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A C =i s X C i DXCHr 24 A i ) 4
Py i Z 05D R REG XD hifaX h £
P AR AR KK A

A4 TAIPE 251" ROBINSON 451" i 4% W]
SELSVRITE 4 VA5 AT ST 4G R, B BRI 1 A
210 R (sea surface temperature, SST) | ¥ 32
& JE (sea surface height, SSH) | M 4% & ¥k fF
(Chi. a B{4E T 2% W ik : http : //oceanwatch. pifsc.
noaa. gov/las/servlets/index ) Fl ¥} 2% 1 £k /& ( sea
surface salinity, SSS, Z{ 4% T 2% W ik ; http ://iridl.
Ideo. columbia. edu/SOURCS/. NOAA/. NCEP/.
EMC/. CMB/. BelowSeal.evel/. SALTY/
dataselection. html) , Bsf[A]) 23 88K A |, a5 (6] 43 #ER
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R 24 3K -3 A B R 28 0 B3 R LA A Ry B
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P GE 315 5 vk 64T 25 1R S8 0 A 1 i
RAM R BIR B G AN . Nk, A
SR FH HRE AR Kolomogorov-Semirnov ( K-S) 46 56
7%, JFi2 Hl SPSS 17. 0 X4 71 CPUE {H#E47 1EZS
PR o 0 TE TE 285 70 A Y B0 7517 %0 550 43 4
JIEBZ- 5 M Box-Cox ' FIF-J5 M 45 — R 51 4%
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KA 5 S
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1.2.2 & Japlasitk ot
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EREFIE, B /RBFFE 0 R B R ABFT
M ArceGIS 10. 1 [ 3 458 i1 £5 3 Geostatistical
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T 70 LA P B AR R
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1.2.4  ZS[a) s ot o

28 S R B I BF 5 0 R 4 () A8 S 1 Y
HE TR, GBS Bt 18 78 119 2 (] 742 57 145 []
AL S W C B I G o /A Wy R

S[2(x) - Z(x +1) ]’

v(h) = INCH) (6)
A b R R R A 1] ] R R R, RN AP K J2
PREFSET h N S HG Z (x,) L, A SEINAR ;
Z(x; +h) RALE x, FEES h AEFE R

BT 1 R 25T, A GS +9.0 gE47 7
T S R BSOS Y 4D, HE oA R i B AT
i ArcGIS 10. 1 %44 Toolbox H1[1] Average Nearest
Neighbor #4815 21" . FHR L4 A8 5
BRRCE AU BRRAT R 5 HIOE B A v A58, the
EREL(RY) FER 27 J5 B (RSS) S S WAL 45 4
RURS BE R FE AR, R® B, RSS /1, ] 7R AL 1
AR

A HPAL R BB E (Co) it &
(C) FVERR (a) 3 DS HORA R W5 F 1 %5 (8]
YNGR . o h =0 B AR SRR D B A, il
N H ST R 22 /N TS IBURE RO 51 R 1)
AR LA Cy +C) FRRFN MM,
A 55 G EZ e (Ped R%0 £ th BEpLTE

PRER 5 Py s i) S o P oy R 0 A S A B,
52 DX S5 A s ) S5 R e B ) B B AR A
B RBUNT 25% I}, RG A EEIEH RGN
TREIAS A PEIN R SR Y, W] R G i B B0
25 8] A S, S PR AR B RBOR T
25% /T T5% I}, R AR GEAE i 145 (R AH 5GP Ak
THEE K B RBORT 75% i, A8 7 2002
HIBEHLIN R SRR, R W R G A B s
ARG, SRR e

2 4

2.1 EFMzitfng/aHEx

1 0[%H1,6 -9 H{fy CPUE } 0 ~25.6 t/d,
SEHIME N 3.87 ~4.99 v/d, TR S, >0,
AR I3 AT i s W > 3, T T M X TP
6 —9 J1 A A it 25 22 0 0 U5 B B 43 A UG B
X0 A R X >, 2 K-S K 6 -8 A
iy CPUE AT & IEA 25K ,9 A fy CPUE
BIREIES (P =0.58>0.05), 25 R%
( Coefficient of variation, Cv) {H I KT 10% ,{H /)
T 100% , X 3 B Bb 65 A1 it 25 52 £ B Y5003 3 fH H.
AR L2 Rk

*1 WEIMNGERE CPUE L85t
Tab.1 Traditional statistics about Dosidicus gigas’ s CPUE in the high sea off Peru

Aty T BORIE BoME O WE(R) RE(S) g (K) b2z (Sd) AR5 R (Cv) /%
month average max min range skewness kurtosis standard deviation coefficient of variation
6 3.87 20.30 0 20.30 2.32 9.80 3.47 89.64
7 4.46 16.36 0 16.36 1.42 6.33 2.80 65.44
8 4.64 16.40 0 16.40 1.03 4.33 3.12 66.91
9 4.95 13.37 -0 13.37 0.55 3.14 2.62 52.93

12 2 A0, % 6 H Ay CPUE HEA7 X080 214K
F1 Box-Cox % 8 4 1 /& 1E 28 40 i B9 25K (P >
0.05) ;%) 7 Ay CPUE #E4TF-J5 MR B ik 5% J7
HRAN Box-Cox % e 1 9 12 1F 2 70 A 25K (P >
0.05) ; %t 8 Ay CPUE SEAT 1% 7 iR S IE 5%

F-J7 #H Box-Cox B4t REIX B S8 1127 1 IEAS
IIATESR (P >0.05)  TEARSCH, Y ArcGIS #%
)7 XM — B s Hge—,6 -9 H CPUE 451y
17 Box-Cox ¥ .

F2 BEFHBEN K-S ©IE
Tab.2 K-S test of transformed data

At R POEAe RILiE SAEFZ- T i 1815 Box-Cox
month number of sample logarithm square root arcsine square root inverse Box-Cox
6 155 0.69 0.03 0.80 0.31
7 158 0.00 0.38 0.00 0.37
8 171 >0.15 >0.15 >0.15 0.00 >0.15
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AR EAHK Moran” s T GEit I (R RREMEELT7 AHM9 Hih. 6 -9 AR Z
3),6 -9 Ay ZEF AR N IEMIE (Moran” s {HEK, P HA R0, KU G AL ARIHE D
[ >0) JFEHH—ErMRERIE,6 A 8 H IR (£ 3) .
*x3 HE=ZFE CPUE HEHHZALIT
Tab.3 Traditional statistics about Dosidicus gigas’s transformed CPUE in the high sea off Peru
At P ORKE ROME b G sy RE S ERAM

8 standard coefficient Moran’s | Z-score P-score
month average max min range skewness kurtosis . .
deviation of variation
6 June 2.41 3.94 1.74 2.20 1.13 4.81 0.43 0.18 0.194 11.208 0.00
7 July 2.27 6.33 -0.68 7.00 0.20 4.03 1.27 0.56 0.195 7.979 0.00
8 Agust 1.92 4.57 -0.66 5.24 -0.09 2.71 1.05 0.55 0.267 18.094 0.00
9 September  4.95 13.37 -0 13.37 0.55 3.14 2.62 0.53 0.138 6.433 0.00
2.2 F/EB=EBMEX 16°S.78°W ~ 82. 5°W, Jo K I & J5 [m] % , 7) 4 2

MR Z A5 0Tl v AR AR R 6 - AELHU s RIRAFAE 2 0% 5 DX, ok 1 AMr
9 A ZER AR GFIEIR A E (B 1), 6 A F18°S ~20°S,78°W ~82°W, B KP4 E 17 70 A,
1 AR XA A 3 AR X (B 1) e T 55 1 AT 1295 ~ 15°8 .83.5°W ~85.5°W, 7 A
AN, T RRAR, O EIGEL AT 11°S ~ f AERFTE KU AE 1 AR A X, T

6°S 6°S

8s 8s
10°S 4 10°S
12°S 12°s
14°s 14° §
16°S 16°S
18°S 1S

88°W 86°W 84°W 82°W 80°W 7T8°W 76°W Y T o
S 6°S

w5l 8's
10°S 10°S
12 s} 12°S
s} 14°s
16°S 16°S
18°s 18°S

T = e :
88°W 86°W 84°W 82°W 80°W 7T8°W 76°W 8°W 86°W 84°W 82°W 80°W T8°W 76°W

Gi*z score E-Z. 58— -1-96 -1.65-1.65 .
vV <-2.58 E—LQS— -1.65 m 1.65-1.96 EE >2.58

E1 6-9 ANMNEEREFFERIIMIFLE
Fig.1 Hot spots distribution features of Dosidicus gigas during June to September
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9°S ~14°S 78°W ~86°W , 5 7 P4 [ 43 17 , To 18 o,
I, 8 A0, % WFoE K3 2 3 B 1
PSS, G T 8°S ~ 13°S [ 78°W ~ 85°
W, ZRVG 5040, 7558 1AM T 17°8 ~20°8 83°
W ~85°W, JoJy [l ¥ 52 A~ U] Sk 1 % i IX B 43
BT AEE PG ALy ) b, HLR b B B 15°
S~19.5°S .76°W ~ 83°W Fll 6°S ~9°S 83°W ~
87.5°W , RAKH N AR W 01 50 Ao 9 Ay, FEWFSE
DI B 3 AN A /N A S X, A T 6°
S ~12°8 DIt A H /N 1T AN B 18 S5 Ao
F- 14°S ~20°S.75.5°W ~81°W, S PGt 4 o

M T AT, 6.7 .8 H B — AN Rk
S Ay, HAARN B AR 9 H 4 B8 X St

AR AH9 H 0 e s XA S S 6.8 /]
BRI . PR E R ,6.7 .8 A i
Jawlas ] A AR RGR T 9 A 4y i Rk s a) [
FHICE , B 6 St =5 52 0 UE I 52 B R SR 4
oA
2.3 EXBFBRLHER

ZREH PSR M ,6.7.9 ALK M
GEIRAERT AL T ) b HE AR 1 B R AR e 1 22
¥, 8 Ay B g m ikt s, RAoRE
T e 7 S 6K (P 2) 5 10 7 Y 75 1) g 2 B S o )
o s IR, AT DL Z 2k i R TR
JE SEARA T EE O R s T

2 2003-2012 5 6-9 AMEEZERRIHER
Fig.2 Distribution trend of Dosidicus gigas during June to September from 2003 to 2012
X JFRIEZR DT, Y SR EAL T, 2 MiZon & RAe R CPUE {H, XY BT 7E-F- 1 b 9 Sep R 8 — a5 [l AL B LAY CPUE
{Ho FCy AL R PGy 1 #a 3E a3y CPUE (EAERS ALy o FUAR Y 7 [l B i Eh - i &

X represents east direction,. Y represents north direction, and Z represents the CPUE at sampled location. The CPUE value at every station

is characterized by vertical bar in the XY plane. Trend lines in north-south direction and in east-west direction are fitted curves in respective

direction.

2.4 EXEBRFETETR

IR 4RI, 6 F 0y ducidi 58U Ay ey S A AR, L
R* F1 RSS 43514 0. 950 F1 6. 891 x 10 ~*, 7% &
(BP A AH G ) Ry 5. 768°, Hed: R A7 il Ky
41.33% , BA & K-S (8] A AH G, 7 H 4y
I TR R R AR L, R 1 RSS 4351 0. 981

F10. 059, HAHCTEE S 9. 04°, e & REL N
24.66% , BLA BRI A G, 8 A Feidi B
Ty w5 AL L, L R A RSS 43 91 2 0. 993 Fil
0.0125, H #H XL Bl A 9. 04°, & R H
25.89% , AT AR K-y 2 8] A G . 9 A
FoB MR R 5 BB R, L R® R RSS 43914 0. 966
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F10.0275, {AHSCIE B 11, 85°, e RECh 35.42% , WA &K 25 o] | AR G
x4 6-9 ANEEZZERFEFTREHIUSES
Tab.4 Semi-variogram models for Dosidicus gigas from June to September
SO 50 A . e R% R T
A ok PREEE oy e mam  PEREC gy RERE O RRTIM
effective . nugget determination residual sum
month length . model nugget sill e range .. .
lag distance coefficient coefficient of squares
0.528 6.339 8 BRI 0.054 4 0.167 8 0.3242 6.920 0.934 8.989 x 10 ~*
ane 0.528 6.339 8 gL 0.049 8 0.2113 0.2357  14.550 0.924 1.040 x 10 73
0.528 6.339 8 1o ST AR 0.069 1 0.167 2 0.413 3 5.768 0.950 6.891 x10~*
0.531 7.027 6 BROR AR 0.609 0 2.470 0 0.246 6 9.040 0.981 5.90 x10 2
JZIV 0.531 7.027 6 Te B 0.486 0 2.982 0.1630  16.290 0.981 6.04 x10 2
’ 0.531 7.027 6 e TR 0.811 0 2.316 0.350 2 6.686 0.969 9.76 x 102
0.534 6.8155 BRORAGE Y 0.246 0 1.678 0 0.146 6 9.070 0.983 2.94 x10 72
Auzuq 0.534 6.8155 B 0.200 0 2.4100 0.0830 21.810 0.976 4.15%x1072
T 0.534 6.8155 T s 0.4150 1.603 0 0.2589  7.084 0.993 1.25 %1072
0.512 8.420 9 B 0.7250 1.601 0 0.452 8 7.020 0.958 3.44 x10 2
Sijm}m 0.512 8.4209 FRHR R 0.645 0 1.8210 0.3542  11.850 0.966 2.75 %1072
T 0us12 8.420 9 SR 0.7910 1.583 0 0.4997  5.387 0.948 4.67 x10 72
2.5 CPUE 5REEFHMEXMEKRIE K 3(a-1)-(a-3) A6 HInFheE a3 3%

MFE 5 F%1,6 H 4y CPUE 5 SSH  Chi. a
1 SSS B 2 (P <0.05) , 1fif CPUE & SST
MHXREARZE (P >0.05), 7 A4y CPUE 5
SSH F1 SSS ¥ #H e .3 (P < 0. 05) , [fif 55 SST
FChl. a WAHRMEA R ZE (P >0.05), 8 A4
CPUE 5 SSH ., Chl. a fl#H 21 8.2 (P <0.05) ,
M55 SSS i SST [ AH G HEA 2 (P >0.05) , 9
H 43 CPUE 5 Chl. a F1 SST ByMIeM B2 (P <
0.05), 1fii 5 SSH F1 SSS AH KPR E % (P >
0.05),

A3 AiAE SSH~25 ~35 em,Chl. a=~0 ~0.4 mg/m’,
SSS=~35.1~35.3 (X4, {H7E Chl. a >0.6 [
XA A —E el (b-1) = (b-2) 3RAE 7 Ay
a2 0 R4 7E SSH~25 ~30 cm, SSS =~
35.1 ~35.3 [l ; (e-1) = (e2) F4F 8 A MFb
a2 L i fE SSH~25 ~35 em, Chl. a~
0~0.4 mg/m’ X IH; (d-1) — (d-2) FAE9 H 4
a2 0 B AE SST~18 ~20 °C,Chl. a~

[SR=0e S

0~0.4 mg/m’ ([ 3),

%5 Pearson tfHEMHIGER

Tab.5 Summary of Pearson correlation test

SSH Chl. a SSS SST
Ay Pearson FH 6 2%k Pearson FH ¢ 2%k Pearson FH 6 2%k Pearson FH 6 2%k
month Pearson correlation P Pearson correlation P Pearson correlation P Pearson correlation P
coefficient coefficient coefficient coefficient
Ju6ne 0.363 0 0.294 0.002 -0.191 0.049 0.078 0.426
JZIY 0.318 0.001 0. 155 0. 106 -0.270 0.007 0.102 0.291
8 0.254 0.001 0.092 0.254 -0.124 0.124 0.095 0.242
August
? 0.088 0.260 0. 160 0.040 -0.150 0.849 0.247 0.001
September
Y LA Y 605 _SOS Zrﬂ‘]&ﬁ?@ﬂkﬁ%,%ﬁﬁié’z\xﬁg%
3 WhHe ST

3.1 EX&aFFEHZTEAMEXNRRGE
ABEFEAERAT TS, T 6.7 A G 1E

TON N
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55 o 55 9
0 0
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i% 60
=8
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oL [
17-18 18-19 1920 20-21 21-22
SST/C

3 6-9 AR HEXIERETFT CPUE 4% &
Fig.3 CPUE histogram based on related environmental factors from June to September
(a-1) - (a-3) 2 6 A##) CPUE 575; (b-1) - (b-2) 27 A##) CPUE 4375;
(c-1) - (c2) 8 A#Yy CPUE 43%5; (d-1) - (d-2) 2 9 R3#y CPUE 5315
(a-1) — (a-3) are in June;(b-1) — (b-2) are in July; (c-1) — (c-2) are in August; (d-1) — (d-2) are in September

t"]’ﬂﬁ PRI 6°S —8°S LA e B 5 X 31
AR
HAg m B A P 258 0, fE R BR 2 2
O AR XSSO R = AT L O TR SRR IR
Dt ARGEAR ST FT A, B SN I 25 T
AP R/NEEAR N BURE A o A T L3R, R
BURE P A T80 5 1 30, OF H 4 4F 7= 00, Horh

7 -8 AR M E E iz — ", TAIPE %1740
N6 TG 25 5 o 1) B 5 30T R AT I, AR
WRFE A I )8 B ol 6 = 9 A, 2852 fa i A7 B
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Spatial heterogeneity of Dosidicus gigas in the high sea off Peru from June to
September

FANG Xueyan', FENG Yongjiu'***, CHEN Xinjun'***, MA Di'

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. National Engineering Research
Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China; 3. The Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai Ocean University, Shanghai 201306, China; 4.

Collaborative Innovation Center for Distant-water Fisheries, Shanghai 201306, China)

Abstract: Based on commercial fishing data ( Catch per unit effort, CPUE) from June to September selected
from 2003 to 2012 (without the data of 2005 ) , this study aims to explore the spatial structure of D. gigas
resources and reveal the correlated environmental factors. To reach the research goals, the methods of geo-
statistics were used, including global and local spatial auto-correlation, and semi-variogram. Classical
statistics and global spatial autocorrelation showed that there was medium degree of aggregation over the study
area. Relatively strong aggregated distributions were observed for Dosidicus gigas in the high sea off Peru in
June. Additionally, trend analysis demonstrated that there were more squids distributed in the northern areas
than those in the southern. However, there are more squids in the middle than those at the both ends in
longitude direction. According to determination coefficient ( R>) and residual sum of squares ( RSS),
Gaussian models were fitted in June and August, spherical model fitted in July, and exponential model was
fitted in September. Moreover, nugget coefficients were 41.33% ,24.66% ,25.89% and 35.42% from June
to September, respectively, and whose implications of aggregation for distribution were consistent with global
auto-correlation. Finally, the correlation analysis between CPUE and environmental factors revealed the
reason of spatial heterogeneity of D. gigas in the high sea off Peru from June to September. The environmental
factors included sea surface temperature ( SST), sea surface salinity (SSS), sea surface height (SSH) and
chlorophyll-a (Chl. a). And this study suggested SSH was the most influential among those four factors.
However, the mechanism of how SSH affects the distribution of D. gigas was not investigated in this study.
All in all, it is important for habitat distribution and ecological study to analyze this species distribution and its
spatial heterogeneity .

Key words: Dosidicus gigas; spatial autocorrelation; spatial heterogeneity ; the high sea off Peru
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