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Phylogenetic Comparison of Rana chensinensis and Bufo gargarizans
Based on the Morphology of Larval Chondrocranium

WANG Xiao-Wen LI XinYi WU Min-Yao WANG Hong—Yuan’
(College of Life Sciences Shaanxi Normal University Xi'an 710062 China)

Abstract:The phylogenetic relationships among anuran amphibians are revealed mainly by classical morphology
and modern molecular biology. The characters of larval morphology and development are also important
indicators for the phylogenetic relationships because frogs and tadpoles have evolved independently. Herein
the morphology of larval chondrocranium and hyobranchial apparatus are described in the Chinese forest frog
Rana chensinensis and the big toad Bufo gargarizans and the phylogenetic tree is constructed from the larval
characters. The results of our work support Orton’s opinion that anuran larvae can be divided into four types
and are identical with Tihen’s view that anurans with Type-Ill larvae were the most basal. The Type-IV larvae of
R. chensinensis and B. gargarizans which belong to the Neobatrachia are the most advanced.

Key words: Phylogenetic evolution; Rana chensinensis; Bufo gargarizans; Chondrocranium

', 20 Noble
(No. SJ08C101) ;

* E-mail - hongyuanwang@ snnu. edu. cn;

o ; E-mail zwenxiaowang001@ 163. com.

» Duellman 4 120091228 120100525



*130-

Chinese Journal of Zoology

45

o (Rana chensinensis)

(Bufo gargarizans)

40
1
Gosner °
o (G31-G38)
5
Taylor
o Zeiss Discovery V12
Gaupp *
Duellman ~ Trueb ° 7"
Maglia ! Pugener .
phylip-3. 69
5.
(Ambystoma)
(A. talpoideum) ",
1 000 o
2
Maglia ! Pugener "
40 o

(upper jaw cartilages) :

( I:1)

(suprarostrals) o

(suprarostral corpus)

“M ”»
“V ”» N

4.

suprarostral) :

5.

suprarostral) :

~ o

( 1:2)

(suprarostral alae) o

(suprarostrals) :

o

( position of suprarostrals) :

(suprarostrals alae) :

( dorsal margin of

( ventral margin of

0;



*131-

6. ( connec—

tion between suprarostral corpus and alae) :

0.
0.
1,
7. (corpora of suprarostrals) :
0.
“V ”»
1,

8. ( barbels) :

0;

1,
9. (adrostrals) :
0.
1,
(lower jaw cartilages) :
( 1:3)
“V ”» R
( 1:4)
180° o
10. (infrarostrals) :
o 0.
1o

11. ( midline

articulation of infrarostral cartilages) :

0.

1o
12. ( connection

of infrarostral and Meckel’s cartilages) :

0; 1,

0.
13. (admandibular cartilages) :

I

(cornua trabeculum) :

( [:56).
l‘V b4
14. (attachment

of cornua trabeculum and suprarostral cartilages) :

03

2.
1.

15. (posi-
tion of attachment of cornu trabeculae to supraros—
tral) :

0.

1.
16. (ethmiod plate be—
tween cornua trabeculum) :

o



132- Chinese Journal of Zoology 45
2. 22. - ( quadrato-ethmoidalis
17. (divergence of cornua ligament) :
trabeculum) : . (Ascaphus)
(Discoglossidae) -
0. N 0.
(Pipidae)
“v” 1.
1, 23. ( processus muscularis
18. (dorsal configura— quadrati) :
tion of cornua trabeculum) : o
0; 0;
1, 1;
(palatoquadrate cartilage) : 2.
“c” 24. (hyoquadrate process) :
( [:5 6). o
o ( the
19. (palatoquadrate cartilage) : ceratohyal cartilage of the hyobranchial skeleton)
N 0.
0; N L;
1.
20. 2,
(pars articularis quadrati and posterior margin of o
suprarostral cartilage) : 25. ( ventrolateral

20% 0.

10% 1o

21. (angle of

suborbital cartilage relative to otic capsule) :

(the ascending
process) o

0;

process of palatoquadrate) :

0; ( )

(the ascending

process)
1,
26.
(position of attachment of ascending process to
braincase) :

( the
oculomotor foramen) . (the prootic
foramen) o

0;
1o



*133-

4
. (otic capsules) :
27. ( otic process of o
palatoquadrate) : o
o : . (tectum
0 ; synoticum) ( 1:5 6).
32. (size of otic capsules) :
1 o
28. (otic ligament and 25%
larval otic process) : 0;
40% 1.
0; 33. ( processus muscularis of

1,

(tectum of braincase ) :

( I:5 6).
29. (taenia tecti transversalis) :
0;
1,

30. (taenia tecti medialis) :

0.
1.
31.

(length of frontoparietal fontanelle relative to total

length of chondrocranium) :

(the ethmoid

region) (taenia tecti
marginalis) (tectum
synoticum)) .

70% 0;

70% 1.

otic capsule) :

0;
1,
(parasphenoid) :

( N
N ) N “T ”»
(the cultriform

process) (the subotic
alae) . o
o ( [:5)
34. (anterior end) : <
0;
1;
2,
(hyobranchial skeleton) :
( [:7 8)
I.
35. (copula [): I
(reuniens)
- Sokol "
o 0;
1,



134+

Chinese Journal of Zoology 45

36. (urobranchial) :
IT (copulall)
0;
L;
2,
37. (hyobranchial spiculae) :

keratinous

40. ( oral
Altig "

structures) : “

”»

(the commissurae

proximales)

o

1o

38. ( ceratobranchials) :

commissurae terminales) o

0;
1,
(non-skeletal characters) :
39.  (Eyes):

2.
phylip-3. 69
(Ambystoma talpoideum) «

(X. laevis) ~

(Alytes obstetricans) «

(Xenopus tropicalis) «
. (Ascaphus truei) «
( Pyxicephalus adspersus)
( the
40 o

phylip3. 69

C 1).
m .

(Neobatrachia) \ o

515
Orton

I v o
AR R

Ambystoma talpoideum

o I ek

Rana chensinensis

AP

Bufo gargarizans

I 40 ogk

Pyxicephalus adspersus

g

Alytes obstetricans

LI
Xenopus tropicalis

Jeie T

Xenopus iaevis

R

1

Ascaphus truei

Fig.1 Phylogenetic tree of the amphibians based on the morphology of larval chondrocranium
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Explanation of Plate

1 3 5 7 are larval skeletons of the Chinese forest frog Rana chensinensis. 1. Front view of the suprarostral; 3. Ventral view of the
infrarostral ; 5. Dorsal view of the chondrocranium (without lower jaw) ; 7. Ventral view of the hyobranchial apparatus. 2 4 6 8 are larval
skeletons of the big toad Bufo gargarizans. 2. Front view of the suprarostral; 4. Ventral view of the infrarostral; 6. Dorsal view of the

chondrocranium (without lower jaw) ; 8. Ventral view of the hyobranchial apparatus.

adr. ;ase p. ( ) ; cerhy. : cor trab. ; Ch. ; Copu 1. 1 ; inf. ; mus p.
; Meck. ; oti cap. ; pa ala. ( ) ; pa corp. ( ) ; pal quad. ; para. ;
sup. 5 U synot. o

adr. Adrostrals; asc p. Ascending process; cerhy. Ceratohyal; cor trab. Cornua trabeculum; Cb. Ceratobranchials; Copu [ . Copula 1 ;
inf. Infrarostrals; mus p. Muscular process; Meck. Meckel’s cartilage; oti cap. Otic capsules; pa ala. Pars alae; pa corp. Pars corpus; pal

quad. Palatoquadrate; para. Parasphenoid; sup. Suprarostrals t synot. Tectum synoticum.
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Appendix The characters of the larvae

Rana Bufo Ambystoma Alytes Ascaphus Pyxicephalus Xenopus Xenopus
Characters
chensinensis ~ gargarizans talpoideum obstetricans truei adspersus tropicalis laevis
1 1 1 0 1 1 1 1 1
2 0 0 ? 0 0 0 1 1
3 0 0 ? 0 0 0 1 1
4 1 1 ? 0 0 1 1 1
5 1 0 ? 1 0 1 1 1
6 1 0 ? 0 0 0 1 1
7 0 1 ? 1 1 1 1 1
8 0 0 ? 0 0 0 1 1
9 1 0 0 0 0 0 0 0
10 1 1 0 1 1 1 1 1
11 1 0 ? 0 0 0 1 1
12 0 0 ? 0 0 0 0 0
13 0 0 0 1 0 0 0 0
14 1 1 ? 1 0 1 0 0
15 1 1 ? 0 0 1 0 0
16 0 0 0 0 0 0 2 2
17 1 1 0 0 0 1 ? ?
18 1 1 0 0 0 0 ? ?
19 0 0 0 0 0 0 1 1
20 1 1 ? 0 0 0 2 1
21 0 0 0 0 0 0 1 1
22 0 0 ? 0 0 0 0 0
23 2 2 0 2 1 2 1 1
24 ? ? 0 1 1 1 2 2
25 0 0 0 0 0 0 1 1
26 ? ? 0 0 0 1 0 0
27 0 1 0 1 0 1 0 0
28 1 0 1 0 1 0 1 1
29 1 1 0 1 0 1 0 0
30 1 1 0 0 0 1 0 0
31 0 0 0 0 0 0 0 0
32 0 0 0 0 0 0 0 0
33 0 0 0 0 0 0 1 1
34 0 0 0 0 1 0 1 1
35 1 1 0 1 0 0 0 0
36 1 1 0 0 2 0 1
37 1 1 0 1 0 1 0 0
38 0 0 0 0 0 0 1 1
39 0 0 0 0 0 0 1
40 1 1 2 1 1 1 0 0
“o. 1. 27 97 :0 0;1 1;2 2;? (
)

State “0”  “1” “2” and ‘?” are the characters types. 0 means State 0; 1 means State 1 ; 2 means State 2; ? means that the state of

this character can not be determined (the state does not exist or is unclear).



