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differentiation of the Chestnut Bulbul (Hemixos castanonotus), an omnivorous bulbul commonly found in the
southern mountains of China. [Methods] In this study, the mitochondrial Cytochrome b (Cyt b) gene and
seven other nuclear gene intron fragments with a concatenated length of 6 808 bp were used as molecular
markers to analyze 11 populations from Guangdong, Guangxi, Hainan, Guizhou, and Jiangxi Provinces. We
calculated population estimates, built haplotype networks, performed Bayesian analysis, and inspected the
correlation between geographic distance and genetic divergence among populations. [Results] Based on Cyt b,
37 haplotypes were detected, of which 35.6% were presumed to be ancestral. Analysis of molecular variance
showed that genetic variation was mainly within populations (79.77%). The results of Tajima’s D and Fu’s F}
neutral analysis supported H. castanonotus might have experienced population expansion (Appendix 1). The
Bayesian Skyline Plot based on the nuclear genes suggested that H. castanonotus might have gone through
population expansion between 5.3 to 3.7 Mya and 0.7 to 0.3 Mya (Fig. 5). Bayesian phylogenetic analysis of
the Cyt b gene showed that the 11 geographic populations were divided into two clades (Fig. 2). The first
clade contained only individuals from one population found in Hainan and are ascribed to H. c. castanonotus.
The second clade contained individuals from the remaining 10 populations, no significant geographical
structure was observed, and individuals in this clade are ascribed to H. c. canipennis. Haplotype network
analysis also displayed similar results to the Bayesian phylogenetic analysis (Fig. 4). [Conclusion] Our
findings suggest limited differentiation among H. castanonotus using the molecular markers studied, possibly
due to insufficient isolation among populations or ancestral polymorphism in the markers. Further research is
needed to better understand the demographic and evolutionary history of this species. This information is
crucial to understand the underlying discrepancy between genetic and morphologic features in the avifauna
evolution in southern China.

Key words. Hemixos castanonotus; Mitochondrial cytochrome b; Nuclear gene; Genetic diversity;

Geographic population

B AT Y (Hemixos castanonotus) FJ&

T 54 (Aves) #JZH (Passeriformes) 47}

(Pycnonotidae) KIS J& (A6 2017),
B S TR L e DX PR A R AR AR
A A EIREIN, NG FEEMEm L, H N Bl
HUNEEES), 2 U RN R, R R
EEUEEY, BT REESE GRIEHR
2001,

KT 1ZFRI 4335, Swinhoe (1870) AN N'E
SRR, BEH (1985 WHTIHE T K
%S CH. flavala), TAAERT (2002) WRHARGSE
T LI 2 B R, 55— SRR CH. c. canipennis)
VB ARK NG o AT, S R AR A i A
ST, SRS, B oA TR A
W b LTI EE KRS R (H c

castanonotus), VAR AT TIREN RIS =
FAZRFHR OIS AdE. IR, e VLT,
B o/ N AN 1% SN I N i I 87 ST |
SEHLI H. c. canipennis YRR GRAIERT 2001, A
H:3€ 2017, Clements et al. 2021). 47 %44 5%
FEA—BHE T8 B WAL PR A0 1
R, A 2 NN R 4 WA 53 T 7 I GBX
IEBY 2001, Clements et al. 2021, XIJBH £
2021), HAFEEINNIAET TR A A
TR 2011, 63 2017), X MZAHE T
BIRE I Bz —.

SR A RS PR P M E AN B 32 B XA
T2 WA AR, AR A
WOk P %% s canipennis UAP AR ZEAE 7.
BRI, IO R R 3 B3 2 (G



134 HAEZSE: RS At 5 38k 2R - 51 -

F3E 1985, BXIERY 2001, XIPHZE 2021) (B
Do SRS R )P X LT,
AR ALY G & A GBYE3E 2005, 2011,
2017, XIBHEE 2021), XFZYFMIIOETR, K
R IER AMER L, WXl (2018) X
WL R B8 ] R AP A [l ) SR 7 6 S P ) 7 O
TERETT, e (2014) FIFMoAS (2007) XF
HASRBFSHEM I, Wu % (2011 KR
FHE (2013) BUSEE R RHED 1
ol DRI eI AT P, AEXZFR A 2 A 0
WAL 2R M AR T

DR 0 RS PE AN [R] 1R 43 A XS AP E A TN
BEMRI b, R WA 1) AR .
AW TGRS 2 oREE, A THE, f#
T IR AL 54, BRFUR B A A
Pise s s, AW A0 X R X o g% 4y
TR — S0t o AR FE3E TRk Cyt b JERIAT 7
AMZIEF NG TP HI0 SETE RS 11 A e
FREE B AL 73 A0 St AL Z AR VAT 7o b,
DU A 5 20 A . R L 2R R 2 TR DL B AR

RNERTES, fR%F DIRBLE M, IR e
(388 1% 22 PR ORAP SR AR B AR
1 MEEFE
1.1 sERkRl

12007 % 2015 it M VERAE T AR
PV WS SRMANIIEEANE (ERX) 1
11N HB BRI, 35 92 4 SRS J IS FEA (GR 1D,
B, SEIEM (2001) X JET5J6 4 7
AR, X AREAEAR R SRR AT 4]
WHIE . RIG, REMRIINIAEL A AT L 5 ~
10 g B THEA K ORI LW GATE F,
LI EJET - 80 CUKHH IR 1F -
1.2 DNA $2E

B 10 ~ 25 mg WLAIBRA IR ZY, {6 i/
HLUIERA DNA $REGAAIE (IS 2
FEERAFD F i B D IR BOCR TS i ES
FEA S DNA, $RECE|T) DNA @it 1%5E
B P L VARG R P e A, R R Ay R E
T - 20 CUKFERAT

F8ZWFh (H. c. castanonotus )

b

H. c. canipennisWi.F#f

B 1 ZREEMNES RIS RE

Fig.1 Morphological characteristics of two subspecies of Hemixos castanonotus

a. ST FEIS IR LM AL (AR ASg S S06509); b. ZEITFEMING canipennis SR AL (BrAgiS: S00128); c. 54 WHMHR
PR RGBS N2 d. canipennis WA FIE QRECHEKAGRZ).

a. Top view of H. c. castanonotus (No. S06509); b. Top view of H. c. canipennis (No. S00128); c. Partial image of the wing of H. c. castanonotus
(secondary flight feathers with olive green feather margins); d. Partial image of the wing of H. c. canipennis (secondary flight feathers with

grayish white margins).



52 Y%A & Chinese Journal of Zoology 59 &

®1 FEEAHGSRTFMBEMBEEERERSR
Tablel Samplinginformation of different geographical populations of Hemixos Castanonotus

KAEH BRI HAR RIS
Location of sampling Longitude and Latitude ~ Number of sample (ind) Subspecies
TR\ [H X 2 E AR AR IX 114°15'36" E 10
Guangdong Chebaling National Nature Reserve 24°43'30" N
AR B [ R A AR AR X 112°55'58" E 13
Guangdong Nanling National Nature Reserve 24°44'08" N
J AR AL E R R SRR X 112°32'16" E "
Guangdong Dinghushan National Nature Reserve 23°10'04" N
JARRR R AR 50 AR X 111°25'01" E 3
Guangdong Tongle Mountain Provincial Nature Reserve 23°1047" N
JUVER R &5 B A G B 110°13'55" E 29 canipennis JEFf
Jinxiu Yao Autonomous County, Laibin City, Guangxi 24°09'10" N H. c. canipennis
JUUEH T AR R 105°42'46" E )
Napo County, Baise City, Guangxi 23°20'02" N
Jri R T LR X 108°23'49" E "
Jiangnan District, Nanning City, Guangxi 22°47'09" N
BEHDE S E R YA RRY X 107°56'52" E ;
Guizhou Maolan National Nature Reserve 25°1420" N
VLV SR E R AR 116°54'18" E )
Jiangxi Yanquan National Forest Park 27°03'39" N
T PGS T B 9 X 107°57'18" E
Fangcheng District, Fangchenggang City, Guangxi 21°48'18" N a4 5 il
BRI 1 2 SR AR X 108°58'48" E \ H. c. castanonotus
Hainan Houmiling Provincial Nature Reserve 18°53'34" N

1.3 5t S5iE

538 Cyt b ZEHY 38 H 514 Cytb-L
Al Cytb-H (£ 2) (Amer et al. 2013) $ 184k
kit Cyt b HEK . R4 B AR &R 20
85 (Pycnonotus jocosus) A=X:RAFH], 1 H
W Primer Premier 6.0 ( http:/www.
premierbiosoft.com/) £ H N 77 71 ek
BRI Pa) B X 2 BT AR R N 9 38 51 %
FERNE T 3516 s DS Y
DNA #£47 PCR Mo SR R —
126 3 R R A PR A w] AT Al S R il e

Xt 45 - DNAstar 5.0 #0463 H 11
SeqMan /7R &7 A&, ikt REiE 1S 2
ZAMEE HARE RS PCR & AR B
YER PR B, LR 7 MR EE R AR g 7
I 84519, 5308 Ano3 (A B FiliE & A
3, Anoctamin 3) JE[K [ ano3-1 {7 5 Bag3 (B
UM IR 2 45 & P T- 8 1, Bel-2 associated
athanogene) FE[H ) bag3-1 1755 Cog5 (fR5F

FRERET GRIE 5, conserved oligomeric
Golgi complex subunit 5) FEK ] cog5-1 7 55
Tgfbr2 CRALAEK BT B %24k 2, TGF-beta
receptor type-2) FE [ tgfbr2-2 £i7 ki Fez2 (h{
WAGEHET 1 {2, fasciculation and elongation
protein zeta 2) JEH] fez2-3 AL Macfl (7l
B2 ZZ B[R F 1, microtubule-actin cross-
linking factor 1) FEPFI) macfl1-5 £ 5 LA K Tek

(SZ AR Z BR B4, receptor protein-tyrosine
kinase) FEH tek-2 Al (£ 2) .
14 PCR ¥ 3807

PCR LA ZR A 20 pl, BHE PCR Mix

bt RN AR R ARD 10 pl, |
G (5 umol/L) 4% 1.0 ul, DNA kK 1.0 ul

(1 pmol/L) , TG X ZEKEMFZ 20 pl. PCR
RNFEFFN: 94 CHIAENE 2 min; 94 C 30,
BK GREERARSIMIE) 305, 72 C 90s,
35 MEH: 72 CHEfH 5 min. PCR 4 1%
(1 B R 4 Je FELUKASE I, 7 PCR P24 H (1)
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Table2 Information of primersused in this study

i 5 ClEZER SIS (5-30 BRI (T U T B (bp)
Locus Name of primer Sequence of primer Annealing temperature Product length
Cytb Cytb-L TGATGAAACTT(C/T)GGATCCCT 53.3 979
Cytb-H GAGGCTAGTTGGCCAATGAT
ano3-1 ano3-1F GCCATTCATGGTGATACTGT 534 914
ano3-1R CCTCTTAGAAGTCTGTGTTGA
bag3-1 bag3-1F AGAGATGAGTGTCCAGTCA 52.8 1076
bag3-1R GGATGCTCAGTCAGAATGT
cog5-1 cog5-1F GCTCTGACTGGTAATAACCTA 52.7 1475
cog5-1R GATGCCAGCCAAGTGATT
tgfbr2-2 tgfbr2-2F GACTCCACTTCAACCTCTG 543 1026
tgfbr2-2R TCTTATGTCCATCCTGCTTAG
fez2-3 fez2-3F TGGCAGCCTTAGGTGTTA 53 1081
fez2-3R GATACAACGAGACATCACATC
macf1-5 macf1-5F GGCTCGGATTTGGTTCTG 54.5 1377
macfl-5R CACCTCCATCCTGTTCCT
tek-2 tek-2F CTGCTGAACCTACAGAAGAT 52 1008
tek-2R TGCCACAATCAAGGAACAT

I, IEZRT MR —ImEERBHA R A A
HEAT Al OB R o
15 FPFItxt 5504

F DNAstar 5.0 %8 71 1] SeqMan #2754
PGB AT AL e, 256 g AT N TR,
PUBf PR AE— AN SRR . 7 51 NCBI /)
Blast #E47 ELXT 73 A, B8 UE BT 4S50 35 9 H 1)
FEK . {#F Mega 11 34 (Tamura et al. 2021)
X IR P A AT 2 T AL 5185, A
FERI v BUAE SR, WHMB BT S I Zkife Cyt b
FERFAT A TR, B IR S A T gAY A
R REIEMRBH R, THE &I T 41 0B 2H A
%oE R R B AR R M A T Kimura
2-Parameter #5575 (Kimura 1980) HIFEAREIRAL
PR AR S PR I SRR Hh 22 2 B DA Sk T
Cyt b R PR EE R, 2 RIES M
“geosphere” BLH 1 “distm” PRECHEHLEL R
&, FIF “vegan” A “mantel” &R
TEE TGS 11 AN H AL T Cyt b ZERI I3
A& I 5 5 b P B (R DG 1

iz R EAE AT 14 DnaSP v6 (Rozas
etal. 2017) HJ PHASE f&/77) B EA5 AL J3#

2 M4 S 4L (singleton polymorphic sites, s)
FAEREE (number of haplotypes, A)  H.f%
HZFEME (haplotype diversity, Hy) « %R
ZFEME (nucleotide diversity, ) « 43 BIL 55 4L
( Watterson’s Oy, 6,) « THEZHRZER
(average number of nucleotide differences, &) <
HH AL Tajima’s D fH (Tajima 1989) 5 Fu’s
F At (Fu 1997) .38 Arlequin 3.5 4 (Excoffier
et al. 20100 Xf 11 MEAREHR AT 70177 255
H7 Canalysis of molecular variance, AMOVA) .
DAEE 45 S (Ivos meclellandii) « K F5JH
89 (H. flavala) R AWk 655 (Alophoixus pallidus)
948, FIF BEAST 1.10.4 (Suchard et al.
2018 ) A A A £ T DU % ( Bayesian
inference, BI) 73 A4 i 3 T 2R Mifhk Cyt b 2 [H]
MEET 7T MZERNE FIE I RGERKE
B, BRI REE SRR P AL (Monte Carlo
Markov chain, MCMC) %48 1 000 J3iX,
1000 Kl —k, PMERIELT 3 K, @i
Tracer v1.7.2 Chttp://beast.community/tracer) it
HZHMWA BFEAR KN Ceffective sample size,
ESS) RPHAGW S, WIRITA AR S HER K



*54 . B2 E Chinese Journal of Zoology 59 &

T 200, 8 % A4 Bt A B2 P TreeAnnotator
v1.10.4 EFFHT 10%4RENEL (bun in =
0.1) , @it FigTree v1.4.3 BF i KAl {5k
43 (maximum clade credibility, MCC) #,
5 DU 7 J5 36 % (posterior probability ) 1
il & R SCREZ . 1 BEAST v2.6.7 Bt
AT RS AS I DI K Brgk (Bayesian skyline
plot, BSP) 73# (Stadler et al. 2013), K4
T H B4 (Taeniopygia guttata) (Nam et al.
2010) [FIZHERBRAE B AR (2.21 x 1077 fi
MUAED, AR B AR A £ GTR B8, N2k
AiH%0 (Gamma category count) BN 4, i%EFF
WIRH DL K BRZE (Coalescent Bayesian skyline)
B, HRBEREERI DY 100 000 0005 )5
fE Tracer v1.7.2 AP K], W ERTFERFE
FEERSE]) Cage of youngest tip) A2 015, {f%
SR 0 TR AR R A A5 S RN e R R
£ PopART (Leigh et al. 2015) {1 /NAJFE
PR (minimum spanning networks, MSN)
TV A R X 2 ], R 2 PR AT N
T

2 g3
21 BREERE
FrRAER 11 N HbER AR ST 0 IS

AP Ry WERERRIS FREAT 7Y B
BAHEE T Ie AR, TH A O B E

T canipennis YF¥
22 FHVRES T

92 AFEA ) 8 /N H B E Seie
IR B R TGV E 1S 2 B — H R 1P 4
SRR, JEERARLLRIR Cyt b FERFF] 90 4,
GenBank &35 0Q603511 ~ 0Q603600. #MEf
2% W 5 B ES (. 0Q616946 ) IR

(0Q616947) FIEMEEFS (0Q616945) Cytb

BFFHS 1 %o EEENE T4 ano3-1 87
%, bag3-178 %, cog5-1 80 %%, tgfbr2-2 75 %%,
fez2-3 85 %k, macfl-579 %k, LA tek-2 77 4.

KL EI . BV 5 R ARG IS J
LRRIR Cyt b FEH e 7 MRS T RHIE
BT HIKE 7674 bp (K 3) o IR macfl-5
WEFIFHIA+T EEE G+ CHRELMU,
FLR B B BESAEAE W B AT Bl fmm), o
ano3-1 1) A+ T & &, IAE] 66.51%(FK 3).
23 BRI

SPTEETS RS 11 AMHERR RS E Z
FEMEIKSF, 76 Cyt b ZEFI) 90 68, SLAd
M) 37 AR, ZEVEALA 44 A0 HA,
UM 2 B R B RS XL 3 AR
T HAE AR, TR TR HE 2 AR 4G
IR E T &SRR A BRI R R 2R
e RHRZFEE. 7 B AL SBT3 1 R
e hikm (s D o 7 MEERE (st 2)
BT AEgntis X AR iR, 741 50 B B R 2 b A

K3 EEEHEEERFIRERE S

Table3 Genetic sequence characteristics of Hemixos castanonotus

B K 3L 2 & Base content (%)

Locus Length (bp) T C A G A+T G+C
Cyth 866 23.25 33.85 28.12 14.78 51.37 48.63
ano3-1 802 31.66 15.94 34.86 17.55 66.51 33.49
bag3-1 657 32.66 19.36 25.67 22.31 58.33 41.67
cog5-1 1342 30.85 17.47 34.40 17.29 65.25 34.75
tgfbr2-2 877 28.82 19.22 33.18 18.78 62.00 38.00
fez2-3 964 37.73 14.68 28.20 19.40 65.92 34.08
macfl-5 1250 24.90 23.97 23.54 27.59 48.44 51.56
tek-2 916 33.22 17.88 29.97 18.93 63.19 36.81
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Cyt b FERIK, FE75 5 th FH e v 326 R e 3ok £
RO . TR B RN ) 2
RE R SR R AL R 2 AP IME, T 4R
ST L X AR ORI X R A (0.014 0D
MK E R H AR R X R A
(0.004 8) ; PHE&HIFHMBELRIARLRE 5
BRI A5 I 2 REVE I, | Pk ET &
FELIR AR B R (0.9556) , ) PHBIN
AT P IR X BRI (0.786 0)

24 REREHHT

BT LRRAAIER Cyt b MM RGERE
P (B 2) , AFESMEE R S 7E P I ST
TS AR AW L E5MEE =1.000 , —
SN RIS 25 2% 1 SRR DX P K K i B
B9, iR 10 NI RS H R AR R ) — 32
WA L B S5 M R AL R . K
ooy G ME R AN =y, JCH R Bl re Bk
VA8 G F AR RS XA EE A1) 10 AN HbIEFPEL
BIIIR 5y 3, K2 Ja Sl A% T 0.1, 1t
WX SRR SE LR RMIE, RARE T
oA E AT Z MR R . ) 78 ks
77 3 [X o B SR AR B R L % e v dR 4 TR
BAE DU 5 458 B A o 15 HAth 9 Al B R R
BH.

92 M FEHF R HESFEA, 3k 31 M FINT P38
7 MEEER A& TP, KX 31 AR 7
MEZEENEFFIEATEE T 50, BT
7 AMMZFEE A EFECE T 5 B AR R S R
W RGREM B (B3, X 31 MEY
TS REA R AN FEAR IR G SN — 3, %
b FR bR PR R R ELHO A B 2 NI A S,
BRI B R A, DR Y
N SIELY U P iE A N
25 BEERISHT

11 ANHBEMEER) 90 40 575 J RS FE A
LRIk Cyt b FERTh, oAl 37 S FfAEA
(Hap4 ~ Hap40) , PLEMEERS (Hapl) . ¢
PHHE RS (Hap2) FHAKAG TS (Hap3) oM,
F PopART #4345 784 X 2 [€], Hap9 AbF 4%

BRI, A2 8 ANHUERAE () ARG )G E X
AR X T RIS E K EH SRR X
JARSRWIL E R g HARRY X . T AR &KL
BRARGRI X HRET SRR AR
JUUEEE T AL X BN R = E R R R
X B PaB s T B X ) AR AL, b
BT B 35.6%, HARHRAERDLI—DE#E
Z RS EER AT (Hap9) FHIE,
SIHBHER CRR” il (B 4 . i
R4 ) Hap35. Hap36 Al Hap37 iX 3 NELERN
B MO 43 37, FoAl 10 NI [Vl ) LA 7R
REIH RIS, WA R B3 1
RIGLE . 7 MZIEF NS 790 1 H A
ARG 2 B Pl T L AR AR, AR S Y
o, YIRA R R A5
2.6 FREEE) L SR R R A A

BT IS R Cyt b FER T 7 25>
Pres R BN, PN EEE TR 5 79.77%,
et ) 38 A% A8 S /KT 7 20.23%. F Mega 11 3K
PEVRE 11 AR AR, A
0.000 226 ~ 0.007 360, ¥ FEERRIE 2 ) H SR R
PXFPEE S PSR T S R H A B
AL IE B e, N 0.007 360, | 78 B3 T B
I XM DR 22 E R B SRR R 2
J¥) R385 BE B BT, A 0.000 226, R AR BRI
B Y IR DR At P 1) 8 A% o B
PRI, #OKTEEE T 0.005 668. 55 IH & 7
PTHH, 2t BRI 2 A] (1) 153 4% R 2 B 2 AIK
T 2%, ULBARSAFI 1, AR,
H B FaAEBRIE 28 2 F AR RS X Bl BE 2 4,
AR O10 NH R FREE R AL EE B S PR
WEMK (P>0.1) , BHERE PS>
itk (R4) .
2.7 BT IR

FAPEER P AL IGME (Tajima’s D {HEL
Fu’s Fy {H) WLFH3E 1 K 2, BB Hh s fh i ol
H TR 7 S EEUE VO IR, %ME
AR RGE, TR YRR, AW A e
R E S R Ay k. BT 7 MR EEE
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Fig. 3 Bayesian phylogenetic tree of Hemixos castanonotus based on the joint sequence of seven nuclear geneintrons

“Quinn” FORFEARS S, JEMALIECT RN SRS, CB. I RE/NREZRLEARY X NL. R ERLARRT X,
DH. J" ARSI E R AR R X TL ] ARFRKLE % ERR X IX. PR ET A RRERE: NP ) iU Giilg s ; NN
JIUUR T LRI X ML, SR ZEREEA R X: YQ. MLV REZRAM AR FC. | PUBIMEHHIMX; HM. s iRBRIS 4 24
BRI -1/ -2 AR —REARRIPA AR RL, 23 ST BT o DU R S, bR 9 M ZE R B
“Sr****> denotes the sample number, the next two English letters are the shorthand codes for the population, CB. Guangdong Chebaling National
Nature Reserve; NL. Guangdong Nanling National Nature Reserve; DH. Guangdong Dinghushan National Nature Reserve; TL. Guangdong
Tongle Mountain Provincial Nature Reserve; JX. Jinxiu Yao Autonomous County, Laibin City, Guangxi; NP. Napo County, Baise City, Guangxi;
NN. Jiangnan District, Nanning City, Guangxi; ML. Guizhou Maolan National Nature Reserve; YQ. Jiangxi Yanquan National Forest Park; FC.
Fangcheng District, Fangchenggang City, Guangxi; HM. Hainan Houmiling Provincial Nature Reserve. “ -1 / -2 ” is the two haplotypes of the

same sample. The number on each node indicate Bayesian posterior probability, and the scale indicates the difference between the sequence.
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Hapl EME5:5 Alophoixus pallidus
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9 Eé‘] Hap34

Hap4
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B4 ETFEBEMECyt b ERMBFEENEE
Fig.4 Haplotype network based on Cyt b gene of Hemixos castanonotus

“Hap” FR 5y, HIEHF S5 NBAHNT S ELR LIRS 580 3 55 HAR R 0 S0 5 20 5 S22 ) s B i, —A
RLLITR— MR FOCTFEEVMERI S5, CB. TR NIGERHARRI X, NL. | REIEERXLEERMRIX; DH | R
WL E R R ERRPX: TL JARRSRKLERERRIPX: IX. JPERETEHREREEE: NP A AT B NN 7T
WILRX; ML, S ZEEK G ERG X, YQ ILPHEREFHMAR; FC. | PRI TTPHIRX: HM. #ERIGm 8 g 8 R RX
“Hap” indicates the haplotype, subsequent numbers mean haplotype number. The vertical line on the line represents the number of base
substitutions that need to be made from a haplotype to the haplotype connected to it, and one vertical line represents one substitution. The English
letters are the shorthand codes for the population, CB. Guangdong Chebaling National Nature Reserve; NL. Guangdong Nanling National Nature
Reserve; DH. Guangdong Dinghushan National Nature Reserve; TL. Guangdong Tongle Mountain Provincial Nature Reserve; JX. Jinxiu Yao
Autonomous County, Laibin City, Guangxi; NP. Napo County, Baise City, Guangxi; NN. Jiangnan District, Nanning City, Guangxi; ML. Guizhou
Maolan National Nature Reserve; YQ. Jiangxi Yanquan National Forest Park; FC. Fangcheng District, Fangchenggang City, Guangxi; HM.

Hainan Houmiling Provincial Nature Reserve.

W& TERE P DUk g Ul o Ale BEAERZ) 5.3 ~ 3.7 FT4ERT (Mya) A1 0.7 ~ 0.3
PRI AR, BRI A HEET (Mya) FEY KR (K 5) .
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R4 ERTEHEHY Cyt b FEEE 10 ASHIRF BRI 25 &
Table4 Genetic distance among 11 geogr aphic populations of Hemixos castanonotus based on Cyt b gene

CB NL DH TL X NP NN ML YQ FC
NL 0.002 002
DH 0.001 388  0.001 788
TL 0.001 131  0.001479  0.000 925
X 0.002410  0.002742  0.002210  0.002 029
NP 0.001979  0.002350 0.001 748  0.001 507  0.002 694
NN 0.001 825  0.002200 0.001 608  0.001405 0.002566 0.002 160
ML  0.000848  0.001218 0.000617 0.000377 0.001677 0.001130 0.001 028
YQ 0.001979  0.002350 0.001 748 0.001507 0.002811 0.002262 0.002160 0.001 130
FC 0.001 074  0.001 444  0.000 843  0.000 603  0.001 904  0.001356  0.001254  0.000260 0.001 356
HM  0.006523 0.006896 0.006221  0.006 048 0.007360 0.006809 0.006 705 0.005668 0.006809  0.005 896

RS E R MR S, CB. JTARE IS E R ARRY X NL. [ RBEERHE RS X; DH. T4 L E X% E
SRORAIX: TL. JTARFESRRIVEZBARRYX: IX. TR ET&FEEARE: NP I EATIHE: NN J iR 7L,
ML. SR ZERXEEARY X YQ. WLIA REZHRMK AR FC. [ BT HM. s 4 2 8 R R X .

The English letters in the table are shorthand codes for the population, CB. Guangdong Chebaling National Nature Reserve; NL.
Guangdong Nanling National Nature Reserve; DH. Guangdong Dinghushan National Nature Reserve; TL. Guangdong Tongle Mountain
Provincial Nature Reserve; JX. Jinxiu Yao Autonomous County, Laibin City, Guangxi; NP. Napo County, Baise City, Guangxi; NN. Jiangnan
District, Nanning City, Guangxi; ML. Guizhou Maolan National Nature Reserve; YQ. Jiangxi Yanquan National Forest Park; FC. Fangcheng

District, Fangchenggang City, Guangxi; HM. Hainan Houmiling Provincial Nature Reserve.
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Fig. 5 Bayesian skyline analysis based on joint sequence of 7 nuclear gene introns of Hemixos castanonotus
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R FAE, 7 NS (0~ 0.5) FIEZ) (0.5
~1.0) (Grantetal. 1998) , ZEWRZ M (o
Al R4 M (0.008 ~ 0.010) « ' (0.005 ~
0.007) . ik €0.001 ~ 0.004) 3 NH] (2=
SREE 2022) o ABFFHSEE RS 11 S
i 8 MNMEK AR SR ER N (Hy =
0.786 0O FIHH &5 {5 A% HF R 2 £ (0.004 8
< 7 < 001400 , KU MEZS
TR Rk, BEAERKMED L,
BHEGIRFEE . T EST BB AL R
BORYE T FEENEE (79.77%), RBEMRILH
N EH R AR A

IS A R B 2 FH 2k R (1) bR B R [ AR
B PRI A 22 S, BB R AR PR B VG2 0 ~
0.05 (EXE 1983). HM7EH, WARLE
TE B 525 P 8 4% 7R 25 K350 77.8%)7E 0 ~ 0.02
Z 0] (BRER 2018), AHWFFIIZETS S 11
AN b BR[04 3824% PR S AR 2K T 0.02,
ULEHAR 2 AR A, RE—PFh . AR
U P SR R A S P e g R A R i o B (10 82 A% R
Bk (0.005 668 ~ 0.007 360), HEMIZEHT
K it 5 ¥ I 22 1) (%) BEL R fef 753 38 1] & BRI A2 /b
PLJ i By s 2 AR (R RS
2021) SN, WORFER) 10 A FREE 2 7] 5
FERR BN, HI%A SHERER s IR,
DX L Hh B 2 [RIAALEAN [FIRE FE R R AT VA o
32 RGRKEHLMIML

BT FEARSNRFE, RER 15T 5 Y
T PG B 3 T B R X R R R0 4 2 SRR
P X HO R FP O HE 42 Rl , SRR A RS e
BEANE) PR A A A0 (P Uik (HIE T2k
A& Cyt b FDA 1) ST K GG DL R 40 % & A
G T  28 B3 R R, I R AR RRUE B
BT BB 43 3, R4 10 /N KBl Hh B A 2
(B BB TR i R 450, R4
Hh B FhORE SR 4R B Y SR A 9 N JE T
canipennis YRR o T 78 B IS T 97 3ok DX Ao H
BRUTFIR A WARE, LRI R 5 1E
A ARTEARARL, TESE TS TR E T

MgE RAA—E . X—B G AT R £ & R
B (1) AZEANE R 5% (incomplete lineage
sorting, ILS) 453k [F4H S B 1% 2 A TEAE B
YRR AT FF B2 A77E (Feng et al. 2022);
(2) TS5 78 I8 B4R B0,
T 2L R RS A AT BE L MARBUR )
K, wJLLEAT, PSRRI AR R AERAL, 1X
T HoAth #iy 5 28 vt LA (Weir et al.
2015) 5 (3) HIEFEFEAWA T RR A
&lF (Stern 2013) , Bt &AW FARERFE A
JE B (Peromyscus polionotus) )24 U5 Ff
EEaF %M (Steiner et al. 2009)

PEFE T 2R A JE R 5 B TR L R 9 5 1 Bk
GIFHIRE WA, KIS 5 ST 5 Es 5
TE—E, PR 2 5 ] S s R R S 5 B
RIS LR P RO . RERSE (2013)
FETZRRIAR ND2 3[R0 S A 5 K e
BERBFIBE T, 2 P P8 SRR 1) 2 et 0 S o
T HR A Tl A A st JEL 21 R TR AR A R AR 7 A
HE R F N SFARIE, IXAARIL 7 AR RS
T RS SR 208 RAHIE . Birdtree Chttps:/
birdtree.org/) | F i & T 4 IRITBRA 731 Ak T
XA 73 A (8] 4.52 B 3T (Mya)
(Jetzetal. 2012, 2014) , SAWFIETHEY
L JR RS P DL 7 O oo 2 T Ak 5 P B 1) e B
T, AT PSP FR AT BEAE D S8 B AR AR I B
A — BRI . R4k, MRYEE T 2%
JEI] (Lovette 2004) , F&F Cyt b FEKZEL
S I8 2 RS canipennis YU A 53 HH 24T
0.22 [ HERT (Mya) , FHEGT UL K bRk
P At SRR B8 kA sk INF ] . AR ST A Y 5
I GO FE TG 1) R GKE X AR (Shakya et al.
2017) 54ifE#H (Clements et al. 2021),
W ZETS A RS Ao 5 KR RS A s, AR E
PERAER I AR Y B, 2 JEEAR R X R AR T R
MR SRA, W AR (R
)% 2006, Burke etal. 2018) FlIZE PUZLIK) 112
) (Hewitt 2000, #HAE 2011) BVFX I f
JEVRS FREE (9 5K A HE T SRR BIGPER . HE
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I IA]T A5, S5 SR TR Ak SR R A Tl 5 A
FEIX L Jfy s 8] 15 RUR AR S T2 d M AR
BEHSTHH, REEEHNRGREL TR
A A4 H (R N o] SRS

B R AR R B Sh YRI5 T bR AR TR
SR AV Dy AHE SR it 1
KEMRIGE . T RERE st 5T 5258
ARSI TR ZIN ., [F] 5 Al F &k
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ik 2 FEEEMESEHMIRME 7 Fi% DNA AETFRFIIRBRE SRR
Appendix 2 Genetic diversity index of 7 intron fragmentsin each geographical
population of Hemixos castanonotus

g em o RER EEm L PRERER
it FARR ﬁﬂjﬁz nE PR %ﬁ]ﬂ: Watter;;;l’s Average nur}‘lber S s
Population Number Singleton  Number of Ha'tplot?/pe Nl%CleOFlde o of ‘nucleotlde Tajima’s D Fu’s F,
of sample POls}i’tr:SOZI;)hlc haplotypes diversity diversity 0y) differences
' (h) (Ha) (7) (k)
ano3-1 (802 bp)
CB 10 13 10 0.905 0.005 40 0.004 57 4332 0.660 55 - 1.358
NL 12 17 13 0.855 0.006 08 0.005 68 4.873 0.252 64 -2.798
DH 9 10 9 0.706 0.003 24 0.003 63 2.601 -0.379 08 -2.628
TL 4 8 5 0.857 0.003 30 0.003 85 2.643 -0.693 61 -0.552
JX 29 27 30 0.854 0.004 87 0.007 27 3.904 - 1.066 31 -20.708
NP 2 9 4 1.000 0.007 07 0.006 12 5.667 1.53598 -0.361
NN 11 13 9 0.784 0.003 48 0.004 45 2.792 -0.768 71 -1.723
ML 3 3 3 0.600 0.001 25 0.001 64 1.000 -1.233 11 -0.189
YQ 2 7 3 0.833 0.004 57 0.004 76 3.667 -0.389 21 1.031
FC 5 13 7 0911 0.005 82 0.005 73 4.667 0.070 66 -0.904
HM 3 9 3 0.733 0.003 99 0.004 91 3.200 -1.120 62 1.949
&1t Total 87 37 68 0.844 0.004 98 0.007 90 3.996 - 1.071 06 - 32976
bag3-1 (657 bp)
CB 7 31 12 0.978 0.013 43 0.011 48 8.824 - 0.529 80 -3.083
NL 10 28 15 0.974 0.010 56 0.012 01 6.937 -0.472 39 -4.571
DH 9 31 13 0.967 0.014 69 0.013 72 9.654 0.024 98 - 1.739
TL 3 11 5 0.933 0.007 71 0.007 33 5.067 0.31278 -0.327
X 29 83 39 0.987 0.018 40 0.027 29 12.093 -1.21243 - 14.421
NP 2 18 4 1.000 0.01573 0.014 94 10.333 0.536 41 0.372
NN 8 29 14 0.983 0.011 38 0.013 30 7.475 -0.716 51 -5.376
ML 3 8 3 0.733 0.005 89 0.005 33 3.867 0.610 82 2.360
YQ 1 — 1 — — — — — —
FC 5 19 10 1.000 0.01147 0.010 22 7.533 0.308 27 -4.370
HM 1 — 1 — — — — — —
A1t Total 78 105 114 0.995 0.014 81 0.028 42 9.730 -1.678 77 - 33.441
cog5-1 (1342 bp)
CB 10 35 16 0.963 0.006 27 0.007 35 8.411 -0.583 42 -4.879
NL 12 31 13 0.967 0.006 10 0.007 18 8.190 -0.47276 -5.306
DH 10 35 18 0.989 0.005 85 0.007 35 7.853 - 0.896 00 - 8.926
TL 3 22 4 0.867 0.008 15 0.007 18 10.933 0.845 00 2.776
JX 25 56 38 0.989 0.006 58 0.009 32 8.833 -1.01937 -23.219
NP 1 — 1 — — — — — —
NN 9 26 16 0.987 0.005 19 0.005 63 6.967 -0.31156 -17.715
ML 3 9 4 0.867 0.003 83 0.002 94 5.133 1.800 79 1.229
YQ 2 15 3 0.833 0.006 83 0.006 10 9.167 1.223 87 2.479
FC 3 12 3 0.733 0.004 62 0.003 92 6.200 1.093 32 3.500
HM 2 10 4 1.000 0.004 22 0.004 06 5.667 0.389 10 -0.361

41t Total 80 91 109 0.991 0.006 44 0.012 00 8.647 -1.51080 - 131.930
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tafbr2-2 (877 bp)
CB 8 50 8 0.908 0.020 79 0.017 18 18.233 0.693 49 4.825
NL 13 76 16 0.969 0.022 66 0.022 71 19.871 - 0.008 89 1.015
DH 6 136 7 0.924 0.053 89 0.051 35 47.258 - 0.041 89 7.949
TL 2 18 3 0.833 0.013 49 0.011 20 11.833 2.098 30 2.909
X 27 93 29 0.976 0.020 91 0.023 27 18.335 -0.423 69 - 1.452
NP 2 26 2 0.667 0.019 76 0.016 17 17.333 2.291 33 7.090
NN 6 50 7 0.924 0.018 78 0.018 88 16.470 -0.024 19 3.462
ML 3 4 4 0.867 0.002 20 0.002 00 1.933 0.561 68 - 0.561
YQ 1 — 1 — — — — — —
FC 5 34 5 0.667 0.012 34 0.013 70 10.822 -0.480 41 3.923
HM 2 12 3 0.833 0.008 93 0.007 46 7.833 1.984 42 2.220
A1t Total 75 227 81 0.990 0.024 12 0.046 35 21.151 -1.69535 -25.187
fez2-3 (964 bp)
CB 10 49 17 0.979 0.013 44 0.014 33 12.958 -0.248 54 -3.988
NL 11 48 16 0.970 0.010 65 0.013 66 10.264 - 0.868 52 -2.825
DH 11 57 20 0.991 0.011 92 0.016 22 11.494 - 1.15124 -7.934
TL 2 12 3 0.833 0.007 09 0.006 79 6.833 0.443 58 1.999
JX 27 76 49 0.997 0.011 60 0.017 30 11.184 -1.209 76 -33.126
NP 2 15 3 0.833 0.010 20 0.008 49 9.833 2.052 33 2.596
NN 10 57 16 0.979 0.015 45 0.016 67 14.895 -0.359 85 -2.189
ML 3 11 5 0.933 0.005 67 0.005 00 5.467 0.814 93 -0.196
YQ 1 — 1 — — — — — —
FC 5 25 9 0.978 0.011 43 0.009 17 11.022 1.177 11 - 1.401
HM 3 8 4 0.900 0.004 36 0.003 63 4.200 1.171 70 0.851
A1t Total 85 152 133 0.996 0.012 42 0.027 61 11.975 - 1.806 98 - 33.601
macf1-5 (1 250 bp)
CB 10 68 18 0.989 0.010 70 0.015 33 13.374 - 131186 -5.360
NL 8 43 16 1.000 0.008 33 0.010 37 10.408 - 0.828 69 -8.117
DH 8 34 13 0.967 0.007 95 0.008 20 9.933 -0.127 27 -2.619
TL 3 16 4 0.867 0.006 56 0.005 61 8.200 1.052 64 2.160
JX 26 85 48 0.996 0.009 23 0.015 05 11.535 - 141162 -39.905
NP 2 22 4 1.000 0.011 07 0.009 60 13.833 1.569 77 0.706
NN 9 64 14 0.974 0.013 03 0.014 89 16.288 -0.573 99 -0.941
ML 3 17 5 0.933 0.006 67 0.005 96 8.333 0.739 88 0.515
YQ 2 23 3 0.833 0.012 13 0.010 04 15.167 2.148 92 3.338
FC 5 26 10 1.000 0.007 25 0.007 35 9.067 - 0.064 34 -3.774
HM 3 24 6 1.000 0.008 64 0.008 41 10.800 0.172 99 - 0.840

47t Total 79 191 141 0.998 0.010 26 0.027 11 12.827 -2.08127 -200.820
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tek-2 (916 bp)
CB 9 34 12 0.941 0.011 88 0.010 79 10.882 0.281 39 -0.450
NL 10 28 13 0.947 0.009 79 0.008 62 8.963 0.377 47 - 1.309
DH 9 38 9 0.876 0.013 29 0.012 06 12.176 0.301 06 2.611
TL 3 18 3 0.800 0.010 48 0.008 61 9.600 1.354 42 4.708
JX 24 52 19 0.946 0.013 64 0.012 79 12.494 -0.034 48 0.822
NP 2 13 3 0.833 0.007 46 0.007 74 6.833 -0.367 49 1.999
NN 8 44 9 0.933 0.012 65 0.014 48 11.592 -0.691 71 1.732
ML 3 12 3 0.733 0.007 21 0.005 74 6.600 0.973 53 3.664
YQ 2 9 3 0.833 0.006 37 0.005 36 5.833 1.873 89 1.747
FC 4 7 4 0.643 0.002 11 0.002 95 1.929 -1.35929 0.081
HM 3 13 2 0.233 0.007 57 0.006 22 6.933 1.33148 6.639
£rit Total 77 82 57 0.945 0.012 60 0.015 95 11.545 - 0.908 06 -16.334
P ST A S S BRI B AE, CB. )7 ARG\ E X F BRI X NL. |7 R E R BRI X: DH. ARl E X

FEARRY X TL. T ARFIR KIS ZA R X s IX. T PREWEFERRR AL NP 7 E G AR NN, 770U T Wi X,
ML. SR E R L EARY X YQ. YLFE A REFARMAIE: FC. | BB . HM. HEm R e g AR X . AN
PR3t R £ TR A D TEVA T SR B REVER L D “—7 R

The English letters of the populations in the appendix are shorthand codes, CB. Guangdong Chebaling National Nature Reserve; NL.

Guangdong Nanling National Nature Reserve; DH. Guangdong Dinghushan National Nature Reserve; TL. Guangdong Tongle Mountain

Provincial Nature Reserve; JX. Jinxiu Yao Autonomous County, Laibin City, Guangxi; NP. Napo County, Baise City, Guangxi; NN. Jiangnan

District, Nanning City, Guangxi; ML. Guizhou Maolan National Nature Reserve; YQ. Jiangxi Yanquan National Forest Park; FC. Fangcheng

District, Fangchenggang City, Guangxi; HM. Hainan Houmiling Provincial Nature Reserve.The geographical population of individual genes

cannot calculate the genetic diversity index due to the small sample size, which is represented by “—.



