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Fig.1

Stations of spawning grounds survey in offshore waters of the Liaoning Province in the North Yellow Sea in 2021
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B B RO EUL R R 4UU{E (Dunn et al, 2008). 4 p=0.
1. 2. 30, S0l R e 2404 . IR L A 4y
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Lat) 1 32 H %5 [6) 48 5 Al Month 1 /N RIZS & AU
/b 2 di IR AR [R) REORAS AR A P A T, Ao ad ik
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2015)FIA B, IR BERE A 100) (FERLSE, 2007)
R A RS i 2 IR AR

e N AR B AT A Tweedie 204, TE I & B AR B
Ja . RZEA R HT i i Tweedie-GAM, Zif AIC
(Akaike information criterion) (Mugo et al, 2010)F
2B K (deviance explained, DE) (BER5E, 2007)REH
PRI B, AIC 5 fik H. DE i R h fe
FEEI 7 ] R 18 7 mgev TP (Wood, 2006), fif
## Tweedie-GAM FEAYAN R (IR I FFAE, 2022):
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In(u) = a+ifi(xi)+g

i=1

K, p HERIIBEEE (ind./m’), 0 WALESE, o KA
HZH, p ARERESEG w BRIV TE p RO EEME,
R E(p); In(u)FRBEFRRECH A SRR, o HEHE,
e WK, x; MBS, fi) TR i NMERIAES
BOF-T PR B

1.5 RBIIOHER B TE = IR im i

NS 138 CRIEXT T Tweedie-GAM L[
TN e 7 FUERAPE AT IR, K BB AR RS 51
S5AFHE, BIRBENLIESEH S 4 DT ERE RIS,
TR VAT REUE, BT BRERE IR 100 K,
3 g ) AR T ("5 S B LI (1 =2 i) P
RERAAE A Z I RIFEE (Li et al, 2015; Hi3
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y=a+bxy (®)
Arp, PR o AR b B9 (E S T BT TR
a=0 12 10 {85 S B LI (B EL AT AE AL A% 2 [R) AR AIE
b=1 IREAAITM I R G M2 . AT e R EUR)
SR AE S [ 5 RGO BE (Li et al, 2015),

A5 2021 4E 5. 7. 8 R FIREE(1/12°x
1/12°) B Y 301 24 TR B 500 (1/12°%1/12°) - k1 T 4
Tweedie-GAM 5 BV B 73 A AT F0 , DAtk
G HT RS VT 7 O 3 T o v IR B RN PR R e i
TPEFRES W AR 45+ 0> (Copernicus Marine Environment
Monitoring Service, CMEMS) # fit (https://marine.
copernicus.eu/), WEHHENR I GMED 4 BRifE I Fh5E
B 5 4E (https://gmed.auckland.ac.nz/download.html) .,
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Fig.2 Density distribution of Engraulis japonicus eggs in offshore waters of the Liaoning Province
in the North Yellow Sea from April to November 2021

a: 4 H; b: 5—6 H; c:

7H; d: 8H; e: 9H;

f: 10—11 A

a: April; b: May to June; c: July; d: August; e: September; f: October to November
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NS MARXT SST BARM LS | A Yk K&y
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& 3d. e. foMBROPR SRR R )2 LR B 40 A 1A
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VIR AR B S P R AMINR K X, R AR T A7
HE— DA WA KA IRERKE (& 3d); 7 H, g
AR SSS AEME T, B& SSS XIRIEA( T
Depth 40 m ZE¥R4E LIRS (%] 3e); 8 H, SSS ik
AT, m XA TR B AR i (K] 36),
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Fig.3 Density of Engraulis japonicus eggs and distribution of environmental factors from May to August 2021

a: 5—6 H SST; b: 7 A SST; ¢: 8 A SST; d: 5—6 A SSS; e: 7 A SSS; f: 8 A SSS,
a: SST from May to June; b: SST in July; c: SST in August; d: SSS from May to June; e: SSS in July; f: SSS in August.
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Spawning Grounds in Offshore Waters of the Liaoning Province
in the North Yellow Sea

CUI Peidong'?, BIAN Xiaodongl’zq’\, ZHANG Yuxuan'?,
SHAN Xiujuan'?, JIN Xianshi'?, WANG Huibin'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Key Laboratory of Marine Fisheries and Sustainable Development, Ministry of Agriculture and Rural Affairs,
Shandong Key Laboratory for Fishery Resources and Eco-Environment, Qingdao 266071, China;
2. National Field Observation and Research Center for Fisheries Resources in Changdao Waters, Yantai 265800, China;
3. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China)

Abstract The ichthyoplankton stage is the stage that is most vulnerable to changes in the marine
environment in the development cycle of marine fish. Subtle changes in the marine environment have a
strong impact on fish survival, development, and growth. The abundance of fish eggs directly affects the
early recruitment of fish resources and determines the vitality of generations. As one of the important
spawning grounds of Engraulis japonicus, it is of great significance to understand the distribution patterns
and relationship between environmental factors in offshore waters of the Liaoning Province in the North
Yellow Sea. Based on the spawning grounds survey carried out in offshore waters of the North Yellow Sea
from April to December, 2021, first, Garrison's distribution center of gravity was used to analyze the core
spawning ground of E. japonicus and its migration route. Second, a generalized additive model based on
Tweedie distribution (Tweedie-GAM) was applied to convey the main drivers of the distribution patterns
of the spawning grounds. The relationship between E. japonicus egg density and six natural environment
factors of seawater surface temperature (SST), seawater surface salinity (SSS), seawater surface
chlorophyll a concentration, zooplankton abundance, phytoplankton abundance, and depth, as well as the
factors of time (month) and space (longitude and latitude) were interpreted. Finally, the cross-validation
method was used to validate the model and predict the potential spawning grounds. The results showed

that the spawning period of E. japonicus was long, lasting from April to November, and the main
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spawning period was from May to August, with peak spawning from late May to early June, in offshore
waters of the Liaoning Province in the North Yellow Sea. During the spawning season, the size and
location of the E. japonicus spawning grounds showed obvious spatiotemporal variation. There was a
significant nonlinear correlation between spatiotemporal factors and the density distribution of
E. japonicus eggs. Although spatiotemporal factors were the main drivers of the spatiotemporal variation
of the density distribution of E. japonicus eggs, these factors did not directly affect their distribution
pattern. Rather, spatiotemporal factors indirectly affected the concentration distribution of E. japonicus
eggs through SST, SSS, and depth. The optimal temperature range for the spawning of E. japonicus was
wide, and the distribution of spawning grounds indicated a synergistic effect under low temperatures and
low salinity and an inhibitory effect under high temperatures and low salinity. During the early spawning
season in April, the central spawning ground was located in the deep waters southeast of Haiyang Island.
Alongside continuously rising water temperatures, both the size of the spawning ground and the
concentration distribution of E. japonicus eventually reached their annual peaks between late May to early
June, thus, constituting the peak spawning season. During this period, the central spawning ground was
located around Shicheng Island and the Yingna River estuary. From June, however, water salinity
decreased along the southern coast of the Liaoning Peninsula due to increasing coastal freshwater runoff.
The inhibiting effect of higher temperatures and lower salinity drove the spawning fish away from the
coastal waters and into deeper offshore sea areas. The E. japonicus spawning grounds, thus, migrated
further offshore with SSS as the dominant factor driving this migration. As autumn and winter arrived, the
spawning activity of E. japonicus gradually ended. E. japonicus eggs were sparsely scattered in the
investigated sea area during October. In November, large numbers of E. japonicus began gathering in the
center of the investigated sea area and gradually migrated further southward to their wintering habitat.
Accordingly, no E. japonicus eggs were collected during the month of December. The main spawning
grounds of E. japonicus were located in the coastal waters of Shicheng Island and the Yingna Estuary, and
gradually showed a contraction trend after July with the gradual weakening of E. japonicus spawning
activities. Overall, from April to December 2021, the distribution of E. japonicus eggs in offshore waters
of the Liaoning Province in the North Yellow Sea showed a migration trend from the southern offshore
deep water area to the northern offshore shallow water area, and then to the southwestern offshore deep
water area. This study elucidated the spatial and temporal distribution patterns of E. japonicus spawning
grounds and its influencing factors, which indicated that the Tweedie-GAM method could be effectively
applied to analyze the relationship between the early fish resources and environmental factors. This
method showed good performance in solving 0-value problems. The results provide a scientific basis for
the conservation and management of E. japonicus spawning grounds in the North Yellow Sea, assist with
evaluation of the current situation and development trend of E. japonicus resources in the sea area, and
provide an important reference for the rational development and utilization of E. japonicus resources and
research on spawning ground protection strategies.

Key words Engraulis japonicus; Spawning ground; Main spawning period; Tweedie-GAM; North
Yellow Sea



