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Abstract: Abstract: To understand the changes in fish community structure and diversity in the Zhenjiang section of the lower
Yangtze River following the implementation of the ten-year fishing ban, this study conducted surveys once during the fish
breeding period (April-July) and once during the fattening period (September—November) annually from 2021 to 2024. Over the
four-year study period, a total of 792 net hauls were carried out in the Zhenjiang section, yielding 3,908 fish individuals with a
total weight of 575.62 kg. A total of 66 fish species were identified, belonging to 9 orders, 16 families, and 47 genera. During the
study period, the fish assemblage in the Zhenjiang reach of the Yangtze River was dominated by omnivorous and carnivorous
species, freshwater resident species, and benthic fish, accounting for 40.91%, 40.91%, 69.70%, and 43.94% of the total species,
respectively. The dominant species were Parabramis pekinensis, Hemiculter bleekeri, and Saurogobio dabryi. The highest number
of fish species was recorded in 2024 (48 species), which was significantly higher than the 39 species recorded in 2023. One-way
ANOVA results revealed significant interannual differences in fish community diversity. In 2024, the fish diversity, richness,
evenness, and dominance indices reached their highest values. The diversity index in 2024 (3.04) was significantly higher than
those in the previous three years (P < 0.05). The richness index (6.86) was significantly higher than that in 2023 (P < 0.05), and
the evenness index (0.79) was significantly higher than that in 2022 (P < 0.05). Results from abundance/biomass curves indicated
that the fish community structure in the Zhenjiang section was generally less disturbed after the implementation of the fishing
ban. However, in 2022, the fish community experienced moderate disturbance due to abnormally low water levels, resulting in
reduced stability. By 2024, the fish community had initially achieved a stable state. Cluster and NMDS analyses showed that the
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fish community in the Zhenjiang section could be divided into two clusters: one consisting of 2021 and the other of 2022-2024.
Compared with 2021, the relative abundances of small-sized fish such as Pelteobagrus nitidus, Hemiculter bleekeri, and
Xenocypris argentea decreased from 2022 to 2024, while the relative abundance of Coilia nasus increased, reflecting certain
successional characteristics of the community structure. After the implementation of the ten-year fishing ban in the Yangtze River,
fish resources in the Zhenjiang section exhibited a gradual recovery trend, and the community remained relatively stable. However,
the recovery of the fish community was not a simple linear process, but was simultaneously influenced by both positive factors
(i.e., the fishing ban) and negative factors (i.e., extremely low water levels). This study clarifies the basic characteristics and
temporal trends of the fish community in the Zhenjiang section since the implementation of the ten-year fishing ban, providing
scientific support for evaluating the effectiveness of the fishing ban and assessing the aquatic biological integrity index. It also
contributes to the stable and long-term implementation of the ten-year fishing ban policy in the Yangtze River.

Keywords: The ten-year fishing ban in the Yangtze River; Zhenjiang section; Community structure; Diversity; Fishing ban
effectiveness
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Fig 1 Sampling sites in the Zhenjiang section of the Yangtze River
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Tab. 1 Latitude and longitude of sampling sites

X 3k 4 FR X $k g5 JeyA RS ZE Gilia
ZJ1-1 119°2927.53" 32°15'4.62"
Ak ZI1 712 119°29'58.43" 32°15'6.71"
ZJ1-1 119°3024.38" 32°15'4.62"
732-1 119°3239.1" 32°13'15.37"
Fig PN 7 I Z12 Z12-2 119°33'7.68" 32°1321.65"
732-3 119°33'6.29" 32°1259.03"
Z13-1 119°34'8.4" 32°14'14.44"
Fig b VAK] ZJ3-2 119°34'55.37" 32°14'19.41"
713-3 119°34'37.6" 32°13'39.55"
ZJ4-1 119°36'57.09"” 32°13'32.73"
Fg I AR 714 7342 119°37'1.42" 32°13'5.54"
714-3 119°36'58.33" 32°1235.22"
735-1 119°4172.19" 32°1423.71"
EIITPNi ZJ5 7152 119°40'55.85" 32°14'9.6"
715-3 119°40'48.74" 32°13'55.35"
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ANFELEN], 2024 FEYFEERZ N 48 B, BHEET 2021 £ 41 Fi. 2022 41 43 A1 2023 £ 39
;2021 4 BPUE &A1& N 0.09 kg/1000m? /h, B R KT 2022 4E17 0.17 kg/1000m? /h~ 2023 41 0.18 kg/1000m
2/h 1 2024 417 0.14 kg/1000m? /h; 2022 4F NPUE f &4 1.39 ind./1000m? /h, B & T 2021 419 0.75
ind./1000m? /h 2023 ££f#) 0.97 ind./1000m? /h F1 2024 £E[# 0.53 ind./1000m? /h(E 2).
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Tab. 2 Interannual variations in fish species composition and catch per unit effort in the Zhenjiang reach of the Yangtze River

i [ EALEA CEDA Ve AN =Rl e RA Y/ CEUDATEF RPNl R MG Y
Temporal Species number BPUE (kg/1000m” /h) NPUE (ind./1000m’ /h)
2021 4F 41 0.09 0.75
2022 4 43 0.17 1.39
2023 4F 39 0.18 0.97
2024 F 48 0.14 0.53
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2021—2024 ], KITHIT B A T IE (Parabramis pekinensis) Ul [C# (Hemiculter bleekeri)-
et (Saurogobio dabryi)tt 3 Fh(F 3), HEEREER 46.11%, HAMEKEER 35.11%(FRI). JEH
Hif(Siniperca chuatsi)~ Hi(Megalobrama skolkovii)~ U Hfl(Saurogobio dumerili)=: 14 Fh, & WL 16 F,
FEGE T Pt (Pelteobagrus nitidus) 3 Ei (Pelteobagrus fulvidraco)~ FUME A (Culter alburnus)ss, —MFh
17 F, BFEKIREF(Siniperca kneri)s K (Silurus meridionalis). #2655, /DI 16 F, GiEZEEM
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Fig 2 Fish ecological types in the Zhenjiang section of the Yangtze River
R 3 RITATT B Al AP A

Tab. 3 Composition of dominant fish species in the Zhenjiang section of the Yangtze River

W ARXS HZ R IR
2021—2024 4 2021 4F 2022 4F 2023 4F 2024 F

fify P. pekinensis 4831 4210 5310 3980 5363

IUREH. bleekeri 1773 2374 2408 1779
WA S. dabryi 1166 1460 1056 1228

% S. chuatsi 2234 1074

FEASF C. brachygnathus 1109
#ij M. skolkovii 1985

23 BB

A LIk, KITBTLB L2 FEEIRE0N 2.92, FEEIRETY 7.86, HIEIRECN 0.70, RHBEfREH
9091, AELERAEBE SR ZR, 2024 F2HME £FE B EARABIREI R 2024
FH 9 3.04, 23EP<0.05)m THT 3 4F; 2024 4F D N 6.86, &3 (P<0.05)fmT 2023 4; 2024 4F E 25 0.79,
B (P<0.05)mT 2022 £E(3E 4).
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Tab. 4 Interannual variations in fish diversity indices in the Zhenjiang reach of the Yangtze River (mean + SE)

] Shannon-Wiener £ FEHEIEEU(H) Margalef = & & 5 %(D) Pielou ¥ FE 5 5(E) Simpson T EIEE(C)

2021 4F 2.76+0.09° 5.96+0.31% 0.74+0.03% 0.89+0.05
2022 4 2.53+0.13% 5.92+0.40% 0.67+0.02% 0.87+0.03
2023 4 2.63+0.02° 5.55+0.31% 0.72+0.04% 0.90+0.02
2024 4 3.04+0.05° 6.86+0.17° 0.79+0.022 0.93+0.03
¥ FZIEHEE VA RN R OR 2 7 3 (P<0.05).

24 BREEREMN

ABC W&kt iEon, 25 DISRKIT BT B R RE A2 R A th R AE R At & m o7,
R L E S E T EERBE MRS, WS IHERN 0.037, KU MEEBIERZTIMEEE /N,
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Fig. 3 ABC of fish community in the Zhenjiang section of the Yangtze River
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B 4 RITHUT BN RS0 8 81 Cluster AT NMDS
Fig. 4 Cluster analysis and NMDS analysis of fishes in the Zhenjiang section of the Yangtze River in different years

St 3R 5y 413 4T SIMPER 43 Hr 4t 2 0, i s AL AN LI 4L 1) 22 5310 3= R A 7 Fh(TTRZE KT 3%),
TEZAT1(2022~2024 4) R = FEI/D (G e s i f . DL IRE | R EF (Xenocypris argentea) $ 51 Bl(Carassius
auratus)S T, FREIGIMBIA TIBE . MBS (Xenocypris microlepis)2 Fi(F 5).

R 5 KITHTT R A ZERVE PR 22 53 (1 L A S R S P Z e
Tab. 5 Major species contributing to interannual differences in the fish community and their average dissimilarity in the Zhenjiang
section of the Yangtze River

Fh FEEL P ERE UK (%) R TR (%)
HeFE I VU 1.40 4.08 4.08
NMKE b 1.38 4.05 8.13
A b 1.36 3.97 12.10
P VU 1.34 391 16.00
i) Wb 1.33 3.90 19.90
Al 8 hn 1.23 3.60 23.50
2 i i 4 1.18 3.45 26.95
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R KT BT BRI, e BUKZIT B AR 1T 4 SRR 7045 B 5 AT Sk AT LU . 28
T, SRR BORN 22 RE MR FE B R 35 2 BRI 3Y, 2017—2020 AEPIFPELS %A 79+ 52. 48 Fi1 48 F, 2018—
2019 L FEPEFRES N 2.73 A1 2.28(FR 6). SEMBUR ST LR, MRYIME R HERA, 28 y)iH(2021
SRR AR AT KSE,  BLYE 2023 RS2SR RTKALR HILET E RBE, HTE 2024 FEIRE R AR ETK



To 20212024 FEZFEMEFRBULRRE N, 451N 2.76. 2.53. 2.63 f13.04, 2024 FEZ FEME e B A
3.04, BEEFT(2019 YK T 33.33%.

# 6 BTG KI LT B i BB R 2 R R R bR ARl
Tab. 6 Interannual variations in the number of fish species and diversity indices
in the Zhenjiang section of the Yangtze River before and after the fishing ban

AT Lk EZacXizE EEe S R AR TS
2017 79 / M. HiE 24 FHREE, 2021
2018 49 273 R R, 3 6 NICHOLASG. KONWAY, 2019
2019 48 2.28 IR, M5 12 EALE, 2021
2020 48 / HIR . Hi5E 2 ZEMREE, 2023
2021 41 276 FIR . Hi5E 2 ENTIF RPN
2022 43 2.53 HIR . 2 EN ISk
2023 39 2.63 HIR . HhE 2 AL R
2024 48 3.04 I, HbTE 2 AT TS
318
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Appendix Tab.I Composition of fish community in the Zhenjiang section of the Yangtze River

H B i EoE ] 4y Year
Order Family Species Ecological type 2021 4 2022 4 2023 4 2024 4

i f2 H Cypriniformes fifi &} Cyprinidae 1 (2% Hemiculter bleekeri 0,SE,U + + + +
filj Parabramis pekinensis H,SF,.L + + + +
fifj Megalobrama skolkovii O,SF,.L + + + +
FUERN Culter alburnus C,SFU + + + +
2R3k Culter oxycephaloides C,SFU + + +
1 Culter mongolicus C,SF,U + + +
IEKAH Culter dabryi C,SEU + +
LI SR A Cultrichthys erythropterus C,SEU +
# Hemiculter leucisculus O,SF,U +
Bt Pseudolaubuca sinensis 0O,SF,U +
A3k Megalobrama amblycephala H,SF,L +
ke fif) Saurogobio dabryi O,SF.L + + + +
4 Squalidus argentatus O,SF.L + + + +
Kl Saurogobio dumerili O,SF,L + + + +
F Rl Pseudorasbora parva P,SF,U + +
1.1 Hemibarbus maculatus C,SE.L + + + +
MBS Sarcocheilichthys nigripinnis O,SF.L +
JEIE W) Saurogobio gymnocheilus O,SF,D + + +
1847 Sarcocheilichthys sinensis O,SF,L +
A3 B Paracanthobrama guichenoti 0,SE,D + +
Hil 8. Coreius heterodon O,RL,D +
LA Pseudobrama simoni P,SFL + + + +
il Xenocypris argentea H,SF,D + + + +
INEEHE Xenocypris microlepis O,RL,L + + +
A Xenocypris davidi H,SF,D +
P2 fi% Acheilognathus taenianalis 0O,SEU + +
WY Acheilognathus chankaensis H,SF,U + +
K1l Acheilognathus macropterus H,SE,U + + +
TCiid Acheilognathus gracilis H,SF,L +
il Carassius auratus O,SF,L + + +
8 Cyprinus carpio O,SFL + +
i Hypophthalmichthys molitrix PRL,U + + + +
il Aristichthys nobilis PRL,U + + + +
IR S Squaliobarbus curriculus 0,SF,U + + + +
T i Mylopharyngodon piceus C,RL,L +
it Ctenopharyngodon idellus H,RL,L + + +
i Elopichthys bambusa C,RL,U + +




FEFifi INBLEE * Cirrhinus mrigala* O,SED +

fif £} Cobitidae Vel Misgurnus anguillicaudatus O,SF,D + + +
KEERIIEE, Paramisgurnus dabryanus O,SED +
fifi2 H Clupeiformes %l Engraulidae JI5 Coilia nasus C,RS,L + + + +
FHANEY Coilia brachygnathus C,SFL + + + +
fifif2 H Perciformes IR 2 R} Gobiidae FBRYIMR R £ Rhinogobius giurinus C,RLD + + + +
W IRMIMRBE f1 Rhinogobius cliffordpopei O,RL,D + +
HHRFE i Glossogobius giuris C,EFD +
fiE#} Serranidae i Siniperca chuatsi C,SED + + + +
KRR Siniperca kneri C,SF,D + + +
i E L Lateolabrax maculatus C,RS,.L + + + +
figi&l Callionymidae B Rk Repomucenus olidus C,EF,D + +
H %} Channidae 5,4 Channa argus C,SED +
W HEERL Odontobutidae W) Odontobutis potamophilus C,SED +
JEEE} Eleotridae RYEEY Eleotris oxycephala C,EED +
fili % H Siluriformes 2} Bagridae HePEFEFif Pelteobagrus nitidus O,SED + + + +
FLIRFE it Pelteobagrus vachelli 0,SE,D + + + +
KA Fif Pelteobagrus eupogon O,SED + + +
U Pelteobagrus fulvidraco C,SED + + + +
KWfifi Leiocassis longirostris C,RL,D + + +
WS Leiocassis crassilabris C,SED + + +
Ki&t# Hemibagrus macropterus O,SED +
fii B} Siluridae il Silurus asotus C,SF,D +
KOV Silurus meridionalis C,SED +
{7 H Pleuronectiformes H 5 Cynoglossidae TS Cynoglossus gracilis 0,EF,D + + + +
#]JR £ H Osmeriformes fRfF} Salangidae KR £ Protosalanx hyalocranius CRL,U + + + +
6 H Anguilliformes %} Anguillidae 5 Anguilla japonica C,RS,D + + +
7% H Mugiliformes iRl Mugilidae i Mugil cephalus O,EF,D + +
%14 | Beloniformes f# £} Hemirhamphidae /) N Hyporhamphus intermedius C,RS,U +

4 CREEBIREAR, . Sk O AvErtEmE, POFEIEWEMMAE, H Matkmk, ¢ Watkmk; U hEE6E, L b REG3, D REMSE: RL MEHHEER 6, SF %
KE RIS, EF A8, RS, MDEIFRA M, S (LfmkE).
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Appendix Tab.II Fish composition in the Zhenjiang section of the Yangtze River: percentage by individual count and biomass

o HEALLE N% BFENLL %

Species 2021—2024 £ 2021 & 2022 2023 &£ 2024 £ 2021—2024 2021 £ 2022 2023 5 2024 5
I B4 Hemiculter bleekeri 18.35 27.26 21.61 18.55 6.25 1.36 2.41 2.48 1.22 0.48
il Parabramis pekinensis 16.94 12.22 21.03 15.46 17.27 32.61 29.88 37.98 34.34 36.37
fif; Megalobrama skolkovii 4.17 1.83 2.40 3.73 8.90 6.31 2.41 2.54 4.62 10.95
FUWEER Culter alburnus 1.00 1.22 0.17 1.28 1.59 0.66 3.32 0.07 0.46 0.34
U423 Culter oxycephaloides 0.72 0.75 0.43 1.59 1.44 0.27 0.47 3.28
i Culter mongolicus 0.54 0.37 0.50 1.27 0.56 0.06 0.73 1.02
IE EKHEA Culter dabryi 0.36 0.24 1.27 0.07 0.48 0.03
LI AEJFAA Cultrichthys erythropterus 0.18 0.86 0.19 1.68
% Hemiculter leucisculus 0.03 0.11 0.00 0.00
M Pseudolaubuca sinensis 0.03 0.08 0.00 0.00
[#13kf; Megalobrama amblycephala 0.03 0.11 0.24 0.87
I Saurogobio dabryi 10.82 7.21 12.91 10.55 11.55 1.14 1.33 1.68 1.18 0.73
4] Squalidus argentatus 3.81 2.57 4.06 5.12 3.28 0.15 0.14 0.24 0.16 0.10
K Saurogobio dumerili 6.88 4.40 6.54 11.41 4.98 235 2.34 3.29 2.84 1.44
ZFlifl Pseudorasbora parva 0.10 0.37 0.11 0.00 0.02 0.00
1683 Hemibarbus maculatus 1.38 0.24 0.91 1.49 2.86 1.57 0.45 0.47 1.78 241
HAESY Sarcocheilichthys nigripinnis 0.05 0.24 0.00 0.03
ISR Saurogobio gymnocheilus 0.61 1.74 0.21 0.11 0.02 0.06 0.00 0.00
1E4% Sarcocheilichthys sinensis 0.18 0.86 0.06 0.51
A3 ) Paracanthobrama guichenoti 0.20 0.24 0.64 0.08 0.27 0.12
it Coreius heterodon 0.03 0.11 0.08 0.21
Bl Pseudobrama simoni 2.05 1.83 1.99 2.56 1.80 0.31 0.62 0.42 0.39 0.09
R4 Xenocypris argentea 435 7.46 1.82 0.21 9.00 1.10 2.25 2.82 0.05 0.52
4R Xenocypris microlepis 1.07 0.66 1.81 1.80 435 448 5.36 4.87
R Xenocypris davidi 0.10 0.49 0.14 1.18
Bt 2% 0% Acheilognathus taenianalis 0.18 0.61 0.17 0.01 0.09 0.00
MY Acheilognathus chankaensis 0.23 0.61 0.42 0.00 0.04 0.00
KHgfig Acheilognathus macropterus 0.54 0.12 0.75 1.38 0.02 0.00 0.03 0.03
ToZifid Acheilognathus gracilis 0.03 0.08 0.00 0.00
)l Carassius auratus 0.64 2.57 0.11 0.32 0.58 3.34 0.12 0.41
i Cyprinus carpio 0.18 0.24 0.41 1.70 1.16 7.03
il Hypophthalmichthys molitrix 0.56 0.73 0.66 0.53 0.32 4.55 5.74 6.54 4.60 2.99
fiff Aristichthys nobilis 0.31 0.12 0.08 0.64 0.42 9.52 0.79 0.90 23.22 7.16
IRARES Squaliobarbus curriculus 0.26 0.37 0.17 0.21 0.32 0.44 0.47 0.46 0.44 0.43
F 11 Mylopharyngodon piceus 0.18 0.58 0.00 0.00
Y5l Ctenopharyngodon idellus 0.15 0.12 0.43 0.11 1.76 1.04 4.97 0.66
fii Elopichthys bambusa 0.08 0.21 0.11 0.11 0.04 0.25




2 Eifi INBLEE * Cirrhinus mrigala*® 0.05 0.24 0.01 0.10

Vel Misgurnus anguillicaudatus 0.23 0.61 0.32 0.11 0.04 0.24 0.05 0.00
KEERVESH Paramisgurnus dabryanus 0.03 0.11 0.00 0.01
J1t5% Coilia nasus 4.71 0.86 10.02 0.75 5.19 1.61 0.63 4.88 0.21 1.02
5 A Coilia brachygnathus 4.02 2.20 2.07 10.66 1.48 0.71 0.67 0.43 1.66 0.18
TBEYIUF R # Rhinogobius giurinus 0.56 0.86 0.33 0.64 0.53 0.00 0.01 0.00 0.00 0.00
W IRMIMF BE f41. Rhinogobius cliffordpopei 0.05 0.08 0.11 0.00 0.00 0.00

HHRFE i Glossogobius giuris 0.03 0.08 0.00 0.01

% Siniperca chuatsi 2.30 4.52 1.32 2.56 1.38 11.58 27.39 11.21 12.78 6.10
KHRS, Siniperca kneri 0.23 0.86 0.08 0.11 0.12 0.61 0.11 0.06
R E eSS Lateolabrax maculatus 0.44 1.47 0.08 0.32 0.11 0.55 332 0.08 0.28 0.17
F R Repomucenus olidus 0.15 0.08 0.53 0.00 0.00 0.00
5,4 Channa argus 0.03 0.11 0.45 1.19
)Y Odontobutis potamophilus 0.03 0.08 0.01 0.05

RYEEY Eleotris oxycephala 0.03 0.11 0.01 0.04
W F H it Pelteobagrus nitidus 2.18 5.62 0.75 0.21 297 0.45 0.65 1.41 0.01 0.16
TLIRF I Pelteobagrus vachelli 0.54 0.37 0.58 0.21 0.95 0.73 0.16 1.24 0.05 1.10
KA Fit Pelteobagrus eupogon 0.26 0.08 0.32 0.64 0.06 0.03 0.12 0.05
U Pelteobagrus fulvidraco 1.71 4.89 0.58 0.43 1.69 0.57 2.35 0.71 0.32 0.14
KWififi Leiocassis longirostris 0.90 1.16 0.21 2.01 3.52 375 0.47 6.68
HUESfE Leiocassis crassilabris 0.28 0.08 0.21 0.85 1.06 0.04 2.90 0.63
Ktg# Hemibagrus macropterus 0.10 0.43 0.05 0.18

fi Silurus asotus 0.13 0.53 0.15 0.40
KOS Silurus meridionalis 0.10 0.42 0.56 1.48
AR5 Cynoglossus gracilis 3.07 1.59 2.57 6.29 1.80 1.92 1.49 1.89 3.44 0.94
KR Protosalanx hyalocranius 0.23 0.12 0.33 0.11 0.32 0.00 0.01 0.00 0.00 0.00
6§ Anguilla japonica 0.20 0.37 0.17 0.32 0.17 0.30 0.19 0.34

i Mugil cephalus 0.10 0.08 0.32 2.14 1.47 4.75
8] T ik Hyporhamphus intermedius 0.03 0.08 0.00 0.00
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