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Fig. 1 Survey stations and set-nets sampling sites in the
coastal waters of the Yellow River Estuary
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Tab.1 Time of spawning ground survey and station

numbersin the coastal waters of the Yellow River
Estuary from April to July of 2020

A 1/} month Af[E] time Y4 numbers of station
4 H April 18H-19H,26 H-29H 31
5H May SH24H-6H1H 31
6 June 6H27A-THSH 31
7H July 24H-31H 31

JOFTG SRR 4 DRI, HUREH £ BETE 118°57'59"E,
37°26'52"N BT (F 1), XS 3RPI AT RIS,
PRI UIE AT LW FIE, S AR R E
FREE, Ao Op AFHE S A BIRARLE G, DIAER
7 I
112 INEEIE MUY TENEEN, fFHES O
FEAEY), [FIEER Sy BRSSP, O AT
HME A8 ) 73 A 52 RZHETE IR A BRI, 322K
T $hBE . MHEREVREE | BRI R SR N T n] fE
SN AT HE B3 A BAT R A OCHE, A
G L B AT

SIS L, 1R BAT 5 TR R
T AR DRSO S, B R IR IR e, K
7K Uk 228 SRR W i FH T 3 AR 9 9
gt S R SR S X IR T R T, AR R
VI B TR RS RO AR, PRt R R R T SR R R
Ji (remote sensing sea surface temperature, RSSST),
HAB PR B R ] CTD SEI R, DL 56 18 oK
TRAET 1 R 3 e g Sl vt AR AT AT AT 1

() RO R A S5E E A AT
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A, THES I DX SRR DA i DX 7K IR

(2) HABIREGA 7 AKER . £ B2 4 1 4 4
i FE i CTD 7R ubi AL AL M, M4k Rk
BTS2 50 2% th AR EENG

FRE IR R A v AL R E AR, Rk
FH Landsat &85 3K15, B EH ArcGIS 1158
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1.2 GAM &%

] A N Y (generalized additive model, GAM)
JE )T CERAERRL A YT R, AT LA A Ak B e iy AR
5 LM R 2 A ARt e R P02, RALERY)
Fhor A SIS F-OC R W H B, 2 e T
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MR R A Wi 2E: S5 —4, MR Ao |
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absence), fABP | fFHEMBLEEAE 1, B
0, B 1015375 (binomail distribution), K
logit HEHEREL 520, FEMBN . frHEM T
T, A RS IS R T 1 C R B logy o( Density)],
K P Ml M 755 31 43 7 (Gaussian  distribution), & FH
identity 5 2% PREL
1.3 REREF

AR )AL e BRI R IR E (RSSST)
RIZEE(SSS). RIZM LR F WK (Chla) . KIE
(Depth) . B 75 (Distance), 4% (Longitude)F145
J¥ (Latitude)3t 7 AN T, 7E VIF £ 8L p 34"
5L L, AR T IAE] GAM BERIH

LR HIE R EMERKE . AIC 1N (Akaike
Information)!>2® il fff 2 fiff ¢ R X A6 700 [H T AT
e, 76 H T B A BE IR (P<0.05), AIC
TECER /DN, i 22 ff BRI B UL A5 R B
AR AIC /T 2 Wk 28 AN g 322,

N, AFHEE IR E R A o0 A R Are-
GIS10.2 58k, BIEKIREIEEER . GAM #AIHY
ARG 3 5 5 R4.1.0 844 rhdf5P7 | mgev®®
S

2 ZERE5HMH

21 ER™=UPHA
4 H, 31 NECRES R, 20 ANl A fR f B0

FHE 3, Horb HORAE MR MG BN 5801 KL, Zr A1 7E
12 A S, FEHESD 3197 B, ZMRTE 17 ekt
50, HREHEM 177 B, T 1200507 6—7
HIJefaby, frfefa i BlcE 2), by, frHEfah
BETESRAE, 4 A, FEOLEE, P840 A
NFEE(F 1), 4 A 18—19 HRET 9 Duifiks i,
b O B AT 2 AN (B A 10 FD), frHEf
WBELEAL 1N RB); 4 H 2629 HillA T 22 4
i, 17 AubfiA s frHEm R, HACR
%, 1 5 AJEG A 24—6 A 1 HHIiEE T, Frik
FE S TP HE A, BB . B A s AR
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e REHS R HIiE L E
Tab. 2 Thenumber of Liza haematocheila eggs, larvae

and appearing stationsin the coastal waters of the Yellow
River Estuary from April to July of 2020

KA B 4 J] 51 6 7H
development stage April May June July
/KL fish egg 5801 (12" 0 0 0

fFHEA /B larvae

HE: *+FRm Bk o R
Note: * indicate the number of appearing stations.

3197 (17 177 (127) 0 0

4—11 H 2 B NI IRER 981 2, LW~ ot
GER R, 4 A(15—22 HERE), YA TR
J T~V DT HIAMAE, 558 54.62%
1 34.45%, BAFE—E I IVIIAV B4 A, 5
A (30—31 H B H B VI AN, FF b He il
11.53%, TR EI3E K2 84.61%, HIEM~V
WA, A 6 HIRITIG, WEEMEE S ¥R &M
PR RSN o 3k 2 BH 8 A B AR b s BAE 4—5
A, 325 0E B T % B B R 1 B = B
B, B WA A O A S SR AR A
22 WM&, FHELSH

R0 Oy | AFRE £0 2 () 43 A 5 A B S A DXl P
MAA AR 4 H, 82 B =253 A0 T H] A f
DIR SN I ok Bk, Bt B iR 2, &
ik 2000 KL/ ML L AR E LLAGACA PR w4
KIAG AR, (PR AR 2a). 4 H, 3¢
PNV AT TR S 7K B8 A A REfO o A, b e
TR B 3 O RS 2 67 (1000~2000  J2 /38 ) 70 A 7E
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Fig. 2 Distribution of Liza haematocheila eggs and larvae in the coastal waters of

the Yellow River Estuary in April and May of 2020
a. Fish eggs distribution in April; b. Larvae distribution in April; c. Larvae distribution in May.
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RIAFHE B BET 100 B8, SIS /KRR AT
HE S B A2 s b HoAt 7 10 JCAFREARL A1 (B 2¢).
23 GAM #&#

MR AR, 62 KA T PA fiAlM
32 ZB¥E T logio(Density B RIRHE o 5 45 it B¢
HE— AR T RS B R
Xof i 22 fif S DTSR AN AIC RN, G e A AR R 7,
FRciE AR 3 A T

PA~g(Latitude)+s(RSSST)+s(Depth)+s(SSS)+s
(Longitude)

log;o(Density)~s(Latitude)+S(RSSST)

23 I, 4B (Latitude) 2 1R (RSSST)
JK R (Depth) | 5215 & (SSS) ML & (Longitude) Xt
R F DN | AFHE A0 S B ) S, AR A 2=
fREREREN 61.50%, HAZR SRR, 2 i
BN 27.45%; WRIBEIRZ, 2R R
13.83%; JKUR . M Eh T 28 BE (%) fin 22 i e 32 4
BIM 3.23%. 8.01%7F1 8.98%., TEMR Y 4= B FIFR
BE PR A A v, A2 B IR % 008 B R R % U =
SO R PRI i 22 B R 43 5 R 16.83% Al
50.21%, A S 25 ff R R = ik 67.04%
24 &I, FHRESHSHXETFHXER

Bl 3 R as AR TR B | A7 f B
RIFEM 25 RN Dy Th, @ falp | A7 32
IATE 37.4°N~37.9°N Z [i], Mi# R THE, f

xR3 HEWEER
Tab. 3 Resultsfrom different GAMsfitting

Y T R 7 BT R 22 /% TTHRR/ %

model factor added cumulative deviance explained importance AlC AR P
PA Z5J Latitude 27.45 27.45 83.17 0.0365
TR IR RSSST 41.28 13.83 79.70 0.0356
KB Depth 44.51 3.23 77.65 0.0246
MR SSS 52.52 8.01 72.59 0.0035
ZJ¥ Longitude 61.50 8.98 63.30 0.0003
Number  4iff Latitude 16.83 16.83 142.95 0.0308
&R R RSSST 67.04 50.21 124.92 0.0010
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Fig. 3 Effects of spatio-temporal and environmental factors on the occurrence probability of Liza haematocheila eggs and larvae
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Fig. 4 Effects of latitude (a) and remote sensing sea surface temperature (b) on the density of fish eggs and larvae
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Fig. 5 Distribution of Liza haematocheila eggs, larvae and water temperature
Counting of fish eggs and larvae was combined.
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Egg and larval distribution of Liza haematocheila and their relationship
with environmental factors in the coastal waters of the Yelow River
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Abstract: Liza haematocheila is an important economic fish in the Yellow River estuary waters. The species lays
eggs which hatch as larvae in the shallow waters, or the interchange areas of salt and fresh water in the estuary
every spring, and move to coastal waters to grow within changing tides. The fish migrate into the deep-water arca
of the Bohai sea for winter. Fish eggs and larvae are the basis of supplement and sustainable utilization of marine
fish resources, and changes in their quantitative distribution are very significant to maintain the balance of marine
ecosystems. At present, the researches on Liza haematocheila mainly involve such parameters as age, growth,
feeding, breeding habits, etc. However, there is no report on the distribution of Liza haematocheila eggs and larvae
in the coastal zone of the Yellow River estuary. In order to understand the distribution of Liza haematocheila eggs
and larvae, and to investigate thoroughly the impacts of environmental factors on such distribution in the coastal
waters of the Yellow River estuary, this study analyzed the spawning period, spatial distribution of fish eggs and
larvae of Liza haematocheila and their relationship with environmental factors. Data were collected from a
spawning grounds survey conducted during April and July of 2020 and from a set net survey during April and
November of 2020. Due to no eggs and larvae being caught during some sampling events, a two-step GAM was
constructed which modeled presence/absence data (PA model) and density of presence observation (density model).
The results indicated that the peak spawning period of Liza haematocheila was from April to May in the coastal
waters of the Yellow River estuary. The spatial distribution characteristic of fish eggs was different from larvae,
with fish eggs being concentrated in the coastal waters of Laizhou Bay, and larvae distributed in Laizhou Bay and
the estuary of the Yellow River. Water temperature was significantly associated with both presence and density of
fish eggs and larvae. For the PA model, SST (sea surface temperature) was the second most important factor and
determined more than 13% of the deviance, while the final model determined 61.50% of the variance in fish eggs
and larvae presence/absence. For the density model, SST determined the largest portion of the data deviance (>
50.21%) and the final model determined 67.04% of the variance in density, given presence. Both occurrence and
density of fish eggs and larvae were mainly in the range of 11-14 ‘C and 19-22 °C. However, variation of
temperature affected them in different ways. As water temperature increased from 11 ‘C to 14 C, the occurrence
probability increased, but the density at first decreased and then increased. During temperature increase from
19 'C to 22 °C, both showed a trend decreasing first and then increasing, but the change of density was much
greater than the occurrence probability. Salinity had a significant effect on the occurrence of fish eggs and larvae,
with explaining 8.01% of the deviance of the PA model; however, it had no obvious effect on density. Fish eggs
and larvae of Liza haematocheila occurred in the salinity range of 24-30, with the most concentrated distribution
and a fluctuating upward trend occurring between 26.5 and 29. Depth was significantly associated only with the
occurrence of fish eggs and larvae, which were distributed between 1 m and 10 m. The occurrence probability
decreased slowly with the increase of water depth and was most concentrated at 2—6 m. This supports the view that
Liza haematocheila lay eggs in shallow water near the shore. The results of the study provided a scientific basis
for the protection of spawning grounds and resource conservation. It also proved that the application of remote
sensing of water temperature was feasible for fishery ecological research in estuarine and nearshore waters.

Key words: the Yellow River Estuary; Liza haematocheila; fish egg; larvae; spatio-temporal distribution;
environmental factor; GAM; remote sensing
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