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Fig.1 Sampling region and sampling stations of
|. argentinus in the southwest Atlantic Ocean
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temperature, SST)FIM4¢Z a Jii i ¥ i (chlorophyll a
concentration, Chla), —FHX N HY-HME, Tz H%E
| NOAA VWL f.0y ERDDAP 44is iR 55 4 ity
(https://oceanwatch.pifsc.noaa.gov/erddap/index.html),
Horr, 3R % ID ) CRW _sst_v3_1, 5Kk
U BRI N 8.89~17.27 °C (K 2a); M4EE a
R A8 % 1D M noaa_snpp_chla_daily, £$%kf
WS RS a R E R 0.43~3.91 mg/m’ (& 2b).
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Fig.2 Sea surface temperature (SST) (a) and chlorophyll a concentration (Chla) (b)
of sampling stations in the southwest Atlantic Ocean
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P RAE AR AL A 2L 2 (B () 43 BC L5, — 8 R T
FAE T YR BT & F 1Y RE 2 % A K (Chen
et al, 2022); [A]EF, 1R BT A prifE ok 22 2 b S T4
RN, BEAE S WA AR LA AL U IR O - 5221
FAE, FoRHSREFRROOAME s R IE(E,
FERH IR B I (Green, 2001; Jackson et al,
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T 53 B e S A B s ORI AAE 5 SST
Chla HCH , 1RA RN IR LR ALy S BEHLAKL
R Fo LMM BERIA GAMM BRI 5R H R 55
ImerTest $4E £ F1 mgev BUE AT IR Fr A Bl
gt A R B FHITAE (R Core Team,
2020), 5% - E bR E 2% (Mean+SD) R

2 H#R

21 EREZEHME

2018—2021 4 BT AR AL 18 32 o I P A A 4 Al
4 143~291 mm, KA 89~559 g. PAHILL 2020 4
K, PR AE 34 4331k (233.81+17.53) mm
F1(327.57£78.37) g; 2018 4EF I K S (191.98+
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Tab.1

The mantle length and body weight of mature male |. argentinus sampled from 2018 to 2021

PR il R S R

EOy ANy BE/RE A& NGg Coefficients of power regression between
Year Month Number Mantle length/mm Body weight/g body weight and mantle length

a b r’
2018 3 125 148~247 (191.98422.53) 89~356 (174.62+62.15) 31.00x10°° 2.52% 0.75
2019 13 349 143~282 (206.54+22.50) 92~451 (219.98+71.51) 3.35x10° 2.92 0.84
2020 5—6 213 184~291 (233.81%17.53) 168~559 (327.57+78.37) 77.00%10° 2.38% 0.70
2021 2—4 251 158~248 (208.81+14.48) 100~370 (208.25+44.28) 5.29x107 2.84 0.79

T Bl b SR R L b (ES 214 K b=3 fAE R EMER S

Note: Superscript “*” in b value indicates significant difference between regression coefficient b value and isometric growth b=3.

AEAR 2 (] I ARNE AT AE o 25 Pk 25 7 (F=38.80, P<0.05),
Horr, 2020 AEARAESEAET, 2018 4EH1 2021 4F BIRAE &
25 (Kl 3a) . PEBR$E B0t 77 16 35 00 4 ) 25 5% 1k
(F=33.44, P<0.05) (I 3b), i, 2018 4FFy P iR 48 5K
9 2.33%~10.93% (5.61+1.53), 2019 4FEH1EARFE 5 h
1.26%~12.04% (5.23+1.32), 2020 4EMyMENR 4S50 H
2.01%~7.63% (4.53+0.69), 2021 4E Ay PEARTE 5 h
2.14%~7.54% (4.73+0.94),

LR PETR A RN AR IR 8 TR I 7, AT AE 3 S o Pk
JCAS U 0 P R i B S IR R A I A DG OE R
(t=-1.79, P=0.07), HEEIRY G ZMBERA 14%
(r’=0.14) (£ 2).

23 FESHERFHXER

GAMM ERIZE B o | Pl AR A8 o 32 fo e kAR
HIARTE 5 R IEE(SST) MM 4R a RERF L B E

F=38.80, P<0.05 2
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= —1.44), {EMFRIRE N 9.0~12.5 CHF, KAFSGRETR
FEGINE TRk, WS TRERERE 42), Mgt
K a AR B 1S (1 A S A T E =
0.79), FEM4EE a TR EE N | mg/m’ 247, BIARAE
T P E A R A IARAE AL T3 RS (] 4b).

HRIEH SRR FHX R

GAMM A5 I 7%, Bl AR A28 i 22 20 I 1 i s 1k
() M IR 48 28 5 T 3R R B (SST) &2 1 2 A G E &R
(F=7.10, P<0.05), 54 &K a B E LR A R E
(F=0.67, P=0.55), >RFEAFE10 09 I 22 i FE % HL R
22.60% (% 4), H, PEIRFEES g R IR 2 E A
X R (RS HA = 0.43), 7EBFREE R 15 °CL
FALTFERAEA S).
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The distribution of body condition (a) and gonadosomatic index (b) of mature male |. argentinus
sampled from 2018 to 2021

Fig.3

FTL PN PR A S0 R M IRZEL EAR/R A [R) 7B 7R B A 6 22 57 1. 3% (P<0.05)
Black solid points in the boxplot represent the mean value; Different letters above error bars represent
significant differences determined by HSD test (P<0.05).
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Tab.2 Results of linear mixed-effects models performed body condition on gonadosomatic index for mature male |. argentinus

FRIZE H Model term

K FZ44li 11 Estimate of factors and variables

R ALA0N Random effect  [A-F Factor BV 7 % Variance B 22 Std. Dev
KA Sampling year  0.21 0.46
32 Residual 1.30 1.14

[& 2 340 Fixed effect Z4{ Variable i1 Estimate FrifER2E Std. Error t P
R Intercept 5.02 0.24 2136 2.48x107*
P&RAE Body condition -0.07 0.04 -1.79 0.07

4t Statistic
r? 0.14

PRI G511 Model statistic

£t Estimate

*3 MREBZAEEENANENFESEREE. HEX aRERENT XMERERNERER
Tab.3 Results of generalized additive mixed-effects models performed body condition on sea surface temperature
(SST) and chlorophyll a concentration (Chla) for mature male |. argentinus

BN Effects W SR F Model parameter i1} Estimate  #7#E{R 2% Standard deviance F P-value
Fiti L3 1 KA Sampling year - 0.17 - -
Random effect # 2 Residual _ 0.90 _ _

[i6] 5 07 U Intercept -0.03 0.09 -0.28 0.78
Fixed effect WEFRIRBE SST —1.44 0.18 2194 2.00x10°"
M4t % a Chla 0.79 0.21 785  2.91x107°
4| a 4L b

:g 2ba v :é 2t ¥

=] =]

g g

Qo Qo

g o g ol

A A

<] <

& =

2L -2
9 11 13 15 17 1 2 3 4
W SST/C -4t % a Chla/(mg/g)
K4 i3RI () FIH28 3R a BT ik (b) 0 B AR AE T 22 £ M P PR AT H e 1 52 i DG 2R
Fig.4 Smoothing plot of effects of sea surface temperature (a) and chlorophyll a concentration (b)
on body condition of mature male |. argentinus
o P ONANEE N A AR LB R R LR RS
3 iFie HAK PR 8 75 B4 5 255 AT A Jo 9 45 1t 2

31 ERKEZEHMN

B] RRAE 3 2R f RN AR LA S 2, ARFE IS |
I GA R SR AT IR > 4 SRR GR 5). A
FAR IR, BIARAE 2 fh M A AR R AR A
BEEPIE 1—4 H, REHIAE 42°~48°S 1) RKFHZE
M, MR R IR TE 191~234 mm Z 5] i,
A ) ] AR S 9 5 £ M U R RE AR T RE LA

BUHEE ) B A0 2 4 BRR AR B (] 4 3845 I AR 2 o
AR R R R A RAERATN
RV TFB 2 — (B EHEA, 1999), RECT I RE a
(B AT AE A A4t 5 H50R IR 385 B2 19 2 25 45 b (B L B
%% 1999; Green, 2001; K/NAEE, 2007), SEHEEH T
Hh AR ) 2 B 25 D) AH DG (Froese, 2006); 7548 b {H
M FRIEM R ZAK kKBRS R K AR
A4 5] 1 (Froese, 2006), 8 H , 8% b {H R/l DA



16 ook B

544 %

PERRTEEL
Gonadosomatic index

2k
9| 1I1 1'3 1'5 1'7
W FRIBE SST/C
5 i R X AT AR 4 19 ¢ £ i

AR B 5 R 52 e DG 2R
Fig.5 Smoothing plot of effects of sea surface temperature
on gonadosomatic index of mature male Illex argentinus

R W £ A (A2 A5 b T 45 3U2E K (Froese, 2006): b
(HEEE T 3 B, (A5 VAR i A K A A K
b<3, (RKAERKBERFIARTEERKBRE, MR
SHAERK b3, KA KRN R A K
MERIERHEAK ARG R ER, A
AR 5 it R PR 2R b (/N T AT A K (b=3),

5 EMEEQ018)IF IR 45 MARIT . [HHF, 2018 4EA0
2020 AR AR R TR K R R EOC R Y b

HS A HEARKOD)ZHATERE2Z 5 BT 3, i
2019 4FEA12021 AR 55 A K b=3 iy 25 AR i 3%,
F2H 2018 4F-Fi1 2020 4F- 2R 4 1 1 1 BN 14y 171 St
AR, 2019 4EFT 2021 AR AR A HE M B A SR 5
AR R IR (2021) %) 2012—2014 4E R4 (1 BT AR 22 7
F A PEAT R B T R R A T 2 B, A
A B4 4 5 o R A A KA A A R 22 S P 25 Sk
A BE 55 BT R A e 2 £ I A A it BREUR B 1 AT 1)
ERA K, AR, 2018 4EF1 2020 4F bk 52
AR KRR ECC R a ([ERKT 2019 4EF0
2021 4E, A[ WL 2018 4EF1 2020 4FMENE A B AT
B A R R AR FIORI A W5 B, (A5 AN ) A TR i )
AR B AR (B PSS, 1999; Green,
2001).

32 FEMEERANSEERNERFHXEFE

PRAE B A B B AANE R A A AR AR T b S e ) EE
YRR, T Z MR R E MR R R E
(McBride et al, 2015), A5 &I, 2018 4R 4L H
F e AR B SR BT S IR RS B B2 1)
RAE; SHEAH, 2020 AEAMRRGIRAFE e, SFEYHE
JRAEBON A4 /N, 2019 4EF1 2021 AEAMA B IR AE K
PR RR A8 B T A Rl K X sl RN, PR

F4 MREFREEERANTEEREZSEREE. HER aRERENT XINEEERMERLER
Tab.4 Results of generalized additive mixed-effects models performed gonadosomatic index on sea surface temperature (SST)
and chlorophyll a concentration (Chla) for mature male |. argentinus

S Effects PRI 250 K F Model parameter fitii1{d Estimate #rififi#% Standard deviance  F P-value
BEHLEY Random effect KREAEY Sampling year 0.33 - -
5% 2= Residual 1.13 - -
[ %€ %W Fixed effect FRHE Intercept 5.02 0.17 29.92  <2x107'
M RIREE SST 0.43 0.19 7.10  5.4x107°
M4t & a Chla -0.07 0.22 0.67 0.55

R5 MREBFREARREINMEEA IR R . 7= 50 B (8] F0 7= O i3

Tab.5 Size-at-maturity, spawning season and spawning ground of different spawning stocks of I. argentinus

i A K Mature mantle length/mm 2 I ] P
Stock P Female P Male Spawning Spawning region
I AR S AR 250-410 190~320 4 g f 44°8 DAL R Bl ik
South Patagonic stock Rodh et al. 1990 Rodh et al. 1990 . (Brunetti et al, 1998;
(Rodhouse et al, ) (Rodhouse et al, ) (Brunetti et al, 1998) Crespi-Abril et al, 2012)
B R WA RE 224~340 210~300 7—9 H 38°S LAY KBt gk g 35
North Patagonic stock  (Arkhipkin et al, 1994)  (Arkhipkin et al, 1994)  (Crespi-Abril et al, 2012)  (Brunetti et al, 1991)
RS 150~250 140~220 12 H—84E 3 A 42°~48°S IRl B35k
Summer spawning stock  respi-Abril et al. 2012 (Crespi-Abril et al, - (Brunetti et al, 1998;
(Crespi-Abril et al. 2012) 5,5y (Brunetti et al, 1998) Crespi-Abril et al, 2012)
FZErE ORI 240~356 188~296 7—I11 A 27°~34°S [ 3

Spring spawning stock  (Brunetti et al, 1998)

(Brunetti et al, 1998)

(Brunetti et al, 1998) (Brunetti et al, 1998)
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S T 2 AP B PR AR 5 P i A5 AR G
KFR, A Z ) A AU 5 M A 3o S PRt 5 R 1
AR, 5 2018 4R 2020 AEMAR R AR . 2019
AFR 2021 AEAMARI AT K A KR B RRE R A — 2L
() o (EASE RO, BTHR A8 I 28 fro ek i AR R B R
BOGIRAE MR A A LS R s R IRIE SRR+
B TSRS R (BRUAG T = —0.07), {H7E i K
P<0.05 i}, MEARFERCS RN EE B AN .2 (P=0.07).
X AT B85 P AR AL U R A B A AR TR A AL A A
R EYIME, AR FEORRE TR EYERE S
FEAEI(Lin et al, 2019), [RIE, BEMEAMARR AR
IO BARAL T e 2 B8 45 S IARNE A DG OC R B 1Y
SR 22— o AT MEPE A, FATHR AE ¥ 22 £ e pE A 1
AT BT 40K 2958 T HEPE ) 1/2 (Rodhouse
etal, 1992), SR, ERMJEKHTE S G4140h0Ea
W MR MR A WA bR B ST I N LA IE

T H, Sk 2 LA S R B A I8 3 AR b SRR
m, EAERKER . R R KA A A 5T
TEFEIE 3 H 1 (Boyle et al, 2005), B H 4T ¥ 32 40 2 74
M RVEFEIR I EE A YRS, IR K, (H5 5%
IR SV S A 5 0 sl A8 A 1 R e (X B, 2020)6
EAMREN, FMREEZaNEREE SRR
BE L SRR a Tk AR B R % YA G (Waluda
etal, 2001; Lin et al, 2017b), ABF5x LI, H5F IR
22 a i IR 5 AT AR 2 i 3% i i A 21k
AIRAE B AT 2 P AH DGO R, T MR AIE 77 A 5
M, J5E W SRMERIEACER, 5 Lin %7(2017b)
HFHAREm R RS B0 REE 4K ali
TR A AT 4G AT — 2 255 LA 414U B AR 42 M
F a5 R KRR A7 B (MR A SR, 2017),
DL AR 25 A R A K & 7 o A v i i B R 150 A2 Ak
(Green, 2001), AHWFFRLEREI, RIE5HRIERE .
MakzE a FEWERNCR SHALAN AL R B hb
£ 6 2V A U B AR A B UV ARG o [RIRT, SRAEAE AR
()i 22 i B R 5 HLAUCN 15.89%, 156 A BT AR A2 9 22 £
T A PR 5 6 R S 0 TR L AR R a T
W KRR E—E, NREFEIER AR, A5
e B, AR A M 22 e P AR R AR A AR 2 TR
JEHR 9.0~12.5 CHY 2 T REEH . fEM4EK a liid ik i
H 1 mg/m’® ZE A AL FHARIRE . Xl A2 A IR K IR
FE B T n 5 AR i 3 R ML 1S 27K SF- (Rosa et al,
2008), MifE—EMLE2 a Jfif Ik nY iR UE A Bk
PR Y oA, SRR R & Y] 3K A5 PE (Portner
et al, 2020), #EMA BT MARNLA A LU0 B K R 4L

e m AL E (Lin et al, 2017b), LAk, BT 4E 3 22 fa 1t
G AP s 505 A 8 T SR R 2 W S A TR A DG
KF, TEMFRIEEE N 15 O EAE KM, Ui
BN AR A BE F A Bl AR TR T R AT
ST, BATAR A P 2 0 P A A P 2 R 5 T O A
KE , HICT WA AR 1) A TR A v 0 i Sl 2R 1 7= B ]
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Abstract

The Argentinean shortfin squid, Illex argentinus, is an oceanic cephalopod displaying

characteristics of short lifespan, fast growth rate, and semelparous reproduction. Here, we aimed to

comprehensively understand the squid’s life history strategy by investigating the body condition and

gonadosomatic index of mature male squids collected from the high seas of the southwest Atlantic Ocean

during the 2018-2021 fishing season. Our evaluations used residual index analysis and mixed-effects

models to evaluate the relationships between body condition and gonadosomatic index and the key
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oceanic variables, including sea surface temperature (SST) and chlorophyll a concentration (Chla). The
application of the mixed-effects models allowed us to explore the potential influences of habitat
environment on somatic and reproductive growth. Our results showed that mature male |. argentinus had a
measured mantle length (ML) between 143 mm and 291 mm and a body weight between 89 g and 559 g.
We also noted that the largest individuals were collected in 2020, whereas the smallest were collected in
2018. The b values for individuals from 2018 to 2020, estimated using a power regression of body weight
versus mantle length, were significantly different from the assumed isometric growth coefficient b value
(equals to 3). The standardized residuals of BW-ML relationships indicated that the individuals collected
in 2020 retained the best body condition, whereas the individuals from 2018 to 2021 displayed poor body
condition. In contrast, mature male |. argentinus showed the lowest gonadosomatic index in 2020,
followed by 2018 and 2021. Mixed-effects model evaluations revealed a significant correlation between
body condition, SST, and Chla. The individuals displayed a decreasing trend in body condition in
response to increasing sea surface temperature, from 9.0 ‘C to 12.5 °C, and body conditions improved
when the chlorophyll a concentration was around 1 mg/m’. Mixed-effects modeling also revealed that the
gonadosomatic index was positively correlated with SST, demonstrating a relatively high value at
approximately 15 “C. Taken together, these findings indicate that there is a trade-off between body
condition and reproductive investment, and that SST has a significant influence on body condition and
reproductive investment for mature male |. argentinus. Additionally, chlorophyll a concentration also
demonstrated a significant influence on the body condition of mature male |. argentines.

Key words Illex argentinus, Body condition; Gonadosomatic index; Reproductive investment;
Southwest Atlantic Ocean
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