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Fig. 1 Distribution map of Ganjiang Water Control Project

12 ET&E

W YT 7K A 2 A7 s Y v e e v L B I
i 4 km &b, BEEEVTIT 260 km, PABGHE . %H . i
iEo0E, MW . kS SRk hae!. N

WX 2 A A B I R, YT K R X 2R
A I b o £ SIS, o AR X e A A
B MOR ol b R K AL 24 N SRR, il
KA el PECE R R, DR A B
it fafL s, RENSIE N A [] 2 PEfa 28 g bt
RS s BB B R 4—7 A, Mk
1600 m, FEFE 3 m, PR 1/60, FRbRSE5E v H
0.5 m, LA 205 Mz, HApREMmE R 21 4,
ditE 10.2%, MEKE R 3.6 m, HEE3.5m, &
KGN 3 m (& 2), F= B XM A2 0 £
X4 (e 1) WeyT /K FIAK AL 0k 0B e B
MR EEA M, #F05EKMMK, FIHREKEA
HEA S, IR A A R Y A 2R S L
g0 HAR MM L) B R K BT A B, 4
R Bk AL, AR R KRRNK A

T

downstream

300

H

o
[ %
i E
-
:

2/10, 150 2/10

B4 unit: cm L_360 | 360

B2 WK X A 2 38 - T 25 14 [

a: FMIEFEAIT; b HUA; ¢ i, d: fBEFHO; e MIER
WO MEER O 2; £ AR g KA he Rtk
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f: fish collection system; g: water level; h: bulkhead.
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Tab.1 Main fish species and ecological habit in fishway of Xiajiang Hydro-Junction

2 species

A ecological habit

&FE body type

i Mylopharyngodon piceus
¥4 Ctenopharyngodon idella
fif Hypophthal michthys molitrix
fiff  Aristichthys nobilis

JRHR#%  Squaliobarbus curriculus

RL, O, U, Dr [F & cylinder shape
RLH, L, Dr FfFJE cylinder shape
RL, H, U, Dr MR compressiform
RL, O, U, Dr il i & compressiform
RL,0,U, S [FfE I cylinder shape

T RL FonimiEth s H RN a2, O RnFatk @, URoRh R0 S FoR Ui O 12 Dr 75 7= B 1 09 438
Note: RL is migration fish; H is herbivorous; O is omnivorous; U is upper layer fish; S is the fish laying fecundity eggs; Dr is the fish laying

pelagic eggs.
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Tab. 2 Fish composition of the Xiajiang Hydro-Junction and biological characteristicsin fishway
J?E - fiif fishway WmE W
serial species BE HE ME XF AHW% EK/em {kii/g  onthe under
number spring summer autumn winter percentage length weight dam  the dam
i} H Cypriniformes
g faFl Catostomidae
1 AR Myxocyprinus asiaticus +
%} Cyprinidae
2 IhI144 Opsariichthys bidens 18 9 0 6 0.72 4.0-12.2  3.1-30.2 +
3 FEEfH Zacco platypus 112 124 500 58 1724 3.5-10.1  2.5-15.7 +
4  ®A{fi Ctenopharyngodon idella 0 108 53 3.50 22.4-48.5 119.03-2053.7 + +
5 i Mylopharyngodon piceus +
6  #:HRE% Squaliobarbus curriculus 18 166 20 0 4.43 13.5-36.5 36.4-532.7 + +
7  f# Elopichthys bambusa +
8  KHRAEfF Sinibrama macrops 0 4 2 0 0.13 11.1-14.8 13.5-23.4 +
9 P Pseudolaubuca sinensis 94 3 0 0 2.11 14.9-21.1 24.4-69.7 + +
10 ZEWE¥f Pseudolaubuca engraulis +
11 #& Hemiculter leucisculus 78 48 96 300 11.34 2.3-14.4 1.3-30.3 + +
12 DI[G#& Hemiculter bleekeri 12 0 0 0 0.26 8.2-9.8 5.0-9.5 + +
13 ®il#& Pseudohemiculter dispar +
14 £I#EJ5 4 Culterichthys erythropterus + +
15 43k Ef Culter oxycephaloides 1 0 0 0 0.02 32.5 850 +
16 IKIKHA Culter dabryi + +
17 Z5 i Culter mongolicus 0 50 0 0 1.09  17.4-293 54.9-199.5  + +
18 Mg Culter alburnus 0 266 0 0 578  18.4-273 59.9-193.5  + +
19 filj Parabramis pekinensis 0 120 0 0 2.61 14.0-28.0 51.2-286.0 + +
20 fij Megalobrama terminalis + +
21 3k #; Megalobrama amblycephala 0 32 4 0 0.78 13.4-26.8 49.7-276.9 + +
22 HEHH Xenocypris davidi + +
23 4Rf Xenocypris argentea 0 230 20 3 5.49 22.4-32.3 261.3-457.6 + +
24  [AW)#E Distoechodon tumirostris 0 85 0 0 1.85 15.1-23.3 20.0-33.4 + +
25  fit Hypophthalmichthys molitrix + +
26  fif Aristichthys nobilis + +
27  flf Pseudobrama simoni 45 15 0 0 130 11.6—-15.6 23.3-78.1 + +
28 JE&## Hemibarbus labeo + +
29  fEf Hemibarbus maculatus + +
30 HfEf#E Sarcocheilichthys nigripinnis +
31 {ILPEfi Sarcocheilichthys kiangsiensis +
32 1gfif Sarcocheilichthys sinensis 78 35 0 0 2.45 9.8-16.2 15.1-76.4 + +
33 I¢fill Saurogobio dabryi 242 45 24 5 6.86 3.6-19.6 1.7-104.3 + +
34 4Rffll Squalidus argentatus 112 56 290 200 14.26 3.6-13.1 2.7-40.3 + +
35 Wifil Rhinogobio typus 6 3 2 0 0.24 7.3-24.5 4.3-161.3 + +
36  #iZiifil Gnathopogon taeniellus 0 0 0 4 0.09 3.6-4.8 2.7-3.3 +
37 flfil Pseudogobio vaillanti + +
38 FMifa Pseudorashora parva +

(f§8L to be continued)
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(8232 Tab. 2 continued)
e - fail fishway WE HF
serial species BE HE ME XF AHW% EK/em fkii/g  onthe under
number spring summer autumn winter percentage length weight dam  the dam
39  HAHKEE Gobiobotia filifer 5 0 0 0 0.11 8.1-10.5  5.0-17.5 +
40 #efbfa Abbottinarivularis 0 0 0 4 0.09 4.2-5.0 4.4-4.8 +
41  K#EfE Acheilognathus macropterus 21 10 0 0 0.67 93-18.5  8.3-31.2 +
42 MPUFE Acheilognathus chankaensis 15 0 0 0 0.33 6.9-9.2 7.5-15.6 +
43 EREE; Rhodeus ocellatus +
44 F3kLfn Garraorientalis 0 0 1 0 0.02 3.8 5.4 +
45 f#f Cyprinus carpio 0 65 8 0 1.59 18.4-32.9 138.0-848.3 + +
46  ZIf#l Cyprinus rubrofuscus 0 10 0 0 0.22 15.4-27.9 116.2-684.9 + +
47 #iJ Carassiusauratus 33 51 9 0 2.02 7.2-10.3  35.4-75.8 + +
i} Cobitidae
48  {LBERIVMEL Parabotia fasciata 7 4 2 7 0.43 6.2-8.6 2.8-5.8 + +
49 RERVE Parabotia banarescui 8 7 4 8 0.59 6.4-9.0 3.0-6.2 + +
50 i@l Parabotia maculosa 9 4 2 0 0.33 6.9-8.4 2.5-5.5 +
51 JRffk Misgurnus anguillicaudatus 0 3 6 0 0.20 5.3-5.8 2.3-2.8 + +
52 {LV§EIV Parabotia kiangsiensis +
53 KEEREIJEEL Paramisgurnus dabryanus + +
54 #:7#6 Leptobotia taeniops
55  HE{ES)K Cobitis sinensis +
g8 FL Homalopteridae
56 SFAHEZRO6) Vanmanenia pingchowensis
]2 H Siluriformes
ihF}l Siluridae
57 #f Silurusasotus + +
T 5L Clariidae
58 i#lFfif Clarias batrachus + +
#£F] Bagridae
59 ¥ Fifh Pelteobagrus fulvidraco 30 180 15 0 489  13.5-21.8 11.7-191.2  + +
60 I Pelteobagrus eupogon +
61 EFFFit Pelteobagrus nitidus + +
62 MR Leiocassiscrassilabris 9 35 11 0 1.19  13.7-34.8 32.9-753.1  + +
63 A E#l#E Pseudobagrus tenuis +
64  Kig##E Mystus macropterus + +
fBkF} Sisoridae
65 hAEZUfEE Glyptothoraxsinense 1 0 0 0 0.02 12.3 435 + +
iif H Perciformes
fig iR} Percichthyidae
66 % Siniperca chuatsi 17 75 20 0 2.43 9.8-28.7 25-72.3 + +
67 BB Siniperca scherzeri + +
68  KHR#HK Siniperca kneri 3 6 0 0 0.20 11.6-15.6  26—64.3 + +
69 LU Siniperca undulata +

(¥4 to be continued)
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(8232 Tab. 2 continued)

75 ok fail fishway W OWF
serial i HF#FE HE HFE XF W% EKem fixH/g  onthe under
number speees spring summer autumn winter percentage length weight dam  the dam
70 K 5% Sniperca roulei 2 8 0 0 0.22 7.8-15.5 18.5-45.7 + +
4% Channidae
71 i Channa argus argus + +
72 BEf# Channa maculata +
J AL Mastacembelidae
73 PRI Mastacembelus sinensis 5 0 0 0 0.11 7.2-8.5 5.2-6.8 + +
VB YEESFEL Odontobutidae
74 YIS Odontobutis sinensis + +
3l fa %l Belontiidae
75 X B3| Macropodus opercularis +
IFpE Al Gobiidae
76 TREWERFEa Rhinogobius giurinus 14 66 1.93 4.9-6.2 1.1-3.1 + +
%l H Beloniformes
%l Belonidae
77 [ F# Hyporhamphus intermedius +
44 H Symbranchiformes
A H8fEL Synbranchidae
78  Hifif Monopterus olbus + +
2 H Anguilliformes
Bl Anguillidae
79  #Bfifi Anguilla japonica 0 0 0 3 0.07 5.8-6.9 5.2-6.8 + +
T + RN R R
Note: + means existence of the species.
F 3 WEIKFEAEEREEFER
Tab. 3 Environmental factor indexes of fishway of Xiajiang Hydro-Junction X+SD

ZT5 season JK ¥R /m water depth

i /(m/s) flow velocity

JKii/°C water temperature

7%/ (mg/L) dissolved oxygen

% spring 2 0.98+0.02 18.13+0.05 8.71+0.08
¥ summer 2 1.13+0.05 32.77+0.40 6.32+0.26
K autumn 2 0.88+0.06 24.24+0.17 8.58+0.04
4 winter 2 0.71£0.04 13.1£0.29 9.72+0.03
x4 BEYFMINEEFE RDA S HTHSEITER

Tab. 4 Satisticsfor the axes of RDA of fish species and environmental factors

¥8%5 indicator axis 1 axis 2 axis 3 axis4
FFE(H eigenvalues 0.6452 0.2823 0.0422 0.0032
fRRREVE AR SR (B FR)/% explained variation (cumulative) 64.52 92.74 96.96 97.28
MK R HL pseudo-canonical correlation 0.9954 0.9846 0.9543 0.7836

G SRR 23.65% . 21.61%; 4 ZEHAK,
dEAR R 14.42%, RFEUE B RIE i

%, S 31, 27 B, BKEERIZZ50000F 20, 12

Tl 4),
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Fig. 3 RDA ordination of fish and environmental factors
in the fishway of Xiajiang Hydro-Junction
wtemp: water temperature; Temp: air temperature; Flr: flow
velocity; Uplevel: water level up the dam; Downlevel: water
level down the dam; DO: dissolved oxygen. Zp: Zacco platypus;
Sa: Squalidus argentatus; Sd: Saurogobio dabryi; Sc: Squalio-
barbus curriculus; Ca: Culter alburnus; Hl: Hemiculter leucis-
culus; Pf: Pelteobagrus fulvidraco; Xa: Xenocypris argentea,;
Ci: Ctenopharyngodon idella; Pp: Parabramis pekinensis.
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Fig. 5 Distribution map of fish standard body length in fishway in spring, summer, autumn and winter
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Tab.5 Critical swimming speed of main fish speciesin fishway of Xiajiang Hydro-Junction

X+SD

ot 6 e Sl UKk R E /(c/s)

absolute critical swimming speed

AERT I S5 Ui ik 2 B /(BL/s)

relative critical swimming speed

LU K /em
species body length

fi% Hypophthal michthys molitrix 16.90+0.55
8.30+0.90

fiff Aristichthys nobilis 19.99+1.58
15.03+0.76

%ifh Ctenopharyngodon idella 17.19+1.00
8.08+0.38

i Mylopharyngodon piceus 17.68+1.41
9.93+0.96

83.92+3.03 4.97+0.14
42.83+£0.95 5.16+0.63
91.62+3.54 4.60+0.26
59.31+3.13 3.95+0.23
87.89+4.51 5.12+0.37
79.66+23.11 9.86+2.91
92.61+6.70 5.25+0.34
85.13+6.79 8.57+0.95
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Tab. 6 Comparison of operation effect of fishway in Xiajiang Hydro-Junction with other fishways
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fishway name fishpass type obeservation time fish species ~ number of fish  reference
I TE A% vertical slot type 1981 4F 4-7 A 36 385 [26]
HHZ i) Pt %45 diaphragm vertical seam type 1973 4 3-5 A 15 75 [5]
[l T A, vertical slot type 2012 4F 3-8 A 38 41 [2]
K40 FHe /R daniel style 2015 428 H-2016 47 A 39 35 [18]
ey, HifE R diaphragm plate 2019 4F 10 12020 4% 8 A 42 43 A3

4 it
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W A EER R E L.
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Effects of fish passing through the fishway of the Xiajiang Water
Control Project
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1. Fishery Resources and Environmental Science Experimental Station of the Upper-Middle Reaches of Yangtze River,
Ministry of Agriculture and Rural Affairs; Yangtze River Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Wuhan 430223, China;
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Abstract: The fishway of the Xiajiang Hydro-Junction was built to meet the needs of breeding and over-wintering
migratory fish. To alleviate the effects of its operation, netting and interception methods were used to conduct
surveys to determine the effects of the fish passage at the Xiajiang Hydro-Junction during October 2019, January
2020, April 2020, and August 2020. A total of 4605 fishes was collected, including 42 species belonging to 4 or-
ders, 9 families, and 34 genera, mainly small- and medium-sized fishes. The body length ranged from 2.3 cm to
48.5 cm. The dominant species were Zacco platypus, Squalidus argentatus, Saurogobio dabryi, Culter alburnus,
and Pelteobagrus fulvidraco, accounting for 17.24%, 14.26%, 6.86%, 5.78%, and 4.89%, respectively. The mi-
gratory fishes in the fishway included Ctenopharyngodon idella, Squaliobarbus curriculus, Pseudobrama simoni,
and Anguilla japonica. The number of passing fish varied seasonally and was the highest during summer, ac-
counting for 42.23% of the total, whereas the number was the lowest during winter, accounting for 11.69% of the
total. Factors affecting fish passing were mainly water temperature and water level. There were 42 species of fish
passing through the entrance of the fishway of the Xiajiang Hydro-Junction. There were more species of fishes
passing through the fishway of the Xiajiang Hydro-Junction than those through other fishways. These results will
provide reference data for the optimization and effective operation of fishways, which could have implications in
the protection of fishery resources in the Ganjiang River.
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