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Catch Variations of Argentine Shortfin Squid Illex argentinus in the
Southwest Atlantic

Jeong Eun Ku, Seok-Gwan Choi, Doo-Hae An and Eunjung Kim*

Distant Water Fisheries Resources Division, National Institute of Fisheries Science, Busan 46083, Korea

The spatial and temporal catch variations of Argentine shortfin squid Illex argentinus in the Southwest Atlantic Ocean
(SWA) were analyzed using Korean squid-jigging fishery data collected through electronic reporting system (ERS)
from 2016 to 2020. The ERS linked with GPS has been implemented for collecting fishing data from all Korean fish-
ing vessels operating in international waters since November 2015. The fishing period of the Korean squid-jigging
fishery in the SWA runs from early summer to autumn (December to June) in the Southern Hemisphere. The fish-
ing ground was extended from 42°S to 48°S along the Patagonian continental shelf and slope, and the main fishing
ground was formed around the Falkland Islands. The yearly catch per unit effort (CPUE) of I. argentinus fluctuated
between 1.69 and 7.53 tons/day. In this study, during the fishing season, a south and westward shift on the fishing
ground was observed indicating the feeding migration of the south Patagonian stock. The shift in monthly fishing
centroids differed according to fishing season. The gradual southward shifts of fishing centroids were observed in
the catch years (2017 and 2018), whereas unapparent shifts in fishing centroids were observed in the low catch years
(2016 and 2019).

Keywords: Squid-jigging fishery, Illex argentinus, Southwest Atlantic ocean, CPUE, Electronic reporting system
(ERS)
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Fig. 1. Total catch of Argentine shortfin squid Illex argentinus in
the Southwest Atlantic Ocean (FAO, 2019) and Korean squid catch
by jigging and trawl fisheries in the Southwest Atlantic Ocean.
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Fig. 2. Spatial distribution of Korean squid-jigging fishing position
(2016-2020) on the Argentinean continental shelf with the warm
Brazil Current (red) and the cold Malvinas Current (blue) (Cur-
rents flow modified from Pierini et al., 2016). The bathymetry of
the continental shelf indicated by gray color gradient from 0 to
2000 m.
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Fig. 3 Monthly catch on Argentine shortfin squid Illex argentinus and fishing effort (fishing days) from the Korean squid-jigging fishery.
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Table 1. Catch, number of vessel, catch per unit effort (CPUE) and mean distance between monthly fishing centroid of jigging fishery by
fishing season [December (November) to June (May)] in the Southwest Atlantic

Fishing Season 2016 2017 2018 2019 2020 Mean
No. of vessel 31 28 30 29 30 30
CPUE (ton/day) 1.69 7.53 4.50 2.95 4.49 1.69
Mean distance between monthly centroids (km) 142.52 76.02 114.51 175.39 155.121 132.71
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Fig. 4 The boxplot of the latitudinal and longitudinal components on the fishing locations in the Korean squid-jigging fisheries in the South-

west Atlantic during 2016-2020.
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Fig. 5 Total catch (tonnes) and effort (fishing days) by fishing locations in the Korean squid-jigging fishery from 2016 to 2020.
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Fig. 6 Monthly catch per unit effort (CPUE) of jigging fisheries in
the Southwest Atlantic during 2016-2020.
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Fig. 7 Catch per unit effort (CPUE) by latitude in Korean squid-
jigging fishery in the Southwest Atlantic during 2016-2020.

dhe.

Latitude (°S)

2)ghct, Jubt Aol 3t of= et 2R = eu| e
ol = ol Hutelalyo} ti &5 Edste] §Ho R {5
AlZFsto] Hg 2-39Yof| Aol ZEME A= LA =2}
gttt o] Al7]of| & sl Aol 4] o]&=Fa} CPUEY} 54 3] 5715t
L Ak oA o1 A7 Rodhouse et al., 1995)0] A &= v} %1
v} Qlth 6ol o]glgFo] 54 3] Fash A& LA o7} Akt
52 floll ZEWHE A=E wu o] 52 Al&el7| wiitolth
(Rodhouse et al., 1995). 24 0] 01%}9] Q= HEAJL B oL
wakop e} cfgte] @ ol Ak7] o] Azt A5 o) EZo] o]
= Y= YIck(Sacau et al., 2005; Chiu et al., 2017). §HH, of
Ae] AERIES ol dojo] The o5} ofZHE} uje}
A A A4+ (exclusive economic zone, EEZ)2] $A]of 7] 1%t
Ao g HRIt} of23MEY 22X efn]  oj= A F
Z5e ojeRal gEAEd] QSR ofge] X tig
BollAl A BlojuhA] eb=th(Fig. 2). o149 FF A= 55
Q1 of=JlE|L} EEZ v ) S-5-2 i SAPdof| 531 4 A £
Shehh i T2 Aw w0 2 ojgo] B AR WA %
el 2E Sele A7) ofAlo] ZIAS BEZE 2lofel
7] wfZolth. i ¢Atol| A o] Q2] M52 of=JE L G2
Leju ool F& o & 3|55 Uetlim E3H 191A 1 A
£ Wk = gteh @A ojef o] o]gAdo] & o] F2) Algxt
A o] HE2 o]F 9 ol UEt= A= AHEE
4= 91om, o]i= CPUE #33}F 2ol 583t Q1o g A
HtHCao et al., 2011).

of7]of e EHE o] o] W52 o] 3¢9 of=JE[L}
groA|=aln| 2 gofe] Ateka A Ao Btk A
A of=3E Y F2A =] e ol = A% 4k B
(Rodhouse and Hatfield, 1990; Rodhouse et al., 1995), At
A7\s} 31974 2] nte} 2] 43°S o] Hupehuiuiof Azt
T, 42°545°S AJo] gl AJalaln] e AHE o



FAHAYG AT A7) o HE 939

Y2016 Y2017 Y2018
40 =
-
c1605
c1701
ci712
45 - c1601 c1604 i
c1602 c1801
c1603 c1702° ¢1703 c1802
c1704 c1803
50- c"m{ cgalls
L]
c1706 c1804
@ -55-
o i i
= 65 &0 e
£ Y2019 Y2020 0 = 2y
m
 _4g-
cigiz
L]
-5 2005
-
©2001
c1904 15903 £2003
50 - ot LX)
o1g0s ©1902 c2004 c2002
-55 -
-70 -85 50 -55 70 -65 -60 -55
Longitude

Fig. 8. Monthly distributions of fishing centroid by each fishing seasons (2016-2020) in Korean squid-jigging fishery in the Southwest At-
lantic. The first two numbers indicate the fishing season (2016 — 16) and second two letter indicate the month (March — 03).

AR, 45°S o] 2 ool A 7b 2 ARKEE B EIUC 5jol0] JoixI7I2-62)7} Hol ofatol WHlslel
ool HUHO T Vg Fat oteajo} dekom 1h HE A0% AZET £ o5 7158 of7)2) 1.299]
Hth(Haimovici et al., 1998; Agnew et al., 2005; Perez et al., 082 A] 0 0k 45°S o) JAE L o) =8 A |
2009). € oAl o] 7] 281 12-193} 11 o] $9h= Qﬁ Ith(Fig. 3, Fig. 8). o]«= Aol o &2 dolslh= n|/d< dutet
8 s, o) B Alghzel dulel Lol AlRkae] 318 o} Alekto] SEah 272 4% & ofglo 2 sllElo] =
s} elto] Slof AL 12U 19 46°S BN Ao 2 ofHRE LI, e o) thigol A4St o
Aoz galah date ot Agkae SRS F2 ol B Aol o}2)H9S AR 91 Aoleh F Alkel 4
sobu], 3R e BIACH Bao| YAE ool H Put 2] 1% A3 iR AT Lol gleng o] 4
EHIjo} ko] HAIS BER ofslshi Ao AZErh 7o 45°S FolA of3lEl M) Al weke Shelgit
oli= ThE Uz 7|0l 1] o] H et vlseith(Hatanaka, o@ %8 Akee] AlHo] 7Rsg Aol

1986; Brunetti and Ivanovic, 1992; Leta, 1992; Rodhouse et = ixloiv% Zro] o2 gL} Bl - gn]| 2 A o]Q] =
al., 1995; Arkhipkin, 2000). ‘g2}EfaiL of Abghto] F=8 0% Lo} s FHEY 2o 24 FFFE e A0 R dTA
ol ZFE A o] BAZs|| oL Hulel i o} Akt o] A o] QltH(Waluda et al., 2001; Bazzino et al., 2005; Sacau et al

Holu] Aut7]ojgle] Folzo e topgt @2 o] ool of2gl  2005; Chen etal., 2012). 2 ajFoll A 25hel 2L} ki

Hu A e7] 0 401G ol Sfoh/] S1o) 269 THAC & BIUS Aot RoIA BRI} ABOR Lol ST
ool Qlofaitt. whetA ojFefo] 7ML 390) o FAE  Amel A StSHs Hebd U} uht Alkelo] FRA 5 9
2R BE ol T2 PAHYHFig. 8). 017 F LY 5 FFUL FATCHFig. 2 Wang et al, 2018). o] 54

oY F4l 9] o] 52 o]g 9] At Aol Q= =it 2 oF= e L B2 A] = 2fu] @ 7] o] O] o] A o] ﬁma‘ﬂ
oY FAZE Bt A7t 7P E-2 017191 20179 2] L o1 E < b, & ol o] EHy gk £9l aEf Yo &g

S el welehe 43S Holr ol gzl Jute I ZIWE AL Fafjol| A TS FAoh= AR U
T of Akt o] 337 2o} vl 5xdh S B ¢Ick(Fig. 8). vt #] ¢)tHChen et al., 2007). 4= 0] Z-& ¢ A o]o] AL 3} 3|9
W ofglgFo] 7P Word 20199 9] o FF A2 35 H 3 ¢l 7Fd=Ee] A7]0]| whet o] F o] ul- 2 HolH °lt 2 A+
o] Z2ZWNE ool Y x|3} 2 o] = o] o] F RISt TH= o] e-gjutet A7 ol kol T35k vrebdtt v S &



940 -

ox,
flo
B

© A7) 7F Eotol| = 2017W 2] o] B2 2016 9] o] 3]k
vlaf SujE F7het S ER18k 4= QISith. whekA] of2-E L

A =] 2 o] o] AR 52 ofsfistr] HsfiA= of HE

s OME} o] Ztl o] AEALE st Al 9 o] ke] 3H

HES A B8t Atsfiof & Aot

A A}

A= j?'D‘HJMi <] 202049 S=ARA R AR 0l T

%"M?j A9 7 2 yhe] AT (R2020023)9] A|Pog 4

Sy 5T

References

Agnew DJ, Hill SL, Beddington JR, Purchase LV and Wakeford
RC. 2005. Sustainability and management of southwest At-
lantic squid fisheries. Bull Mar Sci 76, 579-594.

Arkhipkin AL 2000. Intrapopulation structure of winter spawned
Argentine shortfin squid /llex argentinus (Cephalopoda,
Ommastrephidae), during its feeding period over the Pata-
gonian Shelf. Fish Bull 98, 1-13.

Arkhipkin Al, Gras M and Blake A. 2015. Water density path-
ways for shelf/slope migrations of squid /llex argentinus in
the southwest atlantic. Fish Res 172, 234-242. https://doi.
org/10.1016/j fishres.2015.07.023.

Avigliano E, Ivanovic M, Prandoni N, Méndez A, Pisonero J and
Volpedo AV. 2020. Statolith chemistry as a stock tag in the
Argentine shortfin squid //lex argentinus. Reg Stud Mar Sci
38, 101355. https://doi.org/10.1016/j.rsma.2020.101355.

Barton J. 2002. Fisheries and fisheries management in Falkland
Islands Conservation Zones. Aquatic Conserv Mar Freshwat
Ecosyst 12, 127-135. https://doi.org/10.1002/aqc.482.

Bazzino G, Quifiones RA and Norbis W. 2005. Environmen-
tal associations of shortfin squid /llex argentinus (Cepha-
lopoda: Ommastrephidae) in the Northern Patagonian
Shelf. Fish Res 76, 401-416. https://doi.org/10.1016/].
fishres.2005.07.005.

Brunetti NE. 1988. Contribucion al conocimiento biologico-
pesquero del calamar argentine (Cephalopoda: ommas-
trephidae: lllex argentinus). Ph.D. Thesis, Universidad Na-
cional de La Plata, La Plata, Argentina.

Brunetti NE and Ivanovic ML. 1992. Distribution and abun-
dance of early life stages of squid /llex argentines in the
south-west Atlantic. ICES J Mar Sci 49, 175-183.

Brunetti N, Ivanovic M, Rossi G, Elena B and Pineda S. 1998.
Fishery biology and life history of /llex argentinus. Okutani
T. (ed.), Large Pelagic Squid, Japan Marine Fishery Re-
sources Center JAMARC) Special, Tokyo, Japna, 216-231.

Cao J, Chen X, Chen Y, Liu B, Ma J, Li S. 2011. General-
ized liner Bayesian models for standardizing CPUE: an
application to squid-jigging fishery in the northwest Pa-

2k -

=
-
%
oy,
Flo
ox

cific Ocean. Sci Mar 75, 679-689. https://doi.org/10.3989/
scimar.2011.75n4679.

Castellanos, ZA. 1960. Una nueva especie de calamari Argen-
tino Ommastrephes argentinus sp. nov. (Mollusca, Cepha-
lopoda). Neotropica 6, 55-58.

Castellanos ZA. 1964. Contribucion al conoeimiento biologico
del calamar argentine /llex illecebrosus argentinus. Boletin
del Instituto de Biologia Marina 8, 1-36.

Chang K, Chen CS, Chin TY, Huang WB and Chiu TS. 2016.
Argentine shortfin squid //lex argentinus stock assessment
in the Southwest Atlantic using geostatistical techniques.
Terr Atmos Ocean Sci 27, 281-292. https://doi.org/ 10.3319/
TA0O.2015.11.05.01(Oc).

Chen CS, Chiu TS, and Haung WB. 2007. The spatial and
temporal distribution patterns of the Argentine short-finned
squid, Illex argentinus, abundances in the Southwest Atlan-
tic and the effects of environmental Influences. Zool Stud,
46, 111-122.

Chen X, Lu H, Liu B. 2012. Forecasting fishing ground of /llex
argentinus by using habitat suitability model in the south-
west Atlantic. J Shanghai Oce Uni 21, 431-437.

Chiu TY, Chin TS, Chen CS. 2017. Movement patterns de-
termine the availability of Argentine shortfin squid /llex
argentinus to fisheries. Fish Res 193, 71-80. https://doi.
org/10.1016/j fishres.2017.03.023.

Doubleday ZA, Prowse TAA, Arkhipkin A, Pierce GJ, Semmens
J, Steer M, Leporati SC, Lourenco S, Quetglas A, Sauer W
and Gillanders BM. 2016. Global proliferation of cephalo-
pods. Curr Biol 26, R406-R407. https://doi.org/10.1016/].
cub.2016.04.002.

FAO (Food and Agriculture Organization of the United Nations).
2019. Global capture production 1950-2017. Retrieved from
https://www.fao.org/fishery/statistics/global-capture-query-
es on September 28, 2020.

Hatanaka H. 1986. Growth and life span of short-finned squid
lllex argentinus in the waters off Argentina. Nippon suisan
Gakkaishi 52, 11-17. https://doi.org/10.2331/suisan.52.11

Hatanaka H, Kawahara S, Uozumi Y and Kasahara S. 1985.
Comparison of life cycles of five ommastrephid squids
fished by Japan: Todarodes pacificus,lllex illecebrosus, II-
lex argentines, Nototodarus sloani sloani and Nototodarus
gouldi. NAFO Sci Coun Studes 9, 59-68.

Haimovici M, Brunetti NE, Rodhouse PG, Csirke J and Leta
RH. 1998. lllex argentinus. FAO Fisheries Technical Paper
No 376, 27-58.

Haimovici M and Alvarez-Perez JA. 1990. Distribution and
sexual maturation of the Argentinean squid /llex argentinus
of southern Brasil. Sci Mar 54, 179-185.

INIDEP (Inicio Ministerio de Agricultura, Ganaderia y Pesca).
2016. Calamar. Pesquria 2016. In: Ivanovic M, Aubone A,
Rossi GR, Mc Innes M, Buono ML and Cozzolino E. eds.
Mar del Plata, Argentina.



FAHAYG AT A7) o HE 941

=

Leta HR. 1981. Aspectos biologicos del calamar lllex argenti-
nus. Proyecto URU 78, 50.

Leta HR. 1992. Abundance and distribution of //lex argentinus
rhynchoteuthion larvae (Cephalopoda, Ommastrephidae)
in the waters of the Southwestern Atlantic (Argentine-Uru-
guayan common fishing zone). Afr J Mar Sci 12, 927-941.
https://doi.org/10.2989/02577619209504753.

Parfeniuk AV, Froerman YM and Golub AN. 1992. Particulari-
dades de la distribucion de los juveniles del calamar (Illex
argentines) en el drea de la depression argentina. Frente
Marit 12, 105-111.

Perez JAA, Silva TN, Schroeder R, Schwarz R and Martins RS.
2009. Biological patterns of the Argentine shortfin squid //-
lex argentinus in the slope trawl fishery off Brazil. Lat Am J
Aquat Res 37, 409-428.

Pierini JO, Lovallo M, Gomez EA and Telesca L. 2016. Fisher-
shannon analysis of the time variability of remotely sensed
sea surface temperature at the Brazil-Malvinas conflu-
ence. Oceanologia 58, 187-195. https://doi.org/10.1016/].
oceano.2016.02.003.

R Core Team. 2017. R: A language and environment for sta-
tistical computing. R Foundation for Statistical Computing,
Vienna, Austria. Retrieved from http://www.R-project.org/
on Oct 1, 2020.

Rodhouse PG, Barton J, Hatfield EMC and Symon C. 1995. [I-
lex argentinus: Life cycle, population structure, and fishery.
ICES Mar Sci Symp 199 425-432.

Rodhouse PG and Hatifield EMC. 1990. Dynamics of growth
and maturation in the cephalopod /llex argentinus de Castel-
lanos, 1960 (Teuthoidea:Ommastrephidae).Philos Trans R
Soc Lond B Biol Sci 329 229-241. https://doi.org/10.1098/
15tb.1990.0167.

Rodhouse PG and White MG. 1995. Cephalopods occupy
the ecological niche of epipelagic fish in the Antarc-
tic Polar Frontal zone. Bio Bull 189, 77-80. https://doi.
org/10.2307/1542457.

Jereb P and Roper CF. 2010. Cephalopods of the world-an anno-
tated and illustrated catalogue of cephalopod species known
to date. Volume 2. Myopsid and Oegopsid Squids. FAO,
Rome, Italy.

Sacau M, Pierce GJ, Wang J, Arkhipkin AL Portela J, Brickle
P, Cardoso X. 2005. The spatio-temporal pattern of Argen-
tine shortfin squid /llex argentinus abundance in the south-
west Atlantic. Aquat Living Resour 18, 361-372. https://doi.
org/10.1051/alr:20050309.

Waluda CM, Rodhouse PG, Trathan PN, Rierce GJ. 2001.
Remotely sensed mesoscale oceanography and the dis-
tribution of /llex argentinus in the South Atlantic. Fish
Oceanogr 10, 207-216. https://doi.org/10.1046/j.1365-
2419.2001.00165.x.

Wang J, Chen X and Chen Y. 2018. Projecting distributions of
Argentine shortfin squid I/lex argentinus in the Southwest

Atlantic using a complex intergrated model. Acta Oceanol
Sin 37, 31-37.



