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Fig. 1 The location of sampling sites on fisheries of early life
history stages in Hukou section of the Yangtze River
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Tab.1 Speciescomposition of the four major Chinese carp
eggs in Hukou section of the Yangtze River

& species & /ind number [ 51]/% ratio
fi% Hypophthal michthys molitrix 75 80.65
1t Mylopharyngodon piceus 7 7.52
#itf Ctenopharynodon idellus 6 6.45
fijf - Aristichthys nobilis 5 5.38
A3t total 93 100

2.2 FEUHALE K7 AR
2019 A RAEBIRG U RF MO, Wi & & i
HHYE R 20 A 2 b R A (1R 2) . 25 A RSB

K2 PR £ b & 7 I
a: GEON, FEACW]; b BN, JRG R o BEAON, MRJSUEES YT d BEON, REEF L,
e TGN, WUAZINIA; & G50, CNEFEIEN; g0 G500, ARSI h: G500, HHIRATH.
Fig. 2 Four major Chinese carps eggs development stages
a: Aristichthys nobilis eggs, stage of blastula; b: Ctenopharynodon idella eggs, early stage of gastrula;
¢: Ctenopharynodon idella eggs, eye primordium formation; d: Hypophthal michthys molitrix eggs, stage of tail bud appearance;
e: Mylopharyngodon piceus eggs, muscle effect period; f: Hypophthal michthys molitrix eggs, primary cardiac stage;
g: Hypophthal michthys molitrix eggs, heart beating stage; h: Hypophthal michthys molitrix eggs, hatching stage.
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Tab.2 Development period and drift distance of four major Chinese carps
eggs in Hukou section of the Yangtze River in 2019

GBS 5 I Bkt /ind REHEMKY/nh EEWLIE B /km
species development stage number development period™! drift distance

PR stage of blastula 18 6.67 22.57

JE R4 early stage of gastrula 12 8.67 29.34

. FEZ B stage of tail bud appearance 30 19.30 65.31

E” . L% R3] muscle effect period 1 24.40 82.57

Hypophthal michthys molitrix

CEPRIEN] primary cardiac stage 4 33.00 103.36

L IEFE 5] heart beating stage 2 33.74 106.89

HAEHTHA hatching stage 8 34.25 115.90

M cell stage 2 5.32 18.00

g FEJR Y] stage of blastula 2 6.81 23.05

= ) MR JFEEL B eye primordium formation 1 16.33 51.15

Mylopharyngodon piceus .

WLAZUY B muscle effect period 1 24.49 76.70

AT hatching stage 1 36.53 123.62

- JE i B early stage of gastrula 2 6.79 22.98

T HR U B eye primordium formation 3 15.96 54.01

Ctenopharynodon idella )

WLA R muscle effect period 1 22.36 70.84

il FEIRIH stage of blastula 3 5.53 18.71

Avristichthys nobilis UL %% 8 9] muscle effect period 2 23.13 78.27
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Fig. 3 Location of four major Chinese carps spawning grounds in Hukou section of the Yangtze River
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Tab. 3 Changes of four major Chinese car pslocation of spawning groundsin the Hukou section of the
Yangtze River for four months
A6 K s) HH S E
month water velocity development stage location of spawning ground
Ji i 40 W DU N B
4 )q 0.8540.34 early stage of gastrula Jiangzhou Town, Hukou County
April F& 35 th 3L BT I
stage of tail bud appearance Longping Town, Wuxue City
20 M - I 40 = pawyiliipiis
cell stage-early stage of gastrula Jiangzhou Town, Hukou County
5 41 0965021 BRI 1 S0 A0 1 F A
May eye primordium formation-muscle effect period Longping Town, Wuxue City
O U S - 1 BT 40 B X 7 M B ST
primary cardiac stage-hatching stage Qizhou Town, Huanggang City
E3iN ] I pawil i
stage of blastula Jiangzhou Town, Hukou County
6 A 0.8520.16 BRSSO A3 RSP
June eye primordium formation-muscle effect period Longping Town, Wuxue City
oo JUE SRS - H T 30 e e piin
primary cardiac stage-hatching stage Qizhou Town, Huanggang City
WUPI R 3 EWAG) 21 i piis
muscle effect period Longping Town, Wuxue Cit
7 0.89+0.16 P ) gpine Y
July O U S - 1 BT 40 B X 7 M B 3

primary cardiac stage-hatching stage

Qizhou Town, Huanggang City
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Tab. 4 Size of four major Chinese car ps spawning groundsin the Hukou section of the Yangtze River

oasling Gl =B i 7= B BLAE/(<10% ind) L Bil/%
development stage location of spawning ground size of spawning ground ratio
AL J91- 5 03 WLV M 0.4 is
cell stage-early stage of gastrula Jiangzhou Town, Hukou County ’ '
HIR i 1 LA UL PR 207 301 B R 0.68 44.1
eye primordium formation-muscle effect period Longping Town, Wuxue City ' '
A M JE 30 - £ 30 B X7 JH B2 038 244

primary cardiac stage-hatching stage

Qizhou Town, Huanggang City
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Fig.4 Four major Chinese carps eggs abundance change in Hukou section of the Yangtze River
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Fig. 5 Section distribution of the four major Chinese carps eggs in Hutou section of the Yangtze River

TERFERAN], 155 2 51 3 5 W im ) fa 5
PIH RSk 1.52 ind/1000 m* . 0.88 ind/
1000 m3H1 0.43 ind/1000 m?, 1 S Wiia F1 3 = W 1
B YARRER N RF AN, 1 S Wi KE M
YR H = R 18] 40 A5 M YT0(6.08 ind/1000 m3)>Jb
F#(5.52 ind/1000 m*)>Rg j5; 2 5 Wi ifi PU K 5K A b
H 32 B 1) 230 A5 M YT.00(9.27 ind/1000 m3)>T4 J#
(1.16 ind/1000 m*)>Jt/5#(1.12 ind/1000 m?); 3 =P

RGN H =R 7347 TT0(7.54 ind/1000 m*)>
Jt/%(0.33 ind/1000 m*)>F4 i+ o
25 RANZTESHERFHHEXXER

2019 4EJEA AN, W0V AR AR fk
25PN,

BRI A B G A 20200~46700 m?/s,
s H LR R RN 6110 m¥/(s-d); KAAE
TG 12.96~20.77 m, KAi B F ikl K
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Tab.5 Changes of environmental factorsin Hukou section of the Yangtze River

RFEWITE sampling section T/C pH DO/(mg/L) v/(m/s) SD/cm TUB/NTU
1 24.16 7.71 8.86 0.87 50.43 30.06
2 23.51 7.90 8.89 0.88 44.41 36.66
3 23.72 7.93 8.74 0.98 49.47 32.73
4 25.54 7.75 8.69 0.84 52.43 27.16
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rate of water flow of Hukou section of the Yangtze River
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Four major Chinese carps eggs resources and spawning grounds dis-
tribution at Hukou section of the Yangtze River

HE Xiaohuil, TAN Longfeil, PENG Yunxinl, FANG Di’an" 2, XU Dongpol’ 2

1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China;

2. Scientific Observing and Experimental Station of Fishery Resources and Environment in the Lower Reaches of the
Changjiang River, Ministry of Agriculture and Rural Affairs; Freshwater Fisheries Research Center, Chinese Acad-
emy of Fishery Sciences, Wuxi 214081, China

Abstract: In this study, we sought to determine the status of resources and the spawning ground location and egg
production of four major Chinese carp species along the Hukou section of the Yangtze River. Surveys were con-
ducted from April 19 to August 5, 2019 at four sampling sections set up along the Hukou section, at which daily
collections were made using a plankton net. We accordingly collected 93 eggs of the four major Chinese carp re-
sources, the majority of which were the eggs of Hypophthalmichthys molitrix, accounting for 80.65% of the total
egg numbers. The fertilized eggs collected during the study period were found to be at one of nine stages of de-
velopment; the majority of them were at the tail bud appearance, blastula, and early gastrula stages, accounting for
32.26%, 24.73% and 15.05% of the total number of fish eggs, respectively. Taking into consideration the direction
of water flow, we inferred that the locations of the spawning grounds of the four carp species were in the vicinity
of three river stretches, namely, the Hukou Jiangzhou, Wuxue Longping, and Huanggang Qizhou sections. More-
over, we estimated that the numbers of eggs at the respective spawning grounds were 0.49 x 10% 0.68 x 10%, and
0.38 x 10%ind. Compared with historical data, there were no obvious changes in the locations of these spawning
grounds; however, there was a significant reduction in the numbers of eggs at each spawning location. The average
density of fish eggs in section 1 was 1.52 ind./1000 m®, which was significantly higher than that in sections 2
(0.88 ind./1000 m®) and 3 (0.43 ind./1000 m?). The results of Pearson correlation analysis indicated that the abun-
dance of eggs of the four carp species was significantly positively correlated with a daily increase in the rate of
water flow (P < 0.01), and that there was also a significant positive correlation between the daily increase in water
flow rate and water velocity (P < 0.05). After a period of more than 50 years, we have assessed the location and
size of the spawning grounds of four major fish species in the middle and lower reaches of the Yangtze River.
These findings provide basic information that will contribute to the protection of these fish resources in the Yang-
tze River.

Key words: Hukou section of the Yangtze River; four major Chinese carps; spawning ground; temporal and spatial
distribution; the middle and lower reaches of Yangtze River
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