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Abstract
In this study, we used Microhyla heymonsi (Anura: Microhylidae), a low to

mid-altitude distributed narrow-mouth frog in Taiwan, to investigate the pattern of
phylogeography based on its mitochondrial cytochrome oxidase I (COI) gene. The
results of its phylogenetic tree indicated two major haplotype clades in Taiwan. The
variation in population genetics of these two clades corresponded to the Central
Mountain Range’s eastern and western geographical features, respectively. The Central

Mountain Range is a geographic barrier that runs from the north to the south of Taiwan
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Island and disrupts the gene flow between eastern and western populations. Both

major clades showed a significant isolation by distance effect. Historical population

demography analyzed using neutrality tests, mismatch distribution, and Bayesian

skyline plot analyses showed that populations of M. heymonsi in Taiwan underwent an

expansion event during the Pleistocene Epoch.
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7 L/ PR SR TR B YRR 4% B (4B Hh U
A 43 Rl At 3 A B B T WA 2 B
Bt DA LR A 5 o3 Al BTl
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PE K /INPR R TR B A IR B S B R o > 45
RETRHEE A8 E) YETHEF ~
T A ST RIREA —REHETR S (
8) > PEEN B (W) t&YTET+ LB ~
=HEERIEE —EREREES (E
9) » M » [ HF [T Rt ¥ B T S S HHE 05 34
(Pleistocene Epoch) «

7N~ Al

A Bayesian coalescent approach =T
B AR BT FAHAYI R - mTig
i ZA B 77 BRG] - G5 REBHRAR
PEED 2B oy R R ATE — B /B A
FI=H L+ EF AT Z M (1.806~3.588
Mya) ° [Tl 5ER 2B FAY i L H I Ay
—E U HEFEIWE /B R
(1.402~2.80 Mya) * PHE[ S BEAY iR iT 3
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HIFE R 1 /S F R —E AU
FERTZ [ (0.781~1.542 Mya) °

1w
— ~ gk PR S P/ I TR
s s B St SR AR 8 %

DLEEE RS2 PE IR/ N PR R A 45 B
HB T RNE R ARE (B 2) &
B P A B R EE AT o0 B M T ZE Y £
BE > oy I HE T A o LA SR A R P
JEREE > B o L R R R 7 R B
SNz i A R RR Y AR R A o ki 3R
78 R B o7 BB T Ry — B\ A
FI=H h+EF AT Z M (1.806~3.588
Mya)  Hr Ot HREIHE R] UE A
HIBERE - R B R SR PE I/ N
R~ FEEGEE 2 B E LS -

ST 2B AR 1 A VIHTE &
HUI 9T 35 45 H 2 8 1Y 3 T 465 1 i i
R M R B > R BE 0 R AR U
B[ B RS0 R 5 1T e AR B o (b
B » Rl o mn s - RER
AIPITE 40 ALED A [RAR i (Sylvirana
o

i (Fejervarya limnocharis; Toda et

latouchii; Jang-Liaw et al. 2008) ~



al. 1998) ~ 1& f5f £ (Buegeria robusta;
Lin et al. 2012) ~ /[N TR % (Microhyla
H A i i

8 & TE Bf (Buegeria japonica species

fissipes; Lee et al. 2016) ~

complex; Wang et al. 2017) ZHEZE AR+
VYRR Gt BRI - R o
L1 A 5L 75 58 371 o e o e {5+ S LI
W PER R E A B EH BB
T LA B 5 52 2 22 08 PR 52 PG B/ NP B
TREF AT 73 B o)~ DB R B R
FEAEL » s o D LU P 22 B ) o i 53
FE A REfE R B HAE B (b B4y
H—EE A AT -

TE 28 B B Y R SR AHTH (BREE
16) ~ B4 FE (BRI 17~ =
PR (BRERRE 18) LR B R K H
(PREZES 19) VU(EERE T - [FEF 25
T SRR R VY B B BV AE R 0w
AR Ry R BFE 2 B R g E A A
fi# (secondary contact) 1Y I 5 > N 54
ENEFLEEBEAENERPAGEE—
{IE[ 7K AT HRE FET Y B EE T > (54572 DU (&R
PFEAR S ERRSEE (R -
R B Y AT 2 LU R B A & PE 3 &
BEHVIEERLT - BRI R EEER
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mE B A — LAY EE SZPTdH & - HAr 5
BEAEFEARE H (BREEEG 15) BpF et
TH (£RERRE 16) 2 [ - 25 PU(EREE
HAEHIREEE X » TR R A AR
HH BT E T (Pliocene-
Pleistocene) 5 H > [R] #ig B fill: & 7 12
A HY (Yu and Lu 1995) » i i 2 8

A ERHY i B AR 2 B R sk EAH
FEHE H BE WS Y LR B S BE - A0 A 7
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% LR HY BRSO © T 2= R AN LARE
HAERREE - FibZ 5K E L
LREE - BULH BB AT R B
BRI EES - HIEER RS E T
T2 15 P B o e B IR B (E A AL AL RS Y
[t - R L EE B A BN A
BEHYIE T BLAL 0 7 (K AR 4 (Sylvirana
latouchii; Jang-Liaw et al. 2008) ~ 7~A8
PAE (Callosciurus erythraeus; Oshida et
al. 2006) ~ /NFR EE (Microhyla fissipes;
Lee et al. 2016) JEERF SR LI K HET
J& LA ra By IR 5 B & A i E Ry
I ZEEREIAEI - BES A
HERRE G P g2 R SRR T
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%=1

=y e
SERE

PR/ R E R IR B AT

=208 BEPHI/NE: (Microhyla heymonsi) BREEHNERS ~ (ERGE (V) ~ EARAIEE (H) ~ &SRR
RFIZ 614 (haplotype diversity; h) DAURAZ H &2 (nucleotide diversity; )
Table 1 List of sampling localities, sample size, number of haplotypes, haplotype diversities, and nucleo-

tide diversities of Microhyla heymonsi in Taiwan.

Sampling localities N H h T

1. Taichung Dakeng 7 2 0.2857 0.0009
2. Changhua Shetou 5 1 0 0

3. Nantou Guoxing 8 4 0.6429 0.0012
4. Nantou Yuchi 10 4 0.7778 0.0017
5. Nantou Jiji 5 1 0 0

6. Nantou Lugu 8 4 0.7500 0.0047
7. Yunlin Huben 5 2 0.6000 0.0067
8. Chiayi Chukou 6 2 0.5333 0.0017
9. Tainan Donshan 10 3 0.5111 0.0009
10. Tainan Nanhua 7 3 0.5238 0.0059
11. Kaohsiung Maolin 7 2 0.2857 0.0009
12. Kaohsiung Zhongliaoshan 5 2 0.4000 0.0051
13. Kaohsiung Fengshan 5 3 0.7000 0.0019
14. Pingtung Neipu 8 3 0.4643 0.0008
15. Pingtung Chunri 5 1 0 0
16. Pingtung Sheding 9 4 0.6944 0.0143
17. Pingtung Mudan 8 5 0.8571 0.0162
18. Taitung Daren 5 2 0.6000 0.0173
19. Taitung Taimali 5 3 0.7000 0.0122
20. Taitung Lijia 7 2 0.5714 0.0009
21. Taitung Yanping 12 7 0.8939 0.0051
22. Taitung Donghe 9 5 0.7222 0.0103
23. Hualien Fuli 10 6 0.8889 0.0038
24. Hualien Ruisui 8 4 0.7857 0.0017
25. Hualien Shoufeng 7 1 0 0
Total 181 48

Total populations 0.9328 0.0160
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2 BV 1 B AR~ RER (AR ) B EEERE (p-distance)
Table 2 The mean genetic distance between/within (bold) two major clades from eastern and western
regions of Taiwan, respectively.

Eastern lineage Western lineage
Eastern lineage 0.004 -
Western lineage 0.027 0.007

% 3 BB EZEPHK /N (Microhyla heymonsi ) 22 43155 75 43 ff1 (Analysis of Molecular Variance;
AMOVA) » DA SEILIAR R 57+ HRFER - PHERIEREE 7 B E gl
Table 3 Analysis of the Molecular Variance (AMOVA) table statistic of eastern and western populations of

Microhyla heymonsi.

Source of variation df % of variance O P
East/West regions 1 61.30% 0.61299 <0.0001
Among population

o . 23 19.03% 0.49167 <0.0001
within regions
Within population 156 19.67% 0.80327 <0.0001

R 4 EEFTA RSNV INREE (Microhyla heymonsi) JEREHIERE LA s W1 1 22 21 BRIGEH(ERG AT P AR
Al (Tajima’s D and Fu’s F test) ° ** 227 P<0.01 » *** F27R) P<0.001
Table 4 The neutrality tests of Microhyla heymonsi populations. ** represents P<0.01; ***represents

P<0.001
Tajima’s D Fu's F
All populations -0.71313 -9.11765
Western lineage -0.90427 -9.03033**
Eastern lineage -2.25174%** -8.17999**
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Fig. 1 The sampling localities of Microhyla heymonsi in this study.
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Fig. 2 The maximum likelihood tree of (Microhyla heymonsi’s) CO1 sequence. The numbers above the
nodes indicate the bootstrap values of ML, MP, and NJ, respectively. The numbers below the nodes

indicate the posterior probability of Bayesian Inference.

35



SIEREIN) MERGHMIBRAR

3 EEBSEVG /N (Microhyla heymonsi) 5 THRRERT & WAl 2 22 2B EL B o3 ATilE] - Bk
FEfEEs (C) - AR » PEEEESE (C+W) - REARERHLES (SW) » sLEAREEE
ZBEPHYEREEEREE 2 (SE) @ 4R ERFRREL L 8T (B) -

Fig. 3 The distribution of the haplotypes of the eastern and western major clades Microhyla heymonsi.
The color blue represents the central subclade (C); the color yellow represents the central+west
subclade (C+W); the color purple represents the southwest subclade (SW); the color red represents
the southeast subclade (SE); and the color green represents the eastern major clade (E).
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Fig. 4 Mantel test between pairwise FST and geographic distances for all populations.
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Fig. 5 Mantel test between pairwise FST and geographic distances for the western populations.
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Fig. 6 Mantel test between pairwise Fq; and geographic distances for the eastern populations.
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populations.

38



BIEEYSERMEAZ TW J. of Biodivers.26(3):9-40, 2024

1.0E3
Q
N
(V)]
C 1.0E27
Rel
)
o
>
o |
1.0E1
(@)
o
(0]
2
)
8 1.0E07
=
LU
1.0E-1 T T T T T T T T
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
Time=Mya
1% substitution rate
1.0E3
Q
N
(7p]
c 1.0E27
ke
)
o
g_ 1.0E17
(@]
o
()
2
— 1.0E07
O
Q
G—
LU
1.0E-1 T T T T T T
0.0 0.25 0.5 0.75 1.0 1.25 1.5

Time=Mya
0.5% substitution rate
8 I 1% K 0.5% HIRLEF i EHAAHETT Bayesian skyline plot 7347 » [BI1E2E BESZPG R/ NFl tEE
(Microhyla heymonsi) S FEHERE R EHFEL -

Fig. 8 The Bayesian skyline plot of the eastern major clade indicates a population growth beginning near
0.25~0.15 Mya (0.5% and 1% substitution rate, respectively) of the Pleistocene Epoch.
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Fig. 9 The Bayesian skyline plot of the western major clade indicates a population growth beginning
near 0.3~0.15 Mya (0.5% and 1% substitution rate, respectively) of the Pleistocene Epoch.
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