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Fig. 1 The transection survey stations in the adjacent
sea area around South Orkney Islands
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Tab. 1 Instructions of time division in the study
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Fig. 2 Form of Antarctic krill aggregations in different time in
the adjacent sea area near South Orkney Islands
The abbreviations of the time division are shown in table 1.
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Fig. 3 The depth of Antarctic krill aggregations in different

time in the adjacent sea area near South Orkney Islands
The abbreviations of the time division are shown in table 1.
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Fig. 4 The temperature of Antarctic krill aggregations in dif-

ferent time in the adjacent sea area near South Orkney Islands
The abbreviations of the time division are shown in table 1.
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Tab.2 The variation analysis of Antarctic krills in the adjacent sea area near South Orkney Islands

/\)‘0 N /@/}P\ /bio /b‘% g.}Q g.;\»bb\ 5‘0 ‘300 bQ

o0 1D gV D 40 (DD ;0D G

Ji 24 F variation resource SF-J7 I quadratic sum F i B df SE-#4{EF J7 mean square F W EMR L P
ZH Z 4] between groups 11409.718 5 2281.944 136.169 0.000
TEFEYLN within groups 33047.218 1972 16.758 — —

BT total 44456.935 1977 — — —
20, B
NIT _ DWN - 18} DAY —
18+ 20 + —
16 161
] 141
14}

X 121 s By o 121

=8 10 =8 Sal10t

R gl 2 10¢ 3% 8t

6 6L

41 H St 4t

2t ] i [ ot o]

P e P N P Omm.... Al ol AL
s

RAENENR S R DA S

o ﬂ;o, EEANAINS Nt INEIEAY ‘;0,

RSN N3 CCESHY e,b"c)b'c;‘b &

£+ /mm body length £+ /mm body length £ K /mm body length
2 | AFT - SST . DSK n
201 ] 30¢ 20|
H :
r o e 151 —
=9 L < =
SE0f R 15t 25 10]
- 8- 1
6 10+ —
L 51 I
] 13 1]
2t ol L | ol 1l A ol =

O > 0 D D & D
PP S R L o - 0
I R R A

&4 /mm body length

P FY pk o g S L P o
SER AN R A A

&K /mm body length

oV o)

X 20 oD\ ) 0 D ) (X
o o o 3O JV b 30 3D D SV o
S A SN S ey
&4 /mm body length

P 6 P B o JE R I B A Ve ol A R AN [ o B A A

AT B AFRER S L3R 1.

Fig. 6 The length distribution of Antarctic krill aggregations in different time in the adjacent sea area near South Orkney Islands
The abbreviations of the time division are shown in table 1.



724 K 7 R

%27

3 it

3.1 MBESHEER

AU THAE 2016 4F 3—4 H JEE R4
Mrikhy, maRBR AR B A B RE I 2 P, m R AR A
P S EREEE A EHEVNLR, A0
A ) 5 H A, AT LI, RN
UM A5 A7 6 5 W A B AR 1k, ZKSFA R
R 25 e B 5t T2 e 0 A, AELTE 45 1 Bt EL 3] 22
S, R RN ERAELERE. MTW |
DSK B Bt, 77 RARHE Lo A2 7E Se ke Js o AR
b 2, 7F DAY B BEFE SRR {E; DSK | MTW
BB, AP RERRE B b e, HHBlA .
3 HOCIR SRR R BROPR R L8 B LG IR T A IR
BRI ERHEOR R 3 B AR e I B[R] (I B, A0 BICIR AR
TR DU % B0 HE BT ()b 0 3 SRR A . AR [P 25O
M, 5:00~6:00 F UK BEIRRE I3 5 195 (7.5%);
HOARBEURAE 6:00~7:00 H B3R 5% 15 (7.8%); H7 IR
BEURAE 2:00~3:00 HH BLH R i 55(7.2%) o AS[RIERHE
TE A TE R[] B Bt R B — 5 AR AR AR AE, 7KF
i PR FNERCIR AR 1 BsF ] 43 A R i A 5 AT A
Taki VR B2 Ry, IR 2 3
R R RS S RAE, AR AT Rk R
KFIFEREIE B0 2, i, 77222
T R T M B RS A W A A R I Y R R A
SRR
32 MEHRORESEEER

A BEAR R REA LS I B B A R G,
HAFIRBE R | IR S R R A R R R
HAl, P XA REE P 2ES, M
W R AR O IR B A BT 25 5%, AR B2 EiTE
0~150 m /K210 AHFgE KB, SRR IR
b R TR B AR L, FEAS R B B A B
KZES, MTW Fl ETW B B - 0RO R
o, B8 — R i EH. MTW £] SST Hf
B, URREE RO R WA /N, ETW B BR,
HRRE PO TR B SUBHAR /N MR O R AR A ]
e SIFEEE S 5. SRS B ETW W, 7KFa Ik
HRRE B A S R I THI AR T A, A HCIRES H
B B, SREET DR E A B R, B

FRBEIT [ BERCT A C RSN, T AR 5iE
JER S AR A A A P X R R T E
THF % T B ol R AS (] R 0 v O R B R AT 0 M, 4
FEW, TR AR O R R S o TR L 22
SR, BRODR R S8 R R RO VR B B R, A HILER
TR Z, KFHPIRIFBE /N o R ESEZN 0N,
I 5% R VAR JEG T B 2 {0 25 0 M W R A I B A A TR
T, AW R S i ] 22 R A
H—5,

T BE 25 RS2 B ) T AR R o A Y B R,
3 AT IR AR AR AL, — 5 FEEE AT LA e
R B IR ) SR AR AR o 38 Ak X AN [ B ) B R AR 7K
AT AT, EREEKIR 2 B SRS, fAE
B2 S . R PO IR AR R TT BB S AR
HUD R A O, A 1 SRR o R IR R s
URIEIEST Bivariate HISCPERYS, 255K M, IRHEF
KR FNERRE DR B B E AR R . ik
WU AR R 25 5 S s R BCE O AR
PRBEIN 2 D SRR A P 224 AR )
TF 5% 22 I, T G T o) Ml AR 190 2 el 907 522 B
MR % RO R B S R O IR B Y
TR R —EFE R b s e R A B R AL
33 ERBITEENENERKER

R T I Al U A 2 A R ) R A
USSR RE LA, XA [ B B i Ml R A A7
PNE ANOVA Z0HT, 4553 A Ba b il 0 A K78
AN BB R 225 . N as Bl LIE
A BB LR K 4 22 50 2, DAY £ AFT B BLA
PR A B B T AR B B A K 4
1 Sk 0 36 k3 S e A T A R i ) R
PO S R R 5 e g R AR R e S5 A
B A AR LA O o AR E SRR ST R,
B MR B R K2 BRI B s i, H koK
JZH BT BEA — B 25, BEIRE H B
W ik, 0 K5, HE X 2 AR
1,5 5 1 i A B O ) T RS 3 o FEARBF 9T P, DAY
2| AFT BHBEYIAE IR, 1M At B R O R B 45
1R, ULEABEAR ARG BORE 5 MR KNP S,
TR A A B SR TG 8L TR B2 A2 A1 B B 1) P AR
BN,



PRI A T B A O T Sl A A A R S A W S AR 725

4 6 0]
4 HFig

RT3 FRERREIE S, KPR IR
A B A, (AR I B L i 22 S 3
BESCH 3 B iy BE, KPR AR L9 A7 A 5B
THHE e R, AE F R BRI RARME, 9 65%;
B R BIBE OGN B, KPR AR 4 ELARE
BICR AR OR A  BONRRE RIS TR (1B, 23 RO AR
FERILAE H TH 2 1 K e] B 1 3 LEPERAE

i R A AR A O TR EE AN R I BERAT K
ZE 5, BEOGHITE G B BN b O TR JEE 1 20
G PSR AN [ SRR 25 D TR B L RAT 22
Sebk, BRCRER - B AR O R iR, 2 BUIR
FERZ, KPARER /D o

ANTR] A ) B P9 SR A 2K i 22 e s AR AR A, AR
B —1.6~1.3 °C, fe/ME BB B,
fe K AE Y BEAE R[] rf B SRR K JRLAT A o TR
B AR R

T PR A AR A AS ] I B A A B I 22 S (P<
0.001), 25 M BALHR KA ZEFIR, HRETF
I B S A 2H B i T At I BEAR A R A

5% 3k

[1] Huang H L, Chen X Z, Feng C L. Status of Euphausua su-
perba resourse exploration[J]. Fishery Modernization, 2007,
34(1): 48-51. [BtA, WAL, DEEH. MRBEIFET
BIURAHT]. ol Ak, 2007, 34(1): 48-51.]

[2] Shen X S, Han X L, Zhang H Y, et al. Research progress and
industrial utilization of Antarctic krill in China[J]. Modern
Food Science and Technology, 2013, 29(5): 1181-1184,
1191, [TLbeR, /e, skigae, 4. K EXTpg s Ry
TFRBEFE BT ACF AR [ A& R, 2013,
29(5): 1181-1184, 1191.]

[3] Trathan P N, Brierley A S, Brandon M A, et al. Oceano-
graphic variability and changes in Antarctic krill (Euphausia
superba) abundance at South Georgia[J]. Fisheries Ocean-
ography, 2003, 12(6): 569-583.

[4] Wu W P, Xie Y L. Antarctic krill and krill fishery[J]. Mod-
ern Fisheries Information, 2010, 25(1): 10-13. [%fHF,
ERR. F R R wE AR (7], BAR ML AF L, 2010,
25(1): 10-13.]

[5] Ashjian C J, Davis C S, Gallager S M, et al. Distribution of
larval krill and zooplankton in association with hydrography
in Marguerite Bay, Antarctic Peninsula, in austral fall and
winter 2001 described using the Video Plankton Recorder[J].
Deep Sea Research Part II: Topical Studies in Oceanography,
2008, 55(3-4): 455-471.

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

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. [, /)M,
B, 4. 2011 AR ERK TR W e JE R B K S s A AR A
I2s AR [I]. RS2SR, 2013, 32(4): 912-919.]
Mauchline J. The
sids[M]//Advances in Marine Biology. Amsterdam: Elsevier,
1980, 18: 13-369.

Siegel V, Kalinowski J. Krill demography and small-scale

biology of mysids and euphau-

processes: A review[M]//Southern Ocean Ecology: The
BIOMASS Pperspective. Cambridge: Cambridge University
Press, 1994: 145-163.

Daly K L, MacAulay M C. Influence of physical and bio-
logical mesoscale dynamics on the seasonal distribution and
behavior of Euphausia superba in the Antarctic marginal ice
zone[J]. Marine Ecology Progress Series, 1991, 79: 37-66.
Zhou M, Dorland R D. Aggregation and vertical migration
behavior of Euphausia superba[J]. Deep Sea Research Part I1:
Topical Studies 2004, 51(17-19):
2119-2137.

Lascara C M, Hofmann E E, Ross R M, et al. Seasonal vari-
ability in the distribution of Antarctic krill, Euphausia su-
perba, west of the Antarctic Peninsula[J]. Deep Sea Research
Part I: Oceanographic Research Papers, 1999, 46(6): 951-984.
Taki K, Hayashi T, Naganobu M. Characteristics of seasonal

in Oceanography,

variation in diurnal vertical migration and aggregation of
Antarctic krill (Euphausia superba) in the Scotia Sea, using
Japanese fishery data[J]. CCAMLR Science, 2005, 12: 163-172.
Wang T, Zhu G P,, Tong J F, et al. Acoustic estimation of
Euphausia superba in the South Orkney Islands in austral
spring 2017[J]. Journal of Fishery Sciences of China, 2019,
26(2): 333-341. [TH, KREF, B, 5. Mk R
JEREE) 2017 ARG 2 s AR BRER BEUR A A IPAG (). b K™
R}2%, 2019, 26(2): 333-341.]

Wang T, Tong J F, Zhu G P, et al. Euphausia superba swarm
characteristics in the South Orkney Islands by the echogram
of acoustic survey[J]. Journal of Fishery Sciences of China,
2018, 25(6): 1317-1324. [T}, #EIE, KEF, & 5T
FE A WG R R S JE T B T e AR AR AR TR (D). R
FEK PRk, 2018, 25(6): 1317-1324.]

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. [REE, £, R/NHE, %
2013 FEAZR TR L& B IR B T B RS SIS ).
IKFE2ER, 2015, 39(8): 1242-1249.]

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 Japanese Society of Fisheries
Oceanography, 1990, 54(3): 237-241.

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 Fish-



726 Hh K R #5127 %

eries of China, 2018, 42(10): 1541-1549. [R[E -, #1, £ [21] Godlewska M. Vertical migrations of krill (Euphausia superba

P, 2 SRAFESEITEDIGE 2016 4ERKZEAn 22 rdE /R 18t Dana)[J]. Polskie Archiwum Hydrobiologii, 1996, 43: 9-63.
e e AR i R 7 3 LA sl AR R L R & [0, K™ [22] Gaten E, Tarling G, Dowse H, et al. Is vertical migration in
2441, 2018, 42(10): 1541-1549.] Antarctic krill (Euphausia superba) influenced by an under-

[18] Nicol S. Kirill, currents, and sea ice: Euphausia superba and lying circadian rhythm?[J]. Journal of Genetics, 2008, 87(5):
its changing environment[J]. BioScience, 2006, 56(2): 111-120. 473-483.

[19] Kalinowski J. Vertical migration of krill in the region of [23] Ritz D A. Social aggregation in pelagic invertebrates[M]//
South Georgia February—March 1976[J]. Polskie Archiwum Advances in Marine Biology. Amsterdam: Elsevier, 1994, 30:
Hydrobiologii, 1978, 25: 573-583. 155-216.

[20] Nast F. The vertical distribution of larval and adult krill [24] Watkins J L, Murray A W A. Layers of Antarctic krill,
(Euphausia superba) on a time station south of Elephant Is- Euphausia superba: Are they just long krill swarms?[J]. Ma-
land, South Shetlands[J]. Meeresforschung, 1979, 27: 103-118. rine Biology, 1998, 131(2): 237-247.

Characteristics of diel aggregation and biology of Antarctic krill
(Euphausia superba) in the Southern Orkney Islands
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Abstract: Antarctic krill (Euphausia superba) is one of the largest single species of biological resource on the
planet. It lives mostly in the waters south of 50° S in the Southern Ocean, and is distributed around the Antarctic.
Studying the behavior patterns of Antarctic krill clusters is of great significance for understanding their distribu-
tion characteristics, the formation mechanism of Antarctic krill fishing grounds, and resource utilization. As Ant-
arctic krill occupies a key position in Antarctica and the Southern Ocean ecosystem, the regionality of its living
conditions, special rhythms, and vulnerability, have made it difficult to study the rules governing its aggregation.
Antarctic krill uses the phenomenon of diel vertical migration and aggregation. In this study, diel aggregation and
Antarctic krill biology were studied in the waters of the South Orkney Islands. The results show that the horizontal
band which refers to the pattern of aggregation has a dominant distribution in each time period, but that the pro-
portion of horizontal band in each time period is significantly different. From dawn to dusk, the proportion of the
horizontal band decreased first, and then increased, reaching the lowest value in the daytime period (65%). From
dusk to morning twilight, the proportion of the horizontal band was high and stable. Spherical distribution main-
tains a relatively stable time interval, and scattered distribution is a continuous feature from sunrise to the daytime.
The central depth of the Antarctic krill aggregation varies greatly during different time periods; morning twilight
and evening twilight are the dividing points of the average aggregation center depth. The central depth of Antarctic
krill is also different in terms of aggregation. The average central depth of the spherical distribution is the largest,
followed by scattered distribution. Alternately, the average central depth of the horizontal band is the least. The
temperature of aggregation fluctuates in different time periods, ranging from —1.6 C to 1.3 C. The minimum
value appears during the evening twilight period, and the maximum value appears at night. The temperature of
aggregation and the central depth of the Antarctic krill show a significant negative correlation. The body length of
Antarctic krill is significantly different in different time periods (P<0.001), and the dominant body length in dif-
ferent time periods is significantly different, with the dominant body length between daytime and afternoon being
significantly higher than in other time periods.

Key words: Euphausia superba; time division; form of aggregation; depth of aggregation; temperature of aggre-
gation; body length
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