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FE: ETEMEE AN EIERIPE 72 (CCAMLR) S /A 4 (Statistical Bulletin, Volume 23)
12 4, IR S U AndE A (generalized additive model , GAM), 5236 % 1998—2009 4F &
W3 B b #(CCAMLR 48.1, 48.2 F1 48.3 /N [X) A Y B AR ok o i 377 i 28 40 A RO 5 335 B F
(RiEfrt & alRE)ZAMX ZRHATTHR. ERKN, BEAN I M REHEMHET LA
& J# 7k & (catch per unit fishing effort, CPUE) ¥ f& % i % & 45| % 51.11%. 69.25%7¢ 65.82%,
Hob &N T At EF 8 A 4. 1998—2009 4 #1463 4NN X & 4 F ) CPUE {4 3%
HXT A E . 48.1 /NX &4 8] T3 CPUE &% ik /N, T 48.3 /N %k 48.2 NK k. 3 /b
X z |4 B 48.2 /)X 7 48.3 /N X W 4734 CPUE # 7 F ¥ &, T 48.1 /N X yF2 CPUE NIl 7 %
DEMEMER, NCPUE A{ZATUEN, 3AM/NKHE BIE54, 48.1~48.3 /N X Hyl4
EaRl HWAAELA 5 AF6 A3ANNRK2[EFH CPUE AL AF B, E4KXPKFH CPUE
WHAEDZEN AT, 48.1~48.3 /N X W B i & 37 iy 3 Bk BT B 495 H-3~2°C, -2~2C
F10~5°C, fECPUE = E Al A %K B -2~1C.-1~0 CH 1 CA AL K 0.8~24 CLE K.
48.1 /) X (53%) ., 48.2 /N [X (39%)F7 48.3 /)N X (51%)3 M/ X 8 At 7] 9 CPUE 18 4k F 7+ 4k &

a K JE A 0~0.2 mg/m® #y 5 A,

R MBI, XA, RAHE S EERE, W G

hE4SFES: S931.41
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BN T2 ] i 56 22 HAT AR v AR R M ZE TR gl
TR S PR 2 R BB 2SO R, 514
VA A b, ) ORI in B (generalized  additive
model, GAM)#IA N & —MEEHE N FEEW LR
FE B IR A MR el 9% 55 PR AR S ] 9 06 &
02 Spr e sfeAE il EAS S 1Tz i R AT £t
R M AT Y, Siegel 25 CUR F Al 25 e A1 R
AR, CPUE B4 (7 &t /4t LA 18] ) 73 A 17 [ B
T W VA W B 5 5R  Z5 51 23 (CCAMLR)48.1
48.2 F1 48.3 /NDX PN R AR AR UMb ok ] AR AR A
Fedoulov 25043l £ B2 40T 1 I T3 0. 5 J Fl
JKIk CPUE 5K il B Z [ C R, FH KIS
CPUE Z MWl A& H¥ HEHEENISEK R,
Kawaguchi 25 MU 3\l 4k #a 435 1 Ak i 8
CPUE, LAMCAE Rtk wEur=F 4845, R Lt
TRA B (linear mixed model, LMM) X it 3845 (1)
CPUE {H#k1T 1 Fnifefl, [HHIFARZ B EHR
(WK . 2R a VR JiE 55 X pi W Bl R 5 1 03 A1 %
AR I AR 2 e . AT 2234 FI ] CPUE
B X B AR ol A el e R IRAR BLHEA T T A, H
TXSEAIFFE N D335 A7 e 30 R D] B s 28 2500 X6
CPUE W52, Aith, ABFFRAIH GAM X Rt i
Irll CPUE Bl it rAriidk, Jfor1r 48.1, 48.2
F148.3 /INX PN R A A v 4 1) s () A8 R T B
BE A %) H i 77 A sz e, AT A ik — 20 O kR
QAN ART R

1 bR Dk
1.1 SEIeH#l

TR AR P28 K 95 T CCAMLR B 48 A 1K),

B[] )37 41 2h 1998-2009 4, Xl sy CCAMLR 48.1
INIX L 48.2 /NX N 48.3 /NX . IZEURE FEGGT
JIifi 7£ CCAMLR % X PN 1) e AR B AR A 7= B3, 5
P BAARE R ) PR E () B A h
VEP 2755 VR ST HE (A HE X (OT) o Al
Hi X (OTB) . H )2 I Al Hi 1% (OT M) it H )2 A7 4 19
(TMB)&%, 25 &3 BT A 1Mk 28 8 4 J& T4 1 9 2.,
AR 15 25 T e 7 55 T i 6 AR A8, ) BRS H 57
%5 Jyi i (CPUE)(Uh) R B R A S
CPUE :%

K, C R (t); E FnliBi st i (h).

T PEPR B B (5 K RN 4 K a W)

AR TR He I R 24 R EHE T (http:/firid. ldeo.
columbia.edu/SOURCES/.CARTONGIESE/.SODA/),
A 1998—2009 4, BfA15pHE N H ;) 25041
BE2H 0.5° x 0.5° 5 Rl FR L LA 48.1 /MX
48.2 /NIXF 48.3 /NX O Ly, dCE I 1E SUEF
(interface definition language, IDL)¥ #1455 595 -1
PERCE] 3 N/ hXHr,
12 SAE

GAM W) LM AES Bk e, HAR
S AE B A B e N AR i 5 A R R E R Z Y
et R U0, AtFgEh, 1 5ELL CPUE SRSy
ArhE, Rl AR a WREE L AR AR D01 R
HE. GAM BERL 43HT 3 AN/NX P R AR
CPUE 5 iif [ia) A5t Ko 45 1 1 A R 22 1] 1 G 2%
(GAM BRI 1 2% [ AR i 22 [1] 1) 5% R AR LAt vy, R
AT A LR F 5 CPUE X R).

GAM HEA R IR Tr =
Ln(CPUE + mean)=s(Y)+s(M)+s(SST)+s(Chl.a)+&
K H, mean 2y CPUE W F-34ME, Ry 1 B IEZ{A IR,
K CPUE NN F~FH494H, FR#EA TR R AL B s S F
SRAT T RESRF-E (natural cube spline smoother); SST
WHFKFRIR(C); Chl.a JW4:2: a Ve FiE (me/m®); ¥ 32
TN MR Ay & MRZET . BRI IR 25 0 A
A oA

FIF AIC {5 JE. 1] (akaike information criterion)
G g A0 A A JE SR (LSRR B, HAE B/,
TR LA RO BAERS R F ORI IR 4
¥R E . GAM BRIz S-PLUS 6.2
BAESE I A Kruskal-Wallis #6356 (H A6 56:) 43 Bt
34E 3L EREAR Z AR AR 22 R (P <
0.05)1,

2 %

21 HBEIHR

EHRY W 28 2 I A ) R F 5 456 A I TR A0 A
RO ILER 1, R —17 B8R T BIE SR 7
BRI INAJG A AR B . B3R 1 ATAL 34/
RO S 2RI A 45 5, BIZ AR CPUE i 22
R BRI E 1 50%, 4391k 51.11% . 69.25% Fil
65.82%, H o STk KM F X H 4y, sikR
435 15.65% ., 50.28%71 58.79%; HK WALy, H
TUHRZE 43 5K 15.65% . 11.03%7F1 8.36%; ot A+
X REHY () TTRR I A /. 5%,
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*1 BBXEFNEETF SRR CPUE B GAM 1015
Tab.1 Test of GAM for modeling CPUE of Antarctic krill fishery and the corresponding model factors
L1467 % % [0,
TS K P i % 2 B FEGi 2% Fiak
. ; . - accumulation of deviance AIC
model factors sub-area residual deviance deviance variation . Pr (F)
explained
48.1 5.79
N
Rk 48.2 6.36
initial model
48.3 12.20
48.1 4.88 0.91 15.65 14.65 0.000
\
TZE; 48.2 5.65 0.70 11.03 16.96 0.000
48.3 11.18 1.02 8.36 33.54 0.000
48.1 3.26 1.62 43.68 9.78 0.000
\
N0 48.2 2.46 3.20 61.31 7.38 0.000
month
48.3 5.03 6.15 58.79 15.08 0.000
48.1 3.02 0.24 47.82 9.06 0.000
YEL [
%%g{rc 48.2 2.25 0.21 64.66 6.74 0.000
48.3 4.54 0.49 62.79 13.62 0.000
M2 a Y 48.1 2.83 0.19 51.11 8.49 0.000
/(mg/m?) 48.2 1.95 0.29 69.25 5.86 0.000
Chia 48.3 417 0.37 65.82 12.51 0.000

FRIBFEH, BT g 7355 CPUE 24k i
I R (P<0.001), Bl 75 5% 1 R - 1432 45 fin
A, B AIC (H4kZ278 /), RUIBIR LA -
FEAT T R, RO TR S 2R B T A R e [T
(#1).

2.2 CPUE FtEZE{k

1998—2009 4=HAfa], 3 4~/INX bR HEIL I 145
4EF-1 CPUE fREFAIXIER E, JI4ERFTE 0.9~1.2 t/h
Z B (A 1), AXFRE, 48.1 /NX £4F (8] 14 CPUE
{HA Ak 8/IMCV=0.083 4), i 48.3 /NX (CV=0.136 6)
% 48.2 /NX K (CV=0.095 7)., H #5521, 3 4~/
X Z [ F¥ CPUE A AFIER EMNER
(*=1.898, df =2, P=0.387>0.05), 48.2 [X (,°=11.639,
df=11, P=0.391>0.05)F1 48.3 [X.(,°=9.208, df=11,

ISR
w

l4r
12+

=10t

‘E’ 0.8f

& 0.6r —a48.1

O 4l
0.4 ——482
021 —>—48.3
0 0 1 1 1 1 1 1 1 1 1 1 1 1

“71998 2000 2002 2004 2006 2008
4} year

El1 481 ZF 48.3/MXEtR#dN & #RE CPUE 31K
Fig. 1 Annual variation on standardized CPUE for
Antarctic krill fishery in the subareas 48.1 to 48.3

P=0.603>0.05) N V-1 CPUE 448 fb th AN 775 B 2
PEZE 5, (H48.1/NX N-F-14 CPUE 428 {L 775 2
FE 2 5 (¢*=24.581, df=11, P=0.010 5<0.05).

M CPUE H ¥ fbrI LI H, 3 /NX R
W53 A7, 48.1~48.3 /NX A EEAE H 3430 R BAE 4 A
(CPUE=1.24 t/h). 5 H (CPUE=1.26 th)Fl 6 J
(CPUE=1.47 t/h), #XIHIF 48.3 /INXAYAELER
(Cr=0.3187)(& 2). H K 3a =B, 3 4/ NX Z [ F-
CPUE H AR ARA77E fik 25 1 22 5 (,°=0.227, df=2,
P=0.893>0.05), {H 48.1 /N[X (*=58.498, df=11, P<
0.001). 48.2 /N X (*=49.854, df=10, P<0.001)#i1 48.3
/NX (42=60.800, df=10, P<0.001)P°F-# CPUE H
AP B 22 5

1.6 ——48.1
1.4 ——48.2
g 1.2} —%—48.3
£ 1.0r
g 0.8
& 06f T
0.4
02F
0.0 L L 1 1 1 1 1 L 1 L L 1
1 2 3 4 5 6 7 8 9 10 11 12

A4} month

2 48.1 Z 48.3 /hXEath N E AR E CPUE BT
Fig. 2 Monthly variation on standardized CPUE for
Antarctic krill fishery in the subareas 48.1 to 48.3
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23 BEFEERBIMRREENXR

RTEIEFX CPUE MIS2Mm  ARqDIgh SR,
48.1 /NX N, 1998 4EJ5, CPUE JF4R#8 N, % 2001
AEIR B —AEME, BLIE TR T B2 2004 451K,
2004 4£ 2 J5, CPUE &AL 14 H11; 48.2 /NX N, 1998—
2003 - HAH], CPUE Z2fbANK, )5 CPUE JFiRHE
JNZE 2007 4E3K 3 AR ; 48.3 /NX N, 1998 4F, CPUE
2% TR 2 2001 4R 5 (R EFAEXTRR SRS, 2 2007
4EJ5, CPUE JF iR T k(P 3-a),

MR FF, =X & A5 CPUE 48fk
A DA, BNEA — N IEAE, (B4 X 21 E
PR AMIF48.1 /MK, H 1 A G IR, CPUE JHR
WmE 4 A0k 3IE(EIS, CPUE HHRiZS TR
12 A4y; 48.2 /NX, CPUE Ay {ki#a34 5 48.1 /NX.

FHAL, (B 48.2 /NX BB R ZL; 48.3 /NIX,
CPUE H 1 F i hin 2 7 H ik B0 f5 SR
BN REE 12 A4y (E 3-b).

WEE T3 CPUE WY& 48.1 /X
BRI ()36 BRI TS F h-3~2 'C, {H CPUE
SR HTERE-2~1 C(75.6%) W N; 48.2 /hIX, i
Ypid b RIRFEHE y-2~2 'C, {H CPUE ZAEHTER
IR h—1~0 "C(40.3%)F1 1 CHi; 48.3 /NX, ¥alg
18 W R IRIE L 0~5 °C, {H CPUE FEAE rh7E K
0.8~2.4 “C(53.7%)uH PN (K 4-a).

MEER FF, 48.1 /NX(52.8%). 48.2 /NX
(38.8%) Fl 48.3 /NX.(50.7%) 3 4N X ALK HL MY
CPUE fi4bF 4% a &k 0~0.2 mg/m® 13
N (E 4-b).

48.1 0.81 481
0.6
0.6
0.4+
~ B — 04
g 0.2 /'—-—"——-—-.v,/ ‘g
> 0.0 . T E 0
% 0.0-
0.2
-0.2
—0.4-
-0.4
I I 1 I 1 I
061 432 04] 482
0.4 02
= -0.0
g
E 02
~0.4
_0-4 _0‘6
483
0.5 0s
0} g
> 00 E 0.0
-0.51 -0.5
1998 2000 2002 2004 2006 2008 2 4 6 8 0 12
year month
(a) (b)

3 BXEM@E)KEA N ()X EHRBEL CPUE #2NnH GAM 73 E

Fig. 3

Impacts of year (a) and month (b) on CPUE of Antarctic krill fishery in subarea 48.1, 48.2 and 48.3

based on the generalized additive model
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0.8 j
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_ 044
G o
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3 0.2 [ — e T
-0.4 -0.4
0.6 0.6
48.2 48.2
0.4 0.4+
-0.4 -0.4
-0.6
48.3 48.3
0.51 0.5
&
w
= 0.0
—05{ =051
0 1 2 3 4 5 0.0 02 0.4 06 08
SST/C chl.a/(mg/m?)
@ ®
4 FRXBKRKE(QRMEFER aiRE (b)) FERBEET CPUE #£IMHY GAM S E
Fig. 4 Impacts of SST (a) and chlorophyll-a concentration (b) on CPUE of Antarctic krill fishery in subarea 48.1,
48.2 and 48.3 based on the generalized additive model
3 e HZVFZHEHI CPUE 55 s AL A

3.1 TEtREEER & CPUE

ZAEk, CPUE f8%UE % T LI A ra AR B AT 5=
FEFRAR— B MR DA ] 8, SEBeuE R,
XoF AR B8 A P AT AR AR I A — 2 5 21 b ) e A
WR %5 BE R LU o — TR, 22 b R Tl A 485 2 ] i B
b RN Ay B — R DX A T 1 e A Bt AT 2 5
H(BY g/m?). SB—J51E, BEBEIR AT A AL Z
FI) 24 Ml g B B AR 9 B S, LA A7 B AR LR
TS (HOR KN L JE B 0 %5 3 55 ) AR 9 ke 52
Ml 4N, WY EEAR N, SEREREONE,
2 8 F N TR () A, DR R 2 i S0 H R ()
S, ol AT BE O 1 TR AR A R DR . AR
ML K, TR CPUE B8 il 1 A 2 A1 e A
T S = AR 6 28 b 1 4 T T K 3 0 B ) 5 2,

BREE Tk H WS A, R AT RE S A — A
ZIN R DX DA ) 3t 466 H, DA T R 5 2 5 2l Y
fiS N L N € TR e M SN DR P G 1
HUB ] E G, P2 CPUE (I8N, H 2 R i
SR A AR AR, BTSRRI N T, T
BORE AT SR R 25 S B0 B RN, o S AP TE
N, I/NX N AR R A () s B i
TR, RS A A R B A8 Y R
BRI L5 S5 AR A A, DURUAE Rl A 497 1
A3 5 B 24 3 4y e A A AR A A, L e R 97 5
W 2 A5 M ) S 252, X A L S R R A ) T RAT
PEBAR 45 [ TR CPUE Bdis A AR i F5 4L
A Oy O R R R A S R AR AR — 2R, T
RAAER NIRRT, SRR S Ar e —E R
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BEI] . ERt, PEAE CPUE $dlR, 87552 fE 4 B,
R[] R 9 40 %6 55 O 1w A B2, A AR AR S Y
CPUE A 1 RE 248 iR b I\ Jhy 278 Ak s X 358 [B) AH %o
Rl 20 fih4D 80 AEAURL, —susp e
I BRI R g PR i [ R, Sk SRR ST 4 M, F 4
A A BB BT Y h AR EE, B2
s RO kR, e S R AR A
P BAAE M 5 s B AS RAFRAE, CPUE B i FTIHE
A RIS 3200 T 7 BRI B Bl A B i i 3¢
PR Az S R 2, S, TR
B IR LABRCAR S0 A1 R ARRAE, AR CPUE 506 (1) Jr i th
FEAESEIN . AL, #75 B B 2 B I sh PP Ak AR 25
4, CPUE 5 %nT AT Hum itilk it 2 J ka4t 4 A
1) B 0 9 DDA A 0 ep P 2 2l v
CPUE 55040 Hr B Al drr el 1 720221 (H Al 1 )
o AT A7 A i 1) 2

Rk, #ik BAih ik, CPUE {31E R —i
T FE AR LA 2 AT e A Bl At 1 0 DR 25 R
I3AT 4 Siegel Z5P1FE5, 1975—1988 4F 1A i, 48.1
48.2 1 48.3 /NX N CPUE AR AL FELERE R 1%
By, E BTl 0 5 S A T 2 B0k RN 7 I ) e A
B R e B, % B I AN RB AR FR AL A B AR B A
WO A BA ARG, it IA A Hd H CPUE ) — 8%
I EA REACR B M IR A BT Y (1 AN )L,

FEABEAT AR 2 Rl i BA B E O0 « 735,

Siegel ZFBUL AT T4 X CPUE [YAEAE (LI H 25
1. RAZHIE, 4 X CPUE [H=SZ1F£ N & (Anfis A
R 2 B 23 8500 S A8 TR R S8 ) s, AN REELIE
AR E B R fL, AR IELL IS ) CPUE A
AR T Al REAEAER TR, R — e R L
AT LA AR EIL S ) CPUE B i&E B IR F
(52 bR Ak . Kawaguchi 250U TRl vk a5 H &
BT CPUE, LABLE Nt medR 4= bR, If

I LMM #5] fif 3R 45 1) CPUE (ELEA T T FrifEAL,

HHIFRZIERNAER R WAKR . R a W
S5 Yo T W O R R0 A B R0 T i R P YRR A S
XA FHEAITE O 5 2 A
32 WERFESERBINEEZ BMER
Priddle N8 T S0 pg e ARl CPUE
FIFTREMLE], FHIA IR AEAE S 5 SST A X, =&
YT AT SST bR I8 AT JH - FoU30 48 4 Fr) Bl A 4l
Bt o0, 1 e e v Ol f S T e A B A

(1% AT S P S o B 5 — BB AR B T 7 T DAIE
Sz Vanyushin® M A o B i 0 4 SST 1%
AT 000 4 A B e A A R R [P AT
T IR [ A 2009—2010 4F BEAE R SR T
A W] ARG AR5 ), 48.2 /NX B v Je BE R UK
WHSE 44 L CPUE fERIRIER 05~1.0 C K
1.0~1.5 CHIEMZEE, MANFH CPUE M
(1.197 t/n)itHFE-1.0~-0.5 ‘C, Hk M 0.5~1.0 C,
WiEa —En2ZES ., Fedoulov M50 T 48.3 /)
DX R 3R W 5 K I R A B R 0l CPUE 57Kk 36
MZBPRR, HRRBARGHRE S T —EE-
BT /KR Z A A G

R R — Rl s v K IR A VR i A 4, HE
NP PR A R U, DR LR IR R R B U5 S SST
Z IR AE 3 B D) 1 5 2R 1281 2 1) e 4 A 91 P e
W5 f i S IR 22240k 7°C, BRI 1~2°C YK
TRASA X BEAR A BT RE | A AT e R B
S B BRI K AR TT BE ST 22
TRELH Sk, (A H R 2 Sl il A KR = 1 % 7 LA
e, PR, BT BB ZAKIR IR 5,
T T K R S ] (<0.5~1°C) USRI, [t
FH T R AR B A I AR A e SR B LA 2 2T 1 4 %
M )07 3 A /K R AR A, TR AE Wl O et 0 PN R 5 22 T
KT PR — 2 P s B, (B KA R T g
2252 3.8°C LA L R/KIREY,

34, PR A T R AR R a vk
B B KR 3 v A K R R R AT R
T A0 T8 M ok ) B AT MR AR A T T I Bk
B s ] ok, e RN, 2
AR R T PR A Ak a MR SEELIE A OEE
F, B, E 2R R 52 P4 R KT T R
A 1 2 0 S DR 2 B (IR ARt 4 R o v
TR KRR, R A A RS, Lipskil®®le 2k
IR, A2 a MR fe i R, me AR B A = B 20
WA . Atkinson ZECM 7R, B BRI AN 200 5
TER B SRR 48 2 a VKR, FEME TaY
YR T P KR (T4 2 @ YR 0.5~1.0 mg/m®).,
JUEVF L2809 T r i St e R a W K&
HAMRZ B R, (An4EE a v R F X
R Tl A ¥ M P9 52 ) o] 9 AR AT B BT OB S, A
WFFEAHT T 48 3% a vk B 5 B AR A il CPUE 2
[ SCR, AR T —5y b mdsie ., tuih, Hih
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Effects of temporal and environmental factors on the fishing ground of An-
tarctic krill (Euphausia superba) in the northern Antarctic Peninsula based
on generalized additive model

ZHU Guo-ping> 4%

(1. National Engineering Research Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China;
2. The Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources,
Ministry of Education, Shanghai Ocean University, Shanghai 201306, China,
3. Scientific Observing and Experimental Station of Oceanic Fishery Resources, Ministry of Agriculture,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: The present study analyzed the spatial-temporal distribution of fishing ground for Antarctic krill
(Euphausia superba) in the subareas 48.1, 48.2 and 48.3 from 1998 to 2009 using the generalized additive
model (GAM) based on the data derived from Statistical Bulletin (Molume 23) of Commission for the
Conservation of Antarctic Marine Living Resources (CCAMLR), and the relationship between standar-
dized catch per unit fishing effort (CPUE) of Antarctic krill fishery and environmental factors [sea surface
temperature (SST) and chlorophyll a concentration] were also analyzed. The results showed that the accu-
mulation of deviance explained (%) of model to CPUE is 51.11, 69.25 and 65.82 respectively and the vari-
ation that provides the maximum contribution is the month for 3 subareas. Standardized annual average
CPUE was stable in the 3 subareas from 1998 to 2009. The inter-annual variation on average CPUE in the
subarea 48.1 was smallest and that of subarea 48.3 was larger than subarea 48.2. Annual variation on av-
erage CPUE had no significant difference among 3 subareas, within the subarea 48.2 and the subarea 48.3,
however, remarkable difference can be found on annual average CPUE in the subarea 48.1. The monthly
average CPUE only presented the unimodal distribution in the 3 subareas, and the peak value of CPUE in
the subareas 48.1, 48.2 and 48.3 occurred in April, May and June respectively. The monthly average CPUE
had no significant difference among 3 subareas, however, remarkable difference can be found on monthly
average CPUE within 3 subareas. The suitable range of SST is -3 to 2°C in the subarea 48.1, -2 to 2°C in
the subarea 48.2, 0 to 5°C in the subarea 48.3 respectively for forming Antarctic krill fishing ground and
the dominant CPUE values ranged in the SST of -2 to 1°C in the subarea 48.1, -1 to 0°C in the subarea 48.2,
0.8 to 2.4°C in the subarea 48.3 respectively. The dominant proportions of CPUE values were in the range
of 0 to 0.2 mg/m?® for chlorophyll a concentration in the subarea 48.1 (53%), 48.2 (39%) and 48.3 (51%).
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