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Fig. 1 Distribution of the sampling sites of G. borealis

in the high seas of the northwestern Pacific Ocean
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Fig. 3 Relationship between main parameters of statolith and mantle length
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Tab.1 Loading values of five principal components for 9 morphologic parameters of G.borealis statolith

FERSTHT principal component

BB
morphologic indices 1 3 4 5
TSL 0.931 08 0.195 02 —0.040 64 -0.000 55 —0.080 48
RL 0.486 00 0.623 34 -0.523 72 —0.176 48 —0.098 74
RW 0.461 38 0.019 09 0.139 77 —0.536 35 0.690 39
DLL 0.110 18 0.617 53 0.693 88 -0.076 14 —0.157 40
RLL 0.743 76 —0.411 20 —0.401 39 0.137 89 0.012 86
LDL 0.586 62 —0.534 52 0.305 06 0.280 73 0.124 89
WL 0.894 60 0.089 47 -0.017 14 —0.045 83 —0.266 98
WW —0.125 92 0.568 75 -0.239 16 0.613 60 0.443 27
MW 0.572 48 0.086 66 0.447 57 0.337 41 0.058 62
TTk#/% contribution rate 37.44 17.80 14.32 10.17 8.94
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Tab.2 Comparison of parameters and AIC for mantle length growth models and AIC of G. borealis
s SR K- A 701
morp},;lltl;iz/g;fijrzldices grigffgels a b K AIC

TSL 281 linear 1.726 5 1154.30 0.663 1 2272916 3
F6#  exponential 12103 0.001 1 0.6613 2273.1424
Xt logarithm 438 -831.29 0.659 1 22729397
# power 349.27 02741 0.658 0 22729316

MW female 2R linear 1.465 547.93 0.648 7 2262.996 5
F6#  exponential 616.13 0.001 6 0.646 9 1290.378 7
Xt logarithm 376.39 -1163.1 0.643 7 1290.219 4
# power 97.589 0.405 3 0.643 2 1290.199

LDLH#f  female M linear 3.078 89.20 0.613 0 12924129
F6#  exponential 361.38 0.003 4 0.614 1 1293.550 6
X logarithm 791.08 -3507.2 0.608 6 1292.604 9
# power 6.340 8 0.888 8 0.6127 1292.446 8

WL female 2R linear 1.7237 936.77 0.6829 1403.452 1
F6#  exponential 1000 0.0013 0.684 0 1404.4222
X logarithm 446.78 —-1098.2 0.689 7 1403.4177
# power 228.114 0.324 4 0.691 6 1403.427 4

RLL 2R linear 3.1427 400.10 0.7273 2161.391 4
F6#  exponential 614.43 0.002 6 0.7149 21619104
X logarithm 801.68 -3238.6 0.7309 2161.2777
# power 29.298 0.670 2 0.7309 2161.3447

MWifE  male 2R linear 2.5579 339.78 0.661 1 772.356 1
F6#  exponential 498.36 0.002 7 0.6613 772.383 8
X logarithm 618.77 -2 436.6 0.666 5 772.321 1
# power 26.544 0.653 5 0.667 6 772.343 8

LDL&E  male &M linear 44897 -202.07 0.688 1 765.599 4
F6#  exponential 256.64 0.005 1 0.698 5 765.646 6
X logarithm 1082 -5052.7 0.688 5 765.591 7
# power 1.03 12305 0.700 9 765.607 4

WLHE  male 28 linear 1.6778 924.75 0.691 2 820.545 6
F6#  exponential 979.34 0.0013 0.692 2 820.782 8
Xt logarithm 406.13 —897.79 0.697 7 820.536 5
W power 247.4 0.306 6 0.699 1 820.539 1
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Tab.3 Comparison of parameters of statolith and body weight growth models of G. Borealis

A B K R i
morpl’Ei‘;gicﬁdices gri):vj;f:;els a b K AlC
TSL#ff  female 251k linear 1.8825 —2451.20 05191 1265.860 3
Fa¥  exponential 2.413 40 0.003 4 0.497 4 1264.387 3
X# logarithm 3008.5 -21 634 0.517 4 1266.248 6
®  power 2x107" 5.424 4 0.496 3 1374.3192
MWHf  female & linear 22401 -1523.70 0.5153 1266.751'5
F8#0  exponential 12.25 0.004 1 0.506 1 1266.066 5
X4 logarithm 20752 -13 623 0.513 1 1267.2722
W power 3x107 3.794 8 0.506 3 1266.2242
RLLMfE  female Z& 1% linear 1.008 8 —660.69 0.555 4 1257.3373
¥8%  exponential 56.071 0.001 9 0.572 3 1258.896 9
X # logarithm 1204 —7983.7 0.554 5 1257.544 9
W power 6x107° 2.2585 0.575 8 1258.2854
WL female 281 linear 1.936 1 —2124.20 0.507 0 1268.695 4
F8%  exponential 3.7202 0.003 6 0.517 8 1270.535 4
X# logarithm 2669.9 —18 754 0.506 9 1268.720 6
®  power 1x107" 49749 0.519 3 1582.4826
LDL#f female 251 linear 0.9459 —284.76 0.429 2 1286.940 1
F5¥  exponential 117.88 0.001 7 0.4196 1291.980 9
XH# logarithm 840.79 -5149.8 0.425 2 1287.8728
T power 0.015 7 1.540 1 0.421 1287.882 1
TSLiE  male Z& 1% linear 1.258 7 -1 530.20 0.424 9 698.105 0
¥8%  exponential 5.839 3 0.002 8 0.429 4 714.942 3
X # logarithm 1996.5 —14 246 0.4259 698.035 2
W power 5%x107™" 43717 0.430 8 708.663 7
MW male 281 linear 1.037 6 —535.76 0.4327 697.380 4
F8%  exponential 50.41 0.002 3 0.4453 697.157 3
X# logarithm 980.33 -6270.5 0.430 2 697.564 4
W power 0.000 2 2.168 5 0.443 7 962.7112
RLLAE male Z& 1 linear 3.2341 -3521.80 0.558 0 688.913 4
F5¥  exponential 0.065 7 0.007 2 0.578 5 691.4777
XH# logarithm 3989 27 924 0.558 688.769 8
T power 2x107% 8.861 0.5809 701.617 0
WL male 2P linear 1.5882 -1 654.80 0.416 1 3515.008 6
¥8%  exponential 4.0379 0.003 5 0.438 1 714.830 5
X # logarithm 2106.5 ~14 694 0.416 2 698.713 3
W power 9x107™" 4708 3 0.438 7 699.065 2
LDLHE male 281 linear 0.585 4 59.00 0.4112 919.473 0
F8%  exponential 144.32 0.0013 0.424 8 699.555 1
X# logarithm 521.75 -3079.6 0.414 1 698.862 3
W power 0.176 9 1.157 5 0.430 0 699.2513
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Fig. 4 Relationships between main parameters and body weight
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Fig. 5 Relationships between relative length of each dome in respect to the total statolith length and mantle length
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Tab.4 Morphological characteristic parameters of statolith for different Cephalopods

GBS HAMEARESH
species representative parameters

LI EE SR Gonatopsis borealis

ey AR 2 g 2 . (BNS)®) Tilex argentines

el AR 2 8 SR F1.(SPS)™Y  Illex argentines

PHAL AR FPER A Ommastrephes bartramii

M S  Sthenoeuthis oualaniensis

PR VE AL B8P Sthenoeuthis oualaniensis
S SR Sthenoeuthis oualaniensis

BRINGZEF AP Dosidicus gigas

TSL. RLL. LDL. MW. WL

TSL. DLL. RW. MW

TSL. RW. WW. DDL

TSL. WL. RL. RW. WW

TSL. MW. LDL. WL. DLL

TSL. MW. LDL. DLL. RLL. WL

TSL. RSL. WL. MW. DLL

TSL. WL. RLL. MW

ba R Nt DER ¥ 2 SR NN D R S R S

Notes: SPS. South Patagonic Stock; BNS. Bonaerensis-Northpatagonic Stock
[ ¥ 3, A ()R A s A (] Sk A2 2 0 B A7 SN e
MESHCA —E 122 R, Al s e 1 ) H-

A GG A S B AT Sk R TR S 1O B2
L] g

33 BA%EK

ALY, LI S DLL, LDL,
RLLAIWL 5 TSL H {8 4 5 4k £57£35.66% .
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Statolith morphology of Gonatopsis borealis in the northwest Pacific Ocean
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Abstract: The morphology and microstructure of statolith of Gonatopsis borealis were studied for the 339
samples, which were collected by Chinese jigging fleets in the northwest Pacific Ocean from September to
November 2018. The study indicated that the statolith has the structure with a wide wing and long, narrow rostrum
domes. The principal component analysis showed that the total statolith length (TSL), rostrum lateral dome length
(RLL), lateral dome length (LDL), wing length(WL) and maximum width (MW) could be used as the
morphological characteristic parameters to study the morphological changes of statolith. The analysis of
covariance (ANCOVA) showed that there were significant differences in the relationships between MW, LDL and
WL versus mantle length (ML) between males and females, but no significant difference was found in other
characteristic parameters. The relationships between all of the statolith characteristic parameters and body weight
(BW) differed significantly. The relationships between TSL, RLL and ML were optimally described by the linear
growth models, and power functions were optimal for WL, MW of males and LDL of males, however, exponential
function was optimal for LDL of females. The exponential functions were optimal for the relationship between the
LDL, MW of males, and linear functions were optimal for LDL, MW, TSL of females, and power function for the
other parameters. With the squid growth, the size of statolith gradually increased, but the ratios of DLL, LDL,
RLL, WL to TSL almost remain at the same level, corresponding to 35.66%, 55.84%, 75.23% and 85.82%,

respectively.
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