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XA TF R Bl R i 37 08 AL BIE 58 7 e T BRI T
Mo ML, TGS B Y T R A O
ifFgE AR

WG 5, Ml 3 N P 4 B A (habitat suitability
index, HSI) fix - i1 € [ b 4 45 J) £ 25 5 0P A A=
YT 20 a0 80 AEAR AL, TR B A o)
YR B Y, HAT, HSIEg) 2 HFif
TR TAE . Flhn, BRB 42550 a4 FhoOcEk
PR TR RE) 7 K HR 446 8 (Thunnus obesus) 1 B 1A 7
DI 5% AN RS AR 5 ok A R file % . HST AR AR AT DUAR
P PRI A B 5 R Z [ A AR G, S0 A i B
EMES M, (T HSTAR A A B M EdE, H
R0 238 TR R B e AN [R) i 22 55 W 3, DA 32 1 HST
TR AERG . B, BRI R AL 7L 7E HSI
Hh ) S A Bl 3 O R 5 (AR R A TR BT
H A, HSIASE AR R 58 W50 A 0F 5% iz Lk
Bz, O TR E R R IS RS E B iR G
B, ST, AWUFRETF 2000—2009 42 [ i
WRGEVR A B E RO, A 56 U 7 G 2 b 3
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1.1 IR E IR

S T 2000—2009 4 A1 10 45 1 9 0 5%
598 i A >R 5 T 0 |5l B A A =y (British Antare-
tic Survey, BAS) #5114 2 [E A 5 B I A 95 B ——
KRILLBASE %4 &, HARECE 1% 00 0T 2 00 %) 2
AU PR IX O AR B X (B D) THREITR
ity (7 B R A 28 2 )~ A B AR o 25, 4 Bl
PR B8 MR T 8 % P N AE - S 3 A5 b ifE 22 2, )
Pz R o
1.2 IMEHIE

Tl AR X A 05 00 B A R B, U SRR (sea
surface temperature, SST) Y25 L5 X gl HF 43 A7 = A=
FEW W, SR, oK AE R wE R AG E M
Sk XE A R A% PR B8 AR R A R 4 AR B 1L T AR 4 v v R
W15, B UKEHEE (sea ice concentration, SIC) X
Tl R B 0 A A 23 77 A i O 2 B/ T Wi 32
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Fig. 1 Distribution of investigating sites of

E. superba density

The circles signify survey stations. SB. southern boundary of Antarctic
Circumpolar Current, SACCF. Southern Antarctic Circumpolar Current
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SSC) x5 M B B MR 0F IR A 43 A0 o 16 11 55 7 (sea
surface height, SSH) fE K #§ 7= ¥ 37 1) T ZE 45 #r
W T Al AR W O S M 0 DL e 3
FERCALH] L T SSH AR 368 A DX IR T R 4 R Y 32
WK, HX AR A B TE R e (A5 e T . B
T ER%E, S SST. SIC, SSC LK SSH
G A IREE R ZRAE R BRIR /3 A (48 s R, B3R
P05 B Y ok B3 T I S TR S O B
(National Oceanic and Atmospheric Administration,
NOAA) ##i& )% . SST 1 SSC HYTHEE N 5 m, i} ]
PR, 2S5 310 0.25°%0.25°, SSH
BT I8 BRI T 25 2 AR B i R A,
I [E] 3B 2, 28153 B 0.75°%0.75°,
SIC 4k i o 28 AU T3 3], T RO B A
I XA I KB AR L, B O0~15 I Ji) 2
N AW PR 0.59%0.5°, PIFRE AL
-5 B U 28 A0 110 25 () 3 R AT R DR, 5 ik
F1 AL AAS B 58— (925 0] 0 PR . AR S0
SR PV 18344 8 T 2 44 B 58 5040 0l A 22 32 40 o
KA 225 W] A R R 0.5°%0.5° 1 A% £5 40
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G 5T B R T DL PR A o R
B4 (suitability index, SI) 565 2 HIH B
TEEN S, TR PR AR DR A e
Fe 8L SL, AWFFE o B i — TR L LA Rb 42
IRR) 245 T oA 0 2 S S ‘R £
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B, A IER K SST. SSC. SSH. SIC it
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STE IR A,
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XL, AL SISHEEHFIHERXER, FH—
TCAELR PRI E B B B ST 5 B8 728 56 Rk
HEEL MR LAE B R o LA PR AR T eR R
N W

SI; = ael~ =D/’ 2)
A, SLORAR () MR FIEEERRE, o,
b. ¢ NAtEZ%, x ~ SSC, SST. SIC. SSH %%
IR R dL b B e . 32 F il 48L& T HoR
R SHNE, HEILG sRECREE 227 L, 3R
220 FER /N, 6B R R A RO R T . SRR
Ii) &[] ] B 18 5 2257 L, 3 25 5 Rldse /NG 4
2H B B Sy i o L B B, O Il B3 Y v 38 R
B, PIA SR AT

I Aol 2 O 2 400 T L A 8 o 25 ) 445 A AR
FAH B CEL S B IR BE A R AR A, AT
Yk, H T4 20 X 45 4580 () 25 4 I AN, HB!
B MZRIEARME—, TR 2 10 H IR R G 2R Hsk
A ME R M, fEME5 SUTER, R AME
A — Ak 19 7 3208 ST B B 5 3] IX 17 [0,1] &, DA
8 T 5 2 b L,

1.4 HSI BRI E

M EIAEE A - 5 B — DN 3 e AR
J& SRS IR] 0 SCHE D7 ok 25 Fl STAE 255 KA
2754 WG B b IS B 95 2 (habitat suitability index,
HSD)", ASLEGIH T 6 MOCE ik, 40l hiE
Je = (continued product, CP), #x K {H ¥ (max-
imum, Max), fx/MEZE (minimum, Min), & AR
SF-#49% (arithmetic mean, AM)., JL{[~F%: (geo-
metric mean, GM)'” | K 7 AL ) 8 A F ¥k
(weighted mean, WM), WM #3155 A
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KL m KR R ROSCR . HST, A (5
BEDFAEHS y AR I HST A, SL, RS i A58
TS y DA STE, r A5 i NIRRT
(4 HSI{E 55 SI B 4 %5 18 2 MR I, n R IREE
THIH, HSyy 0456 B A B 5E K 119 HSI,
w; KRS i DB T RACE . AEXRT 0H
AINTL, AE R, RUNZIEE AR 5 X 25 HSI
F4) 552 Ml 1K
1.5 HSI#REHIGIE

Ry A [ S 750 40 P A B DA B 5 3 1Y
WS S HR B, SE8 0 Bl R FH 24845 07 %
PEAL B B RE, BDAZ 3K TAEFRIE (receiver
operating characteristic curve, ROC) fH& T 5 4t Fx
T B LAY T A (area under curve, AUC)., YW H#RIZ
2 (root mean square error, RSME) Pl } HSI %5 [A]
3 A1 VR R L S0 9% E  A (I B e 8

ARG K T 0.7 B9 HSIH & XA i L
HRREE, (DL 1 3R7R), ¥ HSL/NT 0.7 M fEE UM IR
AIE EBEARR (DL 0 RoR), s STE 5
HSI{E 5 AUC A . i LB INE 5 05 (A 1Y
Z{H 15 RMSE., 4 HSI AR5 8] 1) HSI {4
A SHAEE MR . b AR 3 A IXE™Y, 2558
TR A E S A 55 . HE A S ke R
2 DR PN R A o AR S L3R 3 MEFRER G IR
TP AN [ A2 70 1% T4 1 g S e A 1) 35 B A R BRI

2 4R

2.1 SI{EBIFES

BT — ARG B RS B R R
SSC 5 SIC i BaE B 2 S 0k, SIAREE
ISR B (1) A 4 S S N5 i/ M a3 (] 2-a, d),
BT B3 X ] 4301 R 0.2113~0.7869 mg/m’ Al
10.60%~12.87%. Fifi & SST Ay 3% i, SI{H A Wr
REA% (5] 2-b), HodE i H B AE-1.0~—0.5 °C. SSH
RIS BT 2k 5 SST 254l , A B 8] 336 ik s #
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Fig. 2 Fitting suitability index curve fitted by univariate nonlinear model (a-d) and neural network model (e-h)

SST. sea surface temperature, SSH. sea surface heights, SSC. sea surface chlorophyll-a concentration, SIC. sea ice concentration.

(Kl 2-¢).

P25 R 2 FU TG B B 2R 5 — oo AR et
A B L5 A BT AR (] 2-e~h), SSC I Hi X 1]
5=t &A1 Bl X R BUEST, s
P 245 #6) £ 1Y) ST 4 Bl KA B AE SSC ¥k iy
0.5190 mg/m’ i , {H SSC ¥ £ K F 0.6000 mg/m’
ZJa, SHEZMLS SSCHRIE X R AR, SI{Hk
SRR R KRR (8] 2-e). SST /MF
0°mf, SIFEECE M TGS, HEH A/
Wg, SST KT 0.5 °CHT, SI{H b % il B 138 i 2
Fe R K (K 2-). SSH A7 B, fe i 1 Hh B 7
“1mZ&f, 5—IudERMEMA ARG RIIX
B, SSH 5 BUth & AFAE — > B A — A 1Y 1
M, AT -1.15~-1.05 m (8 2-g), 5 t[RImT,
SIC F i 22 00 25 400 25 1l 28 52 B0 22 A D e 4 AR A
HAEM VKB KT 12.00% I, ST {H S0 & 1
R (5 2-h).

22 HSIZENHER

— AR LR PRI A 22 W 45 3L A 6 FhR TR
KL HSI 0 LR EN AR, BT —
JCARZE AR RT3 1 HST AR 23 [ h A M 82, N
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S AE AN ) 0 455 78 B3 o 1 5 A v A HST K P
(1] 3-a~f)o M 3 T 1o 25 R 28 ¥ Y HST AR AR, %
TR _E TN AKSE A, A5 5 R EsEs, Fiim &R
FEARFESE (8] 3-g~1)o PRI K AR () SE B T 1k 1Y)
O ZE R F M, A 22 W R A e g ), T
SR S T R TR A 1 K GE B AR B . R[]
AR AR RS R R, MM RIA T,
SSC 7E A4 HSI A5 AL i AT B d B 52, 1 #E
— AR A, SST RIS K (£ 1),

2.3 HSI & BYLGF

RMSE 25880, M —itdb gkl & 8%,
ol 25 0 2% N 9 A B T v (K 2). R AUC 45 2R
F, —IJCAR LM LA TS I BU M AR Ay, (R
RMSE Fl AUC RyFabr48 W], ek iR I L,S
BN RAMEE, T e R ¥ A e /I ¥ 1 T A8 R A
it o MO, BEECE I JLAE S AL
BRI 22 55/

3ANEEGCT HSL =S [A] 5341 81 5 ST 43 I )
BRI IR, —JrARER G AT, AECr
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Fig. 3 Spatial distribution of HSI values calculated by univariate nonlinear model (a-f) and neural network model (g-1)

AMRE IR T B X ER

Tab.1 Relative importance of environment variables in two models

]

model

MMM A  neural network model

—JeAEZE 04 univariate nonlinear model

KR T
sea surface temperature  sea surface height
0.24 0.27
0.43 0.24

M-k alk L MK S
sea surface chlorophylla  sea ice concentration
0.28 0.21
0.15 0.18

P o JUFREE L IBCEEIE TR E AR L,
HXFF HSUR T 0.7 BTSSR BN EH o fx
/ML AL NS T AR HST A ILHE 3).

ZERA K

[ K P2 2% 2: 3275 sponsored by China Society of Fisheries

A —JCAE R ML A B, MM 4 A5 3R
HSI 45 B 48T 0~0.3, H AR A SCBE B 2 [l 1y
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=2 MWMIRAE AUC {EF01 RMSE
Tab.2 AUC and RMSE values derived from two models
ERI AR A o _— N . - N .
HUR Al dtths pm Bl BMEE Rk WA JUTTEE AR M
model assessment del X e inued prod ithmeti . iahted
metrics mode maximum minimum continue pro uct arithmetic mean geometrlc mean weig ted mean mean
RMSE — IR PR 0.8221  0.3015 0.2248 0.5485 0.5043 0.4667 0.4780
univariate nonlinear model
I R 2 R 0.4445 02567 0.2778 0.2536 0.2446 0.2559 0.2889
neural network model
AUC — IR PR 0.7852  0.5481 0.6370 0.6741 0.6370 0.6593 0.6568
univariate nonlinear model
eI R 4 R 0.6000  0.5926 0.6000 0.4000 0.6000 0.4148 0.5346

neural network model

®3 BHSIFLATAMEREMKRESESEEEXEEIL

Tab.3 Percentage of overlapping area between the predicted and actual values of two models at different HSI values

HSIFHRAA 5 HSHE B & 150 /%

R overlapping percentage of HSI calculated from predicted and true values
HSI -
model RORIEE FMEVE TR HARF ik JURSEE: IR
maximum minimum continued product  arithmetic mean  geometric mean  weighted mean
0~0.3 LAY 0 49 87 0 0 0
univariate nonlinear model
0.3~0.7 0 100 50 17 33 50
0.7~1.0 100 0 0 67 33 0
0~0.3 2 ) 25 R 54 100 100 87 100 87
neural network model
0.3~0.7 33 0 0 0 0 0
0.7~1.0 0 0 0 0 0 0
3 W VKRR —E R PRI K R, A

3.1 IR TR 2t 4 A RS20

KT HRIFAY3E F R, sREEHEAE B o
FW], BEARHO PRI 4555 ) ik & (catch per
unit effort, CPUE) 7£—1.0~—0.8 °C P 4 B 5 K AH
IERECR . REPEFEY I, SRRl g %
IRTE 0.5~1.0 °C K 1.0~1.5 °C i) CPUE % & .
LTI e Y 7 S [ I (D9 &0 TN o ]
AN, RN A Y, BRskYE, &
ESOR R ANAY G iR A LI - M S
TR BE X WA oA B S e AT S — 2P RS, A
7T o A7 b A SO 1 R Vg RO
HRAOR S A B EE R, SRR K I T
W UKEAT I B AT, ARBGFE KT BRI R Y R
BRI T 28 ) 45 0L B 1 06 K v AT B
TRE M AR UK B AR BE R T 12.00% I, Fili& 0K
AR ARG I S B B, X S BRig AR
BFFEAAT . RN, MUK I 5 DLk
IR B B RAE Y F AR PR S IR T . ABEoE
—JCARR LG R, BRI IS G B M 4 S i
UKL BEARET, 2T, RUIBHIRE 5
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WFFEARLTE WU T 1] A7 2 T T oK R R A
JEE I TR UK D3R, 17 AN 2 T AR I UK ™, R
FEPIRERON B EX SR, X REOF WY 05
X W R IR o A A A R Y, 1 SSC Rl L
B b S TR A A A . SSC AT RS B i
LR, HSI Bl M4 20 B 15 n 2 353 n
JE AR I a3, Atkinson 252 (1 BIF S8 R I 42 Y —
AR, HEEIRIEA —E RS m iR
) DX I Ry HGE B S M, R A sk e g U
() X SR A A T 2 A, O i XU
W28 o MR R R K R A R
V5N LA Bt £ S T RE LABAE AR A £ 1 A ) i R AR 1
DX, T A A7 F 2 F1R XU 2 o Tl M 3 3 328 i,
BEREW, Wik, BIEARERE— 'Yk
TR, ARl B XUt A /N i DX IR A A3 1)
WiE AT . SSH 5/KIRA G, FERBRM KL, H
IKSCIRBE R A, MBRAR A ek BE S 4555, %%
5y 5% BN . IATESEKSCEh I R Asgm . i,
r RUBE YIS 1 A8 Bl 2 8 s I A 7 g, T g
SCH AR E TS M, R, S SSH AT L
R SRS, AR e X B R AR 53 4 o] RE AN 237
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AR, A I RUBE IR e T DA DL HE i R
(1) 7 SRR R AR, (H SRR AR 338 1 Y R DL R A
BT . AWESE T, PIRME RS Y
SSH 3 B X (B H- AN AH A, X 5 A AL (1 vk
—EMRFR, H 0w s et SSH 5 @ iR
MR Z I R R A E I, Wt —H N
TRZ R 7KARRGZ 8 Bk SCEsie, anifgiessm .
FUBE W T LA B K A5 ff BERR T o e Ah, WRUR I I
B TE R R E 200 m KR, EARFFRET
F 2 IR B AL 8 HST AR, 3 W] fiE 23 45 HSI
R (1 TN 45 SRty e i 25

3.2 WBMIEBURE SR

T EL h S 22 i A VR 5 A LR R e B A S b
FE BRI AR e MKV o % ST RIRY 1Y) )y
PALHG 2 FpUO, — b e i i AR R AR 2 5
2R S GE B S, X FR O R LR A
M 2200 7 AN ) PR B AR B 22 [l () 52 BAE . 1 ik 45
BT SR FH A A3 50101 VA1 7k 25 BN W) PRl 7 28 BLAE I
EJVREVE R HR 446 £ HSTBE AL, F— 215
HSI, AR TR . X5 STALRL,
W MR R — PR E T R . MR s, B
TR . B, BB ESED T4 R
{8 Y 77 VR T B B 1 R HR 4 40 £ i HST,  JfAE 5K
WERIE ST HPiE B 2 B0 W B A — e 1 T A5 . T4
PHASEAY A B A AR e B, 0000 M0 B2 = i P
W Z T ST AR e, fln, 58550
FIFH—JCAR R MR ST T 5 AN KRR 75 ST
LR, 55 N I F IR/ A BRI R dE
& S ¥ 10 (T, alalunga) ) HST AR KL, F500 ofE 6 %
IKF] 71.82%. AR, BEE N TRREREARM K RE,
o 2 O 2 Bk A k)i b R P A A AR O I
FHH— B Gt ik, e 45 1 A 7 v Ty
2%, (HTMRCR e, g R ER ., AN
e, M Mg | ISR S5 2, RS,
I ARRR M, &5 LA NBS, FRTHHR
AR IR 2E . AW R, W M4 A
P28 HST A3 [ S B0 BEHOR AR, X AT
BYF LR A, T — AR RIS
HSI 25 8] /0 A7 E 3 R gk, o] DL i A Wi 8 30
BERyZs RIE ], B3E A R 58 B U Bl 45 55 A8 Ak
SEAEYW B AR L. ARG, Mg W%
A A HSLAK BN RSE, FELEETTE 0~03,
(A4 G f RAEIE T LIS 2 B i i 25 5 5 — oo
ALV T LSRR 1 HST B AR UL, 454 e/
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B AT LIS 20 A pY 00 35028
33 XEE&%

AT 8 S B B 7 25 3 B0 HIST 437 Hh B I 22
o ARFFIEEBL, FRAAE MR /IMETE AR E
Pk, BHBIRERNEE, REMIEXTT
T KR R /M 23 4 R A I RPN o I
FAB X HST 4 A AR AR T F, SR T HSI
KFEDmE, o Thoiadne) . i/ IME %
e 45 HSI R M AR <F Al 1, Hoh, i3k
X FEAER AU, B —ANHF ST A,
SSHEEA HSI ¥ RE . HEEA RRIIEIORE ,
T T TR AR U o AR I35 R LA 2
PAE Ol W R AR BTz R Y, A
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Habitat suitability of Antarctic krill (Euphausia superba) in
the Antarctic Peninsula

WANG Jialong "**, LIU Hui "}, ZHU Guoping "***'
(1. College of Marine Living Resource Sciences and Management, Shanghai Ocean University, Shanghai 201306, China;
2. Polar Research Center, Shanghai Ocean University, Shanghai 201306, China;
3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education,
Polar Marine Ecological System Research Room, Shanghai Ocean University, Shanghai 201306, China;
4. National Engineering Research Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Antarctic krill (Euphausia superba) is a key species in the Antarctic ecosystem. Investigating its habitat
suitability can help the sustainable use of this resource and enhance our understanding of the Southern Ocean eco-
system. Such work is also useful for assessing krill population and exploring main fishing ground. However, dif-
ferent model algorithms may result in large deviations in calculating habitat suitability index (HSI) for krill
resource. Therefore, this study aimed to explore appropriate methods for constructing HSI models for E. superba
by using environmental factors such as sea surface temperature (SST), sea surface height (SSH), sea surface
chlorophyll (SSC), and sea ice concentration (SIC). Two fitting methods, Neural Network (NN) model and Uni-
variate Nonlinear (UN) model, were used to fit the environmental factors. Six algorithms, including minimum
value, maximum value, product, arithmetic mean, geometric mean, and weighted arithmetic mean, were combined
to construct HSI models. The results showed that the neural network model better predicted the actual distribution
of habitats, while the univariate nonlinear regression method yielded more consistent results. The maximum and
minimum value methods showed greater differences in their calculated results, introducing larger errors compared
to other approaches. The continued multiplication method produced good predictive performance, while the arith-
metic, geometric, and weighted arithmetic mean methods had similar results and were more stable. The proposed
methods and conclusions in this study are of guiding significance for the assessment of similar species and the pre-
diction of their habitats in the future.

Key words: Euphausia superba; habitat suitability index; neural network; univariate nonlinear regression; Antarc-

tic Peninsula
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