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ABSTRACT Dosidicus gigas, jumbo flying squid, is widely distributed in the eastern Pacific O-
cean, and has become one of the most important target species for Chinese squid jigging vessels. There
is a great potential for exploitation due to the abundance of this species. The precise forecasting of
hotspots could provide scientific guidance for squid jigging fleets. Hotspots of D. gigas are closely re-
lated to the abundance distribution which is affected by marine environmental factors including sea sur-
face temperature and sea surface height. We established the suitability index of D. gigas based on ei-
ther catch per unit fishing effort or fishing effort, with two data resources: the fishery data from Chi-
nese squid jigging produced from 2008 to 2010, and the environmental data including real-time sea
surface temperature and sea surface height obtained from remote sensing. Then we used the arithmetic
average model to establish different habitat suitability index. We also used the established model based

on the fishing catch and marine environmental data in 2011 to test the habitat suitability index model.
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We found that the suitability index based on fishing effort and environmental factors was consistent with
the normal distribution (P <0.05). However, the suitability index based on catch per unit fishing ef-
fort and environmental factors was not significant (P >0.05). We hence used the habitat suitability
index model based on fishing effort to forecast the hotspots of D. gigas. It was found that in the area
where the habitat suitability index was higher than 0. 6, the catch accounted for 48% of the total, the
fishing effort occupied 46% of the total, and the CPUE ranged from 5. 23 to 5. 76 t/d. We also found
that the forecasted hotspots of D. gigas were basically located in the actual fishing area, which indica-
ted that this model could effectively forecast the hotspots of D. gigas.
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Fig. 1  HSI calculation sketch
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Table 1 The relationship between fishing time, CPUE and SST, SSH
J1 4 Month ZH( Parameter $53% 1 [l Optimum range J 5 L7 Proportion (% ) %R CPUE (1v/d)
1 SST(C) 22-25 82.3 4.72-6.35
SSH( cm) 22 -31 78.9 5.27-5.76
2 SST(C) 24 -26 84.0 4.30 -4.68
SSH(em) 22-28 77.0 4.52-4.75
3 SST(C) 25-27 63.2 3.91 -4.48
SSH(em) 25 -31 80.6 3.22-4.54
4 SST(C) 23-25 75.3 4.32-4.99

SSH( cm) 22 -28 72.2 3.13-4.26
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gE1
H 14}y Month ZH0 Parameter H i1 Bl Optimum range BT 5 L H Proportion( % ) Xt CPUE (t/d)
5 SST(C) 21 -23 87.5 3.46 -4.41
SSH( cm) 16 -25 68.8 3.38-3.52
6 SST(C) 19 -21 75.3 5.05-5.55
SSH( cm) 25 -31 68.9 5.45-5.93
7 SST(°C) 17 -19 80.0 4.75-5.80
SSH( cm) 25-34 60.0 3.89-5.90
8 SST(C) 17 -19 97.2 5.08 -6.02
SSH( cm) 22 -31 91.4 4.88 -6.43
9 SST(C) 17 -19 78.5 4.62 -6.24
SSH( cm) 22 -28 72.4 5.34-5.41
10 SST(C) 16 - 19 80.2 4.77 -17.80
SSH( cm) 22 -28 95.9 5.75-6.65
11 SST(C) 18 =20 78.2 4.50 -5.33
SSH( cm) 19 -25 80.0 4.78 -5.33
12 SST(°C) 20 -22 72.8 5.51-8.93
SSH( cm) 25-34 65.9 4.95-7.19
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Fig.2 The relationship between SST and suitability index based on fishing times and

CPUE of D. gigas in the offshore waters of Peru during Jan to Dec



553 3 AR A < ) AT S 3 5 SR R T A 5 S 25 SR AR A X 23

2.2 FFE SIitE&iIE SST #1 SSH
MR Y ST, 3155 4AE H UL CPUE AR MV R )3 P8 250k Fehit i il SST \SSH BYE L, W3k 2,
2.3 SIH&AREERIZET

R I 25 R i 1 285 AR 2 6 AR YR B0 CPUE Sh 3Rl AY ST 55 SST SSH i AT4 (2 A 3) o
BEREI, I B SRk 4 ST 5 SST \SSH 145 1Y J7 B 4xvibad it 1 W& MER SR (P <0.05) , i Lk CPUE 2y
SEnb A4 SI 55 SST \SSH 05 B 77 2 LA B il 1 R F PR E (P <0.05) (3£3) 6

51107 15 Jan = 5100 28 Feb
08 0.8
0.6 0.6
# 0.4 # 0.4
202 S £ 0.2
o0 14517.520523.526.529.532.535538.5 e 14.517.520.523.526.529.532.535.538.5
SSH(cm) SSH(cm)
& 1.07 3H Mar % 1.0p 4H Apr
0.8 #0.8
HToe 0.6
#o4 #0.4
o2 3 0.2
50 v 0
145 175 205 235 265 295 325 355 385 145 17.5 20.5 23.5 26.5 29.5 32.5 355
SSH(cm) SSH(cm)
& 1.0 SH May % 1.0; 68 Jun
#0838 I I i \ £#0.8 iI I
1 0.6 o6
# 0.4 # 0.4
=02 0.2
# 0 #0
145 175 205 235 265 295 325 355 385 14.5 17.5 205 23.5 26.5 29.5 32.5 35.5
SSH(cm) SSH(cm)
% 1.0 7H Tul & 1.0 8H Aug
0.6 0.6
04 #0.4
0.2 2102
f3 0 f 0
145 175 205 235 265 295 325 355 385 145 175 205 235 265 295 325 355 385
SSH(cm) SSH(cm)
A 1.07 98 Se & 1.01 108 Oct
#0.8 P #0.8 <
0.6 0.6
0.4 0.4
2102 2102
w0 ¥ 0 -
145 175 205 235 265 295 325 355 385 145 175 205 235 265 295 325 355 385
SSH(cm) SSH(cm)
% 1.0711H Nov 2 1.07 125 Dec
0.8 0.8
0.6 0.6
#0.4 0.4
Ho2 e 02
oo 145 175 205 235 265 295 325 355 385 w0 145 175 205 235 265 295 325 355 385
SSH(cm) SSH(cm)

&3 FEsMEEZEZMm 1 - 12 A LR AL CPUE S il 0938 R A8 80 B 5 SSH 16 R
Fig.3  The relationship between SSH and suitability index based on fishing times and
CPUE of D. gigas in the offshore waters of Peru during Jan to Dec
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Table 2 The suitable ranges of SST and SSH based on the suitability index of CPUE and fishing times

il SST 3% #i Fl Optimum SST range( C ) SSH 3% (i Fil Optimum SSH range (cm)
Time VeI Vi Bk Fishing times CPUE. VEb ¥k $k Fishing times CPUE
1 A Jan 21.9-24.5 21.1-24.7 21.5-29.2 20.9-31.6
2 | Feb 23.6-25.6 22.9-25.3 22.7-30.1 21.5-29.5
3 A Mar 23.4-26.7 22.5-26.6 23.8-31.5 22.9-32.8

4 F Apr 22.6-25.5 22.8-25.9 20.8 -30.3 20.4-32.3
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i ] SST #5:5% i [l Optimum SST range(°C ) SSH 5:3% i [l Optimum SSH range( cm)
Time VENL YK Fishing times CPUE YEAV YK %R Fishing times CPUE
5 J May 20.7 -22.6 20.4-22.7 18.8 -28.8 21.7 -34.5
6 A Jun 18.8 -21.0 19.1-21.8 22.8-30.6 23.0-31.4
7 A Jul 17.5-19.5 17.4-19.4 20.5-30.8 18.1-31.3
8 J1 Aug 17.1-18.7 16.8 -19.0 23.6 -30.3 23.9-31.8
9 H Sep 16.8 -19.3 16.5-19.7 20.8 -27.7 20.7 -29.6
10 A Oct 16.8 -19.2 17.0 -19.7 22.3-27.4 22.3-29.0
11 J Nov 18.1-20.3 17.2 -19.7 20.0 -25.9 19.0-28.2
12 A Dec 19.8 -22.5 19.9-22.8 21.4-31.5 16.5-27.7
#3 UEIR#E .CPUE AERMZEZ & IBNMEIEE
Table 3 The suitability index of jumbo flying squid based on fishing times and CPUE
st ] Ve B HEAE Based on fishing effort CPUE 3l Based on CPUE
Time 3E 7 M HE BT S equation P TR OB ST equation p
LA Jan Slsep = exp[ —0.176 (X5 —23.90)2 ] 0.0002 Slsep = exp[ —0.041 (X5 —26.49)2] 0.0049
Slssp = exp[ =0.029( X5y —24.82)%] 0. 0005 Slgsp = exp[ =0.034 (Xggp —24.4)%] 0.0088
— Slssp = exp[ =0.863 (Xgop —24.71)%] 0.0018 Slssr = exp[ =0.016( Xggp —27.24)%] 0.2771
Slgp = exp[ —0.105(Xggp —26.1)7] 0.0001 Sl = exp[ —0.038( X5y —24.8)7] 0.0003
3 A Mar Slgsp = exp[ =0.371 (Xggp —25.72)%] 0.0005 Slggr = expl =0.019( Xggp —29.90)2 ] 0.1531
Slsep = exp[ —0.145 (X5 —27.16)2 ] 0.0012 Slgsp = exp[ —0.068 (X g5y —27.16)%] 0.1306
45 Apr Slssp = exp[ =0.733(Xggp —24.08)%] 0.0108 Slgsp = expl 0. 181( Xy5p —24.22)2] 0.0008
Slssp = exp[ =0.132(Xggp —26.12)%] 0.0001 Slssr = exp[ =0.029( X5y —24.49)% ] 0.0198
5 A May Slgsp =expl —1. 119( Xg5p —21.68)2] 0.0013 Slgsp = exp[ —0.242( X5 —22.31)2] 0. 0064
Slssp = exp[ =0.026(Xgep —21.72)%] 0.0349 Slgsp = exp[ =0.079(Xggp —32.07)%] 0. 3865
6 1 Jun Slsep = exp[ —0.518 (X5 —19.93)2] 0.0077 Slgsp = exp[ —0.399( Xggp —20.47)%] 0.0289
Slsep = exp[ —0.051(Xgqp —27.43)2] 0.0029 Slsep = exp[ —0.012( X5y —29.68)2 ] 0. 0004
— Sy = exp[ —1.099( X5 —18.50)2 ] 0. 0001 S = exp[ —0.267(Xggp —18.64)7%] 0.0893
Sl = exp[ —0.025( X5 —26.49)7 ] 0.0072 - -
8 1 Aug Slggp = exp[ —1.003(Xggp —17.89)7 ] 0.0277 Slggp = exp[ —0.527 (Xggp —17.98)7%] 0.0923
Slssp = exp[ =0.051 (X5 —26.92)%] 0. 0009 Slsep = exp[ =0.005 (X5p —34.26)2 ] 0.2191
5 A Sep Slssp = exp[ —0.741 (Xg5p —17.88)% ] 0.0012 Slgsp = exp[ =0.220( Xggp —18.06)%] 0.2790
Slsep = exp[ —0.054 (X5 —24.31)%] 0.0001 Slgsp = exp[ —0.014(Xggp —25.39)%] 0.0144
10/ Oet Slssr = exp[ —0.268(Xgsp —17.96)% ] 0.0506 SIgsp = exp[ —0.185(Xgsp — 18.29)%] 0.2156
Slssp = exp[ =0.126(Xggp —24.55)%] 0.0251 Slssp = exp[ =0.057 (Xggp —25.24)%] 0.1981
11 H Nov Slggp = exp[ =0.739(Xggp —19.25)2] 0.0088 Slggp = exp[ =0. 153 (Xg5p —17.09)2 ] 0.0086
Slggp = exp[ —0.038(Xggp —21.87)7] 0.0010 SIggp = exp[ —0.011(Xggp —17.18)7%] 0.0141
12 1 Dee Slssp = exp[ —0.852( X5 —20.78)%] 0.0206 Slgsp = exp[ =0.265(Xggp —21.02)%] 0. 4506
Slsep = exp[ —0.035 (X5 —28.36)2] 0.0419 Slser = exp[ —0.058 (X5 —20.25)2] 0.0423

2.4 HSI =BG KRIIE

H1 T CPUE fE7E AN 5 OREAY , DRt FUEE ST LA O BON FE R AR R AR AU 08 LA L CBCR LAl 1)
T PERR RO, B AMM BETHR T 2011 4F 1 - 12 A HSI(K4) . dhit8al A, 24 HSLAE 0. 6 LI, j= b



553 1 A A R A B M R R T N RS 4 S 25 S A PR X 25
Tl 48% ML B 46% CPUE %3 5.23 =5.76 /d.,
F4 ETHSIF2011 £1-12 AF=ELLE (ElRELE CPUE Fit 2%
Table 4 The CPUE, percentage of fishing times and percentage of catch based on HSI during Jan to Dec of 2011
HSI-Effort
Wi 5% HST
7= i L Percentage of catch(% ) VEM YR B LL TR Percentage of fishing effort (% ) CPUE(t/d)
0-0.1 0.06 0.05 7.21
0.1-0.2 0.06 0.06 4.94
0.2-0.3 0.06 0.06 4.66
0.3-0.4 0.07 0.07 4.69
0.4-0.5 0.13 0.14 5.06
0.5-0.6 0.14 0.15 5.98
0.6-0.7 0.14 0.13 5.76
0.7-0.8 0.13 0.13 5.46
0.8-0.9 0.12 0.12 5.41
0.9-1.0 0.09 0.09 5.23
HIHT HSTASY ARG 2011 4 1 — 12 7 SST F1 SSH A, 735315545 H B HST{EL, SR )5 R 25 2 0 Y R X,

I3 B 5L PR AR LA T AL (3R 5) o SARIT, A HSTAE T A £ 5 X LS PR KRR

Table 5 Comparison between predicted area and actual area

i YR HUE X Catch hotspot

Time FEL A 5 X, Simulated hotspot SBRAART X Real hotspot
1 A Jan 78° —84°W,11° -18°S 79° —82°W,15° - 18°S
2 H Feb 78° —84°W,11° —-18°S 79° -83°W,15° —18°S
3 H Mar 78° -83°W,11° - 18°S 79° —84°W,14° - 19°S
4 H Apr 79° —84°W,14° - 17°S 79° —84°W,14° - 18°S
5 H May 76° —84°W,14° - 19°S 78° —83°W,14° - 18°S
6 H Jun 79° -84°W,11° —18°S 79° -83°W,14° —18°S
7 H Jul 78° —84°W,14° - 19°S 78° —82°W,14° - 19°S
8 H Apr 79° —-84°W,10° - 18°S 79° —82°W,14° - 19°S
9 H Sep 78° -86°W,10° -20°S 80° —83°W,15° —=19°S
10 A Oct 78° -89°W,9° —18°S 81° —83°W,10° - 18°S
11 A Nov 79° —84°W,10° - 18°S 81° -83°W,10° - 18°S
12 H Dec 76° —84°W,10° - 18°S 82° -84°W,16° —19°S

3 i

3.1 EXGSHEEFRENXR

SR A GRIR AT B SN AR JE TR B 65 T U A I T 3 T 52 00, 8 R A AR R B R b TR
X ,7E SST 24 16 —27°C \SSH Fy 13 = 37cm WG FEl N ) 7= L 88 &, Rl J& 7E SST Ky 18 —24°C (SSH Ky 19 -
31 em R A RO A o X 93X — 3 AT 5 Taipe 45 (2001 ) 7387 19— 2, (HELFR BT 2245 (2005 ) B 047 19
JEEE i g o 3X AT BE 2 AN [ AF A B AR5 BT i o 7 - 11, fol SST Y7 17 - 20°C Ay, Hofth
Ay, ol SST{EFIFEALE 20°C LA (3 2) o B FAELL CPUE Al R BOH HERl AR R rh AR A7 A, X AT fiE
WA K BRI INEA AL SSH A0 b A B, X U] SSH FiZ= 15 R L R KRR A K

3.2 ZERGBBNMEHSN
MR SRR ZE Rt BB 55 11 5 SST \SSH RAMAFAE IEZ 50 A LA (P <0.05) , fii CPUE 5 SST\SSH
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WA B MIES/HE R 5 SST IiX—IE A 5C R AEMF 78 Ho A i 28RN 22 0 2B A5 25IE SC ( Eastwood et al.
2001 ;Zainuddin et al. 2006 ;Chen et al.  2010) . 540, DRI BN SEREAY ST {E5 DL CPUE S SEhh i ST A
A2 PR R TR (BRI 25 2012) 1) VRV e fif o0 A 22 i1 X, BRI A — 8 & e s 19, G 1T B
HRRAAE IR 2) AR LA 22 B9 Xl T a] A BRg ), S 8073 H = s il R R 2, 7E1E
b A T DX, PR H P WA R . PRI, R AR IR i B R B R 5 i v B S T A X i . AR
FENG SR (R ZE 22 10 3 A 24 X5 DI Bk SERITASL DL (8 A 5 DX HE AT X6 L, 2R 3 AR Al v 3k At A 401 1) 4
DX B S s A DX LK, (LR TN s 25 3 4053 A (1 K BGIE L. 35X 5 Tian 45(2009) 5.8 (1) 2516 — 30, R4
BN A R PEFE B0 R, 2 B AL R Bk SR A3 R PR HE B0 BRI AR B IEZAS B I IE S 404, i LA CPUE 3
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