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Fig. 1 Map of sampling stations in this study
Area within the solid line denotes the natural reserve of Acipenser sinensis.
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Tab. 1 Species composition of larval and juvenile fishesin the Yangtze River Estuary

YR ERE %

abundance

4 species

PG /mm KA B A AR Y
range of length developmental stage habitat type occurrence season

%6 H Anguilliformes
#2HHiAlL Anguillidae
H A8 Anguilla japonica” +
7 H Clupeiformes
i HE Rl Pristigasteridae
4 Ilisha elongata” 0.08
2%} Engraulidae

R Coilia mystus” 41.01
JI% Coilia nasus” 3.41
RIREW 8 Encrasicholina punctifer” 0.51

38.25-59.02 F Mi spr. sum. win
4.44-79.25 B-F Ma spr. sum, aut
3.96-121.66 A-F Mi all
4.54-102.78 A-F Mi spr. sum, aut
5.22-24.63 B-E Mi Spr. sum

(f¥£% to be continued)
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(8231 Tab. 1 continued)

% spcics AR PRI Emm  REWRB AR MR
abundance range of length developmental stage habitat type occurrence season

H A Engraulis japonicus” 1.11 4.45-23.94 A-E Ma spr. sum, aut
#tll) Setipinna tenuifilis’ 0.05 6.16-28.24 B-F Ma sum
rRARMIAE /N Stolephorus chinensis™ 0.02 20.30-41.96 E,F Es sum, aut
FRICMAH VA £ Stolephorus commersonnii’ 21.09 4.49-65.07 B-F Ma spr. sum, aut
ENBEMAE /N f1 Stolephorus indicus’ 0.08 5.80-48.76 B, D-F Ma spr. sum
s /INA faJE AR E R Stolephorus spp. 1.82 4.93-6.17 B spr
IR @M Thryssa kammalensis + 63.52 F Ma spr
Rl i Thryssa mystax + 22.68 E Ma spr
W) ¥ i Thryssa vitrirostris + 112.62 F Ma aut
2L 2 F' Engraulidae sp. indet.” 8.35 4.57-7.83 A-D Spr. sum

#J¥ H Cypriniformes
##%} Cyprinidae

K& Acheilognathus macropterus 0.01 5.62-17.82 B,C,E Fr spr
SMEGN Culter alburnus 0.03 4.91-7.36 B, C Fr sum
IERAH Culter dabryi® 0.02 6.06-8.69 B Fr spr
S A Culter mongolicus* 0.01 6.39-26.79 B,E, F Fr spr. sum
% Elopichthys bambusa” + 3.36-8.62 A, B Fr spr

1 R4 Hemiculter bleekeri” 0.02 5.96-18.42 B-E Fr spr. sum
# & spp. Hemiculter spp. 0.03 4.32-6.79 B,C sum

FL B0 Pseudolaubuca engraulis’ 0.37 4.74-53.12 A-F Fr Spr. sum
B Pseudolaubuca sinensis” 0.45 4.21-45.68 A-F Fr spr. sum
W) fi) Rhinogobio typus 0.04 4.78-6.51 B Fr sum
R} K % Cyprinidae sp. indet.” 0.09 5.08-8.76 A-D spr. sum

#5JF H Siluriformes
#2F} Bagridae
YeFE B FM Pelteobaggrus nitidus + 44.67 F Fr sum
I\ H Osmeriformes
#HAFL Salangidae

WA a) 4R 8. Hemisalanx prognathus” + 12.51-96.82 D-F Mi spr
UGB 8 Neosalanx anderssoni” 0.04 4.33-90.01 A-F Es spr. aut

T B4 1 Neosalanx jordani” 0.61 4.87-87.73 A-F Fr all

I EC 3 8 8. Neosalanx tangkahikeii® 2.77 5.58-90.29 A-F Fr spr. sum. aut
KA Protosalanx hyalorcranius 0.03 10.24-15.84 D-F Es spr. aut
W Salanx ariakensis” 3.57 3.81-54.93 B-D, F Es aut

filiZz 1 B Aulopiformes
415 18} Synodontidae

W3kt Harpadon nehereus’ 0.02 25.12-127.63 E,F Ma sum, aut
WRFE £ H Gobiiformes
IR Gobiidae
Bt B T B 40 Acanthogobius ommaturus’ 0.16 3.61-16.49 B-E Es spr. sum
INELF BAN R Amblychaeturichthys hexanema’ 0.01 12.77 E Es spr. sum
K0 Boleophthalmus pectinirostris” 0.25 4.79-75.29 B-F Es spr. sum, aut

(¥4 to be continued)
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(8231 Tab. 1 continued)

A specics AR PRI Emm  REWRB AR MR
abundance range of length developmental stage habitat type occurrence season
K 22U FE 4 Cryptocentrus filifer 0.02 4.40-9.78 D,E Es sum
PRI LR FE 0 Favonigobius gymnauchen + 4.47 B Es sum
MR P )& spp. Luciogobius spp.” + 13.97-18.74 E,F spr. sum
Fn] R B0 5% £ Mugilogobius abei” 0.47 3.73-16.79 A-E Es spr. sum, aut
Fir AR FUF $E /1 Odontamblyopus lacepedii’ 0.39 4.09-26.39 B-F Es spr. sum, aut
JY A0 Periophthalmus cantonensis” 0.26 3.42-12.93 B-E Es sum
A ZHENR I 40 Polyspondylogobius sinensis™ + 17.27-20.54 E Es sum
F-B W) UF jE £ Rhinogobius giurinus 0.24 3.66-13.02 A-E Fr spr. sum, aut
H ki Scartelaos histophorus 0.03 3.52-7.65 B-D Es sum
BRHUF R Tridentiger barbatus” 0.5 4.05-23.18 B-E Es spr. sum, aut
LLER R 8. Tridentiger trigonocephalus” 0.51 3.75-12.42 A-E Es spr. sum, aut
IR R A E Fh Gobiidae sp. indet.” 0.88 3.90-6.30 B-D sum

i} H Mugiliformes
fifi Bk Mugilidae

fifff Mugil cephalus 0.01 19.98-27.06 E,F Es spr. win

A& Planiliza haematocheila 0.87 4.12-22.93 B-F Es spr
R F} Polynemidae

Z 105 M8 S8k Eleutheronema rhadinum 0.04 3.96-52.90 B-F Es sum

B H Blenniiformes
77} Blenniidae

)8 B8} Omobranchus elegans 0.01 3.82-13.22 B,D Ma sum
B 5 S 688 Omobranchus punctatus + 3.35-20.47 E Ma sum
HRIUA H Atheriniformes
WL F R} Atherinidae
JLER R 4RI A Hypoatherina valenciennei® 0.01 14.97-81.88 D.E Ma spr. win

W%l 4 H Beloniformes
%A} Hemiramphidae
[8] T % Hyporhamphus intermedius 0.01 14.91-93.21 D,F Ma spr. win
%% H Pleuronectiformes
& #5F} Cynoglossidae

JEW)E 5 Cynoglossus abbreviatus” + 9.91-55.56 D,F Ma sum, aut
7R 5 Cynoglossus gracilis + 13.78 D Es spr

FE QT Cynoglossus joyneri” 0.01 5.12-14.47 B,E Ma spr. sum
SELTE 5 Cynoglossus lighti 0.01 5.14-17.43 B,E Ma spr. win
el & 85 Cynoglossus robutus + 6.65-7.86 B Es aut

Witk 25145 Paraplagusia guttata” + 22.44 E Ma sum

T B3R K EF Cynoglossidae sp. indet.” 0.01 4.98-19.12 B, F sum

)¢ H Syngnathiformes
8%l Syngnathidae
L1 185685 Je. Corythoichthys haematopterus + 47.82-81.35 F Ma aut
W IE Trachyrhamphus serratus + 53.76-122.74 F Ma sum, aut

(¥4 to be continued)
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(8231 Tab. 1 continued)
Fi% spocics PR R AKERmm  GERE EERE RS
abundance range of length developmental stage habitat type occurrence season

fiiiJZ H Callionymiformes
i} Callionymidae
E RIS Repomucenus olidus” 0.02
fifi Bl K € Fh Callionymidae sp. indet. +
fi5 H Scombriformes
A7 fi R} Trichiuridae

VYot Lepturacanthus savala 0.01
i) H Perciformes
%%} Sinipercidae
i Siniperca chuatsi +
I8¢ £ B} Chaetodontidae
PABEHIUE AT Chaetodon unimaculatus +
TR H Moroniformes
P fiEL Moronidae
T FESY Lateolabrax maculatus” 0.35
Jil 26 H Acanthuriformes
£ f B} Sciaenidae
WSk ME#E A0 Collichthys lucidus” 0.08
K EC 4t Johnius belengerii +
K ¥ A Larimichthys crocea” 0.08
/N Larmichthys polyactis™ 4.11
i ff Nibea albiflora 0.22
#J¥ H Spariformes
fiEA} Sillaginidae
/DS Sillago japonica 0.02
M fE Sillago parvisquamis +
L W@ Sillago sihama 0.03
filiJZ H Tetraodontiformes
PY {4 fili B} Tetraodontidae
#hi% 22 206l Takifugu xanthopterus™ 0.03
K€ F unidentified species 4.69

6.54-9.65 C-E Ma spr
4.39-5.51 D sum
128.63-185.65 F Ma sum
5.12-6.00 B Fr sum
8.18 D Ma sum
4.22-39.11 B-E Es spr
4.18-30.51 B-F Ma Spr. sum
4.12-26.91 B,E Ma sum
4.23-96.38 B-F Ma all
3.22-30.26 A-E Ma spr. sum, aut
4.31-4.81 B,C Ma sum
4.93-15.16 B-E Ma sum
12.07 D Ma sum
4.31-14.88 B,D Ma sum
3.67-17.80 C-F Es spr
4.56-23.86 A-E Spr. sum

A DRI B i I C Bl r 4 D & MONAF 4 E: BE Fr 4. Bs: W E A Ma: WG Mi:
TMPEPE S, Fro JRKPEMZE. spr: 25 sum: B2 aut: FAZE; win: A28, +: <0.01; * R ZP R TE R X H B

Notes: A: yolk-sac larvae; B: pre-flexion larvae; C: flexion larvae; D: post-flexion larvae; E: juvenile; F: youth. Es: estuarine fish; Ma:
marine fish; Mi: migration fish; Fr: freshwater fish. spr: spring; sum: summer; aut: autumn; win: winter. +: <0.01; *indicates occurrence in

the reserve.
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Fig. 2 Distribution of larval and juvenile fishes during flood tides in the Yangtze River Estuary
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Fig. 3 Distribution of larval and juvenile fishes during ebb tides in the Yangtze River Estuary
®2 KIOKBMMEEZMFHEENEZEREE(RI>100)
Tab. 2 Index of relative importance (IRI) of dominant and important larval and juvenile
fish speciesin the Yangtze River Estuary (IR1>100)
Fh 4 species # 7= spring HZ summer X Z autumn A7 winter 44F annual
JREF Coilia mystus 950.48 1699.59 878.71
J1#% Coilia nasus 142.24
BE ECANHE /N 45 Stolephorus commersonnii 1749.52 307.49
VR ECHTER f Neosalanx tangkahkeii 226.61
B WR 10 Salanx ariakensis 5987.74
i Mugil cephalus 194.82
/NEE £l Larmichthys polyactis 250
(0.02 ind/m?), B4 5 Bk — B, BREIBIHEE - 0.35 ind/m?,

ECA A N B BEAE 215 e Kk, 353 9.81 ind/m?,
BELE 27 ek, R 12.63 ind/m3, A 4R A
J7IZ 00 AR T R SR K S K S R R XN,
A6 A 53 o K R) R S % R (0.21 md/m3)>
FRH1X(0.12 ind/m*)>Jt3£(0.01 ind/m?), R 5
A5k — 20, koI (R B AR fa % A Z3 I
K, £F] 0.57 ind/m?, REAMAE 23 K, N

24 YMESHENEZTE

FEEREB(D) . 2RI B 5 E TS
BNV B E AL E 3), i, FEE
BE (D) MEZ R BH) A MF, TR,
HR RS, BERL, LFRAK, WAEREW)
HEETEZEFZTN 3 WHEH A & THE
W, (E R I 4 25 5 BE R () i TR
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Fig. 4 Distribution of dominant fish species during flood tides and ebb tides in the Yangtze River estuary
*3 KIIOFHEEEMSFEEY
Tab.3 Biodiversity indices of larval and juvenile fishesin the Yangtze River Estuary
Z577 season JK I waters D(F) D(E) H'(F) H'(E) J'(F) J'(E)
%2 spring Jt% north branch 0.79 0.74 0.71 0.59 0.49 0.43
PRI IX reserve 1.02 1.05 0.72 0.76 0.56 0.48
R south branch 0.57 0.51 0.40 0.38 0.36 0.37
¥ average 0.74 0.73 0.57 0.55 0.44 0.42

(f¥%% to be continued)
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(8233 Tab. 3 continued)
Z=717 season K38, waters D(F) D(E) H'(F) H'(E) J'(F) J'(E)
B Z& summer Jt.3% north branch 0.99 1.13 0.53 0.83 0.25 0.40
4P X reserve 1.25 1.18 1.16 0.83 0.62 0.47
F3Z south branch 0.64 1.07 0.63 0.90 0.35 0.47
-3 average 0.94 0.73 0.75 0.55 0.34 0.42
#Z autumn 4t3% north branch 1.04 0.97 0.80 0.67 0.62 0.48
PEPIX reserve 0.56 0.45 0.33 0.40 0.29 0.35
B4 ¢ south branch 0.14 0.16 0.04 0.08 0.04 0.09
- average 0.52 0.42 0.35 0.31 0.28 0.25
2-Z% winter 4b3Z north branch 0 0 0 0 0 0
F31X reserve 1.44 0 0.69 0 1.00 0
32 south branch 0 0 0 0 0 0
14 average 0.29 0 0.14 0 0.2 0

¥ D: Margalef F & 4540, H'": Shannon-Wiener Z2FEPE8%; J": Pielou 5] BEHEEL F: ikil; E: B 1.
Notes: D: Margalef richness index; A" Shannon-Wiener diversity index; J" Pielou's index of evenness; F: flood tide; E: ebb tide.

25 FHESHESNEERFZENEXR
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T334 o BRI ] (8] 5) 3 2= 5 F7HE £ 5310 A OGP
R R F R B, HK b fig S8R pH; Bk
Z 0 e P R SR FK IR, R NI A, &
B I KR, HUOR KR RA . 1B

BiH TN BEA pH, HUCRE AR RSN
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3 itig
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GobiiSp: HFEMAlAKEF; CoilNasu: JI#%; EngraSp: #2F} K EF; UnidnSp: K IEFF; CoilMyst: RUEF; Engrlapn:
#i%; StolComm: J G AlIHT /NS i1 ; SalnAria: A5 BI4R ff1; LarmCroc: K ffi; LarmPoly: /NEff; PlanHaem:
-2; NeosJord: 7+ [HT4R fa1; StopSpp: My /A fa JE A 2 #l; NeosTang: PR EGHT 4R fa.
Fig. 5 CCA sequencing of larval and juvenile fishes and environmental factors during flood tides in the Yangtze River Estuary
GobiiSp: Gobiidae sp.; CoilNasu: Coilia nasus; EngraSp: Engraulidae sp.; UnidnSp: unidentified sp. CoilMyst: Coilia mystus;
Engrlapn: Engraulis japonicus; StolComm: Stolephorus commersonnii; SalnAria: Salanx ariakensis; LarmCroc:
Larimichthys crocea; LarmPoly: Larmichthys polyactis; PlanHaem: Planiliza haematocheila; NeosJord:
Neosalanx jordani; StopSpp: Stolephorus spp.; NeosTang: Neosalanx tangkahkeii.
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Fig. 6 CCA sequencing of larval and juvenile fishes and environmental factors during ebb tides in the Yangtze River Estuary
GobiiSp: Gobiidae sp.; CoilNasu: Coilia nasus; EngraSp: Engraulidae sp.; UnidnSp: unidentified sp. CoilMyst: Coilia mystus;
Engrlapn: Engraulis japonicus; StolComm: Stolephorus commersonnii; SalnAria: Salanx ariakensis; LarmCroc: Larimichthys crocea;
LarmPoly: Larmichthys polyactis; PlanHaem: Planiliza haematocheila; NeosJord: Neosalanx jordani; StopSpp:

Stolephorus spp.; NeosTang: Neosalanx tangkahkeii.
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Diversity and spatio-temporal distribution of larval and juvenile fishes
and associated environmental factorsin the Yangtze River Estuary

LU Tianyul, ZHAO Dubinl, CHEN J inhuiz*, LIU Qiangl, WANG Xiaodongl, WEI Guangenz, QIU Zhewenz,
ZHONG Junsheng', LIN Jun®
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Abstract: This study investigated the recovery of fish resources after a fishing ban in the Yangtze River and the
influence of tides on the distribution of larval and juvenile fishes. From July 2022 to May 2023, 42 sampling
stations were set up in the Acipenser sinensis natural reserve and adjacent waters of the Yangtze River estuary.
Sampling was conducted with a larval net (diameter 1.3 m, mesh 0.5 mm) that was towed at the surface layer in
different seasons during flood and ebb tide. A total of 336 nets were trawled, and 89644 larval and juvenile fishes
comprising 81 species, 23 families, and 20 orders were collected. The average density was 0.59 ind/m3.
Engraulidae was the most dominant family, accounting for 82.13% of the total catch. The density of larval and
juvenile fishes was the highest in summer, reaching 1.77 ind/m?, followed by spring (0.45 ind/m?®) and autumn
(0.12 ind/m?), and it was lowest in winter (0.002 ind/m?®). The distribution of larval and juvenile fishes in a single
season was not influenced by tides except in spring. Moreover, the density of larval and juvenile fishes in summer
was higher in the north branch than in the south branch and the lowest in the reserve. In autumn, larval and
juvenile fishes were more abundant in the south branch than in the reserve, with the lowest abundance in the north
branch. In spring, larval and juvenile fishes were more abundant in the reserve than in the south branch during the
flood tide, with the lowest abundance in the north branch. However, the abundance in the north branch was greater
than that in the reserve during ebb tide. The density of larval and juvenile fishes was higher during flood tide than
ebb tide, except in spring. The richness index (D) and diversity index (H') were both highest in summer, followed
by spring, lower in autumn, and lowest in winter. However, the evenness index (J') was lower in summer than in
spring. CCA analysis of water temperature, salinity, pH, and dissolved oxygen showed that salinity was
significantly correlated with the distribution of larval and juvenile fishes during the whole seasons, while other
environmental factors were correlated with the distribution of larval and juvenile fishes only during flood or ebb
tide in several seasons.

Key words: Yangtze River Estuary; Acipenser sinensis; natural reserve; larval and juvenile fishes; species composition;
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