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Morphological differences and intraspecific variations of the forefins of
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Abstract The anatomy of the forefins of Mixosauridae, including ontogenetic and intraspecific variations, remains poorly
known due to the lack of well-preserved materials except for Mixosaurus cornalianus. Several specimens of Mixosaurus
panxianensis in different sizes excavated from Panzhou City, Guizhou Province were studied. The result shows some
ontogenetic variations in their ulnae, radialia, phalanges and pisiforms. Moreover, the development of the notches on the
anterior margin of radius and the proximal margin of intermedium is variable within individuals of Mixosaurus panxianensis.
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SUMMARY

Mixosaurs were globally distributed during the Middle
Triassic. The diagnosis of each species of Mixosauridae is
largely based on the differences on the skull osteology,
especially on the teeth. However, our knowledge on the post-
cranial skeleton is poor. The abundant specimens of
Mixosaurus cornalianus led to some preliminary studies of
the morphological variations and ontogeny of its forefins
(Callaway, 1997; Maisch and Matzke, 1998). However,
detailed anatomical description and study on the
morphological variations and ontogeny of other species
within Mixosauridae have been limited due to the relative
rarity of specimens and their poor preservation.

Mixosaurus panxianensis was reported from the
Middle Triassic of South China (Jiang et al., 2006). We
aimed at discussing the ontogenetic variations on the
forefins of M. panxianensis through qualitative and
quantitative analyses and comparing them with those of
M. cornalianus.

Seven specimens of Mixosaurus panxianensis were
studied and compared with M. cornalianus, together with
other species of Mixosauridae. These specimens can be
assigned to M. panxianensis based on the diagnostic
features of the skull and forefins (Jiang et al, 2006). The
morphometric plots of ulna length vs. intermedium
anteroposterior length of Mixosaurus panxianensis
indicate a growth series. The data of GMPKU-P-1065 is
outside the growth series, and this excursion is beyond the
purpose of this work, and is not discussed in detail here.

There are some morphological variations
corresponding with the skeleton size within these
specimens. In the smallest individual, there is a notch on
the posterior margin of the ulna. The notch is absent in
other larger specimens. Two notches on the anterior
margin of the radius are present in all specimens,
however, they appear deeper in smaller specimens
(GMPKU-P-1038 and P-1008). There are two pisiforms
in the holotype, but in the smallest specimen, only one
pisiform is present. This is probably because the distal
pisiform has yet to be ossified. Similarly, the notch on the
proximal margin of the intermedium is deeper in smaller
individuals. The carpal elements of the smallest
specimen, GMPKU-P-1038, are more rounded in shape.
However, those of larger individuals are closely packed,
and the radiale is widened anteroposteriorly. Moreover,
there are 5-6 phalanges per digit in the smallest
individual. Compared with the 8-9 phalanges per digit in
(GMPKU-P-1008), the distal
phalanges are probably unossified.

a larger individual

A study on the forefins of Mixosaurus cornalianus,
which are stored in the collection of the Institut und
Museum fiir Geologie und Paldontologie, Tiibingen,
concluded that some characters were ontogenetic or
intraspecific variations after comparing the smallest

individual to the larger ones (Maisch and Matzke, 1998).
Some morphological variations in Mixosaurus pan-
xianensis indicate ontogenetic significance, too, after
comparing M. panxianensis with M. cornalianus (Maisch
and Matzke, 1998): (1) in smaller individuals, the
margins of the elements were covered with cartilage;
(2) the radiale elongates with growth; (3) the distal
phalanges are probably unossified in small individuals,
and becomes ossified in large ones, which have 8 to 9
phalanges per digit; (4) the notch on the posterior margin
of the ulna will be lost in large individuals; (5) the
proximal pisiform ossifies prior to the distal one.
Moreover, the development of the notches on the anterior
margin of the radius and the proximal margin of the
intermedium varies intraspecifically in M. cornalianus
and M. panxianensis, respectively.

The differences between the anterior margin of the
radius and the posterior margin of the ulna in Phalarodon
and Mixosaurus show varying degrees of reduction of the
shaft of the radius and ulna in the two genera. There is
one pisiform posterior to the ulnare in Phalarodon atavus,
which may be homologous with the proximal pisiform in
Mixosaurus.

The development of the anterior notch of the radius
and the proximal notch of the intermedium shows
intraspecies variations both in Mixosaurus cornalianus
and M. panxianensis.

The observed morphological differences of the
anterior margin of the radius and the posterior margin of
the ulna in Phalarodon and Mixosaurus may represent
different states of degeneration of their diaphysis (Jiang
etal., 2016, Char. 101-105). There is a pisiform posterior
to the ulnare in Phalarodon atavus, which may be
homologous with the proximal pisiform of Mixosaurus.

SYSTEMATIC PALEONTOLOGY
Infraclass Ichthyosauromorpha Motani et al., 2015b
Order Ichthyosauria Blainville, 1835
Family Mixosauridae Baur, 1887

Diagnosis Premaxilla posteriorly pointed (con-
vergent in Qianichthyosaurus);, long sagittal crest
reaching nasal; large anterior terrace of upper temporal
fenestra reaching nasal; pubis much larger than ischium;
distinctly high, narrow neural spines extending to the
caudal peak; mid-caudal vertebral centra with increased
size (absent in some specimens of Mixosaurus
cornalianus); posterior teeth apparently more robust than
anterior ones (convergent in Chaohusaurus and Grippia,
and absent in Mixosaurus cornalianus and Phalarodon
atavus); a pronounced notch present between the
deltopectoral crest and the humeral head; distal carpal 1
slightly larger than other distal carpals; three middle
metacarpals flattened, relatively short but still retaining

constricted shaft (Liu ez al., 2013).
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Mixosaurus Baur, 1887
Type species
1886
Diagnosis

Mixosaurus cornalianus Bassani,

Humerus relatively short and wide,
being about as long as broad; maxilla with dental groove
(Jiang et al., 2006).
Mixosaurus panxianensis Jiang et al., 2006

Material Holotype GMPKU-P-1033; Paratype

|

RN e h AR FEAES RGP R E
LR 7, 25 =S Wi e
)46 H B (Motani et al., 2015a; Jiang et al., 2016),
2 S RO (R A 2 B OR) 48 K (Bardet, 1992;
Fischer et al., 2016). VR Je 282 Hrp— e 454k
Rt e, HERTUE R R E, LU AT M-
5 K 8 ¥ 315 & F 4 (McGowan and Motani,
2003). R IEIE Mo 7 w2 A Tz K
TECRE SR VR, 40 i E KA B B AS B T
(British Columbia, Canada) (Callaway and Brinkman,
1989), & [E Fi] +i7 #7 N (Alaska) S N #E 1% (Nevada),
SRS #E M (Jiang et al., 2006)F1 =/ 2 F(Liu
et al., 2013)F5 M, >k P40 75 U & (Timor), BRI Fi
. BORA. EE A, R AR AR FE A T
2% YL /K MR (Spitsbergen) « 3% 3¢ Hi 5 7 i (Exmouth
Island) (Mazin, 1983; Callaway and Brinkman, 1989;
Callaway and Massare, 1989).

B A & Bl (Mixosauridae) & & 1 ¢ J&
(Mixosaurus) % Baur (1887) 3 T Ichthyosaurus
cornalianus Bassani, 18861l &, fEZ JGH—"1%
g, AW A8 i TR e Ak AR R R BT 7T,
EVR BB B — )7 g — MR KU
] & (Jiang et al., 2007), Frb i 32 B2 X 5 1k Al
J& (Phalarodon) 72 15 +& 18 . )% J& (Mixosaurus) ) J&
H A4 . Merriam (1910)0F 70 T —#F/~H 3%
WA IR M)A 8 RSB R A T
Phalarodon fraasi. {HPhalarodon¥] %A LT
g, 2 #IA N H N Mixosaurus 1) J5 4
(Mazin, 1983; Brinkmann et al., 1992; Motani, 1999a;
Nicholls et al., 1999; McGowan and Motani, 2003;
Schmitz et al., 2004). Schmitz (2005)38# i % 15 X b

GMPKU-P-1039.

Diagnosis Jugal with short posteroventral process;
external contact between jugal and quadratojugal absent
(a plesiomorphic character absent in other mixosaurid
species) (Jiang et al., 2006).

Locality and horizon Yangjuan Village, Xinmin
District, Panzhou City, Guizhou Province, China; Upper
Member, Guanling Formation, Middle Triassic.

K 5 JE 58 1M {8 Phalarodon {45 50 VE 15 LI ST
Maisch #I Matzke (1998, 2000, 2001a, 2001b),
Motani (1999a, 1999b), Nicholls 55 (1999), Sander
(2000), Jiang%5(2006) %] VR f1 R FHE ML A 2. 53
KEHAT T VRAIBE AT, 1245 ik, B A R4
H : Mixosaurus cornalianus Baur, 1887 . M.
kuhnschnyderi Brinkmann, 1998 . M. panxianensis
Jiang et al., 2006 Phalarodon callawayi Schmitz et
al.,2004. P. atavus Huene, 1916 P, fraasi (Merriam,
1910) (Ji et al., 2016; Jiang et al., 2016) (K1), VL&
M. xindianensis Chen and Cheng, 2010, Liu%5(2013)
INHIM. xindianensisy= A7 5 B (AL 7)) 3 P
I ARAE X3, HAR A Br A 1858 06 A 2 UK L35 58
NFA, AHARBERAE A, B iz 5 O AT
%t; Moon (2019)i\ N M. xindianensis N X v %,
EIFARTEAIRIE . AN i RIS E R, A
XPAZMA R R NTR I o B AR R 8 )
ERRHEZ ek T HL BRI, JCH 2 K HE
AR, BXNHKERERERNRAR, h =5
HH— 1 = B 2 £ T 2K L S0 A AR A A ) G B
W1, T =St e I-hn T TR Rl 2R U b AE
£ 4k A 3 AR 1 3 I B BY (McGowan and Motani,
2003). o, I A A 0 A B AR 1) E A
BER . 5 A =B L A b, TR B
BT, W MR S R A HOR B WY R AT
G, RELER, &y 6 -t 24k
B BT BCS AHAT BB T LT 58 AR Ak o W
IR B b X () Mixosaurus cornalianusR < BB -«
WAREEE, AN RIS ZE R ERKK
B H ¥ 1 5T (Callaway, 1997; Maisch and
Matzke, 1998). HAth IR 0 FHE Bl 4 A B4 AR i
A, ORAF WBCRRE, TE4H I i 351 7 i R AR G
AR MK K BT HES
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Fig. 1 Phylogenetic position of Mixosauridae within

Ichthyosauromorpha (modified from Jiang et al., 2016)
45 5 & S (Abbreviations): A. Aegean %% %5 W 31; Bi. Bithynian Lt 3 #47;
Fa. Fassanian y£§% 0 3; IL. Tllyrian A FISF 3; Ju. Julian 2k W 347;
Lo. Longobardian 1& E2 250 1; P. Pelsonian il /R #x I #; Sm. Smithian
7% 3 W 1, Sp. Spathian Hi i 72 3H; Tu. Tuvalian B FLIEH .

HEEHEMH =S RKE R, HEEL,
TEH AR R 2 PR 8. B E(1965)4RIE T
fE 5 M AZ M R BB ¢ & IR # 8 Mixosaurus
maotaiensis Young, 1965, H 8 — M # A N A& & X
SR BT % % (Jiang et al., 2006). K I T ST
JH T 3 A 1 2% B VR 1 Mixosaurus panxianensis
Jiang et al., 20064\ A& H i1 K I H & 22 1R
B EFh (Jiang et al., 2006, 2016), 178 [7 —Hb
FOR IR A 7 U #4008 & Phalarodon B AR 45 ) 26
—IRWSL T Phalarodon [14) 15 ZRREHE BT EE )
Wi(Jiang et al., 2004, 2007). Liu“(2013)ifid T T
7z B R B 18 Phalarodon atavus, 1X /&
ZAPTE R E W RO . 3 BR B8 Mixosaurus
panxianensis;e ‘R E R AFEE RO K. i
SRR, LE DM AL T (5 A BB R 2 Xt 52 kA
FAZ B H U KA E 52 B i 284 f, =
IR A e B, R RIS 2 7 K B IF
5 HAth @ M LR AL T AR B BB T R ARSI
X 22 At b AR B R I AT W20 LE A s AT, 4
Mt Mixosaurus panxianensis 5 Ji & 7 R 1iE 2 5%,
I 55 A VR £ O S8 Bl odE AT 0T b, PR A ELR
MAEKKE IR,

A A M B HE Mixosaurus panxianensis
1F 47 4 GMPKU-P-1033 i &l 4 #% 4 GMPKU-P-
1039 (Jiang et al., 2006), GMPKU-P-1008 (Jiang et
al., 2005), GMPKU-P-1065, GMPKU-P-1038, #J{#
AL RUR S R T DA R bR A 12YT-87-2,
DRAFAERL M 17 5y A= SR - BT i TR A 1)
PESEME M TR 2 RN P =852 ek
KU H EB, ZBCEM A 2 EJE TR &K
&, REN2 mERAE . Frikbras s B4 Bk
R ST KB R AR, H AT B BOR W B ITE A
FFE SR A T B SRR A i 2 D — IR AF 52
B, I Bl B EA —, AT DR A R K
B B AN

A O RGEEAEE, HHARTEHA
B E T H L TA R AT AT RS AR IZ 2] 16 T 6
AL AT IO, 2 5 X AR A K& B A8 H
CorelDRAW X 62 il fif J5¢ 26 2% &1 i IR 2 Hodl Il
b 1 2% Motani %5 (2015a), 1 A 3% £t g b K
R, RIEMER  Bed MRE K, Bis ik /)
FLARSEEE o 8 FHRBRAT3.0. 206 11 A 347 0 #r -

ML #4J fi #X : CCCGS——Chengdu Center of
China Geological Survey, Chengdu, China, J{#fh
Ji A & L, B E KR, GMPKU
Museum of Peking University, Beijing, China, Jt%5%
KEEH R P TE, o E A 5T, GPIT——the Institut

und Museum fiir Geologie und Paldontologie,
Universitat Tibingen, KR K5 15T b A= P 58

Bt [ 1 ) 16 ; SMNS
Naturkunde Stuttgart, Stuttgart, Germany, i & JH4%F
X B R EY e, 78 E &N PIMUZ—
Paldontologisches Institut und Museum, Universitét

Ziirich, J5EAEK A A WIBE TR SIS

3 RGHEME

Geological

Staatliches Museum fiir

BEBIRIEZ  Infraclass Ichthyosauromorpha
Motani et al, 2015b

@ H Order Ichthyosauria Blainville, 1835
‘B8R  Family Mixosauridae Baur, 1887
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& EHFIE(Liu ef al., 2013151T)  HIARE A JE
ROR (MHFEAE Qianichthyosaurus 1 IRNF1E); 7R
TS (sagital crest)®i, AN ZE EF, FHIFLATF
EWAR A a0 G B 0 | = O NP T NI R S = 1
PR TR T AR, S A 3 R U R A TR ME A4 v
2 2 B8 N (Mixosaurus cornalianus i 53 k5 A5 41);
Ja 3 A Ui N Bl IR (L RF AE £ Chaohusaurus
Grippia "P 17 7£ , i & Mixosaurus cornalianus J%
Phalarodon atavus™ 2K ); K& = M VLI A1 BEL &
SkZ (a1 —AN B A T, 56 1z v M B i KT 3
At 32 v g B =K ) B T, AR, RS
TR BB E T

BB HE Genus Mixosaurus Baur, 1887
WA F  Mixosaurus cornalianus Bassani, 1886
9 EHFE (Jiang ef al., 2006151T) BB e dE AN

%, KSTEAMD; EalE A A,

BEEBN Mixosaurus panxianensis Jiang et
al., 2006

## IEAARAGMPKU-P-1033; B bR A
GMPKU-P-1039,

% EHFAE(Jiang et al., 2006)  HiE AAR 5 E
7T B SRS s R A R AR AN R i (— > oAb
TR s A AL -

EWREA  SHMA RN R 2 E A, b
=Btz BRI H FE.

4 LB

AP IE B AR A, AR Sk R RN R R AR
(Jiang et al., 2006)35 7] A N\ 4 EL VR £ e Mixosaurus
panxianensis. FHT AR B S W ER2 7R, W

D

B2 FELR AR R R Rk %
Fig. 2 Forefins of Mixosaurus panxianensis
A, D. GMPKU-P-1038 % Riifi; B, E. GMPKU-P-1008 4 {ii fi; C, F. GMPKU-P-1065 £ Hiff{. G, J. 12YJ-87-2 A i i%; H, K. GMPKU-P-1033 (#% ELiR fi
JeIEBIbRA) 22 BT i ; 1, L. GMPKU-P-1033 45 Hifi; - 46 5 X (Abbreviations): H. humerusfili'®; R. radiust8; U. ulna/H; 1. intermedium 8] i & ;
1-V. metacarpus 3 ; p. pisiform#i 71 ; r. radiale i ; u. ulnare B ; 1-4. distal carpalsZifiBis « A-C, G-1. ¥4 F; D-F, J-L. #nAL K.

t il )R89 4 em.

A, D. left forefin of GMPKU-P-1038; B, E. right forefin of GMPKU-P-1008; C, F. left forefin of GMPKU-P-1065. G, J. left forefin of 12YJ-87-2; H, K. left
forefin of GMPKU-P-1033 (holotype of Mixosaurus panxianensis); 1, L. right forefin of GMPKU-P-1033. A—C, G-I. photographs; D—F, J-L. interpretative

line drawings. All scale bar equal 4 cm.
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—MEGELL A K F 51 . GMPKU-P-103847 44N
B, RAFTERE, FHE /2T GMPKU-P-100845
RORFEA AT, BN 58 %, GMPKU-P-106547 4% H
Fo A5 R A ORAT, e 1T M I UG B A B 3R b R AT
RO I R A7, A J SR A IR A, A AE IR
S R AR CR s 12YT-87- 24 AR LRAE K0 KT 11
B L oy RRME, A A AT O R A, B TR AE
FERT 2 b, AR e BT BN 2 B R H ) — ER
AN RORATE, OB 8RR AT S, #8703 Ui 45
HRARAT; GMPKU-P-1033 A Mixosaurus panxianensis
IERERRAS, B H 7 /B i R ORAF 24, e AT
AR B B ORAF 58 0« 534, GMPKU-P-1039
Mixosaurus panxianensisil| bR A, N 5 &% /o 7 JE,
HIL T s Bk iL &8, hEE SR RA7, Bk
A DA B A RS BEBUD, ERIERZ .

N W B Mixosaurus panxianensis™¥ A ¥ %1 B 52
FAAE, IR T I ER 73 Bt (R 1) JFHEAT 704 o 18X
JUB K B v T i B 117 5 BLAR AE 3 38 AL b 2R B U0t
HAhbr 2P A M %, T LK L, GMPKU-P-
1038 GMPKU-P-1008.12YJ-87-2. GMPKU-P-1033
FERM L — R AR K B R L (E3), FREaH L]
MR —NEKFF] . GMPKU-P-1065 1k 25 18 35 2%
Bk, B2 Mg L GMPKU-P-10335 GMPKU-
P-1065 K& B, WILFFR A BT B B TS H B ZE
5. GMPKU-P-1033%%8 1 B MRIRMIMNT D, Hifk
I [ 11 B R BE B R, ) o B A S T AR T
BLEAREREGFE, RILMO, HEZ%5NEW
S WA= @ =R &= b {191 1 LU | I - o
GMPKU-P-1065 £ 7€ & J2 %€ 1 73 #7249 1 1 e R b
AP B A KPP A1, E AR A B A LR £ e g Y
YR RHIE, WUBUE FL AR 15 5 IR T 15 I SR AT AR
HHKE; EHEH T 2 ESLATM A &

A%, BRBIT T EHE M EE . K, %2R
RE OO B A A 22 S T 3L

Mixosaurus panxianensisHi N FLFa Y, FHHT
GrEE, BEEER, chBlzREA, iy
% X 89 M (GMPKU-P-1008). il 5 W = &,
AW, FL I i 0% N 0, R R
SN TR NS S R B | RS L v = AN
RAT, HBeE KA T RE R, it R
HRNHLEZ. MEWMEIMRPELE, F%
PN B IR T e A — DR PR IR Rk, Mk
S 5% 71 K [ 30 iy S AR G R PP BRI S AR
gt B R0 Do) g OGS, T g G 4 S B R T 02 iy 0%
ko BOHETSAFAEPADM O, EAEA R FR AP
KREBREAFE; HIGSarM, RE i ETgox b E
M, R AR RIBE R L. B il 5 e
ANFE S, D] UG B A S S 7 I ) — 0> 2 5 Bk
B R FL S, T e 2 s DU e o TR R 2 5
. REEEIY, &% E M (GMPKU-P-1038)5,
¥ (GMPKU-P-1033) . B 3 i 5 Bl AH 20745 1
I T B R SO, 32 S 5 v 1) R A0 B A SR
o AFAEIMOE S B, 70 A BRI L o A] B E
FUBEH, e 8] B 3 s A — M, A [R] s A T8
IS AT 22 57 SHUZ b # . B e e m ik, HF
PBRE .. BiOE 128 SMES, HhHEsEau
JRGEIAR BN B RS E 558 LIRR Y
JEM O AKE, H2. 3. 4EEEIEZM
M BN E -

22 35k X% BT 95 ) Mixosaurus panxianensisHi i
WA MG R, M E—EER,
5 AR R NH SR R o AE B D B AR
GMPKU-P-1038+, RUFJa &AM, XAM O
TEBCR MM th AR 6B BT 2[RI A P4

=1 £ZER& K (Mixosaurus panxianensis)F BN & $HE & &8 5 45HE

Table 1 Measurements and some characters of the forefins of Mixosaurus panxianensis

H5 rEk BEk ek EREREK BeE AT &I 0 FOFE&ME  hEpE e BeiEH
GMPKU-P-1038 20.16 12.94 12.82 8.25 2, BR RE \% 1
GMPKU-P-1008 30.14 21.48 20.02 16.12 2, HE T A 0

12YJ-87-2 - 23.48 21.16 17.80 2, HE - U 1
GMPKU-P-1033 % 43.42 30.06 25.98 22.90 2, HE T i P 111 2
GMPKU-P-1033 47 39.68 20.96 27.76 2, W& NN - 2
GMPKU-P-106547 33.45 - 21.94 - - - -
GMPKU-P-1065 /% - 2232 21.54 14.18 2, Bk RE U 1
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Fig. 3 Representative morphometric plots of measurements of forefins
of Mixosaurus panxianensis, showing a growth series

A, T B AR R RE K- A AT S G B XU A by & o RUB K-
e [ i S 4

A. ulna length vs. intermedium anteroposterior length; B. ulna length vs.
intermedium anteroposterior length in log scale.

PRGN, SRR AR AE AN [F] AR KB B i) A4 b 2]
M F), HTEE/NMAGMPKU-P-1038 X GMPKU-
P-1008H, BE[M I MNEEER . ek, AR 5 Ik
B IO AR B, HAER KA
(eI S T N R v O = e ) A1 8 e N
AT R 2B T, b — M T R
5 RBEE MW, o i — MR T RUbiH 5 58 T
AMU, TR IS R B R (9 SR T, T AR LR B
fi; AEAE B /NIAMAR R A I 1 ARCBE LR DR AT,
Wi B 30 i 59 R GG T AU S 0 R A o o D R
M VR INAAR H BR, A A G T B T AR T
GMPKU-P-1038 7 /i #% & SRR [, It I &4
Joi i 5 BB S T AN B AR R, T AE BRI
Hh, S R A B O R, BRI I A S R A Y
WWikJE . sk, fEm/ N MRS R & 2 H
5-6tk, Hk, fENMERIM. panxianensis™, iz Vi
T H AT RE M AR B AL

MaischflIMatzke (1998)Hff 5 1 USCRE £ 1 [ P <
AR 25 1 5ty A= DRI e T 5 A U ) T # R IR,
0] B s NSRBI AR A S Al AR A, Hg T
Mixosaurus cornalianus™ 5 /EK KB, TEAE
[B) A7 7E 22 57 S AH X 1E 8 I RFTE . Maisch Al Matzke
(1998)INAIM. cornalianusTi FEHE /NN A ) HE AR
MESERKEA R 1) NMREET R Bty g 7ok,
LG A o, TR R 2B 1T 5 REEK;
3)E A I [ ORI K 4) Al B B 4 AT BE

WA A S)zmufa ] REAR KFEEE AR AL, 6)7E
gpe /N A A A HG R TR R e T AN AR, RS
Z, WM R MR KR T R A . AR X R AE
I3 B K 2 AR I R B AR R S b i
WY A 45 Maisch flMatzke (1998)HF 533 )
FrAs, VLRI d ARV EIE M. cornalianus
PB4 AT IS Hd, 54KKEH KK
fiE(1) (2) ()TERL B e b AT, TR AE(3) FE AL
BLYR A A B B 2 AR AL

Mixosaurus panxianensis JH J& 2 11 12 7R
5 AR RN — B M K . E Chaohusaurus
chaoxianensis (H -2 S350 )7 B 26 1L ¥ B J5 G A7
EREIRF I G, RN MET, HE% 8 —M
M, BEANMAR B 280 R A 3K H i & AL (perichondral
ossification), % KAM& 1748 24> H JE (Motani and
You, 1998). #ilt, M. panxianensis® /N A H R
HEGRERENE R T ER, BMAERKRE
BEEat, SBREESMOEHGRE, LRNE
o BRZFFLL. FE (20103 IE 17 B 51 M 228 5
ZWIM. xindianensisVA FAUA G I INFE « BEE TE
B RERE FGAFAEMN 55 5 M. panxianensisi#t T X
9y o M. panxianensis®8 /N RSP AME T, HRE G
G MO, Bk, HEIEAE T /E M
xindianensis ) % € FRAE, #3F— 0 4510 v 75 X bR A
AT ELIT 5T .

Mixosaurus panxianensists e B £k W [ 1728 4
W, I HAIG TRt E S, £EKKE
ot R B W e A, EAE BT ST B RS R R T
ZMOfifEE, HEIR. MaischflMatzke (1998)iA
A Mixosaurus cornalianust & i & KSR E
A 22 5, BB 43 AR AT M, B E 3 S ) 38
Iy e, SAMATRER BN BRI H . B, AR
AT M O K B NAEM. panxianensis P A7 1E MK
Z5%, MIFESEKEKEA XK.

Maischf1Matzke (1998)i\ A Mixosaurus cor-
nalianws ™ 8] fi B 107 1T 1Bl AN A AR KT IR 7 R AR
LA [ 5t 45 H A BOR AN b, v 8] i i () SRR AIE
FJR AR 5 A AR Ak, o M R B 1 LR A
KA ZE R . [EM. cornalianusi KK (P1
MUZ T 2405, K4-F, 4-G)f, o ] i i o
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[F)FE G M A7 AR, PRt m T g i B4 30 g 1M1 1T (9 % T 2405 (KI4-F, 4-G)rh, RJBi& 55555 & 5 5L A7
BMNIJEM. cornalianus®h N A8 7, 845 [A] Jhi & B¢ TE 59— MUE B, Maxwell (2012)% H % e N—MW 5
AZ 5B E A, M. panxianensiste R H FL oAt B JE FIR I B e, HALE S5M. pan-
WA, HAEM. cornalianus 5 & FL 1T I7 U 5% xianensis 17 it 98 5B — 8, R BEM. cornalianus
K. FEM. panxianensistH AV K/ANANK, HHTE] R RE B A WA S, AT — A A e W %2
gk EMO, 2588 R g, HEM FIPLRRAE, H I R/NR T m i 5w, Bk, &
1 B 15 30 AT Be 8 i 22 57 ANRETE AN T i B . (B BT T AR

HERZEIRA T, Mixosaurus cornalianusii [ A, TEM. panxianensis™, 1T i 96 55 5t T 32 v B
ML 5 R0 RIBUE %A, BEPIMUZ - GEE1k.

B

iy
23 4
TR

K 4 Mixosaurus cornalianusii Jiibn A< 18 A
Fig. 4 Photographs of forefins of Mixosaurus cornalianus

A. GPIT 1806-345 fif fii; B. PIMUZ T 4858-17¢ il fi; C. PIMUZ T 4858-2/¢ i/ i ; D. SMNS 540687 fif /fi; E. SMNS 166884 fif fii; F. PIMUZ T 2405
AT G. PIMUZT 240572 11 JB o A rh 21 (5[5 Bl 43 031 3 7 J& 7 56 15 A0 5 R ol I6) Jh 5 302 o K5 IE 5 F, GAL 8 35 Sk 48 m) B S B4 o 485 R X
(Abbreviations): H. humerusflli'#; R. radiustH; U. ulna/\H; i. intermedium ' [8] i ; 1-V. metacarpus®H; p. pisiform®i &8 ; r. radialefe i ;
u. ulnare X Jifi 5 ; 1-4. distal carpalsiZ i s . EoF R 4 cm.

A. right forefin of GPIT 1806-3; B. left forefin of PIMUZ T 4858-1; C. left forefin of PIMUZ T 4858-2; D. left forefin of SMNS 54068; E. right forefin of
SMNS 16688; F. right forefin of PIMUZ T 2405; G. left forefin of PIMUZ T 2405. The red circles in A show the anterior margin of radius and proximal
margin of intermedium, respectively. The red arrows in F, G show the post axial accessory digits. All scale bar equal 4 cm.
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FEPIMUZ T 2405, A — 5%l 5 MOIn4g, (HILH
INHE I8 H A5 B T AR, B ) I i 1 B,
UARFETEPIMUZ T 2405745 AT i Bl L2 3. 7E
Mixosaurus panxianensis ¥ ) A & I 5 BIN$E )
TEAE, AZFr A% B FERAER BT IR, FEAREHE
Br HARLE W] RE

1245 M1k, AR (Mixosauridae) A 2Ly 44
—JEANMEN), HMixosaurus cornalianus. M.
panxianensis~ Phalarodon atavus{iA7H 8 (E5S),
BX L2, Mixosaurusi iR 12 FE NEEE,
Mixosaurust & 71 A A (M. panxianensis-

M. cornalianus)~ WM B BL(M. cornalianus M.
kuhnschnyderi); FUB G GA, NHEBCIR, H4A]
RREAMO, RHRFESE T ARTE2EN, H
HMPRESAKKERER, MREFESEK, T
\H — gL, M. cornalianusf, H: (8]
B RAZHEERR T L. RFUERE, /M&H
12448 521 « PhalarodonH i AU /b, % HC AT
e Ak B RN R IR o {2 Phalarodonyé i
AR, TG —RAKEINH; REBSGHN—
HBOR N 2, A bR A R R IA M HAFAE .
Phalarodon’5 Mixosaurus e 11 4 5 RH Jg AN

5 REAIERLS R R RO L

Fig. 5 Forefins of Mixosauridae

A. Mixosaurus cornalianus PIMUZ T 2405 75 i i%; B. Mixosaurus panxianensis GMPKU-P-1033 /. §i i; C. Mixosaurus kuhnschnyderi PIMUZ T 1324
IEREARAS; C-a. B4, C-b. R D. B EARREEM CMC VP 7276 (Schmitz ef al., 2004; Schmitz, 2005); E. Phalarodon atavus CCCGS-LPV 30872
F 1 (Liu et al., 2013); F. Phalarodon sp. PIMUZ T 1311, A, B. D. EFFELBIR A 4 cm, EC. FHEFHIRA 2 em.

A. left forefin of Mixosaurus cornalianus PIMUZ T 2405; B. left forefin of Mixosaurus panxianensis GMPKU-P-1033; C. elements of the forefin of
Mixosaurus kuhnschnyderi PIMUZ T 1324 (holotype); C-a, radius, C-b, ulna; D. Mixosauridae gen. et sp. indet. CMC VP 7276 (Schmitz et al., 2004;
Schmitz, 2005); E. right forefin of Phalarodon atavus CCCGS-LPV 30872 (Liu et al., 2013); F. Phalarodon sp. PIMUZ T 1311. Scale bars for A, B, D and
E equal 4 cm; scale bars for C and F equal 2 cm.
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R AT REARER A R B T+ A [F IR AR A (Jiang
etal.,2016, char. 101-105). A — 5 MixosaurusHi i
ANTE) 2 AR AE T FE BB — 48 Bl TS A A AE M
M, Hr AR EAT &M O, HAT b S48 2 18]
AN Mixosaurus HE 5 5 %, 32 v 55 5 & R BU(ELS-
E)o P atavus RIH EHWKEINBIEH, 5
Mixosawrus 3T 3 56 58 NN [F]YE .

5 4 w

o6 SR H B M A T = & G Mixo-
saurus panxianensis%zliﬁﬁﬂju%%ﬁﬁ 7, HEM. cor-
nalianus X FARTR B IHLEFXT LL, M. panxianensis

BB 1 — @ BEA KK & KA R R AR A

DA, Huﬂiﬁ*ﬁ%lﬂ%%ﬂiﬁ%%m; 2)5 /N
AN Iz s 4 T REAR KRR L R A AL, BEASA

T B AT A B R 8- 9K R 3) R 5 &M
IR A K T AL 3 B R 43 o 89 0
Tt v 0 A, e A A /N R R R
HA . BEAN, BE AT SR AT A i T [ R
B IR & 1E Mixosaurus cornalianus % M. panxian-
ensis P AFLER N AE R . Phalarodon 5 Mixosaurusts
HHSS RE G SA R RHE ] s ARERRE & T
FI AR ] 3B Ak R 25 (Jiang et al., 2016, char. 101—105)-
Phalarodon atavus R it K 1B w, 5
Mixosaurus ()3T S5 &8 A [F] 5 o
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