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H 7 fifg ﬁﬂiﬂﬂ“ﬁﬁﬁn”%l_{"fﬁjk%{ﬁﬂﬁ
PR AE VG AU AT 2 Vg e G VR ] A B SR B SR AR
BF[R] 2R 2021 4F 2022 419 6—8 H , A [ v
K FVE (35°N~45°N, 148° E~164°E ) 2\t 35,
FEAR V2 URORAT B B 5290 2, B AIL 1B J 2 4F N 1Y)
HAEEFEAS 210 )8 o

HR A H AR SR RN R 73R 34 K
H,XEKHA: XEK<150 mm; K4 B: 150 mm<
XA <250 mm; LKA C: XK >250 mm, FEA
TEE R 1,
1.2 SEYFEEFEARLE

FIT A FEACR A SEIG R 5 O vk 3 A
Fie BRI Vi 98 R 2 S 0 2 S ) AR JHIL Y ) Fn L
Vi VR 2 A B O 2 o ) R o R AT

3z 0] 5250 28 58 AR T 1Y B AR A R 4T 2
Wy g, & 5 A (Fork length, FL) , Ki#f =
1 mm; 7R 5 & (Body mass, BM)REHIZE 1 g, Fid
S R A S Y SE A OCHE AR . R
P A SR A bn U, o H ASES (0 1 B 2 4] 43Ry
I~ VI, A R DA b AR e e
1.3 BEBRBSHirRIEE

i FHFA$EEE 3% A Micro 105 mm /2.8 ) Nikon
D750 AL L A58 8 IRAT SE 19 A HEA 740
HE . ABINT R HAE e s b Il ot

R VR SE R S FR I H ARG & e TTE T HA

FIFH tpsDig2 0t M bRtk AT E A b 3
i FH R 15 7 B9 “geomorph” €1 FE 7 MR 25 - EA T
D AR 6 A 5 0 AR RRAE , =75 ANAYA -
GODINEZ %> )5k 18 H ARG A B30 17154
MR L AR IR B R g S LUE T
HifiR 5 RAE H A I R (1 1) o

®1 ALKFFEHEAHEELES

Tab.1 Information of Scomber japonicus samples in Northwest Pacific Ocean

415 MR : ST W L )
Group Fork length group/mm Number/J& Body mass/g Female to male ratio
A <150 79~ 118 1:0.65
B 150<FL<250 131 ~ 264 0.86:1
C >250 312 ~590 04:1

10 ¢

1-15 S HUbR s 455 1. Wi 5 2. FE 5 AR ; 3.
g 555 9. I BEAL 555 10, Y

B R ;4. FF

S8 A 5 5. FE B i 5 6. FEBE LI T v 5 7. R HE LI A ;8. B
A IR M S 11, IR ATZR 12, IR E2%;13. IRJA %14, IRF 215, a4k,

1-15 represent the landmark numbers; 1. Tip of snout; 2. Distal tip of occiput; 3. Origin of dorsal fin; 4. Posterior end of dorsal fin base; 5.
Upper insertion of caudal fin base; 6. Lower insertion of caudal fin base; 7. Posterior end of anal fin base; 8. Origin of anal fin; 9. Origin of
pelvic fin; 10. Origin of the preopercle on the ventral; 11. The anterior margin of the eye; 12. The upper margin of the eye; 13. The posterior
margin of the eye; 14. The lower margin of the eye; 15. The posterior margin of the operculum.

B1 BARSNMESKMRRREE
Fig. 1 Morphology shape and landmark positions of Scomber japonicus
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A B P A TR S S D7 RSP D7 MR, B0 R/ 22 S U, R IS F) JB 0 /N T R R TR

R, REIZ IR U SR R A b
BT HAEEFEA 1 B0 R/ fiﬂﬂ%,ﬁ\mlﬁl‘f

WG KB RIE A28 5 0 BT HARSS B0 K/

B, R H 2 50 7 22 53 A (Multivariate analysis
of covariance, MANCOVA ) HL 5 H A K /N
KPS F T R B E R
H F W 43 4 M1 (Principal component analysis,
PCA) XA [) 3K 4 8] A B 285 22 S b AT oA i
F “plotRef To Target” p& E A= Bl A 25 A2 TE )

#% (Thin-plate spline, TPS) , iR AN [ A< 41 ] 71

TRIE AR ARG O, L H AR ES R 548k I 22
oo e & S £ oo Bl ) AL A (Multivariate

regression) , 73 M1 H A5 I & 1) 20284k . DL L
SIHTEITER 4.0.5 F5ERL

2 4k

2.1 REESNE
PO b K 3 M P H AR 65 K 103~338
mm, 3K K 103~150 mm, f7 SR 1 69.02%,
MR H AR 5 KR 111~387 mm, 3 XK
111~150 mm, 5§ B A 52.58% (K 2) . LK<
150 mm 1 H AR 65 A4, HAE PR A R0 = T
PE, K >150 mm A MEPEDB0m T HEME . 4,
G54 XTI H AP RR A B B, C K4 H
ARG 2 R IV G AN AR A B X KArh £
RN
2.2 JUEEENE
2.2.1 JROKND

MRYE AT, B AES 0 KN LK
SEAMITRE N . SR B, MRS A ] S50 R /N Y

MMAE3)
2.2.2 ZIuhi 20T
HZICH I 20 Mg R (£ 2) , RF X
KA ] H A5 1 AR R/ INEFE I B 35 25 7 (P<
0.01) , A[RIPE I E] H AEE AR F/N2E R B 3
(P>0.05) . 7% [& 3 22 B AE FXT R AR FR /N
FEAE BIRA IR, SR ZH RN S 52 O H AR SRR
/N FE AN 125 (P>0.05) .
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Fig. 2 Frequency distribution of fork length of

Scomber japonicus for different sexes
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B3 AEMENAEXKAR B RO KRNER
Fig. 3 Centroid size variation in different fork length
groups and sexes of Scomber japonicus

F2 BARSBNMMEXNHESTHITESN
Tab.2 MANCOVA of different effects on body size by stocks of Scomber japonicus

i H Ttems df SS MS R, F Z P
Y KA Group 2 1667.5 833.8 0.337 8 52.1213 7.2732 0.001"
PE5 Sex 1 3.6 3.6 0.000 7 0.226 3 -0.318 1 0.635
ARG XPE ] GroupxSex 2 1.8 0.9 0.000 4 0.0558 -1.6514 0.944
5% 2 Residuals 204 3263.3 16.0 0.661 1
AT Total 209 4936.3

TEdf 2 F R BE 5SSO P J7 s MS CI4TT s R ARG R BN J7 5 F OSSR i 5 Z 3808 R/ s #3401 B8 I 4T7 25 57 (P<0.05)

Notes: df indicates degrees of freedom; SS indicates sum of squares; MS indicates mean squares; R, indicates R—squared; F indicates test

statistics; Z indicates effect size; * represents significant statistical differences (P<0.05).
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Fig. 4 Scatter plots of PC of Scomber japonicus from different fork length groups
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Fig. 5 Thin—Plate Spline of Scomber japonicus
morphology from different fork length groups
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Fig. 6 Results of shape of regression score and predicted values of Scomber japonicus versus
log centroid size in different fork length groups

R3 ARXKEABALEFHEREE
Tab.3 Slope of regression curve of Scomber japonicus
in different fork length groups

KA I 1 i 2 Ak A f
Fork length group Slope of regression curve
A(<150 mm) 0.0429
B(150<FL<250 mm) 0.039 8
C(>250 mm) 0.035 8
3 ihie

8 30T AN TR S Y F A R AT SR 2 326
AT AR ] SCRAS [R50 64 H A B4 A ] )
Ji O RN ZE SIS R, 2B SR M o0 R
NI R THENE (B 3) o oL R/ INBE S 38 A
BEAE TN, 3% 5 0 2 A B I 1R KR B AR
HRZ o MRAEZ 0PI 2290 H , SURJE S 3 H A g
RNZE S 035 B9 AR M0 H A A AROR
/INERI R MRS B2, 3 K T DR A 0 PG B K- 1
H ARSI WT 5 4518 AR L. H AR B 76N [ /9 S
TR RN A B ., [R] s EUE T AN [R] B B
B ARSI S LA —E I 25 57, A% AR
KH M TR R i OE 3 2R Y
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[ F) 22 57 22
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Growth regularity of Scomber japonicus based on geometric morphometrics in
Northwest Pacific Ocean

YANG Dexiao', YU Jun', WANG Chao', FANG Zhou'>**

(1. College of Marine Living Resource Sciences and Management , Shanghai Ocean University , Shanghai 201306, China ;
2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China;
3. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China; 4. Key Laboratory of Sustainable
Utilization of Oceanic Fisheries, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China)

Abstract: In order to explore the growth regularity of Scomber japonicus in Northwest Pacific Ocean, 210
samples collected by the "Songhang" from 2021 to 2022 used landmarks based on geometric morphometrics.
Compared with other methods, the use of landmark methods can effectively reveal the phenotypic diversity of
fish, reflect the changes in fish at different stages, and explore their individual growth regularity. The results
showed that there were significant differences in the external morphology of S. japonicus across different fork
length groups. Both principal component analysis and multivariate analysis of covariance showed that S.
Jjaponicus with smaller fork length had more distinet zones, with overlapping zones among the three different
fork length groups. Different fork length groups had the same growth regularities. The growth rate of S.
Japonicus gradually decreased with increasing fork length. The thin-plate spline indicates that the smaller the
fork length of S. japonicus, the smaller their abdomen and tail. The morphology of S. japonicus changes with
the change of fork length. The conclusion is that the morphology of S. japonicus gradually changes with
increasing fork length in Northwest Pacific Ocean.

Key words: geometric morphometrics; Northwest Pacific Ocean; Scomber japonicus; growth regularity
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