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Fig. 1 Sampling stations of Ommastrephes bartramii in North Pacific Ocean
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Tab. 1 Basicinformation of Ommastrephes bartramii samplesin North Pacific Ocean

RER W41 REAR B i /mm mantle length A3 /g body mass
stock mantle length group  sample number {6 [l range P LhREEE ¥SD G range P LhRESE X£SD
A (<200 mm) 10
B (200-300 mm) 22
AR HER C (300-400 mm) 17 176-534 368+127 138-4651 2034+1599
eastern stock
D (400-500 mm) 24
E (>500 mm) 17
A (<200 mm) 0
B (200-300 mm) 31
(AL C (300-400 mm) 79 234-521 343462 395-4233 1213733
western stock
D (400-500 mm) 12

E (>500 mm) 2
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XF 58 4 i UR e 1) 2 PR AR AT A 25 I
15 FH Bz RO 5 A AS 1) Al < (mantle length, ML), i
P& (mantle width, MW) ., #&4 (fin length, FL) . #& %
(fin width, FW), F#1 % 1 mm, icsHMEG .
PRI BEFE AR . PERRAEE R 228 T 11, 100,
IVATV 3, PR Al 2 55 2k BT K DL B R oy
P A I Y
1.3 BEBRRStiRREE

FELRIEZE I (R 8 S8 B G 00T, AR PL
X R A R 7540 BE A9k H NiKonD750 AHAIL,
FAE 5k S Micro 105 mm /2.8 B FEAS i ]
(B (-G ARIE ), Wl =i b (& 2), P87 15
JTGSE A LB R S5 455 o F0 IR 2 it v,
UR LARFEA LA X B 18 5 FEAS 19 1E 1P AT

KH R IEF A geomorph F2 74 % 22 £ I
PR ST HUbR A R ) ABF9E 2% Crespi-
Abril 2221 Jones 22V 07 ik, RIEEAS A SR
AR, TEMARIRBEE T 6 A-Hibri, LIEE
U b ZRAE A A S 8T8 S50 B (B 2),
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Fig. 2 Mantle morphology shape and landmark positions
of Ommastrephes bartramii
The number represents the landmark number;
White dotted line represents the sagittal plane.
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Tab. 2 Landmark typesand definition of body morphology of Ommastrephes bartramii

AR 45 landmark A type ik description
1 I JRAR TG AMI A5, lateral point of the anterior part of the mantle
2 I JIE A A4 () 221 5. meeting point of the fin and the mantle
3 il & HM s %) 45 lateral end of the fin
4 I JIAA K S (1) 25 posterior end point of the mantle
5 11 HibR S 2 7EEH L I projection of landmark 2 on the longitudinal axis
6 11 HiAR S 1 E A B L FAYEGY projection of landmark 1 on the longitudinal axis
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M1k (generalized procrustes analysis, GPA)X}#E
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AP R RE ), A B LI 2 09 &
KPS X2 K IE 5 Y L K /N (centroid  size,
CS)(FT L RK/NHXTEO AT 434, LR VE FR A4

TEAN [ I 2 [R] 2t R R N . SR 200 Jr 22
43 #MT(multivariate analysis of covariance, MANCOVA)
P A 5 A0 A TE A [ FE A FOAS ) 4 4 2 35 A7 AR
i M 25 5% B 32 B4 43 BT (principal component
analysis, PCA)XT AR P4 AR HE AN [l < 41 9 52t 2
BEFIITE . R % (thin-plate spline,
TPS) 53T, il 25 P A A4 7E AN [m] < 28 1] 7
Mg AR E, WERLESHERS2ZS . &
A Z 7t [A1H AR A (multivariate regression)s #7122 i1
BN Z ek, RiE gy FaE SR 5K
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Fig. 3 Frequency distribution of mantle length of
Ommastrephes bartramii for different stocks
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Fig. 4 Distribution of parameter values after standardization in different Ommastrephes bartramii groups
a. Fin length; b. Fin width; c. Mantle width. Mantle length group in x axis refer to table 1;
White represents eastern stock, and grey represents western stock.
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Fig. 5 Centroid size variation in different mantle length groups of Ommastrephes bartramii
Mantle length group in x axis refers to table 1.
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Tab.3 MANCOVA of different effects on body morphology by stocks of Ommastrephes bartramii
K factor dr SS MS Ry F VA P

KN size 1 0.0112 0.0112 0.0348 8.7390 3.7565 0.001"
FEIA stock 1 0.0028 0.0028 0.0087 2.1831 1.3987 0.080
i K41 group 4 0.0262 0.0065 0.0815 5.1186 4.9227 0.001"
K/N<BE(R sizexstock 1 0.0016 0.0016 0.0050 1.2461 0.6518 0.275
KA KA sizexgroup 4 0.0122 0.0030 0.0380 2.3844 2.6676 0.006"
BEAR XA 4 stockxgroup 3 0.0096 0.0032 0.0298 2.4899 2.4519 0.006"
KN BEAR XA 4 sizexstockxgroup 3 0.0057 0.0019 0.0178 1.4910 1.1157 0.127
5%2% residuals 197 0.2520 0.0013 0.7845
41t total 214 0.3212

TE: df R A E; SS R FI0rfll MS FoRBJ5 s R B MR REF-J5; F R ge it i, Z i /N, *RRA BFEMN LT

2 5(P<0.05).

Note: df indicates degrees of freedom; SS indicates sum of squares; MS indicates mean squares; Ry indicates R-squared; F indicates test
statistics; Z indicates effect size. * represents significant statistical differences (P<0.05).
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Fig. 6 Scatter plots of PC1 and PC2 of Ommastrephes bartramii from different stocks
a. Eastern stock; b. Western stock. A—E represent the mantle length groups (referring to table 1).
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Fig. 7 Thin-plate spline of wireframe deformation grids of Ommastrep
hes bartramii mamtle morphology from different stocks

A-E represent mantle length groups (referring to table 1).
1 represents the eastern stock; 2 represents the western stock.
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Fig. 8 Results of mantle shape of regression score and predicted values of Ommastrephes bartramii versus log
centroid size in eastern (a, b) and western (c, d) stocks
A-E represent mantle length groups (refer to table 1).

R4 FREBREREENROEIFHEFEE

Tab. 4 Theslope of regression curvein each stage of Ommastrephes bartramii in different stocks

A (<200 mm) B (200-300 mm)  C (300-400 mm) D (400-500 mm) E (>500 mm)
IREBHEIR eastern stock 0.1213 0.0387 -0.0331 -0.035 -0.0707
PHFREEIR western stock - 0.0403 -0.0034 -0.0514 -0.1174
2 5% difference rate - 0.3970 0.8973 0.3191 0.3978
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Growth variation in mantle morphology of neon flying squid (Ommas-
trephes bartramii) from different stocks based on geometric mor pho-
metrics
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Abstract: Geometric morphometrics analysis based on landmarks of cephalopod hard tissue has been widely
studied in recent years aided by the development of statistical and computational technology. However, there has
been little research on mantle morphology, which often changes in cephalopods as an intuitive reflection of its
growth. Therefore, 214 Ommastrephes bartramii, captured in the North Pacific Ocean from May to November
2020, were analyzed for growth variation in mantle morphology by using traditional morphometrics and geometric
morphometrics analysis based on landmarks. Four external morphological parameters of mantle were measured by
traditional morphometrics analysis, and six landmarks were set on the mantle image and digitized by geometric
morphometrics analysis. The results showed that the interaction of stock and mantle length groups had a different
effect on the morphology of O. bartramii (P<0.01). The principal component analysis showed that the division of
different mantle length groups in eastern and western stocks was significant, and some spatial positions overlapped
to a certain extent. The result of thin-plate spline deformation mesh was similar to the traditional morphometrics
analysis, which showed that the fin is larger and the mantle more slender in eastern stock in comparison to those of
western stock. The multiple regression analysis showed there were different growth patterns among different
mantle length groups, regardless of stock. In the same mantle length group, the growth difference between the two
stocks at the 300—-400 mm stage was the largest. In summary, the morphology and allometric growth pattern of O.
bartramii of different stocks gradually change with the growth of individuals, which may be related to the changes
of habitat environment and feeding habits. Geometric morphometrics analysis is an effective means to study the
individual morphological growth changes of different stocks, but it still needs to be verified by combining with
traditional morphometrics analysis.

Key words. Ommastrephes bartramii; individual morphology; geometric morphometrics; stocks; mantle length

group
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