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BI1E fFiw
L B EH OLRME

M ERNE L = ORI OBMIL, AV TFOEERMEO—D>ThD, AlikH
(Squamata) X b4 7¥H, ~EH, I I X MAFEHESDYERTH Y, B =
BAEIIN D Y 2 THRICHEAE LTk, BIEE CTICBAETCEE D 95 % UL EE LD 5k
FHK 11,000 FEIC E TEARL LTl . TUIEKEM) O The b ZAR(L L7 ¥R D —> T
&% [ 1, (Jones et al., 2013; Simdes et al., 2018; Uetz et al., 2020)] , FEMRAR:Z [ <
R EDORTOREL KETOBEIZSH L, &5 2 BREEICHEIG L7 LVERRR,
AFREY, TERERZERMEZ A5 (Vitt et al., 2003; Vitt and Caldwell, 2014) , £7-. #E
FROMHREH L L CORMEOIRIZS ERICHET 5, KESORITIARMTHY | &
FHEE > B/ PRIAFHEENY) £ CEBRREEEIR A AT D03, RICIZETE IR A& 4F
EDOBITED N ANKAFT D BAAET D, — T CHAMESHEMOE L AET 572 L,
BRIk L L CORMIIZIICHDIES, ZRHDZ E0s, AlikE O s g
IZHUER EOAEMSARIED NI, FFlZF & & N Homo sapiens % & T A A (2 L C
B LBREE A~ L CE T & BT 5 7o DICHERICEE TH V| JERRE, LR,
TR ERE 2 2GR B N ORI A T E T2,

Ak H O BRI OV TIE, Camp (1923) BNER L7z b4 FHEO VAR & 5
L L, REFEICOI > TIRBREBHRICE D S EMAHT 23T TE 72 (Estes et al.,
1988; Conrad, 2008; Gauthier et al., 2012) , JT4E D KL 24> T BT DG FIL, Do
TENETNHERFEBETHDI EEXZ LN TV M LB (Lacertilia) . ~E i H
(Serpentes) . 3 I A N # M H (Amphisbaenia) ® 5 5. ~EHEH & I I X k4T E
FNENDOHERFEEN S A TEHO—HNORELLZ 2B L TOURTRE, BER

HICE DR EMMEHAICBO TE L RMBEBRORERIEZIEML TV D



(Townsend et al., 2004; Vidal and Hedges, 2005; Pyron et al., 2013; Burbrink et al., 2020) , 4
ik B 132 DEZERAILDOEAL SIT I TR % 2R B OATHE L 2R T 72 2 & A b T
BY., 20 ORFWRFNITUE O (Raynaud, 1990; Greer, 1991) | JEADH 5

VMR ZE O BBl O 45 (de Fraipont et al., 1996; Pyron and Burbrink, 2014; Watson et
al., 2014) 2 ENH B,

AARENOAME X5 10 B 33 J8 76 BOERMR O TEY . ZOWNRITX b D
FHESB 15 B 3T (BL NS HifE) & ~EHE S B 6 B 18 )& 39 Fl (d5 LU 13 HEfE)
Tho (AARNERmERE 2, 2020) ., 26D 5B MU 29 FE - difd &~ %6 33
- HRE L A AT ST R OAAER T HEARETHY . SHIC M 28 -
FAEdS O B 19 1 - AR X E R B RRE S DO F1TT 5 IUCN Ly R U X FTfif
ENDHIRDFERIER B D L S TnD, HFRAICRL & TERSEAFRIH Lz AH o
PRETEEN L, U =R C O R G~ ORI R0, Brx RO RTER L L
TORMRSH D, Flo, Xy PELTHRMAINTIEY, ka2 ESC U O TE b A
HERGHY R & 7R FEREHIREL D b & EFRAYIZIRG STV 5, BN TIEL, A v 7R Pelodiscus
sinensis DERAH D WTEAZE L LCORAL, ~ LY Gloydius blomhoffii <°/~7
Protobothrops flavoviridis 72 & DIEFEW & L COFMABNR D 5, ENO~ LT
RS AR b E o~y M LTHET 26035 0 . EEOFENENS O TR
SNTWD, FRZHEEIIES D M A ZFTIX, Ny b & L TOFRED S BAMKEEIC S
WEREEED 2220 | AR R HORIEIZ K 2 A DWAITIBWT S 23T T BUIRDS
b5 (£, 2018) .

R, FdlkoEY M HE (Lacertilia) &9 3 FEREI. BRI R

/71

A N F7#iH (Amphisbaenia) 35 L OM~EHiH (Serpentes) N3 DR TH 5,

LI TARRTIEANEEB LI I X M 7 HZRS AR 2 U T MU 7 EPERR L,



/7]

SAMITEBIOANEHIZZNENIHE EMEFR L7, 72, €A (Reptilia) 1%

S SNV RERECH AN, AFETIIA AR, V=B, 2>  HXH. A

tl\

i B 2 G T HUORBURE 2 TE BB & FFFR L 72,

IL. TERERIZARIL & AL R A F RO ST
FHEEM) OTERBRIZARNEIL, AR T D BREIER A T =X LD ERIC

AL TEE, T2 ERBIZRIEOMEE 2 BAF+ 2 7201213, FEFSCE LR T
AWM E R L, 2ot EBEREOmMmEZ A SN T 20 ERH H, HFE,
AJE, R, REZR EOBMEE T, BAEBRRICET 2 MANHaICE RS ATY
Db BT LRENT AT )T M= AERR £ T EMTFI R RN S -
TNVENHENL SN TE D . 21D & W REE AR & B 10 & 3 b4
FHIBFFERE AT O TV D, EALFEAFAIERICE D M D 5 W IXEMWRER THE
DT 21T OIS0, ETEEIIRLD1T, WIEAWE L 58 M TRl
T5ZETHD, REESBEOMIB AEITIRE 2 EOHNNEROZEE RE<%ZITD
72, A TH - THE UEE TEITLRAWEAN LI LITEZR SN D (Billett et al.,
1985) . TN IR AICE T H2HMITEHE CRE R D (Birchard and
Marcellini, 1996) | S2HE & 2\ MIPETR#E 00 W1 [#] 2 Fi ] C Ml U 7o IS8 AR D HET T BE D FE1E:
EFTHZLIFTERY, 22T, BECIRIEOA AR T EENL LU0
W OFEARBFRE D L & FIBEIC T 5 72 DIZ RO SN RE YR80 4 JEHE & U 72 8 AL BEE
EFRSI, ZNHERICTE DN TEEA RFEOR A BB 2 TRBRRIRENBIE S
T&E 2, BAEBBEEROMREDN 7 H OI2IE, &% Tl Hamburger and Hamilton (1951) |
U = B Ci% Ferguson (1985) .7 A HD 5 LKA H v I 4 A _EFHClIE Miller (1985)

U XA AME ZBRL R EOH AT Yotema (1968) R ENH D, £7-. AlkH %



%G L U= J8 A SRR %2 Tk, Dufaure and Hubert (1961) 12 & % k7 7D I8 B s E 35
R, Zehr (1962) 1T X D5 ~EHORAEREBEERNA HOLBRTWD, Lo, KKRE
U CAHIER 255 & U RASRIM IR OFTHEBMEE & el L T 7e < RIS JERE
N ORI FEREINRHE O T B AEOTE D 22 72 & U 72 38 AR A 00 IR0 o3 1R iR

HTH 5,

. AR o#HEREIZOVNT

& &L EWIIFE 2 DIEFELEIC L VAR ORI AR L CREARH L. 20
AMTEENE B ATV D, T 2R E OIS 72 AP ORI b B
BEEEH S TEIEEZBND, PTTHRREIRT, ERETRMEZSETLZ L1
RV BREGEEI 2 ] D, WKEMW OB RIT, AR FATASL U7z LR R & 6
BROZOIIKINSIND, FRERDOEER Tl 5 R SR T AR 2 FEIRER~F 5
T2k, WERROETIRTH LM T B R E BIREK~H 35 (Parsons,
1970; Bertmar, 1981; Trinh and Storm, 2003; Taniguchi et al., 2011) , #HEZE DR 7
(X RIFEME AR AR R S E | SR TP IE TH L7 B R EEZRL,
BHATH A I LD LT OEANEAERM I a=r— v a VICEERER M
(Brennan and Zufall, 2006; Woodley, 2010) , Z D72, [FIZFREIIFEO 5 LOKERF ICEHE
BREFI A LEZ HEN TV D,

%2 < OFWHBIZUEEM) O P CTHRHCHEE L ICBRGE 2RO, 7o E U2
WCEDHEN T I 2= =2 a ATHORR 6T, SREMTEICHNR DI TEY 22 &2 D
AREORR 2 22l TR E K DEFZRICRES L TWNDL I EMnD, @RETED
HEALITHEE OSBRI HE A 2 o TE 2 EBEX LN TND

(Kubie and Halpern, 1979; Graves and Halpern, 1990; Cooper, 1994; Huang et al., 2006) , A



ik H oy as B OHE(LSLIL, FIZRE & AWTALF S RITE OFEEE & 72 5 tongue-flicking
ITEND S (Baeckens etal., 2017a) | [FIZFE 3 L OV O BEiE & & AR REAVRFE D B
(Schwenk, 1993; Filoramo and Schwenk, 2009) | #8552 ZAKELY D 24514 (Brykczynska et

al., 2013; Kishida et al., 2019) 72 EkE A4 7ot HIFFE S LT & 7=,

IV. A EONE

AWFUIEEE OZEPEICER L, LR O O8R5 E O AR b O
ICHBNT DB A A 525 Z LR HNE Uiz, ARE 2 =i, AlkE b7
D 5 HIAEBFRITBE T 5 BB A RIZ AR L TORW R OREIZ DWW T, I
D—EDORAEBMEEZ ER Lz, £, T D b FHEOEIME SRR TRl Sh
TH AR N AL R LT, A% OMELIARIEICE T AT LEE L
TOFEMDOAREMEICOW TR, 9 3 BT, AlkEH 04RO~ 72l TEEZR
P& 2100 SRS E OFSBEMBERE OB Z ISR Lie, £3°. A/ 1

MO NG ERIE DT

NS

i REROR 2 MR A0S BLEE L7, RIS, AR D 2 B AvE S
EOMFEAREZBIE LT, SIS, SEATHE T SRR IS RS 2 &
DIRFELZ RIS L, Zh DR ERER OBERIED 2R OB 2 2 B & 7>

Wz L7z,
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1-1. e D ZHEAMR & Al H OFEZERNE. A: TE€HRIHD 57 R . Zheng and Wiens
(2016) LV LAEL, NAFEHOARRLER L. B [CHENOA B L AiE O HICE
ENDHFEE L OFORIRIZ S 5FIE. FEEUL The reptile database (Uetz et al., 2020) (24
o7, C: MATENO ERLL EOJSTHBEMICE N5 E ZORKICED HE 4.
13 The reptile database THEHE I 41TV V% “Reptile species checklist 14 Dec 2020”7 (ZHE - 7z.



K 1-1. KR THWIEARR OSBKR L, M 7HBIOR I X MOV HOK SR ORA.

Squamata A fifk H
Lacertilia NI 7 HiH (N7 7%HH)

Dibamia 7% 7 ¥ h#4 FH
Dibamidae 7 % 7 |~ J ZFPH!

Gekkota *¥EV FH
Carphodactylidae 77 U A Y€V F}
Pygopodidae E L 7 3 k77 7 Fb#!
Diplodactylidae 1 > ¥ U F}*3
Eublepharidae k77 7€ R Ff*!
Sphaerodactylidae 5 &7 & U F}#3
Phyllodactylidae A 4% & U £+
Gekkodae Y& U F}*!

Scincoidea N7 EF}
Xantusiidae = /L k77 R}
Gerrhosauridae 7 % K 77 7 *!
Cordylidae = 1A k71 #Fl*!
Scincidae 77 7!

Lacertoidea 7+~ EF}
Teiidae 77— b 71 7!
Gymnophthalmidae & 27 I —7 7 —F}*!
Lacertidae 7 -~ b }*!

Anguimorpha A4 b H 4~ F H
lelodermatidae K7 b7 27 F}*!
Xenosauridae A ¥ =2 1 FRp#3
Diploglossidae ¥ ¥ U 7 o 7" A F}*!
Anguidae 7 > B ARRH
Shinisauridae 7 = k77 7 F*?
Lanthanotidae I X 3 k7 7 Fp*!
Varanidae A4 k77 7!

Lacertilia N A7 dH (k75 %H)
Iguania 77 FH

Chamaeleonidae 77 A L A L F}*!
Agamidae 7 W~ F}*!
Leiocephalidae > ~-A k77 F
Iguanidae A 77 FF}*?
loplocercinae A A 77 FF}*2
Corytophanidae /33U A 77 F}#2
Crotaphytidae 7 ©E'U 71 7 F}p*2
Tropiduridae k7 E° R & /L A F}#2
Opuluridae 7 %4 ~ 1 7 F}*2
Leiosauridae L A A% 7 L 2 F}
Liolaemidae AXA 77 FFp*
Phrynosomatidae >/ / k71 7 F}*2
Polychrotidae 71 A L A 2 &~ T4
Dactyloidae 7/ —/L b 71 77 F}*4

Amphisbaenia I I X MBS HH
Rhineuridae 71 U % I I X K 77 7R}
Bipedidae 7 #7323 X Fh 7R
Blanidae &A1 37 I I X MR
Trogonophidae 7 kX I X k71 7 f}*!
Amphisbaenidae I I X k7 FFp!

Serpentes -~ E'ifi H

SPFHALIE Zhang and Wiens (2016) (ZfE -7z, *1: JEHREEOHEALE 2 ki (B H, 2012) L 0 fi4 % 5]
;%2 EHRFHOENE 2 i (B H, 2012) OHift4 % SE 2F04 2R E; *3: RO FETE 9 &
T By (fa 4, 1992) O HiRI4 & 55 ITF4 ZIRIE; *4: BRI S 9 B F B, (Iad:, 1992) D&

B HBEI\TINA ZIRE.



H2E HEB MU SE 2 RV ERA SN

1. Fim

iR N U FEOBEIFE T, Bk 20 R IV TRMBER DS B & D PR IE R
JED DEREEZRATIT 20 SZHEIR A IR IR O TRESR A I & 2 JIOREF & vy O Ehlikmg
LDz, EINOX A I VRN THE: 2% (Shine, 1983; Brada et al, 1991;
Rodriguez-Diaz and Brafia, 2011) , Lz (2, PEIID B £ COMINAM A FERN T
BHWCEGT D, £ 2-1 [IRLEEY . MATEENGR L LR AL T,
Dufaure and Hubert (1961) 12 X 2B EFR (DH AT —) BWAS AL TE 2,
— 7. EOHFFED—EBIE Werneburg (2009) 12 & ¥ #£2& & 117- Standard Event System
ZHWTW5, £7-, Billy (1988) . Sanger et al. (2008) . 3 X U¥ Kuriyama and Hasegawa
(2017) IXZNE I E OIEABPERAEZ W TRAEBRE 250k L 72, & 51T Noro et al.
(2009) I3 & U8 Gregorovicova et al. (2012) 1d, #HEIF H A2 351 B RO RE % Fak
LTW5o, I, EEAEFZRINRICIT DR RO — NV ThHDHET ) b
T & RAEBBROEREEIET L5707 NIRRT/ — )V Anolis carolinensis (Sanger et
al., 2008; Eckalbar et al., 2013) . Y A U7 %42 L ¥E U Paroedura picta (Noro et al.,
2009; Hara et al., 2015; 2018) . 7 7 = & 7 k1% Pogona vitticeps (Georges et al., 2015;
Whiteley et al., 2017; Ollonen et al., 2018) % W\ TIToIL TV | 215 O FLITRERE
(A E 2 T2 BN O LI AE I R E S BT 5 S Wi, o
L RRBUCEB N TS, LUTICRRD BB S N A FEE /S & U AR O
FERER N RLIIRTE 100 L IEE 720,

N T, AR O ERITH W B D INTIE R R O FAENEF 03 FE L~

NDET LA FRTIERFSNDBEMICH L T T, 7 LA FRITIE—HRICET L

10



WGBS D (Andrews et al., 2013) , ZHVOIAENETF O AL, WREEEIZ X 5%

_l\

AT I L OV F RIS D < SRAEBEIFR & B L Tuh72 0y (Skawinski and Borezyk,
2017) o D7D, FEAMED HIMFNT 21T 5 729012 DH A7 — V72 EH@OFE A B
BEEF 2T DI, DEREOBE I X B RANER O R 2 FE L TR i
BN, TNHDZ LG T BREMEM NI AW T I AR R BFSE O HR
BRI DI T - TE, SRR LB OBIE, ERMTONDL Z ENE
FLW, LML, BUE 40 BLL RIS TS MO ZHED 5 B, BABRROBIEN
FHATONTWE DI 14 FHZE £ 5 (F2-1) .

AHFGETlE, =R B~ Takydromus tachydromoides (A H 71+~ LF 715
~EEN BX Qe Ty =K MBS Plestiodon finitimus (R1H ~ 47 LR N7 8 ) ©
PEINGE IR A B L, —HORERBEERTHEE2HME L., £/, AR
Z W T2 AEFHIBFZE DR T AT DIV R WRIK DO —212, £ < OFf TESEICFEiIMED
&V BRI DI D PEINE S 2 WIEFEF R D 7N TedIZ, 50 e (BRSO kst 23
AFLENZ BT 5105 (Noro et al., 2009) , = O RIBEILHENCHFZE ST o fEE
ERVGELN, FERE EOTRICEVRLETEZHEGHEZ ., T2 T, 2L A
XA 2 FRDPEINEIMIEAE DR Z A S0 L, TS DET AEMmE L COEH O
REMEIZ SW T b L7z,

=R FAEIIHAREARETH O | ALfEE. AN, WE, JUNB LOJELO %
[CART D (BH,2012) . FOZGEAERITEE 4 RllE A B S TRl Y, MOIIE
W23 1T DINARR (Inukai, 1930) . PEIPFS L OWRL (Ishihara, 1964) | fE{KDRY A X
B L OMEND & BhERE /) L ORRME (Telford, 1969) . MEAIED Y1 XD & PRk
& OBARME (Takenaka, 1980) . 72 Z4KH A X Fhn, EEEEOBIKRIZIIT 5 B5H

HRWE O 7= ¥ (Takenaka, 1981a) . HEAEA DR o X OAE A fin & B 50 R o B AR M

11



(Takenaka, 1981b) | IRFEEMEIREDH M (Oka, 1996) 72 EIZONTORENRHDH, S5
(2 Oka (1971) 1. FFIZWHERRS OFEAEITIEH L CAHE O FE YN 00 4] 31 W 5 s 1)
(DH A7 — 25-30) #8lZE L=, AHZR BT~ ROfEEZ x4 & LT, Dufaure
and Hubert (1961) |ZINEEFETH % 2 €T 1 ¥ Zootoca vivipara DX %1+
TO—HORAMBEABIE L CORAERMAZEFR L, £7-. Inukai (1927) ZT2€F 75
FAE ORI E TOMFEAELBE L, RBOIVERZ XIS E Lzt DT,
Lacerta agilis D3&ENHI 0 SWACERTO R AR E TORAEBREE (Peter, 1904) |
Podarcis muralis 3 X O Lacerta viridis O PFEINE % 2> G b E TOIAMEFE (Dhouailly
and Saxod, 1974) DB SN TE 7=, LoL, T~ ROIERIZEIT 5 —# 0 DH
AT — VORI, EFRIITOA TR,

EH =Ry FATIEEN T TR KO EEEE 2 R < AMNAEHET ., A
s, AbifRESS L OVEIR O B2 12, ES TR O 7 BRO IR B LUV e 7
A7 W OWRFEEICAER L, IEFEOBFRIC L O ARNEES, UE, JUNZERT =74
¥ N4 Plestiodon japonicus 3 X M E EBECPFEGHBICERT AL NS
Plestiodon latiscutatus & 1 IRFETd 5 Z & 3B L 72 (Okamoto and Hikida, 2012) , =
N 3 EOBHAREIC OV T =AY b 7 MR AEE (Hikida, 1981) 38X O H &
k7 = BAEIARE (Hasegawa, 1984; 1985; 1990) ([ZOWTOHENH D, B T =7k
YA EEGT IS 3 FETITREERN B S DI A E TRE LItEE A T 2 E R %
Ffo, T HRATHFIZED 5 b Hasegawa (1984) 1., RHEARDMEE DA MEIZ X LR
DR A A CIHA L7z, £ 72, Kuriyama and Hasegawa (2017) (X4 4 & 5 47 O FEDR
BMRAEZBIE L, IMNTREIRHSN O AT — 1-12 O 12 BAEBRMEZEFZ LTZ, 2
o 3 FERS A SROMEEZ G L LAt s LCiL, R NS

Plestiodon chinensis %z WF7EAEHZ I IEINSE DSR4 K OUR DR B 70 L2

12



ETREDPEAITHE STV S (Qu et al., 2014; Shen et al., 2017; Ma et al., 2018;
2019) , X BIT, Trachylepis megalura DJFIGIAR £ TOWIMIZEA (Pasteels, 1956) |

Trachylepis capensis DUAZETEHGEFE (Skinner, 1973) . Liopholis whitii DB ¥ETE K FE
(Hugi et al., 2010) . Hemiergis J&DVUIEFEFE (Shapiro, 2002; Shapiro et al., 2003) 72
ENBEINTE T, LU MNITRR N 7EOP TRLZ < OfES0RRIC S B
b oT. [FFEOREO—#EOPEII% AR OBI%2T Kuriyama and Hasegawa (2017) (2

BIDADZ NHTFOBERIZIBLL TS,

13



IL. ML ik
1. =AY A F~ERREOINE

MZR ) EARTH O AR ERFRBMEA Y v LS AN THAMKEZREL, [
F ¥ N RO RN FAF SRR B R B O TE B L ORI A IEE LT, AR 12
AR & AZ3SERZFE—DT T A —A (Il x BAT x &S =60cm x 30cm x 26¢m)
TIRAEE L, KEE T —ADOEIZIIRELEKBEEZRA LIZHDOZK 3 ecm OFES
2722 KO ICHE, FOKHOMRLH ZRT oDy = V7 —%FEE Lz, PFEIIRE L
T BOEARBE LB EFED U ARGFE K= b D% 2 MFORE L, FME=
OIREIL 27.0£2.0 °C (25, BRIASMFIT 12 RERI I 12 BRERIREIICERE L ¢, fE
I — AR OEREIZ T H®H720 SKEELUV-B 100 7 1 b (GEX 26W) % fRE L7,

BRBREOWREAZ 2o, 1 H 1T REIELE, 7F—ARNICHERE TREBAm LT,
Fro. AFITEE T T2 Ehifizz Lok LD SEERIZ AT E U772 KH & 4F A CERT e
FIZd DT, FWRE & WK A BEmIZ A8 S 7z, 2019 4FEELARNIEAZER 7>
BHEA L72AR 1.0ecm A& D I — 1 w3 = ad o 2 miRF L TRWIZ b Oz fif
WL REMBAIE LTHL Y T A+ E X 2 2 D3 X X — (GEX, PT1856) B LU~/
FE X I XX — (GEX, PT1860) # £ 5L CTH 27z, MHRF L TBWEO%
G2 728540 b . 93 2 A OB IR O T BMEITEI O B 2 v 2
L EIFMmThHoTe, L LIRRROEEZ K ERBRE G X T T2 ha. < 2WdH D0
T FRIRER F I X < BIER &2 3 EES LIZ LIZBSR S, 07, 2020 4EJE
ITBIEEEPOEA LT aA e X 2HE L, TALICREMFAEL ESLTH X,

FEMEICIBNT, KR4 H B 7 H FaE T, EINL4 A Tt 8 A
FRIECEIE SN, AREORZRIIA AR A ZDIRERERT I DV REETIT i

Hlch, RRBEDOHEDIEECEERICIT V F RO A - 7=, BRI TIT 1 A 2

14



El, vV FEOWHBOAIEE TR L, R TNz LRIl L7z B &Rk LT,
HAFRTH & FRICEE 7 — ANEZHR L. IR S 725812 iE I L T,
Ishihara (1964) |23\ CThe b iV M LR 2 BN IRINRE S CTH 5 28.0 °C ITERIE
L7oA v Fa_—% (Fifff# Model-9200) PNCHEIR L 7=, PEIRIL#4E A % 0-33 B D

B L 247 RRZ IR L. TEREBIZIC VT,

2. beHV=FY A SRRBIONE

2020 4E 5 H FHINS 6 AR By =k b 7 HEEER 5 BREERE LTZ (&
2-2) . T OMEHEERITEER R TRE LTV, “l. =k F Rk ouE” &
AR OB RN, RIS JOWRIASIE CAERLZ BMEAE L, MEEORE
1327.9+0.8°C (2, MEEIT 60-70 % (Zfr-o 7z, MEEMAIZFLE 6 H R E 7 HFHAIC
Gt 5T EDOZAGIN 2 PEIN U 7o, RHEARDIFOHEE NI LI G- 2 L B e i& T 57
D, ZREINE KT D o DIRIRGE T TRAE ST (£ 2-2) o SAEINIARE & (A
JB D) w1747 Plestiodon chinensis (23 C W LR 28 < RINEE SR CTH 58
28 °C (Shen et al., 2013) THFIF L7z, SZkEIRGE 30 3R RE T <I2EML L., IREUE o
[EIYERTE T 28.0 £ 02 °C OA > Fa_X—FNTRAESE, —FH., EDHZHREIN 27
fE1X 27.9 £ 0.8 °C DFAE 7 — ANIZB W TRHEROHEED FCRA S, BRI
IEEENF 2L 9 mE Lz, PEIRRROE A% 0-25 A M OEELET 57 fE ik
EIREBIZE L, AT IEIRES L OF I & BRUN 23 53 ERDOIREE & 56 A BE RS E #5212
Az (% 2-2)

ZODOMINGRA OO EF R AF O Fisher OIEMEMREIZ LV A L7,
7o, ZODORRLIMINGEIEN I EOMITE I EL 5250820, TRbLI

PR T PEINE R B AL DIRERELD DH AT — VR 57008 9 vk 501y
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Hrick Vil Lz, ZH BREHENTIZHGT Y 7 § EZR (Kanda, 2013) Z W TiTo 72,

3. EREBOR RS
ZREIN & ) L RAEE AR K (phosphate-buffered saline: PBS) Cii/= L7=3 v — LW
TEE . FEIRBAMEE (Leica MZ6) T CTIRRUEIAZ IR Y 1 L7z, WREEIOJEFH DR, 4
Mo, DNEEFER KA HRY BRE . PBS T 10 % (AR Lizds~ U R CREE LTz, #E
VN T A IRERUEE D SN ER I RE AR 2 SERBASSEE T C#1%2 L. Dufaure and Hubert (1961) @
[CHEVVRZE BRI (DH A7 — ) BRE LTz, BAEBRMBOREIZHT-> TiL, FBE
RO TR LLEE 21T - 72 Wise et al. (2009) 35 X OE I AR P DU E HEUE L 72 2 4850
ReTZ R I FE O FEM EL# 217 - 7= Lima et al. (2019) Z2&M L7z, e W =K b FD
DH A7 — |, Kuriyama and Hasegawa (2017) OF AR (KH A7 —) 1-12 & i)
7. Ban B TR ORI A PRIEREI AT HEE (SUE - 2 R 2o 7,
DH A7 —3726-34 D =7K > 71 F~EIRO MBS T 51, SRS (Leica M205FA)
IZHRY fHiF 727 U # v AF (Leica DFC450 C) ZHWTCHR® L7, DH AT —
3538 D=RY T AEMRB I DH A7 —Y 32-38 Db H =K b B FIROBHK
BEEHEIL, T VX VEMEL (Keyence VHX-S550) % FVWCHgsZ L7-,DH A7 —39-42
D=RAF~NEBLO e TY=AR M FROBEEIZ, —RV 75 A7 (Nikon
D7100) % AW THRE Lz,
EBREY OFRE B L OEEFUEIO TR 0 003, FUT RSB R B A DOKR
BT AR ENCEIL L | [RIZB S ORE T 2 B RIS 18It - THEM

STz KREE S 280121;290137; 300104)
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n. AR
1. =R B F~EDOREIMER AP

PEINER%10 H X 0-33 H R OMGUE O/ RE A 8152 L 75 R . DH A7 — 3 2642
D—HDOFEAEBPENFE S L7z, PEINE RS A4 & DH A7 — Y OEITORR A X 2-1
(R LT, Fiz, BRAEBREOIEOINBIZREIREZ M 2-2 16X 2-4 BIOR
23R Lz, AR TBIE SN2 T v F VA XT 1-7 98, 282 JiCh -7z,

Btk COMINAEL 2633 HIFTH D ¥ 28.7 HIE] (BEHE(RZ =2.36) ThoT,

2. bHTV=FRY NS OEIRRRAEBR

ARWGE T3 ST OINI A TEREINCTH o7, 7 7 v F P A XL 10-13 JiTH
0. EE 11490 BEHERZE = 1.14) Tholz, &2 TOMERERD, o7 KkE 2
RO TCPEINR TIEe <. =V Z —DOTRIORM 24> THRAED . EI Lz, 1~
X 2 X=X NTHEIN L72IR) 45 A7 51 30 ERDIREELD 5 & 4 EIRITFs £
IELTCWerdFE ThoTo—F, fE 7 — AN TERHEROHEED T RN L 720075
B O 27 IR OISR EHI & TIEFIZRAE LT (£ 2-2) . Lo L, Fisher O IEfEfR
EDFER, T HMEOIEFRAERITIFINRMH CORBERETRD bNRroTz (p=
0.114) ,

PEIRTA G H %% 0-25 B OISR 53 ERDSNT iE 2 Bl52 L 7= f5 . DH 27
— 3242 O HOFEARMENFE S, EIIRRE AL DH A7 — Y OEfTD
BfR A X 2-5 IZ/R Lic, £72, % DH AT — Y ORE O S ES T REARH K 2 [X] 2-6 33 &
O 2-4 1R LTz, W bE CORIPA£T 2425 A TH 0, F¥24.25 A (FEAE(R
7 = 043) Tholo, LW OREE, FRINGIER THEINELRIE B D IRk

DH 27— VICHERERITRD LN -T- (p=0.440) ,
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Iv. EBg

=R HFAE, e A=K A OB T, R ORRIIHIEZ R TH -
Th, BAEBEBITIZ 7 v FM TR > TV (K2-1 BXOK2-5) ., —h. A—2F
v FOZREIND H15 SN - IROF A BRMEIIIIMICEDL 55— ETh o7, ZDFF
%1% Muthukkaruppan et al. (1970) (2B TR &7 T B ~FEk Calotes versicolor Dk 5
LRBETH 0 . FAEFLIIBIIRICE W TR — ORAEMEITE OIRRE 2 EEINE T 5720
CHHATH L,

Wi D SN ER T RERI R D FAENEFF O K 531X DH A7 — VO ERICHV bz =
FEFHFTAAEBLOMDOLZL O M FEEBAP L T, LrL, 2aEF AT ~ED
BFETERUIEEBETZ R B ELART D DH 27— 35 (2B % DIk L (Dufaure and
Hubert, 1961) . =72 B T~ O R BAAGRE I ZREEE L O B LG LI O DH 2 7
—Y 38 Tholz (K24, <D MIFHEHITBWT, (KFE MO GEELBILAREEST
DGR U CHEMR A 5E2UTIRTT9 2 DH A7 — ¥ 38 il I BfAAT 5 (Lima et
al., 2019) , ED7=H, AEF I FT~EIZERIT D OB ABBREIX 7 7O T
B RL, — TR BT~ ORBEIREIL M 7 FEO R Tl — RN Th 5 &
EZBNDN. [FLL BT ~ERD Lacerta agilis 0435 TR BRG] 2485 00 T2 A BH
WRUARITCdh D (Peter, 1904) . ZD 728, I ~EROMIZIIT D [FIBRLARAN 7
HOP TR FEVVHIICH D AR bR SN TS, £, ey =KR b7
DEFIEHIL, TETTF BT~ L RRRITEBIZ B 4G LART D DH 27— 36 IZ#& D

TE» HBEE LTz, AHH N7 THaRERITEERE AL AN BT 223, [H
Tl 2 2IBYT 95 KH 27— 6 (DH A7 — 0 37 12FY) LARTICHR{E
DOIFFAER D HB%ET 2 (Kuriyama and Hasegawa, 2017) , Py-Daniel et al. (2017) (31

77T B OB FE TORERBRMGEIN R 2 5 Z 2R L, < ib
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1 ~ERB KO R CIEFBR AR A BN O R TR 5, FRlce o=k
N7 AT 2 N IR ISER TH D — IR TITIPTIC AT I b b 5
T2 FEFE CTRFERROBARIR X OBRAAEIR S e 5 2 LI BRGE, AR T
B LI A=k N B 7 ORRENT 2 S CRRE L5 5 IR OMERR D H15F 5
N7=bODHTH Y | Kuriyama and Hasegawa (2017) TEIER I N4 D X b 7 OIRR
BHIF OB OMERR LONLEOMEKTH D, WEOITHKEEZEEZ D L. 414
NS OREORE 2 7 U B ARE DO IRGUEH 2 el 5 2 & CRARTR O Mtk 28 B3 B 22
. 205 BT O Mg E AR O REEC E VIR L - AR Bl S h
LAREMED B D

AHFZE Tl Ishihara (1964) 35 X O Shen et al. (2017) 25 FB =K I F~EHB X
O T b7 TR RIS 72 D 28 °C DIRJESRM T TZREINZWRIR L, SEIREIR
WZEn T 28 ALK 24 A CTH o7z, b FHOMERDP R bR 7250
YL RS S (AR FR] CTH72 2 23 — RIS A e MR IR EE T 25-30 °C TH 5, FEINHIH]
IRIREERM T T3, IRIBESRFE T CIXEL 20 . K78 CRRINEE SfF 3 /e
DI OICEEMICEK T 2 2 LIETERVL OO, L DETHETRESNT M T
FEOMEINHIRT X 60 H RIFT#% T& 5 (Birchard and Marcellini, 1996) , HB#INHIM 2% 30 H
AN D N B ZHIIEEB O RTICH L I 503, BEAOLNTWD M O Tk
Anolis J& N 71 7 FA ORI R N R < . 22-27 HIFCH 5 (Sanger et al., 2008) .
AWFTECRIEL LTz 2 FEORRIFHARIIX 2 D Anolis J& b 77 7 ICICET A S ThH o 7,
b =R N7 & ETe Plestiodon JEIZIER T 2% & v M7 ORI 28 °C
DIBESM T TR 24 BREITH Y (Shenetal., 2017) 74 AL kB /47 Plestiodon elegans
OREIIHARTIE 27 °C DIRESM T TR 28 HITH D (Duetal,2003) , ZDZ &iE

7] O T3l U TIUNBIRI NN 2 & 2R 5, T X 92, AR TRIE L
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72 2 TR 71 7RI PEIN R DO RRFE A DOHETT 2NE < WRIREIM 2 W 7o oo BB DA B
BEDIRGEL 2 BRI AT T 5 2 L3 TE DR & RO,

%< O M I FFITIN T, FEIIRE R O T B ML IRSER I C &5 7- 5 DH A7
—328-30 (ZFE249"% (Shine, 1983; Wise et al., 2009) , DH AT —< 27 LLECREINT
HhH7EELTE, PEIVRY AUSYH 7 LYEY Parodeura picta (Noro et al.,
2009) . 7 7 —#} Salvator merinae (lungman et al., 2019) . Aspidoscelis uniparens (Billy,
1988) . A 77+ FH 7 H~% Calotes versicolor (Muthukkaruppan et al., 1970) . 7/ —
)V k51 7R Anolis spp. (Sanger et al., 2008) . 51 A LA LB Chamaeleo lateralis (Blanc,
1974) . BLOBRIRT 2EHEO N F~EROMER ERMOLN TN D, AL TIE 10 7
7 v FOEIEREEBE 0 HO=R I~ EIRaE 26 EEEZBE L, ZNHD0 9 b
18 fE{ADFEABL A DH 27— 27, 6 E{ADFEABIEA DH 27— 26, 2 fE{ED
SEAEBEMEN DH AT —Y 28 TH 72, DH AT —3 28 ThHMWEHIE —~D 7 T v F
MODHBGLNTZTD, ZIUTIMRERIC XV EIINENT- Z TSN D L E
Z b, ZDTH AFEITRAFRBREESM T TR O NHEIZ & 7- 5 DH
AT =26 BHDHWNE2T THEIIT L B2 oI, Flo o T~ ROHED 5 b,
Lacerta viridis & Podarcis muralis OPEJIY H OFEAEIET DH 27— 26 ThH D
(Dhouailly and Saxod, 1974) . £7-. P bocagei. P hispanicus, P. muralis, L. viridis, L.
schreiberi | DH 27— 27 LARTCREIR L, T C% P muralis, P. bocagei, P. hispanica
IZ DH A7 —22-25 TREJH L7228 Es STV % (Brafia et al, 1991) , 2D X9
(2T T~ ERHTIT - )4 O MR BRI PEIR 3~ 2 FEAMEE N H TR D | [FF
DFEIRD Z A I VI D S 1 FFEE L TORRWMERICH D L EZX BLD, b
AT DA BT BT 5 DI DH 27—V 27 THY < DA T

NERORIXF AT =V URNIEINT S, O, RO TITEINIRMEAICL
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WT—EHONUEIEROER 2B T Dttt m <. M 7O W OF AW FEO I
WA TER L & 72 0 152,

Oka (1971) TEBIEINTo=KR L DT ~EMOEIEOREBRED > b, b Fn
BABEPEIIDH AT — 25 Tdh o 72, 0ka (1971) DEREREHITAZTE S TWORW,
[FIWFZECITERAN CREIC )R LA 2 RE L TR L. £ O3 E T L2 I
B ANTWD, ZDT=H, KIFFEE Oka (1971) OFERNEIL - 7=D1%, AWFZE TR
AR IRFFEAT S T2 D THDH EEZ IS, —FH T, =R AT ~EORL L
KB O MEME A CIT BN O FEINERL, 7 T v FV 4 XOINE R E3 R 535G
38 572 (Takenaka, 1981a) | AFE TILEAFEIC KV EEIRD Z A I IR % Al Re
PEHLEZ DILD, ATEORFEAWMBOFEE LT, HillGED A IBR R TR TH
D, Atk EHHEENS O Mk S & BREATT A2 DRRGE L TWS LER D D,

A CBER L5 7 T v FDeH =Ry A7 OEINERE R $ 0 B O
EHI, 2 TCDH AT —V 32 Thotlz, ZOMERIT, AH X N H 7 OEI%RE A1
H OB O AN DH A7 —Y 32 (KH AT —Y 1) THHI &0, VT b F
D PEIRRE S DIRFREL DY) DH A7 — 2728 32 THH Z & (Qu et al., 2014; Shen et al.,
2017; Ma et al., 2018) EXELLL CTW 5, ZDZ L5, Plestiodon J& 3% HiNAEEIHA
O DH A7 —¥ 32 fiifa CHEIPNEE 5 LB X bNd, KIFETIIE =K bA S
RZ& ZODOIINREE S T CRAESED, KM CTHROERRBAERITA B2 EITR
D oo Tz, LA L, Hasegawa (1985) (A4 4 & t 717 ORHMEROHGE A IR ORFL
RICG R 5 5B A AN CHliA U, REEARD R LIRS 2 L 72 IR0 ERD5K 91.5% T
bole—7, BEEZID BRWTHRASETZIIOIEER1 K 4% ThoTo iz LT
W5, [AAFFEIE. BPARCRHMEARIC L DRSS L OIS &2 RO O R 3 E L <

DI LERNE LT, HREWL L2 G 0RHRESKEFMORBEZET WD, el
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V=RV N (#2-2) BEOYF R4 (Jiand Zhang, 2001; Du et al., 2003; Shen et
al., 2017; Ma et al., 2018) CTHRHER L FEEEL CTA > F 2 _X— X N THRAE SO ER
TR LOWHEED 80 % LLETH S Z &1L, Hasegawa (1985) D& ZEf T T
Do Eio, BT Z MU T RHEROLRGE T TRAE LIZIFORHEER (91.5 %) X, fll
DFE= 72 b B 7 & el L C B B2 &\ (Turner, 1977; Hasegawa, 1985) , Ix T,
AWFFE CRHEER SRl L CRAESE e TV =k MO FIROIEF3AF (86.7 %)
DEFRIZRAE ST T2 F SO 7 OFMEE (1 80-90 %) LHELLL TW =ikt L, fE
o7 — AN TRHER O HEE D T CTRAE LMD IEFEAERIT100% Thotz, ZhbHD
ZEF AR Eb eI V=R Y NI TBIOA N E N7 TRABR OO THE)
RO EFHREAEREZN ESEDLHENH D Z L E2RBT 5, AFFEOFREHEF, t
=R S AT OREEPNBENNS S L XTI ERE L FFHTEN 6 2RO |
EX CTHE L FIZEBE S 720 T 21T FEINE > DRI 238 U CEls s
T2o ZHUBATENIIRO EFIHEARORM LIZRE5T 2R H 0 . A% RHMEROFEM
IRATENVBIER 21T O WEDR B D, AWML THEBIEIC AW o B3 1220 L i
FAT. T TCRLEMROGEEMEZ SO D7D, 62 < OEEE2Z v
PN M E T D, ZALHIT M FHEOP TR 7 7 v F A IR KREWN
72D, BHEAEROIFOWEE & W I ITEIN EICHO EF AR L 100 % (i E Th s+

D LR, AN & - TOIERICA RN L 20155725 9,
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i3]
42

40 L

38

36 o

34

F 4B
T

o

32 —

° il

30 oo
H] o

281

(o]

26

0 5 10 5 20 25 30
EREEE R

X 2-1. =R B F~EOEINEIE 5 & AR (DH AT —) O, 7
ONFT RO TR IT P RAEZ, 55 OLEN & AT TN NG —WUSNL & 5 = U5
Ze, ONFIIAMUIE 2 % < S RAED S B/ IMEOFIPH %, ALIFAMVEZ R
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stage 26 B die Stage27  C

_-mes

| n’iet

stage 28 stage 29

}
‘vl
L

&

<] 2-2.DH 27— 2630 D=7R > I F~ER. A: A7 —26.B,C: A7 —27.D: AT
— 3 28.E, F: A7 —29. G-J: A7 —30. A —)L/3— =05 mm. 575 aer, FMIRZENE
THEE; al, JRIK; of, WRAEIRZL, die, IMM; £, AiEEE; h, (Ol hl, #EEF; mes, HK; met, %
B, mxp, EFAZEES; np, &fL; nt, MRS oc, BRIE; ov, HAE; pg, FARAK; pro, HifiX; tb, BIF;
tel, FAMAE; 1-5, 55 1-5 WASAZL.
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stage 31 B stage32 D

-
fnm
nlc

|
S |
)

f

.
.‘\ " np mdp/

stage35 N B P stage 36  Q
A
R

»-,‘ ' >'
Ly

' -

J 77

o
dp
&

X 2-3.DH A7 —31-36 D=K > T ~EJE A, B: A7 —31.C,D: A7 —32.E-H: A
T —33. I-L: A7 —V 34, M-O: A7 — 35, P-R: A7 —336. A7 —/)L/3— = 1.0 mm.
W5 aut, HH; fam, PVEISFERD; gs, PEERZEEL; Inp, FMAIEFEE; mdp, FHAZSE; mxp, E5AZE
s nle, SFEE; np, SfL; sty, FERAD; tel, $&MNE; zeu, HERH; JRFD, FEHORR; RBH, TR,
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stage 37 B stage 38

a‘!,
“\3

stage 40

stage 42

[X| 2-4. DH A7 —3 3742 D =K F~EW. A-C: A7 —37.D-F: A7 —38.G: A
FT—U39.H I AT —40. 1, Ki AT —241. L: AT —42. A-F DA —)L3— = 1.0

mm. G-L O A —)L 83— =20mm. W5 et, IIH; np, EfL; pp, COFEL 2 — 2.
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it 1

) HT H

40 H ]

38

F 4 B P

36 H]
=

_ L

34 [
o]

O
A\

32

0 5 10 5 20 25
EIEZBEN
B 2-5. © T =R M7 OEINERE AL AR (DH A7 —)
DORAMR. FHOT R O MmBILH IAEE, 56 Db & AL E L ENE — M5
A& B =5 %, ONFIFSN U Z Bk < S KA B i/ ME O FPE 2, Lid
E4> gV =R
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stage 33

'® -

stage 36

stage 39 __ stage 40

stage 41 stage 42

X 2-6. & =R b A DOIRIELEBIE A: AT —32.B: A7 —V33.C: AT —V 34,
D: 27— 35.E: A7 —V36.F: A7 —V37.G: A7 —V 38 H: A7 —V39. 11 A7 —
T40.J: ATF—U 41K AT —U 42, A —8— =1.0mm. BE5: aut, B fam, PIIE
FEiED; gs, PEARZEIE; Inp, AMAIELFERD; mxp, E7AZSHL; pgm, BT pp, BAHBTER/ N Z —
sty, HEM); zeu, WO, KD, FEHEGER, <88, TR
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6¢

#2-1. A H b0 7B OMTE A B PE B % SeA TSR

TH/ER 4 g 2 3Rk FE A e L 2
YEUTH e UE Paroedura picta Noro et al. (2009) DPO
Gekko japonicus Zhao et al. (2017) DH
TA¥vE IR Tarentola annularis Khannoon (2015) DH
Tarentola mauritanica Alturk and Khannoon (2020) DH
N7 KR Eublepharis macularius Wise et al. (2009) DH
7 R et Plestiodon latiscutatus Kuriyama and Hasegawa (2017) original staging criteria
Trapylepis megalura Pasteels (1956) -
B ~t _EF BF~EF Zootoca vivipara Inukai (1927); Dufaure and Hubert (1961) DH
Lacerta agilis Peter (1904) -
Podarcis muralis Dhouailly and Saxod (1974) DPO, DH
Lacerta viridis Dhouailly and Saxod (1974) DPO, DH
Takydromus tachydromoides Oka (1971) DH
77— N 7R Cnemidophorus uniparens Billy (1988) original staging criretia
Cjalyptom;ﬁatus Roscito and Rodrigues (2012) SES
sinebrachiatus
Nothobachia ablephara Roscito and Rodrigues (2012) SES
AA SNBSS TE  AANBTFR Varanus indicus Gregorovicova et al. (2012) DPO
Varanus panoptes Werneburg et al. (2015) SES

TF N IR Anguis fragilis

Nicolas (1904); Ballowitz (1905); Meyer (1910)




0¢

#2-1. AR b H FHEOMFEABPSIZB 2 AT (fie ).

AL EA AL 2 g 2 3Rk FE A e L 2
A 7T7FTH 7~ F Agama impalearis El Mouden et al. (2000) DH
. . ; Thapliyal et al.
Calotes versicolor Muthukkaruppan et al. (1970); Thapliyal et al DH: DH

B A LA R

A 7T FE
ANRA T T FE

FrE Ry LAE
7 )=V NI FE

Pogona vitticeps
Chamaeleo lateralis
Trioceros bitaeniatus
Iguana iguana
Liolaemus tenuis
Liolaemus gravenhorstii
Tropidurus torquatus

Anolis spp.

(1973)

Whiteley et al. (2017); Ollonen et al. (2018)

Blanc (1974)

Pasteels (1956)
Lima et al. (2019)

Lemus and Duvauchelle (1966); Lemus et al. (1981)

Lemus (1967)
Py-Daniel et al. (2017)

Sanger et al. (2008)

Sanger stage; SES
DH

DH

DH; DH

DH

DH

Sanger stage

*1: FEIIR D DH AT —I D2 TH LUIKRESD, HDWIEEN OIS T DI AW 28152 U2 B T8 2 K7 CoR Lz, PEIFLLRT O IEFE
AR DOBIER 2 & e A TSR ICIT TR A2 51V TR L7=. *2: -5 DH, Dufaure and Hubert (1961) = & % 584= Bk, DPO, PERTA RS H 3L (days
post oviposition); Sanger stage, Sanger et al. (2008) |Z & %5 84 B[, SES, Werneburg (2009) (2 & 5384 BtBE (standard event system).
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#2-2. AWFRICH N e =Ry MU 7 OMERK, 7 F v F A X, IRl L ONER JEER.

FIEINSAT: O 15 T8 AL IR K H K+

TN P PEIN A 7Ty FHhA R fEr— A rFax—% R
1 P )RR AT 202046 H 6 H 10 10/10 (100 %) 10
2 FRZS ) WL E A T 202046 A 8 H 11 11/11 (100 %) 11
3 ) AT 202046 A 26 H 11 6/6 (100 %) 4/5 (80 %) 10
4 PR VR JE AR T 202047 A 13 H 13 11/13 (84.6 %) 11
5 —ERET R 2020 456 A 25 A 12 11/12 (91.7 %) 11
At 57 27/27 (100 %) 26/30 (86.7 %) 53

*IEE AR EFRINANTR LT,



7 2-3. =RV AT AERDE DH AT — VISR 2 I BER R
A B e SN T RE R R
DH 27— 26 WHEH: 55 1-2 WHERAI DB S 5.
(1% 2-2A) MR R AN, TPINES X ORI 0 b LT D AR 3L K D>
B8 2 WHEAA O 2T TR A LTV 5.
iR: FBEIEOIRMR, KK 77 a— RRab L TEY, ki
JEZLABR O LT 5.,
B HRE 5 2 HEHROBFMICBZE S 5.
DH 25— 27 AR R RIS K& & T o0k L AR D 5. RIS NS AL SRR
(¥ 2-2B, C) TR LR 5.
g BENBATS.
PUf: AR, BEEEEER A IMI DT =T 5.
ZOMORE:  ROEIRBENE LIAD 5.
DH 27— 28 WHEE: 25 1-3 WHBRAI DB S 5.
(X 2-2D) Mot IMOB B IER LI 5.
AR:  HRAMRDMERT 5.
POk mifkZES K OB EES IR ICBlZ S D
ZDOMORHS: KoL RBEN LR ARITE LD 5.
DH 27— 29 WHEH: 55 14 HEHADPBIER SR D,
(1% 2-2E, F) AR ARASIEZL DS 2N k9= 5 .
Mo EE R BA L, RS BT 5.
DUfe: AR ERRICZEH T 5.
DH 27— 30 WHEES: 55 1-4 WASEZY, A VIEE 1-5 IREEAINBIE SN 5. 5
(1% 2-2G-1) 5 WHSEZLIARF AEBBEOMICHBLL, MG T 5. L7H%E
R IC D> THE LIBD 5.
AR DRI FA L TR T 5.
B BEANMERERLOMERmICEEIT 5.
VUfe: &R O Jebl ZOMIENE TSR STE R S L 5.
DH 27— 31 WHEES: 25 4 WHEAAD B A 5.

(X 2-3A, B) SHER - BRM:

Z DD FFH:

ot S SlYeip VAN A et o7 e PSS (A T Sl
SIS LS KOV EBEER OB A Y v b EO S
B EN5.

KM e —*Hz ok 3%,
MR R E AT D,

A 2R 36 K OV ZFE D o8I
WOTERD R E 5.

R E O RN ATAPER DS TZR S D,

JEdh L, T L0
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#2-3. =R DT A~EWRDE DH AT — VI

B DHMBIERERIFHR () .

F8 A B FNER T RE R
DH 27— 32 MHEE: 2 CONREAZRNFET 5.
(X 2-3C, D) SHER « BEm:  BRAZSE S & HICHITICMHE L, £ OR1m 2 IRER & A

DH 27— 33
(I 2-3E-H)

DH A7 — 34
(I 2-31-L)

DH A7 —37 35
(X 2-3M-0)

DH 27— 36
(X 2-3P-R)

DH 27— 37
(X 2-4A-C)

AR
WS

PR
GHES - B
UU e :

Z DD FFE:

IS
iR:
SRS - BAm:

DU
SRES - B
DU

ol
I
pai
=~
%:

DU A
fik - 0 BTRL:

Z DK
SR - B

DU

BEESIAE

WOMEANZET 5. FHEEENFIAIZH > THEL
5. AV w b oSO I FE TN &
SMAI S S E A LIED 5.

W REI DN D ORENE & Lhls U CE S 5 LERD 5.
Al Es K OME I CHER, ®El, A b L, Pk X
R DENL—B A DOMEN K E <72 b.

PR XA OB DR A RV TR L 5.

RFAZEE D IMA R L e T D,

F, BRICTNTN 34 AOHEBERBPIER SN D.
EEVTN 2 SRV SR S N/ X (A RPN

HRE N L .

W AEI D A& 3t A, BARRICBIZR S NS,
BmEEIIAY vy P EoREEE L TRMaT 5. MM
ZEHRITARERATH O MM £ THET 2. LIRBOERN
BthT 5.

T, RBICENEN S AOFEBERD BRSNS,

TR OB T 5. TS LG E R CE S
\ZE#ET 5. BHIEIROMEOZIHKRICE AT 5.

TR D FRIFR N TER S, FHEREO R SRk
Uik 5. faFAHAR O &M 23 Bas 3 % .

FNIRBEAIMANC v TIHE L, IRERKOBZZE S . F
BN DTICHAT 5.

PR ISR LD 0 S £ TR 5.
SRS L OWWURL & Br < 28 O F 10 12 I 72 R i )3
R S 5.

IR AR D IMAIENZ B D BlEE S 41D

ETFIREBASOIHEL, TNOICHENTZREROE
SRRV i P A NP AN

TR X T2 IBME L, 4545 O Jem (2 VR EE D3 B Ak
SN, BHENMEL, BESNHRICBESND.

A A o> RE AR 2% 18 35 L ONIU i 0 54011 2% 18 L 8 B 72 il 03 T
REND.
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%23, =R AT AERDOE DH AT — VISR DINEEREROE . (i) .

JE A B SMERTE RE RO R

DH 27— 38
(X 2-4D-F)

DH A7 — 39
(X 2-4G)

DH A7 —3 40
(1% 2-4H, T)

DH 27— 41
(1 2-41, K)

DH A7 —3 42
(%] 2-4L)

SRES - BHm:
figk - (IR

fitk - (FRTZRR:

fitk - FRTERL:

SHED - B

filk - ARTZAL:
Z DO K

SR - EHI:
Z DAL DK

fa A L7z HEPIC SRS ARRICBIZZ S 1D,
BRI O TR RICE RN BIE SN D . BHE Al
(D IR B R BAET .

HER A 22 bR < 28 OREE PSR S D . Brb R
DE Jﬁ@%ﬂ%éb DERBER N BIZR SN D . BHER
IS RO N R ERENBE SN D.

SR DR & IR e s . FR 2B < Rk
PR, IR LU L BB S U0

E
L

LL

oM L—E}\\Jl

IRGIERICPACL D 2N TEHRESETIERS
5. LSO SEERICINE DN TERR S D . SALIERTZR A
L TR,

(R DOAE AR &R RO REE E T e,

PR RIMALIZIGH S U5

SALDSBA 195,

EDINERIERBI SR & B72 2 P38 S uiav. B
P Z OFABRME RN SN D, RITIEEIZ
EETHY, PIPLHY HENTRICHELS 2 &3 ATk
Tho.
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#24. =Ky NI TEDE DH AT —VIZ

B DML AR R

A B e HNERT RERFE

DH 27— 32 WHEES: 2 TOHBEHAP#ME L TV 5.

/KH 27— 1 SEED - B EBHZEE O sME SRR & B LT DL N
(X1 2-6A) SR LM S IERORMIZA Y v b LSRR85

DH 27— 33
/KH AT —2
(X 2-6B)

DH A7 —3 34
/KH AT — 3
(X 2-6C)

DH 27— 35
/KH A7 — 4
(X 2-6D)

DH 27— 36
/KH A7 —5
(%] 2-6E)

DH A7 — 37
/KH AT —6
(1% 2-6F)

AR

U
Z DO R

SHED - B

AR

VU i -
F OO R

Jibd et R
SEES - B

SAES - Bif:

DY i -
fisf - LRI RK:

SHAR « B

Ui

fitk - tFRTHL:

S5, FHEZEENFIHIZm) - THE LIGD 5.
W REI 3B 0 O MR & el L ChT k< B i
LTW5.

AT K OMRIBCCAER, $ERd, B3 b L T 5.
B ORICATRRE N BRSNS,

EEEZRESAMUGERE AL, AU > h ol
JFEALEHLE TS,

MRS X QM EIRIIAT A 7 — ¥ & el L C— @
<FHEMBLTND

T, BIZZENEN 34 ROFEBRNPIERIND.
AFEFERL DN e A —xHZ A b T 5.

FREEE AL 5.

BREEIIAY v b EOoR@EZ2K L THETS. T
S T ARER O Al & [/ TR LE £ THRET 5.
AR ASAMANZ [ 2> TR LGS 5.

Fhl, BIICENEN 5 KOFEBIATER SN D.

TR IMANC s> TR LARYD 5. T3 B3
At & A TR SICE#ET 5.

fE I BHRRIEDR R SN D . fRIREDOR S35
L LD 5. FRMEFAREOIRHME A BAAE L, P& i L
THMUTIBHME A U

E IR AMANC B2y TR L, IRERDIREE S .
H@mnbTnickmAT 5.

FRFAEAR DIRME DS 22, S HEIREE D SESRDMNL T 5.
S G JRFE TOWEMRmISE I 2 RN TEAR I
%. RO CORIZMRNEGT S,
ETFREBASSICHEL, TR OHICHENZIRERD
& A F M2 5.
FERRERITITIT 2 2IBHE L, K508z
DRSS,

AT DA CRBI A BRIGT 5. S B I
RO L OSMUTEIZ BEERSE Z 0, ik
IR SN DM DR SR 5.

J 2
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F# 24 B H =R M HFRO DH AT — VBT DM TR IR R (ot ).

FE A B

SMERTE RE RO R

DH 27— 38
JKH 27— 7, 8
(I 2-6G)

DH 27— 39
/KH AT —39
(4 2-6H)

DH 27— 40
/KH A7 —3 10
(% 2-61)
DH 27— 41
/KH A7 — 11
(4 2-6J)

DH 27— 42
/KH AT — 12
(%] 2-6K)

SHER - BHIE:
ik - (TR

SHER - BHIE:

filk - ARTZAL:

SAES - BAI:

fisk - CAFRTERL:

T DI DOFFE:

SR - PAI:
Z DO R

fa N L7z HEhIcsiE sl s n .

F¥a et O MRS AFEDNBE SN D, ST
J& D RFBOAE MR O BB LBSHES, T & FEK
THIMR R RN B S L5 . B Al I e
FHENEAET D.

EFERER S & < L, BEALAEIR A PR IR 2k %
.

SEERTE AR 2 PR < 25 OIREENTER S 5. B
MBI 2 25O B RBENBIE SN D . KOS
B O EFER L, TUFIESPIRICE BT 5.

SEECICHARRICE O LT RN OB S D, £
B OEEERK < BT 50, BMIE CITEAIEAL
TV, AR AT IE O el £ Tkt

IR IIERICPAL D Z LN TE LRI IETEAS
N5, EHOSEIZINENTER SN D, BfLIERT
BHE L Tu7eu,

JEITE 2 B < B DOIEEER I F6T 5. ROHEA
DEFRIERIEL Z OFABEMEOMIZIET 5.

PR RYEI LI S 5.

SANANT 5.

Z DI BERE O B L CIRE T O R S SR
O WEREE THEATHWS, BEBOFROOHER
B Z OFAEBFEDOMICTE T L, iU XL st
HERBICE & B 2 E T IR S e <72 5. §I
RIX T O AEREFEPIC RTINS D . AR
MO IZFIH, BB LTI s
BRICHES Z ENARETH D

*: KH A7 — 1% Kuriyama and Hasegawa (2017) (2L D405 N7 OREERMTH 5. [FF
FECRSNIZ KH 27— 1-12 ORI OB ER L USRI T o5k 6. £
NHICxiad 5 DH A7 — V& [AE LT,
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EIE AMEBOBESRE L FOBEEREOBRMEDELE

1. Fim

A% H OSSR E Xt O U BN & 572 2 O RE RS A R, 2 < O WU LE)
Wi aRaRE N BPEICB N9 % — 7, A% H TIX cupola jacobsoni LRI iLDH H 7t
IR ORBEIZNB I N EE L ERICREMEL TR, #EREICIVARCAATS
(Parsons, 1970; Graves and Halpern, 1989) ., cupola jacobsoni {3~ EJE CIi3#yE. L7EE .
HlE ESE O =0 EEEN OSBRI, MAFETII IR LEEEER IO
& 7% (nasal capsule) O —#F T & % lamina transversalis anterior 2> D A & 41 5
(Groombridge, 1979; Bellairs and Kamal, 1981; Rieppel et al., 2008) , +7-. FEH b7 1278
bivd~y v a/b—hRT ¢ N E NEICZEN T 2,

A1 H OSSR E XIS WSS 2 R 9. SRR NIEILIRE O N—F — R Th
WS DN (luminal fluid) Tii7z SAL5H &0 D FHEA FF> (Pratt, 1948; Bellairs and
Boyd, 1950; Rehorek et al., 2000b; Souza et al., 2015) , PR IR D/ ~N—F — R T
S SIRE Tl o THY R E NIEAJRAVAT, ~EHB I M S EHO—H T, &
RE DRSS EICOARBATS (X 3-1D, H) . —Ji. < O b FHOBRE T, )
BEBEICMAT, NREALLEIFICHET S 0 EOH IS THh 5N & (choanal
groove) [ZHBHT % (X 3-1B,C,E-G,I) , TNHDOZ &b, BFEELENEFEL WD
ZODOEIT, NEERZBEIRENISESHERELZHE S | BRSEHERETH L LER
HILTCU % (Pratt, 1948; Bellairs and Boyd, 1950; Rehorek et al., 2000b; ¢) , Z AL 5 #)mas
BREMEIL, AEENTIEMICZERIEL TWD Z EREN TS (Born, 1879;
Fuchs, 1908; Malan, 1946; Bellairs and Boyd, 1950; Gabe and Saint Girons, 1976; Lemire,
1985) o L2y L., U5 FeATAFZE TIEA D BEREICI 1T 2 TR RBHIRF N BB SN TR 5T,

TERERIZARME DL X Z N E TRINT IR0 o7, £ 2 TARIFFRIL, Ak H Ok
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HIZBIT 2 2 OEERORBRRMEOELE 2 LNCT L2 2 A D—D & Lz,

Al B Oy Sy B ¥ X OBTEEE O RFE AR, ~ 8 CTlE Born (1883) . Parsons
(1959) . El-din and Dakrory (2015) . Kaczmarek, Hermyt, and Rupik (2017) (25T, b
71474 Ci% Born (1879) . Fuchs (1908) . Malan (1946) . Bellairs and Boyd (1950) .
Shrivastava (1963) |23\ TREMIZBIZL S v7-, £72. Slaby (1979a; b; c; 1981; 1982a; b; ¢)
T NSO 2 S EREEOFREE I ORA R OMGRE TR LZ, Ll Z
MO FATHIIEIC I 1T 25 RITRIEA B O SRRV AR L ThRv, £ i
LR D% TR AT D 2R 2 2 OHEIICEET 25&m & O T2 o7,
DX FATHIRICE W TR ST E 7oAk B OB S4B 3 & O OFERE R BE % 1k
DFEABFEICEIT 2 HRIT, T ORISR Z b 72 b Lo BB RORRE 2 fE & &

IR+ Ths,

Ak B 38 &SRR R A2 R LIS LB ETH D, DD,
B EARE B L OF OREEE O, AR O SIZR W THRERKZR 2H - T
TelEZOND, £ TARETIE, Hill=Rr I F~EOFHRIFE R IO OB
EOREIFHEE LORARREEZFE LTz, =R T~ EOMEIEREIZ OV T,
Saito et al. (2010) 12 £ 2B R LR OFER7eF B ORENH D, L, =K IF
NEEEGLDT~ER Takydromus J&DFED ) ELERE & HEREL B G O BER RS
IHE TIZRHB S L TUVL72R0Y,
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L. ML ik
1. FRREI A EAROERIG L OB RBEE

=R B FANEORIR, SRR LU DH 27— 30-38 OIRUEL OB kY] 7 %
TERLL | sl B 3 L OV O BEELRE 0 JE 0 s O T B ORI 2 8122 U 7o, ot 2 {814,
IR 3 fER TS KOS I AE B BE D IREURE 3 EARLL B A B2 I3 L7, 2 CofE IRk %
B D 5 FBRTAE, BOURER B ERZ B2 OHRGR & T o JEET I HEHL L
MZEBROKRET 2EMFERRICET DM - THEiE Sz (KREE5:300104)

FRAR DA EHT U BR%EEE (Phosphate-buffered saline) THAVR L 72 10 % R/~
U UATIRIE LT 3-4 AR 7E00 iR L CEE Lok, £ —/L 2K (Morse solution:
225 % ¥, 10 % 78T FU U L) PIZEIEL T 7 HHBIEONIIRE L, HIK
WFRAAT - 7=, SMEOIEE B L OV DH 25— 37, 38 RO EFEHT 7 7 v &
EHIZIRIE LT 5-7 AMBIERNCIRE L., BIER LOWKL 21T -7, £7-. DH
AT =V 30-36 RO EHFURHE U BRI TR L7210 % B~ Y ZiRIE L T 24
RF A 720 TiRE L, [EE LT,

[ 14 & D OISR ALER % DR > 7 1 70 %, 80 %. 90 %. 95 %. 99.5 % =T
5 ) — TNRIZIZTE U TR 21T o 72, IRRURHT . EHER AL E M B A58k L <0
TLT2HMT, LB OBIAKLEBEEREFD 90 % T X ) —/IZ1% =4 YRR (=
AT Y5.0g, ZAREK 500ml, FERE 15 pl) 22K 1710 &2/ 25 L5 Mz, klozk
M 2 Guth U7z, RIS, SHRGR B 2 B 2 BEI A F v, N B UACEW LTz, D%,
53-54 °C ITRIB LIz A 7V A —T > NT, FHICAMRL TBWE#RT 7 0 v
(Paraplast X-TRA, Sigma-Aldrich, P3808) (Z 2 [RIEH#L L7z, X 51T, 56-57 °CIZHRiE L 7=
NAT VA =T N THEANICHEML TB WM /XT 7 ¢ > (Paraplast plus,
Sigma-Aldrich, P3683) (Z 3 [IE#L L7z, 2T, MR 28 7 ISR S B 7R 7

4 TR EICTEIEEE, XTT7 40T my 7 2ERILT,
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R T 4T ay ZIFER%G, MRS 8T 7 4 A X 0 AR OREHS ICEE L
oo REEZBEENI 7 1 h—24 (RX-860, RFADEHE) IZH0 17, HBloRE SIS
UC 3-12um [EOE#HEI 2 ERL L 7=, wic, @bl 2Ry v L— X577 ¢ v
M T 40 °C AIRICIRIBLTZ AT A4 R T2 LD 1 % BiRIZES, fHRE L, )
AR RE SRR 1 % FEREZRVRE ., A T4 N7 T A& ERICHE
S¥/e, TNTEV BIFZATA 7T AIZ/ED 27,

MR 20 57201, ET—#HOEREI TR RV T ONZATA R T2
EYH A T, 3ROF LT 15 SR ETORIEL T, /8T 7 4 U ERY
bRz, ZDOATA RT T A% 3FED 995 % =& ) — /W22 3L ET2oRIEL, &
D% 3 FEOFEE K TH 3 pMILL BV L7z, IKIZ, DH 27— 34 LI OIREECIE
ATA KT T A% 3% BREIZS 0. 1% T T 7 V—80RIC 5 55, 3 % B

Gy TNRE L7200 3 I OZKRIK TH 3 ML, BT Lz, Zhic X0 Mk ok
Bk E A2 Y LTz, DH A7 — 30-33 OGENCIX 2 0 TR Th 72 h o7, &
WTCRATA RT T A%~~~ hF U V¥R (Mayer's Hematoxylin Solution, & 17 ¢ /L
LFNYEHIZE, 131-09665) 12 3-8 ZrfEliRIE L 7%, 38 °C DIKIE/KH T 10 47 [HEERE L T~
v bR VYOG LB LOEEETV, Mh oM s e Lz, T0%k, A7 A
RTTRA% 1% =AY BIRIZ 30 PRI D 2 75 MiRIE U TR oMiaE 2 Jut L
Ttk ARRKTATEBSEL, S5HI295 % =& 7 —/WZ 145, 20 99.5 % =X
J =V 1 T, 20K X ) — W2 1 T OREL T A v OB AR
B L OMMEI F OLAK AT o 7o RO TG A DOk d KOS ETT 9 72 ols, 27
A R T RAEIMOFT L ATS U ET ORIE LTz, &&IZ. AT 4 F7 T AR
HEDOIFKEMEIAFI~ T N IA YT (U MNIA YT Fa—7, KiEEE) 2%
L. BN—7 T 2 e R T 25 A LT,

BALRRY) R & A EAS%SE (Olympus BX43) FCHEIZ L, BAMEEICHY (1727 24
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JV 71 A (Olympus DP22) THxiZ L7z, FanBEEED = IRTEEDBIE 21T o L6, #
RERELAE D) i D47 — # % Fiji/lmage J (https://imagej.nih.gov/ij/) % N CTHE{gT — & @
YA REHEOMETRE AT o 7, KIS, BT —F ZSLARRE UL - iy 7 h o =
7 0 Amira ver. 6.7 [ZHRV IAZ ARG G ONE S OB X OFSEHEOHEEO &
TA T —=varafTv, ZIRIEET VAR LT,
K- B T RE DA =214 FiX Parsons (1970) 35 & OY Bellairs and Kamal (1981) (2%
VN, FEEDA TR “lachrymo-choanal gutter” |3 Bellairs and Boyd (1950) (ZHE~ 7=, 4 HA
ITEREEAR S HIRE (SO - 2 W) 3 L OBMWIRM RS 9 B F B2 (18, 1992) %

BEIZ L, MDD NE DIIAMFZE TR L7z, P CTHWEIE S Z2FK 3-1 1R LT,

2. fSETREIREHE

Ak H OB RIE & OBERIE Ch D MIFE . N RO BIRMEOME(Y S A #EE
DT, T O E RGO RBARMEIC BT 2 Se THFE O 50 L & M I BB LT
(#£3-2) . 2%, WEHEE & RFEEOMENBG (PE a) . #RaE L NEIEOHKE
IBEER JEE b) . B L ORRE L WaiOMENRR PE o) 2. TN T UFED
THEIRIBIZ M LT (R 3-3) » BRMOEIREL K 3-4 (TR LT,

YK |2, Mesquite version 3.61 (Maddison and Maddison, 2019) % /] > T, Zheng and Wiens
(2016) TR SN EHE O RFERICES S MR EREOHE LT o712, MR E
IRREHEE DFRHTIZ, Mesquite (2 F%E STV D IREIFIER L OBk — > O eRE
BT NTY RhEHNTT o Tz, REFIEIC X DMATIIALEERE T v 2 ) XA
“Parsimony ancestral states, unordered states” T, LA K AT IXMH LI EE LT v =
J X 2 “Likelihood ancestral states, Malkov k-state one-parameter model” TZEAT L, P& a
b. ¢ ZZIVENIMNLTRNT UTc, SMEHERICIZ AR R Okt Ch L2 60> NI 57

Sphenodon puncutatus % VN, = OFEIRED AR 2 & > THIENTH S LIE L2,
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m. &
1. =R TANEOHRBE B L OEEREDEEBRRFE

=R FANEOHEINE & N3 5 cupola jacobsoni ¢RI JT X AT _EEEE . PRI

S X OV BRERE . SIS K OMEIIE lamina transversalis anterior & _b2E . 1L F
@ EBEEIC L R S T s (X 3-22A-D) . SEARRRITERE OB VLT,
B B & S RIS OB E TSR o T S (K 3-2A-D) . S)EE ITHE &

SHE O ZE-> THEICHD LT (K3-24) . SIEEIINSELL YD bR TR
TEIERE T 2 AMUN S FLZICBA R L BARER L U bR TIIN&ED O 2BEL T
o7z (M3-2C-F) . F70, SRE L NEED LRAMARA L THY ., “ooiEosE
REWETHZEIETERoTz, ZOREEIL Bellairs and Boyd (1950) (2 XL Y
lachrymo-choanal gutter (FJR-N&JE) & FEFR S A7, SiE-NEEIE, BRI ISR
& FERIC, IR 2 ~— 2 — i DI R B IOESEEI ZH D L EX BT D (Pratt,
1948; Bellairs and Boyd, 1950) , SiR-P&IEIT, )& OFHT TSy E ORI, #)5
ZRE D)7 TIE cupola Jacobsoni DRFMNZIA > THEDRE THE L T\ (M 3-2C,
D) . =AU AT ~EOHERIE R L O OBEREE O F IR O K55 13 )
ANEHEHELL TV, LA LAREIZEWT, SE-NR2EORTmITESE O3z

BHINE L TE Y, @I85 L TWRho7e (¥ 3-2A-C, G, H) .

2. =RATNEOHBREE R L OEEMEDOMELEIRE

DH A7 — 30 3 L 031 (X 3-3A-D) OIREEHI I T, AR SR & SMEl &P
ORI BRENER SN TE YD, ZOSPEIFMENSFLZ (embryonic slit-like choana)
ZE U THBECE A LT e, S B RIS NIZ IV T, a0 R &
el U CBIEFICIERE L7z BRGHAR & L CBIZEE S L7z, DH 27— 32 Tik, #iaaE

JR#R D ERHEMKIT S BITIEE L T,
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DH 27— 33 3 L0034 (K 3-3E-1) Tldk, PIEFEER & AMAEFEE oA I L 5
—HEOZFEOR AP Uz, S5t o 12 S B DTS BN B L C Tz, S B e 1
RIEBWEZB O LWz, 72, MUl FER & RBAZEE OB/ 1 SaE 23 B L 72,
R ARRR R TR S A7z SR AN s > TR LARSD T e,

DH 27— 35 O (X 3-4A, B) £ T2, ) SadE OB OER I &N o D e~
B Uiz, ZHIC KD SRS EILRIED DR 7oAy, ShRE &% R ERGHRRRIC
DGR S 7o N B K 0 e L T s, |IEE IS I o TIHRE L, WRIEIC
BET L QU ey, MM 3Bl LT e o 7o, St O FERGEAT SR VX R B A oD g
ENBIEREN, ZABEBIIT AT T A—IC LV ENT-, DH A7 — 35 O
% (X 3-4D-H) IZMT T, v v a/b—LRT o HEEOTLRIC L 0 B2 E N
= H AN BTz, BFEEIINEILO DTN TSR L, @A L Tw
7= (X 3-4E, RE) o SIFEE & WNEEIL, NELOEIL TIEEML Th2RnoTz,

DH A7 — 36 (2 C, B OE LA’ T L, #g,. E3E. P EsEE 2 e
cupola jacobsoni DR ESE Th 5 B HEL L 72, DH 27— 37 (IX] 3-5) {2/ T
HhbRERE & R R BEE A U, #h5 B2 O T cupola jacobsoni 23R STz, S
TR-NSIEIIR N Ch o 7o h . ZORH A S EN S BEL 7. (M4C,F,G) ., 2D

FAEBRMIZIRW T, AREOBRE & T OBERMIE ORISR BILRIE BRSL LT,

3. FikBE o@REE L EEMEOBREDOHALEERE

HBiEHBLOLD Y NI T DOZNLEE OFREIRHE A X 3-1 ISR Lz,
TR EARREHEE I XV 15 DA B O RIRE | SIRE . NEEOEH RO
b %% 3-6 12~ LTz, Ak E O &R LUV DRSO e 2 TR RERI RIS, £
DIKEETCHDL LAY NI TITBIEIND EFE X B TS (Fuchs, 1908; Hoppe,

1934; Malan, 1946; Bellairs and Boyd, 1950) . X 3-1A [ZHAIC R LI L DI, LB
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DO RBEINEAZBLE TS ABICHA LT\, £7-. RSB EITI~ v 2L
— AR T 4 AR, NaILEIFOWNRAIBEICBE AT 5, 207D, v~ v v a/l—A
RT A EEERD OO O T 28 E2ME I3AE OLFIIRELE THD B2

5L TV 5% (Bellairs and Boyd, 1950; Hallermann, 1998; Lee, 2000) ,

i SEAE & SRS ORSENIBILRIEIZOUW T (1X 3-6A)

LT3 N O EIFAE 1T R E OB N O% 5 TN RLOSMUBEIZEH N3 5, &
MFZECIE 2 OFRERNR M AT ERIE a-0 & Lz, —F, 2L OFEE TIRAaREH 5\
IXRR-NEIENEREIC, 727 ¥ NSBB8 L0 a L M FRClI#Rass oWk
CHEBERA AT 5, ZOFRBNRHEIIBEIRE a-1 & L7z, BEIRE a-1 12, FEER
KO LIEDO WFTNOMNT FIEICB T, Ak H OLEIZB W TR RFS N TE
TeHEE SN, Fo, WEIRRE a-1 1THAIETIEEEIC & > THERN TH D L HEE
SN, AEOAIRERE TH L EEZ LN TWS (Bellairs and Boyd, 1950) .
A lk B DA O DU B4 Tl s i A mIPE I EHER 1 U Tl man B IS 8efih L 22 TR
HE a-0 RROFFEDBIEE SN D, ZDTD, THEIREE a-0 2oL AR E TH 5
&N D HETERE R ABFTE DT A 1 B ORI R E 2RO Lo b 7 DI b
FEE L THWEZDIZHS TEMIMNTE LD THD EE X HiILD, 728, Bellairs and Boyd
(1950) DK 1, 2, 7R°FN%EZEIZ L7= Parsons (1970) DX 20A, 28B Tlx, H7= b
TV N SR OMOBIFEERERE LD bR THHEICKRL TS X IR R
Do TN TG HRAZBIH L2 < 22D THIEIL. RO SR 38 2R 1<

ELEZBE O L7220 &R _Tu D (Lee, 2000; Kaczmarek et al., 2017) , L72>L. Bellairs and
Boyd (1950) 253X 11E T LT\ 5 L 912, AR OFEO SR 13 mE 3 X O D JE
WO NZEOMWIFIZE A LTW5D, £7-. Toubeau et al. (1994) DX 4a Tid, HEHEES K S

T2 S OO BSOS RSN SRE ICH O L TV AT R S5, =
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NHEDOZ ENG, FARORETHMOKE S OFMKE & RSN a-1 MG ST
WHEEZHND,

AT ~NERODI &S BRETIR, SR A b 28 ) 48 B (2 L 722
(Lemire, 1985) ., F7-. Malan (1946) 1L, 5 A LA Ft® Bradypodion pumilum 125\
TRIFEEDHMERE PO HHEL TV D LR TS, ZNUHAHICKIT S, BRE
U T BTN B SR B E ISR O L2 &0 O TR IB RO IS, TR BB a2 & L THR
S Tey T ~ER O I BHERE 1 O TERER B I B 5 H RACIZB IR 2 S B Y |
ZORIZONTIE B 1. TR oS R E BERGE ORI TihD,
COREREIIEBANTIZERLDO —SORMOATHESN DN, AFRB IO
Malan (1946) T/RENTWND LT, THHRMOME TS IR AEBRRIZB W THIRSE
EREE OEMITEE SN D, WEIRRE a2 13, BT ~ER ORI E Bradypodion J&D
RN BNTENENMNLIZ R ST L HEE S V7=, Bradypodion JR %R %< D
A VF RO TIIHARIFE IR L TWDEB Th 2208, Z O RRE-WNERIEITM
D N T THERENFET HALEE THE L TRV . ZORREBIREIIEER
fEa3 & L CHiole, MHTORE. B A LA U ROIEM S TN a-3 28 46F &
NTE Y | Bradypodion J& TITEIRAE a-3 1 HIFEIRAE a-2 VR S e L HEE Sz,
ZORRIL. WALV UROELELICBWTHREBES -ERLIRL, TO%
Bradypodion JE DR CTHES SN L 2KRT D, LL, REOZ ORI T
SAVE B L OV 0BG O BB RHE B SN TR BT AR OMITIZE iz
DIFBRHNOFH 1L JED S B 4 JEBDOHTHD, LD, RUFFEDORRIT A VA L FHD
EELRIZBWTHERHEE N EDO LI ITRFELITREELINTEENERT I LIITE
72\, Bellairs and Boyd (1950) 1%, Brock (1941) (23 TELREE & 30k S /- HE5E )8 b
R-NEIEICHYS 32 LHRR LTz, & 2 CARIFZECIL. Bradypodion J& % &ie T A LA v

BEOFED G S S-S TH D L E L7z, £72. Bellairs and Boyd (1950) 1%
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Brock (1941) 282 L7- S D) S I 0T 2 TREEZHEZE L T\ b, B A LA
Bl ¥3:\Z Bradypodion J&DTEDGEEE 36 K OV O BIEREE O TERERIEFIL. A%

(CHRHE S D BEDR DD,

i, SR E & NS OREBIRIEIZ W T (1K 3-6B)

PSR FLANE) SRR ET (IR 5 1 & N 1 S OTERER I 2 TR BE b-0 & LT, Y&
UTNH., MTERL DAV URZRSA 77T TR, Al &b—HDh F~EF
ORETIZ, WEIEH 2 VT ERE-N g CHESE IER T 5, ¥27FIIX
NI RO TYH, NEED ) S B IS8R d 5 fREME2 d 5, Fischer (1900) 1%, 7
FIIX M HABROIEF I I X M BH Trogonophis wiegmanni TlE & & N &4
RO BIR-NEIEARICALS L TR0 | [AMEE/#SE ICER T 5 & LTn5b, £72, Gabe
and Saint Girons (1976) 1%, [FIfED &R AN EIERTHREICB 0 L, NEE T8RS 12
B 5 LA L=, —J5 T Bellairs and Boyd (1950) 1%, [FIFE 0 &7 E 13PN L O i
Hor DOIITRA L, NEIE IS8 [k L E T2 L L bz, RO ZiuHH
WO RERRFI X RN B MFE T D FTREME 2 4B L T\ 5,

ARFFE Tl R OF I H CTHBIEZ S5 NS SR B 8@ D & D T RERY
Kz . NEILSBIE SR B SRS D A h & b 7 L A —DOTEEIREE b-0 & L THU MR
MraiToTz, AikE OFFRE 20~ b7 DS E Rl — DOIEIRE L LT~ 72D,
PLFIZIR R K9 ICHIE ONERIE EBEONRDPNT IS RN S LRI H R L%
A3 BHHEETH Y  (Fuchs, 1908; Parsons, 1970) . T 2 24 O3 &8 E 1I0HE k45
&) BT ERE CHELEL L TW A b0 EEZ LN TE 2720 TH S (Bellairs and
Boyd, 1950) , AfifH & L H > N A7 OBRIEIT, FAEMMICITIGE L CREN &L
ZADHIHEATICB O L TRV . Z O TOBEIRE & BN & BRIt o Ui ENM

EH I HHF I TS (Fuchs, 1908; Bellairs and Boyd, 1950; Parsons, 1959; 1970) , A
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T NI JRIEN SRR O BRRIC L VAL 6D Z L NRAL~BAET D
T, B & RPEONLE LR IZAETEIC D > THfERF St o, — 7 AR Tk
JFAEN & ALEZUI LT O O B BGRTRIZ K > TEPE~ L RAET DM & NEIE~ L8 E
T RN S D, Al R DA S FLR O O FEA~OIENENC T, %1288 0
EIZ I AT DAy & WEFLICRAET 2% TS 2RO T, HEDTER I D,
NEOFAMIT. BEMIITFEIAN 8L ORI & SMIlZ B P8 E 255 (vomerine
process) & PNELFLEE (choanal fold) DI L OEAIC L > Tl Z %, #hE K LN
R TN TN EFER & EFRSEEICHR LlE & ESEICRAETOMETH D, N
BTN OGO U 72BN B34 L AN TS IRE 2> b N &1L
F Ol L TV 5, ZORBERRHBIIAREE ORARRICHE L TBlgsh b0, [
HIZL > THENTH D L EZ SN TS (Bellairs and Boyd, 1950) , 7235, #E 22
ENSFLEEDORAEIZ X0 RN S LA A U O 2 fHIZRF R CTHERD 20 Z &1
Lakjer (1927) <° Rieppel et al. (2008) 2338k L 7= N ZHm ORI ZEM:, T70bbihE & k
S ORI X DN ELFL L )5 %2 (vomeronasal fenestra) DF@ffEDOFREIZER A B 725
To LNLELDYEVESA Z 7 FTHRE, 202 M7 L RRICHE & B3R B
fit 72\  & 0 D HLAERY 22 K51 (palacochoanate condition) NEIZR SN A AR T %, |k
WOREITAC D, BAIEIC X DM ERIEHEE OfE R, EIREE b-0 NE#EE O
WMERETHDZ EamE L,

NEIED HVITER-WaREIL, A4 7 TH, IIX M FHEEEZNET DA
FAE EBRDOLL O, B A LA LB O Bradypodion J& TIES B EZE L2V, AHF
FTILZ OFRERFHSZ HERIEb-1 & Lz, 3 MO FROR T, WM FES
B EEs BB L 220 & 9 i (Young, 1942; Malan, 1946; Bellairs and Boyd,
1950) &, PNEENTFEIE L 72V & W 9 )17 (Gabe and Saint Girons, 1976) 234 0 | FERERY

FEOBBRFPLETH L, ZOREREITAS N7 B, Bradypodion J&D _Ffi
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KO F~E LERNORM TCENEIVRNAZES SN Z E NI, BT~ L
BOISEMIED ) — R, ThbbT 7 — b 7RSI LTz — RICB T 5 R ke
b-1 Toh o= m[RENEIT 543 % DOLELLT, b-0 ThHo/AlREMEIL 45.7 % DOXETXK
FFan<Tky, [/ — NZBITLEIREBITHARIC RSN ole, —F, BT ~EF
DI LTz ) — REB X RED LD /) — R TiE, JBEIRRED b-1 Th - 7= AlgetEs v
b 74% LLEDORER TR ST,

FEDIRAE b-2 12, BEIRAE a-3 & RIEROFRERRFEICK L CTH X bz, B A LVA
VBN Bradypodion J& DIEEIREE b-1 & [FEEZ R < EOIBEIREE b2 MFEELT-
B ZHIIFERE a2 BL O a3 LRKOEE AR TES SN LHEE SR,

TEATYNATR, v A F I I XN TE. B FTED Feylinia J{F L O
Chalcides J&. 3 X ONEHH O TIE, WRENFELRY, o biko@y, 3u
N R ORE TS NEIERSELE LW ATREMEN & 5, AWFFE Tl Z OB % TP
REEDL-3 & L7z, WERIED-3 11X, ZOBEREEFFOE R TENLIINNLI R X

iz LHEE S v,

iii. ERE L NEIEORSERBRIEIZ W T (M 3-60)

EFENNERILUCE O TS L0 b F ORI M A TVEREc-0 & L7, ¥E
UTH, BAVHAUHERSA 77T TR, 77— 08 A M TR EZBRS A
N7 FHOBTIE, SEENANSIECHD T2, YEV FTEDOI B LT v M UFE
DFED SJFEEIZ-OVN T, Gabe and Saint Girons (1976) (XN &IEO FismERIZE 195 & #
HLTWA2S, Bellairs and Boyd (1950) (8 E IZ DA D L, £ OMOB 0 25 7=
BRNWEHELTWS, YEY FAEBIUOIA LA VREZBRLS A 77T FRAOETIL, &
A DN EIEA~OBR D ERSHT T T &S £ Tk d 5 (X 3-1B-C) . 77— M B 7R o

EBREITI 0N ENMI LB 0 E AR D, BT OB DEBIIs&EE 1c, %50
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IRITAMAIPN B FLZE (lateral choanal fissure) (2RO 2 (X 3-11) , A4 IS TFHD S
H, K7 B ZBROT AV B B2 -7/ Heloderma suspectum TlE, PNEFLOIEM T
X EAROBFREN NN LT Y T HIFN&RILE Y bR C—ARIZHE LTH)
BEIZA D> THET S (Bernstein, 1999) . Bernstein (1999) IZNEIFIZ OV TE R L
TWRNA, A LT @S SN RIEREO A EORICEA AT 2 F 2R RR STV 5,
Flo, TUF VNSRBI OX Y VU Ur AR T, RIEENT 7 — M FROEN
ERBRICEN VRN L7z 2o 02 F> (X 3-11) , A5 OB OHE5idas s X
OZOREADOAZEIZBA L TER Y | #J7 DB R EITIMAIN S LA B N B2 2T TH

045, “i. #RaE &NSEOHEENRMGEMNE” TRk Lz#@Y ., A N7 0ON

BILB L OAER ONEEETIE L CEMBNEAILZN L RAET S, S50, BTSN
ENEALKICBEH AT 280 IEL TS, £ 2 TANIRETIE, ZhbARICEIT 5 &

FEEDRHNSIEIZE 035 &0 ) ERERRHEIS LA & M 7 O RERRHE Z | TE IR
B c-0 & LTz, tHAEIRIEHEE DR R, THHEIRE c-0 1371 R OHRE TH
LD EHES N,

BT ~EE, MU EROKE . DA VAR, 7 P I X MR, BR
EDRNRIBICAE USIR-NEIE L TR %, 2 OBRIRHERICZ G 2 DR EIREE c-1
X, T ERB IO A LA URORTE LU0 A~ ERRNOW N0 ) — R T
FIEIVMSLI TG ST L HEE STz,

F~EFERHINASINAI I XMW FTHEEHOIIX N7 R, 7r Y X I I X |
AR, AF N AT TEOAF N ASRTCIR, BIREE DN EIEICE 0 E e g (e
T 5, Floblko@Ey | B LT M ASRBLIOEN M TRTH, BEE DN SIS
PO LN WO mENH D, ZOREBIFHEICG 2 DNTZRERIE c-2 1%, D L
b AA NATFE e LT N SEN G N TRORGE X O~ ERRNO WS

NND ) — R TENEIVRNLIERS ST S HEE STz,
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TEEIRRE -3 1. TREDIREE b-3 & REROFREMFEICKT L ThH x bz, HE b3
ORFEFRURABHEE ORGSR & AIER, TEDRAE -3 1X 2 OBEREEZ FFo& R TENT
TWHSLICES SN EHEE ST,

TOHE ¢ DAHITENRIBHEE DFERITI N T, RHBNDZEL L D/ — R TIEWFhnns
DIEEIRAEN 75 % LA EDORFEHTIFF &Iz, —F, B~ EROBEIREDE
ST R SN o Tz, F~E ERo@EHED / — FOREREIL, ABF5EIC
BWTHIER EHEE SN2 BEIREE -0 Th oo AliRMENR A& ivlz, L Lz

VUSND T3 T~ ERND ) — R TR, WINOEREOLELS 50% UL TFTho7,
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Iv. ER
1. A FT~EROBERLHE BEEE ORI
AW TIE=R L DT~ EOHMERE B L OEOMEMEDOELZBIZE L, AT
S RE DYRAERGE T & L SiR-W S IEN B A B 1 SEh LW 2 L 2R Lz, Ak o
0 Z DIZRERIFHBII I T~ ERO—HF L O A LA B D Bradypodion J& DOFEIZ
BREINDI LD THY . SiFRE D VT EAIE-P IS e B (2B 092 & v ) Ak
IHPRAETE & B72 % (Bellairs and Boyd, 1950) , 7 ~E R OIS E B L%
O B EEE DT RERIFFBIT ., O AT TRIZE ST % (X 3-7) . Lemire (1985)
X8 F~EF 10 # (Acanthodactylus boskianus. A. dumerilii, A. pardalis, A. scutellatus.
Lacerta agilis, Mesalina guttulata, M. pasteuri, Podarcis muralis, Timon lepidus. ¥ X
Zootoca vivipara) O#h&Ean'E 8 X O OB EEIE DO RBRIFHER 2 #8152 L, BiR-WNEEN
B AR E IR L2V S L7z (K 3-7D) o Z OISR RIT. ARV THEIE S
Nlz=R o T~ ORI L Ak Th D, —J7. Lemire (1985) 23@I%E L7- 10 ff
DS H 4FE (L. agilis, Z. vivipara, P.muralis, 3 X O A. erythrurus) %853 L71=Z Do
W2 (Born, 1879; Fuchs, 1908; Bellairs and Boyd, 1950; Gabe and Saint Girons, 1976) 1%, 3t
L CTEE-NEIENEIRE ITERT 2 L HmE LTS (K 3-7TA-C) ., ZDXHIThT
A~ ER OB SR E B O BIESRE R ITEATHIER TR - TRV | RO 2 HAfE
ORI TS 5, AR TBEE LIo=R L T~ EORTOYIK, kT
I3 L CERE-NRIEN R IZHG L T\ o oo, ZIVUIAFEDO I RE R
MERLTWDLLEZBND, ZOBIERERIT, Lemire (1985) THE SN ABER O
R IREE & 135872 DI REARFES 1 A~ ERNICHEDCIFIET B Z L &R T, £z
Slaby (1979a) (%, [F U < I~ RO Darevskia saxicola D45 6 cm DR 1 B % 8]
U TG R, N & R E O EEMERICZ VSN TV Z LA LT D

Slaby (1979a) DX 1-10 OAEAREI A5 Tid, BlE2 S 7o RaEE o sz 80 o el ds LY
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BE RO RMA ARG CHE SN =R DT~ EMK LB ORVEE £ THEA T
WD Z LR TE S, D7, Slaby (1979a) THIZL S 7-RatEHEL DH 27—
37 HHWVIFENLEOFR AR CHT- 2 LHEM S D, Al TIRERE & NEED
AR 2 5 &3 72 <. BIR-WEE & W 5 A FRA F W7z Bellairs and Boyd (1950) @
MREISE 2 - bIThhTunZg, L L, Slaby (1979a) DX 6-9 Tldslha/s & N
S fL O[] D BB DAHFE ) 12 SR E RR ORI SRR S AL72V, £ D72, [RlFR S TH &
T & FERR S TS L RN S A Y 5 & B 2 BV D, D. saxicola DI OEK

BIFHRBIZ Z N E TICBIE S TRV, Slaby (1979a) DOELE S FITARF7E
Lemire (1985) IZBWTH T ~EROFECTHIE SN, BIRE H D WITE OIRERIEN
BRI EERE LW &V D JERBRRIRHE (K 3-TD-F) 230 T~ R OLFIRETZE T
bORMEE NIRRT 5, ZORREMEZREES 572012, [FFRN O IR R R 361T 2
BB RD BN D,

2. =RVATNEOHRSEEEREOMRELRE

ZIR T ANEDIRFEAEITIN T, BIR-N SR ORE TR FEE L NEEORIA T
EOV AT =T 35 ICHBL LT, 2 OFRAEEME CIXFHE MRS EIZEGE L TWDHT2D,
N TR SICBE S D (K 3-1E) (B L7ARERRERIETH L LWV R b, Rk
WNERTEDOBIRE DD OHE, TR bbb AT K OM oD 72 < &S BFED 1 T~ R
A LA Bt Bradypodion J& DOFEIZFHE 72 IERIBAGRME (X 3-1F, 3-7D-F) 1, A7 —

ICBWTHE L (M 3-5F,G) » L L, 27— 37 RTINS & miR-NEiko
EUCI XM FE ST 2 DA TH Y WM bZROEERD L 5 1ITi#yF I K-> T s T
Ty (B03-5C) o 2 2 TR SN SIR-N SO a8 6 O BfEfEiL, N&E
DIGRETERL., Ry B P & NRFLEEORM A OEITICE VAL 5, toAER OFAH

RICB T 2NEREOHEKIEFE (Fuchs, 1908; Malan, 1946; Bellairs and Boyd, 1950;
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Kaczmarek et al., 2017) (ZH{LL L TV 5, #5(Z. Bellairs and Boyd (1950) TEiZR &ii- =
— 0 XT3 N Anguis fragilis (20 D NEIERTET O, ThRbbNEED
EENS OSBEOWEE L K<HEBL TS, L L= v o SEE 1T e s
([CEET DANCASIEICAA L CaR-WaE 2 A L. £ DRFEIRRIES B SE )55
HET 22— T, 33— w7 Uy b ORFEE IS L3N U S8R
B L, T OBRNEIEDEIEE S8 LT8R I Lt 5, chboZ
. =R AT AETIEHERROVINC SIRE L NaBEPEE T 52 LIk, #o
A EHTERBTERIZ 3\ THL O A ik B O P SR DTH 2K & [RIAR D TERETE A )3 s R4 D IR
AREIE T H D MIE-NBIERTROHER, TRbObEREN L OSHE S| S 232 &
R XN, ZOFRBEERRGET A 720I2IE, =R I A~vE G AR OB
SO EROF R & BiRE-N SRS Z AT 5 A0 E TR AR A T D 44
B33 %, F7-. Bellairs and Boyd (1950) 23/RMe L7= X 92, Al H o se s B
ORI N B0 BB O ELZ T TERME L CEeeEZEX b5, LR
ST, ZNHHEEOIEMN S LOR A LM Z R L, Al H OSRiEIc L 51k
PR Z R O A B 5 729 121%. Kaczmarek et al. (2017) =° Kaczmarek et al.
(2020) D X S IZOEOHEEEKICE B L8582 B S O F5 > O fER 72 8152

ATV, Z OFE R % 24 CHBMT T 2 LN D D,

3. FikE o@RE BEEEEOELE

AEEHDO S B, YEY THELIOA 777 FHONSIFITSRRE & @) SasE OikE
WHERTT D, RIEIO “i. MERARE & NEIEORERBIRMEIZ DV T” 12 Bk L7 B
M2 5, Z OFERFHSII A B OMREECTH D 20 > N7 LR LT AER 72 B
ThoERBREINTUWD (Bellairs and Boyd, 1950) . LG EIREEREE OFEFIL. AHF

FECTEIRRE b-0 B LV e-0 & L7 2 S IERERRVRHEDN A ik B OALSETRE T o % wRelk
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ZEFFLTWD (K3-6BBLNC) . — ., RIREDONEIE~DO RO Z 5
2ODHFREOM TR D, YEY FHOREDSFERNEWEOFTTHFIZRA T2 0
Zxt Uy A 77 F F B OFE O SFEE XM S LD R O NSRRI T TR R
T5 (K3-1A,B) . A0 B 7O BFEE XS E OO T Mk TN RS
HNCB A %, £/, YEU FHIZAEKE OO LI EETHY | &
R OO PN S~ B FE A3 [R] 43 K HE & [RARIT AT 5 D FA R 541 2 A il H 13 8l
Bann, ZNHOZ X, YEY FTHORICET 2 8FEE OWNRIE~OB O EOAL
ES, AL o> THERN TH 5 FTREME 2 R T,

SRR & NIl O IR T G P B R ME I T BR- N R 2 Fp O I B T B &
. ZOFREIRE -1 1Z M A7 ER WA LA UBROEZHB IO T~ ERANDOR
MCTENENMNIIEE SN EHEE S (M3-6C) , ZNHAEE D Y Bk
H—E DB F~ERB L O A VA B Bradypodion J&OFE Tl EiR-PN &1 A3 )& 55
B L2V, T DOREE H DV IIE OIREMIED B R8T I8 LRV & W S TRE
RHE a-2 12, AEEENICBNTIND 2 SDONEBICEA TH D, K 3-6B IR LT-FS
Bix, B~ EROBESICBN T T~ ERNIET D LN EIREE b-1, 72
DHNEIEOMEGE D DL WO RENERS S TWEZ 2R LTS, £
T2 HTE “2. =R AT AEITBT DRI E I KO OB IE DT (2ih
RIZIEY . =R BT O BE-N ST OB O NS L RER O RER A
BICIVHARBENONHET 2, 2NHOZ D, =R Tt zEhdbn b
—ERD A F R OFEICFFEA AT EDRAE a-2, T 72 b BIR-N SO SE )6 D4y
HEL, B~ LR O TRIFH I EIRIE b-1 OB RO EE A =T TR LT
AREMENE 2 B D, F£7-. Malan (1946) 1% Bradypodion pumilum O3 A TR % 181 2%
L. BRE (RIR-NEHE) 030 EOTERICIEOBISIRE N DB 5 LI ~TnD, =

DZ L, I F~ERE L O Bradypodion J& DIEREIE a-2 1T Z 1 ENMNLIZIES S 1
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b DTHLN, FULIZERKBRICL VBRSNS Z & E2RBT 5, FRkOEIE
TEROBFENS A E 2 He0 L TR 0 JPEREE a3, b2 DR R e Gt A LA
YEINTRESNTWVD 0 E ) NNIBRF R TARIATH Y | AR OEO#RIEE B L O%
DO EEMEIEIZ OV TARFEMRBIENLETH D,

WEIEDSFEE T SE DB R E O AT 2 TERE b3, -3 1%, R
(CHEN - DO R TR SN D, BUIRENZ LD, TR OEREZ AT 5 %
DEHD ., WD FEIARAHE 75 D R 72 E~ e IEE Lo B R M A =3, X
3-6B 35 LUK 3-6C (R ST AERIL. T OENIRIEN FATHNCHE(L U 7= FTREME 2 3CFF
LTWo, £/, ZNHFEE TR D3, WEIEN#EIEIRE £ THEfe L, ~EHE & Ak
IZEZ R L CWb e LT ¥ NAFRO S FR Y v VT ¥ N7 Lialis burtonis Tl
BIRENNEIEICBO LN E WS #HiENH D (Bellairs and Boyd, 1950) . & 52 [AIFE
D=2 —RIE, BRI RRYE VB E | RHEAITITEEL T D~ EBO A I8
L L7- B REROH# % 7k (Rehorek et al., 2000a) , ZA 5D Z &k, BEEO/HERETH)
BARE L OBFEEE 7 E AN P ATE TS L, S ERICHEEL Lo RIS T L L
&9 Kaczmarek et al. (2017) DG 2 T 5, BIRFARUCA ESEER DTZRERVRFE & 42
HE & DEEN K RBERITIAIITH U | 4% OB SR E BIEHEIE O BERE T RE 7RI iFAT 23
s ind,

LLED X912, AR OMRaE . REE, NEIEORER BRI IEEROIEH
FFREE (RET 7 —) DFEL, 0 DOKES DI ORI TENENMLIC
L L L HEE SN, £, ZN6IFFFEFRIIZE ORGSR LV £ T T
AIREMEIISR SR oTe, L7edi» T, Al B ORI WTERSE & % OB
HIEDOTRERIRHEIZ I ATERIC IV 2R L TE BRI 6N, — ., BEE &
BRI OEEN AL, Z OEREOREEN R Z 51T 2 X ICIAL RFES T

T&Te, LLaadb, BiFE R L ONEIEOTERR B B e B IC L (LRI
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b7 HIHRRERNER. TRbbNERZ B AN E IESEEEICS 2 2 B W TITE
FEDTE /TR, BFEE RS E IS OAHB 03 2~ R TIL, NIZER DS B Ak
ERICHAT S Z & NERIITREN TS (Rehorek et al., 2000c; Souza et al., 2015) .
Loyl ZOMoFH B IZHT 2 NEROKREITIEE A EA LN > TR, &R
BRI 0T 5 ABEE (K 3-1B, C, E, G, I) T, WIEENAHSEE L %5
TEOEREICBHAATSEEZHND (Rehorek, 1997) ., ZHHAEMER O 5 H N &I H]
T BRI ERET AR (K 3-1B, C, B) Tid., PRI EFEE & N &l o w2
i LTl EIE T, FOBE 2o THIRGENICRAT L EEZbND,
ik HONBEL L OMRERC~ v v 2 — AEEREICIZMENFIE L (Pratt,
1948) | HDOEMER M IZITMHE 72 & OMHIEED{F{ET D (Toubeau et al., 1994; Schwenk,
1995; Filoramo and Schwenk, 2009) . Z iU S MBS I ZANR OILF W E 2 R FF L SR
BWNICIRASED L DICHEREE LS LB X LN TN D03, NI Z R E NI
ASH LI OEE S Elflo TODAMREMENR B D, Eio, BIEENNEIEICHOT S
AEB D5 B, WNERIENSEIREE ICHERE LWV (X 3-1G-1) Tk, DB L7zW
PRI ECHy A e & OIS IS XV SRR ENICIRAT S & PRI LD, Ll
THICE L, BRS TR OAE BT 2 NERORKIITHTH 5,

2L OB L R0 =R DT AL EEFLAORSE L HOTTFTAERBLD
71 A LA B} Bradypodion J&OFE T, WK A SIR-N i 2 @i L CHEh SR E NICE
BERAT D LidneE2 oD, LU, Takydromus J&DOFESCZ OO 715~ EF
OffE & | WETHR BN THREENHEBERERAZHE S Mo AR OmE D
tongue-flicking 1TENZ , EH TN & ZH|IBIEL S 720y (Cooper, 1999; Cooper et al., 2000;
2003; Verwaijen and Van Damme, 2007; Baeckens et al., 2017a; b) . T Wb |2, Takydromus
JBOFETHMOAE & FRICHERABRIFENICHAL TS EEXDBND, =7k

VAT ASEOFEORTTE G O MFE T IZIE L < FE5E L 72 microridge HEENHAIE L, Z4L
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S RH RO IE %2 SRR ORFFCIEIC EE AT A LFZEZX BN TVD
(Iwasaki and Miyata, 1985) , AFETIL, Z OHEEH 5V NEE O] & OS2I N PE
RAEBRIEENITMASELRENEZME D LB LD, Ak H OB RISE B L OZ DK
EREE DT RBIIZARME OB RERN B384 BIAR 5 7201213, RIS b 87 & BB A
EIEICBR O T 2R A VT, NS ORIEICIER LR IR 2T SE 21T 5 WEN &
D, TIUCKY | fAiEE OELLIZBNTZDOSRICEE 2 EH A Ho T B

55 EER R O DN T OBERHETe S A 9
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nc nid

Icg L3 lcg

3-1. Ak H & 202 M T OB RS B X OBERE OBRIE. A2 b W7o A iiE
BRI Z AR L TR Y, FROLEMAHTST, AUR%T TH L. £KITE 3-2 ©
P ITHIET 5. RENE KRBT EN T “RIEERTROP NALE” & <RiRE O &
OB ANLE” Z7Rd. 5133k 3-1 22 M.
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f

3-2. =R FAEOHRIRE I L OEUMEDTERERIFHEN. A-F. =&~ L5
OFEWIH. A7 —/L/3— =200 pm. G: #hEgE I L O O EEMEE O =7 L ORI
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Summary

Developmental Study of Lizards for the Understanding of the Diversification of Squamata

Kentaro Okuyama

Department of Human and Animal-Plant Relationships, Graduate School of Agriculture, Tokyo

University of Agriculture

1. Introduction

Squamata is a taxonomic group in reptiles that emerged in the early evolutionary history
of amniotes and represents extreme diversity with more than 10,000 species. They are known
to have adapted to various environments with their ecological, physiological, and
morphological diversification. However, little is known about the mechanism of
morphogenesis that has established their extreme diversity because not many evolutionary
developmental studies have been conducted for them. The evolutionary developmental study
aims to understand biodiversity by elucidating both the common and characteristic
developmental mechanism of organisms based on comparative analysis. For the comparative
developmental analysis, the basic embryological information with regard to the ontogeny is
necessary.

To understand biodiversity, the evolutionary history of sensory organs should be

elucidated because those are essential for external recognition in any activities of organisms.
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The vomeronasal organ, which is one of the olfactory organs of tetrapods, is known to have
important roles in interspecific interaction including reproduction by perceiving pheromones.
In squamates, the vomeronasal organ is functionally well developed and they depend on that
to recognize their environment, forage of prey, and avoid predators. Thus, the evolution of the
vomeronasal organ is considered to have contributed to the diversity of squamates.

2. Post-Ovipositional Developmental Stages of Two Lizard Species

The developmental studies have been established the staging criteria for the comparative
analysis of developmental processes of animals. Among developmental studies concerning
lizards, the developmental stages established in Dufaure and Hubert (1961), which are called
DH stages in this study, have been widely used to describe the developmental process. In
squamates, developmental sequences of several key morphological characters for the
determination of DH stages are not necessarily uniform among taxa. Besides, the differences
in those sequences do not reflect the phylogenetic relationships. Thus, for the comparative
developmental analysis of squamates, differences in developmental sequences among taxa are
necessary to be understood by the observation of the developmental process for each family.
However, the description of the series of developmental processes is not sufficient in lizards
and the evolutionary developmental studies are prevented by this insufficiency.

In this study, I defined series of post-ovipositional developmental stages (DH stages) for
Japanese grass lizard (Takydromus tachydromoides, Lacertoidea, Lacertidae) and Far eastern
skink (Plestiodon finitimus, Scincoidea, Scincidae), aiming to contribute further evolutionary
developmental studies for squamates. To our knowledge, Japanese grass lizard is the third
oviparous lacertid of which the post-ovipositional developmental process was extensively

described, and the first oviparous one of which complete series of post-ovipositional DH
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stages were described. Besides, Far eastern skink is the second scincid of which complete
series of post-ovipositional DH stages were described. This study also clarified the
characteristics of post-ovipositional developmental processes in both species and discussed
the possibility of utilizing them for further developmental studies.

In Japanese grass lizard, embryos were laid at DH stages 26—28, which is a relatively
early period in pharyngula stages, and hatched at DH stage 42 after the incubation duration of
approximately 28 days. In Far eastern skink, embryos were laid at DH stage 32, which is the
late pharyngula stages, and hatched at DH stage 42 after the incubation duration of
approximately 24 days. Generally in many lizards, embryos are laid around DH stage 30 and
hatch at DH stage 42 after the incubation duration of approximately 60 days. These indicate
that the incubation durations of the two species observed in this study is considerably short
compared to many other lizards.

Most of the developmental sequences of key morphological characters in the observed
species were similar to Zootoca vivipara, which was used for the definition of DH stage.
However, timings of the first body pigmentation, which are known to differ between closely
related taxa, were commonly differed from Z. vivipara in the observed species.

Further, the influence of the care of eggs in Far eastern skink on the development of
embryos was investigated. The viabilities of and the progress of DH stages were compared
between embryo specimen that acquired from eggs developed under the following two
different incubation conditions: in one condition, eggs were developed under the care of their
mother; in another condition, eggs were developed in the incubator without their mother.
Although no significant differences were found in the viability and the progress of the

developmental process between the two incubation conditions, the viability of embryos
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acquired from eggs developed under the care of their mother (100 %) was considerably higher
than that of embryos developed in another condition (86.7 %). These results suggest the
possibility that behaviors of mothers during the care of eggs improve the viability of embryos.
Behavioral analysis of the care of eggs of the mother and the further comparative analysis
using a larger sample size of embryo specimen should be implemented to verify this
possibility.

The post-ovipositional developmental process of two lizard species observed in this
study possess the following several favorable characters for the developmental studies. They
are abundant in Japan and are easily bred in captivity. Multiple embryo specimens that
develop at a constant speed are available from a single clutch. The developmental process
proceeds faster compared to other lizards. Besides, the timing of the oviposition in Japanese
grass lizard is relatively early among lizards, and the whole process of limb morphogenesis
can be observed. Moreover, in Far eastern skink, relatively many embryo specimens with
notably high viability are possibly available from a single clutch, by the care of eggs of the
mother.

3. Evolutionary History of Structural Relationships between the Vomeronasal

Organ and its Associated Structures of Squamata

The vomeronasal organ of squamates has several characteristic morphological features
among tetrapods, whereas it originates from a part of the epithelium of the nasal cavity,
similarly to that of other tetrapods. For example, the vomeronasal organ of squamates opens
only into the oral cavity and is separated from the nasal cavity. Besides, it has no own
glandular structure within and the lumen is filled with the luminal fluid, which is secreted in

the orbital Harderian gland and passed through the nasolacrimal duct into the vomeronasal
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duct. The vomeronasal organ of squamates functionally associated with the following several
structures: the tongue that holds the external chemicals and delivers them into the organ; the
nasolacrimal duct that extends from the Harderian gland to the organ for being the pathway of
the luminal fluid; the choanal groove that extends from the choana to the organ and in which
the nasolacrimal duct opens. These associated organs of the vomeronasal organ of squamates
are known to be morphologically diversified. The functional implication and evolutionary
history of the tongue have been discussed in many studies, in contrast, those of the
nasolacrimal duct and the choanal groove has not been studied well. Besides, the
developmental processes of those structures have not been observed sufficiently to understand
the morphological diversification of them.

In this study, the morphological characteristics of the vomeronasal organ and its
associated structures in Japanese grass lizard were observed based on the histological
technique. The separation of the derivative structure of the nasolacrimal duct from the
vomeronasal organ was observed in this species. This is a characteristic morphology that
differs from many other squamates. Then, the morphogenesis of those structures in this
species was observed. The developmental process was similar to other lacertids before DH
stage 36. The characteristic morphology of this species emerged at DH stage 37 by the
process of palatogenesis, similar to the process of separation of the choanal groove from the
vomeronasal organ in several other squamates.

Further, I integrated the known morphological characteristics of the vomeronasal organ
and its associated structures among squamates, focusing on structural relationships between
the structures. Then, the ancestral state reconstruction was implemented to elucidate the

evolutionary history of those structural relationships under both the parsimony and likelihood
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methods. Results suggested that the following homoplasies have emerged by the parallelism
during the evolutionary history of squamates: separation of the derivative structure of
nasolacrimal duct from the vomeronasal organ; separation of the choanal groove from the
vomeronasal organ; loss of the choanal groove; a fusion between the nasolacrimal duct and
choanal groove.

4. Conclusion

This study aimed to contribute to the understanding of the diversification of squamates
by the following two approaches. First, the definitions of post-ovipositional developmental
stages were provided for two lizard species based on the external morphological characters.
Also, the advantages of the utilization of them for further developmental studies were noted.
Second, the following new observations were provided for the morphological diversity of
relationships among the vomeronasal organ and its associated structures of squamates. This
organ is considered to have important roles in their ecology. Japanese grass lizard has a
characteristic morphology among squamates and that is possibly shared with several other
lacertids. Besides, the evolutionary history of that structural relationships was inferred and the
possibility of parallelisms was shown for several homoplasies.

In the morphological and developmental studies of squamates, it is problematic that the
morphological characteristics of soft tissues and internal organs in many species and the
morphogenesis of most internal organs are not sufficiently understood. These should be
solved to enhance the basis for further studies. To solve these problems, it is desired to
implement the observation based on the combination of the following two techniques:
non-destructive three-dimensional imaging that is a powerful technique for the comprehensive

observation of internal organs, and preparation of serial paraffin sections that have the
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advantage in the detailed observation of tissue morphology. The comparative morphological
and evolutionary developmental studies based on the integrated data acquired from the above
two techniques are expected to significantly contribute to the understanding of the

morphological diversity of squamates.
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