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Fig. 1 Hypothetical areas affecting recruitment of //lex argen-

tinus (South Patagonic stock population) by different scholars
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Fig. 2 The movement and expanded schematic of hypothetical

spawning ground of //lex argentinus (South Patagonic stock

population)
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Fig. 7 Latitude and longitude coordinate map of the forecasting spawning ground of /llex argentinus
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Table 2 The result of correlation analysis parameters between
Ps of different optimal SST ranges and CPUE in forecasted
spawning ground (37.5°-44°S, 41.5°-51.5°W)

PO FE SS TR il R p
15.5~17°C 0.470 2 0.104 9
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15.5~17.5C 0.544 3 0.054 4

16~18C 0.5242 0.065 9
16.5~18.5C 0.1134 0.712 1
15.5~18C 0.502 7 0.080 0
16~18.5°C 03811 0.198 8
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Table 3 Multiple linear model equations and forecast results

DIES LI TR Yy R P MSE
1 ICPUE=2.570 1xPs+0.253 6XSST ey 1—1.928 2 0.732'1 0.0215 0.0379
2 ICPUE=2.581 6xPs+0.092 6XSST 5, ,—1.602 0 0.720 6 0.025 7 0.039 2
3 ICPUE=0.328 0XSST peq 170.124 2XSST ey ,—3.868 5 0.774 7 0.0102 0.032 6
4 ICPUE=1.390 4xPs+0.261 9XSST 5, 170.096 2XSST ., ,—3.248 0 0.796 2 0.023 5 0.0299
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Table 4 Multivariate linear model equation variable 7 test result
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4 1.910 2.678 2.552

A 5% 8 3 T 9 4 1R Y 7 R 3 A TR O i
SST Y[ (1) Ps 43 %Il 5 ¥k 4F CPUE f§AH e HE 2T, 4R45
T I iE Y SSTHE L, BISH 16~17.5C(F£ 2), X 5
Waluda 45 (5 AR 4fg ¥ b 8 2 98 Rk LAY 7= B0 37 e il
SST Bl (16~ 18°C) FEAAH[F] . i 1] 4 W 01, ) =
B 37 Ak~ B2 04 BB 3 R A e 22 FE R AT AL, BT A AE T 2

fh SR W K VERN S, SEAT R Ty ) i B 2 . PTAR A
R O RS WAL RREE VRN T, A
N e iR = P (13 10 | O S 2 TR B 7 T 2
77 BRI ), PG Wz 35, 5 B 4% 7K i R, BiE SST
(16~ 17.5°C) W B, WA ) 5 B A4 3 22 £ b
Fo 1Y & Ay JZ, WS F) T B AR A 52 £ B8 YR 4D 72
HI R

WE ST S5 R R WY, 18 4 A B U5 F5 F2 $5 Hoomt i 455 44
o, R 5 A TN RCR St . X AR R AR 2 7Y
% i 1) R AIF T 350, Area 2 RN AIE 48 5 >4 FE UL 1) R AiF T
B Area 1, DL Ko Wiz €3 320 X [ R /N (B i 7™ B 4
1 B Ps) 7] % Bl AR A o 22 YR IR 2D R AR R
Mo 44K, FRAEIREIR Area 1, FRAE IR Area 2 Fll i
7 91 37590 il Ps A By A7 A A KA OCHK, SEPR b AR o



34

MHEdy 4245

=% JE LA L P I AL A G RV T, S 2 HG ™ B A 2 ]
I A VA S BRI A5

X o] AR S 9 S £ % U A B R AT A A T — 1
WA TR 9 ZR 8 AR, A LT AR 3 B B A (32 21
bR SST BFZ A, 3 32 1 UNIEE IR . W) A 7™ ) 2 3R
BT, AR A FETS . NS R R S5 A

SE -

Py o DR ZR B 52 WO, TG B0 AR O B B R
SST BEAT B U5 4= B2 B T 00 2 G v — ol fi o B2 | e
B H AT EAETER O . B4 S R A B Y B
F1% B MR S T 2 £ T I TN R R, Dy BT AREE i 2R £
BEUR A R TR A4 B B

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

FIEH, BB 4. SRR D e 0 SRR BCHC [M]. bat: R Y i, 2005.

Wang Yaogeng, Chen Xinjun. World Oceanic Economic Ommastrephidae Resources and their Fisheries]M]. Beijing: China Ocean Press,
2005.

Chen Xinjun, Liu Bilin, Chen Yong. A review of the development of Chinese distant-water squid jigging fisheries[J]. Fisheries Research,
2008, 89(3): 211-221.

REALZS, BB, XUk, 46 VU R POV P AR A 18 22 fha v AR W) 24 R R [T, ) AR TR R343R, 2010, 30(4): 91-98.

Lu Huajie, Chen Xinjun, Liu Bilin, et al. Progress in fishery biology of Illex argentinus in the Southwest Atlantic Ocean[J]. Journal of
Guangdong Ocean University, 2010, 30(4): 91-98.

A, BT, i, 55 AU A RO TG R AP (D). IR TR 24, 2013, 22(5): 755-762.

Yu Wei, Chen Xinjun, Yi Qian, et al. Review on the early life history of neon flying squid Ommastrephes bartramii in the North
Pacific[J]. Journal of Shanghai Ocean University, 2013, 22(5): 755-762.

Houde E D. Patterns and trends in larval-stage growth and mortality of teleost fish[J]. Journal of Fish Biology, 1997, 51(SA): 52—-83.
Hatanaka H. Growth and life span of short-finned squid llex argentinus in the waters off Argentina[J]. Nihon Suisan Gakkaishi, 1986,
52(1): 11-17.

Roberts M J. The influence of the environment on chokka squid Loligo vulgaris reynaudii spawning aggregations: steps towards a quanti-
fied model[J]. South African Journal of Marine Science, 1998, 20(1): 267—-284.

WRBTZE, KLk, R . 20004 P 1 DR 74 A ] AR A T 22 £ o3 e HC 55 R TR R B0 AL P52 (0] LI T DR 2 2741, 2005,
25(1): 29-34.

Chen Xinjun, Liu Bilin, Wang Yuezhong. Study on the distribution of production of /llex argentinus and its relationship with sea surface
temperature in the Southwest Atlantic Ocean in 2000[J]. Journal of Zhanjiang Ocean University, 2005, 25(1): 29-34.

R, BB E. 200 VAR 7Y R R PH o BT AR AE 1 22 £ 315 2l OC R DB FE ()], T PEfIL, 2004, 26(4): 326-330.

Liu Bilin, Chen Xinjun. Preliminary study on the relationship between the distribution of production of /llex argentinus and SST in the
Southwest Atlantic Ocean in 2001[J]. Marine Fisheries, 2004, 26(4): 326—330.

K, AL, VU R R PG FITARAE 1 2 £ 3037 5 T B E PR T OC R AR (], IR A I, 2008, 17(4): 471-475.

Zhang Wei, Zhang Jian. A discussion about relationship between the distribution of production of /llex argentinus and marine environ-
mental factors in the Southwest Atlantic Ocean[J]. Journal of Shanghai Fisheries University, 2008, 17(4): 471-475.

BlALZAS, BAORT 2. 200645 P H R VYA EY 0 1755 2 IR [T 23 BE R T-ELI0 QAR 0], FOEIRF 24141, 2008, 23(3): 230-234.

Lu Huajie, Chen Xinjun. Fishing ground of squid specially related with sea surface temperature and sea surface height anomaly in south-
west Atlantic in 2006[J]. Journal of Dalian Fisheries University, 2008, 23(3): 230—-234.

e, RIDUHE, Bk, S, 201 24F 7Y g PG I 2 VA BT AR AE 9 2 £ 77 & 43 AT 5 3R IR DG RAFSE[]. WV B4k A ARFHE R,
2013, 32(3): 189-193.

Zhang Long, Xu Hanxiang, Zhang Hongliang, et al. Study on the distribution of production of /llex argentinus and its relationship with
sea surface temperature in the Southwest Atlantic Ocean in 2012[J]. Journal of Zhejiang Ocean University: Natural Science, 2013, 32(3):
189-193.

Waluda C, Rodhouse P, Podesta G, et al. Surface oceanography of the inferred hatching grounds of lllex argentinus (Cephalopoda: Om-
mastrephidae) and influences on recruitment variability[J]. Marine Biology, 2001, 139(4): 671-679.

REALZAS. PG P VG Vo0 BT AR AL 22 £ Yl A W2 R BRI IPA D], [ 13RI R, 2012,

Lu Huajie. Fisheries biology and resource assessment of /llex argentinus in the Southwest Atlantic Ocean[D]. Shanghai: Shanghai Ocean
University, 2012.

TEG T8, ml, TR, S5, ST I3 RS IR 7 B AR AE 0 22 £ BE IR N ST BTSRRI SE (). W4T, 2014, 36(12): 119-124.

Wang Jintao, Gao Feng, Lei Lin, et al. Study on forecasting model of recruitment for //lex argentinus by using the environmental factors
in the spawning ground[J]. Haiyang Xuebao, 2014, 36(12): 119—-124.

Brunetti N E, Ivanovic M L. Distribution and abundance of early life stages of squid (//lex argentinus) in the south-west Atlantic[J]. ICES
Journal of Marine Science, 1992, 49(2): 175—183.

Basson M, Beddington J R, Crombie J A, et al. Assessment and management techniques for migratory annual squid stocks: the Illex ar-


http://dx.doi.org/10.1016/j.fishres.2007.10.012
http://dx.doi.org/10.3969/j.issn.1673&#8722;9159.2010.04.019
http://dx.doi.org/10.3969/j.issn.1673&#8722;9159.2010.04.019
http://dx.doi.org/10.3969/j.issn.1673&#8722;9159.2010.04.019
http://dx.doi.org/10.3969/j.issn.1673&#8722;9159.2010.04.019
http://dx.doi.org/10.1111/j.1095&#8722;8649.1997.tb06093.x
http://dx.doi.org/10.2331/suisan.52.11
http://dx.doi.org/10.2989/025776198784126223
http://dx.doi.org/10.3969/j.issn.1004&#8722;2490.2004.04.016
http://dx.doi.org/10.3969/j.issn.1004&#8722;2490.2004.04.016
http://dx.doi.org/10.3969/j.issn.1004&#8722;2490.2004.04.016
http://dx.doi.org/10.3969/j.issn.1000&#8722;9957.2008.03.015
http://dx.doi.org/10.3969/j.issn.1000&#8722;9957.2008.03.015
http://dx.doi.org/10.3969/j.issn.1000&#8722;9957.2008.03.015
http://dx.doi.org/10.1007/s002270100615
http://dx.doi.org/10.1093/icesjms/49.2.175
http://dx.doi.org/10.1093/icesjms/49.2.175

6 1 T SH WA T 01 37 ¥ R0 BT A AR A i 2% 40 B R A B I A AL AF Y 35

gentinus, fishery in the Southwest Atlantic as an example[J]. Fisheries Research, 1996, 28(1): 3—27.

[18] Benediktsson J A, Swain P H, Ersoy O K. Neural network approaches versus statistical methods in classification of multisource remote
sensing data[J]. IEEE Transactions on Geoscience and Remote Sensing, 1990, 28(4): 540—552.

(19] ECEJETE. et I Big{M]. VR, ke T, i dbat: du g Tolk i bk, 2004,
Vapnik V N. Statistical Learning Theory[M]. Xu Jianhua, Zhang Xuegong, trans. Beijing: Publishing House of Electronics Industry,
2004.

[20] O'Dor R K. Big squid in big currents[J]. South African Journal of Marine Science, 1992, 12(1): 225-235.

[21] Brunetti N E, Elena B, Rossi G R, et al. Summer distribution, abundance and population structure of Illex argentinus on the Argentine
shelf in relation to environmental features[J]. South African Journal of Marine Science, 1998, 20(1): 175—-186.

[22] Brunetti N E, Ivanovic M L, Louge E, et al. Reproductive biology and fecundity of two stocks of the squid (/llex argentinus)[J]. Frente
Maritimo, 1991, 8(A): 73—84.

Research on the abundance prediction model of Illex argentinus based on
sea surface temperature of spawning ground

12345

Wang Yifan ', Chen Xinjun , Guo Lixin 3

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Oceanic Fisheries Exploration,
Ministry of Agriculture and Rural Affairs, Shanghai 201306, China; 3. National Engineering Research Center for Oceanic Fisheries, Shang-
hai 201306, China; 4. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306,
China; 5. Scientific Observing and Experimental Station of Oceanic Fishery Resources, Ministry of Agriculture and Rural Affairs, Shanghai
201306, China)

Abstract: [llex argentinus was a short life cycle species. Its resource abundance is susceptible to changes in the
marine environment, especially in its early life history stage. According to the production statistics of the Chinese
squid jigging fleet during 2003—2016 in the Southwest Atlantic and the sea surface temperature (SST) of the spawn-
ing ground from satellite remote sensing, the correlation analysis method was used to select the featured area repres-
enting SST changes during the spawning season (June) of /. argentinus. Based on the assumption that the ratio of
optimum SST range to the total area (Ps) of the spawning ground of 1. argentinus is positively correlated with the
abundance index (catch per fishing unit, CPUE, t/ship), the optimum spawning area and suitable sea water temperat-
ure range of 1. argentinus were traced back, and a variety of multivariate linear prediction models of abundance in-
dex based on the environmental factors were established. The correlation analysis shows that there are significant
correlations between SST and CPUE in two consecutive sea areas (Area 1, Area 2) in June. They are 42.5°—44°S,
57.5°=59°W (Area 1) and 39°-39.5°S, 45°-46°W (Area 2) respectively. The inferred spawning area of I. argen-
tinus ranges from 37.5°S to 44°S and 41.5°W to 51.5°W, and the optimum SST in the spawning area is 16°C to
17.5°C. The SSTs of two featured areas (Area 1, Area 2) and Ps in the inferred spawning area are used to establish
four types of multivariate linear prediction models of abundance index (ICPUE), the results show that the fourth
model containing the featured areas and Ps in the inferred spawning area is superior to the other 3 models, and its
prediction model of abundance index is ICPUE=1.390 4xPs+0.261 9xSST,,.,,+0.096 2xSST,...,—3.248 0.

Key words: Southwest Atlantic; Illex argentinus; abundance index; forecasting model; spawning environmental conditions
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