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WraE AT S, FI R B 4% 19 SIMARD EK60
2 R AN A S SR AR W T Y 7 A [l R s, 2t
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B DR [ S5 U Watkins 5 U S 80N bR
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Fig.1 The South Orkney Islands with showing the

survey stations
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FEBEIRANA, 31400 B2 e il HF 1 17 Az P 2
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PR ATE JEUR PR SR 38
120 kHz Y [0 35 B8 S A F 5 5 22 A0 3R H AR %L
P& o B AL PR AL T Echoview V63584 . Bl 4k #
Ui P2 3k F CCAMLRG 22 i #5174 Jy ik 7 T4
#H (Subgroup on Acoustic Survey and Analysis
Method, SG-ASAM)20094F 55 41K /N 213U 5 1Y
T AE R A PR R, R R A 0 S B T
AT R . IR AT 2, RS 508
AR F AL . MR, HEIRIR WM SRR, B
B2 SR SR AN H AR AR W) AR 5 pg A It

B AR EF R AR M LT RO b T
rh Ah 3 56 18 1) T R B O [T 38 KA . R FH Echoview
AR “Detect Schools”#i B %f 120 kHzHi
R[4 11 G R A T R A BT SR A A . “Detect
Schools” iy J5t FEE T A 40 5 BORPEAG R 58
(Shoal Analysis and Patch Estimation System,
SHAPE)SL ik e Ko A A0 1l AR 4 1 1) e /N
JCRKEE . E/NERITE B R ROKCF SR B
ORI ERES . R/NERKE . R/ ER
o BE B P 2 L A T S8 5 IR e AR
W A T Az T 2 B8 DR A 55 B RN 5 | s S (] TG AT
fF 25, AL S % Tarling " B8 R BT, MR8
ARWFFEM LR EAENS O, TSR E . B
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73 TS, 4. 20184F 52 m WL v JE T & m A R SR AR AR AiE 3

S FA M BN SEREA AR AR . (DFERRRE (m), F
71N A 00 1% T AR ol A R R P AL TR B 5 () SRR
(m), 78T m] I X 3 dRe K 45 e /MR B 221
GYERF K (m), Feom 4 fE XUk i & 5 85 B
] P9 A i A2 sh R B s (OBERF I AL (m?), R
=2 G b SR BN RN A8 s B e AR (5) %R
B9 B2 (FB/m®), s B AR RN i A ol A 1) 4
Ho Hrp SR 5 (N7 ZE AR mE B B A H bR
JE (TS) R Fe B AR AR A I 1] HUHA B (Sv)T A 1

N, =10"1" Q)

S T W5 A [R) 5[] B e A B R A R AR R
B AR ARAE B, AR BF 58 4F Watanabe! " Rl 4 [ -
A O T S 3 -2 N @ RS A P
P, HLR A ) R A, SRR AR
RN, BOK — B &R 5> R A e B, 43
Ji: ZRBIDWN(06:00—08:00), F1KDAY(08:00—
16:00), % EDSK(16:00—18:00)F1#HENIT(18:00—
K H06:00), WAL, el B2 m Bl I 42 1 BT 7E
IR 53 R A TR A 2K 2, 6 T 1) A s [l
WECHE b B R b, SEREOK 2 MYV B E 20~
250 m, HXRI4r T4K)Z, BI20~60 m. 60~120
m, 120~180 mA/1180~250 m.

K H Kruskal-Wallisf 56 6 LA I A [R] i 1]
B, N[ S K2 0 JE B R A (AR 3 P A AT
B AR, B P<0.05HHE 48 BB, NH
EREEZ A ER EEES . RE, KBE
B RE AR AR 4 A7 X B e e, OF R 2 8043 43 BT

(principal component analysis, PCA)F1K-means3f
KWTRAEREIAT 028 . AEdEAT ERLr A, 24
— A RS R 25 SRR R AL A R R DR 24 X
R Fe R 548 {9 0. 745 1), BISR BT A
A W EHZ I, K PCASHTS B 32 Ao 45 R
YE A K-mean K W) 4 R b0, LU K-
mean®R AW 1f 0 BEHLIE BT 2 A5 R E
RRK B 2 2% Calinski-Harebaszif ), DL |
I AT J3 A 24 K] JH SPSS V2558 1.

2 4R

21 FRBERSHEBEREE

K A B 19400 )2 B B U A A R S
23.37~52.66 mm, “F-F¥J{K K 40.96+4.64 mm, H
MerE3220, MiMET2R, 6 AU, ME. HMERG
Wi MR A R IR 2 B A7 A 103 1 25 57 (I ST R AR e
5. =-7.91, P<0.05)(#1), F|ISDWBAf Kt
AT B A BB R Y SF- 2 H bR B -76.2 dB.

2.2 SEEHFE

AU A O 7 A T T 1) [ 38 B4l L SR AG:
T F)3 224 ERE

Fi AN [\ s 1] B W) 43, 23874, HIKI
4904, B 2304, M1 11771 (F2). #AFK
EX14, 20~60 m/KJE1 3114, 60~120 m/K )2
6957, 120~180 m/KJZ7254, 180~250 m/K)Z
4931~ (£3).

R 1 FARBINMACIRE SR
Tab.1 Length frequency distribution of Euphausia superba

T sex it/ number  F/MAK/mm  inimum length  HBKAK/mm  maximum length  PRMELFRHEZE/mm meantSD
MM male 322 30.73 5232 40.37+3.40

Wit female 72 35.38 52.66 40.37+3.40

KAk total 400 23.74 52.66 40.96+4.64

*2 —RPAERIE R EHFEE
Tab.2 Aggregation characteristics in different periods of a day
SRR AL H(n=1311) F R (n=695) # K (n=725) T 7] (n=493) AR (=3 224)
aggregation characteristic DWN DAY DSK NIT total
SRR /m  aggregation depth 85.93+£52.90 98.87+63.91 111.60£11.60 105.52+68.70 96.00+£64.33

LK /m  aggregationlength 178.4+407.17

SEBEEE/m  aggregationthickness 11.30+14.45
AEFFMAY/mM®  aggregationarea 1 762.03+7 637.71

SEREEE/(FB/m®)  aggregationdensity 88.51+114.83

188.83+£332.61

9.58+12.02

1 187.92+3 565.25

120.10+1 787.24

368.02+957.18 274.16+492.50 218.52+455.70

10.23+£10.92 11.25+15.41 11.19+13.98

2936.56+12 134.56 2 852.53+14 578.97 1 894.40+9 345.72

105.24+136.42 116.82+149.99 114.11+159.60
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®3 TEIRERERFFHIE
Tab.3 Aggregation characteristics in different depths

SRR

aggregation characteristic 20~60 m (n=1311)

60~120 m (n=695)  120~180 m (n=725) 180~250 m (n=493)

AR (n=3 224)

SERERE/m  aggregation depth 37.63+11.06

SEREK T /m  aggregationlength 212.0+440.73
SEREEST/m  aggregationthickness 9.009.55
SEREHFY/m®  aggregationarea 1 756+8 286.34

EMET/(/m’)  aggregationdensity  89.53+103.31

88.36+17.77

206.54+350.17

12.22416.70

2 573.3£15 176.71

84.52+126.94

149.43+17.16 213.04+21.63 96.00+64.33

224.83+£371.43 317.89+747.97 218.52+455.66

11.54+16.47 9.96+12.30 11.19+£13.98

1786.31£5976.27  1879.94+8 832.13 1 894.40+9 345.72

84.86+127.45 264.22+255.18 114.11+159.60

i 43 Kruskal-Wallis 73 A 0] 1, 7K [ Aisf ] B
[i) £ 4% B G b 3 P 2% 5 (P=0.127>0.05), IRJE
(P=0.026<0.05), K J¥(P=0.013<0.05). B
(P=0.003<0.05)F1 [ FL(P=0.01<0.05) ¥ 7715 it & 1
R, EWRE L, WEERMEA LA, EEH
BT — R RO S, BV 5k,
BRI AR, fERKE L, ARIZEN
KA PIGK, HARER /DN, 2 &R, £
B 2URIE K, 2 e SO 35 R R B2 i 9/
EEE L, HERAEAXR, BEYEE/N, =
WO SR MR RS R, A BUIE R
AL, AR GRS, 2SRRI
I, RARIFRERS; EEEL, AR
ISR, A RERIEE LT, H
AR FE AN R (£2),

BE X AN ) K 2 B A B U AR RE KR AE B AT
Kruskal-Walliskz 5, #4550 &M, £KZMERE
J& (P=0.124>0.05) A1 1 £4.(P=0.226>0.05) JC & & 1
25, ALKIZRERFRE=. KEVLEEY
TETE B 3 1 25 5 (P<0.05) . FEHEREIRIE I, AT LU
K BLBE A VR EE G, ERE R H A R
W RS, HP60~120 muk )2 F1120~180
m/K )2 R REECE AT, FEEERE R E |, 20~180
m/K )2 N R BEAR I, T AE 180~250 myK
2, R E 2R RO AR R KEH; TEER
JERE b, BEEKERIG I, RRE IR B 5 S
s WA &S R L, 20~180 mK)z
P, T B B A R R A TR
B L, 20~180 m/KJZ N, SERES AR bR
/N, {H180~250 muK 2 Hh AR HE A BE RN, T ik
R(F3).

23 ERAF

L BESFIE T R M B % [EuN

o, FETFEAR TR, BREAR KT 0.9 B
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IPHE N E Ry, RABE A FENS, Rit
B T AR AR 92.21% M 22, B — A>Tl
XTEERE T | BB AT AR 3 5 R (P<0.05),
SR BRSO AR, B N A R
3 35 %k B T UR B RN B A A R M Y R e (P<
0.05), Hrpr g AN F2 o 5 AR E TR BE 9 AH S Pk
SR, S A TR S R AR DG SR (R4

x4 ERSMFEENEEWET

Tab. 4 Factors of principal component analysis

BERsr BTERS BETES

PCl PC2 PC3

SREHRE 0.047 0.799 ~0.599
aggregation depth

o
RERE 0.894 ~0.057 ~0.134
aggregationlength
EREIEIE

R 0.897 -0.031 -0.012
aggregationthickness

= nl

%ﬁﬁ*’f 0.990 ~0.090 -0.019
aggregationarea
Pt

R . 0.208 0.627 0.749
aggregationdensity

LR E NN W W, FE IR 4R

BEL 4> =25 Kruskal-Wallisk B0 25 5, =24
TR AFAE A 38 1 22 5% (P<0.05), Hipis
1256544, HAERZERK, £,
TR 90262764, SERNFRK, £
MAGE R THBEER,; % M3E2 2944, HEHFKE
Bk, BERAD, MRS Rigak
SERERRAEAE D RF o5, K25 T R SO Hok
SETE, B RERE SUNHIRERE, B MAKLE
T SCH SRR

i 3t b A A [ i B = 2 A R IR B T
FRASHR B i R R RO B R, AR Y AR b
FER A, HOPR A AR R B B R A U B PR 22
EERIREARNWIE N, B ITREL,
R T A0 Tl A A T R B A K, bR i b O
WIERIR(E6). EEBRKIE L, YolRAHOS AR
T M R B A B AR GE L L A Ak R
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73 TN, A% 20184F K 75 B B4 5w JE B & m AR AR S REARAIE 5
x5 TREIXBERBINEFHFEE
Tab.S5 Aggregation characteristics of different types
SEFRHEE [ %(n=654) 11 2(n=276) 24 (n=2 294) AR (n=3 224)
aggregation characteristic type [ type Il type II1 total

SERERE/m  aggregation depth 158.06+67.54 143.90+58.46 78.91+52.88 96.00+64.33
JAFK /M aggregationlength 134.62+151.69 1 089.60+1 189.56 153.68+200.20 218.52+455.66
LB /m  aggregationthickness 6.44+4.43 39.85+26.82 8.0+7.1 11.19£13.98
ALRFMAY/mM®  aggregationarea 379.64+433.73 15 601.254£30 243.33 766.94+1 679.25 1 894.40+9 345.72

EMZT/(E/m’)  aggregationdensity 325.90+221.30 153.73£132.12 48.87+50.33 114.11£159.60

/AN, IR R AR BRI R R, HLm R T Ay, AR AL IR BE RO, HORUIR B
Pk, ZONfE#FR I, HA E%%ﬁ@%ﬁﬂt AN, BECERR, IR R AR AR R 2R ] A
F%i,§W@XLLTV AR AR BE K WERSG R, B A BT R (R 6).

TELEREIR L b, i IR g B Wi AR A B S e K, 24 AN RIKJZ B p R o AR S A b, = RN AE

I HAL A S,

R EWE, SHEER

180~250 m/KJZFr fERIE /& K, H25 m;

ZEW/N, BRI SIF IR AE R, BOR SR 60~120 mA1120~180 m P4~ 7K JZ = Fb SR BE fil VR 8
e Wl R PR 1) JEE B AR LR TR, AR R 7 28/, YRS m, HH120~60 mA1180~250 m
ERETE AN L, WO B AR R R R, Hak PENOKE D, BN HOR IR B R, BSOSOk
KFHABPIZE, 402065, HBAEAKR, JBEE  IFHFFRIE; 60~120 m/K)Z drafy PR UFEE R B 5 iR
Bk, B TP, B RS AL, HOR R RE I 5 120~180 muk J2 e R R B dx
HOBR I A5 R B AR B A R 0 R R R A ol W, HEUSRIF B B iR (R 7). Ak R

fa, BAAKR; EEHEE L,

BOR AR B 5
ok, ARUIEKE, 2FE—LI—TFE

TR P AR Bl OO B K R R A B 2 X
20~60 m, 60~120 mH1120~180 m=Z [a] 1Y

=K

F 6 N[EI2 B B 7E A ) BR 0 S R4S AT B
Tab. 6 Aggregation characteristics by type in different periods of a day
AERFRMIEE RRFRTY 2R EPN HE 1% I
aggregation characteristic aggregation type DWN DAY DSK NIY
HFIK typel 134.23+64.5 152.86+73.02 176.77+65.61 167.25+58.55
SERRE/m  aggregationdepth B type 1T 127.19+65.8 139.56+53.94 183.50+69.11 142.68+55.79
HIEE type IIT 71.21438.39 80.27+50.67 72.95+61.82 81.07+58.40
BIK typel 90.74+87.60 153.20+181.29 99.93+139.77  132.95+121.37
LK /m  aggregationlength BIE type 1T 994.36+1374.57 886.83+831.86 1957.84+2328.3 1 104.04+1 000.43

IR type ITT
BIK typel
SEREEE/m  aggregationthickness % type II
IR type ITT
FI1HE typel
SERETHF/m®  aggregationarea I type 1T
type IIT
type [
SEREEL/(/m”)

aggregationdensity

type 1l

type 11T

135.53+137.09

7.4+4.8

53.62+26.83

8.92+8.09

329.24362.1

18 939425 628

759+1 686.27

258.2+164.2

116.74+76.8

45.88+42.31

131.22+160.17 204.12+223.12 183.00+254.78

6.44+4.23 6.4+3.95 6.18+4.66
38.35+24.86 31.05+19.00 40.35+28.99
7.66+6.89 8.21+6.13 8.08+7.21

400.35+429.85 340.52+512.79 378.32+437.52

9497.3249 624.33 21 320.14+31 640.2 19 025.4+40 183.37

600.80+1146.5 837.71x1 139.71  992.83+2 272.25

377.16+£241.56 207.85+186.58 310.73£197.72

154.59+138.83 199.62+155.95 150.58+127.96

46.91+48.60 47.62+47.71 53.34+55.60
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2, R REEEH TR, 2
180~250 m/K )z, NCA PG K, JeR A S IR
e Tl R F AE 25 AN K 2K BE AR A /N . &K
JE 7 IR T A Tl R 4 B KT A 2
F20~250 m2Z [H] {9 DU AN 7K 2, 7 R e B B AR A A
K BEAE 280 T [, HObR RN 180 IR R b Bl 0 A A
BENKBRKEEABMB N 84D KIZ AR )
WA A 4 B 40 KT HAM M2 s XF T20~180 m
Z IR = AN K, bR R R R Y K R
Wi, E180~250 m/K)ZE, N ARTHE K, HUk
FRVHI AR R A W IR 7 25 A 7K 2 K B R R 8K
AN HUIR BB 1 2% B (AR X T20~180 m
ZHEBE=DKE, BEAESHBRFE TR, 2
180~250 m/K )2 Xt tn b FF, ABfRiRER K, ]
RORA S EE RN, HEM B RS TRAH
B, R T R R 1 2 R (L B A K )2 TR
i, BEEETRE, LT, BTIENBEE,
AR BE R (7)o

3 iR

3.1 SEYEE
W B R Y AR B AT O 2 B AR R R 2 AR A

WHZER, Wbt wmt, EmEE,
A A B ) R AR SN s, R
BMHEH -HLTHEWEZ S, ERHLSH
WATRE . Wik, KEILOR, WNRETHER
FRAFE, WSERFITAL R E | R E . JRE . W
TR B % B AR AR A DA s A, Tl o 7 A
BEAR IR 1) K R e A Bl R 46 R RO A B, DU
A b S R B Y S A R AE o AN Cox A5 i 1
Xof B TR VA R B 1997~19994F 14 45 34F 1) 3 2 7 2
PR B HEAT RN, S e B B R AR 2 990
A, BEHUE e AR AR A B T IR O 87.77 m,
K EE875.9 m, “FIMIFR19 001.77 m®, “F-3
% E26.47 g/m’ . Bernard % PG T 2011~20154F
T 25 AT T AR Y 5% VG 000 0 20K SRR sl R 22 R T B
AT A 75 AR A RO, A B R A B AT AR TR S 8584,
SRR IR EE 41,67 m, FH 530 m?, £
BESE Y% 827,33 g¢/m’, Klevjer®:"" I Tarling&5:!"®
XTI Rk 200345 1 |« 2 7 09 8] 14 75 2 0 A B0
HEATRCI , A3 RIS 3011 723 F14 52570 [ B AR
SERE, TarlingF" W HFoR 5 LR, ERERFY
REERH43.18 m, FHJEE K6.87 m, FHKAE
109.24 m, F¥rifi543.08 m*, FI%5FF29.92

RT TEXBEHETEKERFLE
Tab.7 Aggregation characteristics by type in different depths

T S
aggﬁpiﬁfﬁﬁiﬂctm i agﬁ fjfr%ype 20~60 m 60~120 m 120~180 m 180~250 m

FI1XE typel 45.83%9.10 86.53+17.74 150.21+17.89 219.30+20.89

SERERE/m  aggregationdepth B type 1T 43.1549.96 91.34£19.15 152.98+16.01 213.06+20.31
I typell 36.93+10.94 88.37+17.58 148.37+17.07 196.31+14.52

HF12% typel 53.14+30.93 83.62+83.61 148.37+137.70 168.56+182.12

SEREK T /m  aggregationlength FIE type 1T 2075+1 588.9  965.73+750.50 813.93+704.61  1193.89+1 584.61
I typelll 1784257.66  137.75+113.57 118.60+87.40 112.28+70.34
HF12% typel 6.25+3.72 7.80+5.38 6.41+4.2 6.02+4.26
LEREJE T /m  aggregationthickness FIE type 1T 47.94+22.24 48.23+31.45 39.91427.32 29.79+19.56
I typelll 8.25+7.04 8.65+8.11 6.91+6.39 6.81+5.25
HF12% typel 218+200.77  441.59+575.70 427.20+418.09 376.39+418.36
SERETHF/m®  aggregationarea FIE type 1T 37385+40770 21 667+45 624.75 9 967.16+13 056.7 9 958.59+20 470.52
I type 100142183 637.87+925.4 412.50+561.40 321.83+335.60
HF1% typel 368.4+186.1 271.58+169.65 256.71+154.80 370.37+260.21
EREE/(E/m’)  aggregationdensity FIE type 1T 125.09+73.5 172.69+159.80 113.67+109.04 201.99+134.61
K type Il 69.36+57.86 33.48+35.18 19.74+11.12 23.48+8.58
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F/m’. KlevijerS: MW E 45 R MR B, R iR s p
SEREE IR EA7.58 m, FEKEA7.5m, FH
B 4442 B/m’, DL RS AR ST H A
P T Mt BRI E A . . WA, IR
R EEZMGEE . SRR, &
HIF 52 H i A Bl 0 4 T R AE 22 1R 34 A7 7 — 8 Y 22
S0 ASHESE Y RS B 5 S B I T A W R AR TR
TEAEL () B AR K F R F Hopfp sk, S8 RN, B
65 Bernard 5 P L, AR5 S T4 A 1 A4 4R B
Ji iR, Bernard%5 PR H 3 FMATLABRE 4 Ak
HE T i 40 30 00 2 43 2 7 1 % 4 R AIE (B 0
TPHEI, %07 Ik S MR e TR 38t ik B 1 R /NI
HH R AR RS AA P AT R R B R A4 R
PEATAR Y R, HE AW L KM L, R)5
B R0 A BT A T R B AR S A S — A B R
SRR REAE 45 SR M . T SHAPES 32 U5 1 1%
BTN SN BRI, ELEER 5 2 A Y R A
W OR 75 2 WA A R SE BRI AT 45 e i i o Klevjer
U, Tarling%5 "1 Cox 55 2 5 A 57 A [F] 2 Ab 7E
T34k FHSHAPES. 1 52 MU p W W AR AR 1, (Hix
B SEUENA 2R (F8), Wit
WIS 2 R AR R 25 . Ho, Klevjer
S Tarling 55 VR A 58 s B AR M, A
PR BIF 5T B4 7 A 5008 24 05 F TR — R A i, X
I /NBLTE i B X — NS HORTR], AT 4 R Y
A5 TN B S B R AE (22 1) HIAF AR B B O ]
JIt LA SHAPES 1 11 2 B HURR B X BiF 5% 45 SR A 8%
KEIFEW . B T HEBRBOT B Zm, X
Sof BT R ) A 2 DR 2R A 2 o B TR R R AE
Ered—F W, WBemardZE" VL P, MWF5%
A X AP Ko =, HIRAG W A AETEH R
B, PRBEIRERE SRR AL, RIARRED

(R AR A 3 Sl N A N K% 1 I T A s
JE 85 /0N 1) T A R 4 B AE HI R AR TR R B O
B, A5 TR AR D AR R AORE DG YOG
Fo R EMW, 7F—ROAFREE B, £
BERYTR BE R FE S e m, J5 T Bl v 2l
A, LR, WU Y BT
e, JaRn, B RFBEMBERIEA G, mA
WG EKZE T, BT AHF 5 b 8o 5 A s
WO A B RV, HEAEAIE TR T 4
R R P B2, K R B R 7E20~250 mZ [H]
D] L B 5 1 0 SR v )2 A3 A ) AR R R, X
e AT R R L R Z MR 225 .

3.2 SRR

AWIFFE R ] J2 173 23 FTK-means 2R 2 AH 45
BT, T a0 R R R A B4 20 B R R B g
JEHE B 1 B B AR AT O O =28, a0 Ol R
R, RO /N HCRERE ;. N B R A IR
EREME L /N, BERZHEUIRER . &
WFE ERIE TR A SR E M L, IR
WL, ROT RO S5 AT IR R R o o BR
Wz b, 5T 1w B i A A 2 B A K] 43 O 1k 38
A 2R, AR R G BT IR A R A R
(Biological Investigations of Marine Antarctic
Systems and Stocks,BIOMASS)H*, #3 i md #% ik R
TE 7K V23 8] ROBE Y 0 A1, 4 L8 B 2 Dy 370 2
AL, HIR AL (>1 000 km), H1H4(10-1 000 km)Fl/)s
RU(<10 km); B i) ROBE b B 7 A A1 7 S % 4 (B
J), BEPCECR = EUT)FURER CBUN 280K ;
AINRERIRER T o g 4 . 1B B4
N KL YRR A SR AL AR IR [ S S PO Al i
B 37 1 Ml g e RSO 0 S I 4 00 38 £ MR R

*8 AREMARDHSHAPERESH
Tab.8 Parameters of SHPAE algorithm in different studies

LA ESHL parameters of detecting aggregations KlevjerZ!" TarlingZ5""! Cox %P4 FNGIE
KK FEREIE B /mm  aximum horizontal linking distance 15 30 15
T K3 BEEE B /mm  aximum vertical linking distance 5 10 5
/NGB /mm  inimum candidate height 1 10 1
/NEICK B /mm - inimum candidate length 10 30 10
I /NMERERE/mm  inimum total height 2 10 2
I /MEREK E/mm  inimum total heigh 15 30 20
IR  3# FE BRI {E/dB  data threshold ~70 -80 =70
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RS 174 908 2 1o AL 0 Hsf ] 357 PR o) T B 22 S AR g
W Wl AR A HE L . SR, AR ST A5 R R
X RERM MR EZ MR A B EWER,
Ut A ) 4 B 28 80 2 ) ) B TR B, Ol =
SR RMERERA, FFRILRER K
TAE, — J7 I A G b AR AN [ 28 R A B Y B
YA, 59— O T A T A AR R v
g AR R BCA RS, DR Sl AR .

33 EHAH

AT A R B E B SR
— kUL, HRTUL, B EFEP ARk
W, BRI, BRI AR
IR R B, ZEACE IR aG B R (AR AR
WY it B A K TR die e, A B N B BT Ak /K TR A
W, X5 TakiF WP FRA —EXR, FE K
B, 57 p UL v 8 I ) e A B R R R I Bk
Wik, B BUK R . AR S-S5 A =2
W AR R PRI IR AT ST s, 3 R4 6] K
WA SR 2 R AR GOK )R, A 2 PR B
WOoK)Z; B Ay pHERS , ma Bl R B 7 24 9K
R EIMER &S TarlingS5' VR, 4
T[] 350 ) < g g AR B AR AR BB R T A
K, AHIX— LG 2 LA R g B AR AR B AR
KEUL, e _ETHEAT N, B LU O 2%
W R A R e EE R RG . &
JE B Pl A WA U e AL Bl 4 N 2 SRR B R

http://www.scxuebao.cn

R AR A S — L™, H A ICk S 4
i PR RS . HRRRIE, 2% R A s 22
FAERBHZ —.

SR P ] e R A 9 S WL % 1) o
A e AR Tt T A I 5 B3 A IR A A
WORE i AR P 4 T RO R DA 5 TR P K™ R
AW B m TR 2K T BIE ST B AR R d Ak B 4R
BEE By s A ST B T R B I A B
TFRRBIE | ra B AE R L5 5 JR
ST bR R A AR I H A
HON2g1 8

SE MK

[1] Atkinson A, Siegel V, Pakhomov EA, ef al. A re-
appraisal of the total biomass and annual production of
Antarctic krill[J]. Deep Sea Research Part I:
Oceanographic Research Papers, 2009, 56(5): 727-740.

[2] Hamner W M, Hamner P P. Behavior of Antarctic krill
(Euphausia superba): Schooling, foraging, and
antipredatory behavior[J]. Canadian Journal of Fisheries
and Aquatic Sciences, 2000, 57(S3): 192-202.

[3] RitzD A. Is social aggregation in aquatic crustaceans a
strategy to conserve energy[J]. Canadian Journal of
Fisheries and Aquatic Sciences, 2000, 57(S3): 59-67.

[4] Buchholz F. Moult cycle and growth of Antarctic krill
Euphausia superba in the laboratory[J]. Marine Ecology
Progress Series, 1991, 69: 217-229.

[5] Nicol S. Population structure of daytime surface swarms
of the euphausiid Meganyctiphanes norvegica in the Bay
of Fundy[J]. Marine Ecology Progress Series, 1984, 18:
241-251.

[6] O’Brien D P. Description of escape responses of krill
(Crustacea: Euphausiacea), with particular reference to
swarming behavior and the size and proximity of the
predator[J]. Journal of Crustacean Biology, 1987, 7(3):
449-457.

[7] Klevjer T A, Tarling G A, Fielding S. Swarm
characteristics of Antarctic krill Euphausia superba
relative to the proximity of land during summer in the
Scotia Sea[J]. Marine Ecology Progress, 2010, 409: 157-
170.

[8] WangR, Zhu G P. Inferring behavior of Chinese krill
fishing vessel using a simple walk model[J]. Journal of
Ocean University of China, 2019, 18(4): 939-946.

[91  RESF. BEARBELR AR AW 22 0T SR R I-E . 2K

HHE K= %4 E 75 sponsored by China Society of Fisheries


http://dx.doi.org/10.1016/j.dsr.2008.12.007
http://dx.doi.org/10.1016/j.dsr.2008.12.007
http://dx.doi.org/10.1139/f00-195
http://dx.doi.org/10.1139/f00-195
http://dx.doi.org/10.1139/f00-170
http://dx.doi.org/10.1139/f00-170
http://dx.doi.org/10.3354/meps069217
http://dx.doi.org/10.3354/meps069217
http://dx.doi.org/10.3354/meps018241
http://dx.doi.org/10.2307/1548294
http://dx.doi.org/10.3354/meps08602
http://dx.doi.org/10.1007/s11802-019-3976-5
http://dx.doi.org/10.1007/s11802-019-3976-5
http://dx.doi.org/10.1016/j.dsr.2008.12.007
http://dx.doi.org/10.1016/j.dsr.2008.12.007
http://dx.doi.org/10.1139/f00-195
http://dx.doi.org/10.1139/f00-195
http://dx.doi.org/10.1139/f00-170
http://dx.doi.org/10.1139/f00-170
http://dx.doi.org/10.3354/meps069217
http://dx.doi.org/10.3354/meps069217
http://dx.doi.org/10.3354/meps018241
http://dx.doi.org/10.2307/1548294
http://dx.doi.org/10.3354/meps08602
http://dx.doi.org/10.1007/s11802-019-3976-5
http://dx.doi.org/10.1007/s11802-019-3976-5
http://dx.doi.org/10.1016/j.dsr.2008.12.007
http://dx.doi.org/10.1016/j.dsr.2008.12.007
http://dx.doi.org/10.1139/f00-195
http://dx.doi.org/10.1139/f00-195
http://dx.doi.org/10.1139/f00-170
http://dx.doi.org/10.1139/f00-170
http://dx.doi.org/10.3354/meps069217
http://dx.doi.org/10.3354/meps069217
http://dx.doi.org/10.3354/meps018241
http://dx.doi.org/10.2307/1548294
http://dx.doi.org/10.3354/meps08602
http://dx.doi.org/10.1007/s11802-019-3976-5
http://dx.doi.org/10.1007/s11802-019-3976-5
http://dx.doi.org/10.1016/j.dsr.2008.12.007
http://dx.doi.org/10.1016/j.dsr.2008.12.007
http://dx.doi.org/10.1139/f00-195
http://dx.doi.org/10.1139/f00-195
http://dx.doi.org/10.1139/f00-170
http://dx.doi.org/10.1139/f00-170
http://dx.doi.org/10.3354/meps069217
http://dx.doi.org/10.3354/meps069217
http://dx.doi.org/10.3354/meps018241
http://dx.doi.org/10.2307/1548294
http://dx.doi.org/10.3354/meps08602
http://dx.doi.org/10.1007/s11802-019-3976-5
http://dx.doi.org/10.1007/s11802-019-3976-5
http://www.scxuebao.cn

78

TS, 4. 20184F 52 m WL v JE T & m A R SR AR AR AiE 9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

5IET2[3]. AKAEAEZER, 2011, 35(5): 862-868.

Zhu G P. Population biology of Antarctic krill
Euphausia superba. 1-age, growth and mortality[J]. Acta
Hydrobiologica Sinca, 2011, 35(5): 862-868(in Chinese).
R, Bve, £, 5. R A TR0 201645 K
ZRAT =2 1 S /R A A Uk e AT Tl T A A A T RS BN R A
Je M R 2R [T]. KP4, 2018, 42(10): 154-159.
Zhu G P, Yang Y, Wang R, et al. Diel vertical migration
of Antarctic krill (Euphausia superba) swarm in the
Bransfield Strait during austral autumn 2016 inferred
from acoustic data and its relations to environmental
factors[J]. Journal of Fisheries of China, 2018, 42(10):
154-159(in Chinese).

Watkins J L, Reid K, Ramm D, et al. The use of fishing
vessels to provide acoustic data on the distribution and
abundance of Antarctic krill and other pelagic species[J].
Fisheries Research, 2016, 178: 93-100.

Conti SG, Demer DA. Improved parameterization of the
SDWBA for estimating krill target strength[J]. ICES
Journal of Marine Science, 2006, 63(5): 928-935.
Comision P L, Marinos L R V, ef al. Report of the fourth
meeting of the subgroup on acoustic survey and analysis
methods[R]. CCALMR Science, 2009: 474-510.

W, R P il B IR P A PR R R AE R AR
Tolg AR % 950 7 2 PEAh o (9 B A [J]. WL, 2018,
40(3): 368-376.

Yang Y, Zhu G P. Assessment on marine living
resources based on acoustic technology and its
application in Antarctic krill abundance estimation[J].
Marine Fisheries, 2018, 40(3): 368-376(in Chinese).
Coetzee J. Use of a shoal analysis and patch estimation
system (SHAPES) to characterise sardine schools[J].
Aquatic Living Resources, 2000, 13(1): 1-10.

Tarling G A, Klevjer T, Fielding S, ef al. Variability and
predictability of Antarctic krill swarm structure[J]. Deep
Sea Research Part I: Oceanographic Research Papers,
2009, 56(11): 1994-2012.

Krafft B A, Skaret G, Knutsen T, et al. Antarctic krill
swarm characteristics in the Southeast Atlantic sector of
the Southern Ocean[J]. Marine Ecology Progress Series,
2012, 465: 69-83.

Watanabe Y. A set of brightness categories for
examining diel change of catch efficiency of Saury
larvae and juveniles by a neuston net[J]. Bulletin of the
Japanese Society of Fisheries Oceanography, 1990,
54(3): 237-241.

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

R, E0§, RN, 5. 2013 A F /IR 8
AR U BB I RS B AT T [T]. K77 2E 4R, 2015,
39(8): 1242-1249.

Zhu G P, Wang R, Zhu X Y, et al. Diel vertical
migration of Antarctic krill aggregation in South Georgia
Island in the austral winter season of 2013[J]. Journal of
Fisheries of China, 2015, 39(8): 1242-1249(in Chinese).
REF, g/, BHE, 55 201 14E E K1 8L o0 R B
By 7K B A AR AR TR I 22 A0 A 1], AR SR, 2013,
32(4): 912-919.

Zhu G P, Zhu X Y, Xia H, et al. Spatiotemporal
distribution patterns of Antarctic krill aggregations
around the South Orkney Islands in austral summer-
autumn 2011[J]. Chinese Journal of Ecology, 2013,
32(4): 912-919(in Chinese).

Calinski T, Harabasz J. A dendrite method for cluster
analysis[J]. Communications in Statistics, 1974, 3(1): 1-
27.

Hartigan J A, Wong M A. A K-means clustering
algorithm([J]. Applied Statistics, 1979, 28(1): 100-108.
Kalinowski J, WitekZ. Scheme for classifying Antarctic
krill[J]. BIOMASS Handbook Series, 1985, 27: 1-12.
Cox M J, Watkins J L, Reid K, et al. Spatial and
temporal variability in the structure of aggregations of
Antarctic krill (Euphausia superba) around South
Georgia, 1997-1999[J]. ICES Journal of Marine Science,
2011, 68(3): 489-498.

Bernard K S, Cimino M, Fraser W, ef al. Factors that
affect the nearshore aggregations of Antarctic krill in a
biological hotspot[J]. Deep Sea Research Part I:
Oceanographic Research Papers, 2017, 126: 139-147.
Bernard K S, Steinberg D K. Krill biomass and
aggregation structure in relation to tidal cycle in a
penguin foraging region off the Western Antarctic
Peninsula[J]. ICES Journal of Marine Science, 2013,
70(4): 834-849.

Siegel V, Kalinowski J. Krill demography and small-
scale processes: A review[M] //El-Sayed SZ. Southern
Ocean Ecology: The BIOMASS Perspective.
Cambridge: Cambridge University Press, 1994: 145-164.
RIS, 2B, 220, WiF. 2018 R KT 1G22
T B 70 /K e R B R SR R 2 T R FL B ) (R 2K ). 2
A&, Srefref year.

Zhu GP,LiHT,LiY, et al. Antarctic krill (Euphausia
superba) aggregation type and its affecting factors

around the South Shetland Islands, Antarctic during

http://www.scxuebao.cn


http://dx.doi.org/10.1016/j.fishres.2015.07.013
http://dx.doi.org/10.1016/j.icesjms.2006.02.007
http://dx.doi.org/10.1016/j.icesjms.2006.02.007
http://dx.doi.org/10.3969/j.issn.1004-2490.2018.03.013
http://dx.doi.org/10.3969/j.issn.1004-2490.2018.03.013
http://dx.doi.org/10.1016/S0990-7440(00)00139-X
http://dx.doi.org/10.1016/j.dsr.2009.07.004
http://dx.doi.org/10.1016/j.dsr.2009.07.004
http://dx.doi.org/10.3354/meps09876
http://dx.doi.org/10.2307/2346830
http://dx.doi.org/10.1093/icesjms/fsq202
http://dx.doi.org/10.1016/j.dsr.2017.05.008
http://dx.doi.org/10.1016/j.dsr.2017.05.008
http://dx.doi.org/10.1093/icesjms/fst088
http://dx.doi.org/10.13292/j.1000-4890.202004.027
http://dx.doi.org/10.13292/j.1000-4890.202004.027
http://dx.doi.org/10.1016/j.fishres.2015.07.013
http://dx.doi.org/10.1016/j.icesjms.2006.02.007
http://dx.doi.org/10.1016/j.icesjms.2006.02.007
http://dx.doi.org/10.3969/j.issn.1004-2490.2018.03.013
http://dx.doi.org/10.3969/j.issn.1004-2490.2018.03.013
http://dx.doi.org/10.1016/S0990-7440(00)00139-X
http://dx.doi.org/10.1016/j.dsr.2009.07.004
http://dx.doi.org/10.1016/j.dsr.2009.07.004
http://dx.doi.org/10.3354/meps09876
http://dx.doi.org/10.2307/2346830
http://dx.doi.org/10.1093/icesjms/fsq202
http://dx.doi.org/10.1016/j.dsr.2017.05.008
http://dx.doi.org/10.1016/j.dsr.2017.05.008
http://dx.doi.org/10.1093/icesjms/fst088
http://dx.doi.org/10.13292/j.1000-4890.202004.027
http://dx.doi.org/10.13292/j.1000-4890.202004.027
http://dx.doi.org/10.1016/j.fishres.2015.07.013
http://dx.doi.org/10.1016/j.icesjms.2006.02.007
http://dx.doi.org/10.1016/j.icesjms.2006.02.007
http://dx.doi.org/10.3969/j.issn.1004-2490.2018.03.013
http://dx.doi.org/10.3969/j.issn.1004-2490.2018.03.013
http://dx.doi.org/10.1016/S0990-7440(00)00139-X
http://dx.doi.org/10.1016/j.dsr.2009.07.004
http://dx.doi.org/10.1016/j.dsr.2009.07.004
http://dx.doi.org/10.3354/meps09876
http://dx.doi.org/10.2307/2346830
http://dx.doi.org/10.1093/icesjms/fsq202
http://dx.doi.org/10.1016/j.dsr.2017.05.008
http://dx.doi.org/10.1016/j.dsr.2017.05.008
http://dx.doi.org/10.1093/icesjms/fst088
http://dx.doi.org/10.13292/j.1000-4890.202004.027
http://dx.doi.org/10.13292/j.1000-4890.202004.027
http://dx.doi.org/10.1016/j.fishres.2015.07.013
http://dx.doi.org/10.1016/j.icesjms.2006.02.007
http://dx.doi.org/10.1016/j.icesjms.2006.02.007
http://dx.doi.org/10.3969/j.issn.1004-2490.2018.03.013
http://dx.doi.org/10.3969/j.issn.1004-2490.2018.03.013
http://dx.doi.org/10.1016/S0990-7440(00)00139-X
http://dx.doi.org/10.1016/j.dsr.2009.07.004
http://dx.doi.org/10.1016/j.dsr.2009.07.004
http://dx.doi.org/10.3354/meps09876
http://dx.doi.org/10.2307/2346830
http://dx.doi.org/10.1093/icesjms/fsq202
http://dx.doi.org/10.1016/j.dsr.2017.05.008
http://dx.doi.org/10.1016/j.dsr.2017.05.008
http://dx.doi.org/10.1093/icesjms/fst088
http://dx.doi.org/10.13292/j.1000-4890.202004.027
http://dx.doi.org/10.13292/j.1000-4890.202004.027
http://www.scxuebao.cn

10 KopE o R 44 %

austral summer—autumn 2018[J]. Chinese Journal of [32] Taki K, Hayashi T, Naganobu M. Characteristics of
Ecology, $ref.ref_year. seasonal variation in diurnal vertical migration and

[29] Mauchline J. The Biology of Mysids and Euphausiids
(Advances in Marine Biology, 18)[M]. New York:
Academic Press, 1980: 670-681.

aggregation of Antarctic krill (Euphausia superba) in the
Scotia Sea, using Japanese fishery data[J]. CCALMR

Science, 2005, 12: 163-172.
[30]  Everson L. Variations in vertical distribution and density
[33] Ross R M, Quetin L B, Lascara C M. Distribution of
of krill swarms in the vicinity of South Georgia[J].

. . . . Antarctic krill and dominant zooplankton west of the
Memoirs of National Institute of Polar Research: Special

Issue, 1983: 84-92. Antarctic Peninsula[A] //Ross R M, Hofmann E E,

[31]  Siegel V, Kalinowski J. Krill demography and small- Quetin L B (eds) Foundations for Ecological Research

scale processes: A review[A] //El-Sayed SZ. Southern West of the Antarctic Peninsula, Volume 70[M].
Ocean Ecology: The BIOMASS Perspective[M]. Washington, DC: American Geophysical Union, 1996:
Cambridge: Cambridge University Press, 1994: 145-163. 199-217.

Aggregation characteristics of Antarctic krill (Euphausia superba) in the
South Orkney Islands during summer 2018

WAN Shujie >, HUANG Kai', YANG Yang'?, LIUHui'’, 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 Lab, The Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources,
Shanghai Ocean University, Ministry of Education, Shanghai 201306, China;
4. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China)

Abstract: Aggregation is a typical behavior of Antarctic krill (Euphausia superba). The distribution and type of
aggregation is also the focus of krill behavior study. Based on acoustic data collected by Antarctic krill resource
survey, the aggregation of E. superba around the South Orkney Islands from January to February 2018 was
investigated using the Simrad EK60 (38 and 120 kHz) echosounder. The results indicated that a total of 3 224 E.
superba aggregations were detected, and the depth, length, thickness, area and density of E. superba aggregation
were (218.52+455.66) m, (11.19+13.98) m, (1 894.40+9 345.72) m’, (96.00+64.33) m and (114.11£159.60)
ind/m’, respectively. In different periods of a day, significant differences were found between depth, length,
thickness and area of krill aggregations, but density of E. superba aggregation hadn’t significant different. In
different depths of krill aggregation, there were significant differences between depth, length, area of
E. superba aggregation, but no significant differences were found between thickness and area of E. superba
aggregation, respectively. Three types of E. superba aggregation were classified clearly. Type I had the highest
density (325.90+221.30) m, smallest area (379.64+433.73) m” and deepest depth (158.06+67.54) m; type II had the
longest length (1 089.60+1 189.56) mand the area (15 601.25+30 243.33) m* were much larger than other two
types; type III had the lowest depth (78.91+52.88) m and smallest density (48.87+50.33) ind/m’, but it had the
highest number of krill in the aggregation.
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