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hERERNSENRELT

NGk HARE

(PERFEEHEDHHITHR BB 650223)

HWE LYWB Bombina 5y A bREWOE W, LB 4K, BEEEMXRFHRTREEN S
FERBEETEAR DTS, M REORERERXRDAES, FEMESE LNEER
], ZXLAEADEM, HMUARAZER, REXMN FEABRMS EMELRELGFET. g
REH. hEEH™ 3HEMZAIMEZXRRE, 2/ HEHEHE, X hREMNSE
B. fortinuptialis FIHEEYE B. microdeladigitora Z RIEAZRAHIE, HE ISR 8 1ES
RS A — N ER. HKEEW B. orientalis A H—X K, HEEMEE SN MHAHELL,
Xkl - T REROERR S EERD. BESAHERTH, B TRERANHMEIRSE
KAMREM K, HEA M BRREET TR RWh o (L aH &it,

X@in ®BE, RERFE, 2%, TH

& HIEFH(Discoglossidae) & TG LB X B B R TR K ZAK — L I K 8E,
Ko 5 bR MERLREABEHHLREIEEEE, RS T MR
THEEMIZHE, #a T2 AR, Rm, KoE5#tns, FEEELTE,
AR EEYEIR Bombina YA B RIBFIF ] %5 3% REA AR AL

BB 5 7R, H ARG B. bombina MIER Y B. variegata 5 1 THKM,
KA SHomTEN, BEYAE> M. BNFEENEBR>EXSHLTEOHMTILERS, A
BRI EERERMHFA, . Mertens(1928)F1 Stugren(1966)5> BILATE & 21 J5 87
RTEBEREHERMEWL, ARUANERELAN; Maxson(1979F A RE ¥ S BE—
BENEEABEMCPHHA TRHNEE. ERENASFRE IHBIHEREZXR.
Szymura F(1978) it 1T LR 525, 5 Maxson F B THILIAWE R, BIEKME
WEEREEZXLARE, AHRBE_HRE, REY%H HBEE(1985)LLEK T HE
R MO, Mg AR, ARE S R, HEBEBRRII AWML
B: © BREWIER Glandula: BIEKBELY B. maxima, WMBELRWE B. microdeladigitora
FERIE MY B. fortinuptialis; @ R Y& Bombina: BIEEKME Y B. bombina. £
¥ B. variegata M54 B. orientalis,

BB R MAIMA S, FAEERAMUAES, E—ERE L-EH T HE™F
EREOMARBHLBERZ . FCELEEMERBN, RO AHEER, HE%ENS
KRG LHEST T it

A3 199448 A9 HYHB, R4 12 A 8 Hgll
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1 #RFAZE

TSR EREE. MEMEERAFL 202 3G D, 23ERETHERSERENASD
PR T AN R E R B R AR E LB, HEAT T 11 ASMERER R . H TR
B prA K B PR RS R OLER 1), A T HBM SMEERE R B i ™= B A
S RRAE R H SCRR

£ 1 BATFESHRENRMBHNEERS

Tab. 1 Specimens used in measurements and observation

A~ R
5 iy R BB brA B A

B. fortinuptialis IhRe% 2588 1522 388 1%
B. maxima I ZEBXR 1088 622 2838

I =Mk 288 129% 258 22%

m =FETH 838 8%% 3885 1%

IV =EmiL 2688 228% 588 2%
B. microdeladigitora ZHERAE 1188 6%% 438 1%
B. orientalis I WRES 11538 102% 388

m & 758 3%%

HEBEARHKEEBESIE, REBLUTHREREREREHEAIREE
Lynch, 1973):

(1) HERBEHRREOE S AR ER BN XRZMENEROI I RIZHEE,
FETEEBSTHERRE, nROWEFEETFRABTERL RS, NRTLUAKAHREFBRE
0)s RELZTEREESPHERREARERED.

Q) FEXRBNTEZFEENERRESFEGERE, BRNGIRERZE,

Q) —FEXABPE-MREFLFRFENE M, HEBERBREARGBRE, &
EERSEARERE, |

BEH B42%(1993) R R F IS Y B. lichuanensis 1 T1EH KB EItRA, SCERYE
B, HEARTT.

2 ZR5R

2.1 RER/HM

AEREBEFEEERST TR OB, —R&AREE, BB EnitLEsy
B ARERSE; —REBESLERR.

ShEE S B RN LR fER T BUR, B3t — ﬂ‘iﬁ?ﬂﬂi B AUR, SRIF*
FkEN 13 A REE TR anH g,
2. 1.1 SR AR, MERE, hivER, BILASAK. BERB. S
BLEBSIAZEENE, siEEmERENERER, HEHENKBIRERARE, A%
Bofh, SZEIUEEE, WE RSB B N AR,

SMBAFERS RS BT 10 T

(1) 75 Bk IR IE b 4> A R A (dorsal glandular tubercles, DGT): HLLF#E:
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A: BRRBUIER/NE®S5rH, THER. BR%,
B: BEBIER A/NA%E, FEHRER. BR%,
; FERFHEF R, FHRARENE, SEER. BRE, RASTEREHN 3 OR, 57
 LAREIA: A(0)—>B(1),
: (2) #¥:RaER M BH (horny hooks, HH): ALL T Z#RE:
A: BEHREIENE, TAKRN., B. EMMEE BERRH,
: wHE MR ARRNAE N R EENER, CEEIRPERNTEE R, Hik, REB
BEEREL, BATRER: AW0)—B(),
: (3) 1B HIFE R (nuptial spines, NS):
A: WAIZIS T EGSERDMRER, #FEIH.
B: WEI=IHEMEHRA, S8R, BHH.
CERES, BEMSEAERE B HEMAHRE A, HBRATER. AO—
B(1).
(4) BEEE(webs of digit, WD) ¥y thA FARA.
A: BERIBERIK, ALBERWE. B BERIZEARRIEA,
. BEEERIR A G A TG P M, Bid % 52 R DL BE A5 W FOoR 16 0 S vEBR B ISk, Hik
BHRICARE b A I 0. ARG RS RER WM LKA SR B IAH%, 1961), BEEE
MR B S 51K hifkiGEI N I EAER, AHEEHEER S, SR WERRAERF
FiEaE R, RAEESEY. BLERRIAH 4 Fhe b ph B 5 i 5 B i i th IF BH 75X
— . TISRIERAWMMBRAWIIAR, Wi EHSFTE, ABUKMEERE, BEAHX®R
/A, TRRE DX ANREA B R E M, AT EIREREIHEhe, FReimbte
BICA AR RIRACRE, SBEATEEN: AO0)—B(1).
(5) BEBaBE (ventral colouration, VC): &KX hHHhBE MBI MBI HEN
PR AL,
A: BEAEH, ¥,
B:. BEAEK, HEHEBOANEY, WwERE, wF%&hﬁ%ﬂﬁﬁﬁﬁ&m
KPPk,
REBIERBERNHBRXTAPREBERLEN, HRRTED: AO0)—B(1).
(6) kK 5:3L% 2t (head length / head width, HL / HW):
A: HL/HW>1 B: HL/HW<I
RUEXch, KEBEWE. MEBERBMEBASENFRELERE A, TRFRBH
BHR&E B, REEBOHTREMREDLRE A, REMMMERETEARERTHRE,
BT RES: AG0)—B(1),
2.1.2 BHREIE LWEENERELTHESREA.

. WRAGRSHOME BEmethn; EABHEEMNSIMHESIF, EXR,
DAESHASAEME, BERAETER 1 MRNER; RENEbhEeRE,. sHik, B
Bk, RRARKHFE. ZHRH 1M BERTEEEFEEHANLER AR T, Wk
SRR B LB,

Ak, BEIEHER ORMTLR, B 1RAEE, B2, 3 4EFHEREHE
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Brs FRBMRAAFERENT K BERN; EAEFR 1K EFETBARRHRE,
BRRERIR BTN R,

HAMBEE. REXNHBHLEBY, FAREMR, BREESE, BAMir%ES
# clled X, ahARE, —HBHKE. BEiEHBsRaBEK®E D,

T & ¥

Bl E™ 4 e LE, 8, FEERBE
Fig..1 Cramium, hyoid, vertabrae and ilium of four species of Bombina

BEEA: KREW, MBROE, RSARE, RIRNE

from left to right: maxima, microdeladigitora, fortinuptialis, orientalis

L, SAFXHEM, EELTE#SERTO O,
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(7) BEEL (pterygoideum, PT):

A: BEFAMIXAmNEdh, 258K ERE.

B: BEfIarFraAGih, 2585 IRIER B,

REBARBREIHE, BEREHRRERBARERE A, Bl ﬁﬁﬁl‘ﬁbﬁﬁm
R, #r. AQ0)>—B(1).

(8) #F A& (squamosum, SQ):

A: BERXEREK, B: FRIB/ALKIE,

%%FiﬁTkﬁﬁ%@ﬁ%ﬂﬁﬁﬁﬁﬂi, HEBRBHEBBREE, BBRAA: AQ0)
—>B(1).

(9) H-H:B (collumella, CO):

A: BEFSHFE, B: HEBHARNFRE.

REALZHEERSEEBEE, REBABELREE, HEBRFATEENY. A0 —
B(1)o

(10) B F (lium, IL). &¥&d, BAHEEERRHRE.

A: BEEHLRE. B: BEEBTME —/MER,

KELENEEERENE —IRE, MAREIBEREER, BEAREEHL
HEEHX—RE, BRABRLWEI, HEeRMFLsEH, Hik, BREFTEA: AOQ—
B(1)o

(11) ® = 5 M & i % $: J5 X (articulation between transverse processes and ribs,
TR):

A: BRS5PERLXSAE, WBEAESD.

B: RS EREAEE, WEAREED,

REAZH/HEERFEEGFE, REBAREXRSES, HEBRFFTEEN: AO0)—
B(1)o

(12) E - WhF ¥ L(second ribs, SR):

A: FWBLRE. B: EZWEE -ARmKHRE, RTEH#H,

RAE BALER PRI, £XERERAMENER D, HAREKA, &
BEA: A0)r—B(1).

(13) B %l(karyotype, KA):

A: 2n=28, B: 2n=24,

R EERIMIL D, MM RGaERANRE 2 PR RER7ERE R, WREREHT
REREGILFE M. mMBELRMRAKHCERAIEEHTELNMA, HERL 20 %E
®b, il NF A2 INTU RS ufa (R E W7 S8 2 n Z(H 1 NF #8L, £—EMH
SRBILN, BERAMEEE 2 n B H B Morescalchi, 1973, 1977). fE&HHWF
XAHERMUE, ERBED, BUAFRHEE, —E2R{IWER 2n=28, NF=56,
—ZRWIEHE 2n=24, NF=48, XFMERNHXIE . O/NBLEERBAR; @
No.7 WX K EMBLLHERHA R, REWERMZE 2n A 2O REEK L), Wi
bR R, #BERYETMMRE. HEREREXD: A0—B(),

ER 3AMGFIEREERBE PO > Mk 2, RI\ERREN 2, H Kluge—Farris
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Bk, TLAR A 2 B o X Ef#.

B 2 ATEAE .

(1) REARLEDHEFAE 4 ERMBIE. IBFREIRARE DEAHEZRA
MEH, 2E50RIREREE; FMETBASHEE IMWEEHRIEERER, SHHEEN
HEBARLEE BRI MER: AMFREIIER; DRBIXAN, £5L6%
B OBAEFIER:; dHHMESRRARHEB., REAMNIX 4 AT FHAEL ML
fiE, RAABRHHERER, HKARERE-BRAR, FRNOE-EEER

£2 HAMBRERRENSE

Tab. 2 Distribution of character states in genus Bombina

% R
A DGT HH NS WD VC HL/HW PT SQ CO IL TR SR KA
B. fortinuptialis 1 1 1 1 1 1 1 1 1 0 1 1 0
B. maxima 1 1 0 0 1 1 1 1 1 1 1 1 0
B. microdeladigitora 1 1 0 1 1 1 1 1 1 0 1 1 0
B. orientalis 0 0 0 0 0 0 1 1 1 0 1 0 1
& yu
R
& A
| , 70 l
s———NS§ ;
em—— L 60
- r:————wn |
T i | X
- | vg 50
- = ——HL/HW [
- = SR
+ T—KA
—n {
- BT 40t
- S0 1 01 oNW 1 1
= ERRRE _ : . .
- RAERS : KBS RUEAE ‘ KA
BIERIAE
M2 #EENRERTXR H4 TEERE 4R RELERRER

Fig. 2 Phylogenetic elationships within Bombina, Fig. 4 Range of snout—vent length of 4 species

cladogram based on character analysis of Bombina from China

(2) BIFRFEEHBRWREXARE, RE—H{RMEL, X—#kRHAXSKE
BRYAE-NERNIEML, EEARERMKFAMEETRER-FMEENTRENE
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ﬁo

() FEFTER IB3ARIED, REBLEMN SHAARZEMRARE, XEHIZER
B AR LR —BE.
2.2 9L

2.2.1 RWEMSRMBMRE SKBEN S XM SR K, Lanza F(1975, 1976)H
EBRMEFER T ER TR EWEDiscoglossus). 8 Y8 BN 7= 4% B (Alytes) =% AR 3§
HxFk, HEREY, RERSTEBENEEXRRE AEBEBRSEIMNESXRE
. Hik, HRERE~ERBEMNEFTRR b, BATRER Bombinidae; #£#E%
B wh gy B HH D 45 3B K (bombesin) -5 7= B W By Bk Fh 4 25 HH D P2 B BK Calytesin) R b AB
th OLFED, #2 138k, —FHNNAE 2 AMREMEEAR, TLAAGEZ2REES T, KB
BANRIKEE X R, XAEKRERTHERGE REE LRI,
-bombesin: Pyr+GlntArg-LeutAsn{Gly—-Trp—Ala—Val-Gly—His—Leu—Met—NH2
alytesin PyrArg LeuEGly —Trp—Ala—Val-Gly—His—Leu—Met—NH2
(31 H Lanza %, 1975, Pyr= pyroglutamyl) k
Maxson ¥ (1984)if i i & #h &5 4 &8 Il
HEREN, RBBEERATEEREXARBE,
A B ¢ D E F M5 ™EWEEEIE, 5 Lanza B9 &5 FHHE M
Cannatella (1985)#E47 T LLBE V¥ 410 T8 25 iR &1 BF
R, AARTFERE—-NHRER, RBEESE
¥ B (Barbourulla) 3 % Beill, HiX — BN 5
Ftehsr i, 3L T Bombinatoridae, fE# (Liu
F, DOIMEBERAREREZHAFEAEL 3 #
RBEHBERASRETRENZAEE 2n=28, &
BRI ZAL, AR H B EER R ER
i, 5 Maxson FMIEL—2,

B3 HRBHEREER bk, RERARS/EHEF DB
Fig. 3 Relationships among species BREXREELMIT— —FHM A, BRI EEBHS
of Bombina HIEARAFEGF. Lk, NEARRXE,

A: bombina; B; variegatas C: orientaliss RBEESATERNE N LXBARAST B
D: maxima; E: microdeladigitora F, HEBRITAA, HEBREDEARTERD

Ho 1A, AEMNEW—F KL, vﬁﬁ%mﬂﬁz
BN EGBERKS, LBEBEEAEEL.
2.2.2 FhEIESXFAMERRIS Mertens(1928) 1A b 43 886 iRk #4498 (B. bombzna)
HILmk, KEBELWEHLREB. variegata)FIEM K. Terent’ ev(1949) AN A H LK
BRI K, Stugren(1966)MIAK AT BRI 5T R M FEZEE, L EBABAEN
RHIEER ., Maxson F(97)HMEFMALE G ROELEREY, BRMBBMEAEESE
(RBE, MAFRESH — &0 tREK, Szymura Z(19)EMLHRERS
Maxson I f—8. FTIEAEE. BRI REZHEEBIKIFR (GRS X kK EEB, F
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EREER™ 3 PR - RN S, AT RBEHEESENZELER. &40
A THE, TOERSERBRAFRIEZLRME 3,

BRI BRI 2 B F iR E(98)FT IR i, B TREEIER Glandula, TH
FEEEIA 3R BEIEE Bombina M5 B4 3 F, BMMWEREZ2H—F.
Dubois(1989)35 It )& & Glandula C.¥5 %%, ¥ H %4 Gronbina Dubois 1989,

223 BEXMNBBERMERI BKMEW B bombina ZEEIF; EHE
B. variegata W54 4 AR, Lang(1989)A &K i¥iek, Mt HE” 4 HEBEHBEBL R
ARy fL R AR T

(1) RHRY B. oriemalis: %Mo AT hEFRI, 4db. AR LR R P 5T 5
X Kopotko&(1972)I\ A iZFp vl LAy AW A AR G T ERBX AN B. o. var.
praticola, MG T WX ZEMFEHA B. 0. var. silvatica, TAIXEE T H & F R HbX fol
Wgbnas, BAERAMBREHER. XELE T FEEAN SRR A LR A1
SMEAHIEFRE, WRRBEBEER.

Q) KEELYW B. maxima: XAPFA96NYIHEH, MIBEHKBEEBESRBER
JIk 3R BLHEREAR N EREE—EER. REIBRMNZEHRERE, RALZH2
A TE&MTIARRZERILEHIER ZRIAF X, BIGER T ZERAN ST R b
B 4 THARGHTTHR: T BHRETH?):; O KkEHHE?); I FERES L
3 IV BRI, NLIAREELE RBEENBENERETERERAN, TRIEN
MVAZRRABEA, SMEBRELTEREINER. kERKBDIKETHGES: IV
<M<IO<1I, BEeE LiFEEE/h, BXMERAERESE, EHXEFRUKRER
tegfa e 25, Fitk, KREREEGRI2ARNRMEH, CFHE @yt
REFBEHAFTEAREG, BERE. XRTRELBHERREH, Boulenger(1905)
LR R AR g 4 “Tong Chuan Fu”, ERNFFH T XA RZEI)II,
Lang(1988)7E 3¢ 43 75 B _L 47 i #9“Tong Chuan HHE” 5 A AN B &, BIRE
(1994) 1 Z M B & AR )l

(3) TMBERRWE B. microdeladigitora FSRIEH Y B. fortinuptialis: HEEL W 4
BB RARAE T ER R, WHAERINA REIUAEBRR, 1976), Bibiatas i ERan
HER. BIBAEE AR T EAR LMK, XIAPF(1961)% 58 I3 A GLEEL &,
HiEl, RENE_HMEXERHAR, £ -BR&SIEEEAMAL. KR Z2#TTES
5% IR BRERLE, ARSI BRI — R A EN,

LM BB F199KBIHALFINRARA R R T FIILY B. lichuanensis, WA
REBEBRE, XRBEHOARE, FATHE
2.2.4 BWEEMHEESHHL AEEERETEOR XK, wIREDERKRIERIRNT
Zora TAc ek, TERFAERRE b T ok )RR £ B b X T2 b /9 2 Bl o & M 4 1L
(Savage, 1973; Estes, 1982). & WX Fho L E S5 E =L LAF BRI kB S BEMHE
B fe Rk,

EE=4mE, BAKEKMSBEEMEN, KB hREmkRER, HitSEy
SAME, HRERD, REAFRBIEKERN. BREE=QH8RN, BERRSEKIE
B, EDPEIL-FRERBEIIER, YMHSEOEERLE TRIINEL, Wi
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A o I AR T IR KM, Stejneger(1907)IA A% SE IR T RN, W5 RLy ok
ABK#; T Friant(1960)1 A48 W8 2R IR TBk M, /5 FEMY . FHEMALERT
 BOATTZIRIN, R, RETRERLEARM oA T PR R AENH L, FH
| MiETE, SRRAEBIIEL, ERAMERERER TR, I SEIE L
S A R '

: RERY IS — L LT REE E LK INEEIH K. Mertens(1928) A4, Bkl
ERERE LR KRB REF AN BIER, FHRBEW _HHo ROTER
KB R, RELRM -HEZRAMHER, HITAA, REEXHYRIETES
FRR SRR LAk R MR TR, EE N, & LA, FERZITY, FE, Kl
KNTES K. EFEH 4—5 WK-FKBRFED S, IERFAEEHRHT, &4
WEZET=EMZRG KRS, 1983, 1991), B2, @EMEDNRGER, HX&
%, RS RRR, BRER/MESSRAMBRG, AZWRRMTHELE. 4
THKI &M, R, EFBEOEEIERBEMT, FBTEWRE R E AL J5
Kk, MEELRAGBREOFEERBIEAT X — 8, KEERBEMMMEERL B 7R RE
REE LMW EAT, BTREWLRAK)IRERERTRAER, KBERER RERRNILI%kA
PRy —AFREE, TR, SHEBERESR, ERESWILY 8, MR TRENT
REL, MBERESRIEHNEENIEMI L ESHE S HHRARFAEL, FHE—-FSHER
B&.

g £ x &
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ON SYSTEMATICS AND PHYLOGENY OF TOADS
OF GENUS Bombina IN CHINA

Liu Wanzhao Yang Datong

(Kunming Institute of Zoology, the Chinese Academy of Sciences, Kunming 650223)
Abstract

The fire bellied toad genus, Bombina, with seven species, which spread throughout va-
rious Eurasiatic areas. There are five species of the genus distributed in China. The
taxonomy and systematics of Bombina was quite confusing. The phylogenetic relationship
within this genus had not been fully worked out, which , to some extent, should be due to -
th_e lack df data for the five species in China. This work takes out to investigate phylogenetic
and classification of chinese members of the genus.

‘Thirteen osteological, external morphological and chromosomal‘characters were ana-
lyzed. A hypothesis of phylogenetic relationships of the four species is presented. Two
groups (clades) are present within the genus: one contains the species B. fortinuptialis,
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B. maxima and B. microdeladigitoras B. orientalis share the other clade. In the first
clade, B. fortinuptialis and B. microdeladigitora are closely related. Subspecific status of
Jortinuptialis was suggested, because its specific status was weakly supported by
morphological and karyological evidences. After comparing 11 external measurements, we
found apparent varieties in different populations of B. maxima. No geographic varieties of
other species were found.

Several éuthors studied relationships of Bombina with other discoglossid groups, and
some separated it to erect different families. We summarized the former morphological,
karyological, as well as molecular evidences, and considered it’ s still valid to retain
Bombina under governing of Discoglossidae. ‘

Finally, we interpreted speciation of Bombina by correlating it to paleo—geological évi-
dence.

Key words Anura, Discoglossidae, Bombina, Systematics, Phylogeny, China



