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Fig. 1 Study area and distribution of krill swarms
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Tab.1 Main parameter settings for Simrad EK80
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ZH % E/kHz  parameter settings

BARZH
technical parameters 38 70 120
Hefg 25 ES38B  ES70-7C  ES120-7C
transducer type
RIS DIZIW 2 000 750 250
transmitting power
ik B /ms 1.024 1.024 1.024

pulse length

ik 6] B /s 1 1 1
pulse interval

EXVS i) -20.6 -21.0 -21.0
equivalent beam angle

HehE 2e25/dB 27.0 27.0 27.0
transducer gain

B IR BEE/(°) 7.1 7.0 7.0
alongship 3 dB beamwidth

Y1 TR BE/(%) 7.1 7.0 7.0
athwarthship 3 dB beamwidth

s RAERE/m 500 500 500

data collection depth
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Fig.2 Monthly variation on mean thickness of krill
swarm in the Bransfield Strait during austral autumn
by brightness category

Vertical bar signifies +1 standard deviation, the same below
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Fig. 3 Monthly variation on mean depth of krill swarm
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Fig. 4 Monthly variation on proportion of krill swarm depth in the Bransfield Strait during

austral autumn by brightness category
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Tab.2 GAM analysis of factors and depth of krill swarm in the Bransfield Strait during austral autumn

A5 E variables

Htr WRHE Giit s
month krill swarm statistics i B RH IR /m Fif/r,C £HE/(°) ZFE/(°)
brightness days bottom depth SST latitude longitude
3H BR F{H 14.48 58.02 430 0.96 10.34 14.28
March
PfE <0.001" <0.001" 0.04" 0.28 0.002" 0.000 2™
s FlA 287.44 0.14 12.35 4.98 3.03 1.39
PA 0.001" 0.71 <0.001" 0.03* 0.03* 0.24
I~ PR FlA 218.67 0.04 8.91 3.10 2.78 0.001
PA <0.001" 0.85 <0.001" 0.08 0.04* 0.98
4H FBR FlA 12.72 7.12 0.01 2.87 0.55 2.70
April
PA <0.001" 0.008* 0.93 0.09 0.46 0.10
s FlA 17.80 8.51 15.59 5.08 0.08 2.48
PA <0.001" 0.004* <0.001" 0.006 0.78 0.06
I~ PR FlA 19.32 10.39 12.38 13.72 1.46 3.44
PfE <0.001" 0.002%* <0.001" 0.000 3™ 0.23 0.07

Notes: ** P<0.001

,  P<0.05
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IR, MAEEREEE L, W T ATTOK R A
[, SR IS o A A7 A BRI AE Bl

32 EMBIIEHEERINESR

JIT A7 W M 2 SR R 2 2 o B A AN () R JRE 1
ELA SRS, ] fE S AR B R
Jeam AR BN R R e g A
Ko AWM TOLIRRY H AR fL (B H 284k
KRB HEIRIREE . RIS | (4 26 )%
BRURRE R BE 12 o ROR3 A A4 12w R R A
Jr 22 5, ELEAR R B R A TR TR R R 3 R T
BN HE R L B2 7o BFAN LSS s, W AR 1
e 2 B R sh Y B R P e B B,
IR BT RZ ST REY; AR EREE
TREVKZE DL 2 Bl 4 {HGodlewska!"
WIE S, B E 51 & i 0F 2 B RS gl ad R A 2 Ot ek
A AEA , ARG R B SEBR A/, HHAb A 2R W)
AR A= 1 A 3R 2 1A B i R Y 2 A Sl T R
AR T A ST i BL OB H A2 ) B 25 5
W e A AR T B2 ) 2 DR 3R, 1 A G R B A R Ao

FRPE b e T i R i Ak 1Y) 1 B G R B T )
3HFIAH , IR TR B i R 1 52 T 80 07 2 300 414
R H, HaXFhsZm S &k re i, 34,
Wit 2 v JEC R R 3, R SR R Y 5
BT GG, M4 AR, ] G w AR R Y =15
PEACER BT 380, SRRl i = Z Al g ——
KRR T HEEZR S 2K, EE21F
FAESMNE K X R, I TR PR 0 2R 5
JKIRP, Everson™B &I, Fg IR & I 5 AL
T X I B R S R AR A, i
i DX Sl ol R A )y TR A A% B B R TE, T R IX
IR IR H RS T 75 mPATRK S, 4 R LA
FI %200 mKJZ

At R 2R Al AT BE Xl R 10 TR B AR AR = A
SR GatenFEU A IR A B A () B T R
B (circadian clock)7E Hia & 1 B A% 8l Hh i %5 5 it
AIAE T, ERE AL AT oK 15 30 45 4 b B Y, 56
TREEF R HRE S MPLE, o IZ A
[F] 2 R v 3 T IR K 2 DLkt 1) FH R s 1

http://www.scxuebao.cn


http://www.scxuebao.cn

1548 KorE ¥R

0 E

AT, T E R B IR KE AT FE AR
W, JUHIZEXTRE T WM EE, WEER
%I (Leptonychotes weddelli)% . TR K Z WL
EURE TR, XREAR T T W DL )
YW, Nk Kk vk (Champsoceph-
alus gunnari) AL HUEME , JFRR T T X e &
B L A AR AR X R RE 1Y B | X 2
FSESTE SN NN R LRSI E €/ € SN O
FEIHARTFREAR oM, BAERR D) TAES, X
S PR 2R A AR 2 YOG TE

RAF P EAFEATR “RE” MK
REBRHLBFLTHANEE. BRMPATHRE
BRI R R R TUE B9 R LR R e £ R
RERLB T EHNF T,

SE W

(11 ZREAEZUEK B SER S5 KTt 1], K™
23R, 2017, 41(10): 1638-1647.

Zhu G P, Wei L. Age and growth of Antarctic fish spe-
cies:a review[J]. Journal of Fisheries of China, 2017,
41(10): 1638-1647(in Chinese).

[2] Mauchline J. The biology of mysids and euphausiids[J].
Advances in Marine Biology, 1980, 18: 1-681.

[3] KalinowskiJ, Witek Z. Diurnal vertical distribution of
krill aggregations in the Western Antarctic[J]. Polish Po-
lar Research, 1980, 1(4): 127-146.

[4] Everson L. Variations in vertical distribution and density
of krill swarms in the vicinity of South Georgia[J].
Memoirs of National Institute of Polar Research. Special
Issue, 1983, 27: 84-92.

[5] Siegel V, Kalinowski J. Krill demography and small-
scale processes: A review[M]//El-Sayed S. Southern
Ocean Ecology: the BIOMASS Perspective. Cambridge:
Cambridge University Press, 1994: 145-163.

[6] TakiK, Hayashi T, Naganobu M. Characteristics of sea-
sonal variation in diurnal vertical migration and aggrega-
tion of Antarctic krill (Euphausia superba) in the Scotia
Sea, using Japanese fishery data[J]. CCAMLR Science,
2005, 12: 163-172.

[71  RESE EP, K, 55 20134 F IR0 ST
R BT B B R 3R BB B B AL [D]. K Sk, 2015,
39(8): 1242-1249.

http://www.scxuebao.cn

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Zhu G P, Wang R, Zhu X Y, et al. Diel vertical migra-
tion of Antarctic krill aggregation in South Georgia Is-
land in the austral winter season of 2013[J]. Journal of
Fisheries of China, 2015, 39(8): 1242-1249(in Chinese).
Lascara C M, Hofmann E E, Ross R M, et al. Seasonal
variability in the distribution of Antarctic krill, Fu-
phausia superba, west of the Antarctic Peninsula[J].
Deep Sea Research-Part I: Oceanographic Research Pa-
pers, 1999, 46(6): 951-984.

Cresswell K A, Tarling G A, Thorpe S E, et al. Diel ver-
tical migration of Antarctic krill (Euphausia superba) is
flexible during advection across the Scotia Sea[J]. Journ-
al of Plankton Research, 2009, 31(10): 1265-1281.

Ritz D A. Social aggregation in pelagic invertebrates[J].
Advances in Marine Biology, 1994, 30: 155-216.
Everson . Diurnal variations in mean volume backscat-
tering strength of an Antarctic krill (Euphausia superba)
Patch[J]. Journal of Plankton Research, 1982, 4(1): 155-
162.

Watanabe Y. A set of brightness categories for Examin-
ing diel change of catch efficiency of saury larvae and
juveniles by a Neuston net[J]. Bulletin of Japan's Fisher-
ies Oceanography, 1990, 54(3): 237-241.

Guisan A, Edwards Jr T C, Hastie T. Generalized linear
and generalized additive models in studies of species dis-
tributions: Setting the scene[J]. Ecological Modelling,
2002, 157(2-3): 89-100.

Burnham K P, Anderson D R. Model Selection and Mul-
timodel Inference: A Practical Information-Theoretic
Approach[M]. 2nd ed. New York: Springer, 2002.

Bk, B, B 5, A5 SN R KO I K I
WY BRSPS [T]. K254k, 2015, 39(8): 1134-
1142.

LiB, LiPJ, Tang Y, ef al. Acoustic survey of the fisher-
ies resources in the main channel of Xiaolangdi Reser-
voir in the Yellow River[J]. Journal of Fisheries of
China, 2015, 39(8): 1134-1142(in Chinese).

Godlewska M. Vertical migrations of krill (Euphausia
superba Dana)[J]. Polskie Archiwum Hydrobiologii,
1996, 43: 9-63.

Gaten E, Tarling G, Dowse H, et al. Is vertical migra-
tion in Antarctic krill (Euphausia superba) influenced by
an underlying circadian rhythm?[J]. Journal of Genetics,

2008, 87(5): 473-483.


http://www.scxuebao.cn

107 REPE, 5 SRS I7 058 20 164F Ak 25 A 2 7 3 7R 1006 U5k 1o AR 0 0 A0 3 T 6 2l AR iF B HC R i (R 3R 1549

[18]  Morris D J, Ward P, Clarke A. Some aspects of feeding [M]//Everson 1. Krill: Biology, Ecology and Fisheries.
in the Antarctic krill, Euphausia superba[J]]. Polar Bio- Oxford: Blackwell Science Ltd, 2000. 80-102.
logy, 1983, 2(1): 21-26.

[19] Watkins J L, Murray A W A. Layers of Antarctic krill,

[22]  Siegel V. A concept of seasonal variation of krill (Eu-

phausia superba) distribution and abundance west of the
Euphausia superba: are they just long krill swarms?[J].

Marine Biology, 1998, 131(2): 237-247.

Antarctic Peninsula[M]//Sahrhage D. Antarctic Ocean

. . and Resources Variability. Berlin, Heidelberg: Springer,
[20] Burrows M T, Tarling G. Effects of density dependence

on diel vertical migration of populations of northern 1988.219-230.

krill: a genetic algorithm model[J]. Marine Ecology Pro- [23]  Aksnes D L, Giske J. A theoretical model of aquatic

gress Series, 2004, 277: 209-220. visual feeding[J]. Ecological Modelling, 1993, 67(2-4):

[21] Watkins J L. Aggregation and vertical migration 233-250.

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

ZHU Guoping **, YANG Yang', WANGRui', TONG Jianfeng "**

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. National Distant-water Fisheries Engineering Research Center, Shanghai Ocean University, Shanghai 201306, China,
3. Polar Marine Ecosystem Group, the Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources,
Ministry of Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Recently, krill fishery has concentrated increasingly in the Bransfield Strait, and krill abundance and
ecological characteristics have received much attention. Antarctic krill (Euphausia superba) presents significant
diel vertical migration (DVM) pattern, such studies were conducted to provide the basic data for exploring the
formation mechanism of fishing ground and the reference for feedback management of krill fishery. Scientific
acoustic device mounted in fishing vessels can reflect directly the distribution and vertical movement of krill in the
water column. Based on the acoustic data recorded by Simrad EK 80 used in krill fishing vessel, krill swarms were
identified using Echoview software.The present study analyzed DVM of krill in the Bransfield Strait during the
austral autumn 2016 and the factors that impact DVM of krill were further explored. The results indicate that the
depth of krill swarm maintained to above 250 m, the highest frequency of average deepest (shallowest) krill swarm
occurs at sunrise (at night). The largest thickness of krill swarm presents at sunrise. Krill swarms are distributed in
the deeper water column in the daytime, but move to the shallower depth at night. Compared to March, the aver-
age depth of krill swarms increased in April. Brightness and bottom depth are the main factors that impacted depth
change of krill swarms.
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