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Fig.1 Distribution of sampled D. gigas
F1 EZREHEREMFHIE
Tab.1 The biology statistics of sampled D. gigas
M %4 (ind) quantity M (cm) mantle length
content M male e female SEY4{H mean value FRifE 7% standard deviation
I 39 stage [ 0 8 25.68 2. 64
T4 stage 1T 2 64 28.47 2.74
1Y stage I 9 39 31.76 3.90
Vi stage IV 48 59 31.32 3.81
V i stage V 0 2 28.15 1.48
g

2 BRERSGRESSHTER
1S TR R R R 2 R XS R 3 5 RONTE [ R 4 5 KO3 XML
Fig.2 Scheme of statolith domes and morphologic indices of D. gigas

Point 1 for the highest vertical point; Point 2 for the distinction point between the dorsal part and lateral part; Point 3 for the lowest vertical
point; Point 4 for the most lateral point in the wing area.

A:TSL; B.DL; C:LDL; D:ROL; E:RIL; F:RBL; G:WL; H.DDL; I.RDL; J.DDA; K:RDA; L:RA; M:MSW.
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Tab.2 The morphological statistics of statolith for D. gigas

W female J#EPE male
s it : :
morphological parameter FERA FriA P FERA friA P
left statolith right statolith left statolith right statolith
TSL( pm) 1731.3~2022.2 1693 ~1 991 0.84 1 246 ~2 249 1256 ~2 223 0.96
DL (pum) 816.6 ~1207.1 852.8 ~1079.9 0.98 493.8 ~1 370.1 574.7 ~1427.7 0.99
LDL( pum) 512.71 ~854.9 638.1 ~887.4 0.25 466.1 ~898.2 517.0 ~934.3 0.68
ROL(pum) 562.9 ~770.9 550.8 ~778.4 0.98 370.4 ~861.6 333.1~865.1 0.99
RIL( um) 491.8 ~1 024.4 485.5 ~877.4 0.74 365.2 ~894. 7 331.4 ~852.1 0.87
RBL ( pum) 290.3 ~603.6 320.4 ~498.5 0.94 234.0 ~532.6 214.5 ~543.7 0.98
WL(pum) 1038.9 ~1 461.5 990.3 ~1450.3 0.27 943.1 ~1513.1 938.3 ~1476.1 0.62
DDL ( pm) 1121 ~1 394.21 1105 ~1 398.5 0.92 804.5~1586.1 864.9 ~1 585.6 0.97
RDL( pm) 1057.3 ~1473.9 1300 ~1 544.8 0.31 919.3 ~1 621 959.3 ~1620.7 0.78
MSW (um) 1035.3 ~1288.1 1052 ~1340.1 0.44 758.3 ~1397.1 823.2 ~1402.3 0.81
DDA(°) 88.5~108.3 85.8~101.8 0.46 80.0~112.1 81.8 ~106.0 0.75
RDA(°) 146.2 ~172.1 151.4 ~171.7 0.53 141.5~178.9 148.3 ~178.2 0.82
RA(°) 24.8 ~44.3 25.8 ~48.2 0.8 20.5~48.1 23.4 ~51.5 0.9
2.2 EHITH Iy B KA R BRI TSLRDL ,RDA DDA |

ERa Ml L A H A 6 MEESE
BT R STHRR YR T 85% o AR HA1 45 T

LDL ROL(#% 3). Jif4
i L3

— EWr XA HA
ik, 55— o3 2 B N X5 Wy IX (] B A2
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Tab.3 Weights and contribution ratios of morphologic indices for D. gigas’s left statolith

Ao 3 F 43 principal component
morphological parameter 1 2 3 4 5 6
TSL( pm) 0.42 (0.17) 0.10 0.08 0.03 (0.10)
DL(pm) 0.37 (0.17) (0.16) (0.22) 0.24 (0.05)
LDL( pm) 0.16 0.06 0.40 (0.23) (0.64) (0.23)
ROL( pm) 0.32 (0.21) 0.02 0.31 0.01 0.62
RIL(pm) 0.34 (0.18) (0.14) 0.26 (0.14) 0.03
RBL( pum) 0.26 0.48 (0.03) (0.03) 0.24 0.24
WL(um) 0.27 (0.15) 0.35 0.02 0.22 (0.22)
DDL( pum) 0.26 0.51 (0.15) 0.03 0.02 (0.20)
RDL( um) 0.25 0.52 (0.07) 0.08 (0.19) 0.04
MW (pm) 0.37 (0.13) 0.28 (0.19) 0.03 (0.13)
DDA(°) (0.09) 0.09 0.25 0.61 0.36 (0.45)
RDA(°) (0.13) 0.14 0.56 0.32 (0.17) 0.35
RA(°) (0.09) 0.14 0.42 (0.46) 0.46 0.23
FRAEAE eigenvalue 4. 42 2.36 1.72 1.35 1.09 0.65
H/r# (% ) percentage 34.03 18.17 13. 24 10. 38 8.36 5.03
B A 4% (% ) accumulative percentage 34.03 52.21 65.45 75.83 84.19 89.22

TE A5 5 AEUE PR L.
Notes: The values in the brackets are negative.

A HAT 2% U B R R BRI TSL, JEZsHh, TSL A RBL 2 B 1 285 vl 1< B AR
RBL .RDA DDA LDL (% 4) . FRSE — F W HY Z4,RDA I DDA 3 31 H- 1 T8 A8 28 Ak 1) 5
BCEA—BSL, KA 4 MESME. E6HA0 AESH

x4 HAERAERSSENERBRREHE
Tab.4 Weights and contribution ratios of morphologic indices for D. gigas’s right statolith

WS R T 43 principal component
morphological parameter 1 2 3 4 5 6
TSL( um) 0.42 (0.18) 0.12 0.04 (0.14) 0.07
DL(pum) 0.35 (0.13) 0.02 (0.31) (0.36) 0.10
LDL( pum) 0.21 (0.17) 0.01 (0.08) 0.73 (0.09)
ROL( pm) 0.33 (0.14) 0.15 0.20 (0.35) (0.45)
RIL( pm) 0.32 (0.19) (0.21) 0.39 (0.03) (0.10)
RBL( pm) 0.26 0.51 0.11 (0.01) (0.07) (0.11)
WL(um) 0.24 (0.21) 0.26 (0.03) 0.24 0.47
DDL( um) 0.27 0.50 (0.10) 0.04 0.07 0.20
RDL( pm) 0.28 0.48 (0.10) 0.13 0.20 (0.08)
MW (pum) 0.38 (0.19) 0.12 (0.21) 0.10 0.06
DDA(°) (0.09) 0.07 0.39 0.52 (0.15) 0.55
RDA(°) (0.10) (0.01) 0.59 0.31 0.22 (0.42)
RA(®) (0.07) 0.19 0.55 (0.52) (0.09) (0.06)
HHAEY eigenvalue 4.32 2.36 1.48 1.30 1.06 0.91
H/r# (% ) percentage 33.22 18.13 11.41 10.02 8.19 6.98
23433 (% ) cumulative percentage 33.22 51.36 62.77 72.79 80.98 87.96

455 WEHE SRR i fE

Notes: The values in the brackets are negative.
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TSL 5 RDL.RBL # % % 72 H 47 TSL
5 RDL X R A EHMHE IR, KX AKX (A

RDL = 616.79/[1 + exp(2.53 —0.002 x TSL) ]
(R* =0.49,P =0.00) (2)
TEAE K FEH RDL 25 TSL B3E AN Wi A=

o (H A B B 22 1% [ I, RDL A ik B oA it R

WEMAS AL, |5 2 A A, TSL 5 RDL/TSL

[EANAATE . 2RV &R ABARYE Jr 22 0 Fr AR, 45

TSL 2 jifi %} 1 9 RDL/TSL Z8 4k g 3 (K 7 A

13.76,P=0.01) ., Z3Hr &3, TSL /AT 1 600 pm

i ,RDL/TSL FF}; KT 1 600 pm K, RDL/TSL

FREL TR (B 3-2) 6
/£ H- A TSL 5 RBL .RBL/TSL [a] ¥ £ 7E

WERZNEC R (K 3-b) o il Jr 2250 Al Al

4% TSL 2 RBL #&{RA5 4k I 2 (R J7{E 40. 60, P =

0.00) ,RBL K B3, ZHE LK A[H, TSL /N T

1 600 wm B RBL 4: K45 5 TSL KT 1 600 pum

WA KRB A 2 R

x5 BRABKSEARZESKESHILEHEXREY
Tab.5 Correlation coefficients between total statolith length and the ratios of various length to total statolith length
MSW/TSL DL/TSL LDL/TSL ROL/TSL RIL/TSL WL/TSL RBL/TSL DDL/TSL RDL/TSL  entirety
TSL(L) (0.30) 0.26 (0.32) 0.07 0.22 (0.43) (0.06) (0.08) (0.30) 0.53
TSL(R)  (0.38) 0.20 (0.32) 0.08 0.14 (0.47) (0.07) (0.09) (0.28) 0.56

A5 5 WEHRRR TA G TSL(L) R 2 BB K TSL(R) R B K.

Notes: The values in the brackets are negative correlation, TSL(L)is total statolith length of left, TSL(R)is total statolith length of right.
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Fig.3 Relationship between TSL and RDL,RBL of left statolith for D. gigas
a; growth relationship between TSL and RDL; b:growth relationship between TSL and RBL.

The box represents the measured value; The star represents the ratio of RBL to TSL; The solid and dotted lines represent the fitted value

and 95% confidence interval respectively.

41 HA1 TSL 55 RDL 5 2 [RIRE AT 5 12 45 47

A, RN (K 4-a)

RDL = 645.96/[1 + exp(2.43 —0.002 x TSL) ]
(R* =0.60,P =0.00) (3)
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Fig.4 Relationship between TSL and RDL,RBL of right statolith for D. gigas
a. growth relationship between TSL and RDL; b growth relationship between TSL and RBL.

The box represents the measured value; The star represents the ratio of RBL to TSL; The solid and dotted lines represent the fitted value

and 95% confidence interval respectively.
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Fig.5 Relationship between TSL and RDA of D. gigas

a. left statolith; b. right statolith. The line,box and curve represent ranges, standard deviations and average values of RDA and TSL.
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Morphological analysis of statolith for jumbo flying squid
(Dosidicus gigas ) in the waters off Costa Rica

JIA Tao', CHEN Xin-jun'*?** | LI Gang"*?, LU Hua-jie', LIU Bi-lin"**, MA Jin'
(1. College of Marine Sciences ,Shanghai Ocean University ,Shanghai 201306, China ;
2. The Key Laboratory of Shanghai Education Commission for Oceanic Fisheries Resources Exploitation
Shanghai Ocean University ,Shanghai 201306 , China
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Shanghai Ocean University ,Shanghat 201306, China )

Abstract: The jumbo flying squid ( Dosidicus gigas) is one of the important economic cephalopods, the
research on fishery biology is necessary to assess its stock size and to manage properly. Since the statolith is
a better source of ecological information for cephalopod, the morphological analysis of statolith is
fundamental to understand the fishery biology. According to the statolith morphology of jumbo flying squid
caught in waters off Costa Rica from July to August in 2009 ,the morphology differences and growth patterns
were analyzed. It was found that the overall morphological characteristics and various parts of left statolith
were the same as the right by using statistical methods such as variance analysis and paired-z-test. These
thirteen morphological parameters of statolith could be figured with six principal components by the method
of principal component analysis, which indicated that the morphological features of the left statolith could be
characterized by the total statolith length ( TSL) , rostrum lateral dome length (RDL) , rostrum lateral dome
angle(RDA) ,while for the right statolith TSL, rostrum baseline length ( RBL ) and RDA are characterized,
respectively. Therfore the dorsal dome,lateral dome and rostrum dome played an important role in the overall
changes of statolith morphology. The canonical correlation analysis showed that the growth of various parts
were synchronized and allometric during the growth process,and the changing tendency of morphology was
narrow body,long and narrow rostrum and large dorsal tallied with the characteristics of pelagic cephalopods
statolith. According to the regression analysis, the growth relationships between TSL and RDL for left and
right statolith were in line with the Logistic equation. Although the growth of RDL followed the increase of
TSL, the growth rate of RDL declined throughout. There was significant change for RDL/TSL in the growth
process. RDL/TSL increased or remained stable when TSL was less than 1 600 pm, but the proportion
declined thereafter. The growth of RBL was significant,and the growth rate of RBL changed significantly at
the inflection point of TSL 1 600 pm. Since there was no significant change of RBL/TSL among different
TSL groups,the growth of RBL synchronized with TSL. Compared with the increase in TSL ,RDA fluctuated
and RDA declined from the maximum of larval statolith to the minimum statolith with TSL 1 600 wm,after
that it increased slowly and kept stabilized when TSL was larger than 2 000 pm. So we could draw a
conclusion that statolith growth consisted of two phases, and there were great differences in morphology
when the size of TSL was smaller or larger than 1 600 um. As the important movement acceleration sensors
for cephalopod,the statolish morphology transformed with the shift of movement types which was caused by
habitat changes,so TSL of 1 600 wm could be used as an important indicator of changes in water layer.
Key words: jumbo flying squid( Dosidicus gigas) ; statolith; morphology; waters off Costa Rica
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