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FHE: JHH)E (Troglonectes Zhang, Zhao & Tang 2016) N EEREA KN 7GR K A, FEH
FrAE B PN G 5 el DX A R TRTR . 2018 &8 2019 £E7E 57 45 7 i BL 55 P8 E AT 1 AR W 22 B 1
B REE 4 ST ERA, S EE, 5520 (Troglonectes barbatus) FH{EL; T2k f4&
16S rRNA FI Cyt b B RGUK G W I8 A4 55 5 70 T B, 4 5 TSR A7 48 55 5k B A 2 b Fr) 55 200 it
FRESCRE RN — 3 FIF Kimura SSHBA 5T 16S tRNA Il Cyt b (IAE IR, IXEbrA 555
ZIIR B < (8] R BR84SR 0.4%A1 0.2%, /N T-RBKE Y Fh 2 AL BE B (16S rRNA BHEFR B R
2.4%, Cyt b BALIEN 6.1%). AW H 16S tRNA Fl Cyt b 431 bric Wf 703 6 3 0- Y ki it R 4t
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Troglonectes barbatus Found in Libo, Guizhou Province, China
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Abstract: Troglonectes Zhang, Zhao & Tang 2016 fish included 10 species, all were small cave freshwater
fish endemic to China, original records showed that most species (7 species) distributed in underground rivers
in the Karst areas of Guangxi, few species (3 species) recorded in Guizhou Province, China. Four loach
specimens of genus Troglonectes were collected during cave biodiversity survey from 2018 to 2019 within
Xiaoqikong scenic area, Libo County, Guizhou Province, China (Table 1). Through the morphological
comparison, it was found that similar to T. barbatus (Table 3), the key morphological taxonomic
characteristics showed the same, such as: dorsal fin rays, pelvic fin rays and caudal fin rays; phylogenetic tree

analysis and genetic distance analysis based on the mitochondrial 16S rRNA and Cyt b reconstruction showed
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that four specimens were clustered into a highly supported clade with T. barbatus from the type locality (Fig.

2); genetic distances of 16S rRNA and Cyt b calculated based on Kimura 2-parameter showed that the genetic

distances between these specimens and T. barbatus were 0.4% and 0.2%, respectively, which were much

smaller than those congeners of genus Troglonectes (genetic distances of 16S rRNA was 2.4%, and Cyt b was

6.1%) (Table 2). In this study, 16S rRNA and Cyt b molecular markers were used to study the phylogenetic

relationship and genetic distances of genus Troglonectes. The comprehensive morphological and phylogenetic

analyses indicated that four specimens were belonged to the weakly bearded cave loach of the genus

Troglonectes Loach, family Carabidae, new distribution record of Troglonectes fishes in Guizhou Province.

K ey words: Troglonectes barbatus; Cave fish; New distribution record; Guizhou

A 68 B ( Troglonectes) , %)@ T fif J& H
(Cypriniformes) 24fif{F} (Nemacheilidae). 7K
F% (2016) LAXJEIHK (T. furcocaudalis)
YRR R SR R . 128 D S R R
X, BT ZEHE AR KRS, a4k
TR FEAEURE =, MHZE R AR,
H A 68 A% 10 B, BI SR IRSHR. /N HR IR 66
( T. microphthalmus ) . kK % [ & ( T.
macrolepis). &R (T. tranducens). KAk
TR (T. elongatus). = HiRA#H (T. acridorsalis)
(IS 2013), F59200H 6 (T. barbatus) (i
Fi% 2013). K-EFLIA (T. dagikongensis)
( Deng et al. 2016 ) . 7K J& i fifk C T
shuilongensis) (Deng et al. 2016). 15 R (T.
jiarongensis) (Liu X et al. 2019, #5514
2013, 3KkFH5E 2016, Huang et al. 2020, Du
etal. 2021). BHMIULATAGCTA A IS, K
LI 5 SRR

55 20T ik oA 3 ) PR R T R A
W, SR K R SR BT A, sy
IR AR CJESRMI4E 2013). 2018 % 2019 4E7E
BN A 7 U B 7 e SR T S R M B
HATIR S Z el AR, RER 4 B
mir A (B Do WA 68 iii-9, Wi mhL
THEtER S 5. I8 i-6. REEEZEUE. A
14 MRITFEESR . FAR R EERE R IA DL TR
FAMER, B4E0 FAmcghifAiERE 16S
rRNA Fl Cyt b %58 N FGURGK, 5 a5
WM. AT AT TSR, Fh

TR 7 SR G S it o igt At A Kl o
1 MRETE%

11 MRESESNE

4 R TR AR AL B BN 8 7 I w7
e 4 R 5 1 4R 3 B AL X — AN R
(107°42'14" E, 25°16'45" N, #Kk 970 m),
SRR THINLK R e VL SCRAT S Bl Britbz
b SRR T R M (AR R A K T B
KAFLIR DL K 55 250 bR A% T TR 25 22 A 43
T RGEFE0HT . TEA TR 00 & 4K 4 F
(2012) 1 77 ¥ A8 A 0 b5 & RO Serial.
No.14133868, f&[H, &FE0 ~ 150 mm, W&
K& 001 mm) X R AF5EHE 3 FirA
(GZNU20190122001. GZNU20190122002 F/I
GZNU20200109001) 7 12 ANrTEMAR G
FE 0.1 mm) HBEAT TS, FTA R ARIITE
A TEAMIEAT. ARA ) E5% (dorsal fin rays).
g% (anal fin rays). HfEZ% (pectoral fin
rays )\ 2% (pelvic fin rays) FlJE &S (caudal
finrays) A EPEIRSEEFT (2012) 114K
1.2 DNA $REL. ¥ 3097

WARAFAE T K CRER LN 2L, f
3£ | AR AR EAEY A A K DNA Ril&
FEIEE R ZH DNA. PAZRKifRZER] 16S rRNA
A Cyt b fEASFhrid, AT L3976/
H4552 (Simon et al. 1994) F1 F14724/R15915
(Xiao et al. 2001 5973 7I%f 16S rRNA F1 Cyt
b 347 PCR #1#4. PCR ¥ #k R K 25 ul, =wi
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FEFN 94 CHiAFE 2 min, 94 “CAFME 405,52 °C fRAF . PCR F=H) 25 5k HE U I 5 58 HH R A
(16STRNA) /45 °C (Cytb) iRk 40s, 72 °C4E B P 2w kA M, Fris 5o b AL 3|
f# 1 min, 35 MEH, 72 CLAIEH 8 min, 4 C GenBank #1 (£ 1),

106° E 109° E 107°E 108° E 109°E
) K Chetteyis iy p 7 | : 7
pail Sich
ichuan z
Oo
Z Q
&t J
[g\]
$t4H Guizhou Iiﬁfan
= z
Yunnan 7e)
N
oZ F w 74 Guangxi |
n
1100 km 3
—_— "é’ﬁ-l )
~ ;};;l;l:::omm ® KBk Troglonectes shuilongensis
® SH/RASK Troglonectes barbatus(3t/H Guizhou)
4R Elevation (m) © F57iFHK Troglonectes barbatus ()™ 7§ Guangxi)
- /% High: 7411 K-EFLIABK Troglonectes dagikongensis

® [E:5&i Troglonectes jiarongensis

—
-fK Low: -415

B 1 BT T RG2S AR SRS 53 A0 0 55 SRS i) i R
Fig.1 Distribution of sample collection for molecular analysisin thisstudy and living

photographs of Troglonectes barbatus

a fll b BTSRRI SR E AL o BUNIS TR IS 48 o
aand b are samples collected sites of Troglonectes, while c is a photo of Troglonectes barbatus.

£ 1 FHAK GenBank F THATHERAREMMERIAEFFIER
Tablel Mitochondrial sequencesinformation for reconstruction phylogenetic tree was

downloaded from this study and GenBank

S LA A B oo
. PS O 1D s PR 7 GenBank accession number
1k Species Locality (* type localities) i 5 1D Voucher ID
16S rRNA Cytb
HE SRR RMFHEH & S 1 GZNU20200115004 MZ621188 OK001254
Troglonectesjiarongensis ~ Weng ‘ang Township, Libo County, Guizhou
N 250 B R 2 gznul5 MZ621192 KU987437
Jiarong Town, Libo County, Guizhou"
B 3 BT 2 3 GZNU20200115005 MZ621193 OKO001255
Dongtang Township, Libo County, Guizhou
S Z I BT 4 GZNU20200115006 MZ621194 OK001256

Jiarong Town, Libo County, Guizhou"
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R 1
. T P, GenBank &% 5
: KM T CBE ) o) A G 5 GenBank accession number
Y0k Species Locality (* type localities) %5 1D Voucher ID
16S rRNA Cyth
FE 5 i S IR I £ 5 GZNU20200115003 MZ621195 OK001257
Troglonectesjiarongensis ~ Dongtang Township, Libo County,
Guizhou 6  GZNU20170711001 MZ621196 MK610325
BN F ik B SRR 7 GZNU20170728005 MZ621197 MK610326
Jiarong Town, Libo County, Guizhou
S92 T. barbatus NG TN X 8  GZNU20181121001 MZ621189  OK001249
Small Seven-hole Scenic Area, Libo
County, Guizhou 9  GZNU20190122001 MZ621198  OK001250
10 GZNU20190122002 MZ621199  OKO001251
11 GZNU20200109001 MZ621200 MK610327
IRzl e 12 GZNU20200115001 MZ621201  OKO001252
Lihu Town, Nandan County, Guangxi*
YRR T. furcocaudalis | % & Rongan County, Guangxi 13 - KX778472  KX778472
KB AL MR ERFLRX 14 gznull MZ621190 KU987436
T. dagikongensis Big Seven-hole Scenic Area, Libo
County, Guizhou 15 - MG738689  MG738689
16 GZNU20200115002 MZ621191 OK001253
17 GZNU20160726001 - MK610323
IK IR 5k SN =#EA 2" 18  GNUG20100618001 - KF640641
T. shuilongensis Shuilong Township, Sandu County,
Guizhou 19  GZNU2019122501 - 0K001258
JL#ft Lefua costata - 20 - KT943751  KT943751
FEAAILSH L. nikkonis _ 21 - AP011300  AP011300
PEALA L. echigonia HA Japan 22 - AB054126  AB054126
TR RIS fifk [REE 7 SRS 23 - - MN239094
Oreonectes guilinensis Xingping Town, Guilin City, Guangxi
Pk &6 O. platycephalus - 24  CBM:ZF 11394 AP011296  AP011296
+ -z - 25  CBM:ZF 12292 AP012142  AP012142
Yunnanilus cruciatus
HH Sz P ik ' de . 26 - MK387705 MK387705
Y. pulcherrimus J"78 R Guilin City, Guangxi
FE TN /N KA - 27  CBM:ZF 11282 AP011301  AP011301

Traccatichthys taeniatus

JIAE ) GenBank &% 5 R F AW 5. The bold GenBank accession number was form this study.
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13 RGREDH
X BRI LK M GenBank N3] 16S

rRNA #1 Cyt b 7514 F§ MEGA 7.0(Kumar et al.
2016) KA MUSCLE #ATFFHILLXS . A H I
vk (Bayesian inference, BI) Fli KSR
¥ (maximum likelihood, ML) #TRAKE
P E % . {E PartitionFinder 2 (Lanfear et al.
2016 ) & T DU mf M {5 B #E ) ( Bayesian
information criterion, BIC) X/ %145 M 1347 B
&5y X ALY 1 $ . 7 MrBayes 3.1.2 (Ronquist
etal. 2012) BEAT DUy, B E 4 26 BEMAT
BAT 1< 10748, 45K 100 fCHIFE— W, S 500
25%, 1E Tracer 1.7 (Rambaut et al. 2018) F1 7
Bz H SN JFE A & Ceffective
sample sizes, ESS). 7E IQ-TREE (Nguyen et al.
2015) #1247 1 000 X Bootstrap & #iHE 7
Br, DRSS %50 W R B L. 7% Chen 55

(2019) MIHWFFT, % Traccatichthys taeniatus
VEJ9AMEE o 0T DM B fl B RAUSR 70 A, 2030l
A ULk 7 J5 56 A% %6 ( Bayesian posterior
probabilities, BPP) [ 28{H (bootstrap value,
BS) RF/RTRSCFFR, HEiEAMET 0.95
HE#EAMET 75 0, #ANR RS SR, 18
MEGA 7.0 /1, 1%&F¢ Kimura XUSE0HE 8T H SR
fift Jm ) Fh 2 A1 26 ik 16S rRNA FI Cyt b ff)igi %
FEES.

2 SR

21 RARBEHMAMBIEESR

L HILE T ER RGKF M FHE
44 2 829 bp, 3% 16S rRNA J¥51] 1 689 bp
A1 Cytb J¥%1 1140 bp, FHH A7 2 008 bp IR
SEA UL 816 bp AR A7 se MY IR $R 45 Sk
BB 16S rRNA Fll Cyt b 55— 55 R85 = {5
B 43 A DR B2 DX, ) 8 () a3 AR A B Oy
GTR+I+G. K80+G. HKY+I A TRN+1+
G. RGEKBEMER, REATMBIET 4 5
P AR 5 A5 1 1) 55 2500 5k 3R S — A v P SRR

A CULTmt B Ji5 56 E 2 A B 2848 53 5l A
1.00 £1 100> (& 2).

FE T L kiR 16S rRNA Al Cyt b 515 )
U Sk S AR T ] e 2 ) R ARSI D I8 A R S SRR
(£ 2), REARTMBBENEIARXMIRAS
R i T 7h R P LA I 55 U 2 TE] Cyt
b IS EE BN 0.4%, 16S rRNA AL 1H 2K
0.2%, HxeE5XHEFEH{ZE, Cyt b #1 16S
rRNA [FEE R 73708 6.1%M 2.5%. oIk
J& Cyt b ifJ2& 16S rRNA, K4 H 570/t

FLECX IR A5 55 250 k2 [9] FR) 388 4% 2 g 45 /)
TZJE SV R s AR PR RS . BRI, s
ez b, HiE R B SN 7 /N B LR IX
) 4 SHRAYKI IS TURAG, AR E mI5)
A d sk R
22 BHEEMHER

59703 4 Troglonectes barbatus (5K %%
&, 2016: MD

KHRFE: 7. J5&fLoHF—kaEE, fis
T — @E* T gD pi AL T RS L 5 2
G, I BE S 8 MY EE > F i 2% 10 HiEs
NEHE A E 2% 6 s B EE A EE S S I REE
GG XY, B 14 RO BER, B FEREER
FEXS AL TEHR; @R, MIZA T, 14
B R EI AL A s WIZUE AN O F 20
R AN JE A IESMUWIZIE R (3R 3D,

AR I iii-S; fEg i-10, 568 i-6;
REE 1i-5; REE gL 14,

RN 8.3 ff, kK 2.8 i, N
K 3.1 15, REWMER 137 5. k%R
Skimil) 1.2 5. Mgt o b 2 15 68 e 2SR 2
(1) 2/3. Rt ARG 4.6 £, HHERTIE A
RKA 54% (£ 3D,

BREK, s Skl P, ki RT3k
s WEERSERR, WK, %%%ﬁ%ﬁz
AWK DAL, DOREDER, EE
W, FTFEEDAHE; m%ﬂ,Tﬁ%
M A3 %, BAM, WSRO A, WIg
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JEAFANE D AAGE =5 B J& Lo T — i, THEERLFGER T BN B
GIEE{RIA R RN 0 A SR ALV S X =2 h, RESEIRT AT E S, Rimis 2] RNK
Ak B — A TR ) AN L. THEUIRRER, Kin's Rigk
B A T IREE R SR i A A A MIE, TR AU T EEEE 14 IR BB AR
PG EE TR G BT REEKE, W MNEE LT, RIE S A TR RS R
A MG 5 B RREE S B 2/3; RSB BB, B NMEORImREGR; B ARRER. ML
RS HT T EEE S, JRFRTATTT; AT TN 5 EE, 5L R G

1
>
3
4 ; . .
{ESIRBK Troglonectes jiarongensis
1.00/100 5
6
7
0.33/41] 8
0.03 1.00/100 10 | BARK Trogl barb
. Jiit# Troglonectes barbatus
BPP/BS 1.00/100
07172
13 | X i Troglonectes furcocaudalis
14°
1.00/100 15°
1.00/100 [ 1¢° KEFLIASK Troglonectes dagikongensis
17
0.98/86 1 00/100

‘ JK BRI Troglonectes shuilongensis

1.00/100 20 | jtﬁ* Lefua costata
1.00/100 21 | 5488 Lefua nikkonis
22 | BEAL#HK Lefua echigonia

23" | EEAKIAHK Oreonectes guilinensis
24 | 3K Oreonectes platycephalus

b 1.00/100 25 | V= Yunnanilus cruciatus
26 | S =Mk Yunnanilus pulcherrimus
I 27 | FREE/NGM Traccatichthys taeniatus

B2 ETLAk 16SrRNA Fl Cyt b ZF FFFIER MH-Hik MR KRR EERNREREM
Fig. 2 Phylogenetic tree reconstructed based on mitochondrial 16S rRNA and Cyt b using Bayesian and

0.53/69

maximum likelihood methods

RO AT AR AR5, AT T A WU 33 (BPP) MIEZME (BS). HHIRAREGAM IR E
4509 0.03. EIPIIBT AR 53 RT3 1 B SR 5o DORL R BTz A B D 53 75 SR B 10 S5 0TI SR RE &

*indicates that the sequence is from type locality. The scale indicates the node support rate, numbers at nodes are the Bayesian posterior
probabilities (BPP)/ Bootstrap value (BS). The scale bar represents 0.03 nucleotide substitutions per site. The Arab numbers at the tip of
branches corresponds to the species ID numbers in Table 1. The Arabic numbers in bold are the Troglonectes shuilongensis samples

collected in Libo, Guizhou Province.
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Table2 Genetic distances (%) between partial species of the genera Troglonectes and Oreonectesin this study

YIFh Species 1 2 3 4 5 6 7 8
1 §3Z00FEHK T. barbatus (575 Libo, Guizhou) 0.2 43 5.1 2.5 4.7 / 7.0
2§ T. barbatus (]~ 7§/} Nandan, Guangxi) 0.4 42 5.0 2.4 4.6 / 7.0
3 K-LFLIRMR T. dagikongensis 100 102 49 33 4.4 / 6.7
4 {EFRH T. jiarongensis 113 115 103 4.4 55 / 7.4
5 X R T. furcocaudalis 6.1 6.4 9.4 9.6 4.2 / 6.6
6 JKIAER T. shuilongensis 107 112 106 9.5 9.9 / 7.4
7 HARIZH O. guilinensis 142 146 150 144 130 136 /
8 Pkt O. platycephalus 135 137 146 148 132 139 6.4

KT AN Cytb, 4 EA8 16SRNA. Cyt band 16S rRNA in the lower left and upper right corners, respectively.

£33 ®RMMTESGEHBIMOESEESH
Table3 Morphometric characteristics of the genus Troglonectes collected from Guizhou Province and Guangxi, China

H2 M Guizhou (AHFFT This study) 74 Guangxi
MR SAUREH AR KCLALRE AJusk 55 AR
Measurement characteristic T.barbatus  T.jiarongensis T. dagikongensis T. shuilongensis T. barbatus (n=28)
(n=3) (n=7) (n=4) (n=2) (I 215 2013)
&% Dorsal fin rays iii, 8-9 Tii, 7-8 iii, 8-9 Tii, 7-8 iii, 8-10
B iE % Anal fin rays i,5 ii, 6 iii, 6 iii, 5 i,5-6
[t % Pectoral fin rays i, 10-11 i, 10-11 i, 11-12 i,9-10 i, 10-12
i€ 2% Pelvic fin rays i,6 i,6 i, 6-7 i,6 i,6
JE#E % Caudal fin rays 14 16 13-14 14 14
4:K: Total length, TL (mm) 49.5-50.7 483 -115.4 43.8-76.4 32.1-16.4 50.7 - 69.7
FrifEK: Sundaed lengh, SL (mm) 41.7-432 44.5-172.4 3437-59.7  27.2-36.5 432-573
S ARER I E 4 B
Percentage of standard length (%)
A% Body heigh, BH 13.0 - 14.2 122- 145 182 -21.7 7.6-108 14.8-154
WHERTHE Prdonsal length, PL 53.5 - 54.4 55.1 - 582 54.5-59.2 56.6 - 63.6 53.5-57.3
B HESLK Langth of desal fin base, DBL  11.3 - 11.5 103-11.5 9.6 - 13.4 7.6 - 10.1 10.4-13.8
HhEK Length of drsal fin, DFL 20.1 - 20.6 16.3-21.3 19.8-23.8 16.5 - 19.0 18.5-21.3
g HEK: Length of anal fin base, ABL 8.2-83 7.5-8.6 7.6 -9.6 6.0-8.5 8.3-8.7
g K Length of anal fin, AFL 19.9 - 19.4 154 -16.4 16.7-19.2 127-17.3 17.4 - 30.4
Jli &4 Length of pectoral fin, PTFL 18.9-19.4 20.7 - 27.9 22,6 -29.4 13.5-18.3 19.4-22.3
MK Length of caudal peduncle, CPL  15.0 - 15.9 16.5-18.2 129-19.9 13.2-16.8 159-15.8
3kK Lateral length of head, HL 349-355 23.3-269 28.5-33.0 23.7-26.0 31.3-36.8
kb Sk K EH 324-334 37.9-438 42.8-50.5 38.4-424 33.1-378

Head height (HH) percentage of lateral
length of head (%)
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AR SRR EE IR At Rt
B, RUEFEE, WER O, BRI,
3 Wik

HH ] 75 i 7R bt DX AN i A= A= Py e =
B (WRIERASE 2018, E B4 2019), i HiF X
VT, JCH R BRTHEMRFEE (Maetal.
2019, JHYL 2019, B2 HESE 20200, HHT X
FCRBERE N, I X 2R TE G ARG MR g% -
R AR R IE N, 5 a0 IR S A B 2R 1R 1L
ik (Yang et al. 2016, Xuetal. 2017, LiuZ
et al. 20190, fEA—A> B RNLAE = LRI AR
YIZERE, N brEEs . BRI SRS
(e FE R, R R 8 3 2Rt 5 389
T EZRME. BES TEDFEARNERE, 4
HILA MG FHIE LRG0 K7 R4 T
KT 2N ERSRHE L, SONEAK
TP 55 200 B A (1) 73 R A AR S5 AR 2
78 B FE B AR 4 A (1) 55 20T AR CRE oK AR
2013) MIbRAIEAR—F, —FHrEnf &R B
22 7 0] Be T il S A B 22 it . AT
FRE 3 RbrA, 1) P bR AR Hh ) &
8 B (WZI%E 2013) o 5 520k [k 4> A
A KRR LR SOREE SR B8, AT LA
IS DA R EATIX 73 T ZRE S 1 43 A
fig 2% 8 MR EE D AEES SR BN hE g
FEARERT Rk s TR GEpATCEE, LA T,
FES>F 1AL b, ARHEFALT ] 16S IRNA FI Cyt
b FEEENSFhRIL, XHAERCOE 26
XA RZRG KB H (Zhao et al.
2021), BAE PRI R B 510 5 B AL X
(1) 4 SARAPEAT T T AL 00T, X 4 Shx
A5 G2 AR 7 b R bR A 2 (] 38 A 22 S Al
N, INTHIRI G A b 2 T B e /NI AR RS (168
rRNA AEIEE A 2.4%, Cyt b #fEFHEE N
6.1%). RARBMWMEIR, KREHTINGGH
(1) 4 5 FR A 554 3= 1 1) 55 200 6k SR S — A3k
ok, HEEF. Fit, S8REEMST
LR, UESCR B 51 7% B AL X

4 FHRANIIAURS, FR oM E BRI
S50 SRk R BT P R PR B,
JEMNLIK R VLS BT A ClE S %
2013), AU A Hh 5 75 3 N -B AL X 7K 2R (]
FESEE Tk, F7409m7 L3 A5 M 55 38
BENTRAN,  55 200 7E SN 7 U R AR
A AR AR 3 A 0 PRt 7 R P BV D
Z I BELRFEES A 17 km, 6B 51PN 75 % A
N AT RE S T P R P B R
WH), AEAEHFRRGES, HARYE W44 A
MIBELIER, LARAHF IR R, AP
It R A R, U T DRI R
IR AR, “— AN I — N FR N (2=
6 2007, FKEEASEE 20100, BIHG 7 iZYFTE SR
INE R X P A, ' DM
HR, FEIRTE T XA R G AR,
[F Tt 35 1 75 U Rt 5 AR 18 it
AN 2 R I SEREEE o AT 2 AT
a3 FR B3R 73 A0 BRI R 1) R G R
PR AL AR A= W 20 TSR T AR

Z ¥ X W
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