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Fig.1 Distribution of sampled D. gigas

R1 EZXGBHEREYFHE
Tab.1 The biology statistics of D. gigas samples

i/ cm mantle length

W x N,
se(?e[l;a numb:f j?fﬁmples B/ ek P = bR
minimum maximum mean + SD
B F) HMfE waters off Chile 107 24 48 32.48 £6.00
EFr A2 4 waters off Costa Rica 142 20.49 42.89 30.77 £4.16
FbE-HMfE waters off Peru 168 22 49.9 34.90 £7.02
Fo&mE i 1% th 56 4 B A FEAS 387

XF (RIS 97 XoF , BHTA BN ANEE 127 X, B 6
HMEE153 XF) o TG, B H A RO U 5 1]
PEAREUE , SR 5 T o S HE T ELf HE o R B T il
FEH AR 4 DAY (B 2-b) o SRS, T H A
BK (total statolith length, TSL) | 7 [X K ( dorsal
length, DL) . fll] [X | (lateral dome length, LDL)
W)X 4h K (rostrum outside length, ROL) | W [X |4
£ (rostrum inside length, RIL) . W) [X 3 2k K
(rostrum baseline length, RBL ) | # X K ( wing
length, WL ) . 7 fil] [X [&] & ( ventral dorsal dome
length, DDL ) W) ] [X_ [8] 4 ( rostrum lateral dome
length, RDL ) | #% K %& & ( maximum statolith
width, MSW ) | & ] [X. 9% £ ( ventral dorsal dome
angle , DDA ) . W fll] [X. 3% i ( rostrum lateral dome
angle ,RDA) W) X 3¢ ff (rostrum angle ,RA) 13 Tji
EASE (K 2) K E 0.1 um, JWEh 2 A%
SEFEAT , A5 A I A R 22 M Ak 5% , D) EEET
i, E BB AR

(a)
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fllni 4 vﬁjﬂ?il:ﬂiﬁl%ﬂﬂ,ﬁo
AHARK; BAFXK; CAIXK; D:YXIMS; E:YXNK;
FWXHBL; GRX K HAFMIXEC; T a; T 7
M Jefn; K ImMIXIes; LvjxJes; M RIiME.

Fig.2 Schema 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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(a) BASNE; (b) BHTREINSNG; (o) BhEIMEE.

Fig.3 The statolith morphology schematic of D. gigas from three sea areas

(a) waters off Chile; (b) waters off Costa Rica; (c) waters off Peru.
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Tab.2 The morphological statistics of D. gigas statolith from three areas
v A ARG e F-{i ,
morphological parameter waters off Chile waters off Costa Rica waters off Peru F-value
TSL/pm 2.04 £0.19 1.83 £0.16 2.06 £0.18 66. 56 0.00
MW/ pm 1.30 £0.14 1.15+0.11 1.32+£0.12 73.25 0. 00
DL/ pm 1.11 £0.15 0.97+£0.13 1.11 +0.14 46.76 0. 00
LDL/pm 0.79 £0.09 0.71 £0.10 0.82 £0.08 51.10 0.00
ROL/pm 0.71 £0.08 0.66 £0.08 0.72 £0.08 22.33 0.00
RIL/ pm 0.74 +£0.11 0.65+0.11 0.75+0.11 28.54 0. 00
WL/pm 1.41 £0.20 1.22 £0.13 1.40 £0.17 52.10 0.00
RBL/pm 0.41 £0.06 0.39 £0.06 0.44 £0.07 20.90 0.00
DDL/pm 1.43 £0.13 1.24 £0.12 1.43 +£0.14 86.92 0.00
RDL/ pm 1.47 £0.11 1.35+0.13 1.51 £0.11 72.02 0.00
RA/° 32.64 £6.24 34.02 +£4.88 34.23 £5.36 2.76 0.06
DDA/° 95.43 £4.77 93.46 £5.47 94.00 £6.07 3.59 0.03
RDA/° 163.04 +13.87 161.50 £8.16 162.71 £9.23 0.73 0.48

®3 EERERSSHNERBRTHE

Tab.3 Weight coefficient and contribution rate of morphologic indices of D. gigas left statolith

T IX. F 43 principal component SEAE %
sea area 1 2 3 4 5 cumulative percentage
B H| b ik waters off Chile TSL RA ROL LDL DDA 87.77
B A BN A waters off Costa Rica TSL RDA RA DDA ROL 87.24
b ANt waters off Peru TSL RA LDL ROL WL 85.35
®4 BRABKSEASHSKESHILEHEXREE
Tab.4 The correlation coefficient between total length and the ratios of
the length of statolith various parts to total length
MW/TSL DL/TSL LDL/TSL ROL/TSL RIL/TSL WL/TSL RBL/TSL DDL/TSL  RDL/TSL
CH (0.46) 0.06 (0.61) (0.33) (0.09) (0.06) (0.48) (0.44) (0.65)
CR (0.33) 0.27 (0.32) 0.07 0.22 (0.30) (0.05) (0.08) (0.43)
PE (0.45) 0.13 (0.55) (0.20) 0.07 (0.15) (0.12) 0.06 (0.60)

T AT 5 RS U

Notes: The values in the brackets are negative correlation.
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BRI S AR KRR, o, BRI A A
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T 5 5F R B SN AR, 4334 DL/TSL \RIL/
TSL .DDL/TSL 3 ~%%'5 TSL H BLIEHI £ &
(#£4),
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RBL/TSL .RDL/TSL 45 6 ~%%{5 TSL {946
REZ S XA, B 3 ADSHA R X Z (]
MPLEADC A E R (R 4) . HpRIEY X
H & S5 4E ) ROL/TSL \RIL/TSL =¥ [X [A]
B B2 55 10 R R BT Ak B A i 25 5 £y
DDL/TSL & 8 by 6 AH 3¢, Fib € 1 ) & B 1E
XK
2.4 FERSSHHNXER

TSL 5 RDL #9% % =4+, 5 TSL
FHIE O FR Ik 8.3 119344 RDL/TSL, it L) 43 51l 4
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[1+EXP(1.31 —0.88 - TSL) ]
(R* =0.73,P =0.00) (2)

TR E Kt FE v, RDL B TSL A= K i 4R
K E IR RN Wrate . A [] TSL 2 2 [11] RDL
Oy AT REAR 22 SR B 2 (R U7 A 145.96,P =0.00) ,
TSL /pF 1 600 wm B, A [A] TSL £f 6] RDL 2% %
HARE, ZE MBS EM2ER . TSL 5 RDL/
TSL [BAFETE R &ML R, (B & TSL 41 BE X hif
i RDL/TSL 75 {1k i 2 (& } {H 65. 50, P =
0.00), 7EREAERK L, RDL/TSL {E A Wik
/N, TSL /NF 1 600 pm i, RDL/TSL 75 {k, i 2 ;
TSL 51 400 ~1 600 wm 245 1 600 ~1 800 pm
2 [] RDL/TSL 22 AN B 25, KT 1 800 pum 5
RDL/TSL X &4 B EH AL
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GBI R, LR (K 4-b) Ny

RDL 1. 60
[1 +EXP(2.54 -2.33 - TSL) ]
(R* =0.49,P =0.00) (3)

B TSL 344, RDL 4 A= 4 3 B AN W s 1% , %
AR SRR 1 R 2k, TSL 5 RDL/
TSL [AIAFETE R E e ME G &, {H & TSL 4 BE X hir
f) RDL/TSL 75 4k i % (¥ )5 {4 13. 76, P =
0.01), TSL /NT 1 600 wm i}, RDL/TSL | J};
KT 1600 pm i, RDL/TSL 454E F %,

T At 255 f TSL 5 RDL SC R T 5 25
Wrag e, R (B 4-¢)

2.14
[1 +EXP(1.17 -0.99 - TSL) ]
(R* =0.65,P =0.00) (4)

T AR 25 28 £ Ho A7 RDL AR {55 5 8 Al
SR

TSL 5 RA 65 % % F 53R R, RA
FRAEF ) FbE FINEE 25 22 f0 HoA T A RRAE 19 S5 f:
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B LAFRATTE FH RA Ji a8 1 FE AR AR RRAE 43 By = X
HAEERIE R
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B4 =ZBREFELZHEEKE
M X B B R K &
(a) ARSNE; (b) FHINARINSNG; (o) BEIMNE, Itk
NI (H 5 SR FTRAUA B 5 B A IR T IX i)
Fig.4 The growth relations between TSL and
RDL of left statolith of D. gigas
from three areas

(a) waters off Chile; (b) waters off Costa Rica; (¢) waters off
Peru. The box represents the measured value; The solid lines
represents the fitted value; The dotted line represents the

prediction interval.

H 5 AT, B R A 25 52 6 RA TE AN [
TSL ZHAFFE B 3, T 22 /3 M & W] . AN [F] TSL 41
] RA Kb AN 2 (R {H9.02,P =
0.11) . FFHIRZIN AN G 25 22 6 RA #& (KR {
B (F I {4 14.83,P =0.01), TSL /N F
2 000 pmi A5 {6 %, K F 2 000 wm J5 &
FAN BBE SN 25 2L i RA RS fL
(£ 11.60,P=0.04) , TSL =1 800 pm ff
Ja ZA R EH R
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G o
Fig.5 Relationship between TSL and RA of
D. gigas from three areas

(a) waters off Chile; (b) waters off Costa Rica; (c) waters off
Peru. The segments are the rang of RA changes, the boxes are the
range of standard deviation, the curve is the change of mean

value.
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Morphological variation of statolith of the jumbo flying squid
(Dosidicus gigas )in the eastern Pacific Ocean

YI Qian' , CHEN Xin-jun'*?** | JIA Tao', LIU Bi-lin"**, LI Gang'*”
(1. College of Marine Sciences ,Shanghai Ocean University ,Shanghai 201306, China ;
2. Key Laboratory of Shanghai Education Commission for Oceanic Fisheries Resources Exploitation ,
Shanghai Ocean University ,Shanghai 201306, China ;
3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources ,Minisiry of Education ,
Shanghai Ocean University ,Shanghai 201306, China)

Abstract: The jumbo flying squid( Dosidicus gigas)is one of important economic cephalopods with statolith
providing important ecological information. According to the statolith morphology of the squid caught in
waters off Chile,Peru and Costa Rica from May,2008 to Oct,2009,the differences of statolith morphology
and growth patterns were analyzed. It was found that the statolith morphological characteristics in different
areas had statistically significant differences( P <0.05). The length index and only the ventral dorsal dome
angle ( DDA ) angle index had significant differences. The result of the principal component analysis was that
total statolith length ( TSL ) was the most significant indicator of statolith morphology. The significant
indicator of statolith angle was rostrum angle (RA ) in waters off Chile and Peru, and rostrum lateral dome
angle (RDA) in waters off Costa Rica. The growth of various parts was 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. Statolith growth consisted of
two phases. According to the data of rostrum lateral dome length ( RDL) , there were marked differences in
morphology between TSL smaller and larger than 1 600 pm. Based on the data of the angle, there were
marked differences in RA between TSL smaller and larger than 2 000 pwm in waters off Costa Rica,and 1 800
pm in waters off Peru, and there were marked differences in RA in waters off Chile. The angle increased
later than the length of statolith,so TSL of 1 600 wm might be regarded as an valid indicator of changes in
water layer.

Key words: Dosidicus gigas; statolith; morphology; the eastern Pacific Ocean
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