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A Review on the Phylogeny of Geoemydidae in Testudines
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Abstract: Geoemydidae is the largest and most diverse family in the order Testudines. The early study on
phylogeny of Geoemydidae was conducted based on morphological and cytological features. In recent years, with
the increasing molecular data and advanced morphology methods, the studies on phylogeny of Geoemydidae have
been developed in many aspects, but its phylogenetic relationship is still uncertain. This review describes the
origin of monophyly of the Geoemydidae; the most recent reassignment of the genus Batagur, Cuora and
Mauremy; the intergeneric relationships among the genus Batagur, Pangshura, and Hardella, as well as
Cyclemys, Heosemys, and Notochelys; the interspecific relationships in the genus Cyclemys and Rhinoclemmys,
in order to offer references in phylogeny and conservation biology research of Geoemydidae.
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Fig.1 Phylogenetic relationships among the families of Geoemydidae, Testudinidae and Emydidae
A, RopaEl 3 128 Y RNA 2B 4> B7 19 48 B2 4 ; B. Spinks 251120 3 F 128 tRNA  Cyt b H1 R35 B 43 #7 19 32 )5 &l ; C. Shaffer
4l 128 tRNA (Cyt b FERIFN 115 ANTE 25 22 AT 40 07 0 850 KT 2900, 35 4 b SO R A5 5 D. Barley % /8 36T 14 A% 3k

PR3 A7 9 DL S AR o 3 R A R R R S R

A. Neighbor-Joining tree by Wu et al. """ based on 128 rRNA gene. B. Cladogram by Spinks et al. !>/ based on 128 rRNA, Cyt b and

R35 genes. C. Maximum parsimony tree by Shaffer et al. ''®' based on 128 rRNA gene, Cyt b gene and 115 morphological characteristics.

Numbers at the nodes are bootstrap proportions. D. Bayesian tree by Barley et al. ['®) based on 14 nuclear genes. Numbers in the nodes are

posterior probabilities.
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Fig.2 Phylogenetic hypothesis of the family Geoemydidae and related species inferred from SINE
insertion patterns ( From Sasaki et al. ''*')
S FRIEAPELLE TS NAE B E T HAFR, N R A B E R R EE
Black triangles denote SINE insertions into loci. The contents in parentheses denote the names of divergence stem clades. Numbers at the

nodes are bootstrap proportions calculated by maximum parsimony analysis.
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Fig.3 Phylogenetic hypothesis of the family Geoemydidae by Hirayama and Gaffney( From Sasaki et al. ')
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Phylogenetic reconstruction is based on 82 morphological and 4 chromosomal characters. The photographs of mandibles and skulls are
dorsal and ventral views of geoemydid bones, respectively. Hatched lines indicate the triturating surfaces of each broad and narrow bone

that support the split of the Geoemydidae into two subfamilies.
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Fig.4 Correlation between Phylogenetic relationships and bite performancein turtles( from Claude et al. (211 )
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Fig.5 Phylogenetic hypothesis of the genus Batagur and related genera
A. Spinks 4?1 3£ F 128 'RNA Cyt b Fll R35 3[R 43 #7 8 85 K ALSRH 5 B. Diesmos ' 3L Cyt b M1 R3S H K40 47 (9 e K i 24
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T+ Cyt b e [R 70 A7 f) DT ik 307 4 1 e A FRT 29 08

A. Maximum likelihood tree by Spinks et al. ''*! based on 12S rRNA, Cyt b and R35 genes; B. Maximum parsimony tree by Diesmos et

al. ®") based on Cyt b and R35 genes; C. Phylogram generated from maximum likelihood and Bayesian analysis by Le et al. [**! based on

Cyt b, 12S tRNA, C-mos,Rag 1,Rag 2 genes; D,E. Maximum likelihood tree and maximum parsimony tree by Praschag et al. '**! based

on Cyt b genes respectively.
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Fig.6 Phylogenetic hypothesis of the genus Cyclemys

by Praschag et al. (from Praschag et al. ")
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A. Bayesian tree based on Cyt b gene; B. Bayesian tree based

on three genes ( C-mos, Rag2 and R35 genes).
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46364 Ocadia sinensis

B RLK M Mauremys caspica
B K 8 Mauremys rivulata
HERIK L T Mauremys mutica

2 ¥ H Annamemys annamensis

HHIERIK # Mauremys leprosa
B

B7 #AkBBREXEXRREINR
Fig.7 Phylogenetic hypothesis of the genus Manuremy
A. Feldman 21235 €O T  ND4 1 3tRNA J& B 4> #7 (¥ 0L o
WA 5 B. Barth 4502 L Cyt b I 43 BT O iR DL SR B . R
7 IE 4 4 7 3E 00K o R LK f 5 = AR P 5T i e
A. Bayesian tree by Feldman et al. 1**' based on CO I , ND4 and
3tRNA genes; B. Maximum likelihood tree by Barth et al. %!
based on Cyt b gene. “Mauremys iversoni” is a hybrid of M.

mutica and Cuora trifasciata based on the current evidences.

AN, R D R AL R | TAE etk
o 0y W Fhon] UL — 25 B 4 A LK o R
(Mauremys) . Cathaiemys Fll— F A5 2 08 )& -

3.4 RBAENRFEAERE EIRKAER
i, P 5E 25 4 1Y L 28 A 4 AL g i M o fe R
(Cuora sensu stricto) ™ & 6 J& ( Cistoclemmys ) |
PGkt )i (Pyxidea) 1A Gk 15 8, J8 ( Cyclemys ) I 2R
)& (Notochelys ) , B Z A B SR 4 ok R 4 TE
A5G T B0 40 B 45 R S A A By
IR IE 28 2 050N AR G A 7 fa R Al & f
J B R B 2 4 B = A B 25 R, BRI
ML et )R I G A Fe fa )| B
JB A G R VA A G Bk e 2L L I 2 T B DA 2SR
ROy @ AL A o R 3 AR ok



6 31 HATRAE A0 B ROK R R G4 A 5K R BT 5 B 151~
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AR RN SRR )R, o A E A
A BB EE 450 0T AN 52 AL, TR g
FHUA RS E D R T =R
b, —Fh AL I TAE G s fa Jm , — R AU
T 2 fo Jm N & JE B = R A TR
fuJm A S fa @ (&1 8A) o BLAbh, & faJm N o
241528 ( C. flavomarginata ) F1 8545 4] 526, ( C.
galbinifrons ) 4y A I} E A T [H) 4% , 22 i M4 1), AT

TF) 4 DR S 4B 9 2R S — o O R 9 A
Xj{ﬂ’o
P, 0 2y 2 7 i, o LG T e 4%

Ry R R S J& R 43, BRI 76 o g —
o)l — 3, RS )| — 3, WG| — SRR
JB— o KA A SR A 3 o 1 2
K% ) F1 Bonin 4§ D1 g ey { Turtles of the
world) T IA[A]

AR, 73 FUEE SR G Gl se fa Jm & e R
ML )E & I v — &, B Oy ) 76 fa R
(Cuora sensu lato) , JF L FF B YT K HE 29

W18 Notochelys platynota
—Efﬁ%‘%ﬁ (spp) Cyclemys spp
L SRR J5 fa Heosemys spinosa
11148 Melanochelys trijuga
——— BV ARG Rhinoclemmys areolata

W IR ARG Rhinoclemmys pulcherrima
ALE MK G Rhinoclemmys funerea

BERRALLE Rhinoclemmys punctularia
— ‘& Afi B Fef Cuora amboinensis
J& KA 566 Cuora zhoui
=M Feth Cuora trifasciata

H 55 Cuora mecordi
EEAR LU Rhinoclemmys annulata

BE ARG Rhinoclemmys rubida

L Geoemyda spengleri

B Cuora (Pyxidea) mouhotii
B 5% Cuora (Cistoclemmys) galbinifrons
B MW 5wt Cuora (Cistoclemmys) flavomarginata

oK fu JE, A 2 N & fe 8 ER
J&'° 7, 2004 4 Stuart 2277 T 2 A4k
R Gii 3L H ND4 F €O T 45 1790 bp J7 51 (1 45
RS, T L s )m N S 3 U] st AL
R, - REERE MR )E &
WM, D — ORI e, 5 3 SRR
GRABITM A G @ (C omecordi) (K
8B)., ZJa,Zfigg Xﬂifﬁxlﬁlﬂé
TR AN A 5 AL b il 3 B, SRS 2L 4518 5 OF
HEWT A €0 5 f F 2 A T e fa (C. ambomensiS)
ArReER M e fn g N e — 3 & kW st e
(C. aurocapitata) i < ] 572 ( C. pani) Fl = &
M55 (C. trifasciata) 7] G & 810 A — 35 48
Z 4t ta (C. mouhorii) W] G {7 T 7y & i fb 2
Ii1) ; & fe S T g 2 AT AN () B U5, 40 P e # g
AR WL PR 5T A0 4 R W 5 1 % L B R R L )8
55 7 i DR g B R T DR ST

3.5 REBRENRZAXREXRMAR AufnE
JEIRIK R e — 23 A TR KB B . TE 4G R
20 L R MO Y 5 2ok 1 4 v e R B S5 I
SR JEE S T R R R R SR A R A

WP 55 Cuora galbinifrons
BEMSE T Cuora serrata
B SR Cuora serrata
At M 5E 8 Cuora bourreti

Pl i P41 5566 Cuora picturata
YR Cuora mouhotii

L AG M 5548 Cuora amboinensis
W% M 55t Cuora flavomarginata

&3k W 5e 8 Cuora aurocapitata
W M 728 Cuora pani
— B 2= v, .

=M 5efa Cuora trifasciata

B 5efa Cuora mecordi

A

8 HMERERFZLREXRARI
Fig.8 Phylogenetic hypothesis of the genus Cuora

A. Yasukawa %HSW

BT 35 ANTHAS S 15 AL B 007 T AL IO AR 44 5 B Stuart 4517

HT CO 1M NDA JE A 3t ok 2 1) e K ALAA RS

A. Neighbor-joining tree by Yasukawa et al. ['*) based on 35 morphological characters;B. Maximum likelihood tree by Stuart et al. 137

based on CO 1 and ND4 genes.
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BRI ) — BB AR A
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A, Carr % MR BB 430 b & A S0
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I £ 3 2 06 Z AT ME TS o 1 P AL T R
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TE IR KR (8 3,8A) . RS fa @2 12
MR, BT AT WA 5 TH i S B S A B O
R SR, A B S, Spinks 451 LT Cyt b
SEH AT, K S0 IR 5 TH K 72 i fe 2 T S 0
R M ETF 12S rRNA  Cyt b F1 R35 LK Bk
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G AT L, A 0 f JB R 7 2R U L K 5 T
K 45 B SR 44 R RE 7 $R TH B WAL A,
1A 14 5 0 — 2B 5

K& g Cyclemys
ZRJ7fa )@ Heosemys
IRPEAJR Sacalia
S0 )8 Melanochelys

B8 Batagur
JBK @ Callagur
Wt Geoemyda

Eﬂ%ﬁ(% Rhinoclemmys diademata
BERRA LU Rhinoclemmys punctularia
SR G, Rhinoclemmys funerea

HIGAR LG Rhinoclemmys melanosterna

R AR LG, Rhinoclemmys areolata

E B ARG Rhinoclemmys nasuta
BE ARG Rhinoclemmys rubida
W IRAR G Rhinoclemmys pulcherrima

ARG Rhinoclemmys annulata
Fiti LR} Testudinidae

AP Emydidae

REMIL (T H Le %9))

Fig.9 Phylogenetic hypothesis of the genus Rhinoclemmy( From Le et al. (41

5F Ragl .C-mos Cyt b,12S rRNA Fl 16S rRNA 3 X 43 #7 5 2
B0 DL ok 407 5 B A

F4 5 DA AL 28 AR A DL 7 A D AR 39 bR M 2 0 3R B R LA

Phylogram generated from maximum likelihood and Bayesian analysis based on Ragl, C-mos, Cyt b, 12S rRNA and 16S rRNA genes.

Numbers above and below the nodes are bootstrap values from the

analysis, respectively.

maximum likelihood analysis and the posterior probability of the Bayesian
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