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2017 FFA 2018 411 4 HAEWVL L e 1l [ 5K 9 B AR ORGP DR B — Pl e, 28 T35 % LU 16S rRNA
FAE K RGRE M, LIt CiitE (Microhyla beilunensis), & i%F 35 /04 o BT P&
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ERTHERE, HRTESTHEER ML ER: FRaah FHEE = D 8w, kK Sk, vk,
BEE. BREFE. RE. T8 AFK. FHAEKMEKSE 9 MeEhKWESTEIITHHRAERT,
HLARRE T JRIAERE 52.5% 1078 5, SkREMETE RFRKEH —HE FEAB&EMIERERE, BHREES
EE—mE LS R, XRL TR KT AT T X 2 Mk
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Sexual Dimorphism of Beilun Pygmy Frog (Microhyla beilunensis)

from Jiulongshan Mountain, Zhejiang
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Abstract: Amphibian resources are abundant and unique in China, and more new amphibian species were
found through molecular techniques. A Microhyla species was found during a field survey in Zhejiang

Jiulongshan National Nature Reserve in April of 2017 and 2018. They were identified based on morphological
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comparison, BLAST comparison and phylogenetic analysis of mitochondrial 16S rRNA gene. Thirty-one
adult (2583 and 69 9Q) were captured and measured for snout-vent length (SVL), head length (HL), head
width (HW), snout length (SL), internasal distance (IND), internorbital distance (IOD), diameter of eye (DE),
length of lower arm and hand (LLAH), total length of leg (TLL) and foot length (FL) to examine sexual
dimorphism of this species. Corresponding data were processed by one-way ANOVA, linear regression and
principal component analysis. Our results showed that: (1) the species was identified as M. beilunensis and
this sample locality is a new geographic distribution of M. beilunensis (Figure 1); (2) M. beilunensis displays
female-biased sexual size dimorphism (Table 3); (2) other nine morphological traits were positively related
with SVL in both sexes of M. beilunensis (Figure 3); (3) the mean value of LLAH in males was larger than
female after removing the effect of SVL (Table 3); (4) a principal component analysis resolved two
components (eigenvalues 1) from nine SVL-adjusted morphological traits, accounting for 52.47%% of
variation in the original data (Table 4). The first component had high positive loading for HW and LLAH, and
morphological traits between male and female differed significantly in their scores on the first axe (Table 4),
indicating that HW and LLAH could distinguish females and males.

Key words: Microhyla beilunensis; New geographic distribution; Sexual dimorphism; Body size; Length of

lower arm and hand
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Table 1 Information of samples used in the molecular analyses

GenBank &35

S7RE IJ_‘_I H
KA Locality GenBank Accession

P)Fh Species FRAL 5 Specimen number
A fEWEEE Microhylamixtura  CIBZMH2017061201 ~
CIBZMH2017061203

CIB20170526001 ~ CIB20170526003

bt M. beilunensis CIBBL002 ~ CIBBL006

Ab Btk Uz LSULL20170422001
g&fg;igﬁ;ﬁiopulmon) LSULL20170422002
LSULL20180422006
LSULL20180422001
LSULL20180422009
LSULL20180422012
MRl M. okinavensis KUHE12840
MRELRLEE M. fissipes KUHE32943
/NIRBELE Y M. heymonsi KUHEUN(K 1845)
HL Wik M. butleri KUHE40591
1ElElE M. pulchra KUHE35119
JbJ7%e Ok Kaloulaborealis  KIZHERPO174

R PE B i B

MH234532 ~ H234534

Yangxian, Hanzhong, Shaanxi, China

VAN IRAE %

MH234540 ~ H234542

Hua’e mountain, Wanyuan, Sichuan, China

LERARS R & EREZS

MH234535 ~ H234539

Chaiqiao, Beilun, Ningbo, Zhejiang, China

WL K & MN498048
Suichang, Lishui, Zhejiang, China MN498049
MN633295
MN633297
MN633296
MN633298
H A K & Amamioshima, Japan AB201184
Z#3% 111 Huangshan, Anhui, China AB201185
7% [E 46 28)fF Kanchanaburi, Thailand AB201190
#F A Luoi, A Roang, Vietnam AB634664
7% [E Phu Luan, Loei, Thailand AB201191
/ JX678909

2 g3
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Fig. 1 Sample locality of our study and photos of Microhyla sample from

Jiulongshan population (photo by DING Guo-Hua)

a. AWPFREARIE G THHLEE LRI b, MEEARAESEG o i d MWH; e AIMIE; f BRI,

a. Sample locality of our study is Jiulongshan Mountain in Suichang, Zhejiang; b. Field photo of Microhyla sample; c. Dorsal view; d. Ventral

view; e. Ventral view of hand; f. Ventral view of foot.
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Numbers above the nodes show posterior probabilities. The scaleplate represents substitutions/site.
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Table 3 Descriptive statistics for morphological traits of Microhyla beilunensis from Jiulongshan population

TEASHFIE HfEME Female Tt Male F {E AR 2K
Morphological traits (n=6) (n=25) F-values and significant levels
fA4 Snout-vent length (mm) 28.71 £0.97 25.00 +0.24 Fi,20=27.58, P<0.001; F>M
(24.88 - 31.35) (22.19 - 27.07)
k¥ Head length (mm) 5.69+0.11 5.38+0.05 F1.29 = 0.40, P> 0.05
(5.22 - 6.00) (4.54 - 5.75)
k% Head width (mm) 7.06 +0.32 6.61+0.07 Fia=1.61, P> 0.05
(5.52 - 7.64) (5.32 - 7.44)
WK Snout length (mm) 3.25+0.16 2.88 +0.06 Fi.20=0.10,P>0.05
(2.64 - 3.72) (2.36 - 3.50)
B EEE Internasal distance (mm) 2.23+0.17 2.09 +0.06 Fi2=1.31,P>0.05
(1.78 - 2.99) (1.62 - 2.81)
FRIAIEE Internorbital distance (mm) 2.99+0.15 2.70 +£0.06 Fi,20=1.63, P>0.05
(2.64 - 3.65) (2.13 - 3.26)
fR4% Diameter of eye (mm) 2.65+0.10 2.51+0.04 Fi.20=1.92,P>0.05
(2.32 - 3.07) (2.03 - 2.97)
A8 & FK Length of lower arm and hand (mm) 9.98+£0.35 10.00£0.11 F1,20=727,P<0.02; F<M
(8.78 - 10.89) (8.61 - 10.89)
Ja K Total length of leg (mm) 41.45+1.70 38.24 +0.38 Fi,20=1.65,P>0.05
(33.32 - 44.54) (33.73 - 41.24)
24 Foot length (mm) 13.74+0.53 12.40 4+ 0.14 Fi.29=0.01, P> 0.05

(11.41 - 14.78) (10.87 - 13.71)

BARHPPME + drdEv GERD Fox; FEMZEARTFE SRR one-way ANOVA X & T ASHRAR BT MR 22 M GEtka e o,
FRR AN 53 9 BUEZS S5 hR L 5 K 0 181 23 M 3RS B [l VS R AR (AT 20 s AR BRAR K 952

s LB P VR ) 2 R AR R/ F

: MEME, M. HEME.

. # P<0.05, Wigt—3H Tukey

Data represent as mean + SE (range); F-values and significant levels were got from one-way ANOVAs used to analyzed differences of both

sexes on morphological traits. Except for SVL, other 9 morphological traits were treated as reduals of those traits agansit SVL. If P < 0.05,

Tukey’s test was used for post hoc multiple comparisons between both sexes. F: females, M: males.

X 9 MRS TR RS R B B Al R A HEAT 40
Bon, TS RFRAEREE R, HR8AN
TESTRARIIAZ IR, e R AR & T
BT (B3, & 3).

ke, kg, WK, EfalEE. ARIAEE.
RAE. AT LT, ERAEKMEKSE 9 M
TEARK TSR 3 L b REEE = 1D,
AT A R R T IR IGEARE 52.47%
AR (R 4). MR 34.36%M% R,
Sk AT & FRKAAR S IERERAR
B, B AR 18.11%MER (R 4. W
PEAMERTE A FIEE S — & ER a2 7 2
% (Fl=429, P<0.05, F<M), {H{EH
i EE LR EZER (F e =0.002, P>
0.05) (K 4.

3 Wik

A6 IR P . 355 T SRR AR S 5 238 2
S M5 T R A B S D [ T XE T i A 2
PN, ANERIIEENERKIE, KM
TEASFFAE AT Ay 5 U 0ok Ja AR o X 23 ) A
(Zhang et al. 2018). It4F, 16S rRNA J¥51
BLAST X R oL e th e 4 72 51 5 2
IR A6 i 51 S AR ARL, DL SR [R] A S
N JUF AR S I Sy — S H
S AR I AELL 16S rRNA fE 753
FHRidnr, SRR IR s 2%, RIAE
1A B T R 7K P (Camargo et al. 2006, Kon et al.
2007) , EXIFARMFME, FoIZERE
FHEIEM AR ERA A Flam, 5
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Fig. 3 Linear regressions of 9 morphological traits on SVL of both sexes in

Microhyla beilunensis from Jiulongshan population
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Regression equations and regression coefficients are given in the figure. Small figures are mean values + SE for residuals of corresponding traits

against SVL in female versus male, * P < 0.05.
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Table 4 Loading of the first two axes of a principal

component analysis on nine morphological variables

of Microhyla beilunensis from Jiulongshan population

B %k R 2 Factor loading

BB %t PC1 % 1 PC2
Morphological variables Principal Principal
component 1  component 2
Sk Head length 0.354 0.177
3k 3% Head width 0.705" - 0.065
WK Snout length 0.569 0.052
£ 8] Internasal distance 0.661 0.276
HR[H]E Internorbital distance 0.540 0.533
fR4% Diameter of eye 0.689 0.496
AR K .
E[Jer'?gﬁlsztwer arm and hand 0723 - 0354
J& K Total length of leg 0.471 -0.675
S Foot length 0.446 - 0.635
BT Z Aot 3436 18.11

Proportion of variance explained (%)
AR IR /IS [ 5 0 e 1o R G A% 8 5 AR 1 ] 1 3 A AR 3R AT
W+ AREBA LT,

Size effects are removed in all cases by using residuals from

the regressions on SVL; * Variables with the main contribution to

each factor.
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Fig. 4 Positions of both sexes Microhyla beilunensis

from Jiulongshan population in the space defined by

the first two axes of a principal component analysis
based on nine morphological variables
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Big circles represent mean values of factor scores.
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