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Abstract: The Yongning River is a tributary on right bank of the upper Yangtze River, and there are more than 20 small
dams constructed along mainstream and tributaries of the river. In order to understand the effect of cascade dams on fish
diversity, a total of 42 sampling sites were set up in the Yongning River basin, covering the mainstream and tributaries and

dams. Four times of fish investigations were implemented in July and October 2018, January and April 2019. During the
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survey, 7332 fish of 69 species belonging to 4 orders, 13 families and 54 genera were collected by gill nets, ground cages
and electronic fishing. Thirteen of which were endemic to the upper Yangtze River. Three fish speies were listed as
endangered and vulnerable species in the Red List of China's Vertebrates, and Procypris rabaudi was the second-class state
protected wildlife in China. Fishes with higher index of relative importance (IRI) were small ones such as Zacco platypus,
Carassius auratus and Microphysogobio kiatingensis, and there were 29 species with IRI<10. There were 3620 fish of 24
species with an average length of<10cm, and 6493 fish of 47 species with an average weight of<50g. The fish individuals
collected were relatively small in size and in a trend of miniaturization. Species richness and diversity were the highest in
downstream of the mainstream, and the most number of individuals were in midstream of the mainstream. Due to the
influence of natural environment and dams, the fish distribution in the Yongning River represented obviously spatial
difference. The type of dam had a significant impact on fish diversity, while season had no significant impact on fish
diversity. Fish diversity in reaches without dam was significantly higher than that in the reaches with low-head dams and
high-head dams. The number of short-distance migratory fish species in summer was significantly higher than that in winter
and spring, but the seasonal change of fish diversity was not obvious due to the small population. To protect fish diversity in
the river affected by small hydropower stations, it is necessary to restore crucial habitats, dismantle some small dams, and

implement scientific artificial enhancement and release.
Key Words: cascade dams; the Yongning River; fish diversity; spatio-temporal variation; resource protection
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Fig.1 Sampling sites of fish investigation in the Yongning River
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Table 1 Composition of fishery catches captured from different reaches of the Yongning River
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Fig.2 Total length distribution of fishes in Yongning River with top 10 IRI values
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Fig.3 Fish diversity of different reaches and seasons in the Yongning River
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Table 2 Similarity of fish community between different reaches/tributaries in the Yongning River
B/ ) 3t it T NN . N, . ey N
PRLWE PR CPREE e wewm &M wEER d T
Upper Middle Lower . . . . .
aches of aches of aches of Qingshui Huangni Dongmen Haiyan Gusong Baijie
re‘?(, e 0 I'e‘:.l(, e 0 rec'u, e 0 River River River Stream River River
mainstream mainstream mainstream
T b3 0.35 0.30 0.50 0.27 0.25 0.44 0.47 0.30
T i 0.56 0.12 0.07 0.12 0.26 0.51 0.33
AR 0.12 0.09 0.10 0.21 0.38 0.30
T 7K 0.38 0.25 0.44 0.29 0.16
BT 0.29 0.41 0.19 0.17
AR 0.37 0.25 0.21
TR 0.44 0.25
R 0.32
SRR
#3 AEEBKMBERUAREHIERSHFENIM
Table 3 Effect of different type of dam and season on fish diversity
I3 Sl
. R . F P
Categorical variables Square sum
FhEL Species TR I AL 422.79 4.79 *
5 287.17 2.17 ns
TR A Z= 75 3536.33 80.12 o
it S 0 it 7 0 AP L KA 112.88 13.84 ok
Short-ditance migratory species &5 53.08 4.34 ® %
TKIZEAI < F=75 168.75 41.38 o
Shannon-Wiener 154 TR A 1.459 1.539 ns
Shannon-Wiener index Z=5 3.312 2.328 ns
TR A T2 {7 89.85 189.44 ok
Margalef =F & £ 154X & ESi] 12.319 4.91 *
Margalef richness index ESSil 9.471 2.516 ns
TR <27y 158.41 126.27 e o
ns: ZHAEE No significant difference; * ;25 5% . £ Significant difference; = * R Very significant difference
x4 KMPERRBN & XS HEENERER NS H
Table 4 Specific impact of dam type on fish diversity
TR AP B2 A (S 34{E A7 22 ) Dam type (mean=SD)
(S Sk ToAKIN F P
Low-head dam High-head dam No dam
AL Species 5.44+2.87 7.75+6.89 12.56+9.32 4.443
P £
%DEEI%{,[E{F? ééﬁlfﬁ( . 0.06+0.25 1.75+1.77 3.81+3.43 11.319 # ok
Short—distance migratory species
She -Wi =
annon-Wiener $54 1.21+0.55 1.29+0.69 1.61+0.88 1.413 ns
Shannon-Wiener index
< ’ = Rpr ek
Margalef -+ & B2 45280 1.27+0.57 1.69+1.01 2.49:1.67 4.459
Margalef richness index
x5 FTXMEESHENEEZINSS T
Table 5 Specific impact of season on fish diversity
Z2 P AREZE ) Seasons (Mean=SD) p »
K= Spring EZ Summer #Z Autumn 275 Winter
FIEL Species 8.67+5.97 12.009.65 8.58+7.61 5.08+4.50 1.85 ns
4 B B 3l e TR £ A e
* EE%,(mw?ifﬁﬁﬁ R 0.83+£1.19 3.33+3.87 2.42+2.81 0.92+1.24 3.74 *
Short-distance migratory species
She -Wi £
annon-Wiener $54 1.53+0.65 1.66+0.49 1.30+0.92 0.97+0.66 2272 ns
Shannon-Wiener index
aro: = RE e K
Margalef -+ 51 B2 45280 1.90+1.04 2.42+1.39 1.78+1.49 1.17+0.82 2.137 ns

Margalef richness index
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TR T A SR TN R I 5% S R SRR, DR R A R SR 020 69 i, 2 KR4 Y B SRR} 1Y)
R, 3 53N KAT LIS S B 2 2 B, g )3T (64 Fh) B KT (68 Fl) P RIZINITL(56
Ffr) 204 SRAE R IRTE/NT 10 A3EAT 20 Fft, 5B 4k P9 A0 18 DL Fh 45 22, — e T Mt 4 A A1 25 A Tl 3
A2 B ARG ) | 45 A S PR IR AR L B 9] R S 3 B 1 & B S5 9 AT SR A7 A A il A , A 0 S8 P
IKELHESE IS S E NN T T 8RR 2, AR A R 1) LU/ N (6 250k 32 TR H KR 2 0 T g i |
Bl S LN D) R AUl | 11 0 AR BV AR /INI 0.2 5 3 50% (1) AR 2K /NT 10em, I 90% 1Y
MR /INT 50, HRBEAR TG SE RS OO, I 3 R BB T SO R B 2 55 A 2 R iR | /)R
AT LUK R peAh, @I K S8 B i ) P B R AR S s fn 55 A5 J0TA 7 TR A
SREFH , TR/ T LR UR a2 Ty 2 T D AR £ SRy S e I I i AR £ S e 28 R
A XS ARSI AT A S R K 30 E BHAT T A S AT RS, e I i Y £
RPN SR g

AR R K TN IR A S G IR D B IR R Ge A, B Tk = Py s ROk, Jo ik B a3 A ik T i £ S BEIR ) AR £k
oL, ANad, X3 P it B A v () PR 2 2R B 3 Aok 0 2 85 i B A8 /D AR AR /0N BB E L B R s IR T
R B HER T AR A £ R WA 2 | Hfa Rk 2 D NEG 2R = A
o9l S | ELH ST
3.2 RETE A )R

TR B £ 28 A3 A BT B 2 0 2T PR B ZE AR R A (SR EORT Margalef )70 =F & FEHR AR T4 %
HEHEZ FEME BRI R = TR, KR TFH0 KRR KK, R RS2 2 T 50
EBF RS i TR K A K SO SR AT 2 Y 2 REAE DR 0 2SR AR S 2 RN AR B AR A AR
B AT AR AR BR T A2 BB IR 2 AR i A1, i 28 A 3 s B AN TR) B B s 4 R ) A1 SR R A 20 A AL
BV BN, 2R AR R E A Z PR T I B G B, & TR A ISR R B, 2R T A
Tk TR, BRSO T- SR S FHR B TR, SRR L Bedh, REE T it vl R X 45 7 4
S 3] D R 2t T T T4 B MR A T AR TR AR 22 | & T BERRAEAE RN — BT K PR | & 2K R
%, 25 ATKETRAK IR A | L& ZhE /N BB 1 959, 5 30— SR ZE AR il 155 21, DT 52 i 48 2 (1) 3t 4R
A%R[BSJ 5

TR TR £ T B 2 2R 5 A R A5 1 BOoK I B UIAR G . TR 2R 2Rk (61 F 4519 ) i T
PN (41 Fh 2813 J8) , A 33 P iy AR IR I U M S AR, R A A v, A S &2 R sk
ol LS, i A S AN AR TR IR R, 2R R U TR LR N IR A, APPSR
ZREPERR B SR B . — ROl , ORI T T N K RS SR i T A B R R
Ry PR T A A A A IR RIS Y03 N L R W G U S M 2 R RN AR PR A A B T
O E AR N KT TR A 2 R T S, LI TR T A 2Rk
=R A E 2 £ = I I o T O 1 (T =T | o0 N S s D S e G R W ) el N G I ]
KAT T ELHEARIE #0500 2525 LB el B AT RV 8 3 B0, I S AV ik Seg i1 | Wy i) 254N 2R IRk 22
P G e e I B 2 G S 7 o7 S 3 M N e oy YR U w23 [ S

AN LIS G T SN Il s B — AT 3B 3 A0 AR PR A, a4 B R A8 A T BT B,
TR B I —FR o A AR A A AT B AR s T A R i TR AR, b TR A U
SRORIA] ) i T MR Sk BINAT IR VR 25550/, R 48, AT AR 24 L 244 0.929% , BR B 66 A8 Ak th 5y
% SR, AR 2R B BH A ] B 2 (R 0 R I (R T S AN ARARL K Y- | £ 28845 A T 26 9N ) A5 88 B f [ <
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R, 0850 A XS AR A Sk, AnZL 2 I fk | 7Y B AR R | SR K £ 5 A T R e B R B £
AT SRR 1] BESR ( Siniperca scherzeri) | Ul [ ( Hemiculter bleekeri) 5% 15 %1 ( Culter mongolicus ) %5 R34
FomBR ST B, I SRR GO I A T B RS T a2 ) iRl RS Rl — SRR R K 2 T
OB KA A PN E IR 2R A R

3.3 KIIRFLFE Ko 270 Xt £ 28 Z2 A 5

GIHT R, KIS RIS (0 24 AR AT i 250, TG /K 30U RH I Tl B 100288 22 A 1 I 2 a0 Sk SR 7 Sk 30 R
BRI BE,  F T A KA BELIG , TG K 20U SEL B ey Byl 3 A B2 TN Se 3, A SR 2 RE AR T 0 e A, Ak T e K
U B SR VT T BB o 02 2 LIS Bl AR, NI 0 T B R R sk
HUBE 58 AL, T S5 R ] BEIN i > P 1) £ 280l D s 2 ATTRRAIG T HL 2R ISR IR R 52 2 k0, i
FHSAA, FE K Zy AR 52 S 8, 0 28 nT DLEATIE A9 1 N URIERS ) | (H K 7 ) (841 Sk I AR 7
TR B W] B8 M N B DR B T B ) £ 2 A I

ZAT X S R RS AN 35 O R R g T e R £ S R B 1 2 R ), S P I R S A R
TAFMER, @l TR, W T 2R = T 5% SO R B 28 Z R0 PR A
BT A Sk 10 BH R TR B A0 28 R T AAE SR ZE T IR R L MR RS, (EE A A B T YR Sk 300 H B T B P
Y RZHCR e Rt s AR AT R MRS sl 5 MR B AR, DRl L BHL B T B2 o8 0 28 2 R 2 PR AR
PO ZES) 5 10 TG K IUSEL BT B 5K VT T 3 B MR |, 3 7 VT A e R S i R £ 2 R A Tk R R R
SRS ERH AT | — eI R O (4 R A VT L 2 A T G, AR ( Hemibarbus labeo) Wi |
I iy | B AT | AT S 35 2 ) S i A £ 2 & (EL pl T e I i AR £ SR 2 R R A D RS 2R
PERZETT AR AR R
3.4 OISR UM R R AR I

TR TR AL S, XL i 2R PR R B B 5 S R T B (IR ] 1 B ) B
RIATRIT LA R E R P AR XS5 X ST I 28 R BUIR o A 5 ke B0 K %
T A 2 B A% - (1) ST T S AT A/ INRK L, B IR T AL S T B T SR | — sk
BATER IR ST L 2R i b | i S T B, RS, 7K 300 S0T] A 45 AR A, A7 b g
T K A K SCAR A B S A A R K 3 M R M T A X L] B A A B B, Bt 2R 2R R
HRREST S (2) WA g B A DG T A S VT i B & BRI N F A0 S g I PSR AE . S
A YT 1S I AR, aok BEA 5 A A B A A TR R BUR S A LRI B D, AN RS /N, (3) AP RFN AR
WA —E R, AV AT TR TR AR R i VPSS, HOoh /N B P 2 38 N R | iTRE 2
P A3 B A a2 R ST T X HE P A R RS )

SRR TR R EZ) 20km BT BT B R R A 128 M R A SRR XSRS X (B 2% s 3 g —
AL R GE, HX AT Sk SRRV B N A IR 255 25 R T B K SCRRAE 28 IX R Al
JG PR IR B T e ) By, 4 DL PR s (1) PRAP B SR B 2R B, PR AR T R B T SRS
DU BRI 1 OR A0 2 77 DR A, N A Bl 30U il Be VT R sl 00T 9] B 47 [ Rl 300 YT B2 A N fn LA
FRRPREE . TR EFE AT INORAE R T a  , PRUEIT W BB i K S5, DA e 28 04 7 D 258 Al
IO AT o (2) PrBRARAMIL LI, 3T Al b 3 0 A Sk IS AR 22, BRI IR, (H i T A 3R
2 ETERY SR A 2000 AT R 23 X6 3 25 v 7K SO A0 #0288 (LN 21 2 R Bk 7 B AR K | SRoK £ 5 ) 7R AR Y
mit XA BT T 2R R, X 4087 O R AR A A T R S L, AR A O A A R
LRI BRI THR R IR R B M, (3) BloE B EIT RGO . EOR T AR e SRR sE B 2k
H AR A AT S M AR B H T £0 2 32 B G FL Sl RE W AR, — SRS OR3P 0 28 (AN R = Al A A R
PG 0 AR5 ) ARG I > Y B A0 28 (anfi B | R0 45 ) BRI s D B 1k AR R T T
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FRETT BEAY T A R K AR SR A LKA R D 5 S v A0 28 TR 4 B B B R A 85, mT LU B
A B, DL T AN AR

4 BERRZE

AWFTE R GEI AL T T (B IRBUIR , 234 1 Rk S 28 70 A 0, WA 4R 1 /K 300 £
REFERENE . S5 RRWK T W AP RBON 6 (A LA | LI/ N R AN s T 3 J i 5
e 780 £ SR 2 MR A/ s BB ORI T R 68 7K 79T B £ 2R 22 e B LI 28 A1 7 2 T AR, 724 )
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Appendix 1 Information of sampling sites and dams for fish investigation in the Yongning River
i T ;“fp f;gﬁf” o s s KU B 0
Rivers Reaches and dame Longitude Latitude Locatioon and height of dams
F#i Mainstream | iF W YNS) 105°22'47.2884"F, 28°06'02.0822"N
BUIIFS (YN9) 105°22'57.4530"E 28°07'08.3620"N
T3 AT K 105°24'08.9150"E 28°07'59.9782"N ;?:iﬂﬁi& % (YN10) LU, B i
T+ £ (YN10) 105°24'02.7587"E 28°08'23.6867"N
JETJE % (YN1L) 105°24'42.7742"E, 28°08'54.7914"N
Ak B oK 105°26'11.5535"E 28°09'46.8064"N S FARUKE (YN14) L3, 315 2m
MUK B Ak (YN14) 105°26'25.0543"E 28°10'22.6938"N
e R (YN19) 105°25'08.6253"E. 28°12'50.0104"N
i MFES (YN20) 105°23'40.5527"E, 28°15'03.6880"N
K (YN21) 105°26'03.5680"E 28°19'37.2126"N
Kth K 3 105°26'02.3889"E. 28°19'39.6926"N {7 F R (YN21) FiF, B8 12m
S K 105°23'52.5508"E 28°21'00.4204"N o7 T R MK IR 3, 302 8m
WA TKIN 105°23'02.4732"E, 28°22'35.7153"N {7 F IHIA 4 (YN22) b, 30 8m
Tk (YN22) 105°23'00.9407"E 28°22'34.7056"N
YLKk 3m 105°21'20.3123"E 28°26'38.4146"N {7 LI TR (YN34) B, 308 17.5m
LI T4 (YN34) 105°2021.6021"E 28°26'32.9834"N
T EHI(YN3S) 105°19'57.7525"E 28°31'16.2771"N
T iF P K3 105°21'17.9168"E 28°34'56.5109"N S TP EBL(YN36) L, 315 10m
P E4H (YN36) 105°21'18.6098"E 28°35'02.4935"N
WL YN3T) 105°23'10.4613"E 28°41'19.5720"N
FA 35 ¥al3a] 1 (YN41) 105°24'43.0312"E 28°4526.5863"N
AT T (YN42) 105°23'04.8158"E 28°46'08.8477"N
W Tributary VK[ PUHERT (YNT) 105°14'26.0570"E 28°03'38.3213"N
ZFF(YN2) 105°16'04.4223"F, 28°04'59.3089"N
WA Sk 105°16'28.2160"E 28°05'22.4053"N LT WIS A2 LSS (YN3) B3, 31 2m
Wi 220 (YN3) 105°16'51.4259"E 28°05'46.9438"N
TR (YN4) 105°20'51.1057"E 28°06'24.7936"N
TR K30 105°2050.6146"E 28°06'25.7740"N D FITAF (YN4) FUi7, HE 2m
BT FEIAT (YNS) 105°19'31.8122"E 27°56'56.5694"N
KN 105°20'27.0691"E 27°59'22.4489"N AT PR (YNG) L3, 31 3m
HIRHL(YNG) 105°20'21.0504"E 28°00'00.3022"N
Y ¢l 105°20'15.6111"E 28°01'38.2064"N P F RAFFR (YNT) LUE, 318 2m
KA (YNT) 105°22'24.2060"E 28°04'09.4165"N
W If 7K 31 105°22'43.2234"E 28°05'26.0064"N LT RAM (YNT) FilE, 15 3m
RITA BrEA(YNI2) 105°29'09.3546"E 28°01'56.6613"N
BRI K 30 105°29'18.2559"E. 28°02'03.0938"N T3 A (YN12) FE, 30025 2m
KA 7K 30 105°28'52.4964"E, 28°03'22.2673"N BT RS  K HUR i, W15 3m
KRR I 105°2848.2099"F, 28°04'20.2646"N DL TR KT %, W15 3m
% Nk 105°28'32.7986"E. 28°04'52.2859"N LTV ME(YNI3) 137, 305 3m
7% NE(YNI3) 105°28'00.6139"E 28°06'45.5362"N
M A% (YNIS) 105°34'07.8077"E 28°1012.9438"N
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o T ;“ifnﬁf)(&c”f? s st KT B0
Rivers Reaches and dams Longitude Latitude Locatioon and height of dams
I 1K 105°33'55.7969"E 28°10'56.7113"N gigi%(gfs)T%"'ﬁﬁi’%
A KN 105°31'45.1069"E. 28°11'38.5424"N %giﬁwﬁﬁ%ﬁg(mmL%,
i;;fé;k L 105°28'38.7080"E 28°13'51.9013"N
PYPEAT (YN17) 105°27'13.6770"E 28°14'41.6447"N
BRI 105°25'52.5040"E 28°13'39.0049"N LT BT (YN18) F3i7, 30155 1m
XU (YN18) 105°25'48.8666"E 28°13'33.9253"N
R KIS (YN23) 105°08'34.8362"F 28°07'40.0674"N
K 7K 105°11'10.1082"E 28°08'39.3887"N FLFRINES (YN23) T iff, 5 2m
HEAR KT 105°11'22.2633"E 28°09'42.2984"N PEFHEART (YN24) 137, 35 2m
HrA R (YN24) 105°11'17.7492"E 28°09'57.1210"N
T AE VR K I 105°11'08.9770"E 28°10/22.2699"N ST AR (YN24) T, & 2m
B (YN25) 105°12'44.6023"E, 28°10'52.0703"N
[F).CoR (YN26) 105°10'39.4228"E 28°11'06.0788"N
Hil F A 7K 331 105°1028.8801"E 28°11'51.6532'N (i FIRLLAT (YN26) Tl , #1/5 2m
PGITA (YN27) 105°11'52.5593"E 28°13'00.4169"N
ZGRT KN 105°12'30.4860"E 28°15'03.2360'N i F4L5F A (YN28) LiiE, 3% 2m
L EFT(YN2) 105°12'26.1573"E 28°15'15.2911"N
BRI (YN29) 105°13'18.1972"E 28°15'55.4986"N
IR P A 7k 3 105°1356.7377"E 28°16'11.7738'N L TREZBA (YN29) i, 305 3m
MK 105°14'17.5973"E 28°18'30.7318"N LT 243 H (YN30) F3i7, 30155 2m
MICH(YN30) 105°14'40.5022"F, 28°19'14.1407"N
AR 3 105°16'43.4025"E 28°20'52.8881"N LT R4 (YN31) F37, 30155 8m
KFHL(YN3L) 105°16'58.2582"E 28°20'53.7553"N
HEIURF (YN32) 105°18'43.9276"E 28°22'51.0698"N
NI K AL 105°20'13.5630"E 28°23'50.7107"N AL TFHEHUR (YN332) T ileliz, 3155 8m
?f;{ﬁ:ﬁﬁﬁﬂ? 105°20'07.4596"E 28°23'56.4971"N
SRR SR Vel 105°26'49.6544"F, 28°41'25.9678"N S FHTE(YN3S) i, 35 3m
HA L (YN38) 105°26'49.2095"E 28°4126.9405"N
LA (YN39) 105°25'59.0568"E, 28°42'41.2031"N
4R (YN40) 105°25'39.9323"E 28°43'51.9289"N
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