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T A B0 AR AR 1 AR R R T R P R 43
A1 DA SR A A ) 22 RV DR AP R4S B OC B R Y
ETHN,

HAET, PF oA CEH TRl . IR R 2R
UL RVFZ ok AR YR E T BT, 1R
SDM I FH 1 7 4 4 a8 (4 AF 2 U AR G320 it
Hb, ERIRIE AR AT ) AT S M RV AR R, iR
T I 25 BB R T AR . A 1978 4ELCK,
TR e R A U o 2 A i M A R L R
R RN T b AT ) 0 R v LR
A 1 TR 3 JAe WA B 25t ) o B DA R RIS
AR BEARE, AT SRR T R RS TR

A A% W B (Euphausia superba) & T i 45 B
( Euphausiidae) # 41 J& ( Euphausia ) , VYERNFEGH
VR R SR, TEERH BT ZE
e R G EAEN., SRR CRMETA
K AR B AT B AR S, S RZ IR R
JZAS T . AR YR, LA T s B B R
G 253 A0 5 PR SR A R AR AR B DIAE O, 22
BERE D MM KT . NXECEE, TR
PUVESE 0 R e R Sy WS 2 DX Il e A A AR 1) T
FAME HOAE )™, 0 R R P O BB A ok % i =
DX, EE T G T B A S B R B A
PP, [ 2000 4E DIk, R W AR AR S e B i T AR
Yy % IR FE P12 51 4 (Commission for the Conserva-
tion of Antarctic Marine Living Resources; CCAMLR)
48.1 WP IX A B R HARY, 4l T XA
1 99.9%, FEHIERI SIS 2 HE (South Shetland
Islands; SSI). i 2% B 3E /K {15 % (Bransfield Strait;
BS) & JH K, HRE, FERBEAR T A R
By FE I ATTEREBEFNTT REK S, RER 2 R S
TE 0~90°W'™ . BS A Dy — 4~ n] T 0 (14 i 4% B 01 i
AW A DX, AR B ATPE 8 48.1 ME DX R A
WEURME R R 2 W X B, R FE O RIRE
YiZz—.

A CA B AT S r AR AR AT T
T RE BT, E e FL A3 A RN BE Y G R R R AT
FETERER A Y, H AR Tl 5 — 5
AT AE WA 5T DX 30 ¥ A e A IR AT B b, TC
AR RSB & il T R ks, Wik, A&
ST TR BRI IR A, A5 SRR
ERAE A USSR B 5 e AR A L e )
ZEAE SRy, DA A b T A AR SRR AR DA K 23 (A4
BT ] AR PRI AR A e
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WRE B IR AL Y, AR R B AL AE S
ARG E RBIEMN; Hit, RIEESE BS [
VT AT X 8k (& 1), BHEIYE LR 2007 2
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Fig. 1 Study area

SACCF. Southern Antarctic Circumpolar Current Front; SB. Southern

Boundary of Antarctic Circumpolar Current
12 BEFFEHIE

F 58 B AR T 5 [ R B A o )
(Antarctic Marine Living Resources, AMLR) g # i
RS S A AR o IR L S AT (B
4iEE). HE G, A, H), DUEJH TS A A
IR B R R B AR (1), RIFAE—BR R
P o o3 TR A A A, 2007 4F LK 2009 4
B2 H L3 A AR A B

R1 20072011 SFEARIAT SR A ER B F0 8 e E
Tab.1 Duration and coverage of the Antarctic krill

resource surveys from 2007—2011

GRi AL IR ]

year survey time

2007 01-11~01-26

ZREE
longitude range

62.99°W~53.86°W

4
latitude range

63.51°5~60.00°S

2008 01-18~03-07 62.99°W~53.80°W 63.51°S~60.00°S

2009 01-13~01-29 62.99°W~53.88°W 63.46°S~60.00°S

2010 01-28~03-06 62.97°W~53.82°W 63.24°S~59.98°S

2011 01-17~03-03 63.04°W~53.89°W 63.50°S~60.00°S

1.3 IMEHE

e R Tl M T A A5 T AR Ay R, VA R 1T
IR (sea surface temperature, SST) A& H 4377 =
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392 KopE OE R 46 45

fY B B R bR . ¥ T M2k E (sea surface chloro-
phyll, SSC) #&4t T ¢ THEFEA: ™ 1 Ir 15 &
XETHRI SST & H I A BH I 79 ¢ 180 R0 3o 3 3F 57
P, VAR E (sea surface height, SSH) J& 521
WA AN T2 — oL
(net primary productivity, NPP) Il 5z Bt T 7% iif7 sl ke
W mfhEol. RO AR RN, EHN
T VK78 55 (sea ice coverage, SIC) TG MY i 4 it %
SR Z EAAEEEVIBRRS ", K, Zi6%IE
P05 705 5 X T Al e AU A B, R 10 PR ) B
HEPOCR IR T 26 W H Kl 5 KA E R (NOAA)
B SST. SSC. SSH. SIC L)} NPP % 5 {1547
ST S A

P 858 A 25 (] RN s [] 22 R B A e 22 5%,
SRR R A R 5 PR R 1 4 HE A DT
PG A B M R 2 i, R AR R AT T A
o AL, ASSCERRE T A BB A EE R R A B
FLRE Y 25 km 25 [H] 43 B rh I 0 A 7 B8l
55 ORH NN Fsf ] B ) o AR A TR G, BRI R) AR 0
5 DX S8 L PN e B 0 A AV e P 38 ok P55 2% A7)

KRR T RMESHT IR AR e i 2 v
[ 3 A7 A AR 2 v, M RE S R B S
BAb AT E ME RS rh i 221 A X
A B L M AR e AT A I AL PR, BERS A
A0 Hb e AR TR N ) VRS 2

HH & R FRN 7 22 I ik A - (variance inflation
factor, VIF)!" Al GEJ& &) MMk, ML
ZF, VIF 8855 hy 4 1 Ho 2% [E IR A 21, My
e TN A ey A TN A e A BRI R . A
KAES T 7 AN A s A A DG TR B, Ho i)
B A 2 M VR VR PR B IR - AR 2 LA R 4% .
PRI, A SE g0 3 255 2% JEAH OC R E UL & VIF {H
I iy A 5% AR i (B B A AR Sk [, HAR
PR REH I, — M, 2 VIF=5, WA
TR ZMAEZ RN S 2 ROy
55, 2 PR AR N AE AR R Z PR R

1.4 (£ sdm S#1TH 2 EE

S R AR 5 ] B, (HBLA Y
BRI LA TSR MY, ol TR R RRAIE 52 2k 1 PN A
ARAEM, AN TR B T 1 S B A [ R R A S T
AFIMERE . BCH., o 4 iR 1 F) di i 2 I
W, BT RE T 4R e R R A R 1 R T e
T, fRRIET RO AT EME, LR —
BHELL, JUHRTEMRAE R
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Biomod. OpenModellor, ModEco. dismo
sdm FAFAL I B FTg 2 A8 FH B4 B 6,
& EARSFRBRME, H A A fif Tk e T H
FURGS FIOR A7, 581 AR R, SR I 8K
i DR R R R A T R L Gl A,
sdm AL & ZMERE BRIk, AR e
H) 12 R AT R S AT, AT X
ZE PR (generalized linear model, GLM), 37 n]
H# Il (support vector machines, SVM). B HIL £ #k
(random forests, RF). 2 7t [ i i [l I 4 4% il £k
(multivariate adaptive regression splines, MARS), 4}
2% A1 8] 9 B (classification and regression trees,
CART)., ZJZEHNHL (multi-layer perceptron, MLP)
1543 X FIE JHH (recursive partitioning and regres-
sion trees, RPART) ., AE#)H1543#T (bioclim, BIOC) .
FIk 5 Hr (domain, DOM), F KBIERAL 1T (maxlike,
MAXL), fi K4 (maximum entropy, MAXENT) LA
Ko 4% 1) FE PR B (radial basis function, RBF) #5551 | 15
T (5 FH P P9 A7 A 500 TR i 2R 5 T B A S M i
B M 48 # (habitat suitable index, HSI), Hr4%ir
BCAE T 1A E AR 0 S M X, B 0 Y
EACZRAS R St X I

RStudio $2fit T —AFAE- &, Al E L
FIBERE . A S E 1 B LA B S R AR %) A i
WFFELL SST. SSC. SSH. SIC LA K NPP £ F5i il
WA, U Sgds Al g e 4% B 70 < 30 /Y
FeBlEAT A0 ie, T AR ER 10 IR, 754
ZER I AR T, BRI G s RN A Y
FEAT R S TN GBI i), X7 8 2 F 17T B i
FRE . RS AT I AR B UL R4 T IF A
I FH 7% i B A PR PP A A S0 A8 % B AL L5
A DTRR /NN, 3 ek 72 s mie) 17 i £ Y8 7o e R A
PR £ T AR YOG R
1.5 HRBUMRETEM

X ARV BE A T PP A 8 S AR AR P {5 B
FPERE LR, BT B R =i TR
TN R (BB AR TRI DT E Y BRI, Rk
HZ A8 br B AR R g, BISZ i3 TR
I (receiver operating characteristic curve; ROC)
HhZE . ROC M4k T 5 Ak sl ]l A9 T AR (area un-
der curve; AUC), i %14 R %L (point biserial
correlation coefficient, COR). H 5Z 4% 154 i1 1H
(true skill statistic, TSS) LA M fli 25 (deviance), H
Hr, TSS EHIEN LHAB T, F#lE AUC,
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PO T AR AR R R B, BT HIEW BE DT R I A e A AR . HoP, RF,
ARG, I, ARYE 12 MR PEAE S , % MARS. SVM. MLP. RPART. CART T
P& TSS (HAE R IMALIE bR, QUa g mmm i B mtEaE. MM HEZ T, DOM. BIOC KK

W, b R A A A L M T I A MAXL [BRPERE AR B2 (P 2).
AR ROC M4 B, BEEi 22 Mk
2 4R A A58 P A 285 SR BE . o, 2000 4F 1 A
X 2010 4F 1 7 RAK 2011 4F 2 H 55505 i RE X AR 0
21 RELPEER Bk (4 2). MM T, WX s, RF.
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Fig.2 Model performance evaluation results by month from 2007—2011
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T2 EEENREEREM AUC E
Tab.2 AUC for algorithms with relatively

poor performance

Fhr EED) A AUC (JIZR4E)
year month model AUC (train set)

AUC (MiR4E)
AUC (test set)

2009 1H GLM

Jan.
RF

DOMAIN
CART
MARS
MAXLIKE
SVM
BIOC

RBF

MLP
MAXENT
RPART

2010 1H GLM

Jan.
RF

DOMAIN
CART
MARS
MAXLIKE
SVM
BIOC

RBF

ML
MAXENT
RPART

2011  2H GLM

Feb.
RF

DMAIN
CART
MARS
MAXLIKE
SVM
BIOC

RBF

MLP
MAXENT
RPART

0.851
0.852

0.606
0.684
0.851
0.851
0.601
0.498

0.6
9

0.851
0.297
0.601
0.807
0.8
0.431
0.77
0.8
0.814
0.678
0.509
0.776
0.797
0.379
0.758
0.66
0.718
0.532
0.73
0.738
0.698
0.499
0.361
0.623
0.72
0.512
0.721

0.809
0.811

0.551
0.539
0.809
0.806
0.503
0.485
0.549

0.809
0.238
0.503
0.679
0.716
0.518
0.672
0.697
0.66
0.554
0.509
0.604
0.689
0.382
0.666
0.568
0.641
0.503
0.556
0.67
0.564
0.493
0.554
0.656
0.6
0.421
0.544
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B 5 7 o 2% I 2 A R X TR AL 8
NPEEA R TTIRE, Z IR, Wit gt E
P2 SRR ERE, BIOC, SVM, DOMAIN
A1 MARS &, SSH7E 2010 4E3 H . 2011 4F 1
AL 2011 47 3 A BB RR A HEPEE; MAX-
ENT. CART. RF DIf MAXL #%Irfr, NPP 7£2010
H 3 A 2011 45 2 A48 & siskHEE T ; MAXL .,
RF. BIOC. MLP. RPART VI, CART #i#irh, SST
MIAE 2010 4E 1 A F12011 4E 1 H 5TlkEK (G5 3).

L Bt 45 A A R R] AN [ AR AR v 3
P Ao A B IR B AT DL R B, SST. NPP
PR SSH AR5 1 H L 2 H L 3 H AR 52 i 458
K, i SSH #E 2008 4F Lk K 2010 4 it #5550 v () &
BV S ARHEAE RIS . (HEAORUL, A 2
BOoF AT, MR REHRE L, PRI
SRS AR, 550 MO — R AR L
it A BB 51 AT T A A
23 EEHS T

LTI & T A ER R, K 4
KIABLAA B8 T 2007—2011 4F Rg H B ARG 2. 45
B, RERFEEGZ I SH LAk,
EMNEEMARE, G EHMEM (HS>0.7) EESMH T
A7 22 B4R R fE g e v

3 i

3.1 SERREIERELLER

F TR B A A, RATff e B 24 e
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PE R AT G54, A B T U0 ] B b R 1Y
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2007-01 2008-01 2008-02 2009-01 2010-01 2010-03 2011-02
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2007-01 200801 2008-02 2009-01 2010-01 2010-03 2011-02
Jan, 2007 Jan, 2008 Feb, 2008 Jan, 2009 Jan, 2010 Mar, 2010 Feb, 2011
RBF

0.5 \\\“wmxﬁ \\\\““- ,/*“_“~ | &““\x\\ H_HH\\\ \\\\1_, 09“H“““=~—

o 7

response

0.75
0.50

0.25

200 300

MLP

200 300

1216

1030

0.75 0.75
0.50 0.50
0.25 0.25

12 16

*3 BREGENEENTE

Tab.3 Variables of relative importance in the models

40

50 30 22 24 26

//fw/f

10 30

20 30 0 22 24 26

NPP/ [g/(mz/a)]
B3 RBF UK MLP NG R 2 E
Fig. 3 Response curves of RBF and MLP

IE%%I EE;IE SSH SIC NPP SSC SST
RF 2010—01 0.08 0.09 05 044 0.72
2010—03 034 038 05 037  0.09
2011—01 0.2 0.03 0.13 0.04 0.07
2011—02 046 022 071 024 039
DOMAIN 2010—03 04 0.11  0.14 0.19 0.04
2011—01 0.52 028 0.07 0.03 0.19
2011—03 042 032 0.05 0.04 0.13
CART 2010—01 0.05 0.09 0.1 0.07 0.85
2011—01 0.04 0.04 094 003 0.05
MARS 2010—03 091 0.04 0.04 0.05 0.16
2011—01 0.82 027 0.63 0.65 0.61
2011—03 091 0.9 0.78 0.85 0.83
MAXENT 2010—03 0.03 0.75 0.08 0.04 0.04
2011—02  0.04 0.14 0.83 0.04 0.05
MAXL 2010—03 0.18 0.9 093 043 0.1
2011—02  0.06 0.04 0.7 0.08 033
SVM 2010—03 0.2 0.07 0.18 0.08 0.09
2011—01 0.55 022 0.17 0.04 0.08
2011—03 042 0.6 0.5 0.49 047
BIOC 2010—01 0.16 022 0.04 0.04 0.62
2011—01 0.27 028 026 0.04 042
MLP 2010—01 022 0.03 0.12 005 09
2011—01 0.54 0.04 057 027 0.64
RPART 2010—01 0.03 0.05 0.02 007 09
2011—01 0.03 0.07 0.72 0.03 0.04
RBF 2011—03  0.28 0.9 012 0.1 0.18
GLM 2007—01 0.71 038 0.08 0.03 0.11
2008—02 0.12  0.19 092 053 044
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Fig. 4 Habitat suitability of Antarctic Kkrill in the
Bransfield Strait
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Habitat of Antarctic krill (Euphausia superba) in the Bransfield Strait
based on ensembled species distribution model

CHEN Xunzi '?,  ZHU Guoping "***

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Center for Polar Research, Shanghai Ocean University, Shanghai 201306, China;
3. Polar Marine Ecosystem Laboratory, Ministry of Education Key Laboratory of Sustainable Exploitation of
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Abstract: Species Distribution Models (SDM) are important tools for exploring future changes in global biod-
iversity. However, relatively few studies have applied multi-model approaches to assess biogeographic changes
globally, especially in marine environments. Antarctic krill (Euphausia superba) is a key species in the Southern
Ocean marine ecosystem, but researches on its habitat are still limited, which hampers the understanding of its dis-
tribution and resource management. To this end, based on the resource density data of Antarctic krill and five
environmental factors including Sea Surface Temperature, Sea Surface Chlorophyll, Sea Surface Height, Net
Primary Productivity and Sea Ice Coverage, through ensembled models of 12 algorithms, we analyzed the habitat
of Antarctic krill. Our results showed that, of the 8 algorithms, the Support Vector Machines, Random Forests,
Multivariate Adaptive Regression Splines, Classification and Regression Trees, Multi-Layer Perceptron, and
Recursive Partitioning and Regression Trees consistently outperformed the others; while the Bioclim, Domain, and
Maxlike had poor performance, although they also differed among months. Besides, there was a link between inter-
annual environmental variability and the spatial and temporal patterns of potential habitat for Antarctic krill. The
results showed that the suitable habitat for Antarctic krill is mainly located in the central Bransfield Strait. The pre-
diction of Antarctic krill habitat by ensembled model is helpful for the conservation of Antarctic krill resources,
and for the exploration of the best fishing ground for Antarctic krill and the space of important fishing area in the

future.
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Corresponding author: ZHU Guoping. E-mail: gpzhu@shou.edu.cn

Funding projects: National Key R & D Project (2018YFC1406801); National Natural Science Foundation of
China (41776185); International Key Project of Chinese Academy of Sciences (183611KYSB20200059)

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries https://www.china-fishery.cn


https://www.china-fishery.cn

	1 材料与方法
	1.1 研究区域
	1.2 科学调查数据
	1.3 环境数据
	环境变量共线性分析

	1.4 使用sdm包进行栖息地建模
	1.5 模型性能评价

	2 结果
	2.1 模型评估结果
	2.2 预测环境变量重要性
	2.3 适宜栖息地评估

	3 讨论
	3.1 集成模型性能比较
	3.2 南极磷虾栖息地的水文环境特征
	3.3 总结


