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On the effect of cascade dams on the genetic structure of Saurogobio punctatus Populations
in the Qijiang River, upper reaches of the Yangtze River*
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Abstract: The Qijiang River is a typical tributary of the upper Yangtze River, characterized by intensive cascade hydropower
development. The construction of successive dams has disrupted the longitudinal connectivity of the river. However, few empirical
studies have examined the effects of these dams on the population genetic patterns of small resident fish species. In this study, we
selected Saurogobio punctatus as the target species and analyzed concatenated sequences of the mitochondrial cytochrome b (Cyt b),
cytochrome oxidase subunit I (CO I), and control region (D-loop) from nine geographical populations. We then assessed the genetic
diversity and genetic structure of S. punctatus in relation to the barrier effects of cascade dams. The results revealed four main findings.
First, we identified 36 variable sites and 18 haplotypes among 185 individuals. The overall haplotype diversity and nucleotide diversity
were 0.787 £ 0.019 and 0.0020 + 0.0002, respectively. No regular spatial pattern in genetic diversity was observed among populations
from different river segments. Second, estimates of genetic differentiation index (Fy) and gene flow (Ny,) indicated moderate to high
genetic differentiation between the uppermost population (S9) and all other populations, although weak gene exchange persisted among
these groups. Third, analysis of molecular variance (AMOVA) showed that 1.72% of the genetic variation resided among populations,
while 98.28% occurred within populations. Neither haplotype phylogenetic trees nor haplotype networks revealed distinct isolation
effects attributable to the cascade dams. Fourth, mismatch distribution analysis and neutrality tests provided no evidence of significant

population expansion in either the total population or the segmented river populations. Overall, the cascade dams in the Qijiang River
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have not caused a marked decline in the overall genetic diversity of S. punctatus, and they exert only weak influences on its general
genetic structure. Only the uppermost population showed slight local genetic differentiation. These findings suggest that S. punctatus
can maintain stable population connectivity in the short term despite intensive cascade damming. This study provides baseline data and
a scientific reference for future research on population genetic differentiation of small omnivorous fish in response to cascade
hydropower development.
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BT AKIT B RSO0, RIETIONERRES, mdbRGER, TIhEXIRT KT,
2K 205 km, IRTEIRZ) 7140 km2M o SZFISAL TN PATIRAT X, 22 D e ik S S50 M I ity g 2
SR, ZEFTHEARAL BN R, B AP, EidER, 1% 2000 4F 5 f5 BTt b B 2 IROE SR
FER SRR, 2016 421 2020 At 5 FE R A B E N BLRIRM ) AR A, R E BT RIEA
BT 2 — Bl B B FF R 7 SE R R DL ) % £ SRR KU 7, ARV ORI 50 RR K I AR S 2L
7 % £ 255 A i By L 2R X3k, ARAR S R A BN B BR . SAETIAR, TMRAI S S A G R 4
O B AR SO AR, e e A SRR A PRI M SO R R, R T ST T
DNA(Environmental DNA, eDNA) ¥ AR & BT AL Z K U =7 /K« W14 A 2 F. 28 B 5 0H 38 1Y BELRE
L, HBHRRFRZ R LI MReE 025, B4, 7EZ) 80 km MIBILITEL N, B g /K WIRH RR <5t 24
Fr /N A8 SIS [ 38R A 2 PR I8 A S5 R P AR TR e 2 B R4 A ST AT R A

BE i 2 Tang 56T 2018 SEAERTLRILFE M, HJBHLJE H (Cypriniformes). fillE}(Cyprinidae).
fif) \WF}(Gobioninae) W J& (Saurogobio), 1BFRE T+, SUEHI(S. dabryi) i MO, 1% MR Z 44 (1t
NS, EEEHTY 3-5 B, FERERPEDY, FEORKIEN 12-20 °C. HEFELAATKIL T30,
AR, BRI TR AR GILEKIL B TR B, eI EESE . B FHIIAE K R+
TG BB | A JCHE Sl (0T 9T A b T 4K 4& DNA(mitochondrial DNA, mtDNA) 4>
JEBN AT VT b it P 1 4% 45 0 5 1 3 oAb o RR AT T 00 2 5 00 P I 38 A 2 25 e A HT U AR J T
T A Yo A6 20 7 A %o H 108 A 35 ) 5 Tl P 7 0 o LA T

TESR, B DNA WP 5 PCR HARMIFFEE R FE, mtDNA K45 H . A BE R a8 AL A 6 kST
SRR, TR T AR 2 AR R B AR Ay AR e 2, o, gififa R B JE[K (cytochrome b, Cyt b)
it R EALEE 1 W3 (cytochrome oxidase subunit I, CO I)/FAIBHLEE R, REIRMEEENRELR
B 5 BI518, mtDNA ## [X (mtDNA control region, D-loop)fE i Zk f 2 a] # Z B 55 v 1 48 7 /KL,
K3 EFHC) Z T BRI E 2R BRI JOE BRI 7. ik, AR 7L AR IR
s G, FIFHZRR Cyt by CO 1 D-loop JF5, Wik KINT s A FBARMSEEZ S
LR, PRV IZY)PILE TN 1) T 38 1 58 24 T B A R R AT Resgma (R 2%, DL R ZOK Ha T
R =R /N A SRR R 0 A R AP SR AL SRR SR A S % .

1 MRE7EE

1.1 HARRE
AT 8 W K Sl L B K 9 Jo LAY B St A9F S0V BTl Y5 8 M 7 AR R R M R K, LA BULR 1

PLLIX 9 HEKIUN T, 1ERACHEY) 80 km VLB N LI E 9 ARFE S, B FHE LI KRHmS ) SL &
S9, ¥Rl R AR BIBE SRR A IR NN AL A HT I SRAE A Horp, P IR AR A0 A O 5 Bave 9 101 )
RAEBIBE S MR, MORVENISIEERIN 0T (B 1) AW K I SRR AR R 5 3)) 3R 13 A Hh it
B TR, REFEANH T RIZEM 7. 2023 £ 3—12 A, =22 BRI (KN 50.00m, &
%~ 3.00m, ™ H A 3.00cm. 6.30 cm AT 11.20 cm) AL ZE (K E N 8.00 m, =& N 23.00cm, /%y 32.00
cm, WHEN2.00 cm)idtiT 7 4 YA, BRRIBI RS 5 K, R MIEIAEA 185 B, HRFFSER
W 2, FREBNBE S H AR GG H e, BT -40 °C4& M N RAE, L& E 4441 DNA $2H
M. ZARFREE SRR &M REE LI EREW, SR SFEAEGE—EAHE. 58
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Tab.l1 Basic information on dams in the Qijiang River

KA FR HEAE A BIKFE/m KIS A UKW/ B)
T 1978 200.24 VY Vak! | 3200/2
i 1966 205.70 VY Vak | 6000/2

WrE [ 2018 211.73 F A E I —
K 1953 215.70 PSR 1600/2
PN 1952 220.70 PSR 160/2

HEN 1990 225.60 PSR 1250/2
PR 2009 242.50 A i+ 2 30 8000/2

A 1980 269.00 fi 7]+ = 01 1800/3

el 2005 277.70 BB+ 2 301 4000/2
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220N | ' 7 ' {29°20n
w@: ® CKA¥ £ Sampling sites
r == KA Dams
29°00°N 429°00°N
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Fig.1 Geographic distribution of sampling sites and dams in the Qijiang River

1.2 2H40 DNA $2EX

1 3 P2H 4 DNA HEUAF & (Yeasen, MolPure Cell/Tissue DNA Kit) FEHUBE sl il 2121 DNA. 41
23 DNA REUCERR, 8 B ME 66 3T DNA FREME AN, JHEIRE 42 DNA B E
F-80 °CUKFAIRAE
1.3 Cyt by €O | F1D-loop FEFIRII L5 M

i A @ M 51 ¥ L14724(5-GACTTGAAAAACCACCGTTG-3) 5  H15915(5-
CTCCGATCTCCGGATTACAAGAC-3) ¥ 1 Cyt b 4, H{AZ I Xiao %18, {ff] Fish F1(5'-
TCAACCAACCACAAAGACATTGGCAC-3")fll Fish R1(5'-TAGACTTCTGGGTGGCCAAAGAATCA-3")"
W col 4y, ARSI wad %19, {f | DL1(5-ACCCCTGGCTCCCAAAGC-3) 1 DH2(5'-
ATCTTAGCATCTTCAGTG-3")¥ 1 D-loop /751, HAKSM Liu ZPO, Lk 3 Fhg| ¥ h LA TAEY



TREBMNERAF G RIHRM . PCR MK RN 25.0 wl, FHAMHE 12.5 pl 5 MIX, Bl Takara, Premix
Taq™(Ex Taq™ Version 2.0 plus dye), % 1.0 ul (9 L F¥##54(10.0 uM), 1.0 ul 1) DNA B4, 9.5 ul (1
ddH20. HAk PCR BiZcfFA: 95 °CTiAE : 5 min, 95 °CA51%: 30 s, 58 °CiB-K 1 min(=xt 5| ¥y¥{s A
58 °CAHE KR ), 72 °CHEAd 1.5 min, Atk 1Bk, ZEfH R BIEHRECH 35, g 72 °CALE(H 10 min,
PCR =4 {d Fl TG I NAZ R G KL 1% 38 IEHEEE IR Bk AR 36, AAR P= 3wk 2 ik T AR TR
A IRAF AT A T RBE R .

R 2 BLERHE S e B AR I R (S B

Tab.2 Sampling information for S. punctatus collected from different sites in the Qijiang River

R i) g EZNSE (3 K A E /g
S1 29°6'7.31"N,106°26'10.67"E 10 13.80-17.14 27.13-54.43
S2 29°629.86"N,106°28'55.65"E 9 6.17-18.93 2.51-73.43
S3 29°3"7.62"N,106°33"28.42"E 30 11.93-21.48 17.00-97.74
S4 29°126.49"N,106°34'39.75"E 30 12.96-20.36 20.65-100.90
S5 29°013.88"N,106°39'49.48"E 30 13.30-21.08 22.90-100.00
S6 28°5922.85"N,106°41"2.90"E 18 12.73-21.80 22.80-114.70
S7 28°53'41.32"N,106°40'9.45"E 30 11.80-19.70 17.23-76.10
S8 28°49'53.85"N,106°43"9.67"E 6 6.06-19.70 2.20-72.70
S9 28°46'0.67"N,106°40'10.47"E 22 10.57-19.05 11.57-77.50

1.4 HIRABS S

5 RETIF FU KR 1) 2 ) B2 0 L 5 5 ARG I, AN IR K I R B AR P A% 2 S vl BB 55 A3RTE T
ZIERER, AT 3 B mtDNA 75T B #T(Cyt b-CO 1-D-loop). /744 K Chromas 2
BAFREAT N TR, FIFH DnaSP v5 RAFRUH A AIEL, AR Z RN, IR 2 HEE R L R
ZRE I AR R AT FIABRC 0 A, JEIT Arlequin v3.5.2.2 ARG BE L FE R (Fo) FIHE PR3
(Nm)> [FIEIF B 4> F 75 22 73 HT (Analysis of Molecular Variance, AMOVA) & H 14 5 56 (Tajima's DI?1, Fu's
Fs?); f58h MEGA 11 8RS FE e 4L A5 5, IR A Kimura 2-parameter #7415 B M 1) 5t 4%
PE 25 . 4 “Find Best DNA/Protein Models (ML) 2 /7§ 146 1 ¢ AR B (HK Y+, SR H 5 K AL ¥ (Maximum
likelihood, ML)ZAX 1000 WA KRG K EW; FIFH MrBayes v3.2.7 #ff, £F PAUP 4.0 AP
MrModeltest v.2.4 BAFR G 1) i AL IR B AL (GTR), &A% 2000000 #4422 D1 R 40k & 4
HA# ] FigTree v1.4.3 B HEAT AT AL . S PopArt 1.7 B fF28-29ch () TCS whby i s R M 2% [, i)
BEAST v2.7.6 B AFR0-3U7E GTR B8N A i D7 S0 ah s, SR P o T8 B8 (strict clock), 74112878
TR AR RL R DNA FE K 510 0% S THE 0.01/ 5 JT4ER238), B & 454 Tracer v1.7.1 HAFBY% H b
HEI D7 s Bh A ER .

2 BZEREHR

2.1 FIERSEESHMESN

X 185 FRFE Mgt Cyth. CO1 J D-loop JFHITEMRN S X fE, 3K Cytb J¥HIH 1124 bp, A&
FALE 200, A+ T & 54.34%; CO1FHK 629 bp, ABRAH 94, A+ T &% 53.40%; D-loop ¥
5 880-882 bp, AR T4, A+T HH 6532%, =&MW A+THEWET C+G & E. Cyth i
9 ANEAER, PRSI ZREMERIAZ I IR 2 REE N 0.391 + 0.044. 0.0027 + 0.0004, “F¥ITERZE SECN
3.018; COT3Lkrth 8 NMHfEEY, HAMERI DR RIZ T RE 2 FE1HH 0.668 + 0.020 0.0021 +0.0002, P
AR 2 F 40N 1.312; D-loop /[T HIEAG Y 6 MMERAFAY, BB ZREPVERUZ T IR 2 FE 18 0.398 + 0.042.
0.0012 +£0.0001, “PIIREERZERHCH 1.012,

ZRFAEEEG, FPAISAKE 2633-2635 bp, LA AR FALL 36 A, A+ T & 57.79%. 9 NRAEA



(S1-S9)FLHG HY 18 Fhafry, SRBMERIZFENEN 0.787£0.019, HEFBZFEME N 0.00203 £0.00024, F
VIR 2 T H0N 5.343(K 3). S RFFSIBRE SRR — 8 25, HP S2 F1 S3 M58 L FErt
B, 2191 0.917 +0.092 £10.890 +£0.038, fH S2 #fA R, HALTHA R TR . S9 k%
FEVERAR, BT ZREME R T R 2 REME N 0.329£0.121. 0.0004+0.0001; S3 5 S4 &Rt A BT IR
FERZ MR 2R 2 R, RFIZERIIET S BHERE ARG K.

3 HET Cytb. CO1 K D-loop 53T F1 Z VT I R s i) AN [7) B 4 (1) 10 4 22 FEPE A R B b P A B
Tab.3 Genetic diversity information and neutrality test of different populations of S. punctatus in the Qijiang
River based on concatenated cytochrome b (Cyt b), cytochrome oxidase subunit [ (CO I) and mitochondrial

DNA control region (D-loop) sequences

KRS REANE RAAZRENE BERZAN CPRBRTmRERS BRAAH TajimasD{E Fu's FsfE

2
S1 4 0.71140.117 0.003340.0009 8.689 19 1.3762 4.9784
S2 7 0.91740.092 0.001940.0010 5.056 22 -1.8561" -1.2043
S3 14 0.890+40.038 0.001520.0005 4.014 31 -1.7642" -3.6222
S4 8 0.77540.063 0.0021+40.0006 5.503 26 -0.5767 2.4060
S5 6 0.73840.057 0.002540.0006 6.653 23 0.5156 5.8683
S6 5 0.73240.073 0.002740.0007 7.092 22 0.4273 5.3236
S7 10 0.83240.046 0.002140.0006 5.598 28 -0.7475 0.8621
S8 4 0.80040.172 0.002640.0014 6.933 20 -1.3023" 1.8174
S9 3 0.32940.121 0.00040.0001 1.004 5 -0.7959 1.3284

&t 18 0.78740.019 0.002040.0002 5.343 36 -0.4070 0.8769

“Fom P<0.05, * FR P<0.01
2.2 MEHEESLSH

o} TS [ B s 6 R 1) (D384 3 AR AR B T B R (GE 4), S9 LARIY 8 AMBEAR[E], S1 5 S3 #ffk
MW Fo {H3(0.1175), H P <0.05; HABEAN Fst (5N, RIEBIEZEKTF. SO 5HABARMK Fo
HIEE, BERELREEKT, Hrh 89 5 ST BHAE M) Fo fH 5 (0.3022) . FEPRAR Nm {6 FSAE ER
BN RNGR 5), BILAFRIBE S Re BRI 1) Na B KT 1, S1 R S9 eI N fH /N (1.1543).
[, FTE BRI BB A BE BT 0.0011 2 0.0029 2 8], R SO SHARHAR Fo s, HILRTBE
FRE IR HBIER, SRR TBIRZ K. AMOVA 7T R R (R 6), ZEVLIE Mg it
R IRAEAE S BORIE TR N AMEIR], (5 98.28%, TIHEERIEEEZE R 5 1.72%.

R4 BTN [F) BE b il e Ak () (9383 4% oAb Fa 4 Fo SO P AEL

Tab.4 Pairwise Fst values and corresponding P values among S. punctatus populations in the Qijiang River

PRI S1 S2 S3 S4 S5 S6 s7 S8 S9
s1 0.3663 0.0417 0.2198 0.5022 0.5646 0.3147 0.7868 0.0050
S2 0.0041 0.8155 0.8089 0.4836 0.4678 0.7385 0.5815 0.0000
s3 0.1175 -0.0411 0.5352 0.1398 0.1455 0.6403 0.6370 0.0000
sS4 0.0228 -0.0597  -0.0091 0.6979 0.6850 0.9091 0.7141 0.0013
S5 -0.0330  -0.0402 0.0323 -0.0191 0.9653 0.6483 0.6764 0.0033
S6 00581  -0.0403 0.0428 00201 -0.0426 0.5769 0.8674 0.0000
s7 0.0149 -0.0534  -0.0115  -00275  -0.0175  -0.0174 0.8727 0.0291
S8 -0.0962 00935  -0.0325  -0.0749  -0.0839  -0.1017  -0.0868 0.0631
S9 0.3022 0.2381 0.1115 0.1430 0.1669 0.2062 0.1039 0.1485

FENZ=HN Fall, A L=MOA R P AR



5 HETLANIR D s 6 T 4 15 ) 32k DRI AT N, AR A2% B

Tab.5 Pairwise genetic distances and Ny, values among S. punctatus populations in the Qijiang River

PRI S1 S2 S3 S4 S5 S6 S7 S8 S9
S1 0.0027 0.0027 0.0028 0.0029 0.0029 0.0028 0.0028 0.0024
S2 121.8950 0.0017 0.0020 0.0022 0.0023 0.0020 0.0021 0.0014
S3 3.7548 inf 0.0018 0.0022 0.0022 0.0019 0.0020 0.0011
S4 21.4106 inf inf 0.0023 0.0024 0.0021 0.0022 0.0015
S5 inf inf 15.0000 inf 0.0026 0.0024 0.0025 0.0018
S6 inf inf 11.1769 inf inf 0.0024 0.0025 0.0020
S7 33.0403 inf inf inf inf inf 0.0022 0.0015
S8 inf inf inf inf inf inf inf 0.0016
S9 1.1543 1.5998 3.9845 2.9958 2.4954 1.9244 4.3145 2.8669

inf ZoRTLT R, EF=MAEFR, A L= ML
6 LB MR f 5 777 2 50
Tab.6 The Analysis of Molecular Variance (AMOVA) of S. punctatus populations in different river sections of

Qijiang River
AR SRR H HE df Rl AR5 5y A5 5 43 EL (%)
FEAR 1) 8 28.423 0.0461 1.72
HEAR A 176 463.112 2.6313 98.28
Bt 184 491.535 2.6774
A Hap18 B Hap3
Hap10 Hap15
Hap9 94 Hapll
Hap8 Hap9
Hap6 Hap10
Hap7 Hap6
Hap2 Hap2
87— Hap13 4@7[ Hap13
Hapl Hap16
60— Hap14 _— Hap18
Hap12 { Hap8
64— Hap4 Hapl
Hap1l
- ap 100 90 Hapl14
Hap3 Hap12
Hapl15 90— Hap4
Hap16 Hap17
Hapl7 100E Hap5
100— Hap5 Hap7

Saurogobio Saurogobio
Bl2 #T Cytb. COI K D-loop 541 ER I 73 BT IR BE VLI e SR 35 B d RALLOR AR (A) 55 DL 27 (B)
Fig.2 Maximum-likelihood tree (A) and Bayesian tree (B) of haplotype of S. punctatus in the Qijiang
River based on concatenated Cyt b, CO I and D-loop sequences

2.3 RBEREDT

HEF=AFHI RS, el (Genbank B35 H: NC-022845.1) A48, KA HCRSRTE
(ML) Ui (B 18 M ELE R E RG K BRI (K 2). £ MLIEWERRER BN, UG 0H0
ST RHIEACSCR R 60%; fE Bl MM RGRK BRI, B 5 w2 32 B4R v AR 52 K i )



BBy P A, T B A 12 S SRR, MASRE, PR TR RS R B S B ST A
LREBAR, R AIR, & 05T BOE WS R 9 3.

13 F PopArt K fF:LA“TCS Network /7 # % T B A5 B 40 N 45 56 R (K 3), W48 4k 2 DL Hap6 A
OHIERFRAE R . B AT HHR H — AN BONI R A3, %57 30 Hap7. HapS 1 Hapl7 A, 7EAMARA
BT, ZETLHE S LA 1 18 Pl s, BT BRI S G I R A BUOUCH S5 2 Hapl . S3 BHART A
B BERIR LS, 84 5 MG A48 (Hapl0. Hapl3-16); S9 BRI BMER R, U8 34, LG H#
58 S2 R S8 RS- EA 1| AMME BAER, 4051y Hap9 1 Hap18, FH A RAE s AN B A58

Hap_15
Hap_3

Hap_17
Hap_14

e
202
N2

000000000
VOOV nnn
BRLGERRYBR

Hap_13

3 3T Cythy COT K D-loop 8 Ik 5173 H7 HOBT B s hg:fiy o (77 204 o 246 1)

Fig. 3 Haplotype network of S. punctatus in the Qijiang River based on concatenated Cyt b, CO I and D-loop sequences

2.4 MBHENTSOWN
BT 3 BT SR IBEE, RS R B R SR R T A% IR B INC 20 A1 20 (B 4) LA Tajima's D

FFu's Fs FHERIGGR 3), DARFUHFE DI LA . 48R TR, 0 S2. S3 1 S8 #E4A N Tajima's D A%
AP <0.05), {H Fu's Fo B RIEFE ZKFE(P>0.05), HARFEAKN Tajima's D Al Fu's Fs (5B
Fo T RER BOSREAR EC 0 A B P R DU XU B 22 W 70 A7, ANRFA BRI RS 5K TS N2 F) AU 7 A1
RFAE, 0 AR R 2% T BORE A 220 A I 21 B g O A R 4 o 2 Ry kA5 5 . DU TR PRk
(Bayesian skyline plot, BSP)45 & (B 5) W 1ZWFG RO B X/INE T s EAEE— i3 .
3 ifig
3.1 BRI BT BE = e 1R 15 2 A M S0

P e fit) 5 e T R, VA S E B TN GO TT R BRI AL T IR SR . O 2 A U TR
B Cyt b 751 SRS e 86 9 Rl ASHE T R G B 7 A IR LARE D SR, SR AR AL 5
g fi) A5 R S AR S R . RN, ABTTTH Cyt b CO 1A D-loop 7741 32 B - Bt sl g ffy i
WRERIR AL S5 0, T AR T e Ay 5 R 1) 7 S22 FE o 0% 22 R R AR ) 22 RV Y A
73, HOKTBENE S WORRE P9 0 A% A8 R 1 S AR RIS, B T AR R T R 22 A M U2 A B AR a0t A
AR 5 A R ARS8, D-loop 42 il [X F7 4138 5 HOA A2 mtDNA A8 il S i (R X35, AHAELT Cyt b A
COVZEFFH, LEMEE NI G 2 KRG AL S5 H o A vh N BN 2 87381, AW Fe 2 R SR, R
B E IR Z BT, Cyth FAIRI RS, D-loop [FHXIM AR, B Cytb FrHILEATT FLHE
RAEHIAEA RIS SR M T AR RS B . 1245 RS KA REH (Pseudorasbora elongata)B®). JWH R
(Neosalanx taihuensis )05 0 S IR AL 4518 — 5. FILAEELT D-loop J¥51, Cytb 7511 g 5 i &1 ABE
R S AR I A% 2B T 2 T ARE
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Fig.4 Mismatch distributions of S. punctatus populations from different river sections of the Qijiang River and of the total population
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Fig. 5 Relative trend of effective population size of S. punctatus in Qijiang River inferred from Bayesian skyline plot (BSP)
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Tab.7 Comparison of genetic diversity indexes of different populations of S. punctatus
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Tab.8 Correlation analysis between genetic differentiation of S. punctatus and the number of intervening dams in the Qijiang River
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