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Fig. 1  Stations of spawning grounds survey in the Yantai-Weihai offshore waters in 2020
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Fig. 2 Distribution of chub mackerel eggs in the Yantai-Weihai offshore waters from April to July, 2020
a. April; b. May; c. June; d. July.
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Tab.1 Resultsof multicollinearity testsfor environmental factors

f# B explanatory variable SST D, (0]® SSS DEP SCHLA zP PP TC SC
NAZ7A 1.39 1.04 1.05 1.29 1.07 1.19 1.06 1.35 1.01 1.29

LA Dy Aymip AR i, R AL LA Tweedie-
GAM #i#l, RYE AIC Fl DE 53| In(Dpt+1)=a+
51(Dy)+52(SST)+s53(SSS)+54(0C)+e WAL, &
TR 22 i B R o 78.1%, SST. D,. OC Fll SSS %

J& Dy BT (£ 2), SST. D, fil OC &
1E 0.001 /KFF & 3%, SSS 7E 0.05 /KT w2 1
E BRI KR T4 SST(54.6%), D, FERZ
(17.8%), WA ) BFUmZE M RER FIR 72.4%,
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20.6 CIEREIN, Dy, i SST MY T M & 18 T %, 15
F20.6~21.8 CRaF IR = A L2 M F+; 72 SST K
T 21.8 CH}, Dy bfi SST THin JT 44 BB 5 R %
(Il 5a). Dy, Bl D, 302 BLSEHE S 80 1)

e D, 1E 0~198 ind/m’ i}, Dy, B D, B30 77 38 i,
T HAERAR SRR D, N 0~56 ind/m’, —HIE
FHERON 43 B i D, 7 198~272 ind/m’ I, Dy,
B D, B3N/, (AR F N R A
R M RLA Z e A A K (Bl Sb) Dn 5
OC BLMEMAMEE 5¢), 5 SSS R4 FAHx
(K 5d).

H T OC 5 SSS i 2 ik, AN Dy,
FFEBEREE R T, H o F LI SRR 2,

x 2 EM Tweedie GAM HEUSHERREEFEENY

Tab. 2 Result of the optimal Tweedie-GAM maodel fitting and analysis of important factors

C AN & AIC i RPN 22 /% Tl 22 1 4% P
added variables AIC value cumulative deviance explained deviance explained
— 215.20 0 0 —
SST 171.25 54.6 54.6 6.85%10°¢
D, 146.50 72.4 17.8 4.37x10°°
oC 139.43 76.4 4.0 3.59x107°
SSS 137.49 78.1 1.7 2.65x107?
20 ra b e
8 -
~~ 6 B
2 g
° S
& <4t
a S
;/ ©
2k
0k
I 1l 1 1L 1 1 1 1
14 16 18 20 22 24 26 0 50 100 150 200 250
ZiE/C SST #2508 =F 3 /(ind/m®) D,

L1 L1 mem 1T TN 11
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MK i # /round OC
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ik sss

PRIE IR % iy B9 == J3E 14 52 0 251

T R T ERE L R R 95% B A5 X 0], X fh 1 B2k SRR fig e An e e AR N BB T R
a. KR SST; b. BEIIFESE Dy c. M/KIE OC; d. #ih SSS.
Fig. 5 Effects of environmental factors on abundance of chub mackerel eggs
Solid carves indicate the predicted values; dotted curves indicase the 95% confidence interval,
and the vertical bars on the X axes indicate the data elements in data sets of the explanatory variables.
a. sea surface temperature, SST; b. abundance of anchovy eggs, D,; c. ocean current velocity, OC; d. sea surface salinity, SSS.
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Fig. 6 Relationship between spatiotemporal distribution of abundance of chub mackerel eggs and sea surface temperature
a. April; b. May; c. June; d. July.
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Fig. 7 Relationship between spatiotemporal distribution of chub mackerel eggs abundance and anchovy eggs abundance
a. April; b. May; c. June; d. July.

() D, 7E 0.5 ind/m’ Lk (& 7d)., Z&KFE, 4-7 bk, HR4E 9192 B, Mk 246.932 kg, CPUE

R T VA ek R 5 9 A s B S A 1 (L X A AE
S B T A BRI 3 (A7 2 1 TF A 2
25 #4041 CPUE S RELEMFESH
2020 4 5-8 H X g 5 M G AT TS
M JEA, 5 HIK—6 AWIA 6 AR/ 5IH M 17 3k
18 UK, AAHFIEG 0 We4hfa; 7 HhaHERM 18

9 510.67 ind/h, XK 66~128 mm, KT 1.5~24 g;
8 ATHIHEM 17 bk, H4HF] 190 RBhh, ik
4.912 kg, CPUE Jy 11.18 ind/h, XK 90~207 mm,
TR 8~65 g(£ 3). MIEHEAKIT | Shiraishi 20
X 55 2P | AR IR () XK AR KIS
SEIRAT LU, 7 AR 8 R i 4 £ i 535 4 0
EAIRE R

®3 5AZE 8 AMKIKIENALIER
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Fig. 8 Spatial distribution of chub mackerel catch by bottom trawling in July and August
a. July; b. August.
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Abstract: Historically, the chub mackerel (Scomber japonicus) has had stable spawning grounds in the offshore
water of Yantai-Weihai, China; these spawning grounds have not received considerable attention in recent years.
Data on chub mackerel eggs collected from monthly field surveys carried out from April to September in 2020,
was used to establish a generalized additive model based on Tweedie distribution (Tweedie-GAM, generalized
additive models). This model was used to evaluate the effects of environmental factors on the abundance of chub
mackerel eggs. The spatio-temporal pattern of chub mackerel eggs and major habitat factors was plotted to inter-
pret its optimal spawning habitat using the Kriging interpolation method. The distribution and biological charac-
teristics of zero-year-old chub mackerel were also investigated to interpret their early life history parameters. The
results indicate that the spawning period of chub mackerel extends from April to July, predominantly concentrated
from late May to late June. The main spawning grounds spanned the area between 121°30-122°15" E and 37°30'—
38°00" N. Surface seawater temperature (SST), anchovy (Engraulis japonicus) eggs abundance, ocean current ve-
locity, and surface seawater salinity (SSS) were significant factors affecting the abundance of chub mackerel eggs,
with an explained deviance of 54.6%, 17.8%, 4.0%, and 1.7%, respectively. Suitable spawning habitat in the off-
shore waters of Yantai-Weihai consisted of areas with an SST between 16.3-21.8 C, an SSS between 32.1-32.9,
and low ocean current velocity, and high anchovy egg abundance. In conclusion, the offshore waters of Yantai-
Weihai still provide stable spawning grounds for chub mackerel; it is one of the most important spawning grounds
for this population in the Yellow and East China seas, and its spatio-temporal distribution is closely related to en-
vironmental factors.

Key words: Scomber japonicus; egg; zero-year-old juvenile; spawning ground; Tweedie-GAM; environmental fac-
tors; Yantai-Weihai coastal waters
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