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Histology Structure of Cutaneous Glandsin Hainan Frilled
Treefrogs Kurixalus hainanus
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Abstract: [Objectives] Exocrine glands distributed throughout the skin are one of the conspicuous
characteristics in amphibians. The secretions of these glands play a vital role in reproduction, communication,
and defense. In order to investigate the types, distribution, and ultrastructure of the glands in treefrogs, we
used histological techniques to observe the microstructure (including Hematoxylin-Eosin, Alcian

Blue-Periodic Acid Schiff and Masson staining methods) and ultrastructure of skin samples from cephalic,
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dorsal, lateral, mental and ventral regions of Hainan Frilled Treefrogs (Kurixalus hainanus). [Methods] A
linear mixed effect model was used to analyze differences in thickness of skin, distribution of glands and size
of glands among body regions in sex-specific individuals where body regions were used as a fixed factor and
individuals were used as a random factor, and sex differences of those metrics in specific body regions where
sex was used as a fixed factor and individuals were used as a random factor. All statistics were performed in
SPSS 22.0. [Results] Ordinary mucous glands (I MG & I MQG), serous glands, but not specialized glands
were found in most areas (Fig. 1). Microstructure analysis revealed that both male and female frogs had the
same type of glands, but there were significant differences in the skin thickness, the distribution of glands, and
the size of glands among body regions in sex-specific individuals (Fig. 2, 3). In addition, there was a
significant sex difference in these metrics in specific body regions (Fig. 2, 3). The differences in skin thickness
might result from an adaption to the locomotive and reproductive patterns of K. hainanus. The differences in
distribution and size of the glands might be related to defensive function and sexual dimorphism.
Ultrastructural analysis showed that there were different sizes and densities of vesicles in mucous glands (Fig.
4), and the aggregate serous vesicles indicated a staged reaction of substance maturation (Fig. 5). [Conclusion]
This study provides fundamental information on skin structure, types of glands, and distribution of glands in
anurans. Moreover, this study contributes to further study on the chemical component of volatile secretions
from K. hainanus with a morphological basis.

K ey words: Anurans; Paraffin section; Transmission electron micrographs; Mucous glands; Serous glands
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PR SN B ok (1) B B R AE 2 — R 5 2
Gy A Gy Wb iR (Fox 1986, Toledo et al. 1995,
Mailho-Fontana et al. 2017 ). PB4 57 Jik A4
FEAHE 4 A IR (mucous glands)
HUR R BRI (granular or serous glands)-.
AR (mixed glands) FIEIREUE R (lipid or
wax glands) (Toledo et al. 1995, Brizzi et al.
2002). HREIE (L, weui) Rz SRR 3 A4
R BURLIRFR G IR, T REE (. i
W) )RR MR S AR AR, D E)
B AR A IR (Seki et al. 1995, Antoniazzi et al.
2022) FfiEHE (Warburg et al. 2000, Antoniazzi
etal. 2013, Rotaetal. 2017). PSRRI
Frfb LG+ 5> %3 (Brunetti et al. 2012, Sever
2017, Lunaetal.2019), Hifi@istitl, #F
IR IE T 2K, fik, HEHESIY
BRI MEE (voluminous clusters) (84 —nfE
& 2018). FEFELL P, RAR o BUR SR B AE
R ) S AARTRAL, TEARRTY AR A B o, |’

F M (macroglands), fniE#x (Bufoictericus)
I H-J5 B¢ (parotoid glands) (Mailho-Fontana et
al. 2018). Gephyromantis ranjomavo [ fi£ i
(tibial glands) (Glaw et al. 2011) LA yEHEE
( Nidirana pleuraden) )5 I (postaxillary
gland) (Gong et al. 2020) . A3 LW 1 Ak
BERE AL B R, RR T W A
(Prates et al. 2012), {X A /NI 8504, G
ZUlE (mental glands) FAME (lateral glands)
(Brunetti et al. 2015a), F7i# 2012077k
1T %8 A o
TG R 2 1 iR Ak 43 WA ) B0, 955 A 45 R M) ot
(nE AR Z R FERME N T EY.
X LG RRAR S WA BETE . S IR BT 1 55
5 T2 EE F (Fox 1986, Daly 1995, Toledo
etal. 1995). 40, 7E4KMHNiE (Hymenochirus
sp.) M AR sEg R, BTG KE %
FRJE BRI HETE AN, BEIEE T R A R 50 K 3R IR
W WL (Pearl et al. 2000). X 4H Ak i
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(Leptodactylus fallax) [T 7E AR, HEME I R
JER 53 U D T I (R AT IR R, HLREIR
FIHEVEAMA, FFR BB TN, Ea S
RBBEEE (King et al. 2005). A— 5, H-it
2% (41 Trachycephalus venulosus) fg47hH
BRI R W, o WG I K —FE RE AR
- S5 PR B A 1 T 2R |, )
H & I Vitt et al. 2014) . H4k, Poth 25£(2012)
fE2 i (Mantidactylus multiplicatus) M 1) A%
i RN R T AERR SRR R R CRIE A
BB SV, JFdd SegeuE sl 7 H R A
BN AZ IR AR o A AL, 7E U ST DL
( Pseudophryne bibronii ) ], b 1% #5246
AEE T TG AT L, O e o o e s
P2 Tt S 2 A s T A P A A e HE A X
W, S HEPE R R I B R (Byrne
etal. 2007). Brunetti 55 (2015b) F|FH<#H
- 1S 4> M3 (gas chromatography-mass
spectrometry, GC-MS) X} P Fj iy I ( Hypsiboas
pulchellus #1 H. riojanus) {134 & M40 i it 47
TR, 435 % 40 FhA 37 Rk AR .
Brunetti 8 (2016) #t—2 % H. pulchellus 1]
FEWRIEAT T H R S AEA 5E,  Ffdid
SEESESE 7 H R R 43 W B4 M) B R T
A

MG JEFERE (Kurixalus hainanus) )&
TR H (Anura) #iEFR} (Rhacophoridae)
JFHE IR (Li et al. 2008), 7E3R[E 54 T4
B TR RSN AEHBIX (Yu et al. 2017).
ARSI, 249 B SR AR Bk T I TR
TR RIURR . AT ARSI, X P R
AR e A e 2 R D G Y AR (Deng et al.
2021), HBEW3E 5]k HEEER 318474 (Deng
etal. 2022), UESE [ i Ra SR HEAR IR ) B 380U
YRR EEEWMAER. PRI, X
it BP0 BE A AR R AT M (Trimeresurus
stejnegeri) M H AR ZE BN (He et al.
2023), W7~ T AR AT Ae M F i re iR i v e
(1) N SRR EIAE W . IR BRI SR, R R

TR IR AE MR T R R o B
P RAN RN B S A . SR, SR Tz A
HABIIGTITT, MERZARFHEE . AT
DA R SR F AR e I S R, R A ) B
ARAHLRABA, x0T R & R AL BRI AR Sk
TER AU BN RS BT T R A
RIRLEE, A LB B GS FL T 0 B R AT 1k
AR EE, TR AL T KRR . BRiA
IR N ER AL 22 5 S PR 22 5, BAEIRTT
i r R AR IR BB A < IR AT AR/ 5 T
RERTENIR R, N JE ST A R I ik
FRO T TR LA Ak

1 MREFE

11 BhWRE

SRR BT 2021 8 AR E Tl B AR e
L K AR A (18°43'12" N,
109°52'12" E, ¥k 933 m), Ft: 9 HifkdER 3
T
1.2 BN

Y SLIG EN Py (R S0 w22 R AE S FH 75 0H
KBRS, LRI SRR, T80 Rm. %
TR B JER BB R AR i 20 8 mm x 8 mm.
BRI B THA 4% 2 KB BEERT
Sml fRAAEFE D 24 h, 5. HH
KB, A, Uk, BEA 4um, W,
TR H Al =FJ7%ERE: HE (UK
R Yeth, Pt )S M 2 G, AR
B4 {, Masson =(O4ufh, WIHEA4EEE
WA LRI L0 AB-PAS ufh, Jifn
JE R PERR R T A, BEJER R M R
SERAA, REFRYTELEORELA.
gt J5 AR IR E Fr o
1.3 B HIER

W S A M WS B A R 1) 3 RSN
3 JOMEEE PR 8 B K 43 TSN 25 S P 5 T S TR
(2.5%& ) Fr iR [H € 2 h, R 4 C
%47, BEJ5, H 0.1 mol/L BEFRZE K PB (pH
7.4) TCHI) 1% HRIREDE 2 IR AT IS € 2 h,
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0.1 mol/L EFRZZE M PB (pH 7.4) Tk 3 Ik,
BFX 15 mine EPEAERE, HKIKH 30%. 50%-
70%- 80%-+ 95%-+ 100%- 100% P4 %} 2H 253k
FTBEK, R 20 min. )5, F 100% A8
K2R, BER 15 mine FERRH AL 5 [ e F
Fii K e, FHERSER i EL 48 . BB ) A ML (Leica
EM UCT) #47Y) v, @Y EEEA 70 nm,
150 H 7R W5 o SRR IR T 2%
T B PO T K VR 4 £ 8 min 1 2.6% 45
FRER VR WOEE — AR 8 min; AL F BN
W& iR T . VIR SRS, FE SR
T 5448 (Hitachi HT7800/HT7700) #E4T M %%,
KEEEURHT
14 FEEREE. BESAHAR/NIE

N T LB BRI e R R S L AR
AR /INIER AL 22 57, DL AGOX SR FRAE T 8
7R 22 5, FRA1 148 B Nikon E200 2 83 Al
AT Tmage) AT EANHA IR . L HLE YLt Fr
AT, 6 REEMESSAMY) A4 30 5k, 3
SRR SR F TR 3 15 83k Ak D) B LI
6, MRS, RGERE. B
B (A FEG A 2R M 2R W&
kU 1) 57 Jok 4H 2R 52 B B R B A 280 v i A
BRI AR RKAR, O AGETHRRARR S 5
B IR SR 1 om K Bz 4L 2 AR 0 i
R CE#SE 2011, 75 CESE 2012). Rtk
AT, ARAESER IR (S A (S=rx
KAt > REAR/A) T RN IR AR D) TH AR XS TH
R CKEIEE 2016).
15 ZEitair

SKH SPSS 22.0 Giihsr bk, I 2tk
e & RN AR R J7 3 (linear mixed models,
LMM) #4780t Mr . ELis R 78 R [R] R Jik
EOALI R R R R IR ) A RO/ N 2 5
PAEBALAE 9 g BB, LA S5 A BEN L
T RS HUBURE e B2 JIRER A7 () B2 R SR E - Ak
R/NFI G AT ) 22 S, DAV A D ] 5 R
A SAEABENLIR 7. B it 225 B3
F£40.05.

2 &3

21 RRREARGHAIR AT

Vi e DR R e 11 57 Ik P 2R R R0 L R A ko
T — Ml 1 2564088, 1 8¢ 2 JZ T L Rzgn
MR 1 EATE MR B A A AR
2 BRAA 2 NS BRI R R 2t R 20,
0 R 20 H AT BEHOIR AN TR BOIR P F 2 A IR 2
FEERSA T LEAEE (1D, RS
FE M BPFIRRIR R4, AT TR, £
H.E Qe 5605 0T LUE 2 B R EE M s in |2
HHEZEZ A —&HE MG, AL
E (Kl la, ¢, HTEKLEE. BB &M, B
M B RIS 2 . B JZ= T 76 S I ¥ 1)
feWi 2 (B 1a, g)s

Y T DR e (1) 7 R i B O S
FIRT 388 R i, R R T 3K AR A AR AT AT
WIS . ARG S WA 2 e FL o i eH 24k
FRHIE, RTINSy T B R0 A 1T B 4%
VR o Y T JER R e M A AR 1) R R 2 234k 2
FEOAEARAL, MRARFPISAR [ o
22 FRREE. BRAEZAARKN

Vi T R R e (1) 2 Pk JEL P AR AE AL 22
H R IR R R e S A e R 2 57 (2D
BACRE, HEEA FERAL kS B (F =
3.693, df=4, P<0.05). ®LZEE (F=4912,
df =4, P<0.01). BifsZEE (F=3.755, df=
4, P<0.05) UK HZERE (F=3.530, df=
4, P<0.05 BHfFEREER (K2, H,
T e 7 ok A JE B R 25 K TSk, . A
MAIZER (P < 0.05), AR B 2 B B 5
FANTRE . DU L 2 R
(P <0.05), MEMEAFIEAL G E R (F=
3.550, df =4, P <0.05) MEBHZEE (F=
4797, df=4, P<0.05) WHEAEREER (H
20, FHorr, AN AT IR A B 2 R )
FHERTREAMBERIECEZEE (P <0.05),
FEPEN ZE 5 b, A0 R A J2 JE 32 /)N
THEEE AN EBiAS 2R E (F=11.852, df=1,
P <0.01), kSRS EEE R ERKT
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Fig. 1 Microstructure of cutaneous glands of Kurixalus hainanus

a. WEEESGE R (HLE): b, BEREHS R (HED: c. MRS (HE): d MEEEBEEK (Masson): e. Mk Lk (Masson);
£ MEREZE AL (AB-PAS); g MRS (AB-PAS). | MG [ BZM:; 11 MG [TZZ0ER; 1T MGE. ZHR/W4; CaL.
AL D. 3 ep. KB FL. fENIZ: GG MUK sc. ZifAHABE: ss. SmHLAGINE: At BRI AEiik 445
MR Z BN 2 TEE BEA. TR AT 2 PAS YR ik

a. Cephalic region of females (H.E); b. Mental region of females (H.E); c. Middorsal region of males (H.E); d. Mental region of males (Masson); e.
Cephalic region of males (Masson); f. Mental region of females (AB-PAS); g. Middorsal region of females (AB-PAS). I MG. [ type mucous
gland; I MG. Il type mucous gland; II MGE. Il type mucous gland excreta; CaL. Calcified layer; D. Duct; ep. Epidermis; FL. Fat layer;
GG. Granular glands; sc. Stratum compactum; ss. Stratum spongiosum; White *. Chromocyte; White arrow. The range of stratum compactum or

stratum spongiosum; Black /A\. The tip of Il type mucous gland cell showed positive in PAS staining
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Fig.2 Comparison of skin thickness of Kurixalus hainanus

a. RIRMJEEE; b REEME; o BUAZIERE: d SURZIERE . RPN R BRI BE LR, FRC A RVNS TR0 2 [a) #oR
ZRRE (P<0.05); [FEFPALAFMN L REELLE, * FoRERLE (P<0.05), ** RRERRLE (P<0.01).

a. Whole skin thickness; b. Epidermal thickness; c. Stratum spongiosum; d. Stratum compactum. Comparison of skin thickness among different

body regions in the specific sex, lowercase letters of different marks indicate significant differences (P < 0.05); comparison of skin thickness

between males and females in the specific body region, * indicates significant differences (P < 0.05), ** indicates extremely significant

differences (P <0.01).

I e
0.05).
Vg T R e 7 T A 1 B A KN AE
AL ZE S, IXEGARARTERT A8 AL AR AE 1 ) 22
(B3>, BfRkE, HEMAREAM T B
i (F=4.797, df=4, P<0.05) FIT A%k
g (F=4238, df=4, P<0.05) ¥EHMHELE
WEER MEEAREALN [ BEER (F =
9.491, df =4, P<0.05) Ffiki i (F=12.568,

R EEE (F=5.725, df=1, P<

df =4, P<0.001) HEIFIFEREZER (K
3), Mok LA R IR R R 2 (P <
0.05), TEPERZE S b, MESEZEE I 11 B35 IR
B B3 2 T HEE G 1T A F R A (F =
7.014, df = 1, P <0.05) . #ff i k35 (F = 87.803,
df=1, P<0.000). ¥l (F=5.769, df=1,
P <0.05) %k (F=9.742, df=1, P<0.05)
P AL i 5 3 2 22 T T e AR 50345 4D SR
HE (E 3.
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Fig.3 Comparison of cutaneous glandsin Kurixalus hainanus

a. I BUREUIRECR: b, [ BRI, oo ITAYRNUIRECR:: o ILZYZGVRRIEAR: e WURRACE:  PURIRIIA. FIVERAMAAR
PLE R IR UL, AR NS FREFRRZE R B (P<0.05); FIFBALAF R I BRI L, * RRZFRE (P<0.05), **
g e RORZEFREFE (P<0.01 8P <0.001),

a. Number of type | mucous glands; b. Area of type | mucous glands; c¢. Number of type [ mucous glands; d. Area of type [l mucous glands; e.
Number of serous glands; f. Area of serous glands. Comparison of cutaneous glands among different body regions in the specific sex, lowercase
letters of different marks indicate significant differences (P < 0.05); comparison of cutaneous glands between males and females in the specific

body region, * indicates significant differences, ** or *** indicates extremely significant differences (P <0.01 or P <0.001).
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HESEAR R T BB (F =2.222,
df =4, P>0.05) FIIIRFER (F=1.644,
df =4, P>0.05) MAMZERARE, Mk
ANTRIEBASE FR R iR (F = 3.952, df = 4, P < 0.05)
MR EZS (B 3). MEEA RO 1
RIZE (F=7.950, df=4, P>0.05). [[7#
R (F=2962, df=4, P>0.05) FIfk:
iR (F=1.833, df=4, P>0.05) MHHHK%ER
BIANERE (B3, fEMRZER b, M
T 25 285 050 i R 35 KT B e 08 ) 11 B 6
BRIIAR (F =13.667, df =4, P<0.01), #EkE
IS8 ) RRE J R 5 /0N T e O 5 ) SR i
AR (F=11.773, df=4, P<0.05, K 3).
2.3 FERRBRAR AR RB LM
231 HLZULFEME 1 BFWAR. THFR
JRARUUR i B A AL R S A 254« SR B2 2
B0 LA K Wl L b R 24t B S 448 B A LT 4 A 3
g, AH 3 FRRRAAR 1) 5 WA AR MO T A4S S 50 W B
SRR AN . T BRI A 20 W 4 A
FURBRAIR R IR, 4Rz AL T 40 L i,
s N AR ZOIR s 2 (B 1h); HR
YA S N4 AB-PAS St 5 AB AP
1f, g), KI5 R Fo o i) BB R
I JF IR IR 2 R . T BRI 53
WA RRIR, AL T4ufarR O g
Kb NAE AB-PAS et & PAS §5FHTE, &
BURNMRVER 2 WEBE E R, —SeRh A4 i
TERZE AB-PAS et 2 PAS sEfHME (K 1),
SRETEM (- I, g). 50 I REWRIRLE
Masson 4y A a] DL 5% 31 W 8 R0 2T €8 5 o
WA (B 1e). ZHRUIR I BRSO %G
WA & R A AL, HES R FUR, Rt
SE UG IR BRI R A (B 1e). il
R ) BRI A A LA S5 (A P R, A
A, FLAL TR 43 WA A B VL b B 4 B 2 3 A
UL i) Z2E (B 1a, d)o BRBRASH
R, HANFTAEAE TR E BRI SR 7 ) o
RLAR 13 WD (E AB-PAS Yeti N 55 FH M,
DREEMERES (E 1g), FENRERE

H DR PEREE H B . A AE R
RS R A, S8 W BA V2 Sz i L 40,
il 5 REAIE, ERKBMERIRL (E 1a).
232 BHUEHME TRy IR IR,
b B AR 2R BORDIR 21 T8 € T 1) 23 i)
JiE, R — SRR R s (B 4. &
T 7 A ) 2 G I L FE R 2R 40
W OR B H A L R AR IR ] J0RE DL S A
21 6 % B T RS 22 S50/ () e L 55 2 ) 1)
TERORL (& 4ad. ZHBRAZ A B2 50 A 7 2kt
AL R PP G P BT X A i R AR S
f#s (B 4b).

TRSURE R A 508 140 &/ T A6 AW [T AN AR T2 1Y)
WL E 2 4t s, 7ENL b B 40 2 [RIA7EAE M R,
TENL S s 2 A4 A (B Sa).
ORI = B AR AE A MR, FUREA B 401/
105 54 EAT 020 ML BRI L (]
Sb) o AN [F) 2 FEE (1% SR 38 st A T2 Al A Rk >R A2 48t
HE=Ym (B 5b, ¢)o TR 4r Al 22 3
TAHT A BT ST BT R AR R R
A, HA R RIEARTE R HES, R K%
BWESEDR (B 5c, d.
3 e

AU WG R I, A S H AR e P R bk
BWFEREAME (R ENSER), 4S5
HoAth e 28 Je JBR ) — M a5 AL (Fox 1986,
Toledo et al. 1995). EHifaZ LE 2 54 KE
BRI, ERORE. ORKEFRER 3 FIY
RE: /D 5 R AN B Xt R R IR 2 A 2
(Blaustein et al. 2003); WU/ AE, T2
MREFRE CENIZE 2004); @ E a5 3]
PhEE M IE A (Hunsaker et al. 1959). i
I EFECE 2 2 B BAATE HE Jeta B A8
W, Hgiagdsit. SE808 2 H s
HEEH BRI EZIZ . (Mangione et al.
2011), EAESFFH . b7 kKo SO AR S
BRSSP IMER (Toledo et al. 1993, 1995).
K& B2 20 M 85 40 2 I A7 7E VT Re 2 i



. 848 * %44 E Chinese Journal of Zoology 58 %

B4 fErEiREmERBiRn B
Fig. 4 Ultrastructure of mucous glands of Kurixalus hainanus

a. R AT, FRIRE & NI BER R /8L b, B a P EETTERBORAIT B go. Mi/RIEME: me. LRIfA;

mec. WL FEAAE: msg RN IARRL: n. HHAEAZ: rer. MM ser. SN # ZORMWY)

a. The details around the nucleus of mucous glands. Note there were different sizes and densities of mucous secretory granules; b. The details of

black rectangular in Fig. a. go. Golgi apparatus; mc. Chondriosome; mec. Myoepithelial cells; msg. Mucous secretory granules; n. Nucleus; rer.

Rough endoplasmatic reticulum; ser. Smooth endoplasmatic reticulum; #. Flocculant granules
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Fig.5 Ultrastructure of serous glands of Kurixalus hainanus

a. Wb A 5 73 4 R 24015 B b, BBORLIR Y FREEHA; ¢, d. B b BRI HERBOR RN . ] ¢ B O H IR R BUE W - ds. MF
His go. MURIEMR: ma. BRAANBIAEER: me. ZERifk; mec. WL ERZANM: n. 4% of WELTHE; rer. HHMAFM; ser. Yol A
W sg. WMk, st FEFT: ve. FE

a. The details of myoepithelial cells (mec) surrounding the secretory portion; b. General view of the serous gland; ¢, d. The details of black
rectangular in Fig. b. The black arrows in Fig. ¢ indicate the dense material. ds. Desmosomes; go. Golgi apparatus; ma. Matrix; mc. Chondriosome;
mec. Myoepithelial cells; n. Nucleus; nf. Nerve fibre; rer. Rough endoplasmatic reticulum; ser. Smooth endoplasmatic reticulum; sg. Serous

granule; st. Stroma; ve. Vesicle
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KNI ZE S, HIX IR AR TE R AL AF
TEME TN 22 57 o M JE 0 10 2 ke i SR i ), HL
R E MR, v Re S AN AR TS A 3 5
MHUE SR A X CEHEE 2011, HEEENGHS
(1) B R S JEE B2 S 3 KT AR AL, 3 550 PR
ifsick (Bufo tibetanus) (/& RUEZE 2016). IR JH
i (Ranidae omeimontis) CKE 2 2016)
A K R i % (Bufotes taxkorensis) (GHES 4
2022) INLEREE T —30.  ME IR A 00 0 50 5 ik
(B0 J2 5 B2 38 4. 285 KT S AN 2 ) B0 =
JERE, nRe GBI A . M R R
(B0 2 1] Be T HEPU s ok 2435 72 5P 3 1)
18 By ORI S AN DA R M ek 8 5 T
EEE (R AUESE 2016). IRAAEZEHAGLER
WA, B2 )R FE AT e A (1 2 A AR/
A5 CHNTITEE 2013). Ml S 30 10 ks i 4
HOARE, ARER P & I T
JE NS (Toledo et al. 1995),

T e A OO PR YRS J2 T 52 /N T M e )
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TAIAR 22 T, ek 20030 1 T 250 205 980 A s
FR 5 /> M e 20 P T 28 280 30 P R SR R £
&, AJRESHEERG Y SRABAT A OC . it SL
RHAAAN ) Rk i 4 1 350 2. 2 22 T ek A S5 7
(P URL R S B, T RO R ) AR AT 5 95 4
IhfEA 9% (Toledo et al. 1995, Jared et al. 2009),
XGRS 7 MERE AT BE I S sR k # K . A T
ORI HIZEGE (Aneides lugubris) [ AR
KONAEAEVE S 28, e 0 R AR 5 35 KT
MEPE TR R (Staub et al. 1997). Ak, Bl
) B g8 Kk L, ME HE B R IR B C Litoria
infrafrenata) [ 57 Jok )5 B2 1Y) 22 e B 1 DhRe 22 ¢
WE MR & MA R (Vanburen et al. 2019).
2 RS R RN IR DG, e 0
SURL i T R S 2 /N T MR R B R AR T AR, —

TEFEFE L T] R AR H MR A TR R /N 22 S s T
REE W T 1 — 2 B i AR IE
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PR EA T RN 1T R R A R . X
PR L 3 R R ) K 0 5 S I AE R RV
(Rana amurensis) Rk (2395 2011). [
Kt (Sylvirana latouchii) 7 &5 5 bk & 15l
OO —MESE 2018) . VR IR M R iR
(Gong et al. 2020) DL & 41 (Lithobates
catesbeianus) FZfk (Mancinelli et al. 2021) H1
AL IR o A, TR R W i ) 11 R R
JR 0] 73 WA A B K 4 AU TE. AB-PAS Jetirp
PAS 55 BH 14 , 4 /b #0248 P T ity 58] B 7E AB-PAS
et N 52 PAS SRFHME, BEoR T I BB R vl g
EHEANE WP . I g AR bk
(Phyllomedusa distincta) 14 {1t 2 i i o th
A RI (Antoniazzi et al. 2013, Mancinelli et al.
2021), Delfino %5 (2015) it Xt 5 5 i i
( Physalaemus pustulosus) FIUHE A 72 45 W 42,
B NT TaB, T R R =FKA, #
A SRR e R ORI AT 5 1L Y K TS IR
FEIZ T BT T UL BRI & 2UIRY o
Aiep, S SEH E L RUORURL, X S TEVE B
(Leiopelma pakeka) (Melzer et al. 2011). T
£ (Litoria ewingii) (Melzer et al. 2013) Al
Dermatonotus muelleri (Antoniazzi et al. 2022)
(180 Y WL 1 PR AN [] R85 B 1) 80 T R
SR — 3. FEMURL IR AL b 57 248 ) 4700 25 g
WL R [ MR YEAEAE, T RE SR PR
TRAR 53 WA A < (Sjoberg et al. 1976, Brunetti
et al. 2016). R 5B Bk P IUAE Ji 70 A L
5 HAM S v 55 LR T IR IR AN R, B
B HECE AT, H R SRE AN
% fzifsid (Bufo granulosus) ) 5URE iR 48 i 4G
FAIRATLL (Delfino et al. 1999, 2015). b4, i
L ) 73 WA RIORL R AT P A Bl I G, Fedr ()
BRI AL A BB 5 A R LR, AT
REAE — PR ot A I o B S B o IR G A
#i @ (Phyllobates bicolor) (Delfino et al.
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2010). 4f ik #E (Lithodytes lineatus) ( Prates et al.
2012) A1 D. muelleri (Antoniazzi et al. 2022)
RO BRER TR 5 A8 TP S A R . FEIE S LB T
W52 B R VR FTRURL R A i BRI kL T
W R AR AR S A i s, Hoh
BRI i 7R B A4 A K B R AT e S5 23
WA IS, ST A RO S B I AR A R
ZA/ER (Antoniazzi et al. 2013, Brunetti et al.
20160, WRESREBUNTTYIA K

gE b, AHIEIE i v SRR AR e B R R H
A5 Dy REAI PR 38 B 2% SR AR AT B 1 BE il B
Bl ORI R R NE W A 22 R A A
fefit VIR . (R — 2R AR A AN [R] R
AEDEEDI I, TR T AKX AR AT BT T 1 AT
BB . teah, diaiT e, HEERIL
TR AT I IT, A B AT N 4
FA G M EE A ek S R M R (M AR TR
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