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Fig.1 Estimated relative density against spatial factors, relative to the poisson model

Dashed line at p=1.0 corresponds to the Poisson model function, grey shading is pointwise 95% confidence band

AN 95 B B KA 29 4.0, 48, BREFRELH
H12~40 km, I F R VEFI D 15~38 km,  AHXT
BRI RAEL 3.2, SH, BREFRET RN
12~42 km, 23 REMEF F22~38 km, X2
FERIR KA R 292.5,

ATLVE 1, 120 B iR 37 2 i B B fe K (R
45 km), BEEBFEERE, Z#mELER, =
SHBRAE R, 3AZ)E, BiiralsE
B RL, WMYEREEEA N3 kmAf, Hif
4 NS H AR, 254G 1 25 TR BB il K
(EPTAT, 127 B, 2 B o 3 0 36 3 114 5% i) e
K, HWRKHIA . 48 . 3AKSH, &EHN2H.
22 HMEERERNFESH

WAL G AR 2R R SR R R B RS T R
I TR B RS A H e U A AR RN
A IR 22 BT 5 R (R 1, 3R2).

WiF R AR, 12H. 18, 3HMI4A
i P A5 AR A X A A T 22 1) i R SRR A
50%, 3 H59%. 60%. 57%H168%, i X
4N H SR LA SOREF, 3 28 (AR AR
RE 8 5 1y b S W ¥ 37 1 23 () A A Ol 5 {H2 H
SH, 5[] g RN SR Oy 25 1 f B R AR T
40%, 43 591M38%M132%.,

http://www.scxuebao.cn

2.3 &R E 5 T

MR R AT 10 45 H SRR, B R AR
ORI  FEN TR0 i i a1} BB R
BT A A A . SR EoR, 121, BRIRER
EAETT IR T8 UL, Toil 52 PR ARl A5 ik 2
AU AR 14 HH B A S 0 R VR S P, I R A
WEEE . 2, U, BRI 1) R
KB, ST T E, JR R A 2R
IR W AR IR v R, 2, BRAR S A A
RO EL, WA R BT 22 AU R A I A SR
Ay 2 0 IR P W AN 2 Al . 3H FI4H
FEAARALL, 75 A7 22 i S 2K 8 Vi W R R A 5 2
], AR B B — A AT T B R 2
FERAER A o SH, FIHT S A oA AR,
EAEVE R 0 b, BRI 37 AT R,
Giikie: e

M2, ] LR B2 il — W 2 T i A
WAL AR I . 121, BRERE A e T iR
EBAGE, THEMEmAYLRE g, =
28, W, — A REE A R B 2
AR AR AT T VR I, T P AR 22 1) VYR
T8 A SO JA BRI B — ANy, i —
1637 A7 8 ) SCH it I DA R A1 22 7 S 2R i vk



33 WG], 4. BT R R B 2 B LA g AR A 0 v 8 ) B S AR 359

*1 AETTEHEESEARMREFRESFNEZHRBES)

Tab.1 The Point Pattern Model significance test and deviance analysis based on spatial variables (austral summer)

AR W2 Prild TR 22 2/ %
variables deviance Pr (>Chi) explanation rate of deviation
12H Dec. X NULL 417.03
ZE x 70.825 <0.001%** 6.94
BV X 288.36 <0.001%** 28.26
ST Y 227.74 <0.001%** 22.32
BRERGEARLH  disxy 9.92 0.04355 * 0.97
BRES  dis 6.63 0.06456" 0.65
it total 1020.50 59%
1A  Jan. J#% NULL 1145.63
ZE x 144.17 <0.001*** 5.04
Gy 284.06 <0.001%** 9.94
BV X 528.99 <0.001%** 18.51
ST Y 234.71 <0.001%%* 8.21
BRERGEARH  disxy 12.12 <0.001%** 0.42
BREE  dis 476.95 <0.001%** 16.69
BRESTT dis® 31.37 <0.001%** 1.10
it total 28581 60
2H Feb. J#% NULL 838.51
ZE x 29.174 <0.001%** 2.16
Gy 83.499 <0.001%** 6.18
BIEHELH  xxy 22.187 <0.001%** 1.64
BRERGEAH  disxy 8.396 0.00376** 0.62
BREE  dis 168.171 <0.001%** 12.45
BRERAERLH  disxx 190.715 <0.001%** 14.1
BRIEETY dis® 10.062 0.00151%* 0.74
&1t total 38

E: AREZE MR, **+#°<0.001, “*¥*°<0.01, ‘*°<0.05, *-’<0.1, R[]

Notes: At different significant codes: ***°<0.001, ‘**°<0.01, ‘*’<0.05, -’<0.1. The same below
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Tab.2 The Point Pattern Model significance test and deviance analysis based on spatial variables (austral autumn)

AR W2 Prild TR 22 2/ %
variables deviance Pr (>Chi) explanation rate of deviation
3H Mar. JA NULL 915.425
BREAERLH xxy 115.10 <0.001%** 5.35
4y 56.31 <0.001%** 2.62
21 11.08 <0.001%** 0.51
aREry 844.27 <0.001%** 39.22
BRIERS L. disxy 4.07 0.043711%* 0.19
BRI dis 99.28 <0.001%** 4.61
PR AR H  dis<x 55.64 <0.001%** 2.58
BRIERSET  dis 51.66 <0.001%** 2.40
&1t total 57
45  Apr. Jes NULL 417.21
4y 143.88 <0.001%** 10.87
21 227.20 <0.001%** 17.16
BREAERLH xxy 117.73 <0.001%** 8.89
4EryE ) 312.27 <0.001 %% 23.58
BREEAEZH disxy 5.27 0.02166* 0.40
BRI dis 4.73 0.02964* 0.36
SRR dis® 94.83 <0.001%** 7.16
it total 1324.16 68
5H May Jes NULL 1144.619
KR x 21.039 <0.001*** 1.25
4y 10.383 0.00158%* 0.62
2 30.118 <0.001%** 1.79
BREAERLH xxy 181.819 <0.001%** 10.80
SEFHT Y 150.816 <0.001%** 8.96
BRI dis 92.568 <0.001%** 5.50
BRI A R H  xxdis 24716 <0.001%** 1.47
BRIERSET  dis® 26.679 <0.001%%** 1.59
it total 1682.76 32

— AR L, BRIF AR BAE L BEE KR UL IR N A R/ R B R DO
R IR B AL, AW R R RN, X poil kR A2 —3H M8—10H, WAL
vk R b, M BB R, R 75%~80% HEKTP, R ORTE SR S AP R WA 5
BRUFFT TR BT, BRARVRIRAS BRI R BRI AR MR AR i st R 2 (R AE A KR B B I Y, T
AE 0% B0 3 AN DG S ERAR ORI o WK IS T RE S BB IR — AR Pl B AN IR, IR
I Bl 32 RAMBEFE IR BT, L35 il Elbisd o e i N A R S 1) s S 0 2
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Fig.2 Predicted monthly distribution map of krill fishing ground from December to May, respectively

U YA 370 14 I Y B S () 1) ARk, A

EENEZES, EP(12H)HIL @45 km),
FIGH)EIE, BkF=(4. SHYBERERIT

KRB
g,

X 5K A B R A —EE . HA20L
QO 14 i . K B 1 Ml S 9 5 L 1 o e o0 A
AORLEE, Tchiife A, R =], BRirE

http://www.scxuebao.cn



362 KopE o R 245

JE B I 2% AR B G 0 R R B
BrzS, EEpW, BRIFEE R R, K
i 39 T X3 R0 o DX 3R T e R A . Klevjer
GERIR, BEQ—2H), WiEk&mekiret i
i ) AN 2 D R, 0~50 km P ) B A
AWy it 200 km DS K S SR AR A0 2455 LA B o A
Xl bR, Wl A AL B S ) m R
(CPUE)EUHIE , 1T LA il R Yo s 00 4 ol A3 84
T IR TR AR X G P AR

32 FERFRIABEGTERTRERR

201 22 904 S 2 Hip, Bk v RS e T
22 YR Bl MR T R T R R ABE O Ay, 5 SR I U R AR g
FELE MBI IR P 2 B3 25 (CCAMLR)48. 13V X (1)
W SRR 20 A T g 45 22 1 5 UL, 1%
Sl R 7L Y 7= e = o e O S (R o=y T
AR LR FAE, F. E BT R e,
AW KB, AL B0 Bl AR vl VR b i 2 1)
55, MaASwiRll FEE A TRERREKE.
AT RE B ot DA A% = g i 5 S RV DK DR A A
AW A0 A7 G o TR VK AE B R 5 2 Y R
A, W ReRm 2 BEAR R UR AR S, I i X
AR AT B B X, MR S R ek
R AR R X, K EA VLR R E T
R o B AR R VE P XA 2R DK Y 3 08 R B 45
SR W AR e AT R R, L el
AT 28 BEAE T~ 4 2= 76 5 B S AR L

FHOCHESER WY, A1 0 il 2 T g i
VG FE B DX, 2% DX A Sk S e K1 g AR
TV oA X BV R A CCAMLR 481X A7 76 1F
2y, A ALK A B I B 5% ) AR bR
ZRBR, LA B BRI AR A B
A G SR A T R R Y X, N A 22 i R R A
T . ASHFSE h CCAMLR 48.1F [X B HF #4137 5 %
TR T — 3. (HiE I, & ZFHE Kl i
J7L XN AR RN R AL T R AR S T, L
G gl ff & s, HEAbZR, JuHE
SRR, MUK R R BRI TR AR A X
TR0 25 B AR SR A 2 A AR AR mian 4,
Kt Z 8% I AER . & B, HEE
W AT S 3 R R, IR A R T TG
TR R 2R M A e . 5 B B Y AR B AF
LR mERE L, mMHTRANEKER
B8 2T R S 350 AR A AR IR AR A AR b ) 2

http://www.scxuebao.cn

CEEES
33 REMIRE R ST

v g A R S 9 I 3 37 T P AN AN B2 B AR Ml
BN 2 E B2 ), ] I 3 32 B T 1) DR SR, IR
E S E D RIIEZ/1IS NS iU} 21 R o 5 S i s ol e
e Ml M 3 BRI 5 /0N, X 3 37 B4 0 A e AR T
Wz, R, PB4 22 5
HOWE I BT IRAT AL WO R A AR PR AR AT, X
6 S B T T 25 G 2 A 1Y 50 A B A R
AR 2

G38h, mIE2AT LUK, AR S BRAE L %
ORA UL VRl o A A R LBk H i 37
TERLE, AT RIS AP, R
S S T7 R B8 IR 2 IR 2%
25 3 M B R B B AR B R AR A TE AR o BRAAY
& 2 T A 1) T i b HE ST I Ik 2 37
FER G, I AF A iy i XS AT A ) R A X s
YO, DI R oA B
DI, K R RE I Wi AR B8 PR R O R REAR b X3

{ELE T 25 [ [H] 1 1 e R A TR ABE L A A
3, 23 BIVE Y XS [ 2 e, A5 Y G
SRR % B2 5 8 R 26 32 O AR pR B L AR AR 2
SR AR Ml 25 1) RS 30 A 28 B RS D0, W TR AR
N BRI, TG A R B R RE A L

4 ZEig

FEF UL LA, BRI A G R R R R
550 vK 0 AR RO A S, 2 I VKO Rl
BF, BEAR S AW RE IR R 2, YT Ky R AT,
Tl W 3t 37 T2 T 3 5 R 2

H T A5 ) PR R O AL R 4 H A 3
A 5 4f Hb 400 55 B O ¥ 37 1) B S R R,
120 . 1. 3HM4A . BREE T 82 A
FIsH), Rk, 25 X5 g R i 3 55
M EEE AR, HILrErrtl, NiZE L
GG IR A R B TR R M Y . T s [E) A
T SRR, I LA B il 5 8% ) i Ak
SRS T LAVE A 4 0 R A DX VA T B

A o ] w0 A e M B R B T R Ak B A
IS AR e R 0 o3 AT R, B AR,
Yoy e in £ R ILHK T, ZEEM, &
HE R SO R, A A i A 2 R R A
MW BT T A = R R e, AT



3

WG], 4. BT R R B 2 B LA g AR A 0 v 8 ) B S AR 363

T, B R A 2 S S AR R

RsTEER#ATELRFULANFH T

ERE BB B MR RERFLREY S TH

B

SE Xk

[1]

[2]

[5]

Hofmann E E, Murphy E J. Advection, krill, and Antarc-
tic marine ecosystems[J]. Antarctic Science, 2004, 16(4):
487-499.

MR, XU BRI 5 8 RV EAE S RG] H AR
&, 2009, 31(2): 88-90.

Sun S, Liu Y Q. Antarctic krill and Southern Ocean eco-
system[J]. Chinese Journal of Nature, 2009, 31(2): 88-
90(in Chinese).

SRS JE T SORT IS B BF S0 ) [ R0 A 558 X 1 %) R
AR 2 I8 A B AR B 3 47 R B2 R [ D] 7K™ 244, 2012,
36(12): 1863-1871.

Zhu G P. Effects of temporal and environmental factors
on the fishing ground of Antarctic krill (Euphausia su-
perba) in the northern Antarctic Peninsula based on gen-
eralized additive model[J]. Journal of Fisheries of China,
2012, 36(12): 1863-1871(in Chinese).

Kawaguchi S, Nicol S, Taki K, et al. Fishing ground se-
lection in the Antarctic krill fishery: Trends in patterns
across years, seasons and nations[J]. CCAMLR Science,
2006, 13: 117-141.

Siegel V, De La Mare W K, Loeb V. Long-term monit-
oring of krill recruitment and abundance indices in the
Elephant Island area (Antarctic Peninsula)[J]. CCAMLR
Science, 1997, 4(1): 19-35.

Lascara C M, Hofmann E E, Ross R M, et al. Seasonal
variability in the distribution of Antarctic krill, Fu-
phausia superba, west of the Antarctic Peninsula[J].
DeepSea ResearchPart I: Oceanographic Research Pa-
pers, 1999, 46(6): 951-984.

11 N S S N R IR 3 N B BT SN
AL S LB AT [0]. K= B, 2014, 21(5):
1056-1064.

Yang X M, Zhu G P. Mutation characteristics and the ef-
fect on catch rates in Antarctickrill fishery in the At-
lantic Sector of the Antarctic Ocean[J]. Journal of Fish-

ery Sciences of China, 2014, 21(5): 1056-1064(in

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Chinese).

e, I [ S g AR OR 76 VA X P A R A v 3
IR A 7 M (9], R K= R, 2013, 20(6):
1274-1283.

Yang X M, Zhu G P. Oscillation mode analysis on the
time series of Antarctic krill(Euphausia superba) catch
rate in the Atlantic Sector of AntarcticOcean[J]. Journal
of Fishery Sciences of China, 2013, 20(6): 1274-1283(in
Chinese).

Fedoulov P P, Murphy E, Shulgovsky K E. Environ-
ment-krill relations in the South Georgia marine ecosys-
tem[J]. CCAMLR Science, 1996, 3: 13-30.

Murphy E J, Watkins J L, Reid K, et al. Interannual vari-
ability of the South Georgia marine ecosystem: Biologic-
al and physical sources of variation in the abundance of
krill[J]. Fisheries Oceanography, 1998, 7(3-4): 381-390.
Atkinson A, Siegel V, Pakhomov E, ef al. Long-term de-
cline in krill stock and increase in salps within the South-
ern Ocean[J]. Nature, 2004, 432(7013): 100-103.
Murphy E, Watkins J, Trathan P, et al. Spatial and tem-
poral operation of the Scotia Sea ecosystem: A review of
large-scale links in a krill centred food web[J]. Philo-
sophical Transactions of the Royal Society B: Biologic-
al Sciences, 2007, 362(1477): 113-148.

Nicol S. Krill and currents-physical and biological inter-
actions influencing the distribution of Euphausia super-
ba[J]. Ocean and Polar Research, 2003, 25(4): 633-644.
Cresswell K A, Tarling G A, Thorpe S E, et al. Diel ver-
tical migration of Antarctic krill (Euphausia superba) is
flexible during advection across the Scotia Sea[J]. Journ-
al of Plankton Research, 2009, 31(10): 1265-1281.
Klevjer T A, Tarling G A, Fielding S. Swarm character-
istics of Antarctic krill Euphausia superba relative to the
proximity of landduring summer in the Scotia Sea[J].
Marine Ecology Progress Series, 2010, 409: 157-170.
Diggle P J. Statistical Analysis of Spatial Point
Patterns[M]. 2nd ed. London, UK: Arnold, 2003.
BN, HH, B, L AT AR AR R R X
T A A A RE T [T]. B AR K FE R, 2015,
24(2): 40-51.

Li S S, Huang X, Gong H L, ef al. Research on charac-
teristics of landslide spatial distribution in earthquake

heavy disaster area based on point pattern[J]. Journal of
Natural Disasters, 2015, 24(2): 40-51(in Chinese).

http://www.scxuebao.cn



364 KO R 2%

[18]  ERvk, Bksi, PLARE. 2 U o B Bk il 2 i) 5 Biology and Geology. Oxford: Blackwell Science, 2003:
K e ——LL b BB TT X N B[], Ze35F L, 2015, 112-142.

35(8): 68-74, 97. [30]  Krill, currents and seaice: Euphausia superbaand its
Guo J, Lyu Y Q, Shen T Y. Urban spatial structure based changing environment[J]. Bioscience, 2006, 56(2): 111-
on point pattern analysis—taking Beijing metropolitan 120.

area as a case[J]. Economic Geography, 2015, 35(8): 68- [31]  Ichii T, Katayama K, Obitsu N, et al. Occurrence of Ant-
74, 97(in Chinese). arctic krill (Euphausia superba) concentrations in the vi-

[191 £, HBUR, FE4ER. 47 3Rk d o) 2 (8 4 A cinity of the South Shetland Islands: Relationship to en-
[3]. BRBUR 25415 B RN R, 2017, 42(4): 512-519. vironmental parameters[J]. Deep Sea Research Part I:
Wang J, Zhou C H, Cheng W M. The spatial pattern of Oceanographic Research Papers, 1998, 45(8): 1235-
lunar craters on a global scale[J]. Geomatics and Inform- 1262.
ation Science of Wuhan University, 2017, 42(4): 512- [32] Jones C D, Ramm D C. The commercial harvest of krill
519(in Chinese). in the Southwest Atlantic before and during the CCAM-

[20] Baddeley A, ChangYM, SongY, et al. Nonparametric es- LR 2000 Survey[J]. DeepSea Research Part II: Topical
timation of the dependence of a spatial point process on Studies in Oceanography, 2004, 51(12): 1421-1434.
spatial covariates[J]. Statistics and its Interface, 2012, [33] Kawaguchi S, Candy S G. Quantifying movement beha-
5(2): 221-236. viour of vessels in the Antarctic krill fishery[J]. CCAM-

[21]  Baddeley A, Turner R. Modelling spatial point patterns LR Science, 2009, 16: 131-148.
in R[M]//Baddeley A, Gregori P, Mateu J, et al. Case [34] Atkinson A, Siegel V, Pakhomov E A, ef al. A re-ap-
Studies in Spatial Point Process Modeling. New York: praisal of the total biomass and annual production of
Springer Verlag, 2006: 23-74. Antarctic krill[J]. DeepSea Research Part I: Oceano-

[22] Baddeley A, Coeurjolly J F, Rubak E, ef al. Logistic re- graphic Research Papers, 2009, 56(5): 727-740.
gression for spatial Gibbs point processes[J]. Biometrika, [35] Kawaguchi S, Nicol S. Learning about Antarctic krill
2014, 101(2): 377-392. from the fishery[J]. Antarctic Science, 2007, 19(2): 219-

[23] Berman M, Turner T R. Approximating point process 230.
likelihoods with GLIM[J]. Journal of the Royal Statistic- [36]  Siegel V, Reiss C S, Dietrich K S, et al. Distribution and
al Society. Series C (Applied Statistics), 1992, 41(1): 31- abundance of Antarctic krill (Euphausia superba) along
38. the Antarctic Peninsula[J]. Deep Sea Research Part I:

[24] Baddeley A. Analysing Spatial Point Patterns in R[M]. Oceanographic Research Papers, 2013, 77: 63-74.
Australia: CSIRO, 2010. 371  RESE, B9, R/NHE, 55 201344 EMITE T 5

[25] Baddeley A, Rubak E, Turner R. Spatial Point Patterns: e Bl i B B Al EL RS S IE ST [T]. KPR 2R 4R, 2015,
Methodology and Applications with R[M]. Canada: CRC 39(8): 1242-1249.

Press, 2015. Zhu G P, Wang R, Zhu X Y, et al. Diel vertical migra-

[26]  Brierley A S, Fernandes P G, Brandon M A, et al. Ant- tion of Antarctic krill aggregation in South Georgia Is-
arctic krill under sea ice: Elevated abundance in a nar- land in the austral winter season of 2013[J]. Journal of
row band just south of ice edge[J]. Science, 2002, Fisheries of China, 2015, 39(8): 1242-1249.

295(5561): 1890-1892. 38]  REF, @WIABL HHE, 2. 2009/2010-2011/2012iZ

[27]  Everson I, Goss C. Krill fishing activity in the southwest [ R AR s L Y B 2 AR [T, L e A 24,
Atlantic[J]. Antarctic Science, 1991, 3(4): 351-358. 2013, 22(3): 425-431.

[28]  Zwally HJ, Comiso J C, Parkinson C L, et al. Variabil- ) ) )
ity of Antarctic sea ice 1979-1998[J]. Journal of Geo- Zhu G P. Xu Y'Y, Xia H. et al. Spatial-temporal vari-
physical Research, 2002, 107(CS): 9-1. ation on fishing ground of Chinese Antarctic krill fish-

[29] Comiso J C. Large-scale characteristics and variability of ery in 2009/2010 to 2011/2012 fishing season[J]. Journ-

the global sea ice cover[M]//Thomas D N, Dieckmann G
S. Sea Ice: An Introduction to Its Physics, Chemistry,

http://www.scxuebao.cn

al of Shanghai Ocean University, 2013, 22(3): 425-
431(in Chinese).



33 WG], 4. BT R R T A Y i A e R A A i 0 ) e 2 R 365

Spatial-temporal variation on Euphausia superba fishing ground in the
northern Antarctic Peninsula based on point pattern model

YANG Xiaoming ", ZHU Guoping "***

(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;
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Ministry of Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: As a key species in the Antarctic ecosystem, the spatial and temporal dynamics of Antarctic krill's fish-
ing ground is becoming important issues for the role effects of krill's oceanic ecosystem function and resource
management.Using multi-year Chinese krill fishery scientific data by month group,combining three spatial factors -
longitude, latitude and offshore distance, the optimal point pattern model of monthly krill distribution and the vari-
ance analysis results were obtained for the krill fishery in the northern Antarctic Peninsula based on the spatial
point pattern method, and the possible potential fishing grounds were predicted based on the proposed optimal
point pattern model. The results were: (1) In December, the greatest distance of fishing grounds to shore (45 km)
can be found. Subsequently, the fishing grounds were gradually approaching coastline of the South Shetland Is-
lands. By March the fishing grounds were at the least distance to the Antarctic Peninsula shoreline. After March,
fishing ground gradually retreated from the coastal area, in April and May distance of fishing grounds to shore
maintained about 13 km. (2) The variance analysis of the optimal point pattern model indicated the explained rates
of variance to the model in December, January, March and April were 59%, 60%, 57% and 68%, respectively.
Spatial factors can fit the distribution of krill fishing ground very well in these months. But in February and May,
the explained rate of the variance to spatial point pattern model reduced to 38% and 32%, respectively. (3) Fishing
grounds were located in the northern King George Island during austral summer (December to January).In Febru-
ary, a secondary fishing ground was formed around the Livingston Island, and the third fishing ground occurred in
the middle of the Bransfield Strait.During March-May fishing ground distributed along in the Bransfield Strait par-
alleled to the Antarctic Peninsula. In conclusion, the offshore distance of the fishing ground coincided with the ex-
tension and retreating of the sea ice boundary in the northern Antarctic Peninsula. The point pattern model of krill
fishery based on spatial factors can well fit the temporal and spatial evolution of krill fishing ground in most
months. Combined with the catch per fishing unit (CPUE), the point pattern model can be used as a potential tech-
nique to explore the hotspot of krill aggregation.
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