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Abstract: To investigate the environmental driving factors of habitat distribution for migratory, marine, and estuarine larval
fishes in the Yangtze River estuary, based on the larval fish sampling data collected in the Yangtze River Estuary during Septem-
ber 2022 (Summer) and April 2023 (Spring), we applied the Maximum Entropy (MaxEnt) Model to analyze the habitat distribu-
tion characteristics and environmental driving mechanisms of Coilia mystus (Migratory species), Engraulis japonicus (Marine
species) and Callionymus olidus (Estuarine species). The results reveal that the south branch exhibited higher sea surface tempera-
ture (SST), pH (SpH) and nutrient levels (SNITRO), while the north branch showed higher sea surface salinity (SSS) and chloro-
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phyll concentration (SCHL). The MaxEnt model demonstrated strong predictive capability for habitat distribution of these three

larval fishes [AUC (Area under the curve) >0.8], with slightly better performance in spring than summer. Sea surface dissolved

oxygen was the key factor influencing habitat distribution for both C. mystus (Relative contributions: 80.8% in spring and 86.6%

in summer) and C. olidus (44.0% and 79.0%), whereas sea surface salinity dominated for E. japonicus (44.0% and 79.0%). There

were significant differences in the habitat characteristics and key environmental factors of larval fish of different ecological types,

leading to species-specific responses in their early life history replenishment processes to environmental changes. Therefore, the

protection of juvenile fish resources in the Yangtze River Estuary requires development of differentiated protection strategies

based on the biological characteristics and habitat needs of different ecological types of fish.
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KAy b E s R 1, i e s AT
REZMNH L 2R H KRBt LA K = & B 7K 2R
AN SINE YN Y $ - e B V€S AR
I EhEEARR, BEIRERER, HAEY R, 2
FE L+ EE LG Y, Wi
(Acipenser sinensis) . YLK (Neophocaena phocae-
noides) 55 [ 58— 9% H kL OR3P Sl M ) T8l 3 e —
AR, VL AU I R 602 S
A2 Rl T e AR e D ) I, SR
KUREASAETT 1A A7 (AR AL T 7 DR B 3 T
KA BRI A AfE R 220K 54 B 100 42
Fl, R E M E AN “ =YSEE” Xt
TARIL AT BRI AFAR T B2 5T th 2R A b FE i e
BREEL,

R (Maximum entropy, MaxEnt) FE IR R —
Fofr g ot B E 25 ] o AR, DL R B D
i, BLCTEE NS RSP AR 3Tz
N, W% (Katsuwonus pelamis)'®' . H A (Scom-
ber japonicus)!”' . Y (Setipinna taty)'® %5, SR,
Xf VL A A 2 A B A IF S B ) T A
JHE B EFE KL (Habitat suitability index, HSI) 5
IO AL ZRAR (Random forest, RF) A& A1 11213] 24
Jrid:, X MaxEnt S8 R ECA BRN . AREL T
FAAEAY, MaxEnt B BA B 75 sk A1) T
A R OO, E T Iz N T AT HE A A B
5T, A BT IT FURIR A S BIFHE fBA: 5s
J3A0 1Y) MaxEnt A5 AR DLHRGE

AWFFERET 2022 4F 9 F (B F) 12023 4F 4 /1
(€= R SINRP/ STTUFER RN EIN RS SR E/ TR
TEHR 3 ol i R A= 25 ¢ AR S W) b —— Tl i 1 JRU BB
(Coilia mystus) . #§¥-1EEE (Engraulis japonicus) il
O M (Callionymus olidus), >R MaxEnt £
TS A AR S5 o AR IE S SR N, DU

KV Al % VR A TR T AR SR R R R A
Wﬁgo

1Bk

1.1 FARREMEAET

FRPEA VL Wb BER A . BB RIS O
G AR AT A B R A, e TR A X, f
FEARIL I R SRS A5 o AR VL FUAS [ A PR
fESHERAM ZS, BHFEXESH A, B,
C 1 D 4 A IXI (LBRMUE BT A5G 67) o 1A,
ST RXERR 5 XU RN, BOKATTE AL
UORA R XN . LSS g 5L, bt
FE XI5 A 159 4~ 3'%3" WARMIAE . B TR
A IZBEDAE R L, NEA B S a5 i
2y 55 4wl fir o VL H R SRR FK SC3h 77 36
BEAR, SR AT YR i) A
HHb, FETFHAR A IIRE, RUFRAEIR XI5k
BRI R AR AL (ALY 54.34%) .
2 XS TR A £ WL 1, BTl A AR i
DL BRI, LA S A R A (1)

WAL B fiseit, 05T 2023 4F 4 A (F
Z=) 12022 4F 9 A (EZ) JFJE 2 MR R HES
FAHSCH S A 1l £
12 EERNERFEMRELE

SRR BLFE AP R (R 280 cm, TN AR
80 cm, M HFK/N0.5mm) TR UAILL 2~3 n mile
AR A TR IZAKFHERAE, SRAE R 10 min,
UEAARRR S R T ek, iR 3 AR ARLE L
SAETEIEA Y B R T IE A0 . A SBE 19plusV2
AUV R BRI 2/ (Conductivity-temperature-depth
system, CTD) X EpA-uli 7 iR . EhAE | Mk
JE A PR BRI S T o T 5% () BYARIR
ISR KT, RERAE B 1) 028 SR A ) S A T



66 [ A N S %21 %
F1 HHSEEXIREITRER LSS
Table 1 Number of sampling stations designed for each area
X 35k SRR NG ST TR A HUREES ST |5 L A1 i P X 5
Area Total number of stations Number of sampling stations Proportion of sampling stations/% Geographical area
A 33 12 36.36 FNAESZ (122°F LAT)
B 46 25 54.34 FINFSSZ (122°F LATH)
C 42 10 23.81 FAMESE (122° LAZR)
D 38 8 21.05 FIAMHESZ (122°F LAZR)
41T Total 159 55
i 2022.9 N N\ 2023.4 N
_,—\__\. {75 Jiangsu. "\'\“ L5 Jiangsu L
\ \ \
”‘%’43 Sl of Y It \"‘*f{._\, o
Ao, e G "
\ /. Izg i L N /. op 29, ;
8 - e ° '
> ; S D, 'y > 1
s ) o V& .
° U3 °
. . °. K .\ . .o
[ ] .. _. [}
\.\)\., “
N
[ Shanghai \ I Shanghai
0 20 40km | S 0 20 40km |

HES: GSH (2025) 11495

K1 KICHE ., ZZR Al

Fig. 1

e PRAF o N HT AL B4 4 B GB/T 12763 —
2007 CHFAFEIRHA G ) LI T, LR ENLIE
¥k, 2% (PEIDEAIS0) "R
] 30T 1A S HLAR AT M ek £ B9 S A A ) U, R
RPEIE A Y RO A ) s T E T
1.3 HIRABESHH
1.3.1 H¥FEAREL
FH U8 7K AR A7 £ 550 i B M Ak A A FE £ %%
B, HE A
V=kxDxS (1)
p=N/V )
K. vV oRIBKIER (m®); k AmETHRE; D
SRR TS T MR TR 2EE ;S AR
MR p MADIERE (4-m™); N REEaE (1),
132 HHEH
H i AH X EEMEFE 4L (Index of relative impor-
tance, IRT)"* 8 52 AR LR 2R TR A S, ot
BRAN:

Map of sampling stations in Yangtze River Estuary during spring and summer

I= (n;/N) xfx10 000 3)
Krbr: TAAMEXTEREENERREG n B AR IR
P N REAERECH s f o i MR B
HRIEYIF A (5 B A M B g, fhE AR
[FIZE9 AR FRF R (55 2).

OIMTE IR, MR . EEWAE RS
FIPEHEE , 43 91h 146.61. 342.25; 0] 1 Fh 7 b
F. HENLEE SR H 48.46. 56.78; MIFEFIX
5 AE R SR T A, LR
1980.65, P, AHFFEERRX 3 FiA A5 0#
Z S FHEAVE R4
1.3.3 MaxEnt %

MaxEnt B 58 1 Py F 5310 s YRR AR 5
IR R XA A 2 R4, AR o 2
T ERKAERATRE A, IR I B AR RIS B
S M A 20, A SE R FH MaxEnt v3.4.4 3K0EH
## MaxEnt B8, ZHRAMET 2 4 A . — &
H AR A e L O X SEPR R0 A, LA esv A%
A ST R R AR s A B B 224



54y

PR BT BRI A VL = 2R SR FHE £ AR 5555 A AR 67

R2 FEMHEEEMBELR
Table 2 Summary of index of relative importance of dif-
ferent species in spring and summer

i %#F  HE *
. . Ecological
Species Spring ~ Summer
type
fit Engraulis japonicus 146.61 342.25 Ve
R Coilia mystus 0.08  1980.65 e
AL il £ o~
EELLTS y 10.76 223.05 aEES
Johnius belangerii
10 Salanx ariakensis 0.53 9.56 i
F i Callionymus olidus 48.46 56.78 b
R .
Periophthalmus modestus 11.69 19.35 A
K fh .
Boleophthalmus pectinirostris 0.08 118.18 T H
TLR/NA .
Stolephorus commersonii 895.06 11.59 A
J15% Coilia ectenes — 384.54 bpizs
/NG T A& Sardinella 0.05 — wa

{ELAL BB AR AR I X IR PR AR i, BT R
HEJE (Sea surface temperature, SST) . A5 [ 55 &
(Sea surface salinity, SSS) . VRFF ATV %A (Sea sur-
face dissolved oxygen, SO) . MR A M4t Z (Sea sur-
face chlorophyll, SCHL) . 3] pH (Sea surface pH,
SpH) . K1 E F= 4L (Sea surface nutrients, SNI-
TRO) &%dE, LA .asc #& XS

MaxEnt A58 38 8 TR X A 2E RO PR A
PR B MR, AR

P (z(x;)) =exp (2 (x;) A) / Ziexp (z(x)A) (4

e z 0 x S SR s A S Rl H R
[

MaxEnt IS5 B AT Lissovsky A1 Dudov?™

X MaxEnt 18U [ BEISAE AL S B E A . AR B
AT B e RE T4 . IR 2R M (B AIE 41
&, B BEE SURI{E R 0.000 01 LURH A5 58 43
WS, FataL (10 000) . EEARIREL (500) K aEI{k
TeH B (B=1) BIRFHEINME . F I uEA B AS E
K H 25% FEAE SAE S AR FF AT 10 IREE R
s, E T GRE SRR AUC 22 5 fast
T R AR A LA KU o 3l 3 32l B e Ve Rt il £k
(Receiver operating characteristic curve, ROC) ‘5 [ £
TTEFH (Area under the curve, AUC) {HPEAS MaxEnt
BRI KRR, AUC {52 ROC i<k T Ay T AY
KA, HBUEER Y 0~15 4 AUCfER T 0.9 i,
2% B T 235 SR A

2 4%

2.1 ISR S5 HE

SR L, BEVYMRIRE | BRAERE K&
RN SRRIETE R, MEFFERE pH i
KBS TEZE (% 3). 1 Wilcoxon FLHI
R M A BE 4 . S5 R 3R, BRifg R4 E
G, HRIWEHN TR, KITHMER
fEAEZS [a] b BA B S5 ok (] 2 FIEL 3), R
F TR T IR . M pH AN R I SRR,
AL SZ iR L A R A M R R m . FR
M4 3R 25 [ S A A AE W A BR 2 A2 Ak, ELod
RIK T DX T, i R 26 S R =2
A . IRMEEHEAER . EENER IS
TR, ERMEEERRRIR RS T
S R 1518 i S W (=R PR ee =Tt i |

F3 KIOAMERFSHEERTEHE

Table 3 Distribution range and average value of environmental factors in Yangtze River Estuary

Wi I H BEVHHE HZEH HZEVE

Environmental factor Range of spring Average value of spring Range of summer Average value of summer
TR AR SST/C 6.31~25.45 16.48 22.16~24.98 23.64
T ERE SSS/%o0 0.01~24.71 10.22 0.01~34.53 14.30
R4 2 SCHL/(mg-m ™) 0.14 ~1.28 0.75 0.30~1.54 0.82
3% pH SpH 8.15~9.03 8.59 7.83~8.48 8.20
TR %4 SO/ (mg-L™) 7.35~7.44 7.41 5.34~7.47 6.16
MR TR SNITRO/(mgL™) 14.12~15.55 14.90 — —
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Table 5 Relative contribution rates of environmental variables to MaxEnt Model
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Environment variable e B CES HFZ RS B
Spring Summer Spring Summer Spring Summer

R4 SO/ (mg-L™) 86.6 80.8 4.6 0.1 30.2 39.8
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MR SSS/%o0 0.3 8.9 79.0 44.0 17.5 34.2
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