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Az L RSONAE T, I HLS I o 3k e AR Y 2R
KRB LAY NG i, BT H A
H e Fe e o e, R AR Se it 2@ A
SRR S %% W A5 B ( generalized linear mixed-
effects models, GLMM ) 4] 454347 Bu] 4R 4% 15 22 fa 1tk
i BSR4 e JHG A 9 s AR R AR S Ay 2
[ RO K FR , BT+ 8 AHZ AP R KR FRIA
P, AT R 2 TT K ) P 2 i 258 % 15 2 43 ) 2 ik
fiili

1 M55k

1.1 HEZARRIR

BT AR AE T 22 f R AR Ok B 3R ] 28 ¥ 6 4 el
Pl 200 52 5 Fr it i 807 5 iy a3k ) .
FEACR & 1] 2 2007 4F 2—5 H 2008 4F 3—S5
A 12010 4F 1—3 H  REMFECH PR R PGHEA
VE 40°02'S ~47°14'S 57°55'W ~60°47'W , iff |-
HoRAEREAR 3 462 2 (Hrf 2007 4F 308 & .2008
4F 262 J2 2010 4F 2 892 J2) , FEASRAE J5 &1 TR
PRAEIZ ] S5 2 AT AE 22 AT o
1.2 &N ESH

BT AR AE T 22 FAE AR 76 52 50 %5 IR R R )T, F
FFAE 200, W0 72 43 B 3t H A2 46 4 ( mantle
length, ML) P4 51 P B G2 B DA B B A 4 BB %
HH A I E RS 2] 1 mm,

BA LIPT NSKI %5 fg 4 it Al 348 Sl 43 o
VOB SRR e M DU 2 S A STl BN | N || N LA
VHIH A S Hod, T~ T R 0~
VI s VI S5 S o

FEAH AT H2 I B AR S T 52 0 ) Sk -
B, G55 H T 95% CBEVE IR IR AT, U BR
LR E A WY RN R TE A BL B, H A 2 0F
JE i £ YD 1 J5 T Olympus Dt BAUEE F 47 i
W THECH e AR SO H LTS B B, B S
SEGAET H 9 R UL B, BAR Hoq 4
SR HAR TR J5 v B A D) e B i ) e S5
FIBEIR, DR F e 40 0 5 0 B Ak 094 3 55
HELSCHR (23] .
1.3 HiEAbE

JH, BT H AE e 2 5 At Sk e 2 A A —
B, HANE RO K F S THLAR A K,
FLAERR ISR LA BB 1A K P A
SRS AR AL R/ N A SRAE A 2 AR R SE B R/
S, BERLEE B IR & B R CIT ~ IV 351) i Bl AR
IETR AR 336 J2, Horb it 156 2 MEE 180
(R D), UHTIZM AR KT 5B R
Z IR R ATSE, AR K S H I 2 1]
FOAE 1 o JHE A= 4 sk P 34 4= K % (life history
average growth rate) ' DIVE R MEAE K& H LIk
Ji LA R 25 6 3RALE

F1 MREZEBEERK, BIRFIERERAR
Tab.1 Mantle length, body weight and days of age of Illex argentinux

i

e B AEAIN . =
PES Sex 4F{f} Year N Mantle length/mm

H % AR R
Age/d Growth rate/ (mm/d)

208 ~358 (290.74 £34.31)
263 ~347 (304.30 +£20.88)
186 ~369 (288.95 £36.30)
186 ~369 (293.79 +32.68)

0.74 ~1.03 (0.93 £0.07)
0.72 ~1.10 (0.94 £0.07)
0.63 ~0.92 (0.76 £0.07)
0.63~1.10 (0.84 +0.11)

2007 27 214 ~315 (267.96 +30.71)

e 2008 46 223 ~312 (286.61 £23.47)

Female 2010 83 167 ~259 (217.47 £23.89)
Pooled 156 167 ~315 (246.59 +40.36)

2007 30 202 ~298 (233.57 +25.57)

e 2008 44 213 ~284 (251.36 £22.15)

Male 2010 106 159 ~240 (207.93 +20.36)

Pooled 180 159 ~298 (222.82 +28.60)

248 ~370 (299.33 £30.68)
238 ~356 (298.27 £31.03)
235 ~368 (299.61 £34.62)
235 ~370 (299.24 £32.97)

0.69 ~0.86 (0.78 £0.04)
0.72 ~0.97 (0.85 +0.06)
0.59 ~0.81 (0.70 £0.05)
0.59~0.97 (0.75 +0.08)

TE A% 5 WEHE R P (E = pRifize

Notes ; Values in parenthesis indicate Mean = SD

R R & J7 22 47 B (one-way analysis of
variance, ANOVA ) #E47 Bl AR 2E ¥ 2% £ P AR Bl 2
AMARBR | H A A 3 s P 2 A AR AR AL
= ZE ST, IF 0] Tukey HSD £ 56 47
22 PRI HT I 0 22 E 22 S P o0, DA S 3 28 A

KA T REERBAL Y Wi NG 2 o [RIE, Rh
AT AR T 2 R AR RN LA IR 1 e R, A
RGWALFATHEIIARSE o Rk, o T 2
SE TG 1 X BT AR 8 3 £ A K T S L
A RAT B 52 0, 07 ) SO A TR G 2000 5 AR
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( generalized linear mixed-effects models, GLMM )
HEAT TR A 9 22 1 i IR 5 AR 0 s P 2
AR A A HUA 11 H 43 A, A5 oh DL AL A 1y
(‘hatching month, HM) 12y BEALACN 22 fE e Hox
PRI 52 249 2R K R R R R o AR
e
L, =ay, +a;,g , +By, t& (1)
L M A AR A 0 S i TR AL T )
i 19 44 XA K ( nominal mantle length) | 1% 47 fif
MR M i AR SREAAE Gy y BT IR
NP2 25 B 2R E L ST 1L RZ L,
ST 058, AR BUCARTARSE 8 52 1 0 TEIFAL T 1y ¢
NF AR A 3 SR AR AR 5 o, S TREAR T A X A Y
R BEAL S W 5 By, A 45 13 X A5 B 48 7 B AL
W e, NBITIR ZET0 5 o, N AR 6 S0P 2 AR Rk
5 A 38 TAE T RPE R A R I K 1Y
R o
BT GLMM BEBISE R, HEATIEAL H 1y BEAILAL

30 F4 Year
n=156 712007
NJ2008
XXx312010
£ 20
()
= =1
R=
[t
E 10
0 4
3 4 5 6 7 8
WAL A 6

Hatching month
(a) #t: Female

JOE X P i B A A 2 S P T, 22 ) A 3
SRR AR -4 SO A3 0 A [, LWL SR AL
A3 T B A A i 22 M o A T TR /N B 2830
F LIRS {E + $RiEZE (Mean + SD)
FR, BEMIKT R P <0.05, A% A
RILA [EE AT FE G40 R -6 80T, 4
TR SRR o R 40 Imed 2% (AT [1] 7 43
Bro

2 4k

IR R A B A B AR A T S A
AT R kB R 3—5 A 4 ZR 6—8
Ao WEPEA A 2007 AEREAS I IEAL R 4—8
H,2008 4EREA L 7 H o 32,2010 4F £ 4% D) LA
3—4 A, W la; MEPEFEAS R, 2007 4EAEA
LI5S Ho=,2008 4FAEAR DL 6—7 H b3 ,2010 4F
FEAAE 3—5 H AR, UL 1b,

30 4 Year
n=180 7712007
RXJ2008
Xx32010
20
[
B
RE
b3
510
a
0
3 4 5 6 7 8
WAL A 6
Hatching month
(b) HEHE Male

B1 MRAERANAREERREFLETSS

Fig.1 Distribution of mature Illex argentinus in different hatching seasons

2.1 WUFFIEENMMEREZFTNZND

B AR A 1o 22 M AR M BRI Oy 167 ~
315 mm, - K (246. 59 £40.36) mm; [ 5K
186 ~369 d, M 7 (293.79 £32.68) d;’Ei%
AR HE N 0.63 ~1.10 mm/d, E{E N
(0.84 £0. 11) mm/d, W3 1. HHr,2010 45k
PRI/ N(F =124.51, P <0.01) , fli{
(BN (217,47 £23.89) mm, A Z [,
CEEPE IR AR H IR A B & 225 (F =
1.52,P >0.05) ;8R1fi, 2010 44 B A A i A
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ORI IR 2007 4F 1 2008 4 (F = 131. 90,
P<0.01),

TEANFIIEEAE A 43,2007 4F 711 2008 4 (1 e 7k
AAE R AR 35 8T .35 28 5 (2007 4 F =
2.06, P>0.05;2008 4-,F=1.16, P>0.05) ;i
EIFALA B HERS , 2010 A7 f) ML PR P IR 1
W NRE(F=13.88, P<0.01), HAEMMELA iy 8
FA I R K fre /N (P < 0..05) , BLIE] 2a ~ b
SR ,2007 4§ 2008 471 2010 4F 45 AF 3 EME A A
A RSCE H e A A AT — B, Bt e AL H D0 RS
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BRI (2007 4F, F =5.75, P <0.01;2008 4F,
F=4.79, P <0.01;2010 4£, F =63. 44, P <
0.01), H¥7EMmAL A 3 8 At H &/ (P <
0.05), WLIEl 2d ~ £ AHJ, 45 4F 3 P B e PR A~
AR A K R B 2 AL 3 4 FS I 5 M 3

(2007 4E, F = 3. 81, P <0.05;2008 4, F =
11.48, P <0.01;2010 4, F =5.84, P <0.01),
TEEALH 1y 8 H I A K A K (P <0.05) , i
lgzg"'io

400 {2007 400 (2008 400 (2010
= F=2.064, P=0.12 = F=1.16, P=0.34 5 F=13.88, P<0.001
£ g £
< 300 = 300 S 300
"] oo =12}

%5 25 %5
Eo2oo Emzoo = 200
i — —
- + +
g g g ¢ || be|be L:JLil(zw
= 100 = 100 = 100
3 4 5 6 7 8 3 4 5 6 7 8 3 4 5 6 7 8
WA 4
Hatching month Hatching month Hatching month
(a) (b) (c)
400 {2007 400 (2008 400 (2010
F=5.75, P=0.003 F=4.79, P=0.006 F=63. 44, P<0.001
= 300 = 300 T 300
[ Q Q
%S %S &S
T2 200 M= 200 T2 200
8 = 8
bb|bib|a bbb a difclfc|[b||b]| a
100 100 100
3 4 5 6 7 8 3 4 5 6 7 8 4 5 6 7 8
4k A 4 WA 4
Hatching month Hatching month Hatching month
(d) (e) 69)
_ 1.5 2007 _1.52008 _1.52010
g F=3.81, P=0.017 T F=11. 48, P<<0.001 = F=5.84, P<<0.001
g1.2 g1.2 E1.2
N e M
S 0.6 ~ 0.6 ~ 0.6
ﬂ-lﬁ ﬁ-lﬁ iH_S
E 0.3 E 0.3 = 0.3
o ajlal|a|b|b 9 allab)l bl c o a|[ab|l a |abd|bc| ¢
® 0 © 0 © 0
4 5 6 7 8 4 5 6 7 8 3 4 5 6 7 8

Hatching month
()

Hatching month

Hatching month

(h) 1)

B AIE R R B R T AR Tukey HSD #4522 5w B35 (P <0.05)

Mean values with different scripts are significantly different (P <0.05) as determined using Tukey HSD test

B2 FRERREEEMERMERRARRK . BRERE FHERERERLABHISH
Fig.2 Hatching monthly distribution of mantle length, days of age

and average growth rate of mature female Illex argentinus

JT MR A SN AL (GLMM) 25 R R
B AR A T 21 £ M S PP B IR RN B AR
WP AERKBRBEYME(Z =4.43,P <
0.001) , JiEAb 7 4y (IRLN 5 250 31.10 £5. 58 4
Ko 2 5 0 A0 7 10 58 A R0 7 228
6.81 £2.61 A=l A8 AL 7 1 55 X6 L i 24 il

KR A 1T 7 M RN 87% (R = 0. 87)
(#2) o [AIN, A s A G AL H 403 AR HL 28004
JSCEAHR A RN W 53 A1 s BEAR ) 40 %6 B AR
A4 2 A0 ME RS PR BRI Y AR B A — B
P, BRIAL S AT B 9 A K 3 3 LR B R
MR (& 3)
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K2 FMREBREMWENMERARKEERER x FUARTEERANT XEMRERMERLER

Tab.2 Generalized linear mixed-effects model results for sexual maturity size in relation to life history average

growth rate x hatching month interaction effects in mature size availability of female Illex argentinus

BEMLEL N Random effects RN J5 7% Variance W 22 Std. Dev.
T o
Crm%lt::t% i thaﬂt?(flci‘ni {irjlonth 6-81 2.61
4k A £ Hatching month 31.10 5.58
AEA)y year 1.01 1.01
[# E %N Fixed effects {1} Estimate FrifEiR 2= Std. Error 7 P
i (Intercept) -24.56 6.15 -3.99 6.48E-05
H: K i Z Growth rate 28.10 6.35 4.43 9.52E-06
B GE11 Model statistics
AlC 169. 58
R,* 0.39
R.? 0.87

U AIC Syt 5 B 5 R, SRR [ RN 7 ZE AT s RY AR il i 0 A AL, 1 & 7 2 AT 36

Notes: AIC, Akaike information criterion; R, * represents the deviance explained associated with fixed effects; R* represents the deviance

explained including both fixed and random effects

1.00 Sl 2

=

-

oo

=]

S

3

2 0.75 J

‘:: 1 ]
PASS / REAL 4
BE 0.50 Hatching
Eé § Efgth
oy —4
a . 0.25 —5

e —6

= =7

£ 0 8

@]

£ 0.6 1.1 1.2

£ S7d
Growth rate/(mm/d)

AR A 44 SO S Bl , A [ 35 W 38 i €8 [ o AL
I3 BEHLAONLSE T B9 24 SCHR IR 35000
Solid black points indicate the raw data of nominal mantle length,
gradient blue points indicate the predictions of probability of
nominal mantle length accounting for random effects of hatching
month
B3 &£FELTEHERKEZESHLADEIRNE
PRI R 3E 78 3R M 1 S 1 U LA K K /N 20
Fig.3 The interaction effects of life history average
growth rate x hatching month on the attainment

of mature mantle length in female Illex argentinus

2.2 WBUSETFHEENMERKEZFTNZMG

B AR A T 2 0 A P 4 A 1 i 2 K A
159 ~298 mm, FEH{H J9 (222. 82 £28. 60 ) mm; [
5 235 ~370 d, SEHME H (299. 24 +32.97) d;
G SR AR K 0,58 ~0.97 mm/d, F1
fH7(0.75 £0.08) mm/d(F 1), LT HEHEA
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A, 2010 4F Pk BR G 2 B R A M A K SR /D
(ANOVA: F =66.53, P<0.001), ¥ 1{H K
(207.93 £20.36) mm, SR, 3% L6 P B i 2> 14
() H S 3R 235 1 25 5% (ANOVA F = 0. 026,
P =0.97) ; i/ [R) A4 i LA A IR 1 A 305 s
Wik K % % Bk B % (ANOVA, F = 126. 81,
P <0.001) , LA 2010 4F4E B B2 A 1 A K 8
A (Tukey HSD, P <0.05), % (0.70 +0.05)
mm/d,

Bl 7Lk T 0 #EF%, 2007 4FF1 2010 4F ) 1
J B A B 1 1 J 2R B (ANOVA ;2007
4E F=3.82, P=0.022;2010 4F,F =18.84, P <
0.001) ;2008 41 Fry P4 B J A HE PR 1> 1A ] < 522 7T
G BRAREER(F=0.81, P=0.50), 0
Kl da ~c, [FR, G R T RHERS , 25 4 0t B
BCAHE M R ) H Y 2 2 BRI (ANOVA ;2007
4EF=9.67, P<0.001;2008 4E,F =6.92, P =
0.001;2010 4, F =49.50, P <0.001) , H.¥7E0
£ A0y 8 H 4y /N( Tukey HSD, P <0.05) , IiL
Bl Ad ~ £, SR, 25 4 43 M M B e A 1 A=
T ST X8y A K 5 i o A ) A HE % 5 i 1
I H. 2008 4F F1 2010 4F () 14 /i1 &3 2 ( ANOVA .
2008 4, F =8.45, P <0.001; 2010 4, F =6.83,
P <0.001) , HH1 2008 AR A KA TE 8 H
i3k 3] 552 A (Tukey HSD, P <0.05) ,2010 44
TRAES FFN6 J By A= < 5 I 28 v T HAth T 4y
(Tukey HSD, P <0.05), /LK 4¢g ~ 1,
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[iZR:3
Mantle length/mm

S

(=]

H #
Daily age/d
=
3

e e e = =
(S}

K
Growth rate/(mm/d)
S w & ©
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F=3.82, P=0.022

ZWLiJLiJ{:W
3 4 5 6 7 8

Rk R 4
Hatching month

(a)

2007
F=9.67, P<0.001

c ||becljab|f a

3 4 5 6 7 8
A 4

Hatching month
(d)

2007
F=2.14, P=0.12

3 4 5 6 7 8

WAL R 4
Hatching month

()

400

w
[=]
[=]

M
Mantle length/mm

[\

S

S

p—
o
(=]

400

H &
Daily age/d

1.5
2
%&E;I.Z
30.9
ok
0.6
He
0.3
& 0

2008

F=0.81, P=0.50

I

WAL A 4
Hatching month

(b)

2008
F=6.92, P=0.001

b abjl a |a

3 4 5 6 7 8
B4R 4

Hatching month
(e)

2008
F=8.45, P<0.001

HHDH
3 4 5 6 7 8

AL A 4
Hatching month

(h)

A AIE R R R R TR Tukey HSD #4522 5 3% (P <0.05)

Mean values with different scripts are significantly different (P <0.05) as determined using Tukey HSD test
4 MREBRREMERAEENMENRK, BRMFHERERBRUBOHD S
Fig.4 Hatching monthly distribution of mantle length, days of age

BEAL, 55 MEPE AR A — 2, B AR AE 1 5% £
PEAS AR 5 AR 3 5 2 2R KR )
HIK(Z=4.14,P <0.001) , efl A 0o Ao Js 22
16.90 x4, 11, A s R 5 4L H 0y 58 HAEH]

400

W
(=]
(=]

LERS

Mantle length/mm

200

100

w IS
[} (=
< (=)

H &%
Daily age/d
[y&]
S
S

100

—
[Sa}

L. SR
o o ©
o w » ©

Growth rate/(mm/d)

2010
F=18. 84, P<0.001

LLLe,

46 A 4
Hatching month

(c)

2010
F=49. 50, P<0.001

3 4 5 6 7 8

FHEA 4

Hatching month
(£)

2010
F=6.83, P<<0.001

it

AL A 4
Hatching month

(1)

and average growth rate of mature male Illex argentinus

AIRONTT 250 23.90 £4. 89 AR R BURFIBELA 5,
{0 H A BRAT B 5 7 2 i BER O 84%

(R’ =0.84), W33, [N, 4 KR 5 WL
73 AR A0 X A A A FSE SR R /N ) 52 1) 73
A 7, IR A AR A K R S T e AR A
AEA B A R AR LK BRI I, TP
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x3 MREBREEUNMERARKEEFTEFHEREZSRUARGZEFERNT XEERAUNRBER
Tab.3 Generalized linear mixed-effects model results for sexual maturity mantle length in relation to life history

average growth rate x hatching month interaction effects in mature size availability of male Illex argentinus

BEMLEL N Random effects RN J5 7% Variance W 22 Std. Dev.
AR < AL 1y
23.90 4.89
Growth rate x hatching month
4k A £ Hatching month 16.90 4.11
EAry year 3.25 1.80
[# E %N Fixed effects {1} Estimate FrifEiR 2= Std. Error 7 P
i (Intercept) -17.83 4.53 -3.94 8. 18E-05
H: K i Z Growth rate 22.86 5.52 4.14 3.44E-05
FERISE 3t Model statistics
AlC 202.70
R’ 0.17
R.? 0.84

T ATC o (5 BRI, R, 5o 5 B0y ZE MR, R TRl [ 5 s, R BB ALV, 1) £ 317 ZE A T 2

Notes; AIC, Akaike information criterion; R,* represents the deviance explained associated with fixed effects, R, represents the deviance

explained including both fixed and random effects

1.00

4k H 4
Hatching
month
—3
—4
—5
—6
-7

:A...c.".' o* +—8

0. 50

£ UK A4 A

Probability of nominal mantle length

0.25

.2 .:' L P 4ry

0.6 0.7 0.8 0.9 1.0

HKEER
Growth rate/(mm/d)

PRARIR A h 4 SOI 538 Odi , A T 35 W 8 0 €6 150 5 AL
Oy BEFLON R (445 IR A S 30

Solid black points indicate the raw data of nominal mantle length,
gradient blue points indicate the predictions of probability of
nominal mantle length accounting for random effects of hatching

month
BS5 £EEEHERESWHLAMEEREY
W AR 3E i 3% S A A R A AR K K /NS B T
Fig.5 The interaction effects of life history average
growth rate x hatching month on the attainment of

mature mantle length in male Illex argentinus

3 e

FEF A H RS HI 2504, Bl AR 42 3 22 fa PR iR
IBEAR B R H % 370 d, FH-H. 2007 ,2008 FI
2010 53 MEMEEA FH HIB 25 A 58 #
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(P>0.05) , PiH i3 #6415 A= i o 0 10 9% 7E 1S
A IM. %45 H 5 ARKHIPKIN 252 Fiff 5%
B AR AE 2 T 28 W5 X 40 7K A0 1 ] A A Vi 2 o it
BCAHE R (9 AR AT ( ~360 d) 1 = T EL PSR
TR R A A AR RS ( ~280 )Y, 2T
SEAL A AR A i 5 0 P R P SR A £ 5
A e w8k 3—8 J o, Hirr 2010 A AEA
WAL 10y £ 4, 2007 1 2008 4F R A (9 4k 4
W53 B7E 4—8 H B3 F1 5—8 H iy, F W s i
BBCRE AR R T R A BE A& A BT
ARKHIPKIN 25y BF 55, % 30, 7 2 BR B & 25
2 BT AR AR 5 1 B — NIRRT, BT AR AE % R 2
B IX SN 42°8 F145°S ~47°8 [ER LLBKAE BEFI
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Effects of hatching season on the growth and development in Illex argentinus

LIN Dongming'>**, HAN Fei', ZHU Kai', LU Huajie>>*, CHEN Xinjun'*?*?

( 1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Minisiry of Education, Shanghai 201306, China; 3. National Engineering
Research Center for Oceanic Fisheries, Shanghat 201306, China; 4. Key Laboratory of Oceanic Fisheries Exploration, Ministry
of Agriculture and Rural Affairs, Shanghai 201306, China; 5. Laboratory for Marine Fisheries Science and Food Production
Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, Shandong, China)

Abstract ; Cephalopods are characterized by their short lifespan and semelparous strategy, in which the growth
and development are highly correlated with the hatching seasons that highly influence the alternation of
generations. Herein, based on statolith daily growth zones and back calculation of the hatching months, the
size attainment of sexual mature [llex argentinus, an important world fishery squid species, was investigated
and its relation to hatching months was analyzed using statistical methods. The results showed that: mature
females were measured an average mantle length ( ML) of (246.59 +40.36) mm, an average age of
(293.79 £32.68) days, and a life history average growth rate of (0.84 +0.11) mm/d; Mature males were
measured a ML of (222.82 +£28.60) mm,a average age of (299.24 +32.97) days and a life history aveage
growth rate of (0.75 £0.08) mm/d. Both females and males were estimated hatching months from March to
August. As the hatching months progressed, both mature female and male I. argentinus showed a significant
decrease in days of age, while they had a higher life history average growth rate. There was a significant
relationship between maturity size attainment and life history average growth rate. The effects of hatching
months on the attainment of maturity size highly consistent for both female and male 1. argentinus, in which
the earlier hatched individuals showed slower growth rate, while the later hatched ones grew faster to catch up
the maturity size, possibly in order to cope with the coming spawning season. These evidences indicate the
growth and development in I. argentinus are significantly related to hatching seasons, and individuals of
different hatching months reach their sexual maturity size by adjusting their growth rate, in which later-
hatched individuals likely appear to grow faster than earlier-hatched ones.

Key words: [llex argentinus; hatching month; gonadal development; maturity size; Southwest Atlantic Ocean
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