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Tab.1 Morphometric measurements of S. esculenta at the early developmental stages

Z4 Parameters

I+ JE FEl Measuring range

7214 Cuttlebone length(CL)

5¢ 3¢ Cuttlebone breadth(CB)
H KB Lamella number(LN)
iGHEES

Dorsol mantle length(DML)

Jil 56 Mantle breadth(MB)

P 7E Y B

PN 3% T 2R SR BT 28 5 3 9K B Length from the front end to the end of cuttlebone

F& B Maximum width of cuttlebone

AR BUECH Number of growth layers

H &R T e mr i RS e, B A EAETEN

Length from the bottom of the ventral midline to the front of the final end, spiculeis not included
I8 162 T £ 5 K i BE Maximum wiidith of the dorsol mantle

= Wi
. ERm . }ﬁ g
Cuttlebone breadth L

ek
Cuttlebone length

B 1 & 5maeil i 24
Fig.1 Scheme of morphometric measurements
of the cuttlebone
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TR R KA ST HERAE ) 5, T LAFRZ R i R
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Hodr, A SERRAE B R B, 0T AR K SUBCRRAE [ =y
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ik, ATLARRZ RZEHA T 55 3 F AU H sk Ny
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Tab.3 The phenotype correlation coefficient among the traits of S. esculenta at early different developmental stages

A 1A 5& R Felk FETE FCH o

Sﬂtq;i;qes IItDj; Es Dorsol mantle Mantle B(_)dy Cuttlebone Cuttlebone Cuttl_ebone Lamella
length breadth  weight length breadth weight  number
aek5m JE K Dorsol mantle length 1
b7 311 JIil 9 Mantle breadth 0.486" 1
Red-bead k7 Body weight 0.738" 0.706" 1
g?:ck_beads 72K Cuttlebone length 0.725" 04657 0786 1
stage 725 Cuttlebone breadth 0.586" 0.454" 07507 0.816" 1
5t Cuttlebone weight 0.658" 0591 0.808" 0.817" 0.739” 1
S Lamella number 0.659" 0.530" 0.769"  0.748" 0.484"" 0.574" 1
O BEEA I 4 Dorsol mantle length 1
Heart- JIF 5& Mantle breadth 0.112 1
ggzt'e”g 1k Body weight 05747 0657 1
72K Cuttlebone length 0.255 04907 0553" 1
5& %% Cuttlebone breadth 0.143 0.558" 0.558"  0.856 1
5 H# Cuttlebone weight 0.339 0.252 0.438" 0.609™ 0.550"" 1
%t Lamella number 0.469 0577 0690 0.771" 0.698"" 0.408 1
A Ji i€ 4 Dorsol mantle length 1
Hatching  f % Mantle breadth 0.692" 1
stage 1k Body weight 06947 0702 1
5K Cuttlebone length 0.588" 0766 0.618" 1
5% 9% Cuttlebone breadth 0.608" 0.757" 06147 0.826" 1
5 H Cuttlebone weight 0.515" 0.676" 05617 0.696" 0.616™" 1
208 Lamella number 0.559" 0.747" 0568"  0.830" 0.739" 0.684" 1
WAL M Dorsol mantle length 1
EAIREN JIfl 5% Mantle breadth 0.462" 1
Newly- AT Body weight 0.682" 0271 1
Pg?jgjd 5% Cuttlebone length 0.553" 0.336 0.658" 1
5% 9% Cuttlebone breadth 0.507"" 0453 05707 0.791" 1
F2 T Cuttlebone weight 0.517" 0.152  0.6407 0.727" 0.641" 1
0% Lamella number 0.613" 0356  0.622" 0.650" 0.547" 0.657" 1
5 H# M Dorsol mantle length 1
5-day-old  Jfi % Mantle breadth 0.164 1
1A Body weight 0.367" 0.633" 1 .
5% Cuttlebone length 0.312 0.555" 0.687" 1
5% 7% Cuttlebone breadth 0.305 0.602" 0.465°  0.753" 1
F2 T Cuttlebone weight 0.053 0341 0441 0578 0.605" 1
208 Lamella number 0.192 0.235 04947 0566 0.435" 0.412" 1
10 H & i} + Dorsol mantle length 1
10-day-old  f|i & Mantle breadth 0.779" 1
1A Body weight 0.754" 0.660" 1
5¢K Cuttlebone length 0.791" 0.734" 0736 1
F£ 9% Cuttlebone breadth 0.662" 0.505" 0.694"  0.687"" 1
FE T Cuttlebone weight 0.702"" 0.6117 06347 0685 0.755" 1
U8 Lamella number 0.675" 0.574" 0.375 0.496"" 0.406" 0.544" 1

* R8I # (P<0.05), " i ¥ (P<0.01)
* showed significant difference (P<0.05), * * showed extremely significant difference (P<0.01)
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Tab.4 Eigenvector and cumulative contribution rate of S. esculenta at early different developmental stages

I 34 LAy WIAHE(E Initial Eigenvalue
Stages Components  #%#fiF {4 Eigenvalue  TiEk%E Contribution £t 5i#k# Cumulative contribution rate (%)

IT B 15 BB 4] 1 5.004 71.489 71.489
Red-bead and 2 0.668 9.547 81.036
black-beads stage 3 0.556 7.946 88.983
PN o 1 4122 58.886 58.886
Heart-beating 2 1.061 15.159 74.045
stage 3 0.853 12.183 86.228
8 TS 1 5.032 71.879 71.879
Hatching stage 2 0.655 9.361 81.240

3 0.412 5.889 87.129
WAL 4 3 1 4.335 61.927 61.927
Newly-hatched 2 0.937 13.390 75.317
larvae 3 0.630 8.998 84.315

4 0.408 5.830 90.145
5 H i 1 3.760 53.716 53.716
5-day-old 2 0.982 14.026 67.742

3 0.803 11.465 79.207

4 0.625 8.932 88.140
10 H it 1 4.877 69.668 69.668
10-day-old 2 0.745 10.638 80.305

3 0.525 7.506 87.811

RS EMBEHLTFHERARMANELSWEHIEE

Tab.5 Principal eigenvector of S. esculenta at early different developmental stages

FRAE 1] 7= Principal eigenvector

i Stages J% 43 Components GRS M%E Rk ek FLH SLEE 808
Dorsol Mantle Body Cuttlebone Cuttlebone Cuttlebone Lamella
mantle length breadth weight length breadth weight number
LR R 43 1 Component 1 0.368 0314 0421 0.409 0.368 0.395 0.360
Red-bead and M43 2 Component 2 —0.047 0.765 0141  -0.343 —-0.455 -0.138 0.222
black-beads stage v /1. 3 component 3~ —0.393 0405 0038 -0.108 0.409 0314 0634
OBk 43 1 Component 1 0.243 0.344  0.410 0.432 0.418 0.326 0.433
Heart-beating stage .4} 2 Component 2 0.817 0249 0272 -0.243 -0.366 0.043 0.045
143 3 Component 3 0.039 -0.597 -0.321 0.255 0.148 0658  -0.136
H s 2 i3 1 Component 1 0.347 0.403 0.355 0.413 0.390 0.356 0.387
Hatching 43 2 Component 2 0.612 0.067 0537 -0.304 -0.169  -0.284  -0.362
stage 43 3 Component 3 —0.077 -0.041 0180 -0.220 -0.460 0.828  -0.122
Ak, 4y s 14 43 1 Component 1 0.377 0.241  0.396 0.421 0.397 0.391 0.393
Newly-hatched i3 2 Component 2 0.215 0.858 -0.153 -0.150 0.050  -0.407  —0.061
larvae i3 3 Component 3 0.566 0.141 -0.380 0.356 -0.568 0116  -0.231
5> 4 Component 4  —0.251 0.124 -0.453  -0.090 -0.247 0.184 0.783
5 H i 43 1 Component 1 0.208 0.369  0.419 0.464 0.433 0.359 0.338
5-day-old 43 2 Component 2 0.858 -0.005 0182 -0.034 -0.099  -0460  -0.087
43 3 Component 3 0.168 -0.683 -0.116 0.055 -0.108 0.169 0.670
i3 4 Component 4 0.340 -0.237 -0.480 0.031 0.462 0.429  -0.446
10 H# i3 1 Component 1 0.418 0.379  0.380 0.401 0.367 0.383 0.309
10-day-old 4% 2 Component 2 0.156 0.240 -0.353 -0.121 -0438 -0.121 0.756

&4y 3 Component 3 —0.142 -0.49 -0.321 -0.238 0.460 0.494 0.345




H5H 7z R S5 (Sepia esculenta) W &% B M Bt TSI A A8 BR A4 £ LA BT 47

*6 ELEMEHLAEMBEARABRANERS
Tab.6 Principal components of traits of S. esculenta at early different developmental stages

i 30 551 55 2 FUY 55 3 F Ml 55 4 F oy
St . es First principal Second principal Third principal Fourth principal
a component component component component
213k 5 Red-bead  Jiiit [N+ Vi AT JREA T B
and black-beads stage Quality factor Width factor Layer factor
LB -2 5 T KR T e T B
Heart-beating stage Quality-layer factor Length factor Width factor
H I Hatching stage K EEIA T Length factor K JFEH 7 Length factor  J§i## [A-F Quality factor -
L SN KEERHF B REF FORERF = iGS RN
Newly-hatched larvae Length factor Width factor Width factor Layer factor

5 Hi#% 5-day-old
10 H # 10-day-old

K JE AT Length factor 1 J& [F T Length factor 5 J& A 7+ Width factor  5&EE KT Width factor
K JE N T Length factor 244X T Layer factor

T & K- Width factor -

ARG R AR EESEME, AR L, 1E
& LWL B I 6 NANEIRHE , NI B F & AR
AR BRI — 25 5%, AT (200K 55 2Rk T Fn
O BRI B A IO TR B A IS <, i i
JEJE (BT 22 10 % g J99) < B PR A 1 A 7 5
ARG, HHPRN L EF 7 KA R E
LS X T HABSER, ABFCRA T £
W, ZOTERN RO Z BA — E AR R,
B 2H A B 2HBT Y ELRH TG G I 25 4 A R AU ok
FRPRI —Fh Z o040 (R B A4S, 2005), B AT LA
WA SR AR Y T A B, TEHEAT 00 ST
AR, BRUSPIMAROCH THE, il ERHE, N
TASCHE BT S AR 0 Al 5 1R (1 2 9L5E, 2010), H
i, 7K srh, R s B TSR
ARG (NI EAE, 2015, PMAFETSE, 2015; ASDLF
4, 2005), 1% Sk /2 2 AR R MR Y 3 1L o3 4 A i DL AT
i, E WAL L9 3 X ER (Litopenaeus  vannamei)
(7445, 2009) . =JE#R F & (Portunus trituberculatus)
(e RAE, 2014) . MM 0 (Siniperca chuatsi) (5513
45, 2014) . EREE(Scortum barcoo) (T K5E, 2009)
SEAHOCHIESE o AWF 52 B Uil 203 0 vk 4y
Br 4z S N e JE S AR AE

Fie B A3 43 B v OG- R0 ST R FVRHAE 1] 7 1Y
AW SC, Bt BTk A A S S HRIRARXT T T A
PRIRXTF 8% 7 22 I STHRIA B 0% 5 FRIE ) i s X &2
BPEIRTTRRA AN, HAERHE S e 1 25 PRARXZ E
YRR/ INAIPE B (kAR5 1997), AARMER Sk E
PERIY & T Hem R, PR AL P R R VR 4
R, R L ik T HmE R RA VR SRR Y
A bR (H 22 9L5%, 2010) . ASHIFSE FH AN [ B 3012 AR

AIARDC BT T AT, 2Bk 58 BRI . AT 10 H #1315
B AP ERR IR Y 5 R IR ARG, DB . Wikl
TRIIRT B H S B0 - P bR (A e AN 2 AH Gy
BT BLAR T LT fif 25 25 1 B B AS TR MR 2 88000 AH .G
R, ARTCVR T B bR (B8 S T ) 1 B S
KU, AT RS, R AR LR A U LA TR
LR A PR (R 45, 2008) ., ASTFZEAS ]I 32 3k
YT R L 6, NE 6 WUUEH, &L RENEL
EE e Z N L 8 < 0 N i I i e ¥ s o N |
WHAT S Bt E AN, 55 1 FRATERT 2 AR
P AT, J5 4R KR ER T 58 2 By R
R FERFFIFEEE R F5 55 3 F o R4k T B
T 84 T RA 2 RHIAEAE, 4358 250N T
FTEEEHF o RIS E R AT s R, K s
HEUERT 34 E 84, s 7 M E K845 85%
LB, 203k S RERTRLC BRI T a3 KA T
TESFHER G, T2 10 H IR S H-E
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Principal Component Analysis of the Morphometric Traits of the Cuttlebone
of Sepia esculenta at Early Developmental Stages

LI Da*?, LIU Changlin? LI Ang? DU Tengfei? LIU Shufang®*", ZHUANG Zhimeng®*

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306;
2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071,
3. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine
Science and Technology, Qingdao 266071; 4. Laboratory for Marine Biology and Biotechnology, Qingdao
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Abstract To characterize the traits of the cuttlebone of Sepia esculenta a the early developmental
stages, we collected data at different stages including the red-bead and black-bead stage, the heart-beating
stage, the hatching stage, the newly-hatched larvae stage, the 5-day-old stage and the 10-day-old stage.
The principal component analysis was performed to evaluate seven growth traits including the dorsal
mantle length, the mantle breadth, the body weight, the cuttlebone length, the cuttlebone breadth, the
cuttlebone weight and the lamella number. The results showed that there were significant correlations
between any two traits at the red-bead and black-bead stage, the hatching stage and the 10-day-old stage.
However, some traits showed no correlation at the heart-beating stage, the newly-hatched larvae stage and
the 5-day-old stage. The first principa component was the weight factor at the first two stages, and it
became the length factor at other four stages. The second principal component was the length factor and
width factor. The third principal component was mostly the width factor. At only two stages there was the
fourth principal component that was the lamella factor and the width factor. The growth rate of these traits
varied a different stages. From the red-bead and black-bead stage to the heart-beating stage, the
morphometric traits outgrew the body weight, and this pattern was reversed from the hatching stage to the
10-day-old stage.

Key words Sepia esculenta; Growth traits; Cuttlebone; Principal component analysis
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