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Fig. 1 Sampling stations for the fish investigation in the
restoration and control areas in the Yangtze River Estuary
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Fig. 2 Schematic diagram of the principle of ecological
restoration technology
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Fig. 3 The sketch map of fyke net set in the survy areas
in the Yangtze River Estuary
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Margalef =& B 540 D=(S-1)/InN

Shannon-Wiener ZF:VE4E%4: H'=—Y PnP;

Simpson FLAIEFEH: C=1-Y P

Pielou 43 2] JE35 K J'=H"/H sux
A, Peni/N, S N H ng 5350 g ] A5 2% DX A L
YRR, T R G B RBOR S | R R A
(LS

R AFFIH Pianka AHXT HE LT £ (index
of relative importance, IRD! 345, A= TF -

IRI=(N%+W%)*xF%

o, NY% e — WA 28 AR G W i S A PR
T o3, W% B — W Rl A A SR
WA E I, Fo% e — Pyt i b LAY b 4
YA R Al A B o e R TRI>500 52
SR AR

BE Gt it R 3 Microsoft Excel,
A= 1) 22 REPE RN 0 A R AR Past 3.0, EIF2 )

K HHEAF Origin 2021, i FHE{F SPSS 25.0 Xf{&
S DX SRR DX Y 0 28 AR A Wy i AT ¢ AR
GY BT (t-tests), LA 56 1 e A= 355 18 2 %0 S HEVE 1)
SO, B DO Y AR HE R (X £SE)FR .

2 ERESW

2.1 IKRINEAFAE

AR 24516 5 X R BE X RS 2 7K AR R85 1A
TR EGR 1), LZKEBAR, (PP &
Bew, BZKIR G, TS B AL B
RRMEHIIE S, HF, &5, EEZMNE
FEAREU N, pH TRk i, H AR,

ANFEZEFKER . B, . pH AR
225, 1B X RIS IR IX (/K iR 2 B B 3%
ZE 5 (P<0.05), W45 pH fE /R BAFE R H 257
(P<0.05), EhEETERKTMIA A W2 25 7(P<0.05)
(F 1),

F 1 KIIOSMIEME S X3 R X KR ASIREHFE

Tab.1 Environmental conditions of bottom water of the restoration and control areas in the Yangtze River Estuary

S #7Z spring 2 autumn A7 winter K 7% summer

NI 5

variable restoration control restoration control restoration control restoration control

areas areas areas areas areas areas areas areas

KR/ C 21.76£0.52%  22.16+0.12**  17.94+0.12% 18.00£0.09™  12.89+0.02°* 12.90+0.04" 31.30+0.39™*  32.20+0.10™"
temperature
WA S/ 10.02+£0.76"*  8.78+0.01"°  8.70£0.01"*  8.69+0.01**  10.03£0.00® 10.02+0.04"  6.77+0.05“  6.83+0.21%
(mg/L) dissolved
oxygen, DO
hE salinity 0.15£0.00%  0.15£0.00*  0.56x0.02%*  0.41£0.00®®  0.19£0.00“  0.19£0.00“  0.21£0.00°*  0.210.00*
pH 7.65+£0.22%  727+0.15*°  837x0.08%  836x0.03%  8.10£0.02“  8.08+0.00“  8.10+0.01%*  8.19+0.05%

T PR RS FRER R AR 2 22 0] 22 5 135 (P<0.05), /NG FEERREE X 50 IR X 22 5 i 35 (P<0.05).
Note: Different capital letters in the superscript indicate significant differences between seasons (P<0.05), and different lowercase letters
indicate significant differences between the restored and control areas (P<0.05).

2.2 YFARSRBHM

W2 2 s, 4 AR R 27 Ff, SR
J&T 8 H 9 F 21 J&, HrhElE H (Cypriniformes)
14 Fh, [ ERREE 51.85%, H R MEIE H
(Perciformes) . #f & H (Clupeiformes) . 5 £ H
(Siluriformes) fil ## J H (Pleuronectiformes), 437l
DA TR 20, 2 BRI 2 A ASARELS L FE R
e Rl (Cyprinidae) . 25} (Bagridae) . £ i F}

(Lateolabracidae) Fil i f& i1 B} (Gobiidae), 43 %!
KA B 128 BANARRY 26.32% ., 21.59% ., 20.96%
1 16.07% (I8 4). FEHTFHEH2=(38.81%~61.36%)
T H 2% (22.92%~37.92%) I /5 L Bl % £, 1 76 Bk
BMARILTIHER, RIEA TR IRIX(6.67%) /0 &
WL R 2 0 R B A S AR A, TE RS
(28.57%~33.33%) Fll 4 2% (13.33%~56.25%) 1 [L 3¢
o, MTEARRAE 2N R, /T 13%.
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Tab. 2 List and relative importance index of fish species in the restoration and control areas
of the Yangtze River Estuary tidal flats wetlands

A RES A:WhE A X
H order Al family J& genus f species H% N% % W #E )1
BEX XHEX  BEX  XEX BEX WEKX
restoration control restoration control restoration control
i B 185 o H A fi5 g 0.6 0 2.8 0 170 0
Anguilliformes Anguillidae Anguilla Anguilla japonica
i H R} R % 09 68 0. 5.0 55 590
Clupeiformes Engraulidae Coilia Coilia mystus
TIE% 1.3 7.5 0.6 14.6 93 1108
Coilia nasus
AR ! 0% Hh 0.3 0 0.1 0 19 0
Cypriniformes Cyprinidae Mylopharyngodon — Mylopharyngodon
piceus
f1)E S 0.3 0 3.1 0 169 0
Culter Culter alburnus
2R L2 1.6 2.1 1.0 1.5 128 177
Hemiculter Hemiculter leucisculus
NKE 10.4 8.9 5.2 5.6 781 726
Hemiculter bleekeri
it i 0.9 4.1 0.1 0.7 54 241
Parabramis Parabramis pekinensis
L) i = ki 6.3 4.8 6.0 7.3 616 605
Pseudobrama Pseudobrama simoni
i & AR fi 0.3 0.7 1.5 4.4 92 253
Xenocypris Xenocypris argentea
PN 2.5 2.1 0.7 1.0 163 150
Xenocypris macrolepis
fite & fi: 0 1.4 0 0.4 0 94
Hypophthalmichthys Hypophthalmichthys
molitrix
)& Via 0.6 0 6.3 0 349 0
Hemibarbus Hemibarbus maculatus
i fify i K iy 0 2.1 0 1.2 0 162
Saurogobio Saurogobio dumerili
AR il g AR fify 0.6 0.7 0.4 0.3 51 47
Squalidus Squalidus argentatus
AR i) 0 0.7 0 0.6 0 63
Squalidus nitens
i) e ) 0 0.7 0 8.1 0 439
Carassius Carassius auratus
I H R} B8R Bt 6.3 0.7 141 28 1018 175
Siluriformes Bagridae Pelteobagrus Pelteobagrus
Sfulvidraco
S it 9.8 10.3 8.9 12.3 912 1127
Pelteobaggrus nitidus
o H AR PN iV Kififh 0.3 0 0.2 0 25 0
Osmeriformes Salangidae Protosalanx Protosalanx
hyalocranius
B H Rt R # 1.3 0 0.3 0 79 0
Mugiliformes Mugilidae Liza Liza haematocheila

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

ARE Gy qu AHX B2
H/% N% He/% W% FEEL IRI
H order Al family J& genus i species e e "
BEX MK BEX  HEX  BEX XEX
restoration control restoration control restoration control
IS5 AE| AR AChE o [ 78 oy 41.0 33.6 14.9 16.4 2794 2500
Perciformes Lateolabracidae Lateolabrax Lateolabrax maculatus
IFpe ket TR % £ R BER IR 1.6 0.7 1.5 0.8 155 77
Gobiidae Acanthogobius Acanthogobius
ommaturus
W £ ) TRV IR 0 0.7 0 0.1 0 39
Rhinogobius Rhinogobius giurinus
RFUFEOR BRI 7.6 89 33 55 546 722
Odontamblyopus Odontamblyopus
lacepedii
I H e 7N 5w FERTE 5 4.1 2.1 26.3 104 1519 621
Pleuronectiformes Cynoglossidae Cynoglossus Cynoglossus gracilis
LEBE 1 1.3 0.7 2.6 1.0 192 82
Cynoglossus
purpureomaculatus
m 4BHHAL Angullidae m #%F} Bagridae m {E#5F} Lateolabracidae

W 3P} Engraulidae W H1fA7} Salangidae  m ¥R 2445} Gobiidae
B #58} Cyprinidae #if§#} Mugilidae m E 58} Cynoglossidae

: II I I II

0
(=}

(=)
(=}

P
S

H 4 /% percentage

3]
(=}
T

MBECBER MBCEBER XHMCHBER MRCHEER
%7 spring FkZ= autumn A2 winter B Z summer
fist /] time
Bl 4 I O s 5 IRt iR X £ 2
BRAEECE 5 1
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Fig. 4 Percentage of species in each family to the
total fish species in the restoration and control areas
in the Yangtze River Estuary
R means restoration areas, C means control areas.

PRI AT S A 7R A8 &2 IX R £ 3] £ 26 22 Fh(ER 2),
BEFFR 43550 R DL (G & (Hemiculter bleekeri) . {L)ff
(Pseudobrama simoni) . ¥4 i A (Pelteobagrus
fulvidraco) . YGiF Wil (Pelteobaggrus nitidus) .
Hr [E AL 87 (Lateolabrax maculatus). i [RIR A HF R
i (Odontamblyopus lacepedii) Fl 7 1K & 5
(Cynoglossus gracilis). R IX 4 842 21

B, A AT 4 5 R KUY (Coilia mystus) . T1 8
(Coilia nasus). VUIGE . IR, StiEEHim, b
FEAE S . ERAR 0 P £ AN AS (AR #5 o Fl  f
TEAE B X.(2794) Fl X} R [X (2500) 34 HAT f = B9 A1
X E R A
YRR I B X XX, Hop
&5 X FXT IR X & Rl iR 2R A B ok 12
FpoR O Fh, B ARk AP B R 19 FpAT 14
T, B AR B 0 R O P AT S Bh, A2
AR Y E W) R 7 R 9 (&l 5a).
AWFsE R E RN 465 B, BEX (319 B)
FXTERIX (146 B)MAK 2 I B, Kb HEFBE
X (176 ) .2 & TXHRIX (67 B, P<0.05)(I8 5b);
H% KEMAERREADEEZES, A6
BB LI B R XS TXIRX, RS
B4 X RN B IX 4390k 97 .58 S8 RKZEr 5
14, 68, £Fmulh32RE. 15k,
YRR BT RMNEE X &S T
XX (B 5c). BEBE X ALY RV
(423£21) g/d, WFHm TXEIX[(190+£39) g/d,
P<0.05]; EFBE XM EY R 186+
84) g/d, XTHRIX K (91+30) g/d; BRZA& K X FIXF
WX A0 28 F- g A B 430 D (157+71) g/d F1(49+
32) g/d; &FBEXRER M (343£163) g/d,



578 Hh K R %30 &
20 r, 1 XfHBX control — ) 30 b p ISR control 800
[ 4K restoration g [ % restoration g | IR contol
gI5T | S 60 | £ 600 [ ]{&%IX restoration
E 2 2 b
& g 3
10T S 40 400
T R 8 |
51 ﬁ 20 | ﬁ 200 | FLH_‘
VA
0 = 0
#F HF £F H=F #F #®E £F HF = BF £F EF
spring autumn winter ~ summer spring  autumn winter summer spring autumn winter summer
] time If ] time FifA] time
Pl 5 ROV 0 et e 16 2 DRI X B DO ) 2235 S 2 R B . AR AR o 2 e
Fig. 5 Differences in species number, abundance and biomass of fishes in different seasons
in the restoration and control areas in the Yangtze River Estuary
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Fig. 6 Size-frequency distribution of fishes in different seasons in the restoration and control
areas in the Yangtze River Estuary
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2.4 EMEHESN

4 FMEKE Margalef 5 EHEHD) . &
Shannon-Wiener ZFPEFEE(H) AL Simpson HL
afi B 2OV Y e 2 X B s TR IR X, B
Piclou ¥75] BE 4585 () RS I T-%F BRIX (3R 3) Hirp
&4 X M 2 BEVS B Margalef £ & B8 50(D) N
6.8, J. Shannon-Wiener ZH:VEFEEL(H) N 4.92,
&L Simpson FLAGFEFEE(C) N 2.47, K& Pielou %]
JEFRE(N R 2.99, LY ZREERELEIR 17.18,
T X IR X (15.82)

2 Margalef 5 (D) E K X (1.66+
0.60) 5 & Ik T XF BB IX (1.7540.10, P<0.05), H Z
Margalef & B 48 80 (D)VEE X AR T X BIX, #k

7= 4 ZF Margalef £ & (D) HBERE IX & T
XHRIX; %2 Shannon-Wiener ZFEMEFEE(H)F
o E XA T X RIX, 2B XA R IX
Shannon-Wiener ZF IR EL(HAHIT, MRS &
Z R MEE XS TXTEIX; /2 Simpson HL
i IOV B E XML TX X, EFBE X XS
I X Simpson B 4fi & 45 £ (O) #H ¥, 1 Bk Z&
Simpson A4l FEFEE(CYE R [X.(0.63+0.17) . 3 5
TX HRIX (0.29+0.34, P<0.05), %2 Simpson FA4fi
FERRE(OFRIM B E XK m TXRIX; HF., &
7 | 425 Pielou B8 AR B BB XA T
XTIRIX, B BEE XXX Pielou $55] 4L
(JYFHIE(ER 3).

®3 KIODSHIEHMESESRMMBEARETELXFEEREHD). BER-BHSHEEEHH).
BAEEHOMBEERHV)
Tab.3 The Margalef richness index (D), Shannon-Wiener diversity (H'), Simpson simplicity index (C) and Pielou
evenness index (J') of fishes in the restoration and control areas in the Yangtze River Estuary in different seasons

Z=17 season X5 area EEED RN/ R e popan iy
: B restoration 1.66+0.60" 1.27£0.23 0.58+0.11 0.48+0.10

#F spring XtI# control 1.7520.10 1.51£0.10 0.71%0.07 0.73+0.13
B4 restoration 2.17£0.82 1.64+0.51 0.75+0.13 0.77£0.11

2% summer %t H& control 2.33£0.32 1.64+0.23 0.75+0.06 0.770.09
B4 restoration 1.71£0.75 1.13£0.52 0.630.17" 0.94+0.06

PF autumn %18 control 0.82+0.95 0.45+0.54 0.290.34 1.00+£0.00
K% winter &4 restoration 1.26+0.31 0.88+0.31 0.51+0.15 0.80+0.17
XFHE control 1.09+1.49 0.72+0.94 0.35+0.43 0.91+0.16

T * RN B XA IR X H A i 2 25 7 (P<0.05).

Note: * indicates significant differences between the restoration and control areas (£<0.05).

3 itie

TA] 3T o /K A Sh ) A B,
JEZ M ER B AARER RSSO . RIE. AIERC
BT, AW E X RKIL A AR B E R XS
LR T % R DX £ 2 R A W, e I A R ) R
LR . YRS EAA R R,
HAEBE X BT 520 B XA 1R, 6t
B AE A VT 1 JR 1 56 T <l A B 5+ ST (A P S5 07
PR 0 A= B 18 52 T AR X f 2 i B i P 4 2
A ) AR o
31 BEYMARESR

AWtRAESR. B, k. ZWUFEHETBEX

IR B R 12 Fl 19 Bl 9 AT 7 A, T
X BRI (R R ECAy 0 ok 9 Bl L 14 Bl L 5 BRI 9 Fi
H. 2. EFEBE X YR 2 T3 RIX,
SEF A O] BE S RO A AR BB RV X G, B
A X 35 BB 8 Ay £ I B (AL T P R e A 2 Y
Y, SCARPTEETE IR BEAE S — Lo E My £ AL B 5 A=
Kizsa], M4 x5 8 X 0 BE R fa 2 11 R4
WiB BT, MAh, I nl eSS R R
REIE =B AR . KIS MR E . AR E
e S K A B2 TR R, 1BE XN Ik
YRR, FE . AR A e K
Koo R g Tk IR XU A s O Al e
W st f6 8 TR R R, f0 2 REvR 4t ir T
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ZREE RS
3.2 BRMEE. MANMNIEYEER
ARG R A AR EE T 21 B RN
B IX 2 TR IR X o 4oy B AUV 3ok ) A1 s e
KRS R AT S RE T, K A e DX 3 ) S
AMRBCRUE AR B E S T ARKE X, o E!"™
TERE 2 V5 1 PEHO7 T N T4 i e £F 2546 52 15 )it
Jei, 2% BHUREE DX PN f 28 ) b 30T By il 5 55 1
TR IRDX, N T i 11 52 25 4 Ry e S A3
TR A A B, BN T4 B O )
el e X U e A KT TR TR
PR, N T R 10 ST AR 25 A RN 2 R
Shy v A G B Sy T R AL T R R s (R RN R A
% B Al AE N TSR I 1 A 555 v A 8 2 Rk
466.6 ind/m’, K% T 5 AR B 4 B E I/
RHETRAREENHP ., AR Aty E
FEFT A 2= BRI B &2 I TX IRIX, Ul B
O DXAH 3 0 BRI LA A ) R AR R, I
ME A X A] G HA B2 W iRlicsh®, v LA
PEAE T PR A Y, ST R T RE BB E X
YERIES 7 it . 2L R AT RE S R A IX A
ST AP 25 VR R B ST R 4 R A fa 28 4 A R 3t
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Effects of wetland habitat restoration on fish community structure in
the tidal flats of the Yangtze River Estuary
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Abstract: Habitat restoration is a critical measure for conserving fishery resources and maintaining sustainable
production. The habitat of juvenile fish in the Yangtze River Estuary has been seriously degraded. In this study, we
aimed to identify the effects of tidal flat habitat restoration on fish community structure in the Yangtze River
Estuary. Fish samples were collected in the spring, autumn, winter, and summer of 2021-2022 in the south branch
of the Yangtze River Estuary. The study was conducted using fixed plug nets in the habitat restoration and control
arcas. The number of fish species, individuals, biomass, and diversity indices were compared between the resto-
ration and control areas. A total of 27 fish species belonging to 21 genera in 8 orders and 9 families were collected
during the study period, of which 22 species were collected in the restoration areas and 21 species in the control
areas. The results showed that the total Margalef richness index (D) was 6.8, the total Shannon-Wiener diversity
index (H') was 4.92, the total Simpson simplicity index (C) was 2.47, and the total Pielou evenness index (J') was
2.99. The overall biodiversity index was significantly higher in the restoration areas (17.18) than in the control
areas (15.82). The frequency of fish larvae collected in the restoration areas (67%) was significantly higher than
that in the control areas (44%) in the spring, indicating a preference for habitat restoration areas by juvenile fish in
the restoration areas. These findings demonstrate that habitat restoration in the tidal flats could alleviate the
ecological crisis of fish biodiversity in the Yangtze River Estuary and those restoration areas can provide nursery
sites for juvenile fish. This study provides a reference for elucidating habitat restoration in fish nurseries in the
tidal flats of the Yangtze River Estuary. In conclusion, enhancing the protection of fish habitats and restoring
damaged wetlands is a crucial measure to protect fish resources in the Yangtze River Estuary.
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