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Fig. 1 Survey area and sampling station of D. gigas in

the open equatorial Pacific Ocean

x1 EXEREHEANAGBLH

Tab.1 Biological information of samples by month

A ¥ HEPE  female Mt male
month number fAK/mm mantle length  {&JfiE/g body weight fAK/mm mantle length  {AJfig/g body weight
2H  February 95 326~452 972~3 622 345~475 1191~2 681
3H March 262 256~455 428~3 284 268~457 479~2 457
45 April 180 228~498 570~3 691 292~438 633~2 486
1.2 HENE R REE M BRE I KENONREAM, M

FEA TS = iR m , SEAT 5 IR AR 2 D
FE, ME NG R (mantle length, ML), {4
i (body weight, BW), #fth: [ 51 §L 5 (ovary weight,
OvaW). ZiiB[IfiF (nidamental gland weight, NGW) .
ZEHR R K (Iength of nidamental gland, NGL) ., % b4
A RE (i URAE+ 904 i) (oviducal complex weight,
OCW), MM AOKES 55 (testis weight, TesW) . I3
2 A PR HE (spermatophoric complex weight, SCW),
PR BB (maturity stage, MAT), 5 101 B
(stomach fullness degree, FD)., AN ERH £
1 mm, ZEOPARKIERS 7 250.1 mm; FR 5T &
KR g, HALE ENERH%0.1 mg.

KRG KBRS, LhGuerra®s ! flHatfield
AU M B A SR G S AR A, A5 A SR
WEL, W ZE R AR G EER 532 T~V 15445
G Ho TR R AT, M4 1 1 i 21
U/, BPEFEUR; TN EBREEN, M
JiR EH 2T 0 1 A JRE M T A A AT DL R
21| G 5L b A URLAR B 5 R, M R R R E
A E AR I D A B, ETE Y
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MRS E R 0, 78)E [K$E (Needham's sac)
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12 44 R, A KRR AR

fa AR A K B A Bl A 2513

WA, SRR 5 I (BW-ML)Z [A] R -
BW =aML®
Xb, BWAHEF R (g), MLANK (mm), a. bl
FHG T ZHL
4 IR 45 £ (gonadosomatic index, GSI, %)"*.
GSI = OvaW (TesW) /BW x 100%

K, OvaW RO 5 (g), TesW R EMENG &H
H(g), BWHIKH(g).
25 B IR 35 $ (nidamental gland index, NGI,
%,
NGI =NGL/ML x 100%

KX, NGLAZEGP R (mm), ML} (mm),
K 242 A K H8 X (spermatophoric complex
index, SCI, %)™
SCI =SCW/BW x 100%

K, SCWHKEIE GIKE(g), BWRHIKTTH(g).
PRAEF8 47 Fm £ FA RN FR AT AR 1 5
FF A (BW-ML) Y AE SR A A OC &R, SR HUER 2201
bRt i Hlae/h ik, ool idE AT e . B
AR A 5 A 0 i 55 1A (RsW-ML) 1y 26 4 [m]
9, SRR 2290 pn e dl s Hodr, MEPEAS AR A
PA ARG E O A . GO AR N DN S 2 AR A
ThER, MR AT R G E R R K
HAWRMGITE R 2 H RS T ERKFE X
ML TAMER KRN, RRAE Sl ) A 1A 535 20 21 1Y
Fr i R AR BREE S AUE, R TR RRAE
AE; BRZEME M IEE, RonFEfFIaE R
I, AR5 S R IR O 2 5% 22 (B (BW-DML residuals)
1B AR B ARAE 45 #7 (body condition index, CT)?,
FEARE N IE RS, RAESA TR FRE R4 1645
o, WRAEAMA BT AR IEA . A RS
o 1 FIR K ¢ R 5% 22 (6 (RsW-DML residuals)fE 4
He 5 $ A FE HR (reproductive investment index, RT)%,
T b5 A (I, AR M R Y BT & R AR R 4F
FEPRE A B I, AR IR By BT B R AR X A
FIFH ok 35 53 B e A A 1R o i — IR
PREE AL S S A KbH=30 =70, PhirE
S HT(ANCOV AR 56 e A~ 1 22 ] 4% 5 2 — il 4
KA ZEFYE,; JES 8 Kruskal-Wallis 7 22 43 H7
(K-W ANOVAYK: B ASTR] A 43 . AS [] 4 i e, 2
G R 253 BRI 2250 HT(ANOVA)
K 9 AR AR FE bR . 2B B B AR bR DL P AR 48 A
BEH Dy HERS . VEMRAE . SRR Z Ry 2

S, JFFH Tukey HSDiFAT A J5 22 MG 50
H| H Spearman-rank A 5¢ R 4(S,) 73 M1, KkzE 3
AR AR bR SIRIEFR bR Z I &, Bl
EPERAAERMRRERAZERANKNAN
R e

2 HEH

2.1 BRRLARR

LA K 228~498 mm, A i k428~
3961 g(F 1), Hofr, BEHEAAT I (355.61+
56.78) mm, VYR K (1 380.20+654.78) g,
S5/ IV A A Y R AR 5T 43 312 270 mm
H1766 g, e KA BLE A A A K R4 5 £ 43 5]
F454 mmAI3 143 go A2 BN 4 (K 2-2),
23 9 H270~350F1390~450 mm, 43 5 5 B K
34.62%129.81%; 2L # A R 4 (1812-b), 4>
] 4500~1 30011 800~2 500 g, 43l (5 53.52%7
27.89%, HEPES A3 K R (340.63+40.39) mm,
P F1270~370 mm, 5 &L E 83.90%(E1 2-¢) ;
SR BT A (1 092.68+440.00) g, DL A i & H
600~1 400 g, 5 B 501180.30%([%12-d); Fe/ MR
AN A A i R 5T 8 430 270 mm 479 g,
T R 1) A B A A T KRR 5 #4351 S 475 mm
12 681 g,

R AP 5RO R, HEMEA R
S BW=0.000 012xDML*"", A 1014 R ER=0.91;
HEPEMAR R BW=0.000 020xDML*, 484 [alH £
BR*=0.92(F3), A 56 7~ , I A A B 1A
K O R bE 55 A KR Eb=3Z [B A fF
TE i E 2L (e . =023, P=0.82; MEME. =-0.16,
P=0.870), fHJ&, WJr 22581 (ANCOVA)Z, R i
N, S A T IR — R T DG R A A B
5 (F=7.53, P=0.006),

22 BREE

TR, ANFEAAGZE, ZRKOF R E
3 25 5 0 ME RS IR ) B O [R (1814) .
H, MEPEASRAE2 A B AR S S LI~ 290 F
(K-W ANOVA, y’=42.86, P<0.001), £y %51i%H ke
A BE65.70%; 3. AH B EER LGN
(K-W ANOVA, 31, x*=139.65, P<0.001; 4,
1'=93.81, P<0.001), 435l (5 &4~ H 0 FEAS S50
56.14%M148.72%., HEVEA A2y iy & 0 1
BEE, BESHLI~3% 0 T (K-W ANOVA,
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Fig. 2 Distribution of mantle length and body weight for female and male D. gigas

2°=7.15, P=0.008), A it 5FA SE1980.01%:;
SHI RS LI1YN F(K-W ANOVA, 4'=48.34,
P<0.001), HiZH WA SBE149.30%; 4H 1%
LI LI~2% K F(K-W ANOVA, »°=16.47,
P<0.001), HiZH MDA SBE176.73%.

BEAb AR A A ) 220 5 1 8 B 15 O A
BrR B, MEPEAS PR IR A T ~IV B 3 & 55
HEILINH N E(K-W ANOVA, [ #, »=140.53,
P<0.001; T, x’=162.36, P<0.001; M#1,
¥=21.02, P<0.001; IV#, 5*=6.67, P=0.001), 4%
) A B RE AR B0 59.12% . 45.54% .
66.67%M162.5%; M. VIR ZS B R & s ho.
TP AN R 1 M TS B T D0 RD T 40 i 34 D) 4 1 45
H190 N FE(K-W ANOVA, T, »=17.04, P<0.001;
M, »*=10.49, P=0.001), 43315 45 HAREA S %L
f163.16%F1161.91%; T3 AT IV 3 00 DA% £ 45 % 1~
24 F(K-W ANOVA, M, »=31.51, P<0.001; IV
1, x’=8.57, P=0.003), 73l i F:REA SR
49.27%H155.55%, =5 H RN 535120 1.45%F13.70%
(%15,

2.3 RfEEK
PRAEFEbR-5 A 2 (8] 56 R B RS - A B
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OHE A A 1 5 AR AR 2 YR 43 A (81 6-a, b)), H:
o, EPE AN AR Y T R TR 7E 4 300~425 mm
I 22 3 N 5% 22 (ANOVA, F=4.10, P=0.019); ¥k
ANA () B AR AE W 7E300~375 mmi Jy i 2%, {H
J2 55 bl 2 1 o AR IR A S 125 25 - (ANO-
VA, F=1.25, P=0.304),

IR, ANE Gy 2 8], A A o & AR AE
A B FE2 R (ANOVA, F=1.13, P=0.320); {0
S, MR TR E A R B Lr,
4yt R fe A (1 6-c) o BRI A Y B R AARAE FE A
e85 An 2 812253 5.5 (ANOVA, F=4.19, P=0.017),
TE3 A i B i Rk A E (#l 6-d) o

24 MRRIEH

ZEF AR PR R HE 0 0.01%~3.96% ,
2 ON RS RN 1.57%~52.08% (1K1 7-a), FHirdr, PR
6 BO7E A= PR 2D () 14 K .35 (ANO VA,
F=124.21, P<0.001); 7 aAHETN IV 1) iA Bk
8, SEIMH H2.26%+1.33%. ORISR0 A 43k
BTG R #E K (ANOVA, F=103.99,
P<0.001); 7EIV AR KAE, FI4MEH34.34%+
18.62%.

PRSI A M R R 200 0.85%~1.22%, K 3
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Fig. 3 Relationships between body weight and mantle

length for female and male D. gigas

RSB ] 3.09%~4.22%(1817-b), Herfr, PR
TR R Bl 5 TR I R B AWK (ANOVA, F=38.77,
P<0.001); 7EIVHIAREARME, FHMHER1.31%
0.35%. M3 5 5 s B0 A B R 30 (T30 ) e
K, FEIME}0.40%+0.34%; B[] 45 2Z 18]
WA BT 22 S (ANOVA, F=0.80, P=0.56).

2.5 HEHRA

FRZETRbR M WK, 25 5% Ml AR 1R
TEF8 bR (1A 0T e — i 4 G 22 5% 22 18 ) Fl AR 7 4% A4
PR R G — MK R 22 ) BB E R R B
BT E, FFAEAR R R E BTN Z )G T %
. (ANOVA, IR1EF8 45, F=12.09, P<0.001;
FHEEAFEAR, F=108.97, P<0.001)(|X8-a), {HJ&,
Bl SR EERAN, ARIEFE AR T PR S ANOVA,
F=1.92, P=0.900), A:5E4% A$8H5 NI - FH(ANOVA,
F=0.85, P=0.517)(F8-b), Itk4h, Spearman-ranktH
KERBU(S,) T s, WEVE A B A AE 48 45 A AR

B $ A bR AETE ik 3 1 GE T2 A G4 (5,=0.159,
P=0.006).

BEEVERR R, HEPEA R IRAEFE AR E IV
IR 2%, (AR W) B 22 () WA G2 2=
S (ANOVA, F=2.12, P=0.100); 4 FE# A$EHx
WIBE A PERR & B TR, IV I B 48 Ar (A S5 AR
(ANOVA, F=13.56, P<0.001)([&18-c), [Af, —#%
B 5 45 1 50 38 G SR 2% 25 5 (ANOVA, R 1iE
845, F=1.10, P=0.363; ZEFH# A$5br, F=1.29,
P=0.278); (R 27 W3R L L, AT
AFEBRY A IEAA, WRMEFE AR 2 T B 3 (&8-d).
AL, T A, A AR Y AR AE S A R0 A A
e AFE AR AT TE B35 I GE 1T 24 A0 56 1 (S,=0.215,
P=0.033).,

3 e
31 MR

AT RN, WL, #E
SR ) F3 i 1T SR 24F R i HLAS [R] Ve SR A )
3 B B LA R R 2 A AN AR R 2 o, b
A1 1 25 28 0 B EA IR 3 R 200~880 mm,  fL
JEH A 240~480 mm; B SR A 9 I S L
41287~702 mm, RFHMAK F380~430 mm””; HfHT
IR RN A1 AR 9 I 3 BB 9 205~429 mm,  fE
A 27260~360 mm™™ A 525 AR K F-P 2R 1 1k
ZERANBER IR KL F A 228~498 mm, 5 HFHik
AN AR AL

EFMNHEAEmE ., 2FEK. 2%
A 3 SRR T T A A Z BRI S5, IR R
e P R B AR ) R NRI 53 Ry 2 AR BLRES) . /N
B, A 1l 2 R 19 M) K 9 T3 5310 24 140~340
mmAI130~260 mm; HORIFEAA, A A4
G B 43 1) 280~600 mmA1240~420 mm; IR
A, WA 22 AR % A K S TRl 43 5310 2R 550~1 000
mmF1400~500 mm. <5255 25 7 ol ik LA A Y
B/ MRK 270 mm, DA AL 0 i e S A
ARFTRER F AL, RIS, MEMEANMARAEAE2 A
P R A AL, BITEATATRER A T
[ = IR, PO ZE R — KA B B0H .
BHART R, ORI L, ARl REAEE B S
Ak A KN (GO AR E A MAD, SR, HARK
TR 43 B SHL 7= B TR A S AT 7 A B B A o 2
P REH AR AT 7= U AL Bt ] A HE B,
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Fig. 4 Distribution of stomach fullness degree by month in female and male D. gigas
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Fig. 5 Distribution of stomach fullness degree by sexual maturation in female and male D. gigas
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Fig. 6 Distribution of body condition index (CI) in female and male D. gigas

Smoothing using Polynomial method, and grey shades indicate 95% confidential interval in (a) and (b); mean values with different scripts are
significantly different (P<0.05) as determined using Tukey HSD test in (d)
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Fig.7 Gonadosomatic index (GSI), nidamental gland index (NDI) and spermatophoric complex index (SPI) in

female and male D. gigas
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Fig. 8 Body condition index (CI) and reproductive investment index (RI) in female and male D. gigas

Mean values with different scripts are significantly different (P<0.05) as determined using Tukey HSD test in (a) and (c)
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Body condition and reproductive investment of Dosidicus gigas in
the equatorial waters of eastern Pacific Ocean
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(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources,

Ministry of Education, Shanghai Ocean University, Shanghai 201306, China;
3. National Engineering Research Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China;
4. Collaborative Innovation Center for Distant-water Fisheries, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Extant cephalopod species are characterized by the lag of sexual maturation, when compared to their
body growth. And they have evolved a range of flexible reproductive strategies, which are associated with different
characteristics of body growth and reproductive investment, and the latter is vital to understand their reproduction.
In this study, the specimens of Dosidicus gigas, collected from equatorial waters of eastern Pacific Ocean during a
jigging fishery period from February to April 2017, were used to explore their body condition and reproductive
investment, by applying methodologies of morphometric measurement and residual index analyses. Both female
and male individuals were found isometric growth, according to weight-length relationship analysis. Female D.
gigas attained maturation from mantle length (ML) of 270 mm and body weight (BW) of 766 g; whereas, males
were found maturity from 270 mm ML and 479 g BW. Both female and male individuals had the lowest rate of
zero stomach fullness degree (FD), with the majority being found at FD of 1-2. Along with the sampled months, D.
gigas showed a better body condition, which was the worst during the sexual maturation period. The
gonadosomatic index (GSI) was measured a mean value of 2.26%+1.33% for sexual mature females, and
nidamental index was estimated at 34.34%+18.62%. Mature males had a mean GSI of 1.31%=0.35%. The body
condition indices, measured as the standardized residuals of body weight and mantle length relationship, and
reproductive investment indices, measured as the standardized residuals of reproductive system weight and mantle
length relationship, showed a decreasing trend with sexual maturation. When corresponding to stomach fullness
degree, the body condition index showed a decreasing trend, whereas the reproductive investment index increased
with higher stomach fullness degree. However, there was a significantly positive relationship between indices of
body condition and reproductive investment. Therefore, these evidences indicated that D. gigas continue feeding
during sexual maturation, and the energy sourcing for reproduction is mostly from food intake. Meanwhile, energy

reserve in the muscle tissues might be mobilized to meet the high energy demand during gonadal development.
Key words: Dosidicus gigas; body condition; reproductive investment; equatorial waters of eastern Pacific Ocean
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