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Fig.1 Underwater video method (a) and underwater calibration panel (b)
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Tab.1 Calibration coefficient of two cameras

ZH FEAIHL HAHML
parameters left camera right camera
fey/mm —0.011 714 94 —0.008 919 41
Jep/mm 0.001 086 905 0.000 620 924
J3/mm —0.000 021 982 0.000 000 812
by 0.000 025 353 0.000 062 139
b, 0.000 344 859 0.000 720 456
D1 0.000 047 929 0.000 771 514
)23 —0.000 003 000 0.000 175 000
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K. AR EE, (E S matd T
Tl WOR o o) A 1% 18] B 77 76 B 3% 22 5% (Wilcoxon-test;
7=-3.164, 3.721, P<0.05), WL @6 T
R AH XF AN R 8] B A7 7E B 3% 25 5% (Wilcoxon-test;
Z=-3.647, P<0.05). EFXJ KT B A0 B P AT UL i
I <SRN s AR I ol N L G
(n=19), HIEHRZE (n=48), HINIEN (n=35) (% 2),
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Tab.2 The schooling distance and swimming angle of krill under different lighting colors

\ A xRN BE/em AERE A [ BE/BL Bt g o LRSI/
I ;Itt@l " relative distance absolute distance w?fr(ﬂg/f] )1 number of krill
ghtcolo between individuals between individuals swW g angie within aggregation
¥ blue (15.25+9.58) (2.86+1.48) (53.04430.59) 31
0.81~51.65 0.22~6.39 —79.32~87.40
5% blue-purple (19.21£10.60%) (3.32£1.66") (46.08+31.11) 35
1.68~44.73 0.29~7.45 —58.71~88.39
%k green (14.87+11.00™) (2.62+1.58) (49.42442.71) 30
3.45~53.51 0.55~7.92 —79.16~87.40
i yellow (14.82+8.05) (2.99+1.52) (44.74+32.27) 33
2.74~32.50 0.48-6.49 —74.28~84.65
# pink (12.58+7.46%) (2.64+1.55) (36.61+42.62) 29
0.14~32.26 0.04~7.33 —78.58~87.16
71 red (10.69+7.00) (2.08+0.75>) (48.31+33.9) 19
2.79~33.94 0.72~4.00 —63.03~82.98
A white (11.64+9.18") (2.73+1.35) (45.27+35.41) 48
1.19~66.22 0.28~6.16 —68.61~84.15
& total (14.51+9.71) (2.84+1.51) (46.08+35.50) 225
0.14~66.22 0.04~7.92 —79.32~88.39

e AFEM_EFR T BEROR BRI G B3 % R (P=0.05), BL. K. $55 A EUE LSFRMEbRE 2 1B R OR

Notes: Different superscript letters indicated significant differences between the two groups (P=0.05), BL. body length. The values in parentheses were

expressed as mean+SD.
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N BRI EVK A BE R 28 A 6002245 (K] 2),
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Fig.2 E. superba swimming angles under different light and color conditions
(a) dark blue, (b) light blue, (c) green, (d) yellow, (e) pink, (f) red, (g) white.
[ K P2 2% 2: 3275 sponsored by China Society of Fisheries https://www.china-fishery.cn

5


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

XF1%, 5

IK7A2E4R, 2024, 48(10): 109111

Sl g 3 B 520l I o8 BE R R I 307 Kawagu-
chi ZE i SR BT IR AT AR, BOR AR
A BB A AR B0 — BC s BRAE K, T[] U e e
MIEEREAT o Strand S A, SERE AR TR
AR AR WA AR REAT M R RN 2 —, B IRUKF
FEIRRMR LA AT fE 2 T EAWEAR BT R W, ek
FOHIR A (22 /0 2 WA R A AR B ) AN BE T 7 D62k 56 114
i S AT TG 1 R SRR AT o AR SR P DB IR
AR T BRAF A SEIE DT, 754 LED KTt
HEIE T, BRaFes T HERIE e A B, HE
B A, - SeR AR AR ER A A,
AR RN, HEfeE 2 SNiFS) .

3.1 e AR E A MR E BRI R2E

SETE DY 1T SA3 A (A X T B Ay B A ) 7 2
fEJE Y, Al B R B i AR AR, ST
T U FH % 18] 37 [ 25 48 52 40 80 AR X W R v 4
BERFESEATORSE, B RGN TK TR E P
FBE R T X H R AT AR R o 2 o S — 4
B, AT B BEARAE KT 0 =485 8. KAk
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FENBRIR A AR ] B AP AR i 25 e (3R 2), ik %8
el HRLSE M (dnsk . K. H) FERRIF RN
PRAXTEE RS EAFAER 22 5% . AWFFEH, LED XDt
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B T A B B AR EIRAE, P,
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BUR, WX LDETE R, 4 R JE A 2R 206 A
PR I o H AT L, iR 01 €5 1 s Iz 5
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E DN D/ 0w/ 21 NN 5 ORI 3 N D EAID ey
B GL U , BRIEK LR R A (A e a0t
S EW, AT, EOCHERKEZ H 5466
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[ W ST R LT & N e eS8
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T, T B BOR DL @ 2 F T BRI IE
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AR VKABF BTS00 - 3 e B ERRIFBEIRAY
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Effect of changing visible light regimes on aggregation of
Antarctic krill (Euphausia superba)

LIU Zijun *,  WANG Jiali’, MA Zhenling®, WANG Xiaomin ',
YUAN Junting , XU Liuxiong ', ZHU Guoping "***

(1. College of Marine Living Resource Sciences and Management, Shanghai Ocean University, Shanghai 201306, China;
2. Center for Polar Research, Shanghai Ocean University, Shanghai 201306, China;
3. College of Information Technology, Shanghai Ocean University, Shanghai 201306, China;
4. College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China;
5. Polar Marine Ecosystem Laboratory, Ministry of Education Key Laboratory of
Sustainable Exploitation of Oceanic Fisheries Resources, Shanghai Ocean University, Shanghai 201306, China,
6. National Engineering Research Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Antarctic krill (Euphausia superba) is the keystone species in the Antarctic marine ecosystem, and is
also the marine protein source that left for human beings. E. superba is creatures that inherently form schools and
display intricate social interactions. It is also known to engage in both vertical and horizontal movements in its nat-
ural habitat. The social dynamics within these schools are crucial to understanding various biological aspects of E.
superba. Consequently, researches into its behavior are essential for comprehensive grasp of krill biology. The
effect of visible light color on the aggregation behavior of E. superba was investigated through in-situ aquaria
observation on the sea. Understanding the characteristics of the distance between individuals and their swimming
angles within schools will help understand the size of schools in the field and improve the accuracy of the target
strength (TS) model in acoustic estimate of this species. The krill school images were synchronously acquired by
an optical stereo camera in this study. The high-precision automatic measurement of the geometric information of
the key feature points of the krill individuals was completed with the help of photogrammetry technology, then
obtained the individual distances and swimming angle in the schools under different visible light colors from blue
(short-wave) to red (long-wave). Research had found that blue light had a better positive phototaxis to krill com-
pared with long-wavelength red light. The absolute individual spacing of krill schools was (14.514£9.71) cm, and
the relative individual spacing was (2.84+1.51) BL. The lighting conditions affected the distance between individu-
als in the krill schools, and there were significant differences in distance and swimming angle between individuals
in the krill schools between short-wavelength blue light and long-wavelength red light. The swimming angle of E.
superba under different light colors was (46.08+£35.50) © and concentrated around 60°. There was no significant
difference in swimming angle between different light colors. This study helps to understand the characteristics of
krill schools in autumn and winter seasons, and provides scientific references for the input parameters of the TS
model for krill resource evaluation, in order to improve the evaluation accuracy of the model.

Key words: Euphausia superba; aggregation; lighting regime; stereo imaging; swimming angle
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