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Abstract

Project Code : MRG5080405

Project Title : Species diversity and Cytogenetics of land operculate snails family
Cyclophoridae in northeastern Thailand

Investigator : Dr.Bangon Kongim Mahasarakham University
Prof.Dr.Somsak Panha Chulalongkorn University

E-mail Address: b.kongim@msu.ac.th

Project Period: 2 years (July 2, 2007 — July 1, 2009)

The objectives of this study are to species diversity and cytogenetics of land
operculate snails family Cyclophoridae. The taxonomy and systematics of cyclophorids were
examined based on field surveys conducted throughout northeastern Thailand. Total
collections were made from 50 mountain sites between June 2007 and June 2008.
Eventually 5 genera of 9 species and a subspecies were identified as follows Cyclophorus
fulguratus fulguratus, Cyclophorus fulguratus ssp., C. courbeti, C. orthostylus, Cyclotus sp1,
Cyclotus sp2, Micraulax sp., Platyrhaphe sp., Rhiostoma housei and Rhiostoma sp. This is
the first report of a newly genus and new species of Platyrhaphe sp.

They have the very constant radula formula of 1M+2L+1C+2L+1M that call
Taenioglaossa type. The characteristics of cusp are very significant for species identification.
Moreover, the anatomy of reproductive system such as bursa copulatrix, albumin gland,
prostate gland, seminal receptacle and seminal vesicle can be used for identification.

The karyotype showed that all perform the same haploid and diploid chromosome
numbers of n = 14, 2n = 28. However, the fundamental chromosome number (FN) and
karyotype formulae contain unique representatives of total summed combination of
chromosome types. Among genera Cyclophorus exhibit symmetric karyotypes containing the
highest bi-arm number which differs from others. Moreover, karyotypes of both Cyclotus
species showed acentric chromosome. A ZZ-ZW sex determination system is prominent in

this family.

Key words: Land snails, Taxonomy, Cyclophoridae, karyotype, zz/zw sex determination
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Janilszasazaslasiniiivg

1. Lﬁa?mmmﬁwmﬂﬂjﬁ@LLazminizmﬂmm“ﬁmam(mawamﬁ Cyclophoridae

s = =}

lunaazinaanidoanitavasdszindlng

2. Lﬁaﬁﬂ‘mwmﬁﬁuqmamg (cytogenetics) YIRaLI9d Cyclophoridae luna

o a A v ' o a A = o

azusandisaniieveitszinalng leud mIdeaslatni (karyotype) LiNadnmduInuas
lassavadlaslalsy (chromosome number and chromosome structure) LRSANTANHIWT

sduuunsiwualaslulouine (sex chromosome system)



3. INUUNINANWIFN latNa D wnan9 89 B3NN lunaz sl seinea
4. \Judayalunmyidvdaiiennsinudrinevamesninuniad Cyclophoridae LiNa

M3tz lomilunsa BIWIaN1IauIN a'll



° [ s 1 4 .
1. §151UALNUAIDE19KBENINLNIA Cyclophoridae
o o = o \ & ) & 4, A
YNMs@TLesiuaIag19masdd  Cyclophoridae  anfinnthasauaguiiiantan
wazthsrsumdlunaaziueenidioaniievaddszinalng (@15090 2.1, wd 2.1-2.2) 1Ay
é’aamﬂummﬁauﬁqmw W.A. 2550 f19 nuwiew w.e. 2551 lasaandsraiuaiatnalu
e 12 e lagiiuaadafanuazaiiln usharagrinauannvesljianisniaicm
TN AANEIRAS URINLIRUUAENTANN MNBUUENUALLAIHNADENIEIRIVAN
o A A & v & ] A da ' ] o a
lasaatRannasNnudsussudnnvlunsasfesnionmeamiomazainneanii lieToulasialawy
dgald eetninuaninmsansn laiiuiiduatesn1981989  (Voucher specimens) uae
#18819FUUUL (Holotype) NANAITITIINGT AMAANENMENT WANINLIAURIFITAN
mytaduunsiialddaduunsiiaamunszuiumimseynininu - lasldansuzmg
FugIuingnvedlian uIa  ANBIENIMBINAMEATIZULRLNUT  uaziioudiadng
WaennuaetsduluuluARNsA N Uz UTIAUas W TI®  wananienaltnssuun
laglfimadiugmanslunosmnunusriianiianuasoafiwesan BN IFUgIWINE
lasmyiasziaislend

luns@nen leudsaiagniaantili 2 8% LaWA

A s 1 A v v o % A d' o K U d'e > =
1. 1aan @l’]@&l’]dLﬂaaﬂﬁ]:a’]diﬁﬁtﬂ’](ﬂ MUYDINYTD UBNNVBUINTIAT ANBN

2

=

ANBUNNFUTIUINGT  F0TUWIAANNNTI aNNezantfan  (wh 2.3)  uazda
Lﬁumﬂuﬁﬂmwadm‘ﬂmﬂaaﬂ

2. aniu lranwanumen W laganizd lﬂﬁm'%'ﬂmm@m MyINIaFRATIZUL
A ot 6 =)
FuNuT uaztasoulaslylaw

a v U s 1 = Ada 1 1 gj U =
I@]UL%W’]Zﬂ’]SLGlSU@JIﬂSI&IIGIm@IE]dl“]j@]’.lamd“nEJG&J‘H’J@]E]%JL‘Y]’]%% LRz [NaGNINAIN

a o ' A a =< = = A o @ '
s laslulouainalagisrasiina AN 3sa3uesunlaslulauialaalagean



‘=. dl ~ N 1 v 1 a a dq’ dl 1
NNAN 2.1 FDIUNLNUAIBENKRBLNINUN VL@LLﬂ QL"IJ"I%WI;J]% QL“U']%%V]T]U LLE\]Z‘W%‘Y]U']I%ITWI

e = A
@z’maamammuamaaﬂ‘s:mﬂvlﬂ&l



T —
Myanmar ¥
20 Laos » v .
~ vy ~
N vy . »
'4\‘ ~ v
P -~
15° \ Thailand tnam 2. LA
. 3 ambo = s
ﬁ. * .ﬁ
. 0
—10 >
" N ?
9 \ o
_50 0 200 400 Ki o
N Malaysia 0
A ; .
ol 105 11|u"-—""‘

AN 2.2 FONUNNLAIBENIRBENINUNIGA Cyclophoridae luui 13 39130 3143% 50
uwnad (13199 3.1) leud Fswdanwdul dindaveuudn Jwiatund JaniauaInodan
WAIAUATWKY WAIAYNAIMNT 1INIATBOLEA WINIALAY WNIAFNAUAT WNIANUBIAY

%’a%i’w%uaaﬁaﬁmﬂ %’a%i'@qmmﬁ LLaz%'mi'@qumwmﬁ

2. NMIANHIFMIIWINYILALAUHBNTRA
AnwansmuzidfanialtlumssuunszaurieniaasiarmTeinemaas
. . =2 ' = A ' a

(Identification) I@mﬂm:ngﬂsw PUIA R’ UAZAIOANBURILRAN I@maww:gﬂiwuazmaamﬂ
wWieniudnwaedaglunsrysiie  Ansansaenmimeimemaaizuufunuineled

[ 6 A = [ A U [ 6
ﬂaaaﬁ;aﬂsiﬂumaﬂa ANBNANYILIQA  (radula) ‘maLLmﬂumﬂ@naaogamiﬂu
BANATOUULURDINTIA (SEM) LasHiINIIATIamTaINeNeaaas auana13adth Mallendorff,
1894; Blandford, 1902; Kobelt, 1902; Tomlin, 1931; Salisbury, 1949; Solem, 1966 and
Ruhoff, 1980 snfsdAnmwssuifisudiedsniivannuaegsduluuluAnsn a1
laun BMNH, The Natural History Museum, London; CUMZ, Chulalongkorn University,
Museum of Zoology, Bangkok, Thailand; MNHN, Muséum National d’'Histoire Naturelle,
Paris; RBINS, Royal Belgian Institute of Natural Sciences, Brussels, Belgium; SMF,
Forschungsinstitut und Naturmuseum Senckenberg, Frankfurt, a.m.; UMZC, University
Museum of Zoology Cambridge, Cambridge; ZMA, Zoologische Museum of Amsterdam,

Amsterdam; ZMB, Zoologisches Museum of Berlin, Berlin; ZMMSU, Zoological Museum of

Mahasarakham University, Thailand



Spire height
Shell height

Aperture height

.

/ ~
/" Umbilicus f\/"‘“

/

- - \‘_;
// }

Minor diameter

Major diameter

AT 2.3 NMIANENAN BN NEMIWINE VIR (A-C) ugainiaawiazadian (D)

LRAINIIHUIIWININLLRENVBINLREN Cyclophorus fulguratus fulguratus

msﬁﬂmé’ﬂwmzmamﬁmﬂmamfiwuﬁuﬁuﬁ: Tagiinanagnanag N ALAILENGD
aananlRen mﬂﬁfm\hLLazmmgizuuﬁuﬁufﬁqLWﬂ;“}TLLaszmﬁﬂaaiwazl,ﬁm meuldnaas
& a A A Ay, oA o = o A o &
qamsmamaﬂa I@mm:mama*n"l,:ummmaaaaml,amal,a’mwwzmmﬂmzuuanwug
ganan Tufinaw uaznamwaoiu Ansansoeglineilanaindeg laowagas
ﬁﬂﬂﬁﬁﬂ‘l&ngﬂi’lwad UDJ genital opening, prostate gland, seminal vesicle L8z vas
deferens ﬁhmwmﬁUﬁmimﬁmnﬁnwngﬂiﬂwaa albumin gland, bursa copulatrix,
genital opening, prostate gland, oviduct LLaZ seminal receptacle
zhumsﬁnmé’nwmun@m I@uﬁ’]ﬁaazhmaﬂﬁ@nzlLLﬁamﬁmmdmﬁﬂﬁ’mm:ﬁa
v A a ' o o o a ' & A o
wAvASenin UAAaLNaE (buccal mass) wazldinafiamsdasiiaitialasltasazary 10 %
a & . . & o v by ' (Y & v
lmdsalaasanlod (Sodium hydroxide) 3ntudInIgMdIBazaaaiiausadInds ui
il wnTzuiunsatinaandlswaanagasa NN NTRIINtas lvian  waztAule 70%
& o 2 v v €a & ' A .
LOANATaN naum"l,ﬂﬁﬂmmsﬂ@maaaa;amiﬂuaLaﬂmammuaaoﬂﬁ@ #38 SEM (Scanning

Electron Microscope) Lﬁaﬁﬂmimaaﬁ”ﬂwmLLig]mLLazLﬁ BUFATLIAA



3. @nsa13lalni (Karyotype)

3.1 maessalasialsy  msdnulaslulauvasnasnnuniliioldauadaas
FUWUT (gonad tissues) lanaaulasaInitues Patterson uaz Burch (1978) uaz Park (1994)
aITeazLduada bl

a a A AaA L. v v

1. NILOIVULIEAARNT (Pretreatment) lasdaanslnTdu (colchicine) LUNUW
0.01% 133163 1-2 JaFaAT NwwAUaatInaslunaafuITwau e 3-4 Talas
! o A& A e o ¢ a A o & o ) a a .
ﬂaummawaLsnaaauwuﬁquWmeIﬂﬂqu Waduginsyinauwaasuloatuida (spindle
. o v ed o o @ '
fiber) wﬂmsﬁaawmmumm'ﬂqmglmwumm%la

2. My ¥aasun (Hypotonic treatment) I@Ué’@LﬁaLﬁaLsﬁaﬁﬁuﬁuﬂmﬂu
ny =3 Il A 6 L% L% 6 a Aa Aaa
Tuan g uazutluasazanslwunadonaaalsa (KCI) Wudu 0.07 luas USunas 5 Nafaas
Wubaan 45 wh

3. MIAIRNN (Fixation) aaaading lUunesseia3ad centrifuge
ANNL3ITAY 1,000 SaudawN LTwIa1 10 mﬂﬁm%ﬁaa@@@mimsazmsLL&:MHL%:?

@ v A . . . A ' &

(supernatant) 2aNlARUA LALANRITAZAY Carrnoy Fixative solution Glidm%fslﬂﬁunﬂmdm
14 vindn 3-4 @39

4. MINUAAIBLNILTARUUF Lae (Air dried slide) sasazaaiwasdsungs 2
Aa Aaa 6 nq' % v n:l' a v
ERhIR m@aauuavl,a@azm@LLﬂ:ﬂdlﬁLL%awqmeu a4

5. M3taud (Staining) HaudadiuualanaIuFINT (Giemsa) WNTW 4%
13281 15 W LEIEIR LaAGILUINA ﬁﬂﬁuﬁaﬁqmﬁgﬁﬁm

6. ﬁ’]ﬁiﬂ@ﬂﬂ@i’)%@ﬁ’)ﬂﬂﬁﬂ\‘]"gaﬂiiﬂﬁ: nuswIniazwnnAInlasiulay

s lusaaslelnd

3.2 msdanwiaslalng shanlaslulouandanslalng eunannisves Levan
uazamz (1964) lasiannwilasiulouszuziannannizansdunsiaazasnaias 25 woad

VIAANULNIDUTNEG  (Ls)  WAZAMUENIUDIUT NN (L) NBUAIWIHAIANE?

Taslulonusazuns (LT = Ls+Ll) @1 relative length (RL = LT, / 2.LT) Uz centromeric
index (Cl = LILT) Lﬁﬂisggﬂiﬁd%ﬂﬂﬂﬂ% (chromosome shape) MANAIANTINN 2.1
nuurh ideogram lasmisa1ensivl 1sdn centromeric index a%iﬁl,mu abscissa WAz
relative length asi‘ﬁ ordinate Lﬁamaﬁ]aaumﬁmmadiﬂﬂuimuﬁnﬂﬁad nniiwsinlasTalow

udazuraanGog I@UL?UG%’]T‘II@?I&JIT&J@; mwmamnwa@ leJW]Iﬂ?I&JI‘IiNﬁ]' Pawia a0



o @ v o ' A & o a [ A A = | @ &
ANEAL LLaﬂ%mmeLeﬁﬂmLumagluummumammnu mIquIwmﬂummuﬂu

Taslulauaial@gan 3 chromosome marker LN AW LLazmm@lﬂﬁLﬁmﬁuﬁq@

@1391 2.2 mylenziUsansaclaslulonveses laulddn centromeric index (CI)

nialasialan (chromosome shape) @1 centromeric index
Metacentric (M) 0.500-0.599
Submetacentric (SM) 0.600-0.699
Subtelocentric (ST) 0.700-0.899
Telocentric (T) 0.900-1.000




10

uUnn 3

NAN1SI2Y

o [ Y 1 4 .
3.1 HANITAEITILALLNUAIDYNIBUNTINUNIFE Cyclophoridae
PMNMNITIITIWRLNUAIBENIRBENINLNNA Cyclophoridae ANLWINBNEN (AW

=}

v = ° % (% @ | (% A & o v
3.1) lumaaziusanidoanilavasUsainalnoduin 13 39nia lawn WAIAMWFUT TINIA
YDILTI %’a%i‘m%’sgﬁ AIRIAUATINTINT DIRIAUATNIY %’a%i‘mqmmm‘s WRIAIDLLAA
IRIALREY VIRIAFTNAWAT IRIARLAIAL %’mi’wuaaﬁhémﬂ %’a%i’aqmmﬁ LAZIIAIG

A o | A ~ & o ' ' A A

QUATITEN 31UI% 50 UnWad (A9 3.1, Mwi 2.2) T@Umumam\mmnmauuqmml,
W.@. 2550 D9 Inuwien w.e. 2551 Tnaean&INANUMatadwa 12 1ean WU
éf'sasmLﬂﬁaﬂLLa:é";amaﬁﬂ'&ﬁ%"magji LLa:"L@T'%T@ﬁ‘hLmﬂmﬁ@mwm:mum‘smom&mﬁmu
laglfansumiduguineveddfen usgal anpUeNIIMBIMAMEATIZUUTURUT uas
Waua a9l fannuaat19a iU U TWRATA NI I IZAUTIRUASUIWITIA  WURBENIN
UN9A Cyclophoridae IWIBNINUG 5 8N 9 518 1 TualTF loun Cyclophorus fulguratus
fulguratus, Cyclophorus fulguratus ssp.1, C. courbeti, C. orthostylus, Cyclotus sp1, Cyclotus
sp2, Micraulax sp., Platyrhaphe sp., Rhiostoma housei, Rhiostoma sp., (ﬂ’]‘wﬁ 3.1) LaTWuUIN
a o A A a a A o A a
tuonduiilunniudu  aslianunansiiavasnesmnunannitduandafidungiu i
e leswasanafinunszinsawcluwaananfulu  ldun Micraulax, Platyrhaphe,

Rhiostoma LLa:mﬁ@ﬁﬁmimzmmﬁ'ﬂuQmﬁquija:QLmﬁumwal ldun Cyclophorus uae

Cyclotus
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Al 3.1 Wasnnosmnuned Cyclophoridae fnvlumeazinasnidosniloveslszine
Tne lawn (a) Cyclophorus fulguratus fulguratus, (b) Cyclophorus fulguratus ssp.1, (c)
Cyclophorus courbeti, (d) C. orthostylus, (e) Cyclotus sp1, (f) Cyclotus sp2, (g) Micraulax sp.,

(h) Platyrhaphe sp., (i) Rhiostoma housei W% (j) Rhiostoma sp.
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A15191 3.1 MIFITIILALLALAIBENIRBLNINUNIA Cyclophoridae MaLwLAIaNN (AN

A o a A o [ v 4 v o a ¢
N 22) A’Luﬂ"lﬂ@wquaaﬂLﬂﬂﬂL%uaTa@ﬂsz‘ﬂﬁTﬂU"ﬂquﬂu 13 JIKA VL@LLﬂ 'ﬂ\j%'ﬁ@ﬂﬁlwaug

A a [

PRIAVAUUAL IRIATINT  IRIAUATINTINY  IRIAUATNIY %’m"i’mnmms IR

U

20180 IRIALRE IIRIARNAUAT IRIANRLAIANE %’wi’wuaaﬁ‘;émﬂ 5’&%’3’@1@@155’15» F

%’a%fs’@quaswmﬁ FIUIN 50 WIARS

, wagfiwy (ana)
F0wiLnua819 ’
Cyclophorus | Cyclotus | Micraulax | Platyrhaphe | Rhiostoma

1. QWIz 9. MWEUE / / - -
2. plu 2. mwaug / / - -
3. ot 2. nwRug / / - -
413774 3. MWEUS / / - -
5. QW1 9. VOULNY / / / -
6. D389 9. VaUUMY / / / /
7. QL"ﬁm 8. AWAILILAS / / / /
3. Fondl

8. ni387 8. inwaTFUY TNl / / / /
3. Fondl

9. ananalas 9. Fond / / / -
10. QuUauA 2. T8N / / / -
11. @NULEIANEDE 3. WATINTHIN / / / -
12. 11w 2. wasTTEIN / / / -
13. thlanwinin 3. waTWUY / / - -
14. mqﬂmumﬁ’oﬁ 3. YNAWII / / - -
15. N&IZADNIN 2. YNATWIT / / - -
16. WY 3. YNATNI / / - -
17. a.7.9.9 3 1. YNATNII / / - -
18. #guzld% 3. ANAINII / / - -
19. Ny 3. YNAINT / / - -
20. AHIPIN 2. YOS / / - -
21. pvinding 1. Jouiia / / - -
22, AR 9. Lag / / / -
23. Sadnunil 9. 1oy / / / -




A19191 3.1 (6i0)
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A & o 1
dgo1nninualagyg

]
VEEREERE)

Cyclophorus

Cyclotus

Micraulax | Platyrhaphe

Rhiostoma

2
o

24. @ﬁ'lmﬂqJJ 9. 1§

/

/

25. AR 3. LAY

/

/

26. Qmﬁau 3. Lag

27. QNIRNNYDA . LAY

¢ 2D

NG 2. LAY

fa

28.

29. nﬂa’wma . FNABAT

6
30. ﬂ“u’]\‘l‘V\\‘]ﬁ 9. FNAUAT

31, ﬁﬂuﬁﬁgu 9. FNAUAT

32. ﬂlﬁuIﬂﬂﬁﬂﬁﬂa 9. FNAWUAT

33. QN']L‘ﬁgﬂ 9. FNIUAT

34. 1unnUandi 9. FNAwAT

35. TAUEIIAD 2. FNAUAT

36. HIUNITLAID 3. ANAUAT

37. L%E]Wii’W!\‘] 3. RNAUAT

38. nﬂé’am 9. KUIANY

a

39. Q 7 9. AUaIAY

40. Q‘Vlaﬂ 9. iy

a [
41. Qﬁd‘ﬁ 2. Wadny

42, ﬁﬁq’ssimﬂm 9. %uaaﬂ"sﬁm

43. 19799 3. BUBILIAY

44, Qwszm‘nﬂ'wﬂ 3. qmmﬁ

45, Lw%'ﬂmﬁuﬁé'@rfﬂmaﬂim 3.

qumwmﬁ

46. nﬂ’%aamﬂaﬂ q. q‘]_lﬂi']“ﬁﬁ’]‘l‘i

47. LNNEAIH 9. qumwmﬁ

27

48. 1NN 3. 9UATITT / / - - -
49. ¥NANFTOHFITIA / / . - ]

3. Quaiwmﬁ

50. WILAN 9. E!Uﬂi’]“]jﬁ’]ﬁ

/

WUNBLAG: / fa WuAlaE19neY, - Aa hiwudlaHIIraY
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5 a 6 o 6
3.2 aneaen mmﬂmam‘szunﬁuwuﬁ

9

MIANHIANBULTZUUFUNUTVBINEENINUNIIA Cyclophoridae WUTMGARANADE

>

fanwazuandeiu laslanizanyme3iliniues prostate gland LAz seminal receptacle
PonAIzuandInuairainlate smnwefisazianwamesdinives abumin - gland,

seminal receptacle WLa2 bursa copulatrix WANANNKALNTALIN (NN 3.2)

5mm

ag

) go

a [ a & A o ¢
NN 3.2 aﬂmm:mmmﬂﬂ’mms:uuauwugmamaUmnmaqa Cyclophorus
orthostylus Iul,wmj{ (m‘w&fw) LaZLNFLEE (nIWVI) (ag = albumin gland; bc = bursa
opulatrix; go = genital opening; ov = oviduct; pg = prostate gland; sr = seminal

receptacle; sv = seminal vescicle; vd = vas deferens)
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[ fa & 1
3.3 anﬂm:ws@mmﬂi@’fﬂgaagaﬂﬁﬁuaLaﬂ@l‘sammnaadns'm (SEM)

MIANBIANBULUIQAT (radula) Wiaursdu laslEndasgansiaidianasauuuy
§89N731@ (Scanning electron microscope Ten) SEM) ﬁ]’]ﬂﬂ’]iﬁﬂi&ﬂiﬂidﬁ%’ldLLS%}M‘UE}G%E}E}
NMAUNGA Cyclophoridae Wi nﬂaqaﬁus@a’uﬂmmu taenioglaossa WA laTIF31 IV 9N
wdasdasfianwmsuanatoiun MR winsesnin wia a8 (cusp) HANNLANGISHH
atnanldtaluszauans uazwuanuuandsluuaalad lasuigauuy taenioglaossa
sl an s JuiHRNUT N e UM NS AR IR IMADUNININETY  LATUARZLDAATN
190 3znaudsiuwEoaduunr $1wn 7 @ ldun Wunang (central teeth w3a C) S1m7%
wite® Wudny (lateral teeth w3a Ly, L) 5140371982 2 @ uazWuvay (marginal teeth w3a
M) $1uudnoay 1 & s InlougaInIga laiiu 1+2+1+42+1 #3a IM+2L+1C+2L+1M lag
snwuzzivvesnsgiianuuandriiuetnitaanluszduana mﬂgﬂiﬂwaaﬁmlﬁia:ﬁ?ﬁl@x
PMNINWIBIDLREN KI0 AR (cusp) ﬁﬂﬁﬂguuﬂuu@iaz% GIMWA 3.3-3.4

ANBIAZLINAVBINBINONENA Cyclophorus Wunaslidwin 5 As Aana1siiawe
Tngnidadudnios Wudhafiduam 3 dr  Aanasfivwnalnanitdaseunanrisaes Wu
VUMK 2 AR ﬁaﬁaQ@Tﬂuuaﬂﬁmm@lmyﬂdwﬁaﬁa%iéfmslu ANBULLINAVBINDUEN
Cyclotus ﬁuﬁﬁaﬁLmamwﬂ’jmamaqaﬁuﬁﬁgﬁaf]‘aﬁﬁﬁmiﬁﬂm lagANuna98 UM% 5 A
WnlaTaian Wutailswaw 4 A aanavaasnsdawmalngniiassauwen Wuzaulsiwin
3 An é’aﬂﬁmﬁmm@l%tyﬂdﬂﬁmauuaﬂﬁaaaa (Wi 3.3) ANBIAUIQANVDINDLENA
Micraulax Wunanaiswan 5 dx danasfiswnalwgnindadwanios Wudhadswau 4 dx
Fanansfivinalngnidaseuuenisses Wureufiswau 3 dx Aanaedawalwgniidad
agiauuanﬁaaa ANBIAZLINANYDINOUENS Platyrhaphe Wunadlduin 5 a8 Aananad
wwalwgnidadudntes Hudsusziusaufisiwin 3 dx  lasdanasfivwalnanida
SOUWDNNIRDY ANBUZUIQAIVBINBLEANA Rhiostoma Wunaalidwin 5 6 Asnanalizwe
Tnninindadwanties Audhsfidwan 4 da  danasfivwelngnindaseunantisans Wi

A o o o o a e od e A
PaUUIWIU 3 AR I(ﬂﬂ’ﬂa\‘lﬂﬁ@ﬂuuaﬂwmuﬂﬂiﬁ@ﬂﬁﬂﬁﬂaQ@’mlu (fann 34)
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n’m‘ﬁ. 3.3 é’m:}mzujg]mmamaEl“/l’]ﬂumdﬁ Cyclophoridae (A) Cyclophorus fulguratus
fulguratus, (B) Cyclophorus fulguratus ssp.1, (C) Cyclophorus courbeti, (D) C. orthostylus, (E)
Cyclotus sp1 Wae (F) Cyclotus sp2. mUlﬁnﬁadgaﬂiiﬂﬁﬁLﬁﬂmauuuudadﬂi’m
Usznaud i eaau919511In 7 & Bougarusgan leidu 1+2+1+2+1 wie

IM+2L+1C+2L+1M (1ila C #a central teeth, L @0 lateral teeth uas M @@ marginal teeth)
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n’m‘ﬁ. 3.4 é‘mﬂmungmma\‘maEm’mumdﬁ Cyclophoridae (A) Micraulax sp., (B)
Platyrhaphe sp., (C) Rhiostoma housei L&z (D) Rhiostoma sp. N1 ﬂlﬁﬂﬁadﬁgaﬂﬁﬂﬁ:
BlaNAsanLLLAEINTIG Usznaudawusasaunedinin 7 & Lﬂﬁlug@ml,‘sga’lvlﬁlﬂu
1+4241+42+1 W38 IM+2L+1C+2L+1M (1ila C @@ central teeth, L fia lateral teeth uaz M fia

marginal teeth)
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a 4 . °’
3.4 m3fAns1a13lalintvasnaaninunied Cyclophoridae lunianzInaantfiegtnibte
asilsznalng

nansAnsa3le induesnasninunied  Cyclophoridae  lunaazinaaniaessaas
Uwzinelnyg wudwmnafesiswaulastulauyiidy n = 14, 2n = 28 (@3nnA 3.5) wazilen
Fwanusulaslulay (FN) uandeiu laswasynunana Cyclophorus 61 FN winid 56
me@mmﬂmmﬁv'ﬁaqa I@ﬁ%aawﬁﬂUﬂaqa Cyclotus {¢1 FN = 52, 50 RIUNBURNA
Micraulax, Platyrhaphe Waz Rhiostoma 3¢in FN = 50 LLa:LﬁaﬁmimﬁgﬂLLuum%Iavlmﬂwudﬂ
wasudazrfeiizdunuailelnduandrinin  nanfeailelndvamesnmnunudazsiiad
muriialasiulonwandrani LLa::Lﬁuvl,ﬁ"f{@Lﬁ]uLfJIﬂﬂﬁ]’]im’]’ﬂﬂﬂﬂﬂiﬁg@]‘iﬂ’ﬁiavlmﬂ‘ﬁ
WANGNINY et Cyclophorus fulguratus ssp. § winlaslulausiawaiouniauinniines
%ﬁ@%uﬁ] LLazﬁgmﬂﬁIavLﬂﬂLﬂu 13m+1sm &% Cyclophorus fulguratus fulguratus, C.
orthostylus Wwae C. courbeti ﬁg@liﬂﬁiﬂﬂﬂﬂ% 12m+2sm, 10m+4sm LLas 9m+5sm ANNAAL
a3lelniuasmasmnunana Cyclotus vasassiianulaslulouilivsngaulnsies wie
ﬁlf%ﬂﬂiﬁ acentric chromosome las Cyclotus sp1. ﬁgmm‘ﬂavlﬂﬂlﬂu 7m+4sm+2t+1a LR
Cyclotus sp 2 figasanilainiilu 9m+3sm+1t+1a wauymnun Micraulax sp. Hgain1ila
Tniliu 6m+5sm+ 3t uaz Platyrhaphe sp. ﬁgmmﬂavlﬂﬂﬂu 7m+4sm+3t 8% Rhiostoma
housei Uz Rhiostoma sp. digaia13lainiiilu 9m+2sm+3t uaz Im+2sm+2t+1a AuAIGL
(@90 3.6; M13197 3.2)

uaﬂmnf:ﬁawmzuﬂﬂﬂuiﬁmLWﬂmamamqa Cyclotus, Micraulax, Platyrhaphe Was
Rhiostoma \fluasousn  dallusunnuesmasninunisdisd  Cyclophoridae  uasiiszuu
laslulouine (sex chromosome system) 1Huuuy zZw/izz las 2z wulunasiwes §iu zZw
wulwwenle I@EIIﬂiIiJIGITZJ‘Yi‘]ﬁﬂd“ﬁﬁ@ﬁgﬂ‘i"lx‘liﬂﬂui"ﬁuL‘]‘juLN@l’]Lﬁﬁ%ﬂ%ﬂ udlasluloy Z 9:8)

awalwgnilastuloy W @nwd 3.6)
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d. A a [ A = a 1 o o o [ A o
A19191 3.2 TaInenemaas aonuiiiuaiatng Smulasialan (2n), S1uara81anls
Jiaeranleingd (N), Srvnsunlaslalon (FN) wazan3landvasresmnunied

Cyclophoridae lunaazinaanidisanitavasdszmnalng

Scientific name Localities Sex N (2n, FN) Karyotype
Cyclophorus fulguratus Nakhon Ratchsrima, Thailand Male, 10 28, 56 12m+2sm
fulguratus Female 9
C. fulguratus ssp. Sakhon Nakorn, Thailand Male, 10 28, 56 13m+1sm
Female 10
C. orthostylus Sakhon Nakorn, Thailand Male, 9 28, 56 10m+4sm
Female 7
C. courbeti Chaiyaphum, Thailand Male, 9 28, 56 9m+5sm
Female 9
Cyclotus sp1 Mukdaharn, Thailand Male 8 28, 50 7m+4sm+2t+1a
Cyclotus sp2 Loei, Thailand Male 10 28, 52 9m+3sm+1t+1a
Micraulax sp. Chaiyaphum, Thailand Male, 10 28, 50 6m+5sm+ 3t
Platyrhaphe sp. Chaiyaphum, Thailand Male, 10 28, 50 7m+4sm+3t
Rhiostoma housei Loei, Thailand Male, 10 28, 50 9m+2sm+3t
Female 6
Rhiostoma sp. Nongbua Lamphu, Thailand Male 10 28, 50 Im+2sm+2t+1a
Female 8

BNBLHEA: m R metacentric; sm R submetacentric;

. A .
telocentric chromosome LLas a Aa acentric chromosome.

st Aa subtelocentric; t Ao
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ﬂ’lwﬁ 3.5 Mitotic metaphase chromosome YBINBLNINLNIIA Cyclophoridae luna
ariusanidoanitovadsnnalny nnatdaiswiulasluloudnaesd 2n = 28

(a-b) Cyclophorus fulguratus fulguratus; (c-d) Cyclophorus fulguratus ssp.1; (e) Cyclophorus
courbeti; (f) Cyclophorus orthostylus; (g) Cyclotus sp1; (h) Cyclotus sp2; (i) Micraulax sp.; (j)
Platyrhaphe sp; (k) Rhiostoma housei W< (I) Rhiostoma sp.
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AINA 3.6 a15la'lnduasnesninunvasnesninunisd Cyclophoridae luna
azinaanidudnitavaslsuinalng Cyclophorus  fulguratus  fulguratus;  Cyclophorus
fulguratus ssp.1; Cyclophorus courbeti; Cyclophorus orthostylus; Cyclotus sp1; Cyclotus sp2;
Micraulax sp.; Platyrhaphe sp; Rhiostoma housei \\a& Rhiostoma sp. uaadlaslulon 4 ofia
1@un metacentric ("Laj"l,@Tﬁquumw), submetacentric (sm), subtelocentric (st), telocentric (t)
WAz acentric chromosome (a) lasfiszuulaslulauweidu zz-zw (zz wulunasiwer] #au
ZW wulurasiwaliie)
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UNN 5

a 6 a o
ﬁ?“l.l LAasINITIMAINTIIVE

MIF1TIMBLNNLNIIA Cyclophoridae anuuuiannlunaasineanifiosnile

% [ %

Pa9lsznalngsiwin 13 999Ia leaun %’mi’@]mwﬁuf INIAVDWLAY IRIATLAN 99N

U

%

PATINTRN  DIRIAUATNIY %’aui’mnmms PWAIATDULAA  IRIALRY  IRIAFNAUAT
IRIARRAIAL %’a%i’wuaaﬂ'ﬁmﬂ %’mi’@qmﬁﬁﬁ LLax'%'mi’ﬂquaswmﬁ U 50 LRA

o & @ ' & A o ' A o ' Ao aaa '
NunmeanmNiumeiaiuingm 12 W@eu wudmedsfanuszdedsidilitineg
wazdnduunsamunszuaunianweunanism  lesldinyuenedugiuingzaidian

LIART ANBULNINNIEAINIAMFAITLULFUNGT wazifaualattadfannualatneduiuyle

U 9

v
[ 6 @

AATAUINI IUITZALUTIALALIIUWITIA  WURBENIALUNA  Cyclophoridae IIUNIRNA 5
&8 9 {UTH 1 Tuallda lawn Cyclophorus fulguratus fulguratus, Cyclophorus fulguratus
ssp.1, C. courbeti, C. orthostylus, Cyclotus sp1, Cyclotus sp2, Micraulax sp., Platyrhaphe sp.,
Rhiostoma housei, Rhiostoma sp., I@ﬂwmwﬁumﬁ'ﬁﬁlﬂug wnAnn azlianunainsiiavas
vaaslmﬂmmﬂﬂd']ﬁumé’ﬂﬁ@ugmﬁumwU I@]waanaﬁwumzﬁnUmwnlum@nﬂmﬁ
Anw \@wn Micraulax, Platyrhaphe, Rhiostoma LmzaqaﬁﬁmiﬂszmUﬁy’d‘lugwﬁﬁuguuaz
nENAung léun  Cyclophorus waz  Cyclotus ﬁv'of:ﬁmm@pﬁaammﬂgLmﬁuguﬁ
ayaznavufulu wia waaFuuaniuaua (CaCo,) dailulassadswanlunmssasan
ﬁﬂﬁﬁ'umﬁﬂﬁLﬂugLmﬂﬁuguﬁmm%mﬂmﬁmaaﬁaUmﬂmmﬂﬂdwﬁ'umﬁﬂﬁLflu{]mﬁu
NIY

ANBUITUURUNUTVBINOUNINUNWA  Cyclophoridae  Udazanaazilanumis
LANAINY I@EJLQW’]:&TT]HMZEU‘S"N?JE}G prostate gland ez seminal vesicle madLWﬂgﬁlz
wandiniuadAnlata  damwalozlansmegiinezes  albumin  gland, seminal
receptacle a2 bursa copulatrix LANGINNWDLIITALIN

ANWILUINAT (radula) HIDUHIWL T(ﬂﬁ1°ﬁﬂ§aqgawﬁﬂﬁ'€n§ﬂmammm&mmtm
(Scanning electron microscope #3a SEM) mmmﬁnmﬂmaai”wLLig]mmamaUmmm

& . = & . \ o | A
3¢ Cyclophoridae LLaznﬂaﬂamLiﬂmLﬂuLLuu taenioglaossa WA lATIETIVINULARETDY

q U

o ' K A

JanEocuand1dIn® INNINUWIuTENEN WIBAR (cusp) WANANINUaENILAUIGTAlY
o : A e . & Ao

FZAUANA uazwuANNUANAluLADEE laousgaiuuy taenioglaossa Wuazilanumz

b ne1U32naua g AHIAITLIAMMAILUDINNETD LAZLARZLDIANTILTENaua8

& o d ] o A A o
WwSoaduwnd wiu 7 @ laun Wunad (central teeth w38 C) FUIunited Wudng
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(lateral teeth #9138 Ly, Ly) $14IUT1982 2 T WasWhway (marginal teeth %38 M) $1431319
d' = YV & o 1 = 1
oz 1 & swsadiougarusga tdidu 1+2+1+2+1 lagdnuzzlivausganiianauandis
Auaditalauluszduana 1nIUTTesiuLdazBuszaIndwIuTasnin wia fa (cusp) 7
UsngWuudazd lasnaldsnwacvastuazaunuinuaimsnvesiindld lasWusasvas

nINUNANA Cyclotus AxiiANUURANANNIMBLANIAUNITANARBINNAN Cyclotus axlTWu

A=

y@ﬁumvﬁi’m TRAUE  URSLABTINUWTWAY ahummqaﬁuﬁ's%aqawﬂﬂm"lﬁuﬁ
Cyclophorus, Micraulax, Platyrhaphe Waz Rhiostoma asiuiamannluldaududuiuiidises

winrIaAENunaNANEaund Cyclotus MYAZIBLAFTUAIANTIS 5.1

@13197 5.1 FIUaNBUUIQA1VBINEEYNNLNIIA Cyclophoridae §1W3n 5 ana lau
Cyclophorus, Cyclotus, Micraulax, Platyrhaphe Waz Rhiostoma W&A9INWINTBURENAIONH

VPN WULARLD

MWIBATURNWUARLD
WasnINun (ana)

Wunas W29 Wuay ANBUWSNLAY

Cyclophorus 5 3 2

Cyclotus 5 4 3 feafiunana

Micraulax 5 4 3

Platyrhaphe 5 3 3

Rhiostoma 5 4 3 FOIARGIULANDD
Wuzauluwalng)
niaane denulu
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an3lalnivasnasninuniad Cyclophoridae Tumanzinaanidesvaddszinalng yn
sRadswinlasiulaauyinny n = 14, 2n = 28 FaAARBINUTLNUMIANENIWIBIATIA Lo
lunased Cyclophoridae 31%42% 16 T (Kasinathan and Natarajan (1975); Choundhury
and Pandit (1997); Kongim, 2006) @3131983d 5.2 uazldrdwanuaulaslulan (FN)
uand1anu lasnasynunana Cyclophorus A1 FN iy 56 wazlinulaslulonsfiafila
ErwnIa lulas 901w symmetric karyotype LL@ﬂ@iﬁaaﬂﬂﬂaﬂﬁaéaqa WEAIDINITHAN WY
avﬁnﬁ (conservative characters) (White, 1978; Clark and Wall, 1996) I@Uﬁaﬂ‘n’muﬂaqa
Cyclotus 3fn FN = 52, 50 RIUNBYRNS Micraulax, Platyrhaphe W8z Rhiostoma e FN =
50 LL@xLﬁﬂﬁ'ﬂﬁMﬂgﬂLLuum'%Ia"Lﬂﬂwuimamwiawﬁ@ﬁgﬂLLuum‘ﬂavlwﬂLL@m@hoﬁ'u
namnfem3le mivasnesmnunudazrialsiwinrialaslulouuandsny WALAW A
°1°f<ﬂL%%Lﬁaﬁmimwmmiﬁgmmﬂa"lmﬂﬁ'Lmﬂ@mﬁu 1at) Cyclophorus fulguratus ssp.
sruanlastulausfiawaiunieuinnimessiadug uwazlgasaislalndidu 13m+1sm
8% Cyclophorus fulguratus fulguratus, C. orthostylus W&z C. courbeti ﬁgmmﬂa%ﬂﬂu
12m+2sm, 10m+4sm uaz 9Im+5sm audey an3lainidvasmasninunana Cyclotus Yo
siawulaslulouflidsngoulnafiof wiefiGunit acentric chromosome las Cyclotus
sp1. HgmiaSlalndillu  7m+dsm+2t+1a uaz Cyclotus sp 2 HgasnSlalndidu
9m+3sm+1t+1a ®auNINUN Micraulax sp. iignin13lainiliilu 6m+5sm+ 3t uaz Platyrhaphe
sp. ﬁgmm’%‘[a"lwﬂﬂu 7m+4sm+3t &% Rhiostoma housei W8z Rhiostoma sp. ﬁgmﬂﬁia
Tniliilu om+2sm+3t uas Im+2sm+2t+1a AU&IGU

o & a ' o A L o o« =i

dainduranduuvuandranwiandududunannanmaifsuudaswaians
wugnisn  lunasnmnunu (puimonates)  fidwanlaslulaunnanwnansudaundnluied
a o ' Aa a = . A o A o 6
Wearu saulunasmnunifichaifan (operculated land snail ) azlanwoeayinguin

1 A a a A A 6 A e A o 1 1 %
nmaﬂaam%ﬂmaa‘ﬁaUmﬂurmmﬂmﬂaaﬂlmmmmnuwmmuﬂmaﬂﬂﬂﬂsﬁumeﬂu
AA 6 'Y [ a a a A A o Aa &

NNaUTS faanaaInuNINwasnInunIH el fanianemenisnigimMaaaasszuy
ﬁuﬁufﬂﬁwUﬁunﬁﬂluaqalﬁﬂaﬁu ﬁﬂ&iﬁwﬁwé’nwmzmam;J’“;mﬂmam’szuuﬁuﬁufm
udnwuzlunsdaduunaiia 1w waunndana Diplommatina spp. Hwaulaslylaw
Winnw fa n = 13 uazlsznaudiolaslulau NI NIuUnILLASLABEIITRA metacentric LAz
submetacentric 1Y% (Burch, 1967; Ogaito and leyama, 1997; leyama and Ogaito, 1998,

= o o o ) ) & AA e a A )
2000) \HwdBIiUALRAERTWENR Poliicaria Niwuawnaldsuaziinszansluadoaziuaan
Besladduinlaslalon n = 13 (Kongim et al., 2010) #aanNUNE Cyclophoridae $117%
aeiNdtay 4 8na leun Cyclophorus, Pterocyclus, Theobaldius W8 Micraulax MINTIUIN
Taslalay n = 14 suwvasymnunuviasluidhdafanisiwinlasiuloudiwiwin uazi

TINUNY asymmetric karyotype §AAANBINLANBUTNWIATIWINGITZUUFRUNUTIAIY
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1 [ A 6 & [ o > 1 & ai ° @ o a
wanaslnrzauslissaduanwmimayadrninianltlundesuwnaialunasnin
v A a A A o , s P A
UNUN mu‘masm’murmmﬂ@Lﬂaarmmmlaglumwumwmmﬂ’mﬂasmuﬂawaﬂﬂﬂuiﬁnu
naswIniazlassassaslasiulawy I@slLawnzmimﬁwuﬂmaﬁmuiﬂﬂﬂﬁwmemug
waamawmmmumﬂﬁq@ ﬁaﬁtﬁaammnﬁumé’aﬁagjuuunﬁLLidNé’ﬂé’ﬂﬁLﬁ@%i’@uu’]n’ﬁ"Laj
1 I a =1 =1 a A g’ =1 1 1 =}
andunent muell wiewuadiGeluwihazlinnnduuun 1w mawugwaesdlunasuy
8Na Viviparus wIawulwanaas@ (polyploidy) lwwnasinda Pisidium casertamum WU W
L2 & . . o L
laslulaauniia@wlaninis 180 urid (Barsiené et al., 1998-1999; Barsiené et al., 2000)
midnmluasattldnenurzuuleslulauinwasasmasans  Cyclotus,  Micraulax,
. g; & a .
Platyrhaphe Wae Rhiostoma uassusn SaduannBnuasnasninuniefied Cyclophoridae
wazlszuulaslulouine (sex chromosome system) iuuuy zw/izz lay zz wulunasiwer
g ZW  wulwwendle I@miﬂﬂuimuﬁmawﬁ@ﬁgﬂi’ﬂﬂﬂﬂﬂ%Lﬂummmuw‘%ﬂ L6l
Taslulow Z azfiawmalngninlaslulaoy w
o AN o =2 &< . v a & \ ) & v A
dayafildanmafinmluassineldifiaasdanuiln LazRAIBIAANNFIAY
mwﬂagamsg?m’mLﬂmam:vlﬁﬁmmslﬁmmluiama@iavl,‘iJ msanunluasstiuananle
Tayamiauniwisu nusie anwuzlasnilld anwoazusgawlounsdu ualasaing
vaslaslulouudy dylddayameBiing Addgwasdszny [@u aNUnaINRANLUAZINS
v =) =) AI Q & 1 1 Y, 1 {
nizany Teyanwiineingt anwiuends  Sswuhmesnguiiiniinszaveglwvaniu
a . I [ {d' Qs 1 ﬁ‘l‘/ Aa Aa vV &
DiwAuYY (limestone area) \udainandueguuiudu lasfwasmnluliduamslung

Aa o o A o A . A o , A w
NUDINIALRILRIITUNITAINAR (hibernate) Lwaiﬂjﬂ"]ﬂjquﬂguﬂjul,ﬂu@u
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@13197 5.2 aydwaulaslulon (2n) uaz A1 Fundamental number (FN) 289#asninun

194 Cyclophoridae

Species Origin 2n FN References

Cyclophorus jerdoni (Benson, 1851) India 28 - Kasinathan and Natarajan (1975)
Cyclophorus polynema (Pfeiffer, 1854) India 28 - Choundhury and Pandit (1997)
Pterocyclus bilabiatus (Sowerby, 1853) India 28 - Kasinathan and Natarajan (1975)
Theobaldius ravidus (Benson, 1851) India 28 - Kasinathan and Natarajan (1975)
Theobaldius shiplayi (Pfeiffer, 1856) India 28 - Kasinathan and Natarajan (1975)
Micraulax scabra Theobald, 1876 India 28 - Kasinathan and Natarajan (1975)
Cyclophorus aurantiacus (Schumacher, 1817) Thailand 28 56 Kongim et al. (2006)
Cyclophorus cantori (Benson, 1851) Thailand 28 56 Kongim et al. (2006)
Cyclophorus diplochilus Méllendorff, 1894 Thailand 28 56 Kongim et al. (2006)
Cyclophorus fulguratus (Pfeiffer, 1852) Thailand 28 56 Kongim et al. (2006)
Cyclophorus malayanus (Benson, 1852) Thailand 28 56 Kongim et al. (2006)
Cyclophorus saturnus Pfeiffer, 1862 Thailand 28 56 Kongim et al. (2006)
Cyclophorus speciosus (Philippi, 1847) Thailand 28 56 Kongim et al. (2006)
Cyclophorus subfloridus Ancey, 1888 Thailand 28 56 Kongim et al. (2006)

Pterocyclus perrieri Morlet, 1889 Thailand 28 56 Personal data

Pterocyclus sp1 Malaysia 28 56 Personal data

Pterocyclus sp2 Malaysia 28 56 Personal data

Rhiostoma asiphon Moellendorft, 1894 Thailand 28 48 Personal data

Rhiostoma chupingense Tomlin, 1938 Thailand 28 56 Personal data

Rhiostoma hainesi (Pfeiffer, 1861) Thailand 28 56 Personal data

Rhiostoma jalorensis Sykes, 1903 Thailand 28 56 Personal data

Rhiostoma samuiense Tomlin, 1931 Thailand 28 48 Personal data

Rhiostoma housei (Haines, 1854) Thailand 28 56 Present study

Cyclophorus courbeti Ancey, 1888 Thailand 28 56 Present study

Cyclophorus fulguratus fulguratus Thailand 28 56 Present study

Cyclophorus fulguratus ssp. Thailand 28 56 Present study

Cyclophorus orthostylus Thailand 28 56 Present study

Cyclophorus courbeti Thailand 28 56 Present study

Cyclotus sp1 Thailand 28 50 Present study

Cyclotus sp2 Thailand 28 50 Present study

Micraulax sp. Thailand 28 46 Present study

Platyrhaphe sp. Thailand 28 46 Present study

Rhiostoma housei Thailand 28 56 Present study

Rhiostoma sp. Thailand 28 50 Present study
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The snorkel snails of the two related genera Pterocyclos and Rhiostoma from
Thailand and Malaysia were karyotyped. The two genera showed distinct
intergeneric similarities in both haploid and diploid chromosome number (n =
14, 2n = 28) but the ranges of fundamental chromosome number (FN) exhibit
variation of 48, 52 and 56. Karyotypes of the two Pterocyclos species from
south Thailand and Malaysia show 8m + 4sm + 2t in Pterocyclos sp. and 7m +
5sm + 2t in Pterocyclos blandi. The six species of Rhiostoma examined herein
show the karyotype variations and chromosome morphology differentiation.
The karyotype varies from 7m + 4sm + 3t in eastern Thailand R. hainesi; 6m +
5sm + 3t in R. chupingense and 2m + 9sm + 3t in R. jalorensis from south
Thailand. The two island species exhibit 3m + 8sm + 1t + 2a in R. asiphon
from Angtong Archipelago and 5m + 5sm + 2t + 2a in R. samuiense from
Samui Island. Karyotypes among populations of R. housei showed variation
between the central (9m + 2sm + 3t) and southern populations (9m + 2sm + 2t
+ 1a) of Thailand. This is the first report on chromosome study of the peculiar
land operculate snails of the Thai-Malay Peninsula. The systematic studies of
the genus Pterocyclus and Rhiostoma are now being critically investigated.

Key words: land operculate snail, Pterocyclos, Rhiostoma, karyotype, Thailand

INTRODUCTION

The Cyclophoridae are confined to peninsular India and Sri Lanka, the
east Himalayan region through Southeast Asia and the Indonesian archipelago
to Northeastern Australia and north into much of Japan (Tielecke, 1940). The
two genera of snorgel snails, Pterocyclos and Rhiostoma are endemic operculate
snails in the limestone areas of Asian region. They belong to the subfamily
Pterocyclinae, contains twenty species which distributed in Myanmar, Vietnam,
Laos, Cambodia, Malaysia and Thailand (M6llendorff, 1894; Blandford, 1902;
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Tomlin, 1931; Salisbury, 1949; Solem, 1966 and Ruhoff, 1980). They have
unique shell shape, some part of last whorl disconnected with penultimate whorl,
or having a tubular process on the last whorl near the aperture of their shells
look like snorkel. Because of their attractive characters to shell traders, large
numbers of snails have been continuously hunted from natural habitats , so that
their status seems to be endangered, which will certainly effect the limestone
food web.

The main problems regarding classification of the genus Pterocyclos and
Rhiostoma are shell morphological variation such as colour pattern, last whorl
characteristics and even shell shapes within and between populations, and the
anatomical studies especially of the reproductive organs have not been yet
reported. With high species diversity and wide-ranging distribution, and with
limited materials in the museums as well as there is no record at all to address
the mentioned problem. The peculiar shell characters and problem on
classification both Pterocyclos and Rhiostoma becoming attractive materials for
systematic and biogeographical studies. There is enormous potential for genome
sequencing-based studies on terrestrial snails, but to date these have been
conducted almost exclusively on Stylommatophoran pulmonates (Wade et al.,
2001) and involve relatively expensive consumables. In contrast, karyotyping is
a low cost methodology that provides useful tools for alpha taxonomy. It can be
used in evolutionary interpretations, and is ultimately complementary to
sequencing. Although Rhiostoma is a diverse genus and clearly presents an
interesting focal group for diversification studies, the karyotype has not been
reported before.

In the present paper, we report cytogenetic data of Thai and Malaysia
species of Pterocyclos and Rhiostoma, which brings the total examined to 24
cyclophorids (Table 1), and for the first time allow some discussion of
systematic implications.

MATERIALS AND METHODS

Localities, shell characteristics of each species and karyotype information
are given in Fig. 1, 2 and Table 2 respectively. Species identification were made
using the following literatures; Reeve, (1861), Mdéllendorff (1894), Blandford,
(1902); Tomlin, (1931); Salisbury (1949); Solem (1966) and Ruhoff (1980), and
compared with type specimens at the Senckenberg Museum, Frankfurt (SMF)
and the Natural History Museum, London (NHM).

Chromosome preparations were made from gonad tissue by an air-drying
method modified from Patterson and Burch (1978) and Park (1994). Gonads
were directly injected with 0.1 ml of 0.1% colchicine (Sigma D-89552), were
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dissected after 4-5 hours and cut into small pieces in 0.07% hypotonic KCI
solution. Separated cells were collected after centrifugation at 1,000 rpm for 10
minutes and fixed in fresh Carnoy’s fixative (3 parts of absolute ethanol and 1
part glacial acetic acid). The supernatant was replaced with fresh fixative for
each of the two centrifugations. Cell suspensions were dropped onto clean glass
slides pre-heated to 60°C. Slides were then air-dried and stained in 4% Giemsa
solution for 15 minutes. Photomicrographs of ten well-spread metaphase cells
were measured for relative length and centromeric index. Mitotic karyotypes
were arranged and numbered for chromosome pairs in order to decrease mean
relative length. Nomenclature of morphological chromosome types follows that
of Levan et al. (1964).

RESULTS OF KARYOTYPE ANALYSIS

The operculate land snails of the two related genera Pterocyclos and
Rhiostoma collected from Thailand and Malaysia were karyotyped. These
genera showed distinct intergeneric similarities in both haploid and diploid
chromosome number (n = 14, 2n = 28) but the ranges of fundamental
chromosome number (FN) exhibit variations of 48, 52 and 56. The metacentric,
submetacentric, telocentric and acrocentric chromosomes were identified.
Karyotyes of two Pterocyclos species from south Thailand and Malaysia show
8m + 4sm + 2t in Pterocyclus sp. from southThailand and 7m + 5sm + 2t in
Pterocyclus blandi from Malaysia. The latter species shows chromosome
marker of short arm of pair number sixth exhibits wider angle arrangement , and
number 7 shows secondary constriction. The six species of Rhiostoma examined
herein show karyotype variations with chromosome morphology differentiation.
The karyotype varied from 7m + 4sm + 3t in R. hainesi from eastern Thailand.
Two species from the south i.e. R. chupingense exhibits 6m + 5sm + 3t and
chromosome no. 4 show telomere end circled on long arm, and 2m + 9sm + 3t
in R. jalorensis. The two island species R. asiphon from Angtong Island have
3m + 8sm + 1t + 2a and 5m + 5sm + 2t + 2a in R. samuiense from Samui Island.
Karyotypes among populations of R. housei show variations between the central
(9m + 2sm + 3t) and southern regions (9m + 2sm + 2t + 1a) of Thailand (Fig. 3,
4 and Table 2).

DISCUSSION

The chromosome number among the Pterocyclinae is highly conservative.
Several characteristics are common to all analysed species so far, including the
invariable diploid number (28) which most similar in chromosome number to
the Cyclophorinae of the common genus Cyclophorus (Kongim et al., 2006, Lee
et al. 2008), the presence of a size continuum and the karyotype pattern (the
present study).



39

This conservation of haploid number is distinctly different from the
subclass Streptoneura (Caenogastropoda), for which haploid chromosome
numbers have been reported from 7 to 60 (Burch, 1967). And the Streptoneura
exhibits its own chromosome number in each taxon. This is quite seldom varies
to not more than + 2 bivalents (Burch, 1967). An investigation of ten tiny
cyclophoroideans belonging to the genus Diplommatina also showed a similar
conservative chromosome number (2n = 26) and karyotype characters
(metacentric and submetacentric) (leyama and Tada, 1991; leyama, Henmi and
Tada, 1993; Ogaito and leyama, 1997; leyama and Ogaito, 1998, 2000).

The variation of chromosome number may represent a primary species-
isolating mechanism as discussed by King (1993). As currently recognized that
R. housei ranges from northern Thailand (type locality) to southern Thailand
and is notable for exhibiting significant variation in shell morphology (Haines,
1854). Our data suggested that eight Rhiostoma species and some subspecies
occurring in Thailand. Further chromosomal surveys, combined with
comparative analyses and geographic variation of morphological characters
including DNA sequence analysis of the R. housei species complex, are
challenged to prove the species limitation. Karyotypes of the two endemic
species, R. chupingense and R. housei are different in arm length ratios.
Moreover, Pterocyclus blandi, R. chupingense, R. housei, R. jalorensis exhibits
unique character on the chromosome especially the first six pairs chromosome.
These characters are highly variable between a wide range of organisms
(Swanson et al., 1967), are associated with a high level of conservation between
species and therefore associated with species status (Clark and Wall, 1996;
Rickart et al., 1999).

The karyotype is generally a species-specific character useful in species
discrimination (King, 1993; Clark and Wall, 1996). Karyological data has been
used for species-level classification in several molluscan groups such as
Goniobasis (Dillon, 1991); Bellamya (Zhou et al., 1988); Atlanta (Thiriot-
Quievreux and Seapy, 1997) and Viviparus. BarSiené et al. (2000) used
karyotyping to improve on existing schemes of classification and to explain the
evolutionary role of chromosomes. Cytogenetic studies are particularly valuable
for clarifying phylogenetic relationships and investigating mechanisms of
chromosomal evolution in closely related species.

Chromosome variations in both number and karyotype pattern have been
implied as a primary isolating mechanism for speciation. Karyotype
differentiation appears to result most readily from population fragmentation via
founder events. The interpretation of chromosome numbers as an indicator of
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evolutionary relationship must be viewed with caution. According to some
authors (e.g. Patterson and Burch, 1978), molluscan chromosome numbers have
a tendency to increase, but for others (e.g.Butor and Kiauta, 1969; Ahmed,
1976) not appeared in literatures, chromosomal evolution indicate by the lower
numbers tendency. From the present review, chromosome numbers increase
from the traditional Archaeogastropoda to the Neogastropoda, whereas a
tendency to decrease is noticeable in the Opisthobranchia from the
Cephalaspidea to the Nudibranchia. In the previous reviews of the molluscan
chromosomes (Patterson, 1969; Patterson and Burch, 1978; Nakamura, 1985,
1986), a general constancy with regard to chromosome numbers within a
taxonomic group was noted.
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FIGURE LEGENDS

Fig. 1. A map of Thailand showing the collecting localities of Pterocyclus and Rhiostoma in
this study. 1 = Tham Sumano, Patthalung; 2 = Gua Cenderawasih, Peris, Malaysia; 3 = Kedah Cement
Langawi, Malaysia; 4 = Koh Wua Talub, Mu Koh Angtong N.P., Suratthani; 5 = Koh Samsao, Suratthani; 6
= Khao Poo Khao Ya N.P., Phatthalung; 7 = Khao Panomwang, Suratthani; 8 = Khao Chang, Donsak,
Suratthani; 9 = Wat Khao Thammarong, Prachuap Khirikhan; 10 = Khao Wangtong, Khanom, Nakhon
Srithammarat; 11 = Sugai Jenis Peris, Malaysia; 12 = Khao Chakan, Sra Kaeo; 13 = Namtok Plio N.P.,
Chanthaburi; 14 = Muaglek, Saraburi; 15 = Khao Lukchang, Pakchong, Nakhon Ratchasrima; 16 = Wat
Theppithakpunnaram, Kang Koi, Saraburi; 17 = Tham Dao, Saraburi; 18 = Khao Lommuak, Muang,
Prachuap Khirikhan; 19 = Wat Tham Suwannakuha, Muang, Pang-nga; 20 = Wat Tham Sua, Muang, Krabi;
21 = Namtok Taotong, Pang-nga; 22 = Tham Nampud, Pang-nga; 23 = Namtok Namuang, Koh Samui,
Suratthani; 24 = Namtok Hinlad, Koh Samui, Suratthani; 25 = Koh Tan, Suratthani

Fig. 2. Shell characteristics of, A, Pterocyclus spl.; B, Pterocyclus sp2.; C, Rhiostoma asiphon ; D, R.
chupingense; E, R. hainesi; F, R. housei (from localities 14 to 17); G, R. housei (form locality 18);
H, R. jalorensis and I, R. samuiense.

Fig. 3. Mitotic chromosomes of, A, Pteracyclus spl.; B, Pterocyclus sp2.; C, Rhiostoma asiphon ; D,
R. chupingense; E, R. hainesi; F, R. housei (from localities 14 to 17); G, R. housei (form locality
18); H, R. jalorensis and I, R. samuiense.

Fig. 4. Karyotype of A, Pterocyclus spl.; B, Pterocyclus sp2.; C, Rhiostoma asiphon ; D, R.
chupingense; E, R. hainesi; F, R. housei (from localities 14 to 17); G, R. housei (form locality 18);
H, R. jalorensis and I, R. samuiense as indicated in Fig. 3, showing metacentric (not labelled),
submetacentric (sm), telocentric (t) and acrocentric (a).
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Table 1. The diploid (2n) and fundamental number (FN) of the previous recorded

cyclophorid species.

Species Origin 2n FN References
Cyclophorus jerdoni (Benson, 1851) India 28 - Kasinathan and Natarajan (1975)
Cyclophorus polynema (Pfeiffer, 1854) India 28 - Choundhury and Pandit (1997)
Pterocyclus bilabiatus (Sowerby, 1853) India 28 - Kasinathan and Natarajan (1975)
Theobaldius ravidus (Benson, 1851) India 28 - Kasinathan and Natarajan (1975)
Theobaldius shiplayi (Pfeiffer, 1856) India 28 - Kasinathan and Natarajan (1975)
Micraulax scabra Theobald, 1876 India 28 - Kasinathan and Natarajan (1975)
Cyclophorus aurantiacus (Schumacher, 1817) Thailand 28 56 Kongim et al. (2006)
Cyclophorus cantori (Benson, 1851) Thailand 28 56 Kongim et al. (2006)
Cyclophorus courbeti Ancey, 1888 Thailand 28 56 Kongim et al. (2006)
Cyclophorus diplochilus Méllendorff, 1894 Thailand 28 56 Kongim et al. (2006)
Cyclophorus fulguratus (Pfeiffer, 1852) Thailand 28 56 Kongim et al. (2006)
Cyclophorus malayanus (Benson, 1852) Thailand 28 56 Kongim et al. (2006)
Cyclophorus saturnus Pfeiffer, 1862 Thailand 28 56 Kongim et al. (2006)
Cyclophorus speciosus (Philippi, 1847) Thailand 28 56 Kongim et al. (2006)
Cyclophorus subfloridus Ancey, 1888 Thailand 28 56 Kongim et al. (2006)
Cyclophorus volvulus (Mdiller, 1774) Thailand 28 56 Kongim et al. (2006)
Pterocyclus spl “Tﬂr;a:z;sii 28 56 Present study
Pterocyclus sp2 Malaysia 28 56 Present study
Rhiostoma asiphon Moellendorft, 1894 Thailand 28 48 Present study
Rhiostoma chupingense Tomlin, 1938 Thailand 28 56 Present study
Rhiostoma hainesi (Pfeiffer, 1861) Thailand 28 56 Present study
Rhiostoma housei (Haines, 1854) Thailand 28 56 Present study
Rhiostoma jalorensis Sykes, 1903 Thailand 28 56 Present study
Rhiostoma samuiense Tomlin, 1931 Thailand 28 48 Present study
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Table 2. Thediploid number(2n), fundamental number (FN) and Karyotype pattern of the

Pterocyclus and Rhiostoma species  in the present study.
Scientific name Locality (2n, FN) Karyotype
Pterocyclus spl. 2. Tham Sumano, Patthalung 28, 56 8m+4sm+2t
Pterocyclus sp1l. 3. Gua Cenderawasih, Peris, Malaysia 28, 56 8m+4sm+2t
Pterocyclus sp2. 4. Kedah Cement Langawi, Malaysia 28, 56 7m+5sm+2t
Rhiostoma asiphon 5. Koh Wua Talub, Mu Koh Angtong N.P., Suratthani 28, 48 3m+8sm+1t+2a
R. asiphon 6. Koh Samsao, Suratthani 28, 48 3m+8sm+1t+2a
R. chupingense 7. Khao Pu Khao Ya N.P., Phatthalung 28, 56 6m+5sm+3t
R. chupingense 8. Khao Panomwang, Suratthani 28, 56 6m+5sm+3t
R. chupingense 9. Khoa Chang, Donsak, Suratthani 28, 56 6m+5sm+3t
R. chupingense 10. Wat Khao Thammarong, Prajurbkerekan 28, 56 6m+5sm+3t
R. chupingense 11. Khao Wangtong, Khanom, Nakhon Srithammarat 28, 56 6m+5sm+3t
R. chupingense 12. Sugai Jenis Peris, Malaysia 28, 56 6m+5sm+3t
R. hainesi 13. Khao Chakan, Sra Kaeo 28, 56 7m+4sm+3t
R. hainesi 14. Namtok Plio N.P., Chanthaburi 28, 56 7m+4sm+3t
R. housei 15. Muaglek, Saraburi 28, 56 9m+2sm+3t
R. housei 16. Khao Lukchang, Pakchong, Nakhon Ratchsrima 28, 56 9m+2sm+3t
R. housei 17. Wat Theppithakpunnaram, Kang Koi, Saraburi 28, 56 9m+2sm+3t
R. housei 18. Tham Dao, Saraburi 28, 56 9Im+2sm+3t
R. housei 19. Khao Lommuak, Muang, Prachuap Khirikhan 28,52 Im+2sm+2t+1a
R. jalorensis 20. Wat Tham Suwannakuha, Muang, Pang-nga 28, 56 2m+9sm+3t
R. jalorensis 21. Wat Tham Sua, Muang, Krabi 28, 56 2m+9sm+3t
R. jalorensis 22. Namtok Taotong, Pang-nga 28, 56 2m+9sm+3t
R. jalorensis 23. Tham Nampud, Pang-nga 28, 56 2m+9sm+3t
R. samuiense 24. Namtok Namuang, Koh Samui, Suratthani 28, 48 5m+5sm+2t+2a
R. samuiense 25. Namtok Hinlad, Koh Samui, Suratthani 28, 48 5m+5sm+2t+2a
R. samuiense 26. Koh Tan, Suratthani 28, 48 5m+5sm+2t+2a

Abbreviation: m, metacentric; sm, submetacentric; t, telocentric; a, acrocentric chromosome.
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Abstract

The cyclophorid snail genus Platyrhaphe Mollendorff, 1890 is mainly distributed in
Southeast Asia. In Thailand, this genus has only been recorded a few times in the southern
peninsular of Thailand. However, recent land snail diversity investigations, in the Korat
Plateau, Northeastern Thailand, have recorded this snail for the first time, and it is clearly
different form the other co-families such as Cyclotus and Pterocyclus. The classical
techniques, which are still suitable when employed critically, such as shell and radula
morphology, as well as genital characteristics, were used in the identification. The specimens
were also compared to P. lowi Morgan, 1887 and P. leucaeme Mdllendorff, 1901, and
distinct differences in morphology were found. In addition, a karyotype study of Platyrhaphe
sp., from northeastern Thailand, identified haploid and diploid chromosome numbers of n =
14, 2n = 28, FN = 56. The karyotypic formulae contained unique representatives at 7m + 5sm
+ 2st. The ZZ-ZW sex determination system is reported in this superfamily including

Cyclophorus, Rhiostoma and Pollicaria.

Key words: Taxonomy, Cyclophoridae, Platyrhaphe, Karytype, Thailand

Introduction

Within the Cyclophoridae, Platyrhaphe Moellendorff, 1890 is one of a small and a

poorly known operculate land snail, which live in ground dwelling moist litters along out

crop mountain. The geographic ranges of Platyrhaphe species are quite narrow. They
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previously recorded along the closed lime stone mountain of Southeast Asia. So far, the land
snail Platyrhaphe are confined to India, south China, Vietnam, much in Philippines,
Malaysia, Borneo and Japan (Moellendorff, 1890; Kobelt, 1902; Sykes, 1902; Bavay &
Dautzenberg, 1903; Martens 1903; Laid law, 1928; Otuka, 1941; Zilch, 1956) did not record
this species from Thailand.

One of these is the Cyclophoridae which about 300 species currently arranged into 34
genera, and consists of 4 subfamilies. The Cyclophorinae, Spirotomatinae, Alycaeinae, and
Pterocyclinae in a Linnean system are considered to be equal entities, problems associated
with ranks and synonymies arise. Platyrhaphe lowi was initially placed in the genus
Aulopoma (Morgan, 1885), then placed in the genus Cyclotus by Moellendorff in 1886 and
Moellendorff (1809) placed lowi in the genus Platyrhaphe. Similar to fodiens Heude (1882)
recognized this species as belonging to the genus Cyclotus, while Yen (1939) placed it in the
genus Platyrhaphe. By the traditional classification is based on shell morphology very well
especially the remark that the live shell of Platyrhaphe is covered with a layer of mud.
Moreover, Phylogenetic relationships based on mitochondrial (mt) DNA sequences suggested
that Cyclophorus, Cyclotus, Leptopoma and Platyrhaphe are monophyletic (Yen et al., 2008).

The most generally accepted system of classification today Platyrhaphe into
Pterocyclinae (Vaught 1989, Millard 1996). Although some investigators treat Platyrhaphe as
Cyclotinae. Kobelt (1902) listed Cyclotinae of two genera of Platyrhaphe, Moellendorff with

32 species name and Cyclotus, Sowerby with 100 species name.

Materials and Methods

The population was first found in July 2008 in Phukeaw, Chaiyaphum Province
(northeastern Thailand), in an isolated forest at an elevation of 300-1,300 m, 9.7'16°E
39.6'101°N.

Field observations investigating the life history were made over 1 yr, and records were taken
monthly. The specimens were taken to the laboratory for rearing. The life was transferred to
the laboratory to observe pupation. The specimens were preserved in 70% ethyl alcohol, and
the adults were removed from their shell. To prepare drawings of the adult reproductive
systems of both male and female, the radula were separated and boiled in a 10% KOH
solution, cleared in distilled water, and then studied by using Scanning Electron Microscope.

Terminology of the reproductive system follows Chaboo (2007). Descriptions of adult
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follows Swigtojanska et al. (2006). The holotype and paratypes are deposited at the
Department of Biology, Faculty of Science, Mahasarakham University. 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 (NHM), Muséum National d’Histoire Naturelle, Paris
(NMHN) and Senckenberg Museum, Frankfurt (SMF).

Result

SYSTEMATICS
Family Cyclophoridae
Subfamily Pterocyclinae

Platyrhaphe Moellendorff, 1890

Platyrhaphe phukeawensis sp. nov.

Material: Holotype: Thailand, Chaiyaphum, Phukaew Mountain. 5 July 2008
Paratype (25 specimens):

Type material.— Holotype: ZMMSU 1577 (Fig. 1; height 34.5 mm, width 18.4 mm, 6%
whorls) from the type locality, paratypes ZMMSU 1548 (Fig. 3K; 9 shells), 1561 (82 shells),
1562 (85 shells); CUMZ; BMNH xxxx (5 shells); MNHN xxxx (5 shells).

Type locality.— The lime stone outcrop at Phukiew National Park, Nongbuadang District,
Chaiyaphum Province, Thailand (17° 14” 1.3’” N 101° 44’ 3.5”" E).

Etymology.— The specific name “phukaewensis” derived from the type locality meaning
“Phukiew mountain”. It refers to the type locality of this species that found in the first with

unique pattern of mud layer on shell.

Shell.— Shell small, globose shape; shell colour dark brown to blackish. Shell surface mostly
tiny transverse rib, rarely rough on upper half of last whorl. Whorl 4-5; suture moderately
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impressed; apex obtuse; spire short. Last whorl large about two-third of its length and
flattened in front. Shell surface rough with malleations on upper half of last whorl. Aperture
rounded, posterior angle canal small; peristome continuous, thicken, white, margin duplicated
with some prominent growth ridges, slightly reflexed. Lip weakly thickened; umbilicus
narrow. Umbilicus narrowly and deeply perforated. Operculum concentric thick calcareous,
multi-spiral plate, plate 5 evenly increasing whorls, exterior little convex. Mostly, shell cover

with soil, expand like wing along whorl,

Dimensions (n=15): height 33 - 41 mm, 35 mm on average, width of body whorl 18-23 mm,

20 mm on average.

Radula (n=1; figs 4, 5). — The taenioglossate radula long like ribbon, the radula has
numerous rows with seven teeth per transverse row (Kobelt, 1902; Kasinathan, 1975) that is a
central (middle or rhachis) tooth, flanked on both sides by one lateral tooth and two marginal
teeth with radula formula of (2+1+1+1+2). The central tooth consist of five cusps, the central
cusp is bigger than the four lateral cusps. The lateral tooth has three cusps and longest stalk
which tend to the central tooth. The inner marginal tooth (no.2 in fig.2) exhibits the three

cusps which the central cusp is bigger than the two lateral cusps.

Habitat and biological notes.— Platyrhaphe phukeawensis sp. nov. were found on litter and
low rock locate the slope of hill or mountain. In generally, the adult usually inactive and
rested on the underside of the leave litter, but in the rainy season we can see them moving
slowly on the upper side of the leaves litter or low rock. However, we might not immediately
recognize these small snails and colour identical to dead leaves, shell look like a small dry
mud or a spot on leaves disease. So we have to sit down and look for carefully. which are

almost always covered by a ...

Remarks: This Platyrhaphe phukeawensis species differs from larger species from North
Vietnam in having brown shell colour while P. lowi has green brown. Additional, mud shell
exhibit distinct two keel. and. The similar of both species is their shell sculpture smooth and
they have whitish aperture. But they have unique character in each. P. gravida distinct
smaller than P. rochebruni and the latter species has reddish brown in shell colour. Head with

black spot, orange tentacle.
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Remark.— This new species Platyrhaphe phukeawensis can be distinguished from P. lowi
from Gunung Genting, Ipoh, Malaysia in having brown shell colour while P. lowi has green

brown. Additional, mud shell exhibit distinct two keel.

Diagnosis. — Shell small, dark brown, dextral, globose. Shell surface mostly tiny transverse
rib, rarely rough on upper half of last whorl. Whorls 4-5, last whorl rapidly expanding about
two thirds of the total length shell, flattened in front. Suture is weakly impressed. Aperture
rounded, rarely with angular corner on the upper side, peristome continuous, thickened,
white, margin duplicated, internal callus, with some prominent growth ridges, slightly
reflexed. Umbilicus narrowly and deeply perforated. Mostly, shell cover with soil, expand

like wing along whorl.

(fig. 1) Platyrhaphe phukeawensis sp. nov.
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(fig. 2) Radula of Platyrhaphe phukeawensis sp. nov.
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land snail Pollicaria mouhoti (Prosobranchia: Pupinidae)
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Abstract

The adult digenean, Opisthorchis pollicarii n. sp. found in the cavity between
the heart, kidney and digestive gland of the land operculate snail Pollicaria mouhoti,
is reported for the first time from adult pupinids snails captured in June-July 2008, in
North and Northeast Thailand. The differentiation between the adult worm of
Opisthorchis pollicarii n. sp. and that of the closely related species, Opisthorchis
viverrini and Opisthorchis felineus, is mainly based on the body shape, the shape and
position of the testes and sucker, and the arrangement of the vitellaria. Morphology
and ultrastructure are comparatively reviewed. Biological aspects of the land snails
are also included. The host range of Opisthorchis is now known to include the

operculate land snail family Pupinidae.

KEY WORDS. — Taxonomy, New species, Digenea, Opisthorchis n. sp., SEM,

Land snail.
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Introduction

The Digeneans or flukes are a large and successful group of parasites. There are
about 6,000 species known to science. They all have complicated life cycles involving
at least one intermediate host, which is normally an aquatic snail as well as the
primary host which is normally a vertebrate. Digeneans as adults are flat worm shaped
animals, they have two suckers. The first is the oral sucker, around the mouth; this has
two functions, a) to hold the animal to its host and b) to assist in feeding. The second
sucker is found a little way further down the animal’s body and it has only a single
function, that of attachment. Only about 12 of the 6,000 known species are infectious
to mankind, but some of these species cause important diseases which infect 200
million infected worldwide. The most famous digeneans is Opisthorchis viverrini, a
liver fluke belonging to the food-borne trematodes, is the causative agent of
opisthorchiasis. At present, an estimated 67.3 million people are at risk and 9 million
are infected with the highest prevalence found in Cambodia, Lao People’s Democratic
Republic, Thailand, and Vietnam. The most serious complication of opisthorchiasis is
cholangiocarcinoma, the bile duct cancer (Haswell-Elkins and Levri 2003; Sripa
2003; Keiser and Utzinger 2007). The liver flukes of the genus Opisthorchis are
classified into family Opisthorchiidae. The three species that are most commonly
found in humans are members of the family Opisthorchiidae including Clonorchis
sinensis (syn. Opisthorchis sinensis), O. viverrini and O. felineus. Six rarely reported
species of this family are O. guayaquilensis, O. noverca, Metorchis albidus, M.
comjunctus, Pseudamphistomum aethiopicum and P. truncatum (Kaewkes, 2003).
Due to the high prevalence of O. viverrini infection and its related serious illness,
cholangiocarcinoma, particularly in Thailand (Vatanasapt et al., 1990; IARC, 1994),
this revision will emphasize on O. pollicarii n. sp. and related information about O.
viverrini , C. sinensis and O. felineus will also be included. This paper describes a
new species of Opisthorchis pollicarii n. sp., from the operculate land snail Pollicaria
mouhoti Pfeiffer, 1862 endemic species in Thailand. This is the first record of an adult

liver fluke infection in land snails.

The aim of the present paper was to describe the morphological and biological
characteristics of the Opisthorchis pollicarii n. sp. and to compare them with those of

other species of Opisthorchis.
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Materials and Methods

Opisthorchis pollicarii n. sp. adults were obtained from naturally infected
operculate land snail from 12 localities covering 4 provinces in North and Northeast
Thailand (Fig. 1). Adult operculate land snails (Pollicaria mouhoti Pfeiffer, 1862) were
collected during the rainy season in June-July, 2009 by the random examination of 20
snails from each locality. The snails were Killed by freezing before their shell were
cracked so that these could be examine. The visceral mass of digestive system,
reproductive system, muscular, heart, kidney was examined and photographed under a
stereo light microscope using DIC optics on an Olympus AX 70 microscope. The
permanent whole mount of the digeneans were prepared by washing extensively with
0.9% NaCl, fixed in Schaudinn’s fixative, and stained with Acetic carmine. They
were dehydrated in a series of ethyl alcohol series, cleared in xylene, and mounted in
Canada balsam. Drawings were made under light microscope with the aid of a camera
lucida and details were added freehand. Others were processed and observed with a
scanning electron microscope (SEM). The identification used the key of Anderson
(2000), Byksovskaya-Pavloskaya (1964), Fernando & Fertado (1963), Pearse (1933),
Schell (1970) and Yamaguti (1933, 1958, 1959).

Type-specimens were deposited in the department of Biology, Faculty of

Science, Mahasarakham University, Thailand.

Figure 1. Map of Thailand showing the collection localities of Pollicaria mouhoti in this study. (1) Phu
Kiew, Nongbuadang, Chiayaphum; (2) Tam Wuadang, Pakdeechumpol, Chiayaphum; (3) Phu Phachit,
Chiayaphum; (4) Phu Phalom, Loei; (5) Tam Phasing, Loei; (6) Phu Noi, Loei; (7) Tam Pha Bing,
Loei; (8) Phu Phasamyod, Loei; (9) Khao Wangpha, Nongbualamphu; (10) Tam Suwannakuha,
Nongbualamphu; (11) Wat Pamamuang, Nernmaprang, Phitsanulok; and (12) Tam Wangdang,
Nernmaprang, Phitsanulok.
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Results

Prevalence and density of adult

The snails were collected from 12 localities in 4 provinces and 10%-20% of
the snails studied were infected with the adults of Opisthorchis pollicarii n. sp. In
total, 138 adults flukes were recovered, an average of 10 per land snail. The adults

were found in the cavity between the heart-kidney-digestive glands.

Morphology and biology

Taxonomy: These are described below as a new species of Opisthorchis pollicarii n.
sp. is described below.

Type-host: Operculate land snail, Pollicaria mouhoti (Pfeiffer, 1862)
Location: The cavity between heart-kidney-digestive glands
Locality: Phu Kaew, Chiayaphum, North Thailand

Adult (Figs. 2-8):

The adult worms of O. pollicarii n. sp. are monoecious, dorso-ventrally
flattened, lancet-shaped, thin and transparent. Size of the worm is slightly smaller
than O. viverrini from human. The average size of fresh worms is 3.2 (3.0-3.5) x 1.2
(1.0-1.5) mm with a transparent body. The oral sucker is subterminal, while the
ventral sucker is anterior at approximately two-fifth of the body length. Two testes are
deeply lobed, diagonal, situated near the posterior extremity. The long-slightly coiled
seminal vesicle terminates in the ejaculatory duct, which opens through the genital
pore immediately in front of the ventral sucker. Cirrus sac and cirrus are absent. The
multilobated ovary is in front of the anterior testis and nearby the seminal receptacle
and Laurer’s canal. The vitellaria consist of numerous follicles disposed as several
columnous groups in the lateral fields between the ventral sucker and testes.
Excretory bladder is long, sac-like tubed, S-shaped and runs between the two testes
(figs. 2-3)

Based on the morphology, adult worms of O. pollicarii n. sp., O. viverrini and
0. felineus differ mainly in shape and position of the testes, the arrangement of
vitelline glands, and the size, shape and position of the sucker (Figs. 2-3). O.

pollicarii n. sp. can be distinguished from O. viverrini and O. felineus by the presence
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of small globules testes and the long cluster distributed vitelline glands. Moreover, the
oral sucker is distinctly larger and oval shaped in subterminal position, the ventral
sucker is obviously larger and nearly positioned in the central body. O. pollicarii n.
sp. is similar to O. viverrini in having no transversely compressed pattern vitelline
glands but it differs from O. felineus in the presence of no transversely compressed
patterns of vitelline follicles (Sadun, 1955; Beaver et al., 1984).

Scanning Electron microscopy revealed that the oral and ventral suckers are
clearly seen. The oral sucker is larger and oval shaped in subterminal position, ventral
sucker obviously larger and nearly positioned is the central body. Genital pore exits at
4/5 body length. Excretory pore deposits on the end of body (figs. 4, 8, 9). The
tegument of body appears small spine and papilla. Papilla are more numerous on the
dorsal than on the ventral surface (fig. 5). The surface of the oral sucker and ventral
sucker consist of a group of papillae on the outer lip. The tegument of the inner lip
appears distinct with two types of spine, type | is larger and the few on number than
type Il which is small and more numerous (figs. 6-7). The tegument of the body

display a spine similar to O. viverrini (Scholz et al., 1992; Apinhasmit et al., 1993).

Type deposition: Holotype: Mahasarakham University, Faculty of Science,
Department of Biology, Zoological Museum of Mahasarakham University, Thailand
—ZMMSU 12345

Remarks: Opisthorchis pollicarii n. sp. is smaller than O. viverrini and O. felineus
The adult of this digenean found in the cavity between heart, kidney and digestive
gland of the land operculate snail Pollicaria mouhaoti, it is reported for the first time

from adult pupinids snails.

Biological aspects of snail host

The operculate land snails P. mouhoti are naturally infected with Opisthorchis
pollicarii n. sp. They are distributed in the North and Northeast Thailand. The land
dwelling 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
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highly distinctive; the shell is large and inflated, it has an expanded aperture in the
adult (Kongim et al, 2009; 2010).

Figure 2. The adults of Opisthorchis pollicarii n. sp. found in the cavity between the
heart- kidney-digestive gland.

Figure 3. The fresh adults of Opisthorchis pollicarii n. sp. transparence body. the oral
sucker shows oval shape, the ventral sucker shows cup shape, 2 small globular testis.



anterior end

1 mm
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posterior end

Figure 4. SEM observations of the adults of Opisthorchis pollicarii n. sp. os = oral
sucker; vs = ventral sucker; gp = genital pore; ep = excretory pore

Figure 5. SEM observations of the dorsal surface of head part display spine (a, b);
body part with spine (c, d).
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Figure 6. SEM observations of the oral sucker surface of Opisthorchis pollicarii n. sp.
Numerous papilla on outer surface of oral sucker (outer 0s) and spines on the inner
surface (inner 0s) consist of 2 types; type | small, more numerous and type Il large
and few. pa = papilla; s = spine; S | = spine type I; S Il = spine type II.

Figure 7. SEM observations of the ventral sucker surface of Opisthorchis pollicarii n.
sp. Numerous papilla on outer surface of ventral sucker (outer vs) and the spines on
the inner surface (inner vs) consist of 2 types; type | small, more numerous and type 1l
large and few. pa = papilla; s = spine; S | = spine type I; S 1l = spine type Il.
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Figure 9. SEM observations of the excretory pore (ep) of Opisthorchis pollicarii n. sp.
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