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Fig. 1 Structure and composition of Small Unmanned Surface Vehicle

(a) photo of the Small Unmanned Surface Vehicle, (b) photo of the Unmanned Surface Vehicle collection system; 1. software control terminal, 2. shore-

based system, 3. remote control
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Tab.1 Sensor parameters

(i oSl 5 Y [ HiEE LEISURRES
sensor category model range precision response time
EEL K% temperature sensor MQ-WDO1 —20~40 °C £0.1°C <15
pHE /&4 pH sensor MQ-pHO1 0~14 +0.1 <15
ThEFALIRES  salinity sensor MQ-YDO1 0~70 £19% <15
JEIREEAL A illumination sensor D678 0~200 000 1x +7% <1
fRA LIRS dissolved oxygen sensor MQ-FDOO1 0~20 mg/L +0.1 mg/L <45
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Fig.2 Measurement system of Small Unmanned Surface Vehicle

(a) inversion of fish school display; (b) software control interface of the Small Unmanned Surface Vehicle
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Fig. 3 The net-enclosure aquaculture of L. crocea in Taohua Island, Zhoushan City

(a) geographic location of net-enclosure aquaculture of L. crocea; (b) notch area of net-enclosure aquaculture of L . crocea; (¢) schematic diagram of net-

enclosure aquaculture
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Tab.2 The environmental conditions of the test

ETRs I H A ] KA WL
number monitoring date monitoring time weather tide level

I 2019-11-15 07:00~07:20 % sunny Bk high tide
Il 2019-11-15 10:00~10:20 fE  sunny ki high tide
1 2019-11-15 16:00~16:20 % sunny % low tide
v 2020-04-29 05:30~06:20 %7z cloudy T low tide
\Y 2020-04-29 09:10~10:40 %7z cloudy Bl high tide
VI 2020-04-29 15:30~16:50 %27 cloudy %W low tide
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Fig. 4 Horizontal distribution patterns of L. crocea (1) and water depth (2)

(a)-(f) correspond to the monitoring time I -VI in Tab. 2; the same below
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Fig. 5 Results of vertical distribution depths of L. crocea
F*3 RETARBENHE
Tab.3 Data monitored by Small Unmanned Surface Vehicle
%' HhE - TR/ (mg/L) E,C Je i /Ix
number salinity p dissolved oxygen temperature illumination
I 27.11+0.14* 8.10+0.01° 7.98+0.04" 20.33+0.02° 9966.00+14 201.22°
1I 27.66+0.36" 8.10+0.04" 8.13+0.06" 20.59+0.05* 54 636.00+53 270.96"
I 27.39+0.17° 8.20+0.01° 8.17+0.17* 20.51+0.05° 8 345.00+106 853.92°
\Y 27.92+0.94° 8.10+0.02° 9.14+0.05" 16.07+0.03" 4263.00+4 425.59°
v 27.1541.02° 8.07+0.07° 8.99+0.18" 16.26+0.12° 62 986.00+59 071.65"
VI 27.41+0.89" 8.07+0.02" 9.03+0.19° 16.31+0.12° 17 217.00+23 215.03°

A AR FRERREP<0.05KF L EZF B3, n=3
Notes: The same column with different letters indicates significant difference among treatments at P<0.05, n=3
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Distribution detection of Larimichthys crocea cultured in large
net-enclosure aquaculture by Small Unmanned Surface Vehicle

TIAN Yuxian', FENG Dejun', ZHANG Hua’, GUIFukun', QU Xiaoyu*

(1. National Engineering Research Center for Marine Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China;
2. School of Naval Architecture and Maritime, Zhejiang Ocean University, Zhoushan 316022, China;
3. School of Fisheries, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: Larimichthys crocea is one of the four traditional marine economic fishes in China. It is rich in protein,
vitamins and unsaturated fatty acids. It is a high-quality marine aquatic product and the main cultured fish species
in China. The main aquaculture methods of L. crocea are nearshore net cage, offshore net cage and net enclosure in
shallow sea. Among them, the large-scale net-enclosure aquaculture is a newly developed high-end marine
aquaculture mode in recent years. Several net-enclosure facilities have been constructed in Shandong province,
Fujian Province and other places in China for advantages in providing the right conditions for growth which are
closer to the original environment for fishes. However, it is difficult to precisely determine the positions of the
fishes and to feed and harvest L. crocea for large aquaculture spaces. Therefore, it is of great significance in applic-
ation to study the distribution characteristics of L. crocea in large-scale net-enclosure aquaculture. In order to
obtain the distribution characteristics of L. crocea in the large-scale net-enclosure aquaculture area, a multi-func-
tion Small Unmanned Surface Vehicle equipped with the sensors of sonar fish detector, temperature, salinity, pH,
illumination and dissolved oxygen has been successfully developed. The fish detector (DE-FRO1 200 kHz) con-
sisted of the single beam energy converter which can integrate transmitting and receiving ultrasonic signals. The
working principle is that the acoustic signal transmitted by the energy converter propagates in water, when encoun-
tering the medium different from water, part of the signal will be reflected back. According to the time interval
between of signal transmission and receiving, it can be used to measure the distance between the target and the
energy converter, then analyze and process the echo signal strength (hardness), and through 4G-Network commu-
nicates with shore-based system. Finally, the depth and hardness of the target are displayed in the software control
terminal. Several field trials have been carried out in Taohua Island, Zhoushan City, Zhejiang Province. By analyz-
ing the detected fish distribution position, water temperature, salinity and illumination of the marine environment
in net-enclosure aquaculture area, we obtained the findings that, @ in terms of horizontal distribution, L. crocea is
mainly distributed in the areas with rich reefs and slow water flow in the large-scale net-enclosure aquaculture
area; @ in the vertical distribution direction, L. crocea is mainly distributed in the middle and lower layers of the
aquaculture area with weighted relative depth of 0.6~0.9; 3 the overall changes of temperature, salinity, pH and
dissolved oxygen are small in the net-enclosure aquaculture area. L. crocea is often distributed in areas with relat-

ively weak illumination intensity of (5 921£2 702), (50 799+£50 988), (5 990+£542), (3 494+695), (6 8364 761)
and (15 39545 531) Ix. In this study, the distribution characteristics of L. crocea in net-enclosure aquaculture area
and the influence of marine environment on its distribution were studied systematically for the first time. The
research results may provide the basis for the site selection of operation platform, feeding management and catch-
ing design of L. crocea.

Key words: Larimichthys crocea; aquaculture; distribution characteristics; fish behavior; Small Unmanned Sur-
face Vehicle
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