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Fig. 1 Distribution of sampling site of T. pacificus
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Fig.2 Scheme of morphometrical parameters of
statolith of T. pacificus

A. total statolith length (TSL), B. maximum width (MW), C. rostrum
length (RL), D. rostrum width (RW), E. rostrum lateral dome length
(RLL), F. ventral dorsal dome length (DLL), G. lateral dome length
(LDL), H. wing length (WL), I. wing width (WW), the same below.
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Fig.3 Composition of mantle length and body weight of T. pacificus

(a) mantle length, ML, 1. 110~150 mm, 2. 151~190 mm, 3. 191~230 mm, 4. 231~270 mm, 5. >270 mm; (b) body weight, BW, 6. 50~110 g, 7. 111~170 g,

8.171~230 g, 9. 231~290 g, 10. 291~350 g, 11. 351~410 g.
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Fig. 4 Scheme of each dome of statolith of T. pacificus
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ANCOVA W], TSL (F=5.14, P=0.07>0.05).
MW (F=4.52, P=0.06>0.05). LDL(F=8.66, P=0.06>
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Tab.1 Morphometrical parameters of statolith for T. pacificus

T At T T e
momhomenalpuameers SPGB
of males of females

HAHEK TSL 806.04 130254  1040.02+95.20 HAEK TSL 858.29 128227 1020.41x92.03
®AEE MW 490.27 832.63 625.49+68.31 ®AEE MW 482.53 802.40 610.09+63.77
WX RL 215.01 470.42 339.26+65.43 YX& RL 188.77 438.17 335.09+67.08
MIX % RW 112.73 477.08 189.02+51.76 YIX % RW 100.20 359.91 194.51+50.48
WfllIX& RLL 529.18 979.77 728.34+22.03 YIfliiX & RLL 558.89 998.80 724.06+26.39
HMXK DLL 387.86 755.18 518.24+85.05 HMXK DLL 342.79 749.30 494.94+64.50
fiiX+ LDL 579.70 996.71 716.52£79.25 filX+ LDL 550.71 955.42 692.32+88.29
HXEK WL 671.23 1105.10 888.82+119.20 HXEK WL 583.11 1101.42 867.21+101.07
HXE WW 132.44 580.93 312.68+91.41 HXE WW 102.79 432.69 289.35+77.12

®2 KFEFRZEHAITHMBESEH 4 MERD AFEMITEE

Tab.2 Loadings of 4 principal components for 9 morphometrical parameters of T. pacificus

FE 53 4rHT  principal component analysis

SIS ZH
morphometrical parameters 1 2 3 4
HA 8 K/um  TSL 0.98 0.04 -0.06 -0.03
BORFEE /um MW 0.94 -0.09 0.12 -0.01
YIX K/um  RL 0.82 -0.07 -0.35 0.41
WX %E/um - RW 0.46 0.83 0.10 0.08
WX K/um  RLL 0.86 0.09 -0.38 -0.27
HXK/um DLL 0.80 -0.02 0.49 0.26
MXK/um LDL 0.87 0.08 0.23 -0.38
BXK/pum WL 0.93 0.04 -0.15 0.02
BXTE/um WW 0.63 -0.71 0.09 —0.02
TIHkZE/%  contribution rate 68.22 13.56 6.87 5.05
R TUR%/%  cumulative rate 68.22 81.78 88.65 93.70
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Fig. 5 Relationship between morphometrical parameters of statolith and body weight for T. pacificus

R3I APFRFREERIMNEFRASHEFEEKRENEKRSHS AIC HHEE

Tab.3 Comparison of AIC and morphometrical parameters of statolith for body weight growth models of T. pacificus

SMESHL AR AR Y >
morphometrical parameters growth model a b AIC R
HAHEK TSL 2tk linear 1.15 834.73 2561.33 0.73
FEBRH power 375.83 0.20 2247.94 0.76

8% exponential 851.12 0.01 2 669.05 0.71

X logarithm 205.03 -5.31 2 886.86 0.76

RREE MW &b linear 0.70 498.26 2669.21 0.60
FHRE power 224.46 0.20 2568.37 0.65

F8%  exponential 507.48 0.01 2 886.86 0.62

X4 logarithm 122.71 -3.65 2910.57 0.64

MX& LDL M linear 0.70 580.06 2 669.36 0.61
EEE power 283.64 0.18 2 548.60 0.63

$8%0  exponential 588.79 0.01 2 886.86 0.59

X# logarithm 124.53 70.36 2908.33 0.63

HXK WL &M linear 0.87 732.84 2568.99 0.64
W power 378.18 0.17 2 668.96 0.62

F83  exponential 745.33 0.01 2 886.86 0.63

X logarithm 149.15 127.36 3247.88 0.62
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Tab.4 Comparison of AIC and morphometric parameters of statolith for mantle length growth models of T. pacificus

A KA

SESHL
morphometrical parameters growth model a b AlC S
HAEK TSL &M linear 3.35 375.20 2777.26 0.77
FEE  power 35.26 0.64 2669.13 0.78
540 exponential 546.65 0.01 2857.31 0.77
*# logarithm 661.83 -2455.70 2948.18 0.77
®AEE MW &tk linear 2.01 222.41 2795.59 0.65
HEH power 20.84 0.64 2493.69 0.66
FE%  exponential 325.74 0.01 2857.31 0.65
H# logarithm 396.85 -1474.11 2669.17 0.66
MX& LDL &M linear 1.99 309.11 285731 0.63
FERE power 35.51 0.55 2669.17 0.63
5% exponential 400.14 0.01 2762.16 0.62
H logarithm 395.59 —1384.40 2988.01 0.63
HXEK WL £8f4%  linear 2.46 399.26 2669.15 0.64
FEREL power 52.70 0.53 2732.83 0.62
540 exponential 514.83 0.01 2857.31 0.64
*# logarithm 479.83 -1646.50 2796.63 0.63
1500 900
g g
j% 1 000 E? 600
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Fig. 6 Relationship between morphometrical parameters of statolith and mantle length for T. pacificus
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Fig. 7 Relationships between relative length of each dome in respect to the total statolith length and mantle length
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Fig. 8 Ratio of each morphological parameters of
statolith to mantle length
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BoRwok, WK ERK, X568 FEaR

(Ommastrephidae) 1Y 25 & ffi (Dosidicus gigas)"” .

Z L (Ommastrephes bartramii)™ . 5 2 W (Sthen-

oeuthis oualaniensis)®” F1 B R £ ¥ £ i (lllex
argentinus)” ) B A7 MBI S RRAE AR AL, 1SR &

T R (Gonatidae) [9JL 77 S %E 5 W (Gonatopsis
borealis) W) 5 Z2 fa B} 1 B T A8 R IEAE1F I 35 22
S AT B AR A RRAE RE S AE R Sk e 2
BHE L EEARIE . PR, AINERED
FEMLEREAEXBNRR, WXEK, K
SRS 2 0 5 T R A R M SR A S K2 A
HgE Ry 2 KR Al A B ARIE S 4%
TR 22 59 536 MG LK 2 RIAETE 2 WK R
RE A hy 10 Dy JHL A B 7K )2 RN BR B 1) Bl 4 AR A Y

F A5 E B, TSL. LDL # WL g8 4E
Sk B AR Y U SR ROV PR R 22 H A K I AN R AE
SHL, MW BEREAE A R AE B A7 58 B i AME R AF 2
B MCHIR A, &FR—IrkimiEs, AR
KERMBEAINERIES B HERE2ZR ., A
FAAFHYPEIL KR A E A K ENIMNERIES
¥k TSL, RL it WL, Hof 58 B i AME RIES
oM RW I WWL P8 T K PG 7 AR AE 1 22 0 H
AR EMIMNERIESECH TSL, HA %5/ IME
FAESHCR MW, BRI SN 2L 2 B A K
SMEFRAES % TSL. WL FI RLL, H-£7 58 Y
HMERIESHC MW (3% 5),

AN [ g 3§ ) ok S 2R 0 B4 AME RIS 50
FEAE—E 2R, MIEVEDR SIS S E A K
JE I AME R AES % TSL. LDL Fil WL, 1% ¥
TR I H A K ANE RIESHCh TSL. RL.
DLL F1 WLP, B[ BE 7 78 b i duk 25 1% o B A7 4
B AN FAE 2 %0y TSL. LDL. DLL. RLL Fi
WL, DL EWFge e, B 585 AME RAE S5
MW, BT RS AE ¥ 5 fa Bk B B H A K I AME R
fEZ%0h TSL #1 DDL (5 X ), HA JEE I IME

"5 FRKEXRERIMNLRIESH
Tab.5 Morphological parameters of statolith for different cephalopods

Yyfh 225 3R IMERAESHL
species reference morphological parameters
NSRS ] T. pacificus ENT TSL. LDL. WL. MW
FH O. bartrami [19] TSL. RL. WL. RW., WW., RW., WW
ES i D. gigas [18] TSL. RLL. MW
FTARSE TS 1. argentinus [21] TSL. MW
R AR S T 2 £ (KT I. argentinus (autumn group) [26] TSL. DDL. RW. WW
RAR SV S L (S 2= R) 1. argentinus (winter group) [26] TSL. DLL. RW. MW
B (P LB ) S. oualaniensis (Northwest Indian Ocean) [25] TSL. LDL. DLL. RLL. WL. MW
5 R (r ¥ ) S. oualaniensis (the central South China Sea) [20] TSL. RL. DLL. WL. MW
5L iR (R Vi P VDR ) S. oualaniensis (Xisha Islands in the South China Sea) ~ [24] TSL. LDL., WL. MW
eI B S G. borealis [22] TSL. RLL. LDL. WL, MW
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Fig. 9 Distribution of sampling dates and

growth periods for T. pacificus

Information of spring samples was cited from "),
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= B AR S S BN, Bl Y A AR R
ZANHE T 3 58 X 5 0 A R RS AR B B A A
Kbk,
3.3 EAEX G INIR IS 4FE

WroE e, BEE KRR, B A K
A H A4 XS TSL i HEREAF E . PHdLEl

JETE S L g T I S B
(G. fabricii)™, At77 L0 5 L5 = P4 1 V4 ¥ f
AREE W SR 0 S AR R R R HA % X
5 TSL WY HAEAFAEZE ST, (H A 3 BaRe e i LUAEL
XL B IR JE AR ], KPP 8 0 B H A
RO B R A A A T AR R IR (3 6)

Fzo6 IEXEBEOINERESHSHEAZKEE
Tab. 6 Ratio of morphological parameters of cephalopods statolith to total statolith length

GIES

BEHR SMERIESEL morphological parameters

species reference DLL LDL WL RL
KPR T. pacificus AT 49.67 67.99 84.30 32.78
B R(TEALEN EE ) S. oualaniensis (Northwest Indian Ocean) [25] 42.00 57.00 75.00 49.00
5 (R ¥ ) S. oualaniensis (the central South China Sea) [20] 48.05 60.05 67.59 35.44
B G. fabricii [36] 52.00 36.00 52.00 *
A6 77 1005 5 G. borealis [22] 35.66 55.84 85.82 *
R AR A 2 I. argentines [21] 34.00 64.00 81.00 *

e “RIRIES R L H A SNBSS 5

Notes: “*” are indicated morphological parameters of statoliths that do not appear in references.

H A% /M F£AES % TSL. MW, LDL Al
WL 5 ML /[ 52 T R, X ui il bl & Ko7
TR R AR A 3G I, H Ay e R 4 X A M ER 5 38 1Y)
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SR, SR BRI RE 1SS, FEB T
Pl ERE S & RE R E R N S S | S
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AR ES, Sk REMESIR AR, FE
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P0G, B A K e i gz
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A AP 25 5 H A A K R (L R
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Growth characteristic of statolith of Todarodes pacificus in
the Sea of Japan during the winter of an El-Nino year

CHEN Ziyue', LU Huajie "***, LIUKai', WANG Rui'

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Marine Ecological Monitoring and Restoration Technologies, Ministry of Nature Resources,
Shanghai Ocean University, Shanghai 201306, China,
3. National Distant-water Fisheries Engineering Research Center, Shanghai Ocean University, Shanghai 201306, China,
4. Scientific Observing and Experimental Station of Oceanic Fishiery Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Todarodes pacificus is one of the most abundant cephalopod resources in the Northwest Pacific Ocean.
Understanding of its fishery ecology is the basis for sufficient exploitation of this resource. Statolith are a vital
material for studying the age and growth, population structure and life history of cephalopods. The morphological
growth patterns of statoliths of 7. pacificus was studied for the first time using samples collected in the Sea of
Japan by Chinese squid jigging fishery fleets in December 2018 (an El-Nino period). The results indicated that
the dorsal dome, lateral dome and wing dome of the statoliths were relatively large and the rostrum dome was
relatively small. The result of principal component analysis indicated that the total statolith length (TSL), lat-
eral dome length (LDL), wing length (WL) and maximum width (MW) could be used as morphological para-
meters to study the morphological growth of statolith. The analysis of covariance (ANCOVA) indicated that
there was no significant difference in the relationships between these morphological parameters versus mantle
length (ML) and body weight (BW) in different genders. Based on the result of the Akaike’s information cri-
terion (AIC), the relationships between ML, BW and TSL, LDL, MW were best described by power functions
growth models, but linear function growth models were more effective for WL. The absolute morphological
growth of statolith was gradually decreased, while the relative morphological growth of statolith was main-
tained steadily with increasing individual growth. This research not only provides reference for study of life
history of T. pacificus thorough statolith, but also provides scientific basis for growth pattern of hard tissues of

cephalopods under the effect of extreme weather patterns.
Key words: Todarodes pacificus; statolith; growth pattern; El Nino; the Sea of Japan
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