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MK 28.8 m, PIEER H R o1 14.4 mm ARPERL
“F PR A ST MR AR DR 2 T RO, 1 A b )
0 I A AR B S AR X, IR 1 h R
LWL A (K] 1), M BENLEE SR 400 EEBEIFH 4T
DN R, AR R AR A5 38 53 A Bl

5525 &
57°S
58°S +
5908 | T9-1 T8-5 T7-1 T6~4 T5-1 T4-S T3-1 T2-5 TI-1
T9-2 T84 T7-2 T63 T52 T4-4 T3-2 T2-4 T1-2
60°S L T9-3 T8-3 T7-3 T6-2 T5-3 T4-3 T3-3 T2-3 TI-3
ﬁ%ﬁ@ﬁ%s
T9-4 T8-2 T7.—4 OUth Oriep T4—2 ;3—4 T2-2 T1-4
Y
61°s L T9-5 T8-1 T7-5 T6-1 T5-4 T4-1 T3-5 T2-1 TI-5
o .
62°S - . CTDAL CTD station
m  JERIENL trawl station
W4k transect
63°S 1 1 Il 1 1

50°W 48°W  46°W  44°W  42°W  40°W
BT RSSO R B Ao PR AL W . CTD 3 fi
(B @7 ) KA W7 5 R T5 5R)
Fig.1 Acoustic survey transections, CTD position
(yellow squares) and trawling location (black squares)
in the waters around South Orkney Islands
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FA 2R R e B R D B Y R S R A Y
(EK60 %, Simrad, Norway)K4E, Z A5 3
AT ARSI (38, 70 Al 120 kHz). IR AL S S
% Watkins 2509 E (6 1), DR AR 3 A R
S, VR 2 RS R BRI T B AR A B DX S
PR AEER R PORHE AL BEAT TR IE, AL IE S A
L = B 5 04 5 A U (Berkeley Sound 51°34'S,
57°56'W),

®1 EKORFHREMNSHIRE
Tab.1 Main settings of EK60 ecosounder

ES38B ES70-7C ES120-7C
4354 split 444 split 432 split

A2 transducer type
WA beam type

Jhk K 8 /ms pulse length 1.024 1.024 1.024
Jbk (B8] B /s pulse duration 2 2 2
Z#/W power 2000 750 250
7 4 /(m/s) sound speed 1453 1453 1453
i BEAN 1Y £5/dB transducer gain 25.36 26.78 26.87
i "

aﬁb:iiﬁ (fi/é‘f?gem 1020 17.90  25.80

Sa f4£1F/dB Sa correction —0.64 —-0.72 —0.49

14 FEEHEHLLE
i Ecoview (v6.1, Echoview Software Pty.
Ltd., Australia)% {4 1 4b B R 45 A% 1 75 22 K o
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AT HFOL A BR ], $5e BB &% K18 LU R BRI S
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Schools)”% 120 kHz [F]3 W A% K04 2047 Wi R 42 B
] R ARSI A B B, B ST SHAPES 553k,
& 7 NSEC B/ RIU K E (minimum  candidate
length) . #/N¥.ITE B (minimum candidate height) |
e KKV 3% #2152 (maximum  horizontal linking
distance) . iz A e FLIE H2 2 (maximum vertical
linking distance) . #/NE#E K & (minimum total
length) . f/NMEREE  (minimum total height) & 75
2% |71 3% [ {H (data threshold), F/NICHK E 5/
AT B RN RAE BRI RN R 1 SRR T
A B R o B B AE T R o e KK i 3 MR B 5 i
KT FLIE IR B 308 2 DMERFRIGIERIE I 1 4>
LT R TT 2L B 7K RN B (RD R R AE R, ARG
DUEE, DAIX AN 32 00 2 G | il g 4 [ o
O ERTEOTI R 8, A HAMER Tt R
HRorHIAEMGE Y, W 2 NMERERITI S RE R
ok, m/NERRKE SR/NER S ERRREN
BREUR B AR S M B E T R, 755
[0 95 [ {8 27~ 2 5 A A AG DU 7 [ 8 10 (T B o

ARTER N AN T e R/ NEOT K Fl
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PATTIA] Y e KOKE R B 5 T BRI B, Ok
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AR R ITIE o 0 SO8 B — A KA 2R
o, HKESEEIRRIBRE W TdHR/DEK
FERUE R B, SR Z R IC A i SO — S AR [l
W o S Tarling 25 P15 & iR A2 20 [l 0 K6 ) 2
e Heneas i bkh SRR A 2 s, MEECN 10 kn,
FEEEWUR I B/ VK BER R 10 m, R E A/ ME

BN 20 m, HP 2 5 E/ N4 B, Jikoh
JA I 1.024 ms, T H 7 W D> BER LN
0.75 m, V& I/NMEREEEN 2 m, BERT 2 51
BN B, B/NRTKERE N 10 m, &
NHTTEERE N | mo e KUKV ERE R B E
N5 m, ORI B EREIEEE LN 5 m, [
HA-70 dB. SERERMERIG, HH AS 12035 90
ZEERERNAEBEITE S, ASi203s 1 EIRYS
T BRAR e R E 1 95% IR A3 A, il
W% R B bR o5R 4L AL (SDWBA, stochastic dis-
torted wave-borne approximation)it 515 H .
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Tab.2 Swarm characters of Euphausia superba in the area of South Orkney Islands

X+SD
o s 210 Sk
SRBPRFIL (L Ik all FK day W night
swarm character
SRR E /m swarm depth 127.37+70.01 150.26+65.86 99.73+64.71

LK /m swarm length
SEBFJE I /m swarm thickness

SEBF 1 BU/m” swarm area
SEREWE IR 3 /(ind/m®) swarm density

AEREE]HE/m intra-swarm distance

6.63£7.63

48.52+127.74

409.88+2465.91
13.81+22.10
1559.95+1975.12

36.28+78.52 63.31+167.92

6.09+6.29 7.28+8.95

244.44+1157.46 609.69+3426.38
11.25+20.89 16.91+23.11

1270.54+1184.94 1909.55+1286.38

*3 MAREMLANMITERKEFTEESRY

Tab.3 Diurnal variation of Euphausia superba swarm charactersin the area of South Orkney Islands

SR 0 2

LR AE(E ERFR L /m ERFC A /m JEREIE AL /m BERF T A/m’ ind/m’ ZERE M /m
swarm character swarm depth swarm length swarm thickness swarm area (ind/m ). swarm distance
swarm density

Mann-Whitney U 468297 718216 727108 690400 640948 610409
S i
Al B3 CLLA) 0 0 0 0 0 0
Asymp. Sig. (2-tailed)

iff 0. 1 il « « « . « «
1 535 PR GO 0 0 0 0 0 0

Monte. Sig. (2-tailed)

T * R E I E 2 5 (P<0.05).
Note: * denotes significant difference (P<0.05).
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Tab.4 Theprincipal component analysis of 6 different swarm characters of Euphausia superba
in the area of South Orkney Islands
SERFFFIEMH swarm characters PC1 PC2 PC3 PC4 PC5 PC6
7 /% variance 50.45 19.86 17.12 6.51 5.94 0.12
SEBFIRE /m swarm depth —0.06 -0.82 -0.36
AERE K /m swarm length 0.65 -0.09 0.66
SEREE E /m swarm thickness 0.89 0.31 -0.09
SETETR FY/m? swarm area 0.93 0.15 0.32
SERERE IR /(ind/m®) swarm density 0.26 0.87 -0.04
AE B8] FE /m intra-swarm distance 0.06 0.23 0.89
e BARRIRG B .
Note: The bold font denotes significant impact.
®5 ARERBREEHMFEE
Tab.5 Swarm characters of different cluster krill groupsin the area of South Orkney Islands
X+SD
SRR (L A K B % C%
swarm character Cluster A (n=1179) Cluster B (n=1092) Cluster C (n=268)
SRR T /m swarm depth 93.97+61.01 174.74+53.30 81.08+48.10
LK /m swarm length 26.44£19.10 20.98+6.85 258.76+322.88
SEFEJE EE /m swarm thickness 4.77+3.31 6.47+6.33 15.50+15.78
LEE 10 F/m” swarm area 108.44+79.81 134.49+146.74 2868.62+2149.75
SEREWE IR 25 B /(ind/m®) swarm density 19.24+27.00 6.65+8.67 19.13+27.44
SERF A /m intra-swarm distance 2193.29+1857.93 8.92+29.60 5109.14+2206.61
AE 7 ¥ /(ind/m) swarm abundance 185.36+157.21 1058.09+1134.51 5692.94+3089.62
e n AR EREH.
Note: n is the number of swarms.
#6 AREBREEHFEENERMEST
Tab. 6 Comparison of differencesin swarm characters from the 3 identified cluster groups
K Mo ERREm BREKEM  EREEm RBERU SRR ndmt) o /m
. . . inter-swarm
cluster comparison swarm depth swarm length swarm thickness swarm area swarm density distance
Avs. B 0" 0.12 ) : : 0"
Avs. C 0.07 0’ ) : : 0"
Bvs. C 0 0’ 3 : : 0"

T * RN A 3 2% 57 (P<0.05).
Note: * denotes significant difference (P<0.05).

3%UAN, BRSO R TRRILE I R R A — WA, Hoh B SRR A fE AR B KRR

R E TR N 3 T EEE, 4y

LI .

24 AEREEHMNKEDH

A LR A3 HL
3 g

3ANRREREM AT A W 2 i A R4
T = B A0 A6 RS g JE B S AU S v AL B9 K 31 K¥HLH

X, 7K¥EE>1000 m, B 25H1 C JSEEFETEEAN VA i

MR, KIER<200 mo A XIS ERE DR BA

KIFHERRE SRR BN ZERAE 5% [, B5I0550E R VE WA B, £l o

ABIE T T R AP AR, il 242 Kt
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7K ocean bathymetry
200 m 2000 m == 4000 m = 6000 m = 8000 m
1000 m ~ 3000 m == 5000 m == 7000 m == 9000 m
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8 20,
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52
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Bl 2 A R ZEBEAR SR K 23 A P

Fig. 2 Distribution of krill swarms in different cluster groups
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C WERE AT TR ik H R B M A e . HR

SRR I3 TR L B TR T RE 2 iR AR PR A Sl Al 12

7] AR R IR K XA R E P
32 KHYHEE
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AR R BT R R K I IS [R) SR S AR AR (i
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FERIFEAFE —C IE MGG R, SERER I R ER,
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JE 3G R M RRAR, MR TR R, 52
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BTGB 57 485 50 e Ah, Hb IR [ Y 22 Sk £ e S A
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WREERAAAEZES, THER Krafft SE0F5E BOBEIT
SR R B AR X, 38 B 3 AR,
FEURRIL SRR EECR
33 ETEHABINEN ST

Tl MR o BT S8 0 A T, W T O A Y
B2 ROBERCR, SRAR 1Y Wi T 75 7 B3l e L K
R GE W LR Wy VAL 7 K 75 S B 51 50 pingx
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IR P A USRI, P45 5 IO {1 — 1l A 3 32 5 4
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Euphausia superba swar m characteristics in the South Orkney Islands
by the echogram of acoustic survey
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4. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China
Abstract: Knowledge about swarm dynamics and underlying causes is essential to understand the ecology and
distribution of Euphausia superba. We examined swarms across the South Orkney Islands in March and April
2017 using the Simrad EK60 (38 and 120 kHz) echosounder, concurrent with net sampling. The acoustic data were
analyzed by applying a swarm-identification algorithm, and then filtering out all non-krill targets. A total of 2539
krill swarms with swarm characters including swarm height and length, packing density, swimming depth, and
inter-swarm distance were extracted, of which 1389 were daytime swarms and 1150 night swarms. Compared with
those of the night swarms, krill aggregated in deep waters during the daytime with lower packing density and
smaller inter-swarm distance. There were significant differences between day and night krill swarms. Through the
multivariate analysis, the krill swarms were divided into three categories, which differed in both their dimensions
and packing density. Group A presented the highest swarm density [(19.24+27.00) ind/m’], Group B swarms pre-
sented the deepest distribution depth [(174.74+53.30) m], Group C presented the largest swarm area [(2868.62+
2149.75) m*] with the longest swarm length [(258.76+322.88) m]. There was no significant difference in swarm
length between Groups A and B and no significant difference in swarm depth between Groups A and C. Group A
swarms were mainly distributed in deep water areas in the north and northwest regions of the South Orkney Is-
lands at a depth of >1000 m, and mainly occurred during daytime. Groups B and C swarms were distributed
throughout the survey area; Group B swarms were aggregated in the continental shelf at a water depth of <200 m.
The results suggest that the majority of krill were contained within a minor fraction of the total number of swarms,
and there was a positive correlation between packing density and inter-swarm distance. The results also provide
valuable information on the distribution of krill swarms in this area and basic data for the current feedback krill
resource management of Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR). In
the future, studies on the correlation between krill swarms and external factors, such as environmental factors and
predators, can help understand the swarm structure and formation mechanism more accurately and predict the dis-
tribution of krill resources.
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