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XA GEIR AR LRI R RIZ KR 3R
R R R ) JRUSE R ST A 23 A 1) 2 23R N5
AP 08 KR R A I R 9E T AR
A VAR I 0S5 | RS L 3 A — 2
A= Ek = PR £ 2 R BT oA Y [R]
W ARWEIE R T S AR VT AR S i K
TANEAE VAR 0SS U IV B - S
B B 2R M , O 9 A 5 L ol (o7 0 A7 ) 4 2 T O £
R o o P o £ 288 g ) 39 o A 25 S A T R, MDD
J SO R 3 B 52 0 FE IS 25 70 A B SR 5T A7
B TE AT LY & B Bk 23 o0 A 1 22 5, AR
W T 11 D% A0 XU = B 3 DR 8 4 LA L 3 %
TR PR BEHIR AR

1 MRS IE

1.1 AEFESMELE

7E KT 1T (31° N-31° 45’ N, 121° E-122°
15" E)F 32 (S1-S10) . JL % (N1-N10) 5201 & A&
WE(E1-E10) JAl i1 K 4% 15 101l s (T 1), i
b R R A Y SR I 112257 F 2022 4F 7 A

hil
%
?

1I8H—8H 14H(EZ) 10 H24H—11H 10 H
(#kZ%) 2023452 HOH—3 H 8 H (&%) M4 H
22 H—5 1 29 H (F) , fii I AYAF-HE 2 [ (9
HEA2 1.3 m, M H 0.5 mm) F-7 32 7K F-Hi % 7
A, B 5 HE P 1] 10 min, #1382 kno I E 3R
1 11 (Hydro-bios, No. 438100, Germany) it 5%
D 38 L, B A FE BRI 5 % 1) P S 5 B 11 5
] B {22 2 808 3 XK B o A A (WTW
Multi3630 IDSSETG) i & /K & (Water
temperature, T) .35 (Salinity, S) .pH . % i %8
(Dissolved oxygen, DO)ZE 55 B4

MRAEAH ISR 2> 7E Olympus SZX7 f#)58
O NCREERIRE S o S )T XU £ |
FPfEfn, S RRIRA R AEFIKENDALL 552 {1 J5
PRy AFHER & B R R
Reak B I i RO S A7 #E £a 19 &R K (Notochord
length, NL: 725 il 0470 A0S il 30947 o) v i
BHRAR ) bR AR (Standard length,
SL:Ja 25 b fy-fn Mg aimgmg s 2 N g s
SRR ) A BRI R (B :mm)
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= *E8
Ry
“E4 o
By, °Es B9
. Hengsha «E10
Shanghai S7 Tsland
31°15" S.S
o SRFE 4 Sampling station S9 9 Q 10 km
121° 15’ 121° 30" 121°45’ 122° 00’ 122°15" E

2% Longitude

S. B3N, dU3E. 52018 AR
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Fig.1 Sampling stations in the Yangtze River estuary

1.2 HESH
Gy AFHELL A R A
N
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i GAM A A #it v, R AR 7 A8
DABRIE R F-IRLRE (ERJEE  pHL VA i S RIK I (Water
depth, Dep) 1E R fif s i, P2Vl R Uy 22 I ik
Xl (Variance inflation factor, VIF ) FlIE BS54 %
(Condition number, CN) #4753 #7 , GAM £ 74 {14
kAU
log(D+1) = Season + & + s(x,) +s(x,) +--+s(x,)

(2)

P8 2% i {5 B UE W (Akaike Information
Criterion, AIC) Flfif B 30 vk e L2 SR, — i
AR ATC BB ARG , i 22 fife R S5 8 vy, BSR4 3%
ARG

AIC=2k - 2InL (3)
K A SEI B LR R

TEf 8 th B L A B fS | @ i GAM 22 6.
A8 AR TR A Xo A £ = B A I 2 R T Y A B
Bl Z A A2 BAE T -

log (D+1) = Season + ¢ + s(x,) + te(x;, x,)
+--+telx,,, x,) (4)

% 4% 38 1 Microsoft Excel 2019, Ocean Data
View 5.7.1. R (v4.4.1) mgev. ggplot2 55 {, #F 17
GAM s BT fnz &2

2 ZERE5Hr

21 XBEME

R ST 1) R SR 4 21 ) 55 £ O, 7 2 R A XU
00110 387 ki, B K L2, REF| 12 561 ki, kb T
A BB A 52.99 % (F 1) .

®1 RE&MHEENRAM

Tab.1 Composition of development stages of C. mystus eggs

. . . i [t Proportion/%
B Bt Developmental stage §jif2 Egg diameter/mm - -
ummer Z Sprin,
HZES # %= Spring
A 0.948+0.003 8™ 30.32 22.67
B 0.928+0.001 5% 11.71 11.32
C 0.974+0.000 8 12.70 11.28

T AR R SZ R FISZHE IO, IR 1) o B B B B0 IR AL P 45 5 B AR IR AT B 310 B 25 T R 5 910 8 0 8 A B B 5 C: R 28 S5 0 B 70 8

(tail free) I HH (1 B B

Notes: A means Eggs inclusive of both unfertilized and fertilized, from the earliest stage of development until closure of the blastopore; B
Includes stages from the end of “A” till the tail-bud begins to separate off the yolk; C means the stage from the end of “B” to hatching.

440 ZE R AR B ) WA HE £ 2 244 2 (R
2),2022 4F H 2 [ de s, & K B B BRI A
I, 2023 AE BT KRR B ) B HEfn
KR RERIBATHEM . NEB A HTS
il 1 1 a1 (Pre-flexion larvae) #1245 il I 41 £
(Flexion larvae) i H#% # , 73 %l 24 69.43 % Al
18.63 % , UP ¥ & W {1 £ (Yolk-sac larvae) ff [t 5%
ik, AU T 5 3= 0 R A RUB A1 HE 1 46 703
Fe , 78 5 ZE AR AP HE ) 25 B B Be X A
I, B 2R A Al AT e 22 B 2R B i A 1
TS R RS i A £ g R A LR R T 20 %
FRZEARAE B DR e e A7 £, DL il S0 A
MEAR Ny 32 3 & TR AL 3 KUY 4 £
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22 HEHH

AR AT A0k (K12) , 187 HEf 3
BNIAERZE FERZ ., BERESMERIL
F RS2, B S6 Ah 45 Al i ¥ B, e rf S8 3l pii
F R (1.63 ind./m*) ,S2 R Z (K] 2a) , F-H4 F: )i
0.06 ind./m’, FZFF-FFFE0.02 ind./m’, S10 3 11
F B = (0.73 ind/m®) , S E FI R E X7 (P>
0.05). NEBHWEF , FEUAFOEIRF; B2
TE R S B 3F ST RN S3 Al p5 R A 31 U 5% B 8%
PEIAAT 0 s E1-E4 3 5 3522 25 i 10 A0 5 25 il 3
{71, ES-E10 3 15 LARE f F4h a8 3 5 b S K Ik
AAE N1-NS 3 i, 1 B0 85 A7HE £, NTFI N2 3 5
SER ML N3 Sl i A A D85 A i A A
1,44 0.01 ind./m* (8] 3a) .
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Tab.2 Composition of development stages of C. nasus, C. mystus larvae and juveniles in the Yangtze River Estuary

4 KEbE KA i kb Proportion/%
Species  Developmental stage Body length range/mm HZSummer  fkZ Autumn  4ZE Winter %2 Spring

Yolk-sac 4.20~4.52 0.45 - - -

Pre 3.50~9.86 28.48 - - 40.95
1% F 8.58~15.22 18.63 - - -
C. nasus Post 12.66~21.48 8.11 - - -
J 19.83~38.48 2.09 0.04 - -

Y 36.14~102.78 1.16 - - 0.04

Yolk-sac 3.16~5.16 10.10 - - 1.65

Pre 4.05~9.69 16.49 + - 45.56

R F 7.16~15.72 1571 + - 211

C. mystus Post 12.14~23.96 5.02 0.04 - 0.22
J 19.41~31.45 0.30 0.04 - +
Y 31.23~95.28 0.09 + + +

1 : Yolk-sac. BP & #& W11 ; Pre. B 25 i WI{# 10 ; F. 25

FHYIAF 05 Post. SR 25 NI 050, FEf Y. Wi+, FRE 73 HE<0.01%.

Notes: Yolk-sac. yolk-sac larvae; Pre. pre-flexion larvae; F. flexion larvae; Post. post-flexion larvae; J. juvenile fish; Y. young fish; +.

Percentage <0.01%.

A AE B 75 45 2R 45 2 XU A 01, = 2240 A
F N2-N6 FI S5-S8 3 i, , H -3 F £ (5.63 ind./
m?’) & T/ 2 E (318 ind./m*) . N3 FlI N4
MR R, 439 18.78 ind./m? . 22.67 ind./m’,
RS AFHE £ 7E 2 AR TR B (R,
¥ F B 0.69 ind/m’, FF 2=V ¥ F JE 0.42 ind/
m’, G 25 (P>0.05) . HZ]Z 54T S5-
S10 .E1-E10 FIN1-N5 3 55, F3F BN 1.45 ind.
Jm®, S8 3 i J¥ fe 1w (17.13 ind./m?) (&1 2b) . B}
BT £ I AE S8 ES E9 FI E10 ¥l &, S8 Fll
E10 £ ¥ fe 7, 59 9~ 4.56 ind./m* . 0.97 ind./m’.
S5.S7 Fil S8 ufi i F Z N i & M1 f4, S9 A1 S10
Sl o1, U] SRy gl A £ s AE RN G RS A T
E1-E10, 4t 3¢ 3= B A i ity ) Fn 25 il 0941 £, DA
N1 21 NS 3l 5025 A7 0 bz it (1813b) .
K2R LT IR SRS AFHE 67 3 F B2 /N 0.01 ind./
m’ (& 2d) , KB4 Ry Ji 4 iy 04 fo R £, 3222
PRSI AR, R, KU ATAE 45 b oy
i T S7-S10.E5-E10 F1 N1-N5 3 &5, N1 3l £ 4
J& #% 5 o0 10.03 ind./m* (& 2f) , /i il 0047 fa
% 7 L 76 ES VE6 FI N3 3 5 77 75 UP B 22 W {110
(E3),

2.3 MEETFIHMFHEEEENZI
231 HERT

AT KL
BEH(E4)

PSRN T A ] 11 9738 v 8 44
2022 4% 5 Z= 1 /K I B 29.00~
33.90 °C, V-4 7K & 30.85 °C, 5 i K i A T4k v
5 JUBEVP AL S N6-NO BT ket . Bk ZRK iR 4
16.60~21.10 °C,F-¥J4 18.15 °C, F§ 3 [ b3l
TiEz Wit = 5 4 25K 1% 6.10~13.00 °C ;2023 4F
FZIKIRAE 17.00~22.70 °C , F-HJ 7K i 20.73 °C .
Jb37 N4 N5 3l 5 R K K A AR, R 2=
Ab,FE 32 A6SE S ARE 3 LRI K IRTG 3 25
5o

AT AR A SVASE R 0.01~30.50, HERBE
()53 A a5 S AR ARARL, A FE S ks, F )
MGG R (F4) . KIT RS2 50 30Kk £
FEAFAE R 25 (P<0.01) . B L KHBA /KR (ST1-
S6) F1E% B 5 ZR MUY 7 /K 3 (E1-E4) R Ik K, 26
JE/NF 1, K245 TR KR 2 i K, B 21
3k B I, B8 3l A 95 (9.40~24.40) . Jb 3k
R E R T 10,8 E R E TR A Z(P<
0.01) , b3 3k B 5 AR AR AR 2R N T i s e IR
0.2, N7 3 s B i R 20505 F 25 N1 ik
8.60
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31015
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Fig. 2 Density distribution of C. nasus, C. mystus larvae and juveniles in the Yangtze River Estuary

B2 IR AR S T B R S
AT (P<0.01) , pH A A Z [ A7 7E 1E
FHIEIEZR (P>0.05) , TR BE 5 HAth P18 X A A G
PR NES) o
232 GAMMERIFg#E

FE RSB /N T 15, BRI 45 IR B IR - 22
) G 2 2 (W LA PR (R 3) o KIS AIC (B Fe AR R
W), A g ] B RUBEAFHE @ 5 PR O R
GAM BRI (K 4) . JI8FH Al GAM 8 : log (D+
1) = Season + ¢ + s(S) +s(DO) ,AIC{H 7 61.60,
M 22 f 6 RN 69.25 Y%, 5 X 145 11 = i 5% i
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3 (P<0.01) . RUBY £ b GAM % 5 : log (D+
1) = Season + €+ s(T) +s(S) +s(pH) +s(DO),
AICH Hy 72.24 I 25 - BE 3 R 79.56 % , il 3k
JFE pH X RUSE 4 =F B 52 e 1 2 (P<0.01) .
233 WA

VL T8 | JRUB %) 47 £ i 5 0 2y 22
S (El6). HZ FKFMEEMBNENIE, &
ZRRNAE RN, HEMENRN BE, B
FE T HALZE (P<0.01) ; B ZMIE %, KUK
FER AN B A ERE S TH S (P<
0.01),
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JI8% Coilia nasus A& Coilia mystus
100% M 100% ¢
80% 80%
60% 60%
40% 40%
20% 20% | I I
0% N F I T T | OOA’ T T |
—ON<tTN OO O— AN TN\ OO O —AIN<T N\ O~00ND —ONN<FTUN\OT~ 00N O — I <TI0~ 00N O — AN N\O~00ND
mmmmmmmmm(‘zmmmmmmmmmEZZZZZZZZZE ""”mmmmm""”(‘zmmmmmmmmmEZZZZZZZZZE
(a) (b)
100% 100%
80% 80%
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OOA)IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIOOA) LI TN | 0 TN TN TN TN W | 1 N TN T 10 T 11 [T I S
—ONN<tTWN OO O— AN TN\ OO O —AIN<T N\ O~00ND NNO~00NO—AINTN\O~ 00N O — AN <TN\O~00ND
mmmmmmmmmammmmmmmmmEZZZZZZZZZE mmmmmammmmmmmmmEZZZZZZZZZE
(© d
100% 100%
80% 80%
60% 60% |
40% 40% |
20% 20%
0% IR T TN TN TN TN NN N TN TN | TN TN TN TN TN T SN | 0% I T T T |
NN\ OO0 O — NN \O~00ND — OO0 O — AN T N\O~00N O — AN < WN\O~00 N
mmmmmmmmEZZZZZZZZZE wmmmmmmmm”mmmmmmmmmEZZZZZZZZZE
() ®
vl 15, Stations
0 Yolk-sac @ Pre BF OPost @I mY
(a)Fl(b). HZ; (c)F(d). FkZE; () FN(F). HZ,

(a)and(b). Summer; (c)and(d). Autumn; (e)and(f). Spring.

31.6°

31.4°

25 Latitude

31.2°

31°
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31°
121°

B3 JBEREZEMRAMEL

Fig.3 Changes in the composition of developmental stages across sampling stations

K2 Winter
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Kk T/C
535

W S
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El4 KiBMEBEHZFTETHL

Fig.4 Seasonal variations in temperature and salinity

0
121.2° 121.4° 121.6° 121.8° 122° 122.2° E
;¥ Longitude
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. R 2
1.0
0.8
0.6
-04
-0.2
pH -0
--0.2
--0.4
-0.6
Dep -0.10 @ -0.05 | -0.11 -0.10 1.00 -0.8
-1.0
5 IMEETFRIRREBEXREY
Fig.5 Pearson correlation coefficient of environmental factors
®3 HEHERE
Tab. 3 Collinearity test
T Ti ZE I 5 FREAE SR SR AR
Environmental factors VIF Eigenvalue CN
T 2.548 2.326
1.660 1.188
pH 2.285 0.973 12.706
DO 3.281 0.330
Dep 1.019 0.183
®4 BT AICH GAMERIEHE
Tab. 4 Selecting optimal GAM model based on AIC
J1% C. nasus JREF C. mystus
e T2 AR T2 AR
Model AIC R’ Deviance AIC R’ Deviance
explained/% explained/%
log(D+1) = Season + & + s(T) +s(S) + s(pH) +s(DO) + s(Dep) 81.55  0.65 71.70 101.94  0.70 79.60
log(D+1) = Season + & + s(T) +s(S) +s(pH) +s(DO) 64.80  0.49 68.83 7224 0.71 79.56
log(D+1) = Season + & + s(T) +s(S) +s(pH) 66.03  0.46 64.53 87.37  0.59 67.48
log(D+1) = Season + & + s(T) +s(S) +s(DO) 62.84  0.51 69.05 7822 0.66 74.04
log(D+1) = Season + & + s(T) +s(S) +s(Dep) 88.39  0.59 67.12 112.71  0.54 61.10
log(D+1) = Season + & + s(T) + s(pH) +s(DO) 79.71  0.06 18.18 120.71  0.29 44.67
log(D+1) = Season + ¢ + s(S) +s(pH) +s(DO) 63.51  0.51 69.16 7235 0.70 78.99
log(D+1) = Season + & + s(T) +s(S) 6498 047 62.86 86.16  0.60 67.27
log(D+1) = Season + ¢ + s(T) + s(pH) 78.04  0.11 24.52 114.15  0.38 54.44
log(D+1) = Season + ¢ +s(T) +s(DO) 78.11  0.08 18.08 126.84  0.13 20.12
log(D+1) = Season + ¢ +s(T) + s(Dep) 91.39 057 63.11 114.58  0.49 54.44
log(D+1) = Season + & + s(S) +s(Dep) 123.14  0.28 37.08 13272 0.20 52.44
log(D+1) = Season + & + s(S) + s(pH) 63.75  0.50 67.36 87.07  0.59 67.07
log(D+1) = Season + ¢ + s(S) +s(DO) 61.60  0.53 69.25 76.61  0.67 74.28
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)
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T

b

[ 7

ZEA54LN Partial Effect
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(=]
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e

JREF Coilia mystus

"2 k £
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p .

= K & Ees

Summer Autumn  Winter Spring

B6 Z=TRRx e REHFHAFEENZI

Fig. 6 Effects of Seasons on the density of C. nasus, C. mystus larvae and juveniles

£ B 55 8% S B 2[R0 A RO I 2k 6
Z , SIS S AE 0~6 1 10~18, Fi 5 & T e &
(Bl 7a) o JJ85FA7HE 0 3= 5 Bl 6 B2 (0 39 i, 22 5%
HmE A S BN T 4R,
JIE I R i e v T3 A0 5 5 A W DA L R AE 12~
15, S5 RM, JIB%A7HE €0 (%38 B R BEAE 0~18,
O B TE 0~6. 1 fifk U0 ) B AT HE £ =F FE Y
SR F I Ny, B A 3G R, R e
T8 348 w2 e R AR B4 A8 Al B W A M BATE 7.6 (
7b),

5~18 °CH, JRUBFA1-HE fh1 3= 2 Bt 25 7K IR 14 T
T FEAR , 247K IR T 218 °C i, = 8 Bt /K R T v
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Tab. S Survey results of fish larvae and juveniles in previous years

F ¥ (ind./m®) A 3#4E (IRT)

0 Ats AR Abundance/Dominance A
Year Month Stations Sources
J1% C. nasus & C. mystus

2010—2011 5.8 KT * 4(616'238;2329)1,},;22 FEHT)
2014 5.6 B30T K I * 0~0.44 / 160.54~322.83 % e i 2
2014 3—9 3 0~0.63(0.031) - At R g o)
2015 4—7 AB3T K K * 583.08%** 2 g 422
2015 3—12 MY ** * R HEAE 0]
2018 6—10 MY 0~2.151(0.123) - eor s
2018 6.9 LI AR 0~0.740 / *** 0~0.380 / % pUp/E
2019 5—10 KT - 0~23.94 YRR
2020 5.8 Ko - 0~44.02 / % A
2021 4.8 S AR Hx 0~1.122/2 695.35%%* AR R
2022—2023 8.11.2.5 Kyro 0~1.63/%* 0~17.13 / *** KNS

TE = R * R s o RO T oo T

Notes: —. not investigated; *. not detected; **. non-dominant species; ***. dominant species.

2010-2011 4F RUBF 76 K VT AT HEfa 34 4 1
BT X g 0 A RN 2 AR A R VL I A I
TR A £ B 3 A AFE 6 F HR B LR BRI
5 KA K 0.44 ind./m’; 2018 4F 6 F b 37 KU =
KM 0.38 ind./m*>', 2019 4E A% 1| KU A= 7=

http://www.shhydxxb.com

WG, SR KR . 2019 4FFE KT R
i A7 FE 471 Y 98 A o6 H 2F B s o 23.94 ind./
m') | 2020 4F 75 25 =F B 5 kK 44.02 ind./m
AR VTER 5, XU AT HE f 1 B0 %) v e 30 % A
AR . 2021 AF S W 2R 2K 3 RS A RfE fe A AR



6 A B TR A5 AT i g 2 B0 AFHE A 0 A0 S5 BRI T e R 1303

Z(8 ) MR HF, e K F R 1.122 ind./m* ™,
AT RUSEAT-HE 0 B 2 de K2 0 17.13 ind./
m’, Y 0.69 ind./m*, W E THZE, Ui
FERITAR IS, KU AT HE €8 B0 A = W AR 22
WiREH & MG 65 A s S
ZERA K AT TA G N AT IR

4 g

KT 1 T BF AT HE 1 R 7 S ARV 1) 7= B
Y REGA RS, IS0 AR A
TR KR 47 45 1 L ) 5w ol 45 95 3 AN TR) % & By
B oML S . BB E8 0 m
ARV O/ 3, HEAAFAE TR S PRSI B AR
WEZK 5K, 4 £ [ BB 5% B I AR AT YT 1 b 32
I B, XU 32 240 A TR L 0 RS S R i 52
A I R W 1 TR K RN b SRR K 38, 44 U5
FFRE A0 ) 1 B R A, Bk 2R AT e R A 2125 i 1
frfa, imat GAM 43 A7 SR BE PR 7 % ) % | XUBsE A1
Tl A7 5075 A R IR, 5 P8 SXoF ) 5 4R 00 14 = B 5 i
B E RN 0~6; IR ER | pH X RUT AT
MEf ) FE R B 35 . 38 H AN AR o B & BH
T - AR R L -pH A8 SRR AR HE G RUBTAT
MEfa i F AT B 50 m . AHESE B — AR A 1Y
JAAEZRFE R A, T BB AEAE — 2 AR T, %
YL D RUBE AT AE £ E AT 3 4 B S5 AF A% 1< 1 W
W, A THENRAS Bl () 24T LA

Y ERAARAIRA ZAF R,

SE Wk

(1] AR5, LU T mZekiM]. Jbat: gl ih i
*t, 2006: 205-208.
NI Y, WU H L. Fishes of Jiangsu Province [M].
Beijing: China Agriculture Press, 2006: 203-208.

(2] BV, AR, 0k, 5. Kimomk(M] L. b
MR A AR L, 2006: 157-160.
ZHUANG P, WANG Y H, LI S F, et al. Fishes of the
Yangtze Estuary [M]. Shanghai: Shanghai Scientific &
Technical Publishers, 2006: 157-160.

(3] BMisT, BB, PR, A KU JTEE BT IE BLAR A
PAP s o e 7], Wi o e~ i CE AR B2 i)
2015, 24(3): 78-83.
MAO C Z, JIAO X M, ZHONG J S, et al. Research
Progress on Resource Status and Protection of Coilia
nasus in Yangtze River Estuary [J]. Journal of Huaihai

Institute of Technology (Natural Science Edition) , 2015,

(6]

(7]

(8]

[10]

[11]

[12]

24(3): 78-83.

T, BRAERAE, )L AR RV e B D 5% A 3
R BRI T BE R [J). WL, 2024, 46(6)
788-796.

LIY,CHEN J H, FENG G P, et al. Research Progress
on Life History and Resource Conservation of
Anadromous Coilia nasus in the Yangtze River [J].
Marine Fisheries, 2024, 46(6): 788-796.

KISHIDA T. Fluctuations in year-class strength of
Japanese Spanish mackerel in the central Seto Inland Sea
[J]. Nippon Suisan Gakkaishi, 1991, 57 (6) : 1103-
1109.

D’ ALESSANDRO E K, SPONAUGLE S, COWEN R
K. Selective mortality during the larval and juvenile
stages of snappers (Lutjanidac) and great barracuda
Sphyraena barracuda [J].
Series, 2013, 474: 227-242.

OVERTON A S, JONES N A, RULIFSON R. Spatial

Marine Ecology Progress

and Temporal Variability in Instantaneous Growth,
Mortality, and Recruitment of Larval River Herring in Tar -
Pamlico River, North Carolina[J]. Marine and Coastal
Fisheries, 2012, 4: 218-227.

WOCEE, IO, L. RILTI6T BEIHRE AR A 2B K Re
[J]. FHRETEIAEAAR, 2014, 23(5): 669-674.

DONG W X, TANG W Q, WANG L. Growth
characteristics of reproductive population of Coilia nasus
in the Yangtze River [J]. Journal of Shanghai Ocean
University, 2014, 23(5): 669-674.

XU, B BE, A, AL ARV RUBE A M A R R L e
BRI R[], el 2020, 42(1): 110-119.
ZHAO F, YANG Q, SONG C, et al. Biological
characteristics and resource utilization of Coilia mystus in
the Yangtze Estuary[J]. Marine Fisheries, 2020, 42(1):
110-119.

555, =k, HEC 5. KL H BTl A 92 4
PELT PR, 1999, 6(5): 69-71.

NI Y, WANG Y L, JIANG M, et al. Biological
characteristics of Coilia mystus in the Changjiang estuary
[J]. Journal of Fishery Sciences of China, 1999, 6(5) :
69-71.

HAOR . T RUSE RN T B AR IR 45 1 5 A R RRIE 19 )
BHIFRID]. LifE: RIEFEERE, 2020.

HU Y B. A preliminary study on the age structure and
growth characteristics of Coilia mystus and Coilia nasus in
the Yangtze River Estuary [D]. Shanghai: Shanghai
Ocean University, 2020.

LU, Wt X0k, A5 JIE% XSRS H A B
AEACBIFELT]. R, 2011, 35(3): 23-31.
JIANG T, YANGJ, LIU H B, etal. A comparative study
of the morphology of sagittal otolith in Coilia nasus,

Coilia mystus and Coilia nasus taihuensis [J]. Marine

http://www.shhydxxb.com



1304 I PN 34 &
Sciences, 2011, 35(3): 23-31. RAOY Y, ZHONG J S, LIU H, et al. Annual variation
(13] skif, EMMe, S0y, 4 RUL 0 RUBHFAE B AR & of the resources of Coilia nasus larvae and juveniles in the
B BARHEAARKT]. pEAKMR, 2017, 24(6) - southern branch of the Yangtze River estuary[J]. Journal
1315-1322. of Shanghai Ocean University, 2021, 30(5): 828-836.
ZHANG T, WANG H H, BI X J, et al. Sagittal otolith [20]  fEUHHE, B, FReA, 5. KILHm S P HEfa g
growth and development at different development stages Fifi i 9% A8 A I 5 (0], i R AR 23R, 2018, 27
in larval and juvenile Coilia mystus in the Yangtze estuary (2):250-258.
[J]. Journal of Fishery Sciences of China, 2017, 24(6): HOU ST, ZHONG J S, WANG X D, et al. The study on
1315-1322. the amount changes of fish larvae during flood and ebb in
[14]  JKAR, 410, skibse, 45 Wimdbiit s R 2 R the south branch of Yangtze River Estuary[J]. Journal of
i 0 9P S AT HE f 4 A FRAE LT ). WL 4 B2 i (A Shanghai Ocean University, 2018, 27(2) ; 250-258.
BRI, 2011, 30(4): 307-312. [21] B, BAE, £ 2k, 5. KU H RS YR & 454
ZHOU Y D, JINHW, ZHANG H L, et al. Distributions o 28 AR AR AR B 5 [T ] i 3 ik, 2023, 45 (4) - 447-
of ichthyoplankton of Coilia mystus in the Coast of north 459.
Zhejiang Province in spring and summer [J]. Journal of YANGY Y, YANGJ Q, WANG Y L, et al. Spatial and
Zhejiang Ocean University (Natural Science) , 2011, 30 temporal variation of zooplankton community structure in
(4):307-312. the Yangtze Estuary[J]. Marine Fisheries, 2023,45(4) .
(1] JHiE, £, &R, 5. FIJH two-stage GAM #F 5 i 447-459.
N e LA 30 e 1l /) B 0 00 B 9 I 23 3 A RRAELT ] v [22] g, b, madil . FEZRKIL O AR KD
EKF=REE, 2019, 26(6): 1164-1174. FhIS AL UM F i A AR T]. K =Rl 2018, 25
YIN J, WANG J, ZHANG C L, et al. Spatial and (3): 586-594.
temporal distribution characteristics of Larimichthys LI J S, LIN N, LING J Z. Temporal variation in the
polyactis eggs in Haizhou Bay and adjacent regions based composition and abundance of fish larvae and juveniles
on two-stage GAM [J]. Journal of Fishery Sciences of off the Yangtze River Estuary in spring and summer/[J].
China, 2019, 26(6): 1164-1174. Journal of Fishery Sciences of China, 2018, 25(3): 586-
(161 WIWNAH, A, BE, 5. UL H RUBTAFHE £ 5 2 2000 594.
T B S AT RRAE [T KRR, 2021, 28 (23] XUXK, BREE, SCEiE, 4. KU S04 Rk =47
(9): 1152-1161. TE A i 25 [l o3 A [T ], K7 2441, 2021, 45(8) : 1395~
HU L J, SONG C, GENG Z, et al. Temporal and spatial 1405.
distribution of Coilia mystus larvae and juveniles in the LIU H, CHEN J H, WU J H, et al. Analytical research
Yangtze Estuary during primary breeding season [J]. of spatial distribution of fish larvae and juveniles in
Journal of Fishery Sciences of China, 2021, 28 (9) : summer and autumn in the eastern Chongming, Yangtze
1152-1161. River Estuary[J]. Journal of Fisheries of China, 2021, 45
(171 A, BRERHE B, 45 VT I (T R AR 2 e (8): 1395-1405.
e K HETEFRE PEPRAL [T]. 7K™ 274, 2024, 48(6) - 85- [24]  Trkmst, SR R MR AR T I 0 00 5 AR
96. (M. B RHRREROR AL, 2016: 20-22.
YANG K E, CHEN J H, ZHAO J, et al. Size structure WAN R J, ZHANG R Z. Fish eggs, larvae and juveniles
and community stability assessment of fish community in in the offshore waters of China and their adjacent waters
the Yangtze River estuary [J]. Journal of fisheries of [M]. Shanghai: Shanghai Scientific & Technical
China, 2024,48(6) :85-96. Publishers, 2006: 20-22.
(18] #M#F, 95 Hk, WRig, &5 ROV E RUST BN AFAE MY [25] OKIYAMA M. An Atlas of Early Stage Fishes in Japan.
I 25 o i R L S A BT 56 R (1] KAAEW i, 2nd[M]. Tokyo: Taki University Press, 2014: 106-108.
2022, 46(7): 963-973. [26] KAR, 28, 84, 4. KICOENEN )6 m
SUN H Q, JIANG R J, CHEN F, et al. Spatiotemporal R ARG [T]. e v R 2 2% 4, 2009, 18(2) :
distribution of eggs and larvae of Coilia mystus and its 2150-2154.
relationship with environmental factors along Oujiang ZHANG D L, LI L, ZHONG J S, et al. Morphological
estuary [J]. Acta Hydrobiologica Sinica, 2022, 46(7) : study on larvae and juveniles of Coilia nasus in the surf
963-973. zone of Yangtze River estuary [J]. Journal of Shanghai
[19]  Beonde, #hRE, XN, 4. UL H Rg 3K ] 541 Ocean University, 2009, 18(2): 2150-2154.
R AR R[], R, 2021, 30 [27] KENDALL A W, AHLSTROM E H, MOSER H G.

(5): 828-836.

http://www.shhydxxb.com

Early life history stages of fishes and their characters[J].



LR S SANRE I BN P TRS RN SRR U PN

1305

[34]

Ontogeny and Systematics of Fishes, 1984: 11-22.
NAKAI Z. Studies Relevant to Mechanisms Underlying
the Fluctuation in the Catch of the Japanese Sardine,
Sardinops  melanosticta [J]. Journal of
Ichthyology, 1962, 9(6-9): 1-115.

SCHLITZER R. Ocean Data View [CP/OL]. odv. awi.

de, 2024.

Japanese

R Core Team. R: A Language and Environment for
Statistical Computing [CP/OL]. Computing, 2011, 1:
12-21.

WICKHAM H. ggplot2: Elegant Graphics for Data
Analysis| EB/OL]. New York: Springer-Verlag, 2016.
WOOD S N. Generalized Additive Models: An
Introduction with R (2nd edition) [EB/OL]. New York:
Chapman and Hall/CRC, 2017.

XK, ARG, 420 3¢, 4% KU N J18% (Coilia nasus)
fFHEfI RS 2 AR [T ], WIARLS, 2020, 32(2) : 506-
517.

LIUY, REN P, YANG X W, et al. Spatial and temporal
distribution of larvae and juvenile Coilia nasus in the
lower reaches of the Yangtze River[J]. Journal of Lake
Sciences, 2020, 32(2): 506-517.

FaE, PNEAR, XUBR, A5 ARVL A DR £ B
ARBYA G [T]. MEPESARIEFY, 2007(4) : 40-50.
WANG J H, SUN Y W, LIU C C, et al. The
ichthyoplankton resource investigation
Journal of Marine Sciences, 2007 (4) : 40-

in Changjiang
Estuary [J].
50.

W, B, W, S VT H AR AR LR X 5D
HAT B 23 A AR [T]. RS2 2R, 2009, 28(2)
288-292.

JIANG M, WANG Y L, SHEN X Q, et al. Distribution
characteristics of fish eggs and larvae in Acipensersis
Natural Reserve at Changjiang River Estuary[J]. Chinese
Journal of Ecology, 2009, 28(2): 288-292.

XISyiE, 40, XUMF, &5 . KT KU 2 M 5 Al
FAHEfAR 2210 [T]. A28 2%4e, 2015, 35(21): 7190-
7197.

LIU S H, WANG J H, LIU C C, et al. Inter-annual
variation in pelagic fish egg, larval, and juvenile
assemblages during summer in the Yangtze River Estuary,
China[J]. Acta Ecologica Sinica, 2015, 35(21): 7190-
7197.

B, AR A, SEEE AR T TNy R R ) 5
At i o AT [T ], P DK B, 2009, 16(9)
923-930.

GE KK, ZHONG J S, WU M Q, et al. Distribution and
abundance of larval japanese grenadier anchovy Coilia
nasus in the surf zone of the Yangtze River estuary [J].
Journal of Fishery Sciences of China, 2009, 16(9): 923-
930.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

KR, Z2RY, X0, S5 VL T B R (AR
FarrERel 1) EDKRE, 2022, 29(7): 951-959.
SONG C, LI Y G, ZHAO F, et al. Reproductive
population composition and reproductive performance of
Coilia nasus from the Yangtze Estuary [J]. Journal of
Fishery Sciences of China, 2022, 29(7): 951-959.
BEIF, Zmds, A, & RILF I LB ] 65
FEERGIPIE L] KR, 2022, 46(8): 1377-
1388.

XUE X P, PENG W X, FANG D A, et al. Preliminary
study of Coilia nasus spawning grounds at Sutong section
in the lower reaches of the Yangtze River[J]. Journal of
fisheries of China, 2022, 46(8): 1377-1388.

ks, REIE, R E, AL RVE AR MR AR b K
SRR AN S L AN F BE i = AR AR [T ] Tl
2016, 38(4): 374-382.

ZHANG H, YANG S L, ZHANG S M, et al. Seasonal
changes of fish community composition and abundance in
the northeast Dongtan Wetland in the Yangtze Estuary[J].
Marine Fisheries, 2016, 38(4): 374-382.

WANG Y C, WU J H, WANG X F. Predicting the
distribution of Coilia nasus abundance in the Yangtze

River estuary: From interpolation to extrapolation [J].

Estuarine, Coastal and Shelf Science, 2024, 308
(108935).
SUGEE . TR R A A AR (A VT T ) A

MECPERFSE (D). Lk DR, 2023

WU H X. Study on the habitat suitability of Coilia nasus
in the Yangtze River Estuary based on different species
distribution models [D].
University, 2023.

R R TE e AR K P F TR, L3 K= FSE
B, RigERIM] B BIERRE S EORH R,
1990: 109-111.

Shanghai: Shanghai Ocean

East China Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences. Fisheries
Research Institute. The Fishes of Shanghai Area [M].
Shanghai: Shanghai Scientific & Technical Publishers,
1990: 109-111.

FRHETE, R AR, P, A BTN b R K AT £
ZRAERMBI ], HEDK R, 2021, 28(11):
1477-1488.

GUO Z B, ZHONG J S, HONG B, et al. Diversity and

Shanghai

cluster analysis of fish larvae and juvenile on the northern
of Hangzhou Bay [J]. Journal of Fishery Sciences of
China, 2021, 28(11): 1477-1488.

BERIA, JEKAR, tROFE, 45 S U A K 24
T B e AR SR R AT (0] AR K, 2011, 33
(2): 18-23+32.

XUE L J, ZHOU Y D, XU K D, et al. Estimation of

biological parameter, biomass, sustaining yield for Coilia

http://www.shhydxxb.com



1306

Lo

1E SN

¥R 34 %

[47]

[50]

mystus in the offshore of Zhoushan[J]. Journal of Fujan
Fisheries, 2011, 33(2): 18-23+32.

BRI R U B A o K HSTITAS (D). B
g LIRS, 2015.

BI X J. The reproductive biology and preliminary
assessment of habitat suitability of Coilia mystus in the
Yangtze estuary [D]. Shanghai: Shanghai Ocean
University, 2015.

TR, TMMe, SeoEln, 45 KIL A REH AR &
B BRHAERKDIL EAG R, 2017, 24(6)
1315-1322.

ZHANG T, WANG H H, BI X J, et al. Sagittal otolith
growth and development at different development stages
in larval and juvenile Coilia mystus in the Yangtze estuary
[J]. Journal of Fishery Sciences of China, 2017, 24(6) :
1315-1322.

RN, BRERE, PR, A5 UL S AR MEK Sl f
HEFP IS N e ZREPET]. LRIV R 224, 2023,
32(4): 829-840.

YANG J Y, CHEN J H, ZHONG J S, et al. Species
composition and diversity of fish larvae and juveniles in
the water area of Chongming Dongtan, Yangtze River
Estuary [J].
2023, 32(4): 829-840.

TR VL RUSE LT P70 A o ik B i 2 AL Al ) B
FID]. bl RIEEEERE, 2023.

WANG D.

Journal of Shanghai Ocean University,

Study on the Distribution Features and
Transport Mechanism of Early Life Stage of Coilia mystus
in the Yangtze Estuary [D]. Shanghai: Shanghai Ocean
University, 2023.

MICHAEL W B, KENNETH L H, KENNETH W A, et
al. The Identification, Conservation, and Management of
Estuarine and Marine Nurseries for Fish and
Invertebrates: A better understanding of the habitats that
serve as nurseries for marine species and the factors that
create site-specific variability in nursery quality will
improve conservation and management of these areas|J].
BioScience, 2001, 51(8): 633 - 641.

ki, SRARE , sk, 45 . 1B A N TSR IR
k& ] LR, 2015, 24(1): 36-43.
SHIY H, ZHANG G Y, ZHANG M H, et al. Complete

http://www.shhydxxb.com

[52]

[53]

[54]

[55]

[56]

[57]

[58]

artificial propagation and embryonic development of
Coilia nasus|[J].
2015, 24(1): 36-43.

DI SANTO V. Ocean acidification and warming affect

Journal of Shanghai Ocean University,

skeletal mineralization in a marine fish [J]. Proceedings
of the Royal Society biological sciences, 2019, 286
(1894): 20182187.

MA J, LI B, ZHAO J, et al. Environmental influences
on the spatio-temporal distribution of Coilia nasus in the
Yangtze River estuary [J]. Journal of Applied
Ichthyology. 2020, 36: 315-325.

WEE, W, SRR, A VT RIS I Vi Al RV A U
Did 1] P EK R, 2019, 26(6): 1175-1184.
YANG Q, ZHAO F, SONG C, et al. Habitat history
reconstruction of Coilia mystus from the Yangtze River
Estuary and its adjacent sea area[J].
Sciences of China, 2019, 26(6): 1175-1184.

HAJISAMAE S, YEESIN P. Patterns in community

Journal of Fishery

structure of trawl catches along coastal area of the South
China SealJ]. The Raffles Bulletin of Zoology, 2010, 58
(2):357-368.

LA, BRI, B, S5 KT g SOK T BT
HEFBGRAESTELT]. R R4, 2015, 24
(5): 745-753.

LIAD, ZHONGJ S, LUO Y M, et al. Distribution and
abundance of Coilia nasus larvae and juveniles in the
southern branch of Yangtze River Estuary[J]. Journal of
Shanghai Ocean University, 2015, 24(5): 745-753.
VB, 228, Bk, 5. 2010-2011 AF VLI 11 2 43
K B A A HE R T A M SRR PR [T T
PR, 2014, 36(6): 131-137.
JIANG M, LI L, SHEN X Q, et al. Structure of
community and biodiversity of larvae fish in spring and
autumn 2010-2011 in Yangtze River Estuary and its
adjacent waters[J]. Acta Oceanologica Sinica, 2014, 36
(6): 131-137.

MRAE . T4 43 A 5 R AV 1A HE £ O 3 AR B8
FIERTSE (D). b BHFRTERY:, 2022

LIN J. Habitat characteristics of dominant species of fish
larvae in the Yangtze estuary based on species distribution

model[D]. Shanghai: Shanghai Ocean University, 2022.



6 1 LR S SANRE I BN P TRS RN SRR U PN 1307

Distribution of eggs, larvae and juveniles of Coilia fish and its relationship
with environmental factors in the Yangtze River estuary

ZHAO Dubin'?, LU Tianyu', CHEN Jinhui*, WEI Guangen®, LIU Qiang', WANG Xiaodong', ZHONG
Junsheng', LIN Jun*

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Research Center for
Monitoring and Environmental Sciences, Taihu Basin & East China Sea Ecological Environment Supervision and
Administration Authority, Ministry of Ecology and Environment, Shanghai 200125, China; 3. Center for Protection and
Research of Aquatic Wild Living Plants and Animals in Shanghai, Shanghai 200092, China; 4. Engineering Technology
Research Center of Marine Ranching, Shanghai Ocean University, Shanghai 201306, China)

Abstract: From July 2022 to May 2023, 30 sampling sites were established in the south branch, north
branch, and dongtan of Chongming Island of the Yangtze River estuary to investigate the seasonal
distribution of Coilia nasus, Coilia mystus and their relationships with environmental factors. Field
sampling was conducted seasonally using a large larval fish net (mouth diameter: 1.3 m, mesh size: 0.5
mm) for surface horizontal towing, with each tow lasting 10 minutes at a speed of 2 knots. This study
aimed to understand the distribution patterns of these two fish species and their responses to seasonal
environmental variations in this estuarine ecosystem. The generalized additive model (GAM) was used to
analyze the correlation between the abundance of fish larvae and juveniles and environmental factors. The
results showed that spring and summer were the main breeding periods for C. nasus and C. mystus in the
Yangtze River estuary. C. nasus larvae and juveniles were mainly distributed in the waters near the south
branch and the north branch and the dongtan of Chongming Island, In contrast, C. mystus eggs were
distributed in the waters from Changxing Island to Jiuduansha in the south branch and in the waters outside
the entrance to the north branch, while larvae and juveniles were predominantly found outside the south
branch, the north branch, and the dongtan of Chongming Island. GAM analysis revealed significant
seasonal patterns in the utilization of the Yangtze River estuary as spawning and nursery grounds by both
species. Summer had a significant positive effect on the abundance of C. nasus larvae and juveniles, while
both spring and summer positively influenced the abundance of C. mystus larvae and juveniles, with
summer showing significantly higher effects than spring (P<0.01). Salinity had a significant impact on the
abundance of C. nasus (P<0.01). The suitable salinity for C. nasus larvae and juveniles was 0-6 PSU. The
distribution of C. mystus larvae and juveniles was mainly affected by temperature, salinity, and pH (P<
0.01). The suitable temperature was 20-32 °C, the suitable salinity was 2-16 PSU, the suitable pH was 7.3-
8.2 and the suitable dissolved oxygen ranged from 6.0 to 9.0 mg/L. The interactive effects of environmental
factors, temperature-salinity and temperature-pH exhibited significant impacts on the abundance of C.
nasus larvae and juveniles. Overlapping nursery grounds were observed between the two species, with
variations in spatial distribution across different developmental stages. The findings contribute to a better
understanding of the ecological dynamics in the Yangtze River estuary and offer guidance for the
conservation and management of these two species.

Key words: Coilia nasus; Coilia mystus; fish larvae and juveniles; spatiotemporal distribution;

generalized additive model
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