilicus. Aperture ovate to little elongate;
lip thicken, expanded, and with purplish colour. Parietal callus thick or thin and purplish
colour; columella straight and with purplish (Figs. A-J).

Genitalia: Atrium (at) short (n=10). Penis (p) long stender with cylindrical shaped. Eiphallus
(e) smaller than penis and as long as penis length; flagellum (fl) short and with short
appendix (ap). Vas deferens (vd) narrow tube extending from free oviduct (fo) and
connected to end of epiphallus. Penial retractor muscle (pr) relatively long, thick and inserts
near distal end of penis (Fig. 2Q).

Internal wall of the penis with corrugated into a series of thickened and swollen
penial pilasters (pp), which form a fringe around the fleshy penial verge. Penial verge (pv)
small, truncate and with irregular surface (Fig. 2D).

Vagina (v) with cylindrical, longer than penis, and series of held in position with series
of thin muscles originating from foot floor. Proximal end enlarged and perform vaginal
pouch (vpo). Gametolytic duct (gd) long and slender, and distally connected to swollen
gametolytic sac (gs). Oviduct (ov) and albumen gland (ag) enlarged, hermaphroditic gland
(hg) contracted, ard convoluted hermaphroditic duct (hd) connected at tip of talon (ta) (Fig.
20).

Internally, proximal to genital orifice, vaginal pouch perform irregular and enlarged
pilaster, which line transverse compare to vaginal pilaster. Vagina wall possesses longitudinal
vaginal pilasters (vp). Proximally with slightly smooth and continuous ridges, and distally
pilasters interrupted by transverse divisions (Fig. 2D).

Radula: Radula teeth arranged in anteriorly wide pointed V-shaped rows, each row contains
about 136 (67-1-68) teeth. Central tooth monocuspid and narrowly spatulate shaped. Inner
lateral teeth tricuspid; endocone and ectocone very small with pointed cusp; mesocone
large, spatulate shaped and with truncate cusp (Fig. 3B). Lateral and marginal teeth
undivided; outer most teeth (near radula edge) with tricuspid in structure, endocone and

ectocone cusps usually split into two or more pointed cusps, and mesocone large with
curved cusp (Fig. 3C, D).

Distribution: Amphidromus (P.) glaucolarynx was primary recorded from Thailand, With some
museum specimens labeled in Laos and Cambodia boundary. The previous recorded of this
species were from Thailand: Lampang, Lumpun, Kampaengpet, Pistsunaloke, Pak Chong of
Nakornratchasrima, Srakeo and Phetchaburi; Cambodia: Perk Scholl (Fulton, 1896; Pilsbry,
1900; Haas, 1952; Laidlaw & Solem, 1961; Solem, 1965). The recent study, however, this
species tended to have chiefly wider distributed than previous records, which ranged from
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Tak, Kampengpet and Kanchanaburi Provinces in the western Thailand; Phetchaburi,
Prachuapkhirikhan, Ranong and Suratthani Provinces in the southern peninsular Thailand.

Remark: Large set of specimens from entire there distribution range, and type specimens of
the nominal species group names, which has been associated with A. ¢laucolarynx were
critically examined. Three nominal species group names: “fasciatus Martens, 1867", “perrieri
Rocherrune, 1882” and “albicans Mollendorff, 1902” had been considered to be the
subspecies or infra-subspecies of A. glaucolarynx (Fulton, 1896; Pilsbry, 1900; Laidlaw &
Solem, 1961). The type specimens of those three nominal group names are almost identical
to the typical A. glaucolarynx, only little differences as shell size and colour pattern are
observed. This differences still in the variation range of A glaucolarynx, which we
synonymies those three nominal species-group names to A. ¢laucolarynx.

There were 15 populations of the species were explore throughout Thailand.
Normally, this species perform dimorphic shell coiling, however, only 2 populations from Jed
Kot Waterfall, Saraburi (370 specimens) (Fig. 11) and Tam Prakayang, Ranong (400 specimens)
(Fig. 1)) tended to have strongly bias with dextral and sinistral shell respectively. However,

there shell morphology and colour patterns show indifferences from the typical A
glaucolarynx.

Amphidromus (Periallodromus) spirularis n. sp.
(Figures 1K, L, N; 2E, F; 3G-l; Table 1)

Type material: Holotype (CUMZ xxxx);, type locality: Wat Thathungna Rittharam, Saiyok,
Kanchanaburi Province. Paratype: CUMZ xxxx; BMNH xxxx; SMF xxxx.

Other material: Hin Tok Station, Chong Khao Kad, Sai Yok, Kanchanaburi: 2240, 2248, 2252,
2258, 2257, 2249, 2270, 2255, 2398, 2250, 2251, 2396, 2269, 2618, 4097; Sai Yok Yai N.P.,
Kanchanaburi: 4698; Saiyok: 4700, 2256; Erawan waterfall, Kanchanaburi: 2245; Kanchanaburi:
4906, 4904; Wat Thathungna Rittharam, Saiyok, Kanchanaburi: 4903;

Etymology: The specific epithet comes from a Latin world “spirula” meaning spiral. It is
referring to the prominent brownish spiral band on the last whorl of this species.

Diagnosis: Amphidromus (P.) spirularis n. sp. differs from A. (P.) glaucolarynx by having ovate
last whorl, pale yellowish green subsutural band and with unigue continuously brownish

spiral bands on last whorl. The genitalia with slightly large
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in addition, this new species differs from A. mouhoti (Pfeiffer, 1861) in shell, genitalia and
radular morphology. The latter species tended to have greenish radial streaks and conic

shell, genitalia with long epiphallus and flagellum, and radular with unicuspid central tooth
and bicuspid lateral teeth (Panha unpub. data).

Shell: Shell slightly small, dimorphic coiling, oblong-conic, rather thin, umbilicus wide. Apex
acute without black spot, suture shallow and wide, whorls slightly flatten and smooth, and
last whorl angular at periphery. Ground colour is yellowish. Last whorls covered with closer
oblique green radial streaks and the greenish pattern usually faded on spire. Subsutural
band is absent or some time with dark green. Aperture is ovate to elliptical shaped,

columella perpendicular and straight. Parietal callus thin, lip white, peristome widely
expanded and little reflected.

Genitalia: The atrium (at) is long (n=10). The penis (p) is short with swelling at penial verge
base. The distinguish characters are the long eiphallus (e), flagellum (f) and a long narrow
appendix (ap) present. The vas deferens (vd) is a narrow tube, extending from the free
oviduct (fo) to epiphallus. The penial retractor muscle (pr) is relatively long and inserts near
the distal end of penis (Fig. A). External morphology of female genitalia and internal

sculpture of penis vagina, and epiphallus closely resemble to those of nominotypical
subspecies (Fig. 2E, F).

Radula: Each row contains about 132 (66-1-65) teeth. Central, lateral and latero-marginal
teeth similar to those of A elaucolarynx (Fig. 3G-l).

Distribution: This new species is known from many localities in Kanchanaburi province
western Thailand.

Remark: This new species is mainly differed from A. (P.) glaucolarynx having much smaller
shell, last whorl large and ovate, and colour pattern with spiral band instead of blotch band
as in the A. glaucolarynx.

The snail in this subgenus and the subgenus Syndromus (Panha, personal
observation) having similar strategy on laying egegs in the hole. While, the nominotypical
subgenus such as A. (A.) atricallosus and A. (A.) palaceus \ay there eggs in the nest, which
the snail can build the nest by glued two leaves to make a nest (Palavicini, 1921; Sutcharit &
Panha, 2006b). Two cases of laying snail were observed after the heavy rain. Snail lays eggs
by inserted the anterior body in the hole of the tree or loose bark (Fig. 1N). Eggs are
globular, whitish, with soft and flexible shells, 2-3 mm in diameter and glued to each other
in the socket of nest site with mucus. The number of eggs in the cult is about 20-30 eges,
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although the nominotypical subgenus produced eggs 100-230 eggs in single cult, however,
the cults size is proportionated to snail size.

CONCLUSION
Systematic affinity of Amphidromus (Periallodromus) n. subgen.

The genus Amphidromus was proved to be monophyletic, which consisted of three major
distinct lineages. Two of them are clearly corresponded with the traditional subgeneric
division: the nominotypical subgenus and the subgenus Syndromus (see Sutcharit et al.,
2007). The last one fall into an independent clade that included only A. glaucolarynx s. L.,
which now recognized here as independent subgenus Periallodromus. The mtDNA 16S rRNA
gene phylogeny by Sutcharit et al. (2007) and receht anatomical data showed that the
subgenus Periallodromus is derived from the most common ancestors of the genus
Amphidromus, and could not placed in neither nominotypical nor the subgenus Syndromus.

The systematic position of the subgenus Periallodromus within the genus
Amphidromus is possibly the most basal to those other two clades. Traditionally
Amphidromus (P.) glaucolarynx, type species of this new subgenus, have been associated to
the subgenus Syndromus s. L., because of the similarity of there shell morphology (Pilsbry,
1900; Laidlaw & Solem, 1961). However, the shell morphology and the genital characteristics
were applied to distinguish between the subgenus Syndromus s. . and the nominotypical
subgenus as well. In contrast, the nominotypical subgenus has larger and thick shell, varix
usually present, and genitalia with long epiphallic caecum (Pilsbry, 1900; Laidlaw & Solem,
1961; Sutcharit & Panha, 2006b). In consideration to the subgeneric relationship, the
elongate conic and variegated shell colour pattern, arboreal habitat, spatulate shaped of
radula, and chirally dimorphism could be common characters among those three subgenera
of the genus Amphidromus. The gouge shape with wide central teeth of radula and much
interval of the lateral teeth in the subeenera Amphidromus and Syndromus may support
their having a close relationship. The medium length of epiphallic caecum, long gouge
radula shape, and much closer of lateral teeth are possibly the distinctive characters of the
subgenus Periallodromus. The large shell size, monochrome colour, long flagellum, thick
shell, varix usually present and the parietal callus usually thickened are probably the unique
characters of the subgenus Amphidromus. With the anatomy of the type species of the
subgenus Syndromus examined here, the difference of the subgenus Syndromus from the
subgenus Periallodromus are the secondary derivation of sinistral shell coiling, with short
flagellum, and missing appendix. These support the distinct subgeneric position of the
Periallodromus from other two subgenera, Amphidromus and Syndromus. The characters of
shell coiling, genitalia and radula structure are considered as apomorphies supporting a
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distinct lineage of the subgenus Periallodromus. Shell coiling of the subgenus
Periallodromus show the coexisted of left- and right-handed individual in every population,
a feature not found in the subgenus Syndromus. The fixed with left-handed shell coiling,

and the very short terminal part of male organ (epiphallic caecum) seem to be there
apomorphy.
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Table 1. Comparative characters among those three gubgenera of the genus Amphidromus,
and it type species are indicated in parentheses. Superscript numbers indicate the sources of
information: 1[Jacobi (1898), Collinge (1901, 1902, 1903), Lehmann & Maassen (2004), and
Sutcharit & Panha (2006a, bl 2[Wiegmann (1894, 1899), Sarasin & Sarasin (1899), Haniel
(1921), Rensch (1934), and Minato (1979)]; 3[Pilsbry (1900), Laidlaw & Solem (1961), Bishop

(1977), and Solem (1983)}; “Sutcharit (2006).

Characters

Amphidromus b a
(Helix perverfa Linnaeus,
1758)

2,34
Syndromus

(Helix contraria Miller,
1774)

Periallodromus *
(Butimus glaucolarynx
Dohrn, 1862)

Shell shape and

elongate conic, h/d ratio

elongate conic, h/d ratio
grater than 1.85; usually
variegated colour and

pattern, varix absent

elongate conic to ovate,
h/d ratio less than 1.85,
variegated colour and

pattern, varix absent

small to medium (height
20-40 mm); thin and
fragile

small (height 20-30 mm),
thin and fragile

colour less than 1.85; usually
monochrome colour,
L varix usually present
Shell size and medium to large (height
thickness 35-75 mm); thicken
Shell coiling usually dimorphic coiling
Genitalia very long epiphallic

flagellum

sinistral coiling

usually dimorphic coiling

very short epiphallic
flagellum

intermediate length of

epiphallic flagellum

Radula teeth
shaped

central tooth broad, inner
lateral teeth bicuspid

central tooth broad, inner
lateral teeth bicuspid

central tooth narrow, inner

lateral teeth tricuspid

Lateral and

marginal teeth

wide gap in (ateral and
marginal teeth

wide gap in lateral and
marginal teeth

teeth closed in lateral and

marginal teeth
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Table 2. Shell size variation in A. (P.) glaucolarynx and A (P.) taeniochlorus n. sp. Catalogue
numbers of specimens are indicated in parentheses.

‘ Number of i
Species, Locality and CUMZ © Ranges, Mean + 5D in mm Whorl
adult shell
nos. . Shell Height { Shell Width h/d Ratio Ranges
examined
A. (P.) glaucolarynx
Jedkot Waterfall, Saraburi 87 24.46-30.66 14.01-17.72 1.54-1.94 6147
4-
(4031, 4908) 27.65+1.34 15.57+0.61 1.78+0.08
Tam Rong, Phetchaburi 25.62-36.39 15.64-19.91 1.6-1.96
20 6%-TY
(4910) 31.73+2.52 17.71+£1.15 1.79+0.09
Kaeng Kracharn N. P,
Phetchaburi (2241, 2259,
23.24-33.35 13.49-18.82 1.34-1.91
2266, 4501, 4513, 4514, 225 6v4-7
28.16x2.27 1592+1.03 1.77+0.07
4515, 4516, 4521, 4524,
4685, 4909,)
Tam Phra Krayang, Ranong 22 21.13-28.64 13.56-15.90 1.49-1.88 & Y4 -7
i -
4911, 4029 24.80+1.63 14.69+0.56 1.69+0.08
Tam Na Kwang, 25.57-38.56 16.17-20.67 1.58-1.96
12 6%-T'
Phetchaburi (4688) 33.33x3.72 18.18+1.38 1.83+0.12
Pong Pu-Ron, Kanchanaburi
20.90-28.68 12.48-16.14 1.58-1.90
(2261, 2263, 2264, 2328, 36 614-7
24.75 +1.86 14.45+0.91 1.71+£0.07
2540, 4077, 4261)
A. (P.) spirularis n. sp.
Sai Yok Yai Waterfall,
) 17.14-22.77 11.50-14.29 1.43-1.72
Kanchanaburi (2256, 4698, 13 5%-6%
19.86+1.63 12.49+0.79 1.59+0.10
a700)
Hin Tok Station, Chong
Khao Kad, Sai Yok,
Kanchanaburi (2230, 2239, 158 18.26-25.49 11.35-15.01 1.40-1.77 537
h-
2240, 2248, 2249, 2252, 21.24+1.31 13.26+0.65 1.60+0.07

2255, 2258, 2257, 2270,
2398, 4906, 4907)
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Figure 1. A-J. Shell of Amphidromus (Periallodromus) glaucolarynx: (A) lectotype BMNH
19601454, (B) paralectotype BMNH 19601455, (C) lectotype of “fasciatus” ZMB 97657, (D)
holotype of “perrieri” MNHN, (E) lectotype of “albicans” SMF 28259, (F) specimen from Mae
Sod, Tak (CUMZ xxxx), (G) specimen from Thong Phaphum, Kanchanaburi (CUMZ), (H)
specimen from Kaeng Kracharn, Phetchaburi (CUMZ xxxx), () specimen from Jed Kot
waterfall, Saraburi (CUMZ xxxx), and (J) specimen from Tam Prakrayang, Ranong (CUMZ xxxx).
Shell of Amphidromus (Periallodromus) spirularis n. sp.: (K) holotype CUMZ xxxx, and (L)
paratype CUMZ xxxx. M. An intrachiral copulation of Amphidromus (Periallodromus)
claucolarynx (shell height ~25 mm) from Kaeng Kracharn, Phetchaburi (August, 2004). N.
Eggs, and eggs laying behavior of Amphidromus (Periallodromus) spirularia n. sp. (shell
height ~20 mm) from Kanchanaburi (October, 2007). Snail used the loose bark of the tree
trunk to rearing their eggs, which blue arrow indicates head of snail and red arrow indicate
the eggs.




Figure 2. Reproductive system. A, B. Amphidromus (S.) contrarius from Niki Niki, Central

Timor. C, D. Amphidromus (P.) glaucolarynx from Kaeng Kracharn National Park, Phetchaburi
(CUMZ xxxx). E, F. Amphidromus (P.) spirularis n. sp. (paratype CUMZ xxxx). (A, C, E) whole

genital system; (B, D, F) interior structure of atrium, penis, and vagina chamber.
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Figure 3. SEM images of the radula. A-C. Amphidromus (S.) contrarius from Niki Niki, Central
Timor. D-F. Amphidromus (P.) ¢glaucolarynx from Kaeng Kracharn N.P., Phetchaburi (CUMZ
xxxx). G-l. Amphidromus (P.) spirulus n. sp., paratype CUMZ xxxx. (A, D, G) central tooth with
the first to the fifth lateral teeth; (B, E) lateral teeth; (C, F, I) outermost marginal teeth; (H)
lateral teeth with the tricuspid marginal teeth transition. Numbers indicated order of lateral
and marginal teeth. Central tooth indicated by ‘C’.
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