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FESE I I BF ST 45 S R W Rh B P RE 45 ) A7 A
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Tab.1 Sampling information on Antarctic krill in the Scotia Sea used in this study

4 bk K REEECIE
Year Subarea Standard length/mm Sampling size/F&
2016 AP 45.0+6.0 105
2016 SG 42.5£2.9 36
2017 AP 38.6+5.5 68
2017 SG 29.3+4.2 52
2018 SG 44.4+3.0 20
2020 AP 38.6+5.1 40
2020 SO 45.4+3.8 50
2020 SG 41.6+4.9 60
2021 AP 45.5+3.4 64
2021 SO 48.6+3.1 59
2022 AP 40.9+£5.8 39
2022 SO 48.4+6.5 122

AP RS 5 SG.RETRIAIE S 5 SO P T e B o

Notes: AP.Antarctic Peninsula; SG.South Georgia; SO.South Orkney Islands.

2 4

2.1 KA

B R AR K A AR A 7E S0 3 AR PR 22 5 (K- W A
¥ 5 x*= 215.27, df= 5, P<0.001) , F v 2017 4
[ (34.5+6.8) mm ] fi 2 /] T H AW AR (£ 1 A
1); B4t 2R B ¥ (= 54.37,df = 3,P<0.001),
Hf&EANIE](40.1£8.0) mm | i FH/N T E &=
(Wilcox £ 5 ; P<0.001) FlIFk 2= (P<0.001) 5 X Ik 7]
2R F (= 175.54,df = 3,P<0.001) , H.H P X
I ] AEAE 22 5 (Wileox K 56 ; P<0.001) , Hid SG
X 3k () il R AR [ (38.3+7.4) mm 88 HoAth Z= 45 /)N
M SO X3l Y B IR A4 5 K [ (47.845.4)mm ] .
2.2 BEgEMetEETi

H &K B B BAE R &4 [ 3K EAFETE
W E M2 5 (K-W K 5 5 x'= 80.69, df= 5, P<
0.001) , H P PG AE oy Z o]t FE A | 22 55 W 2%
2016—2022 4 [a] , B ARARHE 322 DA LA 5 AL
(57.4%) , F R Sy LA, i 4l AR 1 b ) A AR
(2.9%) , WK 2., 2017 F12018 4F , JF AR AA ()
L 8 25 i T A AMA . 2020—2022 4, S A A
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(1) E A1 % T R AR, T SR 17 E AP R e n . 2
b KRB O BOREAR WA M 2 R (K-W A
5= 98.39,df= 3, P<0.001) ; H 7= 54 7= Wi iF
W AR BT 450 AH 24 (Dunn’s K5 56 5 2=0.14, P=
0.891), H & F BBk ZE 1 J5 & 1 Bk L 3] ) s 1
WS AR (E 2) o B A 03 i HEDE , 41 A AL i Y
B ] 322 57T B8, T SIS AAR 114 B 8] D) i o 34 v
2);7—9 A BHARLS EEA F IR R e . IR L
HeF AE]  ZEA 1A L A IR BT & 7 B B PSIE
A3 590K 32.3% .36.0% 1 14.3%., 4—9 F ] , 4K Ik
Wi H 1811 PST{E 5 T 80% .

FH Pk BB AR AR AR R T BR 2017
H12022 4, LA AR 43 i) Bl R FpO#E of L 2FC F1 2FD
AR B ) 5 T 2FB AN AR (I 3) 5 i A
3AF AN 5 EE B %5 7, 2017 A1 2018 4F % HY R
3DF F13EF Mk . 75 1, 5 2 (0 B R 45 F 4%
Sy {7 B AUAETE 2FC L 2FD I 3AF M ; £ H 2|
PR 25 F AR B & 4%, N R B0 BE AN R 35 A Pir
43, 3CF & 3EF AR e 6] 5 HE ik 43.3% 5 Bk
7%, 2FD 1 3AF A/ & Fb 3, 3CF 2 3EF 4>
A1 LU A5 BH 8 A 5 44 28, 2FB Fl 2FD /M A d 2%
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¥, MR E JC 3CF & 3EFMA M I . A 15
kT 2FD AN AY B B AR Bl T £y % b
i, 3AF 1Y be I AR R AR 2, 3EF MR 1Y L i)
B AR, 5 A G TG 3EF MR B (| 3) L 4

] 27 1) L Ke A Ta) i 0R M B S BE PSIT{H 43 1)
}5.8% .29.4% M1 13.3% ., WK Wi H 6], 1L 4 H
55 A K PSI{E AR L 80% . & 3K Z=[a] 1) PSI
(B 15 98.8% .
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----- SG  { % ' it oSG
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> P 2 z
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i & i
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fA&K: Standard length/mm

1 HREEREMEARE XS EREITNEK SR
Fig. 1 Distribution of standard length for Antarctic krill in the Scotia Sea

2.3 BESEM=ETNK

MEB BB LAE & X ek A7
F 2R (K-W K5 5 = 10040, df = 2, P<
0.001) , H PG X 0 2 [a] 022 53 i 35 0 SO X3y
B AAR EE A5 5 153 (65.4% ) , 17T SG DX 35k 11 1 ol 4 7 Fof
e A 354(89.9% ) , A& H BRA A (K] 2) .

% DX 3l ) Tl P ol 2 B A ol 2 TR A A7 A
I E M2 5 (K-W K5 5 = 102.98, df = 2, P<
0.001). AP I[X¥,2FC £ 3AF AMAR K SR He )ik
70% , 1l 3DF F1 3EF A4 (5 FE R JE 5% ;1111 SO X
3, 3AF F1 3CF AR E i HoAth 440, 3DF Al
3EF M HAE 5 17.3%; SG X8 iy 2FD M
ti T 38.1%, {UEF AL H B8 3DF Fil 3EF A (&1 3) .

34N B A B AR & 7 B B 5 1 LA B PSTE 433
H39.1% F45.5%. Toit K E BB, i 2 P i
B, W DX 3 B] 19 PSTAE YR K 80%
2.4 GAMEMLER

GAM #5 A1 25 5L 8 7 | iF i) (A4 L 225 Fn H
) 5523 [a] (DB S e T B IR & B B 49.9%
(AR A, X P R B AR AL ) R R 45.7% . 1A
X5 ZE 0 R B B S PR AR T AR Y
SRR - B —B0PE  EAR G A 03 X6 3 1
WA AETE 25 5 (3R 2-3) . HUKIM &, £ %R F B
B,2018 5 2016 422 53 .3, (H W AF (8] 1) 2 i 224
EEFIFARE.
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Fig. 2 Distribution of development stage for Antarctic krill in the Scotia Sea
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Fig. 3 Distribution of maturity stage for Antarctic krill in the Scotia Sea

http://www.shhydxxb.com



5 X1

TR, 45 « B AR STk 5 Ve e A WA R A A AR R AR S Ay e 23 A8 1277

R2 XTHRESEEMBTLEMRMERAENT X ATMERELER (HLTE)

Tab.2 Results of generalized additive model on development stageand maturity stage of Antarctic krill in the Scotia

Sea (Categorical variable)

R K BB Stage P A Maturity
Categorical variable A FRifEiR 2 z P il bR z P
Estimate Std. Error z value P value Estimate Std. Error z value P value
i

Tntercept 5.594 0.369 15.171 <0.001 6.931 0.719 9.644 <0.001
[X 4, SO 1.538 0.341 4.511 <0.001 2.218 0.521 4.258 <0.001
Subarea SG 1.418 0.372 3.813 <0.001 1.587 0.573 2.770 0.006

2017 2.191 0.000 Inf <0.001 0.000 0.000 NaN NaN
2018 1.531 0.410 3.735 <0.001 -0.171 0.807 -0.212 0.832
izj: 2020 -0.137 0.543 -0.253 0.800 -2.217 0.858 -2.583 0.010
2021 0.159 0.315 0.503 0.615 -0.404 0.485 -0.833 0.405
2022 -1.988 0.637 =3.121 0.002 -4.213 0.936 -4.502 <0.001
. RS -0.577 0.273 -2.113 0.035 -1.181 0.409 -2.885 0.004
Sii:)n & -1.919 0.345 -5.558 <0.001 -2.086 0.505 -4.128 <0.001
X7 -3.418 0.325 -10.529 <0.001 -3.458 0.474 =7.301 <0.001
2 -1.041 0.423 -2.461 0.014 -1.319 0.744 -1.773 0.076
3 -0.285 0.000 ~Inf <0.001 -0.581 0.563 -1.032 0.302

4 0.000 0.356 0.000 1.000 0.000 0.000 NaN NaN
Ay 5 -0.560 0.366 -1.529 0.126 -0.126 0.414 -0.304 0.761
Month 6 0.000 0.368 0.000 1.000 0.000 0.568 0.000 1.000
7 -1.284 0.000 =Inf <0.001 -1.378 0.000 ~Inf <0.001
8 -0.973 0.302 -3.224 0.001 -1.834 0.435 -4.213 <0.001
9 0.000 0.711 0.000 1.000 -2.005 1.086 -1.847 0.065

RI XTHRSEEMBTLEMRMERAENT X ATMERELER (EETE)

Tab.3 Results of generalized additive model on development stageand maturity stage of Antarctic krill in the Scotia

Sea (Continuous variable)

e 2 i KB BB Stage T AEE Maturity
TESLAR N - — -
Continunujviiahle HRH % A el p ARAhEE 2% { K P
edf Ref.df Chi.sq P value edf Ref.df Chi.sq P value
Slandﬁid%ength 4 4 837.9 <0.001 4 4 246.9 <0.001
3 Wi TEHRZR BB & =R R R 2L, B a2
e

3.1 BEEHMREEW

— A B RAAA Y B = 20 A T A
LM IR (Antarctic circumpolar circulation, ACC) i
S, b SR AR A Bl A LD A R B e JE R B
P TO0 A/ N A )l A ) 2 o 16 21 e 5 TR
TE & PY ALK, IF E A TR A M /KB . AChiF
FEH, WP B AR AR O A A A 3 B AR PR 25 5%
Forr 2017 47 8 /N T HADAE Ay o ASTRJAF B2 4
PR A R I 8 2 AP AE A BRI 2 5, 3X
TERRAR BE b A] RE 2 15 D0 B IR 00 B SRR
JE AR BT IS B, T 3X PR 22 (A A7 7R B0 i Y

3 el D T BRI R Tl AR TR 5 N L 1)
HoAth i (VKBE sl i S ) dEF5 AR 472 ARBEsE
A EANRIER N T E R, HEN B IR 0] BB 7R 4
FRAMERA, RBURKS /N, 5140, BTIA
IV 55 7K 35 1 A MR L b e B o JE AR % K I ) g
R B . 1 XA &5 S 0 o] BE IR R A R
(1) A X IRAFTE 25 B R 254 1 i b X35
(14 e T3 S0 5% 7K 358 PR 3 AR, il o 1 K A g L o
JERE S 7K, DT 8 A AR s 3 5 (2) A
DX IRANAEAE — A T R 6 S 25 7K By i
PR S B R R v 2 A B K S B AACE i ACC
BN 2 BUS EH AR R THTE . HET AR A
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JE 5 (R E Al I B T X8k P o A s 5 A7 7 e
i R 1F 76 4 3 19 KSH TAE 7] 68 i g i ) it
PRI 2L

8 O A A 45 ) A I T A AR AR AR B 1 2
RUBE b B 165 B8 AR A AF 245 40 A7 A8 5 300 i
FAEBRAR B 3K — AR AR I A T A A )
FARAE F o 2016—2022 4F , AN [Rl & & By BOMEYE ik
IRHFIARBEAE PR A A o X FREARFPEE I 5, WA
A B ; Z T L B A R E I BE S AR E
AR, T AR AR LA R R i, AR
WK TFJG 3 o A2 X A AN [ e i 22 B 1) 2 A
R gE i, 25 58 ke IR, 2 2 i M AR A7 A0 AN )
B EE AN B F B LA = AR R 3=, i A 2
YRR A R TR, TR B A
PR B S5 R WoR | WSARTE B P Y B ] s 4
MR (e 4) , LB ZHE 85% LA I, X 5 A5 1)
S5 OR R — 2, UL B I O 7 B B A 5 R
K llfe 9 7 2 B 2 2 R I BEAE B 1] B DR, A
11 Ay B 2 7 BN 25, AR B LD <A A Ak 7T g
FEPR Y5 S AR & B L R Z M VE b= AR 52
M 224 A oy Bl AR TR 28D AN AR Y B i)
AR b BEH 3B W N, 3AF 1Y Ho ) SEA R R
R 3EF AR B WAL, 5 5 B I8 3EF A4
M H B, 3 57 E AR (3DF 1 3EF) 89 Fe I BE A 17 %
Wb (K3) . K XS ZEN R TR B
PR B R T 7 A ) s AR B — e H
AR U H A X P A 5 A A 25 S . LR
oL AR R H BB, 2018 4E 5 2016 4F 24 i
ALV A [ B 1 B B 22 S 0N . SRR I
o, R L B A i RV LA B A X 7R g A
B 2% V5 5 25 W U R RE A5 A 0 A R B oR
1981—1985 4F- , M 14 Ff A4 114 P B 228 32 2 Jli A7 7
% 0 AEPRAE1E 1981 4E 1—2 H L, 3DF ME [
i) & 25 5 F HABAE M, 23 A, 3AF M 3BF 4~k
() B 9 S 2 36, © 8 3EF MR H B . ONO
OV XoF 7 T R BB B DX ] A ) b A1 g B
(1—2 H ) B iR Fp 25 44 B BT 52 1 27, 2003 4,
M RE AR R 3AF, 3CF A1 3DF I 5 He ) i 3 v T
2005 4FFi1 2008 4F ;2008 4 , 3DF i1 3EF A 1) b
BIRRAR o

ARBEFE IR, 2016 4F 2020 4F F1 2022 4F-4: i
S 2H B B4R L T 2017 F 2021 4F il e A
21 A ) A T R B, G R 2018 4F {UA T A A
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(2FC FI2FD) AR B, AHFgT 4 R 5 T 145
— 30, 1—=5 F  F2ZERRE T o 1 BB e
M0 F3 A LU TR 1—2 H dEFr40 e i He Bl 2
Fe. 1—4 H J~3EF BrBesir JLT- 37 3,5 H
Z G BRI M B TR, — H R 8—9 H L E
B B — Ak, & T W AR AR R 45 AL il 22 T F 5T
(F4) Won, TRl T B2 A, i 258 il
PEAT 7, P W2 I DXl A R A A 1 B
Bl 2w T A AR AUR EF- PR 5T B,
T A 2 I AU (A CC ek ) e PE B AR A
AR HE AP 5 B 2 . LOEB % 7ETRiR £ 1
BRI A AF 55 245 21 Sl o ER A9 A Sl ARl S o B 7
PRI, 1R A A L 1) 1 AR TT RE SR LK SC
SAFARE TR, L5 b BRSkIE, BB (12 HE
FUAE D H ) N AT R RE A 7= B0 g 3], {2 1—4 H
BIALFregnil] . AuFseas Rt —4 Won i 2Rk
225 MEPERF A b I AR B L 51528 i T fmi (2 4)
TR AR EL A 2 TR H1) 86.3% X Fh LAY (1Y)
Z AT PR AR Al Al S B T B R AR A 4 He) A A
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Tab.4 Comparison on the proportion of development stages of Antarctic krill in the Scotia Sea resulted from the

published studies

% Z FRETH KA BB Dcvelo;{mcnt Slflge e

Area Season Sampling net vaheﬁ;e Sﬂfb’ﬂﬁt ﬁﬂ‘t Sources
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Spatio—temporal variability in stock structure of female Antarctic krill
(Euphausia superba) in the Scotia Sea, Antarctic

LIU Yu'?, ZHU Guoping'***

(1. College of Marine Living Resource Sciences and Management , Shanghai Ocean University , Shanghai 201306, China ;
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4. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China)

Abstract: The Scotia Sea is the most densely distributed area of Antarctic krill (Euphausia superba)
resources, and is also the traditional fishing ground for krill fishery, but population structure of krill is
complex and varies widely in this region. It plays the key role of females in the population for stabling
structure and maintaining size of population. In order to understand the population dynamics of krill in this
region, the temporal and spatial variability in female stock of krill resource in this region was analyzed using
samples randomly collected by fishery surveys from January to September, 2016 to 2022. The results showed
that there were significant differences in the development stages of krill annually. During 2016-2022, female
krill stock was mainly dominated by subadults, followed by adults, and the proportion of juveniles was low.
For the perspective of the annual variation of sexual maturity, the proportions of subadults (stages 2FC and
2FD ) were generally higher than that of stage 2FB individuals. In terms of seasons, the female stock structure
was relatively simple in winter and spring, while that was very complex in summer and autumn, the subadults
was predominant in the stock. In addition, the structure of female krill stock was different between regions,
the proportion of adults in the South Orkney Islands was the highest (65.4%) , while the subadults was
predominant in the stock (89.9%) and no juveniles occurred at South Georgia.

Key words: Antarctic krill; population structure; Antarctic Peninsula; maturity
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