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Fig. 1 Schematic diagram of hydroacoustic survey in Yichang to
Chenglingji reach
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Tab. 1 Navigation information during hydroacoustic survey in
each river section

FHRE

o PRI
e Mean speed

WL Voyage (km)  AVpreeemater  Me she
Survey HKED KK KR RKE K KK

section
Wet Dry Wet Dry Wet Dry
season  season  season  season  season  season

A HE-

. 3760 3079 1640 1146 1567 997
B. H#B-

B 5624 5375 1587 1075 1482 954
9#,] ﬁﬂ‘ 5626 5463 1297 689 1516 970
I,Z\' ;’JJ""' 3501 3625 1454 979 900  10.03
E. A%

b2 5240 5078 1529 906 995 10.19
EAOFE- 6eo0 7258 1972 1145 1539 997
W

G. YiFl-

L 86.98 83.80 13.86  9.97 942 13.23

%&?ﬁ?m 393.52 38257 1554 990 1200 10.46
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Fig. 2 Distribution of fish TS in wet season and dry season
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AN TR I 25 V1 B 0 2P 3 % 5 2 1Al 1) 22 5% (1 6),
R TR, F/AKMWASE. BSF. C5F. E5GILE

Z\AIAEAE 2% 22 7 (P<0.05), B5E. CHEVLBAIL
TEFEMR B 25 M 22 B (P<0.01), KRB Z M ERAR
B3 KIS B 2 M0 .35 22 5 (P>0.05)

BEENHRTL 7EAEH 7 W b, 3K
CIL Bt K% FE A M R INIRZ>RZ>T)E, AR
FILEB RIUNRE> E>RE; FiK IBIL B 2K
B ARENRE>RE>H R, AR VLR IFER
BHNEE>PE> REE 7). FIKBITIH K )
FIK I Z ) 0 S8 FE S AR AE AR 0 2 M 7 R (F=64.51,
df=680, P<0.01; F=8.17, df=746, P<0.01). % /KZt
K90 o0 B 25 R, JF K3 K2 9 9 2 (R 34047
FE A L B 35 M 25 R (P<0.01); M KR EFIh 22
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WA 3 (P<0.01), FEFIRZ 2 [F] 22 57 42 3 (P=0.02<
0.05; % 5). fEWT[A] b, FAKHARAL K HAZR 2 £ 28
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HZE RS R AR R S 2 B A 2 R (F=
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KI5 5 B B B R A A AL (5> 1) o
2.3 B FAERL

FK I (20224 7 H )L R AR B 1 5842F0, 1647
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31.40 cm, KK 73 A f£5.1—81.0 cm, “F 1A E A
337.40 g WiIRAESMAKBKEMF . FEKA
F b RE Ay, B b E A o 45.14%H131.48%. fill
Rl a2 2 18 28F, H 5t N 52.13%, F ¥R KR
35.59 cm, V- Ik 5 y480.59 g; AR 12 TR, K
= (5 HoN44.90%. R34 2N T I 38 4 (Pelteo-
bagrus vachelli) 37.73% (9.6—42.8 cm). fi(Parab-
ramis pekinensis) 8.63% (14.6—56.2 cm) 4 Xeno-
cypris argentea) 11.85% (16.2—33.7 cm). fifj(Mega-
lobrama skolkovii ) 7.41% (8.9—59.1 cm). fi#(Hypo-
phthalmichthys molitrix) 2.79% (20.8—68.6 cm); it
Pt A K N8.9—68.6 cm), T35 425.15 cm.

il 7K 3 (20224 12 )3t 2R £ 21| 82K 40Fh
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N328.47g. WRLEKMEH . T ERIHEI LK,
B 5 H N 64.79% . K T [FRE Dy SRS} R 6 A} £
Fip %, 4y HR28FhFI6Rh, ikt 5 4 il v 88.38%
H18.34%, o SR} 1 2813 /KK 0518.88 em, 115
PR H 340.47 go HRFH K I E R (Xenocypris
argentea) 36.71% (10.5—12.7 cm). i (Parabramis
pekinensis) 14.15% (28.1 —37.2 cm). fi% (Hypoph-
thalmichthys molitrix) 1.34% (8.2—77.5 cm). L [K
R Pelteobagrus vachelli)4.84% (12.3—38.8 cm)«
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Tab. 3 Difference distribution of fish TS in horizontal direction

T X 85k F /K Wet season Fiti 7K iDry season
River section YJ{EiMean (dB) i FRange (dB) P ¥J{EiMean (dB) i ERange (dB) P
A —53.07+4.36 —69.93—-32.76 <0.01 —60.09+7.42 —69.92—-36.97 <0.01
B —58.63+£3.33 —69.94— -30.45 —61.31£5.61 —69.98— -28.13
A —53.07+4.36 —69.93— -32.76 <0.01 —60.09+7.42 —69.92—-36.97 <0.05
C —58.33+4.59 —69.94—-30.6 —64.39+£3.13 —69.92—-29.13
A —53.07+4.36 —69.93—-32.76 <0.01 —60.09+7.42 —69.92—-36.97 <0.01
D —58.51£3.33 —69.99— —-34.55 —57.65+8.04 —69.98—-28.24
A —53.07+4.36 —69.93—-32.76 <0.01 —60.09+7.42 —69.92—-36.97 <0.01
E -57.97+1.86 —69.96—-29.74 —61.33£5.19 —69.94—-28.37
A —53.07+4.36 —69.93— -32.76 <0.01 —60.09+7.42 —69.92—-36.97 <0.01
F -56.17+2.03 —69.99— -35.85 —59.93£3.15 —69.98—-28.57
A —53.07+4.36 —69.93—-32.76 <0.01 —60.09+7.42 —69.92—-36.97 <0.01
G —57.5843.26 —69.98—-30.02 —59.46+3.54 —69.97—-28.17
B —58.63+£3.33 —69.94—-30.45 <0.01 —61.31£5.61 —69.98—-28.13 <0.01
C —58.33+4.59 —69.94— -30.6 —64.39+£3.13 —69.92—-29.13
B —58.63+£3.33 —69.94—-30.45 <0.01 —61.31£5.61 —69.98—-28.13 <0.01
D —58.51+£3.33 —69.99— -34.55 —57.65+8.04 —69.98—-28.24
B —58.63+£3.33 —69.94— -30.45 <0.01 —61.31+5.61 —69.98— -28.13 <0.01
E —57.97£1.86 —69.96—-29.74 —61.33+£5.19 —69.94—-28.37
B —58.63+£3.33 —69.94—-30.45 <0.01 —61.31£5.61 —69.98—-28.13 <0.01
F —56.17+2.03 —69.99—-35.85 —59.93+3.15 —69.98— -28.57
B —58.63+£3.33 —69.94—-30.45 >0.05 —61.31£5.61 —69.98—-28.13 <0.01
G —57.58+3.26 —69.98—-30.02 —59.46+3.54 —69.97—-28.17
C —58.33+4.59 —69.94—-30.6 <0.01 —64.39+3.13 —69.92—-29.13 <0.01
D —58.51£3.33 —69.99— -34.55 —57.65+8.04 —69.98—-28.24
C —58.33+4.59 —69.94—-30.6 <0.01 —64.39+3.13 —69.92—-29.13 <0.01
E -57.97+1.86 —69.96—-29.74 —61.33£5.19 —69.94—-28.37
C —58.33+4.59 —69.94—-30.6 <0.01 —64.39+£3.13 —69.92—-29.13 <0.01
F -56.17+2.03 —69.99— -35.85 —59.93£3.15 —69.98—-28.57
C —58.33+4.59 —69.94—-30.6 <0.01 —64.39+3.13 —69.92—-29.13 <0.01
G —57.5843.26 —69.98—-30.02 —59.46+3.54 —69.97—-28.17
D —58.51+£3.33 —69.99— -34.55 >0.05 —57.65+8.04 —69.98—-28.24 <0.01
E -57.97+1.86 —69.96—-29.74 —61.33£5.19 —69.94—-28.37
D —58.51£3.33 —69.99— —-34.55 >0.05 —57.65+8.04 —69.98—-28.24 <0.01
F -56.17+2.03 —69.99— -35.85 —59.93£3.15 —69.98—-28.57
D —58.51+£3.33 —69.99— -34.55 <0.01 —57.65+8.04 —69.98—-28.24 >0.05
G —57.5843.26 —69.98—-30.02 —59.46+3.54 —69.97—-28.17
E —57.97+1.86 —69.96—-29.74 >0.05 —61.33+£5.19 —69.94—-28.37 <0.01
F —56.17+2.03 —69.99—-35.85 —59.93+3.15 —69.98— -28.57
E —57.97£1.86 —69.96—-29.74 <0.01 —61.33£5.19 —69.94—-28.37 <0.01
G —57.58+3.26 —69.98—-30.02 —59.46+3.54 —69.97—-28.17
F -56.17+2.03 —69.99—-35.85 <0.01 —59.93+3.15 —69.98— -28.57 <0.01
G —57.58+3.26 —69.98—-30.02 —59.46+3.54 —69.97—-28.17

T ALHB-E; B, BRI, C. BT D.OJRIMN-2 % B AR-AH; FATE-HEA; G RS L
Note: A. Yichang to Yidu; B. Yidu to Zhijiang; C. Zhijiang to Jingzhou; D. Jingzhou to Gongan; E. Gongan to Shishou; F. Shishou to
Jianli; G. Jianli to Chenglingji
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Fig. 3 TS distribution of fish in vertical water layers
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Tab.4 Difference in TS distribution of fish in vertical aquifers of the Yichang to Chenglingji River sections

=E/K3H Wet season ## 7K 3 Dry season
7KJZ Water layer = —
¥J{f Mean (dB) il Range (dB) P ¥J{H Mean (dB) | Range (dB) P
R JZSurface layer vs. —62.51+£2.94 —69.95— —43.57 >0.05 —63.42+4.17 —69.95— -28.73 <0.01
1 EZMiddle layer —60.66+3.37 —-69.99— -35.15 —61.96+4.02 —69.98—-29.04
%% JZSurface layer vs. —-62.51+2.94 —-69.95—-43.57 <0.01 —63.42+4.17 -69.95—-28.73 <0.01
J&&JZ Bottom layer -56.43+3.98 —69.99— -29.74 —59.18+5.59 —69.98— -28.13
1 EZMiddle layer vs. —60.66+3.37 —69.99— -35.15 <0.01 —61.96+4.02 —69.98—-29.04 <0.01
J&& /2 Bottom layer —56.43+3.98 —69.99— -29.74 —59.18+5.59 —69.98— -28.13
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Tab. 5 t-test analysis of vertical distribution of fish density in the section from Yichang to Chenglingji River

K FIKH Wet season 7K Dry season

= pres S . e

Water layer P ,  Julfl Range P T35 P ,  JulH Range p
Average density (ind./1000 m’)  (ind./1000 m’) Average density (ind./1000 m’)  (ind./1000 m’)

Rz Surface layer 26.23+£54.84 0.09—401.227 <0.01 17.65+37.55 0.05—359.78 >0.05

vs.

i = Middle layer 74.21+134.16 0.06—768.47 27.86+65.57 0.15—601.60

% JZ Surface layer 26.23+54.84 0.09—401.227 <0.01 17.65+37.55 0.05—359.78 <0.01

}%‘%Bo‘t}tsc;m layer 182.01£271.92 0.01—986.36 46.26+113.78 0.12—884.22

hJ=Middle layer 74.21+134.16 0.06—768.47  <0.01 27.86+65.57 0.15—601.60  <0.05

F&EBO‘;tS(;m layer 182.01£271.92 0.01—986.36 46.26+113.78 0.12—884.22
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SPATIAL-TEMPORAL DISTRIBUTION CHARACTERISTICS OF FISH
RESOURCES IN YICHANG-CHENGLINGJI RIVER SECTION OF THE
YANGTZE RIVER IN THE EARLY PERIOD OF FISHING BAN

SHI Yin-Kui"?, YU Li-Xiong', ZHOU Xue', GAO Lei', ZHU Feng-Yue', YANG Jin-Yi"?,
CHEN Da-Qing', WANG Ke' and DUAN Xin-Bin'
(1. National Agricultural Science Observing and Experimental Station of Chongqing/Fishery Resources and Environmental Science
Experimental Station of the Upper-Middle Reaches of Yangtze River, Ministry of Agriculture and Rural Affairs, Yangtze River Fishe-

ries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China; 2. Shanghai Ocean University,
National Demonstration Center for Experimental Fisheries Science Education, Shanghai 201306, China)

Abstract: In this study, we investigated fish resources in the Yichang to Chenglingji reach of the middle Yangtze River
using the SIMARD EY60 echo detector in July 2022 (during the high-water season) and January 2023 (during the low-
water season). Additionally, we integrated the results of net fishing surveys to assess the spatial and temporal distribu-
tion characteristics of fish resources in this reach during the initial ten-year fishing ban period. The results revealed that
during the wet season and dry season of the fishing ban period, fish densities were 128.69 ind./1000 m’ and 38.43 ind./
1000 m’, with mean target strengths (TS) of —57.54 and —60.18 dB, and mean fish lengths of 5.22 and 3.85 cm, respec-
tively. Significant differences in fish density and TS values were observed between the two seasons. Horizontally, fish
distribution was uneven, with higher fish densities observed in meandering and winding sections compared to straight
river segments. The sections with the highest fish densities during both surveys were found in the Gongan to Shishou
and Zhijiang to Jingzhou reaches. Vertically, fish densities showed a pattern of bottom layer > middle layer > surface
layer, and significant differences were observed in fish densities among these layers during both seasons. Combining
net fishing data and historical survey data from previous years, fish resources in the Yichang to Chenglingji reach were
dominated by Cyprinidae and Bagridae, while there was some recovery of fish resources during the initial fishing ban
period, small individual fish still dominated. The spatial and temporal distribution of fish resources in the middle
Yangtze River was correlated with factors such as habitat preferences and aquatic ecological conditions. These findings
provide valuable data support for future evaluations of the effectiveness of the fishing ban.

Key words: The middle reaches of the Yangtze River; Hydroacoustics; Fish resources; Spatial and temporal distribu-
tion; Early fishing ban period
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Appendix 1 Composition of fish species in Yichang to Chenglingji River section

e Aok e R e T - L PFECBody length
Period Species Spéti;;T‘n_iL(; e Verag(z)welg t Welg(g 0/;)ratlo Quan(t;z ratio i i
Range Mean
K3 ##} Cyprinidae
Wetseason i vonocypris argentea i, T 186.04 6.53 11.85 162337 2227
fifi Parabramis pekinensis L RE 599.65 15.33 8.63 14.6—56.2  32.87
il Megalobrama skolkovii . B2 570.49 12.53 7.41 8.9—59.1 26.00
LM Pseudobrama simoni LR E 22.95 0.36 5.35 10.5—20.0 11.55
il Carassius.auratus N 179.69 1.97 3.71 10.0—68.5  28.59
i Hypophthalmichthys molitrix . BB 1836.95 15.21 2.79 20.8—68.6  46.41
W 6if] Saurogobio dabryi LN 23.88 0.14 1.94 13.1—14.8  13.96
217 fif| Culter mongolicus = 380.16 2.12 1.88 21.3—454 3035
ik B Culter dabryi LZE 169.53 0.70 1.40 16.7—32.5  23.60
423k A Culter oxycephaloides o BE 205.56 0.81 1.34 21.0—453 2523
#25} Bagridae
BL KK 35 #i 4 Pelteobagrus vachelli K2 145.64 16.29 37.73 9.6—42.8  22.55
Rl Pelteobagrus fulvidraco JKE 127.87 1.31 3.46 13.0—39.9 22.64
6 #E i th Pelteobagrus nitidus K2 40.88 0.18 1.52 10.0—274 1536
KA Fifa Pelteobagrus eupogon EJZ 90.82 0.28 1.03 11.6—272 2187
#5%] Serranidae
Wi Siniperca chuatsi K2 380.83 1.58 1.40 17.4—40.2  25.55
HAff2 Other fish — — 24.64 8.57 5.1—81.0 —
7K B #8%} Cyprinidae
Dry season o veonocypris argentea i, T2 133.55 14.92 36.71 105127  11.54
fifi Parabramis pekinensis R = 470.39 20.26 14.15 28.1—37.2  32.58
fifi Megalobrama skolkovii o BE 363.21 7.25 6.55 8.2—47.9 22.71
g i) Saurogobio dabryi . T2 25.26 0.41 5.29 6.8—18.6  13.96
5 1 i1 Culter mongolicus B 223.24 2.83 4.17 10.0—562 1922
Ui Pseudobrama simoni LR E 17.55 0.19 3.50 9.1—12.9 10.60
ISk Culter oxycephaloides = 362.74 3.29 2.98 8.0—59.5  25.80
¥R4% Squalidus argentatus R = 17.41 0.15 2.83 7.1—12.8  10.44
Wfif] Rhinogobio typus KE 16.17 0.11 2.31 10.6—13.7  12.50
itk Hypophthalmichthys molitrix . B2 3586.32 14.63 1.34 82—77.5 5215
¥ il Xenocypris davidi R = 599.48 231 1.27 18.2—45.0  30.89
8l Carassius auratus LR E 123.99 0.39 1.04 8.2—253 16.65
#23} Bagridae
BL KK 35 #i 4 Pelteobagrus vachelli K2 176.55 2.60 4.84 12.3—38.8 23.84
KAEHEMystus macropterus KE 189.11 1.46 2.53 6.8—39.4 28.16
#5F} Serranidae
Wt Siniperca chuatsi JRJZ 233.72 0.85 1.27 16.2—35.8  21.43
#2%} Engraulidae
JH M5 Coilia brachygnathus . B2 41.14 0.16 1.19 16.0—31.7  20.16
HAff2 Other fish — — 24.87 8.04 8.6—80.0 —
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