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T2 MERE) . SREEFEARL-20C AR IREIZ A
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Fig. 1 The survey area and sampling stations of //lexargentinus in the Southwest Atlantic
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BEALIEH 102 RS 2, B T e A ZOhD B AR A 1 A1
BE(1x—4.5%) MU R S0 5 AR O D &
[¥)Image-pro Plus 5.0% {4 & ¥ % K J& (Spermato-
phore length, SL), ¥5#%10.01 mm.
1.3 IS

J T 5 (PR, SR RER Sy AT SR A A
TR S 2 T AN A P R K RN A ER A e IR K L TR B
K10 mm, & H 48 8K 20 g i 5E T
K PIRE LT 7 A A A &
T-80% it B U Giit TR A AL . AR
R P S, ARAEAS F IR A, Gt
ITA BT KK FEREE TR R 1) R [
P

(V) FH % bR K, SR H AT AR S 1 22 0 P A
KEREZ X R:

BW = aML® )]
XA, BWNIKHE (g); ML MK (mm): a. b

(HHIEHESHL.

(2)F M Logisticiti 2k, LA10 mm#120 gy H]Fh,
L5 [ 1 SRR B AR A2 % e A A A 0 ] A 4
HAY) RN
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1
T lte D @

1
T T te ©rtn )

A PO BN & A REAS IR B 43 L 10
w7 R 2 B K 2H (mm) AIE F 4H (g); oo dFfles 43
A N (2) M (3) KAl 55 2 % K AR o e 1Y
ML= —c/d, RE A5 T N TW s0,= —e/fs

(3) A I AL e B, JDL [ V1 o] RS e 2 e A
ARETT) BERKESREK. AERRR. [
i, A 2 Je 8tk A 0 W @ ST A RO TE T K%
KESHK., AEMNREIETTERR, KEGRMEL
EIPE S 05 i RSN N RO R E RV Y IEWAR I E N
ERiOFALRTE S C

A A PR FH 4 vh 5 B4 Origin 2015F1SPSS
20.0. LK 7 Z M (one-way ANOV AL A A&
ARET T KR KERERAE TR ZR, R~
OOV I6 2 WT AR K AR O RS0 )0 K AR
R A P Bl 1 i B 1 22 S S AR AE 22 S,
K H Tukey HSD# 56 (Tukey’s honest significant
post-hoc test) 7 41 72 7 £ 771 B AR 55 2 0] )5
A F 4 42 Lh 8% (Compare datasets of fitted models)
(OESMISTRERIS VWG - E SN AR i

P;

Koo RELMEMA RN R G2 R R, R
F % 64 1% [71 3 73 #r (Multiple regression analysis)
apilIE A NCRIS YEVINE B S SEACE SRS
AR 4= [R5 RE G &R, ST ARAEA [0 7 R e
FEARAEAL 1A 2R E, 0 A R S0 MR R
VAN B3N EA iU A LR QAP 2 S G 7 e
FVEIKF P<0.05; SEI6 AR 5% Hdls LA B+ v
ZZ(SD)E IR o

2 %

21 EEEMMFERK

Ge 50T 5%, B AR I8 T i e A e O
S 140248 mm, P K J9(203 46+18.90) mm,
e 3B 9 170—230 mm, 205 SR 188.15% (&
2a); R T S6—302 g, FHIE N(155.86£47.25) g,
e 345 1150 B 9 80—240 g, 24 7 A 1£111992.19% (&
2b). 5 KRR B HOE R A BI=4.90x10
ML (n=269, R’=0.64, P<0.01) (I 3).
22 HMESNE

10 SEHREAR T, BT T 2 e A R B R
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Fig. 2 Frequency distribution of mantle length and body weight

in male lllex argentinus
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. Logistic M 28l & 25 B, BN A 1 iR
AW 2% Bt AN M L0, 79207.79 mm (R°=0.978),
1K B A )2 B N TW 50, 916255 g (R°=0.903)
(1 4).
23 MEBUEED

ST RIS, BT R 2 R 1 A R T
F1—104956 4 3%, V-39 30 558 11 5(374+280.33)

350
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Fig. 3 Relationship between body weight and mantle length in
male lllex argentinus
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Fig. 4 Mantle length and total weight at first maturity in male

lllex argentinus

A MK AHR G 2B 71 9(179.18+117.66) 5%/
mm. BEEVEIRKE, HEEANMAR A K 5E ) B3
HIM(ANOVA: F=30.39, P<0.001), 3 H7E VI ik
B 5 RAE (B 5a); [, AN [F] 1 R, >4 () il
FE A 20 B0 22 5 1 3535 (' =1069.58, P<0.001)
(B 5b). Hrp, IR EIVES, K 1N
1121654532, T3 RCEHE J18(110£79.69) %
K3, P35 MK ARG 2B /1 9(57.08+44.71) 5%/
mm; VRS, ARG T N199—583 5% 2%, T3
B RUCEFE F1 M (354+112.03) 2645 3, T~ ¥ il AR X
B RCETE 11 9(174.59+453.84) 5% /mm; VI, A 2%
J 71 9624—1049 5% K5 3%, V3596 BB /1 (81 1+
181.34) F6 A 32, ~F- 35 - AH X 805 71 78(366.90+
61.67)5%/mm; VIE, 15 3056 719241991 5646 3%,
VI B 11 N (547+261.23) 56 3, T B K
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Fig. 5 The distribution of effective fecundity and relative effe-
ctive fecundity by mantle length with sexual maturationin male
1llex argentinus

T IE BRI AN R 5 B R 2R Tukey HSDAR B0 72 57t 2 3
(P<0.05); ~ A

Mean values with different subscripts are significantly different
(P<0.05) as determined using Tukey HSD test; the same applies
below
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A R0 1778(232.18+101.06) 4 /mm.
24 MEBUEEASHEK. AEXR

B AR K, Bl AR A T 5 1 A R A
EEERIEMARKRE 6). Hrb, BIA5HTER,
TN 2T, 715 MK 2 3 2 M58 R (F=9.98,
P<0.05), B FEAXNEF=-581.92+4.56 ML
(R*=0.17); MEVEA 2558 /7 SR [ 2 vk [ 56 R
X NEF=16.55+1.77BW (R°=0.37; F=26.73,
P<0.001).

[ U400 A 4R 1 LU B o0 AT 7w, B S i 5
fIEVENARI A B I SR R E 2 (A 2E
PER RAAFAE 3 1 22 7 (F=1.98, P>0.05). {HE,
EVMENED N TRV ARSI WAR=T TR RN
)4 [m 9 5 FE NEF=733.644—4. 41 ML+2.82BW
(R’=0.43, F=15.64, P<0.001), i A& 1IFR#EAL
6] 9 2 %053 99 9—-0.42 (P>0.05)£10.99 (P<0.001), %
BN U ) SR B A O E R O B2
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Fig. 6 Relationships between effective fecundity and mantle
length and body weight in male I/lex argentinus
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K2 & (ANOVA: F=48.04, P<0.001); 7EAN [ 4 IRk
BN 2 TR, A 6 1D R A X K B ) 2 S A T
(=1.97, P=0.12)( 7). Frfr, VIR 3 K B A
6.34—26.92 mm, V3K #(18.39+3.81) mm, i
KAXT T K TN (10.10+2.23)%; VAR RS 32K i
49.36—31.76 mm, “FH¥JKE H(21.79+3.77) mm,
AR A 3P K B (10.271.76)%; VI A 32 K
J¥ 916.97—32.35 mm, “F3K 5 5(22.55+2.01) mm,
IR HE RS- 25 K FEE SR (10.681.11)%; VI HG 3% K
¥ M17.20—33.14 mm, P2 4(23.89+3.87) mm,
HRA AR R34 B 2H(10.03+1.67) %
26 MMEEKESHEK. AENXR

LR RV 2 AT 7, AR S G 2 I P R R 5
K 5 i R0 A B 88 BB 3 B IE A SR R (A 8),
[ U5 5 50204 3 9 SL=5.77+0.075ML (R°=0.23,
F=128.36, P<0.001)F1SL=17.96+0.017BW (R*=0.17,
F=86.17, P<0.001). [BIJA#& EHm 4 Lhis o4 i
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Fig. 7 The distribution of spermatophore length and relative
spermatophore length by mantle length with sexual maturation in

male llex argentinus
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Fig. 8 Relationships between spermatophore length and mantle length and body weight in male lllex argentinus

71N, BT AR AT 2 MR RS JEK B S G A
AR Ok RAFAE 35 1 2 (F=33.92, P<
0.001). [FIBf, FE3eKESAK . AEM A EIHT
2 HNSL=7.63+0.057ML+0.009BW (R’=0.25,
F=76.04, P<0.001), i+ &= fhrktk 07 R %
43 93°80.36 (P<0.001)F10.21 (P<0.001), 3B i K
PRE X RS JE K A — B R .
3 g
31 MEEYEAER

WRHE AN /N 72 2T B L= O ik
Iy A, PR SE T S n] LRI 40 R LS T e R R
(SPS). Afi B it #r LA — LB BF R M EE(BNS).
B 2= G (SSS) K Z= = UN B (SpSS) & 2 M
RS20, o SPSHREEFIBNSFRE (1 A A 1AL
K, FHIMAK265 mmZe 47, 43 BITERKZE R4 27 B
SpSSFHEETEFR TR UNI 1], = BRI R, —
M N230—350 mmy; 1T SSSFHRE Y 2= B AN A B
N, —REAE140—250 mm, £ B /200, fEARHFR
Hp B AR T A A B K K 248 mm, i
236 mm. AHE286 gl A ATANMATE IR K& B e
I H R KA 2 Bt /NI ML 0, 9207 mm, 44 5 2E )
St /N BW s 0, N 162 g5 IS FIAAR (150K 73 A1 )
RIN— MG X ] 04 o R, 45 G AR IRFEACR
LR IA 12 H 22893 H 4y, AT LA D HE W A VR
EMIBTAR IE T8 2 AR AR 5 T-SSSHh

A B 0 K 1R 7 BRI R U 20 T SRR, AR AR
PR ST 2 f I A AR RE A 1 IR S B a B N 4.90%
107, K T-2007—20114F B A 7] H 4 R & PEAN 4
5 B B S B all, X BRI afli 910 1S 7Y,
1 2R E - A KRR B R i e — R AE AR

BIARE, SH R TP R A =E B B AR
P 0k, AT AR FORE A 1 v 3R A B FL M e A I 4
FEEE, AF TR ERZAMEMERKE .
RIS, 20134F BT AR AE 18 2 fh 3R B H52.54% 10 kg,
BT 2R P B Bk P 44.64% 107 kg P, 18
Ui B 1% S 1 T A B L AR O e B AR ) AR
Ko AN, B MR 5 VS A A B - R K TR R
R A MIBMEN2.81, /INTAEFAH R H 1 KA 114
AN - KR R O R D ME, XA b E
ITE3.0LL B2 3T S 5T SRR R 1 SR U 25 1)
M, oM BRI AE KRG 2R AT T8k
-l KR R BOR RO R 22 51, T E ARAE A
EAME KR R G IRIES R E %2 T T
bRz —. AR 5 AR AE VS e B B A BT Aok
VR T SSSHFFHEE, 1M A A BB 7T Fh A ) A SPSFf i 5k
SPS. SSSU& A, SPSFBEMARI A, I
HAAFE A Kok,
32 AMEEIFMN

0 Y J1 5 vl B IR AR W 2 I L N
7, T O RERCR A B R R b g Y
T A R 77 AT DA B B 5 3 R A A R 1 E B
T R A e — M, A Sk B P AN 1
H A K% 3 I (Spermatophoric gland) Fl1 3£ 5 (Sper-
matophoric sac)5 4, 75 B 5H A Bie B 7 28 7= A4 FF R
SR, AR ER, TR B R, BT
S FE A IE AR A A 7039 N . 3 (P<0.05),
I B AE BhE A (VI ) 1% 3 B KAE, 5 Arkhip-
kin25" VEOBEFT 45 R 8. ArkhipkinZ ! 4 i i
MR S T % 8 A 1 1 A AR ST 35 R ] DAL= AR R 8
10205k HFFAEAFAERE I TE T, B EHHACHLHT RS
JEFE A AT PIRE FE MK 14005 -
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[, SRR T A 0 9 S J e
MERA BB IEE S NN E —E W IEM
Sk R, MR BE 2 R (Sepia pharaonis)” % [R5 H
(Sepia dollfusi)[m\ TR LW (Lycoteuthis lorigem)[zg]\
FHK IS Z 1 (Illex coindetiin)™ FIZEHE 5 W Thysano-
teuthis rhombus)m]%o UG5 R B, PR E W
A PR AN R () RO B 77 BE A A A AR K N 2
#(P<0.05). HEME RN AN <18 cmi, HA 2K
%I 71 H200—600%% K5 3, £25—31 cmif Ay
1400—16005% K531 . ASHIF T OB VA 5t KA
RUCETE S1 A T IX W 2 (8], 3% B2 A A SRR AR (1)
AR RN TF16—25 e JZ K. b4k, A
FCRIREPE N ARG ROCESE 77 58 B A OGP R B
(2 TULR M RN E AR #EAL 22 %0050.99), 1X AT g L
K B B R B A R R AE $8 B DL 45 14 Ji
B 22 1 A B A B AR 90 T P A T 2 A
¥

Ak, 5 Al Sk R A P, B AR A T 5
PN LA B R g KA i ), FF H 2R LT[
BRI g R a™, FH MR RE R E- A
15555 K38 HAh 2 £ SR i KA B TE I A
1725k 360 K ) KA OB /1953056 K5
ST K T AE 200 5 32 By B0 i
FEAN R Fh 28 2 1) 1 B A 25 SRS 22 S 1 BT 3o
RNEAEI WA SR 2 N E A,
SKIIA AR fa e, IF HEMEAMA B A 9ok sk
B A7 D Re i 1B A7 A 2, B0 SR it ) T
KA, A0 N KRR (R T R
(Todaropsis eblanae)¥l), &I 43, ¥ NHE
N 2 3, S S A ) T 5 7
33 BUEBEIEEKE

FALT HoAm AR B W), Sk 2R HEE LI E Jit
RO T-AE 08 TS 3 1 O, RS S B R /N AT LR A
TREH N SR PR . — e, Sk R SRR 3
KPP E TG I8 28 B — G MR KN, TG 3%
FR KN 5 AR R AN PIAR S AT g 45 R
71N, TR S T 2 AN AR RS I K R LA 1 Tl
AEERME, BEMERKEREIEKERKEZ
(P<0.001), 75 258 22 Be (VL) B 1A 2 5 KAE, 5%
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THE EFFECTIVE FECUNDITY IN MALE ILLEX ARGENTINUS IN
SOUTHWEST ATLANTIC OCEAN

1,2,3,4 3

XUAN Si-Peng', CHEN Xin-Jun"*** LIN Dong-Ming"*** and CHEN Zi-Mo'

(1. College of Marine Sciences of Shanghai Ocean University, Shanghai 201306, China; 2. The Key Laboratory of Sustainable
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3. National Engineering Research Center for oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China,
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Abstract: [llex argentinus is one of the most important ommastrephid squids, due to its annual landing volume, and its
key role as transient ‘biological pumps’ in southwest Atlantic ecosystem. In order to understand the fecundity characte-
ristics of male ommastrephids, specimens of male /. argentinus, collected from December 2012 to March 2013, were
used to analyze the fecundity and its relationship to reproductive development with biological statistics analysis. The
results showed that the minimum biological size was 207.29 mm for mantle length (ML) and 162.55 g for body weight
(BW). The effective fecundity (EF), defined as the sum of normal spermatophores in spermatophoric complex and sper-
matophoric sac, was in an average of (374+280.33) spermatophores. The mean value of relative effective fecundity by
mantle length was (179.184+117.66) spermatophores per millimeter. The length of spermatophores (SL) varied from
6.34 to 33.14 mm, and its mean value was (21.57+4.17) mm, which was (10.22+1.82)% of mantle length. Both EF and
SL significantly increased with the onset of sexual maturation (P<0.05). EF attained the maximum value at functiona-
1ly maturity stage (VI), with a mean value of (811+181.34) spermatophores. SL increased up to the mating stage (VII),
whereby it attained a mean value of (23.89+3.87) mm. Meanwhile, both EF and SL showed significantly linear relation
with mantle length (EF=-581.92+4.56 ML, R2=0.17, P<0.05; SL=5.77+0.075ML, R2=0.23, P<0.05) and body weight
(EF=16.55+1.77BW, R°=0.37, P<0.05; SL=17.96+0.017BW, R’=0.17, P<0.05), indicating that individual with bigger
size has larger EF and longer SL. Furthermore, the compare datasets of fitted model analysis revealed that there was no
significant difference between the linear relationship of EF-ML and that of EF-BW (£>0.05). Based on multiple regres-
sion analysis, however, the influence on EF from body weight was more significant than that from mantle length
(P<0.05). The compare datasets of fitted model analysis for SL showed that there was significant difference between
the linear relationship of SL-ML and that of SL-BW (P<0.001), although the multiple regression analysis suggested a
comparative influence on SL from both mantle length and body weight (P<0.001). These findings indicated that the EF
of male I. argentinus was a strategy of adaptability to its short lifespan by producing and accumulating spermatophores
along with reproductive development and body growth, and the length of spermatophores will also increase with time.

Key words: lllex argentinus; Effective fecundity; Spermatophore length; Southwest Atlantic Ocean



810

42 %

(7) VI #j Stage VII
BT BTAREE R AR TR AR E
Plate | The development of reproductive system in male Illex argentinus
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Anatomical examination of 1—7 indicates the development of reproductive system in male //lex argentinus along with sexual maturation

Sp, spermatophore; SpC, spermatophoric complex; SpD, spermaduct; SpS, spermatophoric sac; TeO, terminal organ; Tes, testis



