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megacephalus, Microhyla fissipes, Kaloula verrucosa (Table 1). The results showed that the blood vessels in
the back and the abdomen were interlaced into reticular veins. The morphological characteristics of dorsal
skins, abdominal skins and lungs of these species were different (Table 2). The skin consisted of the epidermis
and dermis (Table 3). Except for Hyla gongshanensis, the remaining 10 species had lamina calcarea
distributed between the stratum spongiosum and stratum compactum of the dermis (Fig. 1). The pigment cells
were located in the stratum spongiosum, with the dorsal pigment layer more developed. The alveolar sac,
shaped hollow with dense blood vessels (Fig. 3), were divided into the right and left lobules of the same size.
The lung was composed of pulmonary cyst wall, septum (Table 4), capillary and pulmonary alveoli. The
pulmonary cyst wall consisted of the pleural layer, the middle layer and the inner layer: the pleural layer was
composed of flat cells; the middle layer was composed of connective tissue; the inner layer was composed of
pulmonary alveoli and capillaries; and the septum was composed of capillaries and connective tissues (Fig. 4).
In these 11 species, individuals with more developed lungs tended to have reduced mucous glands in the skin
structure. Individuals with more developed lungs had reduced mucous glands in their skin structure, and their

histological features showed greater adaptation to the environment and less influence from phylogenetic

relationships.
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Table 1 Information on experimental specimens of 11 Anurans
} SRAEI }
e i A KA GE-H-HD KA A B
Family Species Specimen no. Collecting site Acquisition time Habitat
(Year-month-date)
Peafht REER IS 20150709001 K@k ELEEIEHH 2015-07-09 (LR
Bombinatoridae ~ Bombina maxima Guihua Town, Dayao County Mountain streams
20150709002  JelgkELbETE4E 2015-07-09 WM
Guihua Town, Dayao County Secondary forest
ik i Syt 20160621002 57 L EARIL % 2016-06-21 fi Pt AR
Megophryidae Megophrys glandulosa Dulongjiang Township, Gongshan Broadleaf forest
County
sl A g 20171226002  #E T KE L 2017-12-26 7KL Puddle
Bufonidae Bufo gargarizans Zixi Mountain, Chuxiong City
20171226005 #4321 2017-12-27 k¥ Puddle
Zixi Mountain, Chuxiong City
e HE 7T 20170410003 T3¢ ELEE ] 41 Miechang Town, 2017-04-10  #E M\ Shrub
Hylidae Hyla gongshanensis Maguan County
Uk} T b 20170719002 3= ELEH: & 2017-07-19 K Reservoir
Ranidae Rana chaochiaoensis Nanlao Township, Maguan County
VELIEE 20150803001  XUAH+L Shuangbai County 2015-08-03  Jih# pond
Dianrana pleuraden . .
20150803002  XUAH-E: Shuangbai County 2015-08-03 M3 pond
SR X EA i e 20171226001 FEHETT R L 2017-12-26  /K¥i Puddle
Dicroglossidae  Nanorana phrynoides Zixi Mountain, Chuxiong City
20171227001  #EHETT 4R 1L 2017-12-27  7K¥4 Ditch
Zixi Mountain, Chuxiong City
20171227004 FE e 40 1L 2017-12-27 i Grassland
Zixi Mountain, Chuxiong City
e T L 20160503003 5T 1L AT £ Dulongjiang 2016-05-03  jEmbk
Rhacophoridae ~ Rhacophorus Township, Gongshan County Broadleaf forest
gongshanensis 20160620002 51l BV JEIT 2 Dulongjiang 20160620 i
Township, Gongshan County Broadleaf forest
BEBETZ A 20170614008 TR ELH#k T & 2017-06-14 M Shrub
Polypedates megacephal us Gulinjing Township,
Maguan County
e ML 4 20180319001 it & A AR 2011-06-25 /K[ Paddy field
Microhylidae Microhyla fissipes Endong Town, Zhenyuan County
20180319002  fHprH B 44 2011-06-26 7K H Paddy field
Endong Town, Zhenyuan County
EZ)ik /JuL 3 2011050060  KITTHRHF Dali Yingiao 2011-05-06  HiHh Grassland
Kaloula verrucosa
2011050084  KFETT#iMF Dali Yingiao 2011-05-08 A<M farmland
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Table 2 Morphological characteristics of dorsal skin, abdominal skin and lung of 11 Anurans

B2 Skin
Fh Species Jiti Lung
3B Dorsal &3 Abdominal
KEER I HRE, IR, AR e, BAiRLAES BEH Bk, RmAHERER

Bombina maxima

Rough, dark grey, bestrew
knobby

Megophrys glandulosa ~ Smooth, sepia

AR HkE, tEs, Ak
Bufo gargarizans Rough, breen, knobby
A6 Y i, et

Hyla gongshanensis Smooth, glaucous

WA AR e, KRBE

Rana chaochiaoensis

Smooth, dark brown

T BOGH, #WE, AU
Dianrana pleuraden Little smooth, fulvous, warts
XL AT e g e MR, e, HREAYOR

Nanorana phrynoides

Rough, yellowish green, skin
ridge and warts

Smooth, orange and black piebald

T, FAM, ARG
Smooth, yellowish white, bestrew
Dark patches

MUK, I OA BORR
Rough, light yellow, Black patches
MRS, BUBURDIR TR

Little Rough, warts

e, AHE

Smooth, creamy yellow

—ROtH, A/MER
General smooth, tiny granules
Jei, W, AR

Smooth, fleshcolor, brown patches

T LR BOGHE, Hge, AtNER  E0RTE SR
Rhacophorus Little smooth, grass-green, small Bestrew flat warts, Purple brown
gongshanensis white particles

DREBRIZ A e ey, WLk, AR AR, Aat
Polypedates Smooth, breen, tiny granules Flat warts, creamy yellow
megacephalus

LY e I, AN K, At

Microhyla fissipes Grayish brown, small warts Smooth, white

EZiivyJul -3 FERE, HUOMIZE, WAk Jei, kit

Kaloula verrucosa

Rough, green, bestrew warts

Smooth, beige

Spherical, with bubbly protuberances on
the surface

Y
Reniform

BIMEERTE,  JEERIRAF R

A rugby ball with a tail at the bottom
HHERTE

Apheroidicity

ARAHER, JRIBIAFAL /)

Conical like, the bottom contraction is
smaller

VIR I GHIER

Funnelform, bottom tip

ATEROIR, i HE e /s FLE iR
Mango like, the bottom gradually reduces
and color deepens

BT, s 2 B AL IO
Cylindrical, with a black nipple at the
bottom

Y
Reniform

Y
Reniform
Y
Reniform




386 ¢ =24 E Chinese Journal of Zoology 54 %

SC8 GRSSP SB

sCcoSGRSSP SB

B 1 BB RS
Fig. 1 Microstructure of dorsal skin transverse section
a. KEERUE: b, IRANE; o HPARIEKR, d ETONEE; e FRSEMREE; £ B0E; g RUABRAGEE; b STILWOE; i BERRVZ WUE; . ASUE
I k. ZPERRAEE.
a. Bombina maxima; b. Megophrys glandulosa; c. Bufo gargarizans; d. Hyla gongshanensis, e. Rana chaochiaoensis; f. Dianrana pleuraden; g.

Gynandropaa yunnanensis; h. Rhacophorus gongshanensis; i. Polypedates megacephalus; j. Microhyla fissipes; k. Kaloula verrucosa.

BV. I#: D. HE; B. £E: GG. Wkifg: MG. FlilR: PC. B&4IME: SB. HJiK)ZE: SC. H#¥)E: SCO. ffiJz: SGRITHKLE:
SS. HikAJZE: SSP. B4HfZ.

BV. Blood vessels; D. Dermis; E. Epidermis; GG. Granular gland; MG. Mucous gland; PC. Pigment cells; SB. Stratum basale; SC. Sstratum

compactum; SCO. Stratum corneum; SGR. Stratum granulosum; SS. Stratum spongiosum; SSP. Stratum spinosum.
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Fig.2 Microstructure of abdominal skin transverse section

a. KEERRUE: b, BRANE: o PAeElR, d HEPERIE: e WHSCAREE: f Mk, o XUHEVBNEE: ho STLREE: @ BERRIZAGNE. §. MiSUE
U k. ZPCARIEE.

a. Bombina maxima; b. Megophrys glandulosa; c. Bufo gargarizans; d. Hyla gongshanensis, e. Rana chaochiaoensis; f. Dianrana pleuraden; g.
Gynandropaa yunnanensis; h. Rhacophorus gongshanensis; i. Polypedates megacephalus; j. Microhyla fissipes; k. Kaloula verrucosa.

BV. I; D. ¢ E R GG WU MG. #ililR: PC. 8R4 SB. FEIEE: SC. HERE: SCO. MF)Z: SGRALZ:
SS. Bikd)=: SSP. HRAHALE .

BV. Blood vessels; D. Dermis; E. Epidermis; GG. Granular gland; MG. Mucous gland; PC. Pigment cells; SB. Stratum basale; SC. Sstratum

compactum; SCO. Stratum corneum; SGR. Stratum granulosum; SS. Stratum spongiosum; SSP. Stratum spinosum.
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Table 3 Structure characteristics of epidermal cells in 11 Anurans (layer)
&6 Dorsal i85 Abdominal
M Species AIUZ L A L B E R Ok A L R
Stratum Stratum Stratum Stratum Stratum Stratum Atratum
. . Stratum basale
corneum granulosum spinosum basale corneum granulosum  spinosum
PNE L ! 1-3, w1, #HE 1, 1 2-3, w1, e 1, g
Bombina maxima Oblate ellipsoid  Ellipse Ellipse Oblate Oblate Rounded
i A 1 , -
S 2-3, EE 1, HhlE 1-3, Ml 3 1, il

Megophrys ! 1 % Linear Rounded Ellipse ! Ellipse 1+ it F Flat Oblate
glandulosa
Hh AR 3 1, FRIE 1-2, HEE 1, B ! 1-2, M 1-3, g 1, Bk
Bufo gargarizans Flat spindle Ellipse Oval Ellipse Rounded Rounded
TR I ! 1-2, il 1, iR 1, il 1 2-3, F 1-2, BB 1, Al
Hyla gongshanensis Oblate ellipsoid ~ Oblate ellipsoid ~ Oblate Flat Ellipse Ellipse
A SR | 1-2, WiE 1, B 1, ZilJE 1 1-3, i 1-2, 60 1, #HE
Rana chaochiaoensis Oblate ellipsoid ~ Rounded Polygon Ellipse Oval Ellipse
U R 1-2, RIA 1, A 1, A 1-3, B 1, Ml
Dianrana pleuraden ! . Ml Ellipse Oval Ellipse ! Ellipse Rounded Ellipse
T L L ORPR L LORBE | g 103 B L KB
Nanorana phrynoides Platykurtic Rounded Long oval » Rounded Long oval
piips y - G % G IS =
@ifims 1 L e 1-2, B 1, BOf | L ks 1-3, R 1, M

P . Flat spindle Rounded Oval Flat bar Oval Ellipse
gongshanensis

AL JHR V2 A e K: [ i

PRAREZ Bkt L B -2, il 1, B LoRKZ  1-3 9E 1 R
Polypedates ! Ellipse Oblate Ellipse ! Flat bar Oval Oblate
megacephalus
MRS e | 1-2, w1, BE 1, 1 1-2, miE 1-2, EF 1,
Microhyla fissipes Oblate ellipsoid ~ Rounded Ellipse Oblate Rounded Ellipse
€2/ qul 3 5 1-2, R 1, BB 1, ) 1-2, miA 1-2, B 1, HhE
Kaloula verrucosa Oblate ellipsoid ~ Rounded Rounded Oblate Rounded Ellipse
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B3 AR B

Fig. 3 Microstructure of overall pulmonary transverse section

a. KEERRUE: b, BRAANE: o PRl d HEPERIE: e WHSCAREE: f Mk, o XUHEVBMEE: ho STLROEE: @ BERRIZAGNE. j. MiSUE
U k. ZPCARIEE.

a. Bombina maxima; b. Megophrys glandulosa; c. Bufo gargarizans; d. Hyla gongshanensis; e. Rana chaochiacensis; f. Dianrana pleuraden; g.
Gynandropaa yunnanensis; h. Rhacophorus gongshanensis; i. Polypedates megacephalus; j. Microhyla fissipes; k. Kaloula verrucosa.

[. oKz 1. e L sk, V. A V. 8% VL M= VL 3k

I . The big chamber; 1I. Connective septum; III. Detached septum; [V. Central septum; V. Fold; VI. The little chamber; VI. Artery.
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B4 FBEEERRY]RIMGH

Fig. 4 Microstructure of pulmonary wall transverse section

a. REERRHE: b IRANS: o ORIy, d RTEWEE; e WESTMEE; f B g XUEDERMNEE; h STLAGEE; i BERRIZ M, j. MSUE
B k. ZPERROEE.

a. Bombina maxima; b. Megophrys glandulosa; ¢. Bufo gargarizans; d. Hyla gongshanensis; e. Rana chaochiaoensis; f. Dianrana pleuraden; g.
Gynandropaa yunnanensis; h. Rhacophorus gongshanensis; i. Polypedates megacephalus; j. Microhyla fissipes; k. Kaloula verrucosa.

A, JARE)Z; B, AR40M; C. BAIME; D. I . A. Pleural layer; B. Pigment cells; C. Blood capillary; D. Blood vessels.

XA R DR O, XD R RN O R HUR . R R R &
RAFIER TR0, 75 11 HEE 6 HNZE BOC RN R b A PR S I IE R Re 7y (%
FRAT, Z P i — BT N B TESE 2009, BHESE 2011), MAHFFE i
AR TRA R, ERENMRZEATL REESHEIES AT AN RS . BRR
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Table 4 Microstructure characteristics of lung of 11 Anurans

Jili%€RE Pulmonary wall R fiE Septum

ik gt )2 rpE 2 W2
Pleural layer Interlayer Subcoat
M Species - IEa st i 2 I
)ﬁ?J:)fk Central Detached
gif (2 Al [l MIEES septum septum
Flat epithelial ~ Connective tissue  Pigment cells  Cell morphology
cells (layer)

PN 2 R 1012
Bombina maxima 1 HifA Loose H Present i [ Oblate H Present AT Microvilli
(PSS o S 15-18
Megophrys glandulosa 2 H# Close H Present  #fi[H Ellipse & Absent AT Microvilli
rpAeE R _ A R 11-14
Bufo gargarizans 2 Bifa Loose i Present  |#|JE Roundness JG Absent # KE Long fluff
L6 =
(R E . 1 Bk Loose JG Absent  [AJ¥ Roundness JC Absent  JG Absent
Hyla gongshanensis
EE'%’M‘Q% 25\ = . - 5-7
Rana chaochiaoensis 1 FikA Loose H Present i[5 Ellipse JC Absent LT No fluff
T . " - 6-10
Dianrana pleuraden 1 HikA Loose H Present [T Roundness JC Absent F 54 Short fluff
X AT A ek e - 20 - 24
Nanorana phrynoides 1 BiFA Loose £ Present  [#J¥ Roundness & Absent HRE flufty
piipEss x - 5-8
Rhacophorus gongshanensis 1 & Close f Present  Jml# Oblate & Absent FY4E No fluff
PR 2 4 i - A S 5-8
Polypedates megacephalus 1 % Close A Present  #H[ Ellipse 7 Absent LT No fluff
’Emélﬁ|¢¥$ 25 b\ 2 CIFiA
Microhyla fissipes 1 A Loose i Present  |#|JE Roundness JC Absent G Absent
U 1 1 Bk Loose H Present  |#|JE Roundness JC Absent & Absent

Kaloula verrucosa

Al LA R IR s R R, T A R
[ (Gomes etal.2007). NEELWETR Y BiR 2
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TE R WL 2 [PV K s R 2 5500 B AP 2
R A1 ok i ek A 3 T K A TR IR A
BRMBEE ST H LR EN 2,
VR XA e e R A s e £ 2 B 5 ) v S
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2002, ZEPESE 2009). MR, HE AR
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A LLEE8 5T 28 R ek ) R BB AA B R ok
AMUEHA 6 MEHYIFIZ SRR, SFEFHY
IRSCHEE () 52 R IR AR AE TS RN 544 -3 A [ o
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