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' ; JB 7 (Pectoral girdle). Tl % & (Forelimb skele-
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Fig. 1 Side view of P. cantorii skeletal system by CT
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(Nuchal plate); 192 —HFN7HT7 T /INEIR, FHE
H M (Neural plate), B¢ f5 —H A =M. FNESXT
1 7] K 7 FE R B B (Costal plate), AE R N 25
MEE BROFH S, AbUE RS . SEA W 10X, B — e
BN, HRREFSE Esa; BT e R

N, AR, RIS 1A 5 B E RO

2 & HEE T CT I (HE P 7R 350HE)

Fig. 2 Lateral CT image of P. cantorii spine (cervical vertebra

shown in frame)

K3 & mm
Fig. 3 Dorsal view of the carapace of P. cantorii
LB 2. Wl 3. BB 4. HEB R
1. Nuchal plate; 2. Rib; 3. Costal plate; 4. Neural plate

. HRMWE S T S MM AR, 51
B E, R Ak

pEER JE R (] S)AE X T F B /N e~
SUAE T B A 1) TS i, DA R 5 AHIE .
B2 RS, T8N IR, TR B 5, B4k S XT
FRAFAE o ¢ HI T A — X 4H 8 T TR, A7 v 4 [ 1)
INE R, FRONHETIE B AR (Neoplastron) . H e — Bk
BV LB, KM N80° M, N IEHE W (Epi-
plastron). JiF [ & — X BeKA ) () 7 1 B il (Hyopla-
stron) fll— Xt 1§ & #R (Hypoplastron) I F.#H &
o mEERINING S NGEHRIRRE, N&iA
IRREHEA—, HEEFE AR, NG E
e 28 A YL i (Central lacuna), 4878 A ti
R, R, BEmm. FERGIIZSH
S A RPIR AL, S —MI7E A Yo py [, W 4b

4 &H W
Fig. 4 Ventral view of the carapace of P. cantorii
L BUEIR; 2. BOME; 3. Wi 4. B R, 5. Mk 6. F7HE
1. Nuchal plate; 2. Thoracic vertebra; 3. Rib; 4. Costal plate;
5. Caudal vertebra; 6. Sacral vertebra

Kls @iEH
Fig. 5 Plastron of P. cantorii

LB 2. ARG 3. AR, 4. THEAR 5. PR,
6. SIME IR

1. Neoplastron; 2. Epiplastron; 3. Hyoplastron; 4. Hypoplastron;

5. Central lacuna; 6. Xiphiplastron
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He TR R . g — X N8I IEH #(Xiphiplastron),
DA A P 14 1R SR S A 76—, T MO P 145 8RS kS
5 7R IS B AR P 25 I AR S A R A

B BHHEIME(Cervical vertebra). i
(Thoracic vertebra). ###(Sacral vertebra)fll FE#E
(Caudal vertebra)f4 il . FAEFLOM, FirB F0HE Y2 i
|, ANSE R &G, oHilh, oiE a8
— MEIHERRE N B HE(Atlas; ] 6)FIXAE(Axis;
Bl 7). EMERIOR, IR /N T R AR 5
[ K BE 5 (Neural arch)3& A & Rl — AN KBz,
[F1) EH — R0 217 1 o 5 AR T P 5 A LR 8 T PR A A
B 5 [n) J5 i — XK ) 5 9815 R (Postzygapo-
physis), 5 & = i (The third cervical vertebrae)ft
A 9E 75 98 (Prezygapophysis) iz . MXHE(E 7)2& &K
Ti T, BN, ToME 5, T A i B AN 9% 41 R A
A H, 5 B MERE 5 P9I T AH DG4, P OGT R R
() A N B2 HE AL MEAAS 5 i U TR e ST VT T, 588 =
FIMERIAMEAR AT . H 28 = FMETF 48, v — L Y
FIME. 55 —F0HME 2 55 JLBIME(The ninth cervical ver-
tebrae) 3 HAEAAR . i 5 AT G 15 R, 75K
R M AT SR, 2\FR, HAETTEHER R
5% (Transverse process) i I . 25 = FIUHE TS T HE

g 1o ¥

—

1 cm

Ko @m#Eh
Fig. 6 Atlas of P. cantorii

Kl 7 et ——PUSSUECAE I TR, A 15 T
Fig. 7 The second to the fourth cervical vertebrae of P. cantorii
(Ventral view on the left, dorsal view on the right)
1. AXHE; 2. 55 = 20HE; 3. 27 DU ik

1. Axis; 2. the third cervical spine; 3. the fourth cervical spine

B R0 H e 85 DU S LA S
A, BV, FHETFITNN S UL L L 8
FIES )BT &, HCkifs %, BIA-L 1 F DI, 56
Ao BRI 1M TPE, ERAT LT

C J

e

&

<
! \_,/Q

1cm

Kl 8 @58 i—/NTUECE T, 775 THOW)
Fig. 8 The fifth to the sixth cervical vertebrae of P. cantorii 1l
(Ventral view on the left, dorsal view on the right)

1. 26 T SAE; 2. 50 7N SiAfE

1. the fifth cervical vertebra; 2. the sixth cervical vertebra

K19 & 5-LHUMECR T, 75 1 TH W)
Fig. 9 The seventh cervical vertebrae of P. cantorii (Ventral view
on the left, dorsal view on the right)
1RG5 2. IR 3. MR 4. JE ORI 9R; 5. B 5
1. Prezygapophysis; 2. Transverse process; 3. Spinous process;
4. Postzygapophysis; 5. Neural arch

Rk )
\..__/Q\-—-’}

1cm

Bl10 &5 ))\—JLBHECE I, 775 )
Fig. 10 The eighth to ninth cervical vertebrae of P. cantorii
(Ventral view on the left, dorsal view on the right)

1. 58\ Bk 2. 3 LB

1. the eighth cervical vertebra; 2. the ninth cervical vertebra
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TR . MR MY L, ZWE-F, 2058
I\~ BB LS S T 1) P TETN

BAEILTOM (] 4). 28— MaMER N, A5
B HFSE R RS, i RIRK, 5 LIHER
J R FEARHE, 1T D% O AR — XN B
B T 28 s b MBS 3058 U HE A kAR
/N, BE S N 51 MR E A . BMERBE
55885 2 1A HERAL.

TEME2RL(E 4), B, BRAT J5 R0, HHA
Fige, LIMES RN WEM T s f.
FEME2 UK 4), AT 215122/, AR
BERRANOCHT R . BT RTRIRK, B4y R afs
B JE AN, AN HRR AR
L& ELEE 11—13)B Tl s, &85

v

poaull

o

P11 SkeE O
Fig. 11 Side view of the skull of P. cantorii

L. BORSUE; 2. E 3. TR 4. BAE: 5. 8555 6. LAHE: 7. R
HEH s 8. Bofr; 9. WlH 10. J7#; 11 JERLH S 12, SEpbw Bk
13. B

1. Prefrontal; 2. Frontal; 3. Parictal; 4. Supraoccipital; 5. Fossa
olfactorium; 6. Maxilla; 7. Postorbitale; 8. Pterygoid; 9. Zygo-
maticum; 10. Quadrate; 11. Basioccipital; 12. Condylus
basioccipitalis; 13. Squamosal

K12 & Sed i mi
Fig. 12 View from the back of the skul of P. cantorii
1 585 2, BiAUE; 3. Bl 4. JGHEH; 5. BUE; 6. THE; 7. 774
B 8. B 9. JEE-E 10 BbE 11, BAE 12, BRES; 13, 3
X; 14. B E-H

1. Fossa olfactorium; 2. Prefrontal; 3. Frontal; 4. Postorbitale;

5. Zygomaticum; 6. Parictal; 7. Quadratojugal; 8. Squamosal;
9. Opisthotic; 10. Supraoccipital; 11. Maxilla; 12. Foramen
orbitale; 13. Temporal region; 14. Prootic

PomEE A, W E AR, N EE 2 B 2R

(1)L 8 (Maxilla): — X, 75 Sk 350w it 55 ], 4%
KB I AT S, 55 M 7T A, 2 S il
BE 5 it ) 2 R HR 535 AT BE, 5 ) T R A

(2) R &iH (Prefrontal): — X, A7 Tk T ET 77,
TR TR AT . AT um i s & 1 5 B i i
TERAE; ISR BalE, 5405 8E Y
AR 3 (1) P A B

(3)%'H (Frontal): — XTI, fERIAIE 1Y) 77, LLAT
B B K. W I A AR S e R T, A
M e HEE

()T (Parictal): —X¥, 2 =M%, /£L T IE
L BUE RS T . BUERBE A S RE R R R
2, F 1N RO AE R, S50 EE AR a7 Sk T
W2 [ Jig O S ) B SR EAE R IR R b

(5)J5 HE & (Postorbitale): — X, A7 F4i-& ) 7k
. FLRT A A 7 A HRNE 5 i B, A ) 5 e
FHIE

(6)#i'F (Zygomaticum): — X, 7 T 5 HEH HI4b
M. w75 R, M5 ERES %, J5 07 W&
PO, SRR H P9 SCHeE B N R

(7) 77 ¥i'H (Quadratojugal): — X, 4l 7, =X
o HISCA R, 55 3 21 % v A FT B 2 18],
Ja X RTETT B S G SRR By

(8) 1 H-& (Prootic): — X, 7ETHE M, 57 #
TE S 78 5, TG0, eS8 a ol

(9)J5 H-# (Opisthotic): —Xt, Fi 2 #2207 B8
RE, JESORE R, WIRTE, /N S S
Uity 3543 AR o

K13 &k g
Fig. 13 Ventral view of the skull of P. cantorii
1. EEUEER; 2. B0, 3. 58 4. BlE; 5. B 6. FEE,
7. FEME 8. B 9. R HE; 10, AL 1L FL; 12. 5875,
13 JE AL

1. Palatine process of maxilla; 2. Vomer; 3. Palatinum; 4. Zygomaticum;
5. Pterygoid; 6. Basisphenoid; 7. Basioccipital; 8. Squamosal;
9. Opisthotic; 10. Internal nare; 11. Foramen palatine aborale;
12. Arthrosis; 13. Foramen lacerurm posterius
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(10)_ Bt E (Supraoccipital): —H, KJE, Bl bififd
AT, Ja i — A SR E R, B —& 0
B T ) 5 A ()1 B BT 2 AMIUEE S B
FERCAE BB, B R B4, 55 A
e il 5% /= N T

(11)75# (Quadratum): — X}, BEKHE 25 TE, JiK
B A — MR AR/ R U EE AT RS R
Ja i N R P AR, HE A RS RS TR A
NEPSEP

(12)8%1 (Squamosal): — %I, AR, FALRFHH
JE e . FEFRAL T U7 fa v, IF S EE A e HE
AH2E o

(13)_L- 8" 5 22 (Palatine process of maxilla): —
XF, & b ) O RS TS K A8 e BB A, Ao A AR,
) AR A T R B S

(14))}5 & (Palatinum): —X§, # - 4R, 723k 8
(1T 23 S= s T 11 S w1 = R B
B A — U N ) R

(15)72F (Vomer): —H, i/, LEPI & hAl.

(16)3 H (Pterygoid): —XF, K, o7 T FE b5 Al
& WA o s A )b S S R A 1A S
i YU A6 [r) 7 5 B ML TR

(17)%: 8B (Basisphenoid): — ¥k, f77E R H 22
6], FERLIHT 7 B0 H0 0 SR B AN FE A B A 4
SRR R, A S EHEE.

(18)FE M B (Basioccipital): —H, B/, Hedk, K
Ui =TI EERLAR, SRRAEAR G2 .

(19) Nl (Mandible)(F 14): 2V, LML)
N50°, NG H (Dentary), B (Angular), A b FE
(Surangula) T4 %, FivE A 38 G335 OG5 (Articu-
lar), 577 & W15 RIS R A OCTT

(20) 7 H 4% (Apparatus hyoideus; & 15): 7 F 3k
BRI, B P ECH (Cartilage entoglossalis) (2=
). HH f(Body of hyoid). #iffi(Cornu ante-
rior) Fl J5 /1 (Cornu posteriors) ¥4 il . 7 44 H P4 %}
XIRREINE . B3N A AL, B A — X 2

o) &

| |
A /
g SHe——3
e T
& S——
1 cm 1cm

K14 & TaE
Fig. 14 Mandible of P. cantorii
LoV 2. BB 3. 001 4. Bl
1. Dentary; 2. Surangula; 3. Articular; 4. Angular

i 5B N . I il B — % 3B 1T
R G BT A A R N S T L R
I Sk NS5

Bt )8 I8 E (Scapula) 1 % B & (Cora-
coideum)4L& (K 16), J& M-8 47 73 SCAH 2B I 9 A
JA I (Prescapular). J5 BB i i LA 7 JE B AR TS
FH PN SR THT B — X B I B i b, 2R A
TR 5o G T H A AR S ey, 558 e TIR,
SM IR 5 8 BB A ST BUR H -

CILECS HBE & (Humerus). 588 (Radius)
M JRE (Ulna). BB (Carpus).  %H (Metacarpale)
¥8# (Phalanx; P& 18—20)355B4rH . FliE FH AT,
Ll A BRI LR Sk, R H, TR RT3
IR B k55 A M NRER, BIR ST/ Y,
HH B RV o T8 i B e, A O R S R AR A
o BUERA, ROEEHM, W& I8, £ 5 )5 i
FHAE, R RS B . B S AN R OREIR, B
ARG, JF S AT R . R BLA G TH ) 2B A
o BiEr 108k, GG EE —— X ROERE S,
DA SE AR B O K A5 A0 Jst -, 5 R D00 g R
HH RN R 43 9 8] i iy, 3 A PR R S AR AE — S 1 v i
o BTk, B A, HEME TR, B
— R TR TS HHRE BRION2, 30 34 34 1.

M
._'+A
1 P S J\
2K 1
|/ Loy 2 "
,f'/’ (/' 5 Y —
3 AN .
\“\ “ ',/J a5
Y A 1cm
1 cm
Bl15 @&

Fig. 15 Apparatus hyoideus of P. cantorii
LS 2. B0 FA; 3. 5 A

1. Body of hyoid; 2. Cornu anterior; 3. Cornu posteriors

Bl 16 &JRH
Fig. 16 Pectoral girdle of P. cantorii
LRI 2. B8 IR 3. B

1. Scapula; 2. Prescapular; 3. Coracoideum
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FEH % E (Lium). Hik& (Pubis) A4 H (Isc-
hium) ¥ (B 17), =i 78 — i AHE M A 5% AH
o BRE BN ORI, T, — i e 1
H Y 3R TH, AW B T2 B, 5 —u S L, ALE
AHIE, HOERAL R AMUTE i o BIbE Y T, B
Ko ALEFE/N, SV 7 20, s — R

BEEE i H (Femur). BB (Tibia) A JHE
# (Fibula). & (Tarsal). BE (Metatarsus). HEE
(Phalanx) %% L 70 2 (] 18—21). EE T A&
liya= = S O N Eo = & = & 5 = N AN = N
B tHEEH . BT ek, RrHEAE i Ml —B
ZME, NEEE, R R0 R B AT
78 HE& I i) — B /N, N ERE (Calcaneus), 72& JHEFH

. 3
1 -'/ i 72 - I
ey n | Fof
Y i | A
} / N
e Y IJ )
Sl i < i N> g
5 rd
Tem e Tom™
K17 &
Fig. 17 Pelvic girdle of P. cantorii
LHkE; 2. 865 3. A E
1. Pubis; 2. Tlium; 3. Ischium
K18 iy iR
Fig. 18 Partial appendage bone
LR 2. M Es 3. b 4. RE
1. Tibia; 2. Fibula; 3. Radius; 4. Ulna
< - ~T N
o ( | Son
| P
AR
[ /
[ \
f \ \
I )
1 2 3 4
I cm

19 BRIBE LMEE (1 3ABEE; 2. 48
Fig. 19 Femur and humerus of P. cantorii (1, 3 are femur; 2 and 4
are humerus)

20 &R G

Fig. 20 Forelimb claw of P. cantorii

21 EEMHE
Fig. 21 Pelvic appendage of P. cantorii

B R PR B A IR R . BRS S EEE H TiR
BRI I Ja HERI 3B /N 5 e A . R
SHR, bEebbE SHE, ZHEBEECN2. 3. 34 3. 1.
22 HIEERSLEMTEE

AR b S A s B K X Ik Sk
P (e s S DL ] 22 A0 K] 23), B9, Sk Bl
bR 1 [ Y e S S & I N RS TS
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K22 & R e S m I e BN & ki A By A i)
Fig. 22 View of the back of the P. cantorii and P. sinensis skull (left for P. cantorii and right for P. sinensis)
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1. Fossa olfactorium; 2. Prefrontal; 3. Frontal; 4. Postorbitale; 5. Zygomaticum; 6. Parictal; 7. Quadratojugal; 8. Squamosal; 9. Opisthotic;
10. Supraoccipital; 11. Maxilla; 12. Foramen orbitale; 13. Temporal region; 14. Prootic

B3] T —RINEIEFIR. MHELZ T, TIgihE s KITEBMANEEWR. o, 858K ER
CHREZEY AT IR 1 B B BR AR AR 9W T, BT A IS E %

SEEZER . TS e I e B AE
Hofth 285, i tmitg fal"(Chelonia mydas) 5 V4 T (™
TR0, N e S e B B R g
F— KX 5. [N, &5 F e ig i HA

ul

K23 et Sm

Fig. 23 P. sinensis Ventral view of the skull
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1. Palatine process of maxilla; 2. Vomer; 3. Palatinum; 4. Zygo-

maticum; 5. Pterygoid; 6. Basisphenoid; 7. Basioccipital; 8. Squa- 24 R (23-20211228)FFHEF CTFICHE P37 391HE)
mosal; 9. Opisthotic; 10. Internal nare; 11. Foramen palatine Fig. 24 Lateral CT image of P. sinensis (ZJ-20211228) spine

aborale; 12. Arthrosis; 13. Foramen lacerurm posterius (cervical vertebra shown in frame)
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Fig. 25 Cervical vertebra of P. sinensis (ventral view)
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Fig. 26 View of the dorsal side of the third cervical spine of P.

sinensis
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SKELETAL SYSTEM ANALYSIS OF ASIAN GIANT SOFT-SHELLED TURTLES
AND COMPARISON WITH CHINESE SOFT-SHELL TURTLE

XIE Min-Min"’*, HONG Xiao-You', LI Wei', LIU Xiao-Li', CHEN Chen' and ZHU Xin-Ping"’

(1. Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation of Ministry of Agriculture, Pearl River
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China; 2. College of Wuxi Fisheries,
Nanjing Agricultural University, Wuxi 214081, China)

Abstract: Asian giant soft-shelled turtle is one of the first class protected animals in China, and is an extremely en-
dangered species. Now, there are only 13 sexually mature Asian giant soft-shelled turtles in captivity in China. Due to
fill the blank in the study of Asian giant soft-shelled turtle skeleton system, this study described the morphological cha-
racteristics of the complete skeletal system of Asian giant soft-shelled turtles and Chinese soft-shell turtles, and draws a
diagram. The frozen samples of two Asian giant soft-shelled turtles and one Chinese soft-shell turtle were studied in
this study. After the processes such asdefrosting and dissection, we used larva of Tenebrio molitor to manufactured
skull specimen of the turtles. Removed the bones and rinsed with water to dry them. Then the vernier calipers were
used to measured each bone structure and take photos, and the shapes were hand-drawn with reference to the bone enti-
ties and photos. A total of 169 bone fragments were found, consisting of exoskeleton of dorsal and ventral armor, endo-
skeleton of midshaft bone and appendage bone. Meanwhile, the skeletal structure of Asian giant soft-shelled turtle and
Chinese soft-shell turtle had significant differences in snout length and the third cervical spine structure. The ratio of the
length from the anterior orbit of soft-sheller to the most tip of the muzzle to the total length of skull was 0.082 for
Asian giant soft-shelled turtle and 0.570 for the Chinese soft-shell turtle. Although the number of cervical vertebrae
bones of Asian giant soft-shelled turtle and Chinese soft-shell turtle was 9, the transverse process of the third to ninth
cervical vertebrae of Chinese soft-shell turtle was more obvious, the cone of the seventh cervical vertebrae was ob-
viously warped upward, and the front end of the abdominal cone of the ninth cervical vertebrae was pointed. From the
whole cervical spine, the ratio of the length of the spine of to the length of its back armor is 0.66 for the Asian giant
soft-shelled turtle and 1.07 for the Chinese soft-shell turtle. These results provide the basis for the identification of
Asian giant soft-shelled turtles, the phylogenetic evolution and ecological adaptability of turtles, indicating that Asian
giant soft-shelled turtles are primitive reptiles with an important role in animal evolution.

Key words: Skeletal system; Insect damage method; Morphological description; System evolution; Ecological
adaptation; Pelochelys cantorii; Pelodiscus sinensis
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