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Analysis of morphological differences and discrimination between female

and male Cololabis saira based on geometric morphometrics
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Abstract: Pacific saury (Cololabis saira) is widely distributed in the Northwest Pacific Ocean and is one of the main targets of
Chinese pelagic operations. To investigate the morphological differences between female and male individuals and differentiate
the two sexes effectively, we applied geometric land mark method morphometrics for the first time on 150 Pacific saury samples
which were collected from the Northwest Pacific high seas during May—November, 2022, so as to analyze their morphology and
establish a sex differentiation model via discriminant analysis with fish images and biological data. The samples were divided
into two batches: Batch 1 (107 individuals) was used for morphological analysis and model construction, while Batch 2 (43 indi-
viduals) was used to test the model's practical application. The results show that in the relative warp analysis, the first and second

principal components explained 63.43% and 11.79% of the total variation, respectively, with good dimensionality reduction and

s B #: 2024-04-18; {&[E A #A: 2024-06-29

EEUB: BEE AL THINE (2023YFD2401302)

PEE A %R (1999—), 55, WEWseA:, R m il %R . E-mail: 18262304951@163.com
BIEMEEALGHE (1982—), 3, Mg TN, 18-t BTy e il R, E-mail: cxhua@shou.edu.cn


mailto:18262304951@163.com
mailto:cxhua@shou.edu.cn

%5 6 39 PR A FET LA 250 k27 (K ] Ee e A AT 265 2 S 0T L 105

scatter plot separation effects. Landmark I and II contributed cumulatively to 57.94% and 41.83% of the variance, respectively,

indicating that these landmark types play a significant role in the discrimination between two sexes, whereas Landmark III had

lesser influence. The results of the thin-plate spline analysis show that the morphological differences between them were mainly

in the eyes, the front part of the trunk and the tail. The results of discriminant analysis and cross-validation of Batch 1 showed

correct discrimination rates of 91.6% and 88.8%, respectively. When applying the model to Batch 2 for sex discrimination, the

correct discrimination rate was 88.45%. Thus, geometric morphometrics analysis is an effective method for morphological stu-

dies and sex identification of C. saira.

Keywords: Cololabis saira; Geometric morphometrics; Land mark method; Morphological differences; Sex discrimination
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Fig. 1 Sampling sites of C. saira in northwest Pacific
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Table 1 Sampling information of C. saira

. e &K Body length/mm 152 Body mass/g
Rk e P A - A -
Batch of samples Sex Number of samples/ & SN P +hriE Blen | P hriEE

Range Mean+SD Range Mean+SD
w51 HEQ 52 219~281 260.65+13.36 65.3~109.2 75.90£12.92
Bt ii36) 55 237~301 272.75+10.53 72.9~115.3 97.71£12.73
2t HEQ 25 235~297 258.40+10.61 79.2~111.6 92.56+10.14
Batch 2 3 18 244~286 266.86+11.37 76.3~117.9 94.12+13.62
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Fig. 2 Location of landmarks on body of C. saira
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Table 2 Landmark types and definition

HubR i8R X
Landmark type Definition

I AUHiAR A5 Landmark I
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11 HIEE A
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14 JR BB R i
15 T

16 THALE AR A
17 R g

11 74 AR &5 Landmark IT
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3 MR AT
5 AR 2%
6 L 3
8 RS 2%
9 L7 50 ARk bt A 32
13 AR I
IIT ZY b5 2 Landmark ITT
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WIHE RIET 4.2.0 A1 “geomorph” ALHISEM .
133 FIA 5H7

HRAEEE 141t 107 BRI A XL A5 4y,
I RIET MASS GH Y “1da” PRECF caret £ H Y
“train” PRELT B TB A FB BT (Stepwise dis-
criminant analysis, SDA) F12Z X % 1iE (Cross-Valida-
tion, CV), FJEEIPEAG RN S e R, 57k R
JH Bayes %5, 28 gtk H] B8 —38 LH IR (Leave-
One-Out Cross-Validation, LOOCV)P? | F¥46 2 it
(1) 43 BRI s AR R ) bR SA vk, 558
1ty 107 BRI AR R 3= B, A
B B A A5 537 AT A () e A P
b AR PR, SRS XS L, AT
B AR Y 25 7 HERA

2 4R

2.1 JUAESS T

S/ AL R B a5 R R, g
(R)k ] fo fa AR M AR AR S5 D) 2 [T BE B (y i) iR
IR ES (x 1) IR RECH 0999973, £k 1, Ui
AW T AR AR, AT TR — 2250,

ARG b A5 A BRI AR AR ) f e L e
BRI, DL T bR 5 00 & B0 AR an
Kl 3 FR o AR F- 38 A TR i 32 A 2 AT
S5 BORIREUT 30 A Ay, HbA 1 s
(PC1) TTHAHRN 63.43%, 55 2 TS (PC2) TTHAR
K 11.79%, RETTERFEN 75.22%, BEHHT 2 4 F
BLAY T LIRSS R ) e | A AR ) R B AR 25
5. PC1 Al PC2 MH I LI 4, MfE . HEAMATIA
DU S HIE A B BCHE T 2 A X, 35
A 32 B 53 T T DX A RO Ao 17 A B 7

9 10 11
[ ]
oo e o * Fe
1 ® 679 14
2 345 8 o
1? 1615

(a) “F#4J¥ Mean shape

‘¥

. e W
(b) BN HuAR & Superimposed landmarks
3 koI R IR Hds S 0BT S s &

Fig. 3 Diagrams of mean shape and superimposition of all
landmarks on body of C. saira
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Table 3 Contribution rate of each landmark on
relative warps

HipR A DHRAR
Landmark Contribution rate/%
1 0.15
2 1.53
3 17.21
4 46.47
5 15.14
6 4.62
7 5.11
8 0.19
9 0.14
10 0.05
11 0.01
12 1.03
13 3.01
14 0.88
15 2.15
16 2.31
17 0.02
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Fig.5 Grid deformation and variation visualization of different sexes of C. saira (Variation are enlarged 3 times)
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h 88.5%; 55 RMEMEHLA 3 RBgESE A, FIGIERR
M 94.5%; ZEEFIHIERFEN 91.6%, 38 X EiES;
R, 52 BMMEEAT 8 B, FIERR
H 86.4%; 55 FEMEMERA 4 EWALHA, FIBIERhZR
H92.7%; LG FNIER R K 88.8% (% 5), R
& SIUE B IR RAR T B2 H 500, (HR AR
Frei ko, SRRy, HA R
Iz ALPERE
F4 BIIBBENBENRFERS

Table 4 Coefficients of female and male discrimination
functions for body of C. saira

Fzo6 FIRIFIETE 2 HLA T AR BEEFI R LR
Table 6 Results of function for female and male
discrimination in Batch 2 of C. saira

ST 5 i ZE
FIPE 5] Predicted sex Sl T A

PR AR 1 MERE i 2 M

Characteristics Function 1 for female Function 2 for male
RW1 —30.086 26.344
Rw4 95.254 -91.117
RW5 86.747 —54.486
RW6 122.796 —99.142
RW7 —59.675 54.684
RW8 —42.726 132.809
RW18 529.118 —580.991
RW25 385.023 —363.849
4 Constant ~1.532 ~1.466

TE: RW FonAx i)

Note: RW represents relative warps scores.

RS F 1T EMMEEHRILER
Table 5 Results of female and male discrimination in
Batch 1 of C. saira

PN b1 37 N
S2BR ’ o L
s P Predicted sex #Uﬁuﬂ:ﬁfﬁﬁ %
It Actual  wrrr e Identification Total
em A MM accuracy/o otal ,
S¢X Female Male accuracy/%
Ly I I
SDA 3 91.6
3 3 52 945
2E LB WEQ 44 8 86.4
88.8
< 3 4 51 92.7

FIIHIZA TR 55 2 #H 43 Rk ) A A7 1 1) 2
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PERIA AR AR BT e SRR i ) TR0 A5 i

SRR : ——— e R
Actual sex I Jiigéd entihica Zon Total
Female Male accuracy/% accuracy/%
W Female 22 3 88.0
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HEPE Male 2 16 88.9
3 1R
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