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(1. R R SRR 22 B, il 201306; 2. Kl YR AT FREETF R A SR R SR8 M S =, i 201306; 3. [ 5K

TePEO TRER AT FL A0, _LifE 201306; 4. AR MY IR PRSI & 8 S st =, B 201306; 5. F Sl ER% 5
HiAR B & 236 =il el R 2 S5 gy Bl IR LR =, F 5 266071)

FHEE: B AR IV 2 . (Lilex argentinus) (AR KR B FAARAEAR A, W] RAE K fe 2 A1 AN AR FE N 75 TH A A8 sE 3R
W, I Bl 2 e A B B IR AN R . DA, B FOARHE2012—20144F 75 75 e K VG P R T A BRI R AR BT AR
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54°S ¥ 115 e K V8 3 il AR K i 3 g 3, T A3 5o —
52°0SHF IR R IR B 9w . BT AR A R R G T
KIGHEESD RGN E BRI, LE BN EY
Y. R, MR E AR, DA
Jothh Sk 2 St B B R IR R L) A
BRI JE AT R 10% bA B, 2 38 57 i 61 44
Wb ) L E RN G, SR, B R A 3
AR, Y, A — B, PR R T RS A
AEFE R, FEER/NE R T IR S, JE
5N ) S0 R (Reproductive effort) 2 P15,

WA AR AE (Body condition) 2 Hi g HEIR

Y is B HA: 2020-04-20; 1517 HHEA: 2020-12-14
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SCARHE2012—20 144015 P4 R K PU P = 17 R 4R 1)
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1 MR5ERE

1.1 HARE

o I A e 2 0 SO0 AR SRR T R I I AT
fifg 47 v L A L R W R . SRAE R [R] 201 24F
1—3H . 20134E1—3 H MI20144F4—6 1, K REHR
RV B R TG PE A W (41°56'—47°09'S, 57°48'—
60°49"W) o RAEJ7 2 AARIEAE M A AH X 7 3l 1 45
A AT RN B LREREA L6002 . FEAZ
URARAT I 32 [F] SR 56 = AT b
1.2 £¥FNE

FEAAE LU0 = F IR AR o B AT AE I s,
5E Ui H .35 4 (Mantel length, ML), 44 J5i & (Body
weight, BW)FIPER S . JK I €621 mm, /&
JRERHEL go ARSI T 17332 FTHRAETE
FAFEAR, 201246882, 20134E655 %, 20144F
390)% .
1.3 HIELIE

BIRFEARER  RAERFEE R A 0y, e
PEFIHENE 73 2Kt tH R BT REAR PR RI L] . ~F
PN AI-P30R R & o RS A3 A1 J7 ik M
AN A7 R P A S P R 2L i, 23 AT AR A T
Gy B FLRIT A I LA

KRE-FKXxFR P E X2 AL AC N E WIRE
I3 AT B AN SR S A7 W R e R AR A 11 4
i £ 5 R K 0 R AU A, SREOR 5 - K (BW-
ML) [A] 5% &

BW =axML?

A, BW A & (g); ML (mm); av b ATF
HE SR

{R{EFE R R A A4 ot 2 1 i 4 (BW-ML)
R AR R, SRR 2 FrAnifidl . FRZE(EBA
BT AR K XOMST T AN R /S B BB S B4
o BRI P A U BRSO AR N, R M
(1) 03 B R AEAN A Bk ZE 4B N IR, SRR AR 1 5
R R Rk, A Jon & A0 o0 & 15k 22 E
(BW-ML residuals) A] /£ 4 M& AR AE 45 FR (Body
condition index, CI)[Zl], TRARME N IR, RAEAME R
& R, FRbRE A S, M ERAEAN A T A .

R SCER VR A 3 A B (Generalized li-
near mixed-effects models, GLMM)#l & &L 18 b5 5
R ) 9% 2, B RE v DLRARE H A /R BT 25N AR B
To FERFAMAR R /NI BOSEREM . RETR 7 AR 0

Cl =ap+aML+Gy+¢

X, CONKRAETE bR MLYR K (mm); aq 9 R FE H
U o A5 TR A R T BEATLRZ AL, o A KR H A1
FHXHARAEFRBR (RN, Bo 9 A Xof A5 284 A B 11 B AL
RO, e MR R ZE T, AERERALA B, AR E 2R
X Ln(ML) LB S 4 i s mi ™,

S I6 K LT 38 [ 05 HE 25 (Mean+SD) E R,
iz 1 OriginPro 9.1 fISPSSZ: 4 it /3 Mk, KR4
T & B AT B A AL B A T . A AR R A O
(Chi-Square Goodness-of-Fit test) 7 B 4:2012
20131201455 & 5 0 A A 1 ME e B A7) 2 15 55
F1:1; BRI R 7 2 9 M (ANOV AR 56 73 M A 7] 48
G 22 18] [RVAE A AN R H A 2 V) M P R e e A A 11
PRI R /N2 S, 9 LB J5 84T Tukey HSDHE 565y
s A5G AT e HEAMAR T -G RpES S
A K b=3 102 bk B )7 22 0 BT (ANCOVA) R 3
M HEASR 2 AR T =K O R ZE R B S
FrKruskal-Wallisks 56 (K- test) 7 B it A A
PRAEAS TRy 22 1) AR AIE 6 b 25 3 DA B TR 4 FEAS
A 3 4 Z B R TEFE AR 22 e e . | R MR TR & &K
SR TR A8 AR 40 Imed ™ e R P & P e g 47 1] 1A 43
Mt B BT (1 5525 17K Fh P<0.05.

2 4

2.1 BELELEE B

AN EAEAY REAS R MEAfE EL A5 20 A7 S8, 20124E 44
IE LU A5 S 1,020, 57 A O A Ll 1l 1 AR ik
(1’=0.093, P=0.76); 2013 F120144F £ 7 r £ LU
FEAS 500, WERE L AF] 530 9 1.45  1R01.38 11, 5 MEAE
P9 12 1 BB A7 3 2 R (20134E, 7=22.35,
P<0.05; 20144F, '=9.86, P<0.05; %2 1). IAb, Mk
EL /) H A 0 AT Bn (6 1), 20124F 1—3 A FiTAR £
T8 R LB BE S ) RS 2 R BREa A, BAE
3 F IF e A A B 0.49 0 1, 55 MEAE HL A 10 1R AR
W2 5 8.3 (P<0.05); 201341 A MEMELL Bl ok,
4.00: 1, Bl Jo MEME LU 2 B, 3 H B ERAK, N
0.61:1; 201444 A F15 F HMERE LB 51 1B BEA
32 (P>0.05), 6 7 I METEREA S E ST, e
Eeflo1.89 1, H 5 MEMELL a1 1 R 22 7 B3
(P<0.05).
22 MERKNERK

I3 BT SR, R A T 2 e M e 0 e A 4 DA
20 14FEREA AR T B K (ANOVA, MEPE: F=509.30,
P<0.05; HEE: F=210.70, P<0.05), “F- 331K 53 51 A4
(271.7+28.3)F11(244.7+17.3) mm; 201212013 4E#F:
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Tab. 1 The sexual ratio for the specimens of /llex argentinus

EUYE oty Number Sevwlrt £ P
2012 1 402 1.51°1 16.726 0.00
2012 2 136 0.72:1 3.612 0.06
2012 3 150 0.49:°1 18.027 0.00

Pooled 688 1.02°1 0.093 0.76
2013 1 215 4.00:1 77.400 0.00
2013 2 253 1.34°1 5.411 0.02
2013 3 187 0.61:1 10.829 0.00
Pooled 655 1.45°1 22.353 0.00
2014 4 166 1.31°1 2916 0.09
2014 5 143 1.23°1 1.573 0.21
2014 6 81 1.89:1 7.716 0.01
Pooled 390 1.38°1 9.856 0.00

Ve P REAMERE L8 510 1 BB R T L S IR R 3
4

Note: XZ and P are the results of Chi-Square Goodness-of-Fit
test between the sexual ratio and the hypothesis 1:1

A P AR R A A A ) TR R D) 22 S MEAS (B 3 (Tukey
HSD, M, P=0.22; #iPE, P=0.43; % 2). [FI, M
P I PR AN A B AR 5 B TR L2014 E R A N B B
(ANOVA, Hfith:: F=701.10, P<0.05; HEE: F=391.60,
P<0.05), P34 5 & 43 5 N (488.5+£160.9) Al
(390.2493.4) g(& 2).

WA, BEAN SRAT A B0 AR S v S5 o e AR A e
FEA K32 B A 0 HERS 38 I 525 (B 1), o,
201243 FAREA R K B, M P4 R P R A 1 T 38
AR 53 510 28 (258.3+20.6) F1(231.3+19.9) mm; 1 H ¥
AR MR A B /0N, O R A A AN 11 S 2 T K 43l A
(191.8+16.6)F1(184.5+20.0) mm. 20134EMEMEREA
IR A3 H I K, A A (221.5421.0) mm;
HEVEREA L2 H I A f K, ~F 3K 9 (208 1+
12.3) mm, {H 53 H FEAR A %A &3 1 % 7 (Tukey
HSD, P=0.19), J5 & ¥ 214 J9(203.8+22.5) mm.
20144 MEMERE A LL6 H 8 K, P YIIRK 9(295.6+

14.7) mm, 4 7 B/, “FIIIRKH(248.0423.6) mm;
HEPEREARS A F16 A B 22 5 A4S 2 3 (Tukey HSD,
P=0.81), “FIIHE K 5 51 8 (252.3£14.4)F1(254 .4+
11.2) mm,

B A SR AE S A7 BT AR S Vi 7% 0 M i A0 e A
{17 i & 73 A7 35 Sy B U AR IX (] 20 A (B 2) . Ho,
20124F, MEPEREAR B NTK H161—220 mm, &
SEL77.30%; HEHAEAS B OLF IR K 161—240 mm,
S EU184.12% . 20134F, MEMEFEARIIIL A K v
181—240 mm, 5§ B2 E191.24%; HEPEFEA I3
A 181—220 mm, & A %0169.66%. 20144,
WHE PR A B B0 A K 221—300 mm, 5 R
83.63%; HEMEFEAR L IR H221—260 mm,
SE71.95%
23 ARE-FIKXR

2012—20144F, ] A3 4L 75 2 f P AN A (1) 445
- I K1 7R R O = 202 71 yBW=0.00000082 %
ML**(R*=0.95, P<0.001), BW=0.0000021xML**(R’=
0.74, P<0.001), BW=0.000014xML""’(R*=0.92,
P<0.001); HEPEA A 57 - K 1R 7R BRSO R U
5 9BW=0.000030xML>"*(R*=0.82, P<0.001),
BW=0.000047xML>"**(R*=0.61, P<0.001),
BW=0.000016xML"**”(R*=0.82, P<0.001; [& 3). &
36 5w, 201 24E MEREMEA AR PR T &- AKX RbE S
1A KA W b=3 2 A B A7 15 B 3 1 2 S (M1,
=6.76, P<0.05; I, 1=5.67, P<0.05); 20134l
AR 5 - R R DA 5 ) AR KA B b=3 2 []
Te 23 7 F(=—0.25, P=0.80), PN U 7745 (&
FE 2 (1=—3.28, P<0.05); 201 44F M PS4 A4 5
-l K RpE 5 EEE KB R=3 2 AF 1 RE
PEZ R (1=4.12, P<0.05), HETERIEH B E1EZE R
(t=1.39, P=0.17). [FIW}, 375 Z(ANCOVA)SE R i
TR, 2012—20 1 44F M 0 12k AN 1 A 5 - A
X R WIEAE B EME# R (2012: F=128.16, P<0.05;
2013: F=13.85, P<0.05; 2014: F=78.54, P<0.05).

F*2 WREBEZEMRWEKFERE
Tab.2 The mantle length and body weight of lllex argentinus specimens

4 TN
FEy JER =/ Female Male
Year Month Number Jii#Mantle length )5 #Body weight fliMantle length )5 #Body weight
(mm) (g) (mm) ()
2012 1—3 638 142—313 54—706 144—330 53—589
(207.9+31.0) (175.7+116.6) (201.1228.9) (196.74106.3)
2013 1—3 655 158—300 72—658 140—248 56—362
(213.6+18.0) (169.9+56.7) (203.5+19.0) (156.4+48.9)
2014 4—6 390 214—344 214—941 205—289 197—655
(271.7+28.3) (488.5+160.9) (244.7+17.3) (390.2+93.4)

T AR A4 5 4238 0R D Y ] CP 2R 1 22)

Note: Mantle length and body weight are presented as range (Mean+SD)
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FEAN TR AF Ay 22 18], BT AR S v 5 e e e R A
PRI AL I AEAE S8 25 22 S (VR : 4'=185.15, P<0.05;
HEPE: 4’=287.99, P<0.05), 3 H. 7 & 1R AE 75
20134EFE I e 22, TE20144F BN e i (1 4).

[Fi) 4 B N ) H 4 RO AAIE 23 BT 567, 201246 FE i
A A (R AE AN A7 AE 2 210 4 22 1 (=2, 39,
P=0.30), 20134 & LA2 7 () S AR AR A AR 00 8 22

_ 20124F W Female - 20124F #ft4:Male
£ 300 rp=021.18, P<0.05 E 300 rp=159.70, P<0.05
o :5; 2 = 250
- = =
2 150 z 150
S 1 § 100
123
H 3 Month
= 20134F #fif4:Female —_ 20134F HikMale
£ 3% 12939, P<0.0s E 300 re—1373, p<0.05
« a 250 ::: 250
= § 200 22 200
— = —
2 150 2 150
=]
S 100 S S 100
H {3y Month H %y Month
= 20144F. ifiPlFemale _ 20144F i 4:Male
£ 350 12319, 0.0 £ 30 1 p=3322, P<0.05
£ Z 30
=3 EE 250
= = =
2 = 200
g E
= £ 150

A > Month H 1 Month

1 FPAR S v S A e P A A IR B 403 23 A
Fig. 1 The monthly distribution of mantle length of female and
male [llex argentinus
B AV BB AR A 7 B8R IR Tukey HSDAL 3 72 57 2 35
(P<0.05)
Mean values with different scripts are significantly different
(P<0.05) as determined using Tukey HSD test

200 1 a Wi Female
N [12012
160 r £J2013
5 712014
E 120 |
=
z
® 80 |
iy
"l |_L HEnE
0 1 LTk 1 <1 n l—|l|_| f 1
260 300 340

100 140 180 220

TR
Mantle length (mm)

(=739, P=0.02), 20 144F £ ({1 MAARIE H4—5 H 2
o3 B 1R 6 IR AE B R % (°=35.79,
P<0.05; ¥ 5a). SMfErEAHIE, HEPEASAR20124F B2
IRAEBE A F 0 HER2 535 0038, 763 A I ARE R I A
B AE( =51.95, P<0.05); 20134F & MAARHELE2 A
I A% 22, 753 H I A5 T 2503 (°=56.22, P<0.05);
20144F BEAMAARAE LLS F B 5 (' =14.22, P<0.05;
5b).
25 MEAER A MR X R

7R R A BN R (GLMM) 45 R &R, B
R S 2 i P R A R ) AR AR i bR S LA K
AT R o (MEPE, =—2.58, P=0.011; I, =—2.56,
P=0.0023), i+ x H 41E F % P BT80N 5 22 53 5]
N33, 781284, A5 TR Stk e Mk AT 1k N AR AR AE 45 b 1
BT RS HH91%(R°=0.91)FI68%(R'=0.68)
(F 3FNEE 4), [FIR, BT AR 4 1 2% f AR A 5 L R K
A I AR, I AR A A A - R KA 7R
TE RN BRER A TF 43 9 —6.24F1-2.56; i< H Ay
B AT A 151 73 3 e Atk A0 e A A AR AR 40T £ 552 0 20K 87
HA— 8k, RIMAROR, ARAEE 2 (F 6).
3 g
3.1 AMARLERK

KPP R oM A ML 2 1 U, AL
KR BRI, A o JE A S A T SR A, EL7E R
el b AT B A R e 2 AR g R TN, BT AR
T M2012—20 145EFEAS 1 G A4 EAE L 451 91,25
1, I BN RAEEE 3 BOREAR gk DLME P A R S0
RNZ%, H20134F1—3 H FEAFI201444—6 H FEAH)
BERELLG 51 R A R RS ER . SREFMA
T A ol S A A A B o R I A — B 7,
2 BRE 1 AN U B o A T A S A R A 2R o o el
BERCE ) AR S SRS 2 — o [RIIHAF 5T R BN, 20124F
1—3 H F120134F 1—3 H Pl AR S 3 2 f B A rh

200 Hetk Male
[J2012
160 r £<J2013
St
P 2014
e 120 | -
=]
Z
& 80
I
° %Hﬁ
L N
100 140 180 220 260 300 340

GRS
Mantle length (mm)

Pl 2 FAPAR S T S A ME A A AR 1) B 2 A 43 AT

Fig.2 Distribution of mantle length for female and male lllex argentinus
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ANERCR B A G RS B W > LR 2, T
20144F4—6 J1 R A< 4% 4 35 LUMEVE A PR |
It FLZE6 ) 55 BeF A L 5152 10488 AKAR.(1.892 1), T8 B
] AR A 9 % £ A L ) LA I P SR .
FEF A A T T e 7 AT S T R
[6) 72 B 2 (P BB, L P 7= 91 25 RS [ T 477
) 2 << B B Y 7 R b 1 EEL 7 e K B
A7 7 0 B Ik o T R BV R O
RAETER LR G EME S, IR 17 R & R
R 52 i S WA AR e g s ke e
It BE B YRR IR 2 R A TE P BRI A
A, RIS R B R M A A 2 A7 b T T R
T T, R, RS T e M A o e
VT B 5 FC AN 5 75 B 205 10 7 RS e i

800 r 20124 Mt Female
BW=0.00000082xML358

= 600 | R=0.95P<0.001 .
i 5
5400 |
€2
=l
=]
@ 200 |
N . . . .
150 200 250 300 350
RS

Mantle length (mm)

800 1 20134F ifi: Female
BW=0.0000021xML33
2—, e
= 600 | R*=0.74, P<0.001
o 5
=D 400 ¢
® 2
=l
]
R 200
0 1 1 1 1 1
150 200 250 300 350
M-
Mantle length (mm)
1000 r 20144F Mfepk: Female .
BW=0.000014xML3>®
- 800 r R2=0.92, P<0.001
15 600
=Y
#2400
2
m
200
0 . . . . . ,
200 225 250 275 300 325 350

IER:S
Mantle length (mm)

HIRE
Body weight (g)

IR
Body weight (g)

I AES LY P

TEH BRI K AR B
ZH RN N EFBFEO R, B O R AR
A L T SR - B2 B 8 S R AN R L
ANBEAET P b E PRGN T BN, R
K —f 7E 140—250 mm, S9ES F 5k 2= g2
J& =3 AR TR, IR K — M E 180—400 mm,
PO M R . AR,
AR TN, AN [R]EEA SR AR (1) B AR 4 2 S Fa PR AR 1)
WK /INFAE B T2 57, LL20144E5—6 F RAEM
FEAAR T B K, PR IR K 20 531 SR 2 14—3 34 A1
205—289 mm; 20124F1—3 H f120134FE1—3 7 R4
FEAARTYEG /N, i 38 W1 R A K 20 1) o 142—
313F1144—330 mm, J& 3 MEPEAVHE M IR A< 55 50

800 1 20124F Hifdk: Male
BW=0.000030xML2%5
600 | R*=0.82, P<0.001

400

200 r

0 , , , , ,
150 200 250 300 350
fi
Mantle length (mm)
500 1 20134F #Ek: Male
BW=0.000047xML>2%
_ 400 r R2=0.61, P<0.001
\t_:/n e
i 5 300
HEC 'g
ﬁ% 200 |
o
m
100 |
0

125 150 175 200 225 250 275

LIRS
Mantle length (mm)

1000 1 20144 #: Male
BW=0.000016xML3®
800 [ R=0.82, P<0.001

200

200 225 250 275 300
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Fig. 3 The relationship between body weight and mantle length in female and male /lex argentinus
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Tab. 3 Results of generalized linear mixed-effects model of body condition regression on mantle length for female /llex argentinus
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Note: AIC. Akaike information criterion; R’ represents the deviance explained including both fixed and random effects
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Tab. 4 Results of generalized linear mixed-effects model of body condition regression on mantle length for male /llex argentinus
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Abstract: Argentinean shortfin squid, I/lex argentinus is well documented for short life span, fast growth, and semel-
parity. Hence, the growth and the body condition changes can effectively reflect its life history strategy with respect to
energy accumulation and reproductive investment, which subsequently influence the final reproductive efforts and re-
cruitment biomass. This study randomly collected 1. argentinus from the feeding ground in the southwest Atlantic dur-
ing 2012 and 2014 to analyze the body weight—mantle length relationship and the body condition changes by using
methodologies of residual index analysis and generalized linear mixed-effects models. The results showed that the ove-
rall sex ratio of female to male was 1.25:1. The mantle lengths of female and male in 2014 were (271.7+28.3) mm and
(244.7£17.3) mm, respectively. There were no significant differences in the mantle length between sampling years of
2012 and 2013. The specimens were (207.9+£31.0) mm for females and (201.1£28.9) mm for males in 2012, and there
were (213.6+18.0) mm for females and (203.5+£19.0) mm for males in 2013. The body weight significantly associated
with mantle length for female and male /. argentinus based on power function algorithm, and the coefficient b was dif-
ferent from the isometric growth coefficient 5=3 for the specimens from each sampling year. There were significant diffe-
rences in the body condition among sampling years for both female and male. The body condition was significant diffe-
rence among each month for each sex except for the female in 2012. Moreover, the interactions between mantle length
and month imposed a consistent influence on the body condition, that is, the larger body size with decreased body con-
dition. Cumulatively, these evidence indicate that the growth of . argentinus is allometric, the body condition is signi-
ficant different between sampling years and sampling months, and the body condition is negatively related to the mantle
length.

Key words: /llex argentinus; Growth and development; Body condition change; Reproductive investment; Southwest
Atlantic
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