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Fig. 1 Schematic diagram of the oxygen consumption

rate testing system
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Fig.2 Standardised oxygen consumption rate of Takifugu rubripes

in control group under different water temperature

K 20 C AT, £L8E AR i 4 R AR AR it
HFEECRF N (70. 89+22. 21 )mg / (kg - h) , H
Hi, H IR (7:00-16:00) A (84. 56+21. 29) mg /
(kg - h) B[] (19:00 ~04:00) H (57.21+12. 61)
mg / (kg « h) ,BRZEEA BEER(P>0.05),
Kl 28 C 5% T LB 7R Ty il A AR HEMAR T AR 4R
FEH K (211.49+37.67)mg /(kg - h) , Hrfh H
)% (209. 73 £38. 00) mg /(kg « h), % a] Ky
(213.26+37.25)mg /(kg - h) , B ZA%A
FFEF(P>0.05),

2.2 BREILRGAFZRE

DR T 2 AR S R 48 s (58 83h
Y, RUEMEARL R} ) Yo 21668 7R )y i R S R 1Y) 5
BASKIR SR FEE 3 &, WA A 58—y 77
10:00, RXEZEERAE 3 Fis,

300 - mooC
*28C
250
HEER (REFE%)
200

—_
%3
(=1

FEHH/ mg Oy (kg'h)]
=
(=1

1:00 4:00 7:00 10:00 13:00 16:00 19:00 22:00
gzl

%3
(=}

B3 BEX XK ALERAFHERRKER
FHTHIRERRERER
Fig.3 Standardised oxygen consumption rate of
Takifugu rubripes in experimental group (0% )

under different water temperature
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Fig. 4 Standardised oxygen consumption rate of
Takifugu rubripes under different feeding rate

in 20 °C water temperature
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Fig.5 Standardised oxygen consumption rate of Takifugu rubripes

under different feeding rate in 28 °C water temperature
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Studies on the influence of feeding on

oxygen consumption rate of Takifugu Rubripes
ZHANG Yulei,SHAN Jianjun,ZHANG Yufei
(1 Fishery Machinery and Instrument Research Institute ,Chinese Academy of Fishery Sciences ,Shanghai 200092, China ;
2 Key Laboratory of Aquaculture Facilities Engineering ,Ministry of Agriculture and Rural Affairs ,Shanghai 200092,China )

Abstract ; Accurately understanding of oxygen consumption characteristics and the key influencing factors of the
fish is one of the important requirements for the design, construction, and efficient operation of an industrialized
culture system. In the paper, the oxygen consumption rate of Takifugu rubripes with a body mass of (311+
11.22) g has been tested under different conditions by using a homemade testing device. In consideration of
uncontrollable feeding conditions, all of the testing fish are fed by injection after anesthesia. There are one
control group (completely unfed) , two water temperature experimental groups (20 °C and 28 °C ), and four
feeding rate experimental groups (0% ,0.3% ,0. 6% ,and 1.2% of body weight,respectively) were designed in
the study. The results showed that under the unfed condition ,the standard body mass oxygen consumption rates
of Takifugu rubripes under two water temperatures were (70.89+22.21) mg O,/ (kg - h) and (211.49+
37.67) mg 0,/(kg - h) ,respectively. The effect of water temperature was significantly different (P<0.01),
but there was no obvious influence by circadian thythm (P>0.05). Under the feeding condition, the peak
oxygen consumption rate was about 1. 7-2 times that of the 0% experimental group at the same temperature.
The higher the feeding rate ,the shorter it is required for the oxygen consumption rate to reach the peak,which
is not obvious at 20 “C. As the recovery time of oxygen consumption rate,it is about 2.5-7.5 hours at 20 C
and 3-15 hours at 28 °C. There is obvious that the recovery time increases significantly with higher water
temperature and feeding rate. Therefore, the study shows that Takifugu rubripes will extend their oxygen
consumption rate recovery time to meet their higher feeding energy consumption, not the peak oxygen
consumption rate. The study systematically evaluates the effects of water temperature and feeding conditions on
oxygen consumption of Takifugu rubripes ,which can provide a reference for the management and operation of
industrialized aquaculture systems and provide the theoretical basis for accurate control of dissolved oxygen in
high- density aquaculture systems.

Key words : industrial aquaculture ;takifugu rubripes ;puffer;oxygen consumption ;feeding
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Tab.3  Comparison of basic growth indicators of fry
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Design and experiment of feralization training device for

enhancement and releasing fry
HU Qingsong, WANG Yi,ZU Xilong,CHEN Leilei, Ll Jun
( College of Engineering Science and Technology ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract ; To improve the adaptability and survival rate of enhancement and releasing fry in marine ranching,a
feralization training device for enhancement and releasing fry was designed, and the application experiment of
the device was carried out with Oplegnathus fasciatus as the research object. According to the training needs of
enemy avoidance and predating live bait,the body shape differences between the trained fry and the enemy fish
were analyzed and the grilles with two apertures of 2.5 cm and 3.3 e¢m were selected as the enemy avoidance
grilles. To reduce the impact on the fry and live bait during the opening and closing of the warehouse door,the
movement range of the warehouse door should not be too fast and too large. Set the maximum opening angle of
the live bait warehouse door as 45° and the time as 5 min, and select the motor of 0. 6 r/min as the driving
motor of the warehouse door. The experiment results show that the fry can gradually make full use of the
feralization training device to avoid enemies when large fish such as adult Acanthopagrus schlegelii were used
for enemy avoidance training. And when live bait such as Exopalaemon carinicauda was used for predation
training , the fry experienced two stages from recognizing food to actively dividing food, and the process of
improving predation ability was obvious. Combined with the field observation and through the comparison of
basic growth index and fry death situation, it can be analyzed that compared with the control pond fish fry,wild
pond fish are active in feeding, lively behavior, and strong aggression. The research showed that the behavior
characteristics of Sparus macrocephalus fry could be improved to some extent under the selected wild training
mode , and the feasibility of the feralization training device for enhancement and releasing fry was verified.

Key words : enhancement and releasing fry; feralization training device; predating live bait; enemy avoidance
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Tab.2 Model prediction accuracy evaluation criteria
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Tab.3 Main dimensions of breeding platform

K/ m Bl #FR/m A
RF B 120 P46 v B 56
EFE TN =15 26 PR A A g 12.5

EHELTHIZK 11,5 BRAFETHIZK  17.5

R4 RBMEESH

Tab.4 Mooring chain parameters
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Fig.4 Top view of deep—sea aquaculture platform
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Tab.5 Test set sample table

THHS W/ (m/s) BEE/m /s 144548 245 1/kN

1 0.2 10 10 1981,12
2 0.2 9 10 1 633.26
3 0.4 5 12 2 552.48
4 0.4 6 12 3028.30
5 0.4 8 10 2 689. 87
6 0.6 5 8 2 385.90
7 0.6 6 10 2 088.47
8 0.6 8 8 3 040. 17
9 0.6 10 10 3 448.59
10 0.8 7 12 4 356. 30
11 0.8 4023.01
12 0.8 10 8 4 570. 86
13 1 6 12 4 626. 06
14 1 8 8 4 781.56
15 1 9 10 5163.37

xo KEEMRAR

Tab. 6 Inspection set sample table

THHS W/ (m/s) HE/m BW/s 1844588 245 )1/kN

1 0. 65 8.83 10. 8 4 562.00
2 0.68 9.2 11.3 5 070. 10
3 1 8.61 11.64 5 125.00
4 0.8 7.96  10.05 4 588.70
5 0.38 5.52  8.13 1 .343.10
6 0.53 5.14  9.58 2 202.30
7 0.77 6.54 10.51 3102.90
8 0.91 7.3 8.43 4 582.10
9 0.2 5.5 10 697. 40
10 1 8.7 12 6 213.90
11 0.41 5.48 8.36 1554.10
12 0.30 9.75 9.95 2 708. 80
13 0.49 7.86  10.52 3265.40
14 0.54 8.92 11.08 3 469.70
15 0.72 6.26  8.91 3276.20
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Tab.7 Hidden layer node mean square error table

a2 1 e B YRz
3 0.010 253
4 0.012 474
5 0.005 910
6 0.011 001
7 0.012 574
8 0. 006 899
9 0. 006 946
10 0.007 887
11 0. 007 968
12 0.007 633
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Fig.5 Comparison between the real value of mooring force

and the predicted value of each model
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Tab. 8 Comparison of overall evaluation indicators of the model

il RMSE MAE MAPE
BP 533.98 426. 65 16. 19%
SSA-BP 201. 54 173.98 6.27%
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Fig. 6 Prediction relative error diagram of each test sample
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Tab.9 Test set sample predicted value and error comparison table

TRAE RN THME/ kN 26 %] 125/ kN AR R 22
BP SSA-BP BP SSA-BP BP SSA-BP
1 1981.19 2 660. 48 1758.94 679. 30 -222.25 34% 11%
2 1 633.26 2263.71 1 494.85 630. 44 -138.42 39% 8%
3 2552.48 1312.80 2212.30 -1239. 69 -340. 19 49% 13%
4 3 028.30 2153.45 2 896. 74 -874.85 -131.56 29% 4%
5 2 689. 87 2 428.03 2445.10 -261.84 -244.77 10% 9%
6 2 385.90 1952.63 2 484.94 -433.28 99.03 18% 4%
7 2 088. 47 2462.24 2 439. 45 373.77 350. 98 18% 17%
8 3 040. 17 2 816. 69 3282.68 -223.47 242.51 7% 8%
9 3 448.59 3921.10 3 458.63 472.51 10. 04 14% 0%
10 4 356. 30 4104. 47 4164.18 -251.82 -192.12 6% 4%
11 4023.01 4 056.28 4 111. 46 33.27 88.45 1% 2%
12 4 570. 86 4 530. 86 4318.38 -40. 00 -252.48 1% 6%
13 4 626.06 4 530. 55 4 666. 42 -95.51 40.36 2% 1%
14 4781.56 4214.13 4990. 63 -567. 44 209. 07 12% 4%
15 5 163.37 4 940.78 5115.91 -222.59 -47.46 4% 1%
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Fig.7 Comparison between the real value of mooring force

and the predicted value of each model
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Tab. 10 Comparison of overall evaluation indicators of the model

Ay RMSE MAE MAPE
BP 473.72 410.58 14.49%
SSA-BP 327.58 254.91 6.87%
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Fig. 8 Prediction relative error diagram of each test sample
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Tab. 11  Inspection set sample predicted value and error comparison table

THRAE  HS/KN e/ kN Y X iR IE/ KN AXF R 2E

BP SSA-BP BP SSA-BP BP SSA-BP
1 4 562 4 239.838 4 440.227 -322.162 -121.773 7. 06% 2.67%
2 5070. 1 4 650. 414 4 948. 473 —-419. 686 -121. 627 8.28% 2.40%
3 5125 5529.453 5484.73 404.452 6 359.730 7.89% 7.02%
4 4 588.7 3 502.071 3 883. 683 -1 086. 63 -705.017 23.68% 15.36%
5 1343.1 1 807.281 1 360. 958 464.181 4 17. 858 34.56% 1.33%
6 2202.3 2 317. 231 2 171.433 114.931 1 -30.867 3 5.22% 1.40%
7 3102.9 2 523.571 2 756. 359 -579. 329 —-346. 541 18.67% 11.17%
8 4582.1 3973.871 3932.327 -608. 229 -649.773 13.27% 14. 18%
9 697.4 896.255 1 746.440 8 198.855 1 49. 041 28.51% 7.03%
10 6213.9 5923.721 5 825.576 -290. 179 —-388.324 4.67% 6.25%
11 1554.1 1 954.038 1 490. 053 399.938 4 -64.047 2 25.73% 4. 12%
12 2 708.8 2 457.067 2 529.386 —-251.733 -179.414 9.29% 6.62%
13 3265.4 3 182.946 3 442.553 -82.453 8 177.152 7 2.53% 5.43%
14 3469.7 3 848.775 3 803. 647 379.075 1 333.947 4 10. 93% 9.62%
15 3276.2 2 719.334 2 997. 621 —-556. 866 -278.579 17. 00% 8.50%
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Prediction model of mooring force of deep-sea aquaculture platform

based on sparrow search algorithm optimized BP neural network
XU Tiaojian' ,JIN Yanru' ,JIANG Meirong®,MA Changlei’
(1 State Key Laboratory of Coastal and Offshore Engineering ,Dalian University of Technology ,
Dalian , 116024, Liaoning , China ;
2 CNOOC Research Institute Co. ,Ltd. ,Beijing ,100028 , China ;
3 National Ocean Technology Center, Tianjin 300112, China ;
4 CCCC Fourth Harbor Engineering Institute Co.,Lid., Guangzhou ,510230, Guangdong , China )

Abstract; With the development of mariculture moving to the deep sea,mariculture equipment will face worse
sea conditions. To ensure the safety of the equipment, it is necessary to evaluate the safety of its anchoring
system. Using the traditional hydrodynamic calculation and analysis method, the accurate mooring system
tension can be obtained,but the calculation time is very long. To quickly obtain the tension distribution of the
mooring system of the aquaculture platform under bad sea conditions,a calculation model for the prediction and
evaluation of the mooring force of the aquaculture platform ( ssa-bp model ) is constructed based on the
machine learning method. The sparrow search algorithm is introduced into the model to optimize the weight and
threshold of the BP neural network ,which improves the prediction performance of the model. The model takes
the regular wave height, period,and velocity as the model input index and the mooring line force as the model
output index to train the BP prediction model. The sparrow search algorithm is used to optimize and train the
BP model (ssa-bp model) ,and the prediction results of the improved ssa-bp model are compared with those of
the traditional BP model. Through comparative analysis, it is found that the overall indicators of ssa-bp model
are lower than the BP model, and the prediction error of the mooring force of ssa-bp model under various
working conditions is also lower than the BP model and closer to the real value. Finally, it is concluded that the
new ssa-bp model can give more accurate prediction results.

Key words; deep sea aquaculture platform; mooring force; BP neural network; sparrow search algorithm;

fast forecast
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Tab. 1 Cage parameters
i H Ja HE Jm Ey¢: N
TFHRERE/m 80 2R B A2/ m 0.6
AR i/ MPa 960 TFARREJE/m 0.05
R TP E/ (kg/m®) 953 LA L 0.38
FEEAM B/ m 80 FEEM T/ m 2
Ul HAR/m 20 HL S /m 60
TEHNZ K/ m 0.3
[ 2R AR AR/ m 0.07 R 2k B A £/ MPa 350
U 7 LR Z R/ (kg/m’) 1150 RZRIARA L 0.3
R 47 5 B2/ m 40 SR E AR/ m 120
HAE EAR/m 80
. BeEE AR/ m 0.35 BAER JE/m 20
B AR BRI R/ GPa 212 BEEEIARA 0.3
YR /m 108 FUE R T B AR/ m 0.08
HilE RS HE I/ (kg/m®) 1150 FHARIARA LT 0.3
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Tab.2 Comparison of hinge vertical displacement and maximum effective tension under pure flow
S B A PR e R
He (1] {3 B F I/ m RRIEM N/ m e 1] . B/ m R FE [ AL F/m #J1/kN
0.25 -0.253~0.011 0.264 -1.485~-1.182 0.303 499. 45
1 -0.253~0.2 0.273 -1.497~-0. 184 0.313 345.9
2.25 -0.27~0.002 0.272 -1.484~-1.158 0.326 295.5
4 -0.253~0.01 0.263 -1.489~-1.169 0.32 193.4
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Tab.3 Comparison of hinge vertical displacement and maximum effective tension under pure waves
I < B S AR 1 BRA
T ] (A I/ m e K[ 78/ m T (] (RS M/ m e R (7 F2/m K J1/kN
6 -0.46~0.24 0. 69 ~1.89~-0. 84 1.05 318.63
7 -0.53~0.43 0.96 -2.1~-0.85 1.25 564. 46
8 -0.6~0.47 1.07 -2.23~-0.48 1.75 319.39
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Tab.4 Comparison of hinge vertical displacement and maximum effective tension under combined action of wave and current
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180 -0.51~0.28 0.79 -2.03~-0.81 1.19 203
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Analysis of hydrodynamic performance of combined rigid frame cage
ZHANG Jing, SUN Liwen,ZHOU You, SHI Xinghua

(School of Naval Architecture and Ocean Engineering , Jiangsu University of Science and Technology,
Jiangsu , Zhenjiang 212028 , China)

Abstract; To expand the breeding space of rigid frame cages,a new type of combined rigid frame cage with a
hinged outer cage on the base of the rigid frame cage was put forward. The hydrodynamic performance of the
model was analyzed by using the marine engineering hydrodynamic software OrcaFlex. Under the conditions of
pure flow,pure wave ,and wave- current , the effective tension of the connection point between the floating frame
and the net clothing of the combined rigid frame cage and the hinged rigid frame cage,the residual volume of
the cage and the anchor rope force were compared and analyzed. At the same time,the Kinematic response of
the hinged system of the combined rigid frame cage was analyzed. The results show that: compared with the
rigid frame cage, the force of the connection point between the floating frame and the net clothing and the
anchor rope is increased; the hinged outer cage can expand the breeding space and does not affect the
remaining volume of the inner cage. The purpose of expanding the breeding space can be achieved by
articulating the outer cage based on the steel frame cage,and the research results can provide a reference for
the application of the hinged outer cage in practice to expand the breeding space.

Key words : combined rigid frame cage ; hinge ; numerical simulation ;volume residual rate
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Research and experiment on the performance of the pipeline

air-lift tank- bottom sewage suction equipment
HUANG Da,ZHANG Yulei,ZHANG Haigeng, LI Jingang, GAO Qiangian

( Fishery Machinery and Instrument Research Institute ,Key laboratory of Fishery Equipment
and Engineering of The Minisiry of Agriculture and Rural Affairs ,Shanghai 200092, China)

Abstract ;: The air-lift device has the advantages of simple structure and low operating cost,and is widely used
in the field of water treatment. In this paper,a theoretical model of the air-lift system is established, and the
effects of the intake airflow, the diameter of the lifting riser, the submergence rate, and the cross-sectional
surface area of the suction port on the suction flow rate and the suction efficiency of the sewage suction device
at the bottom of the pipeline air-lift tank are respectively investigated. Through experiments,the influence law
of intake flow,riser pipe diameter,submerged rate ,and suction cross-sectional area on the suction flow rate and
suction efficiency of the sewage suction device was studied. The experiment shows that the flow velocity and
suction efficiency of the suction port has a linear relationship with the intake flow and the submergence rate;
under the condition of constant pipe diameter, the flow velocity of the suction mouth decreases with the increase
of the cross-sectional area of the suction mouth,and the suction efficiency tends to be stable after the increase
of the suction efficiency. Under the working conditions of the intake flow rate of 6 m’/h, submersion rate of
0. 778, lift riser pipe diameter of 50 mm , and suction cross-sectional surface area of 226 mm”, the pipeline-type
pneumatic lift pool bottom sewage suction device can achieve optimal performance. This research also provides
theoretical guidance for the follow-up equipment research and development, testing and promotion, and
application.

Key words : air-lift ; sewage suction ;suction flow rate ;suction efficiency
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Fig.4  Overview of offshore field test equipment layout
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Fig.5 Vibration monitoring time series diagram
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Fig. 6 PSD diagram for vibration monitoring
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Design and experiment of real-time vibration monitoring

system for aquacultural enclosure platform
DENG Haoran ',CUI Yong *,GUAN Changtao’, YU Fangjie '
(1 College of Marine Technology , Faculty of Information Science and Engineering ,
Ocean University of China ,Qingdao 266100, Shandong ,China
2 Key Laboratory of Sustainable Development of Marine Fisheries,Ministry of Agriculture and Rural Affairs,
Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences ,Qingdao 266071 ,Shandong ,China)

Abstract; To realize the real-time vibration monitoring of vibration of mariculture enclosure structure,a real-
time vibration monitoring system of the fence aquaculture platform was developed. The system is divided into
monitoring equipment and monitoring software. The monitoring device controls the three-axis accelerometer
through the microprocessor main board to collect the vibration data of the maricultural enclosure in real-time
and transmits it to the monitoring software wirelessly using 4G-DTU. Monitoring software enables real-time
visualization , storage and subsequent download analysis of data collected by monitoring devices. To verify the
effectiveness of the system, two monitoring nodes were deployed to conduct field tests on the maricultural
enclosure platform in Laizhou Bay. The results show that the deployed monitoring nodes can effectively collect
the three-axis acceleration data of the maricultural enclosure structure and transmit them to the monitoring
software for visualization and storage in real-time. Meanwhile, the subsequent data analysis reveals that the
vibration pattern of the maricultural enclosure platform in Laizhou Bay,the main frequency of vibration is about
4 Hz,and the vibration values show obvious spatial and temporal differences at different monitoring nodes. The
effectiveness of the developed system is proved,

Key words : maricultural enclosure ; vibration real-time monitoring ; wireless transmission ;spectrum analysis
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Fig. 8 Pressure distribution curve on monitoring line



%46 1

FET 4 SRS o O £ 2R 8K Bl 1 2R PRI 5 53

TSR WZE BB L BRI B A,
AR T B W2 s ok BEAS RS AN AR TS K
ANIERIEE T3 K R BE 78 5 Beg i b 3045
Ui SEARIE N S s MR 1 /s ) M 4%
AA’ T FF” b D2 s 30 A sy, 3 B S 38 0 s 980N
WEZE cC” DD (EE” | D\ 25 v B 47 i , 3 J3E ST
KGN, S A7 AEERIG N MR 1.5 m/s
12 m/s B AR EE ARG E KNS BB #a$
— 3 G T 101 TARE N R 2 TR R R S A
WEIZE AA” | FF 95 B2 0 A AR VRS, AR
LEABEE X EE%‘?MU;?EE&@:,@%@?W%M&
MZE BB \CC* DD’ I 14 37t 38 30 ¥ 144 o, 04 o) 2k
EE’ [ Wi 23 hn 5 32 s BRI,

W 11 58 PR e 43 A 2 PP T fa s e R
AR — A EE AR, A FRR AT
¢k LIRS A i< an i 8 i, B4R BoR .
AJa]#E I3 R AA° BB .CC’ DD’ EE’ FF’

6 R Wi b AR A A — X =-0. 8 ~
0.5 JLlE P, kil 4k AA” BB’ .CC* DD’ | EE’ |
FF’ F R AR 78 X=0.5~0. 8 JE [l N,
Kzt AA° BB’ .CC’ DD’ _FRYFEHRZE A,

KIEZ A 1. 09%10°Pa, KrillZE EE” FF* ¥k
5 2 R , B/ IMEZS R 1. 0x10°Pa; T 45 R B
FNEET K O F3 AR XS AR K, TR W £ 8 A L
ity B TET FRFIE R R, T RS R I bl R AR R

BN AL, FE IR 135 R AR K XA W R
Je SERIT A IR AR T SRR
2.3 R&EFRAENS ERREFES

N RG0S I S PR B I ) A2
ARG 28, 7 #0252 PN B IR 25 1) e R4 T s ) 2n
3 Js ISR IGZ R B ARG T SRt S8,
R T ARG TR BE o LA Sl I 1] 1 Ry s A
b Rzt 2 B ) IR R AR S gl Ak
P B R AR R ) AT R TR A
R

TEAN R BEK A E G 0T A () M) et b 1 3
JESRAT AN 9 Frow , W5 BT LAAS: H 0 £ 28
PR TR A5 A G SR X AR, A A
PR A RE TR/ N S AN TR 5 Bl A 0 11 R AR S, 254
M A5 AR B 2 s IR s ek 451
I A b AR AR RS R, A B R R i 5l
JE R I TA) B34 0, REA I Se s, J5 sl 3 20
B TRUE

TEAN R BEK ARG LT A ] M e B 9 s
SRITAAE R AN 10 IR, THE S5 R R i a2
AR W A5 R X 45 /0N At i 54k 1
SERAFXS B A I E) A HRERS | 21> il b A s
SRIC SR I, 5 TR E A AR, &

AW A5 Y s B = 1  H AR R i B 4

FF7E 1.010%x10° ~ 1. 035%10°Pa,

A 3
/e 40} " ]
PRy i 25 1 735t ]
1 £ MJ\W E£30¢ .“’/Xw.. SaNses
= 0.5 [sreeererne® ]

] RSSO L]
18 » o 30
& ey '

14t

= 13} #$—+— +

=17

™ot | ‘

#ORE ] H 1.51
8% [ o 1.0
03t/ . '\:kt\. '
03¢ A 0.5
o1 LASE=S o

5.0
45

oo
15}
10 R;ﬁ
05} Hﬁt

00

01 2 3 4 5 6 738 9 10
15} 8] /s
(a) HE B v=1 m/s

0.0 ——
01 2 3 4 5 6 78 9 10
M ] /s Hifa)/s
(b) FE T v=1.5 m/s

12%45678910

(c) TR v=2 m/s

B9 HEis b S i 2k

Fig. 9  Velocity distribution curve at monitoring points
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Research on hydrodynamic characteristics of siphon fish pump
TIAN Changfeng'* , WU Fan',CHE Xuan'?,LIU Xingguo'*,ZHANG Jun’,CHEN Xiaolong'
(1 Fishery Machinery and Instrument Research Institute,

Chinese Academy of Fishery Sciences ,Shanghai 200092 , China ;

2 Key Laboratory of Fishery Equipment and Engineering ,

Ministry of Agriculture and Rural Affairs ,Shanghai 200092, China ;

3 College of Engineering Science and Technology ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract: To solve the problems of lack of domestic fish pump products,long development cycle, and so on,
taking the existing siphon fish pump as the research object,the CFD numerical calculation method was used to
simulate the three-dimensional flow field in the fish pump under three different influent speeds (1 m/s,1.5
m/s,2 m/s) ,and the internal flow characteristics including velocity distribution, eddy viscosity, and pressure
distribution were obtained. At the same time, the validity of the numerical calculation was verified by the
experimental results. The results show that the pressure and flow velocity show an increasing trend with the
increase of the inlet velocity ,and the maximum pressure is mainly concentrated at the upper end of the outlet
side of the fish suction pump, which will have a certain impact on the fish. In addition, the incoming flow
collides with the wall of the fish suction pump to form reflux, and the reflux landing point is also prone to
secondary damage to the fish. When the inlet velocity is 1 m/s,the velocity of the bottom wall of the suction
pump is 0. 13 m/s,and the experimental value is 0. 15 m/s. The difference between the experimental results
and the numerical simulation results is about 13. 3% ,which verifies the effectiveness of the calculation results.
The research results provide an important basis and reference for the subsequent research and design of the fish
suction pump.

Key words:siphon; fish pump; numerical computation; hydrodynamics
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FREE ISR, B2 48 UM, 75 4 C#k 2 h )5
fRIRES 0 (4 °C,3 500 r/min, 2 mL &0 5.0
10 min) , 2R 5 WU F V5 W B T -80 C LRAFFEI , ¥
05t o A0 A7 A 7 BV CAE vk b s G 1Y R
TBHILE (RBIL) & Fnimk 2 [al i UL PR (R&EL) A0
T EEFIMNZe Z 18] B LA (55 UL ) B U FH R I
LR AR S 1, IR FH 000 L R I 5 i
B A 350k FH e s A W T RIS i A 1Y
R
1.4 HIEMLEMITE

e 5% U0 K 3 A 2 U K S RE N AR AR
Brett( 1964) (38 AR,

U.=U+ (t,/T,)AU (2)

U, =U+ (t,/T,)AU (3)
KU NI FEK R, m/s; Uy R ek
BE,m/s5 U S RENE 58 B B[] 1) 5 R Uk
B m/s; AU R 0.5 BL/s; T, HiXEN
FFERUFk IS (T, =20 min) ,min ; T, K% E 1)
SEWEUK IS (T, =20 s) 3¢, NARESE WIS E I If
Y L PRAFEEF UK I (£, <20 min) ,min;z, HARE
SE SR E P I R SE PR Rk I (£,<20 8) | s

417 K ( Rheotaxis frequency) AR AR,

R =Y n/N, - 100% (4)
A R AR #2039 Y 0 K R LSRR
8, %o sn, W@ (i=1,- n) RBIRE A 1EW
G IA) 0 i UK AR G N, R S WL R (
10 s WAL SR — U, LT ] 2 10 min ) , I 5E {3k
KOS B U6 £ I HE I BE 2R — OS¢ F
R £ Uk T 1) B 903 7 8] 7

& 45 % ( Dorsal fin frequency ) | B i 4l %
(Anal fin frequency ) Fll 42 & i % ( Tail beat
frequency) A,

D, =D/t (5)
A=A/t (6)
T, =Ty/t (7)

KD, A, T, KRR O TE R WS (6] 68 %
fig JEERAEBIA Hz; D, A, T, R R A0
S A5 68 g R R SR, Ha s S IEE
5T
1.5 HEE

TRI 0 H A SPSS20. 0 AR 4F 2R 4T 40 7,
AR I E AR 1fEIR” (Mean+SE ) 3R, 7F
FLR 2 2 2l E R Duncan 2 8 s
PR R4 [F) 22 5 (P<0.05)

2 #R

2.1 REED L) & KR L TFKIE E IG5
K IE

16 C /KR T, Bl &)y fh A4 S5t o 368 i 5540
VK (U, ) R R DK EE (U, ) #R 5 T 35
(F1),U, W10 g F115 g J 15 g 1 20 g 273 A
B2 (P>0.05) , H A2 2 [A] 25 5 2.3 (P<0.05) .
U, W45 A Z IA] 22 540 B 3 (P<0. 05) .

*x1 AEERETHELE 16 CRE THRE X
98 B I SRk i R M RE 4 R

Tab. 1 Test results of burst swimming speed and critical swimming

speed of juvenile fish under different body mass at 16 C

o 90 R U DK T I A ek R
ki g
(Un)/(m/s) (UC)/(m/s)
10.90£0. 32 0.53+0. 06° 0. 42+0. 03"
15.15+0.26 0.56+0. 02" 0.47+0.01°
20. 12+0. 66 0.60+0. 02" 0.53+0.03"
25.34+0.75 0.72+0.01° 0.62+0. 01"

RSB FAR AR FR R RABGFAEREER (P<
0.05), F Il
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R2 25 g MY BIERREIRE TR FEKEF
1R R KR B RE 45 R
Tab.2  Test results of critical swimming speed and burst swimming

speed of 25 g juvenile fish at different temperatures

y 5 2 U UK R I SR ek R
BE/ C
(UB)/(m/S) (Uc)/(m/s)
12 0.64+0.17° 0.53+0.01°
16 0.72+0.01" 0. 62+0. 02"
20 0.77+0. 029" 0. 66+0. 03"
24 0. 85+0. 015" 0.72+0.02*
28 0.76+0. 03" 0. 65+0. 04"

U, BEIRE R T 2 5E BT TRt 1
24 °C B 9l 6 B e K(E H 5 4 25 5 0
(P<0.05),12 CH5HMA 2 F WE, 16 C,
20 °C 28 CHZMEFARBE(P>0.05), U, Ft
T TR 25 BTG N R 24 C (16 CHI
12 CH 6 253 8% (P<0.05) ,20 C4H 5 24 C
16 CHERAEFE (P>0.05),20 °C .24 CH
28 CZ 27N RE(P>0.05)  IREMKT 12 C

Bl T 28 °C B, B e VK AE 1 B, ) AN Ui
A N IR SIS,
2.2 FREEDEELEEARRRE THHMEKITH
Wi 5 T T (14 184 00 4 £ 452 R AR AN T e (
3) , EK 1% 1. 21 Hz 54503 0. 48 m/s 2019
6. 86 Hz, #2412 [A] 25 53 .35 (P<0.05) , 15 &% 5))
R Bl A K I B HE I i AR, 0. 12 m/s i
0.24 m/s 25 AN B E (P>0.05),0.36 m/s Al
0.48 m/s 22 F WA E (P>0.05), Hd4l =z
] 22 5 B 25 (P<0.05) . BEHE Ay 12 a0 5 R Bl I
A B 0w AR, 0. 24 m/s A1 0. 36 m/s
0.36 m/s f10.48 m/s Z[A|ZF A EE(P>0.05),
FK4L 0. 12 m/s 22 0] 25 55 3 (P<0.05) , 7E
T K H, Gy iRk 4 5 Tl BE AL, B R S
FEN W IR SL S B UAR T = B N DO e i)
(51.67+0.56) %I HF] 0. 12 m/s 4L (93. 89+
0.57)%,0. 24 m/s 4 J5 ¥ i F I 100%),
0.48 m/s A5 F] 100%, 0. 24 m/s 0. 36 m/s Fl
0.48 m/s HZEF AR (P>0.05),

R3 TRRETHENZRMER BRE BEREMBENRNESER

Tab.3 The frequency of wagging tail ,trend rate,dorsal fin and anal fin were measured at different flow rates

ke
W H
kel 0.12 m/s 0.24 m/s 0.36 m/s 0.48 m/s
12 H% / Ha 1.21+0.03° 3.81+0. 08° 4.20+0. 09° 5.46+0.27" 6.86+0. 14
TR % 51.67+0. 88" 93.89=1. 40" 97.59+0. 40° 100+0. 10° 100. 00=0. 00*
W ESTR/He 5.030.20° 8.89+0.21" 9.13+0.19" 10. 70£0. 19* 11. 11£0. 24
BB AT %/ Hy 5.09+0.21¢ 8.02+0. 43° 10. 1720. 19" 10. 47£0. 64 11. 12£0. 16

TE A [R) 7 B2 ) — 8 B B9 A R BG4 ) A7 025 22 5 (P<0. 05)

2.3 ZEED L) FERE  AFRBRIE T
WLFLES & & M 0. 36 m/s (10 min) B9 20 IF 44
Ak H 5 X I 25 5 B 3 (P<0. 05) (& 2) |, Bl 5 it

1.8 ORI EEI =850

1.6
1.47
1.2
1§ .
08kl
&

& 0.6
0.4

0.2

mmol/g

de
E

[TILTTITITIH &

TNTTTTITTITITTITEA &
T e

T ek

T BSFE] 3G 3 AN F A UL ) LR 5 B o
0.48 m/s(60 min) ZH 3 AL ILIA FLIR & =ik
F R,

e

TN

ILCLCTTTEE T e
[LC LTI =
[T e =

NN

T

0 |
0 0.12/100.12/300.12/60 0.24/10 0.24/30 0.24/60 0.36/10 0.36/30 0.36/60 0.48/10 0.48/30 0.48/60
Ytk /B 8] mes-!/min
AR R FREFRIR R — A H LA FHR IR 4 A 7E % 25 57 (P<0.05) , F ]
B2 ARRETHAEHETINRABRSENTWL

Fig.2 Changes of muscle lactic acid content under different flow rates and time
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ARSI 61

T LR LA JTUARE 5 i o AR (R 348 o
BE SRR (K 3),0.36 m/s(60 min)
H10. 48 m/s(60 min ) ZH {JL IR B B 1 s B AIG L
A &= M 0. 36 m/s Qﬂﬂ:ﬁL‘Eﬁﬁﬂm,

3.5

2 ab ab gh a ,

2.5

mmol/g
]
&

0.48 m/s(60 min) HFLIR HFERE (£ 4), HH
JEM 0.36 m/s(30 min) 5 FFEHEF 7E 0. 48 m/s
(60 min ) ZHE & AAK,

O OF B

c be be

cd g red d

¢ e

il |

€

0 0.12/10 0.12/30 0.12/60 0.24/10 0.24/30 0.24/60 0.36/10 0.36/30 0.36/60 0.48/10 0.48/30 0.48/60

VL /B A mes! /min

B3 ARRERIE

THEETIAERSENENL

Fig.3 Changes of muscle glycogen content at different flow rates and time

M FLER & 0. 36 m/s 212 s,
0.36 m/s(60 min) U5, FLER Y & o 5 XF a4l
25 B3 (P<0.05) , HA10. 48 m/s(60 min) ZH 1)

R4 AERE

FLIR & e, UM A 5 M 0. 36 m/s (60 min)
J%0.48 m/s (¥ 30 min F1 60 min A B 2.0 F &
HAE0.48 m/s(60 min) ZH A%,

RANE B TR EE D E eI 4) B AAK R G TN (FHEAREIR ,n=3)

Tab.4 Changes of metabolites in tissues of juvenile Thamnaconus septentrionalis under different swimming velocities and times

(Mean=S. E.n=3)

JERE QI3
ALY — =
B/ (mmol/g) FLER/ (mmol/g) 14/ ( mmol/L) FLE2/ (mmol/L)

HK 4 8. 00+0. 50° 0.21+0.01° 8.22+0.36" 2.41%0.35°
10 min 8.15+0. 71" 0.20+0.01° 7.92+0.52° 2.33+0. 13¢
0.12 m/s 30 min 8.30+0. 31" 0.21+0.01° 7.26+0. 16" 2.26+0. 14°
60 min 8. 16+0. 26" 0.21+0. 02 7.92+1.19° 2.37+0. 06"
10 min 7.42£0. 45" 0. 19+0. 03" 6.68+0. 23" 2.70+0. 03*
0.24 m/s 30min 7.77£0. 60" 0.23+0.01% 7.84+0. 3" 2.40+0. 09¢
T A B i) 60 min 7.47+1.07" 0.22+0.01% 7.62+0. 12° 3.01+0. 03
10 min 7.36+0.28" 0.25+0.01¢ 7.23+0. 37" 2.46x0. 231
0.36 m/s 30min 6.78+0.31"™ 0.30+0.01"™ 5.91+0. 60" 2.55+0.21¢
60 min 5.94+0. 66° 0.32+0.01"™ 5.22+0. 55 4.29+0. 34"
10 min 6.80+0.77™ 0.30+0.01"™ 6.77+0. 31" 3.28+0.17°
0.48 m/s 30 min 6.62+0. 19™ 0.34+0.01" 5.30+0. 46°* 4.91+0. 16"
60 min 5.65+0. 13" 0.43+0. 02" 4.65+0.27° 11.25+0. 22°

1 RIFVEAE EAR A A s 4 RIF7 A B35 2 5 (P<0. 05)

3 g

3.1 {KJRE R E X 4h &K EE 1B R0
%‘?%ﬁ%ﬁﬁﬁ*é’ﬂiﬁiﬁiééﬁﬁ,@*
DR Hif £ Sk R SN 0 o B e 30z Bl B

G B VIOR BE (U ) AP Sk B 1
FERR Y Gk dig T TR il 4y £ 5T
U, 5 BT x5 22 Ej(/jﬁ/\ﬁ’fﬁ'
(Hexagmmmos otaku)ﬂ/ﬂﬁr k. E@t%#ﬁ Qﬁ%
4] i 1E 10~25 g J I, Hﬁlﬂmﬁ]ﬁ/ﬁ%
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H1 0.53 m/s $2TFZE 0. 72 w/s, Fifi 25 1 5 B2 58
Ue WAWITHR X 5 s Mg 5™ U,
AL RE AL, B Ue 0. 42 m/s B &
0.62 m/s /ity H 4 D HKE 22 5 . % (P<0.05)
VLA 22 5 ¢ S A ik BE 4R T B 3 B 1A
Jo e AR TN, S 058 I 1 fli )y 0 0 T i ) AS T 4R
=, Uy B U B PR vy 2l E T i) t Al 1
BL1 3 iy - 1< R 1Y 1 S Sy L1 e Al
Lol Ty G i 4 £ BB A% A A K P DR 1R DK
NGB R TG, AU AR 14 CR 10
em R EQF-fill ( Sebastes schlegelii) U, F1 Uy 2494
0.45 m/s F10.77 m/s, 10 em BRIt U, I
U, 237 0.42 m/s F10. 82 m/s, 16 °C I} &6 T 1
filiZhtt U. A U, 238 0.62 m/s A1 0. 72 m/s, ]
DI H okt thm il 2l 1 U, w8 TV B OF AR U
AL TR RGBT R, BB A
R U, BFFE 51 2 £ A i 3 — L 31 B 97
AN B R YiRIK AR 77, i S A A
V14 2 32 301 U o D) itk 0 RD R O3 4
K7, BRI, 43.9 g 09K 11 ( Larimichthys
crocea) ) Uy 298 0. 32 m/s'™) | I T 4466 T g
gy e, AR 3 FE 1A 20 min, 100 0 B A
Fk 136 45 FE 391 R 30 miin, 308 R [ ) ik S 6
P S — T (4 4R 2 T3 S ) st et , R R — 3
AT TR 7 48 1 18 22 A R 42 e I A 5
T R I e 2k f I i S | (A A
it , A B K BB T3 88/0N , Bi ok v o i T
T i 0y £ P VDK R T R

TR Rt ATk R I B 3, a2k
VE AR IR AE S, KR 0 A8 Ak 1 3 5 ) e A
R 114 755 T o e R 1% G T e R SR 38 e A
i, U 0 S A A B BE 7 B R , [) et 5 ) £
e O IR RS 1R T 11 AN Y- SO s
Yk A S B4 S i ] LA A ) R R KR
HAE RIS A BERER U, F1 U, BB R
ARG Sk 8 Sy s a0y U, 1 U, 7F 12~
28 C 2 LT FRkash T i 8 B L 1)
AR AT G T A S B S5 AR AU 7E 24 C b
B RAA X AT A 24 °C L LR I i i 1)y 1 () Fe i
A KREERY G0 B ( Micropterus salmoides ) T i
FLRIRIE 24. 4 CHEAFIR A U Y iEHIRE T
Dk e B BT Ry e v rp PR A K

PRBRE, BFFEd AR R BRI T 12 CHIE T 28 °C
N, 4 fif 7ol 4 £ i DK RE 0 S T R BN
Ui B Dt S PG U B il B e e e IR AT
gt b ) i 4y 1 )UK IZ B
3.2 MEMNFEDES&EITANZN

AR GAE R AEAE 4 PR B 68 I £ 288 10 SR
B OE AR ETRAT A, 2SR K R RN
5 Tl TS B AAIE RE A  R aod
TR T R K A 0 T S R K A
IKTARFFHOK AR, 2 PR R R 0. 009 m/s,
TR A PR I R B2 50% , Bt K 25440 T
UEALFRK T 4 0 A TIOR8 IE 25 H ok 41 1Y
52938 111 Z 0 ALY 100% , & fh F K 2197
., 4y £ 300 I A BN A B 5 2 P R AR A 6 £
(Huso duricus Georgi & X Acipenser schrencki Brandt
)M B 4 H M B ( Anabarilius
grahami ) Z5 AL, G 0. 12 m/s B 2R 68 T
fif )y £ Y A 3K B 94% , LI i T K 4 Y
52% , 33K 15 B L R R AR B X 4y £ 8 R B AN
FRURRBE AN T, — 5 T It L DR R 2 1 D 3R 11
BN R LT R At R Sl T i el 1)) £
AR Bl 52 S L L33 VR K

B S UK Y AR T TR UK R
St GRSl ) A, o R S £ S8 i Sl
LRSI SRR ARRAE A i A2 B Y
FEbRZ — , BEAE VIS N £ TEAR G, A Ui 2H 22 1]
255 3 (P<0.05) , Ud Bt 45 U 3 A9 18 DR 308 i 1l
ST ED WARIER VR ) IR BT Buw) | PNEF <10
IR RS X S e DY i
(Anabarilius grahami) F13E 52807 () 40 9% 2416 11
( Schizothorax chongi) Z5 5 AH AL, /K 41 2] 0. 12
m/s LR IE T8 R B 1 435 Sl R B i |
He43 931 A . 240. 18% . 76. 74% . 58. 15%, M\ 0. 12
m/s F) 0. 48 m/s 4L BB IG IN E 53 Loy
51124 :80. 05% ,24. 97% F1 38. 65% , J& &N 3 il
(O 23 HOOR T 7 B RV 6 | B 295 2R T L o i ik
AR T , £ R S A 432 gl e 71 hy FE A ALK 1 A g A
)42, WA A s e ¥4 1) 428 2l Wt 32 L 3% 6 o
BERAR 2, EVAR IR AR Ry g 607 @ o D B
8% B2 5 BEY ( Carassius auratus ) F B 6 fifl
( Zacco platypus) BYHHE T S AE F7 , X Ui B 4h £
Sl REE S S E R ) R R — 2
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SE PR IR < Skl By TG 4 0 i vk Bl K RE AR R DS 63

P RHCRALT 100% . A BT 53R W40 28 1Y 1 g
IR g 6 - 4 FH U 75 8 01 ke 2k X A il £
( Myxocyprinus asiaticus ) %] i UKk e 1 A b 3
FsZ I LA A5 10 B T G 8 6 A & £ DK
R R EIE I
3.3 miE.BEX 4 &R SR

KU RES At S A R e B, (™ A
PRI ER 2437 S e=r AR i < N0 1 ol I AN )
B FPIRT 2HIRE L | B A4 AR R FL IR 1Y
AR FLRRAE T AR TC SRR BE ) ) — A TR
P, AT LI B LR F) 8 =5 8 o oA S W £ 28 B I 4R
RO, AT B R B LA DL S
JEE AN 2. 61 mmol/g 2. 30 mmol/g Fl12.73
mmol/g PR &= 0. 65 mmol/g. 0. 82 mmol/g v
0.90 mmol/g( &l 2) , 7 faZkiz shid B vp K SE fa
BE LA i 122 sl R 42 3 g, U R iz Bl A
JUE T 45 3 6 Ry 40y £ L IA) 9 428 20 2 I g 1
0.12 m/s ZHEIR N AN B MR IR 3 T
THAERE A AR T B i TR S
g 2SS 9T /Y B OIC E B ( Pelteobagrus
vachelli) 1 F I EE AL, 0. 24 m/s T HR 4 £
JULBE IR B i T 4 $ 2 (P<0. 05) , Ui B Il 7 #€
U I R e DK S (AL BB 1 IR E] S 38 2 R AR 23 i )
WU IE R 43 FF7E 0. 48 m/s (60 min) 41AF =4
RO WIUHE I & & B/, 0,12 m/s (10 min) 4 ~
0.24 m/s(60 min) 4L A FLER & A8 1L 5K
HAHZEAR 3 (P>0.05) , 2RI YIRS T
JILBE IS 037 2 H,0 il CO, A LA iz S 4t
fiE. 0.36 m/s(10 min) HIFMHFLERAY & =TT 1R 1Y
N, e R 20 0. 48 m/s(60 min) FLER & ik 3 &
KAE (& 3) , st AL BNV LAY FLIR & o
HZ4 1. 64 mmol/g . 1. 70 mmol/g Fl 1. 55 mmol/
g, TZRAER 2z Bl 5 JURE B o3 A (R RE T 25 e atll
TR B o TR A T L R vk B |
Tt e U IS BE B HE 23k A W, 255
iR LR 15 A G U R T 4 T AR AR 8
58 ,0. 36 m/s( 10 min) 21 I 46 B A5 it 3 1 i 4 £
PRS2 K i B, 4 PN AT R S VA AR IR DR A AR A
P ETCA NG s T AR SRR . = AN ERALAY
JULPA S A L3 2R A7 75 400 o R RE B 1Y B8 4, PRIt =
ANTRALAE U LR & f ok LU (HAT DU
BRI AGE SE R AR LA, HAB AR AL A

WS 5T 5 B RE s AT

102532 2y ok 78 v R D o A A 2 0 SRR
ALY, FEAE R R A B#b 72 5 T A, LA4E
FF W5 19 1 5 0K F, BRIE A A S 8 i o) Rg
St RBFSERTREIEON 0. 24 m/s(10 min) IR
THE(E4) 75 0. 36 m/s(30 min) IS B Y & &
BN IR 2% 55 8 35 (P<0. 05) |, [A] 7 33, i ]
B ARG, A R A BE ZH 19 8. 00 mmol/g
FEAIKE 5. 65 mmol/g, 25z sl Z A RS T I
W53 b R S s LR B 22 7 0. 12 m/s Al
0.24 m/s R T i T2 sh i 72 o &) P AR
T ST A 2 i 6 B R DR OB PR B 0 £ 3
HEACW, AR R 0.36 m/s Fi 4 IR
b AR 5 #R K 20 25 5 W 2 (P<0. 05) , Uh W o 44K
W S XTI 25 B, ALMRMNFKAE
0.48 m/s(60 min) 4 EF+ 7T 0.22 mmol/g, ik T-HL
RZLIRY 0.9 mmol/g,

MR AE R 10,2552 Bl L R ke 75 T E A9 1R, o
FEEI0.24 m/s F10. 12 m/s 41 IMUBE S &5 %) 1R
HAHZEA R (P>0.05) (K 4), M 0.36 m/s Y
30 min JF U5 %F BEZH AH 22 183 ( P<0. 05) , B 7E
A% 1R I AT S [] T %y 4238 23 8 IUARE b Fr A
JECRI A [R50/ | 32 R R 6 f3s B F v
R N T Sl | R T
Richards %[43] *ﬂé%%[m A AR [R] A , 1ML
M RRZH B9 8. 22 mmol/L F [ ZE 0. 48 m/s (60
min) Z1fY 4. 65 mmol/L, 136 B Asf ] H. 55 3 F 2>
TN LR RE B T AE . LR AT HR ALY 2. 41
mmol/L J+ & 11. 25 mmol/L, iz 33 Ji7 1fil ¥ 7L 1R
(A AL 0. 12 m/s F10. 24 m/s JR4l 5
R JC 22 5 (P<0.05) , Pa I i ok T 4l fa 32 2
WA EIZE, 0.36 m/s(30 min) ZH-5%F B4 AH 2
JC5, 1 60 min A 22 53 3 LR M0 & & LI i
2, Un I ()3 R A [ A 06 10 75 5 8 B 7 iR
%, [FREXT T 0. 48 m/s A J2, Bifi 25 B 0] 384 o i,
W RN IR Z | B 4 0 i TR I T 5
T0.36 m/s BYFEHE NI R R

f£16 CF 25 g 4ttty U, 4 0.62 m/s,0.36
m/s Fl 0. 48 m/s Ui 7r Bl 3L U, 1Y 60%
80% , Ilfa F-E U 3 2 2 f KN A B s,
NG S T A 42 30T I LU Dk Gk R ) A A TG AR
W, X WA A A RAE RN U, Z R E— o H i
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B TCEACH T,
4 it

AT 308 o 0 g g v M 4y £ AE AN ) A4 o
o IR TS I SR Uk R Rk i vk U T
e QU ZS A RN OREN 5 o SOIR RPN = ik i e s ¥
i LT S IR UKAT Ry, A5 SRR 4l HAA R
MUK RE T, 76 T AR 58 Fn A 72 5 v, B i)
U R B 7K I (%) Tk o S 1 B () A O A 2 e ot
AR R FE N e R 0T Ak T LI S U0 Dk o
MK R B, A 7 Tk &, & a4 i ] ik T
0.36 m/s F10.48 m/s Ji i FHS, (KN & BTG
SR A AR T R DR I B T AR, R AR 3R

FEAK R IEAE RIS T 0.36 m/s, O
S Z ik
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Preliminary study on swimming exercise and energy

metabolism of juvenile Thamnaconus septentrionalis
DANG Baocheng'*,CHEN Siqing', LI Xuemei',SUN Yuxiao®,LI Fenghui',
GE Jianlong',SUN Yikang', LI Meishuai', CHANG Qing',BIAN Li'

(1 Yellow Sea Fisherie s Research Institute ,Chinese Academy of Fishery Sciences Laboratory of Marine Fishery Science
and Food Production Process,(Qingdao National Laboratory of Marine Science and Technology
Qingdao 266071 ,Shandong , China ;

2 College of Fisheries and Life Sciences ,Shanghat Ocean University ,Shanghai 201306, China ;

3 College of Animal Science ,Zhejiang University ,Hangzhou 316022, Zhejiang , China )

Abstract It is important to study the effect of flow rate on the swimming movement of juvenile Thamnaconus
septentrionalis. In this experiment, a self-made swimming device was used to study the swimming ability and
behavior of juvenile fishes at different body weights (10,15,20,and 25 g) and different temperatures (12,16,
20,24 ,and 28 °C) ,and to investigate the metabolism of juvenile fishes at the flow rates of 0. 12,0. 24 ,0. 36
and 0.48 m/s at any time. The results show: The critical swimming speed (U;) of the four sizes were 0. 42+
0.03,0.47+0.01,0.53+0. 03,and 0. 62+0. 01 m/s,respectively. Burst swimming velocity (U, ) was 0. 53+
0.06,0.56+0. 02,0. 60+0. 02 and 0. 72+0. 01 m/s,respectively. The swimming ability of juvenile U and U,
was significantly improved with the increase in body mass. The U, and Uy of juvenile fish at 25 g at five
temperature groups increased and then decreased with the increase of temperature , and reached the maximum
value at 24 °C ,which was significantly different from that of other groups ( P<0.05). The oscillation frequency
of the caudal fin, dorsal fin, and anal fin increased with the increase in flow velocity, and the oscillation
frequency of the caudal fin was significantly different among the four flow velocity groups (P<0. 05). The
oscillation frequency of the dorsal fin and anal fin was higher than that of the caudal fin, and there was no
significant difference between the adjacent dorsal fin and anal fin in the 0. 24-0. 48 m/s group. The trend rate
with flow velocity was significantly higher than that with static water, and there was no significant difference
among flow velocity groups. Juvenile fish at a flow rate of 0. 36 m/s and 0. 48 m/s for a long time will increase
the consumption of glycogen and blood sugar in vivo and show anaerobic metabolism. Studies show that juvenile
Thamnaconus septentrionalis has strong swimming ability, and it is necessary to control the instantaneous
current not to exceed Uy and not to be in U, for a long time. From the perspective of metabolism, lactic acid
accumulation will cause harm to fish. Thus,juvenile fish should not be in a flow rate higher than 0.36 m/s for
a long time in the breeding process and the flow rate of the water should be adjusted regarding the water
temperature and fish specifications

Key words : Thamnaconus septentrionalis ;swimming behavior ; swimming ability ; energy metabolism
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Seasonal distribution characteristics and correlation of

microplastics in coastal wild oysters and beach sediments in Qingdao
HUANG Liuyi, HUANG Jiehong, YOU Xinxing, SHENG Huaxiang, WANG Chong, PENG Hai
(College of Fisheries ,Ocean University of China ,Qingdao 266000, China)

Abstract ; Marine microplastics in coastal regions, where human activity is intense, have attracted widespread
attention. In this paper,the distribution, composition, and seasonal variation of marine microplastics in oysters
and sediments of Zhanqiao Pier are studied. The results showed that the variation trend of microplastic
abundance in oysters and sediments is consistent, with the tendency that summer > winter > autumn. In all
three seasons,the abundance of microplastics in oysters was significantly higher than that in sediments, which
was 3—4 times that in the sediment. Overall, Microplastics in oysters and sediments are mainly fibers, <1 mm,
with no obvious seasonal change. In general ,the color of microplastics in oysters and beach sediments is mainly
transparent and blue. Micro- FTIR shows that the polymers of microplastics include polyester, acrylic, rayon,
cellulose, and polypropylene-polyethylene copolymer. Based on the consistency of the abundance of
microplastics in oysters and sediments with seasonal changes and the similarity of the physical characteristics of
microplastics , it is suggested that oysters should be used as marine microplastics indicators in the Qingdao
coast. This study can provide a reference for the risk assessment and monitoring of marine microplastics
pollution in Qingdao inshore marine products.

Key words: oyster; marine pollution; marine monitoring; marine microplastics; beach sediments; seasonal

differences; qingdao coast
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XTHRAH  BRAH 3 A4-PAT, S 25 mL i 22 21
FFOA T W, 081 24 R 2F 6 FF 1 1 F &8 0. 463 x
10°CFU/mL, B/ 3 d A 1,05 10 d, $Em

AL 4 /d, M 6. 25 g/Uk, FeMERTR] A 0700,
11:00.15:00.19:00,
1.3 HRRESLE

TR f RN 25 50 2 — YR FLAN X A
KRR iR, K 1400 F) S asdhm i 78 K
Il T 77 5. 00 em A RAEAHE I 2 X R K A4
L pH IR,
1.4 RESHOTERE

L=1L -1L, (1)
W=Ww -W, (2)
S =(S/S,) x 100 % (3)
F=F/W (4)
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i L AR & em; L, WAKRKK  em;L, N
VAR, em; W 3G IR &, o5 W, AR KR
Lo W, AWIHRIRT R, g3 S AFIG R, S, AR
RGBS, MPIGRAFTE BEG F MR ARG F,
POES LS IIE ST EN o
1.5 KERIBHRUERE

SRS RIRIR (HY 535—2009 ) FRifi R EL
BEmy 5 vk e WA R Eh A A BB (GB
7493—87) ARifERH] N—( 1-%% %) S (/73 5 19
JE vk I s A AR AR Al R K B4R (GB
17378.4—1998 - 39) ﬁ {’E X B - 58l R
et
1.6 HBEFZITEHF

KA Excel 440 B 51 H AR Ak R 3 A
iz ] SPSS 19. 0 AR X £ 4 51 28 ANOVA J5 2%
AAT IR B (AR 22 R

2 #R

2.1 HEEFAFEX NAERERKFE TN

Fughiest iR 35 10 d Je, PLAh T X 0F i 44
Fik () AR AR R B R 1 iR,
PRI AT I R (77.07% 1. 22%) 5%
WRZHFETE R (71.73%+2. 81%) FEAE 1%
5 (P<0.05 ), 1 50 2 R HE 2] A 44 K (A
)RS RO B EE R (P>0.05)
EIXE ARG (0.3720.17) em A5 1
K (1.88+0.50) g i TXF FEAA KK (0.23
+0.10) em MAFTEIEK (1.57£0.09) ¢ HAAL
TR IR A A R A (1. 78+0.12) |, B hpsi
PR 25 FRAT TR Al 00 20 (43 R %K. 1. 4720. 45) g
ARFEAL 0. 31,

®1 AHENFHERE(EK) FERRREARY

Tab. 1 Body weight (body length) ,survival rate and feed efficiency of L. vannamei

ey AR em PRI /¢ RAES AR
Oh 240 h 240 h
A 9.40+0. 08 9.76+0. 67 5.12+0.09 7.17+0. 50 1.27 78. 40
B 9.30+0. 09 9.51+0. 46 5.26+0.23 6.58+0.44 1.99 76. 00
C 9.20+0.08 9.74+0.52 5.03+0.12 7.28+0.72 1.16 76. 80
D 9.20+0.08 9.54+0. 47 5.08+0. 34 6.55+0. 89 1.89 72.00
E 9.60+0.09 9.75+0. 58 5.38+0. 35 7.01+0. 81 1.65 74.40
F 9.50+0. 09 9.69+0. 59 5.18+0. 26 6.79+0. 48 1. 81 68. 80

I E R 2R AT B0 A 4 B 4 .C 4, RSN R ZF AT i X B2 . D 4 K 4 F 4

2.2 BEBFRATEXKEIEYEFE0E
2.2.1  HURBR S FAAF A *F UL 5 39T A 5 K AR
NH; -N 4% 69 %
F 2R ST BTG FLARTE X IR SR 51 K (48 NH
N AR B2 an & 2 B, i B0 4 A HEZH
NH; —N J5 ¥ B2 43 S A 85 19 (0. 05+£0.01) mg/
L.(0.05+0.01) mg/L AWr T, 7E25 10 KAk F]
WA e R B2 1 R (5. 5120.09) me/L. (6. 07+
0.22) mg/L, 3 & 7 I #6 Z R 2F 1T 1 Bk
0.463x10° CFU/mL 935 41 5 %) FE4H /Y NH; -N
TS IR R EZR (P<0.05) ,HE
3 KIHAKZH NH; -N ik (1. 68+0.16) mg/
L 5% I8 NH, -N BB (1. 98+0.19) mg/L
ToREZES MAER 6 KT K4 5% 24 NH;
-N Fii e 2 510 (3.45+0.05) mg/L. (4.24%
0.17) mg/L,Iuh 25 P 3 (P<0.01) HAH

XA NH -N #}JE 18. 85% .,
2.2.2  HADLF TAF X L4 IR s IF AR A R AR
NO,-N &= ¥ 7
%ﬁa@iﬁ%@ﬂlxﬂt%?ﬁiﬂmﬁ%@kﬁi NO,
AR AR 3 FR A S5 0 R4
E@ NOZ—N Jr ik B 4 A IF IR Y (0. 07+0. 01)
mg/L (0.07+0. 01) mg/L #f78 XTFFEEL 5
K NO,-N FigHE (0.13£0.01) mg/L (0. 14+
0.02) mg/L,M7ES 5 KIFLH, I 411 NO, -N
J e BE SR T4 B2 NOS -N FRA ik s |, HAESR
7 KA, K4 NO; -N Bk B (0. 11+0.01)
mg/L 55X 41 NO, -N BTk i (0. 12+0.01)
mg/L iR B B E 25 (P<0.05) , 1 5 % R 20
NO; N Jii 2 ¥ B A6 27 8 ik B W (E T 1 vk
(0.19£0.01) mg/L 5iXE4l NO, -N Jii ¥k
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(0. 13+0. 01) mg/L AH EY, #6122 BR 28 f AT 1
I2H 205k NOS-N 2R B H B 3% (P<0.01)
HZEBRF k%] 50.00%

8

ARG

WX
7 |

6

[}
T

w
T

NH,"-N /(mg/L)
£

[S]
T

o 1 2 3 4 Bﬂ%/d 6 7 8 9 10
2 ZFRMEX L YEXTERFRE KR
NH;-N &£/
Fig.2 Effect of Lysinibacillus on the content of
NH; -N in L. vannamei culture water
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Fig.3  Effect of Lysinibacillus on the content of

NO; -N in L. vannamei culture water
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Fig. 4  Effect of Lysinibacillus on the content of

NO;-N in L. vannamei culture water

2.2.3  HUABR O T xF L4 B X HF AR KA
NO;-N &2 W %A

TR 25T AR PLAA I X R 258 7K 44 NOS
=N AR R AN 4 FTR 6 IR4] NO; -N
S PO Ry E IR AL NOS -N 2% 1Tt
FESR 4 K R4 5% B4 NOS-N &5 5
(0.59+0.06) mg/L.(0.73+0.16) mg/L, i E
R EMZER (P<0.05) , b 06 i ] 34, X
HAZH NO;-N ¥ FEAE SR O TN 1k 2] 06 i o & 1k J
A (1.26+0.07) mg/L, MR K40 NO; -N Ji ik
FEN (0.82+0.07) mg/L, i 42 R 24 F AT
IRIG AR XL NO; -N Fr ik 3] 0. 44 mg/L, 15
e R L 3 (P<0.01)
2.2.4  HURBR O T A AT FLL IR AT IR IR A KA
#) pH 4% R

R 25 TR BT PLAR I X MR R 58 K 4 NOS
=N AR A E 5 s iR A AE 0~ 72
h (%) pH A (7.74+0.01) FREZE (7.62+0.03),
M Wi & (7. 67+0.04) 1 )5 F R
(7.6620.04) ; X FZLTE 0~72 h 19 pH WIZE M
(7.74+0.01) ZE18 % (7.63+0.02),24 h ZJ5
EFE (7.7120.01) , 545X BRALAY pH A
953 RIFIR P N R, 7255 5 KRAf, il 5 4 pH
(7.26+0.04) SXHRZH pH (7.15+0.02) FE7E
FER (P<0.05), M5 N 6 RIFIH, K54
pH (7.15+0.01) 5%} B2 pH (7.05+0.03) 7#
TEMCH %25 7 (P<0.01)

78

i A+
L psNcE
76 F
74 t
T

72 F

70 F

6.8 —_— .
0 1 2 3 4 = 6 7 8 9 10

fif 1]/
B 5 #aREBFETFEXEIRFEREK K

#9 pH KIRZ0E
Fig.5 Effect of Lysinibacillus on the content of pH in

L. vannamei culture water
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3.1 BEEFHTEN LE R KRR
ARG A 2 R 2F TR TR 56 4 L
GNP AR BT £ (AR ) R R 1) 3R B AT
BT 2R AR E g (A 4 .C4)
B R R T X R R A G R &= T
X HRLH X 2R a0 (R o 405 SR P R AL )
VN NG B 2 FRLRF DA AT 2 e FLAA R TR ) 2B K 1 e
FRRAR IR R B0, SRR A5 A R0 2E 74T 14
XoF LA Ve T 0 1 A AN R AR B b 4 e (H 22
SN0 3 DA DR Z BRI TR BRI 5 45 SR A
B8, X5 R E AR G 1) 2R A
REA B FRIE X R i &, Wi 26 B ) )2
FE R E R A R R s
P 24 G2 JERC AN T 3 384 L 4 Y X W 4 S 788 B 0 2R
4, [V 2 AT A 3B A 5 A 3 4 R 2 R
E LR, DRAP PR G 32 908 J T A A= e, 4 s A7 T
RUO2T 0 ) ZERIFFEE N PLAN SRR FR K AR BAT
BT R IE L, 45 7 SR G B i AR K B
BEAAEY
3.2 BEERFAAFEREMNAWEIIRFFEEKER
BER IHBRERINERERSENEN
ARIG IR EE Hy 0. 463x10° CFU/mL i
GATRZF AT B R L9 T o 0 S 5 K AR B S | A
i AHPRER A & i IR ER A B s e o A A%
i 18. 85% ., 50. 00% . 36. 97% , AH Lt T #X 7 4%
) AR BRBH T AR R A AR AR
K BRCZE AT IR 5 AU R 0 455 , (L RE L2 40 i
R, BEAR X 758 0 52 35 5 1 FH Al (572
AR AT A A — Rk e R R, L
A 7 #2 2 H,0+NO; +1/20, = NO; +H, 0,
TR 23 SR e W 202 2 FELAT TR RE IR B A ) 22 B
VA ER R Z AR, [R]85 5 A AR Hp i R £
RAT PRI AR 35 07 2 2 A 2 R 2 AT 11 174 ()
FEAE RS2 | 32 B3 3 1) FH e 2 R0RT i 1R 6 4
R B EFEYR W A SRR
MRS R AR R Eh A R R 2R A A A LT
B, T BEAL PR TEL R R LA Y X R AR 4 B T
FOA WL T R a0 25 SR S
R ZE AT B2 — A s ) .

3.3 BEERFATE LAEITIRFHEKERN
pH B Z5 0

FEFR B FLAA T X I ) 2ok A LA I X6 B 1 HE
TR 58 41 FH B R A A DLV Ah et A2 DL
ZEFRFF B LASR B AR A TP R A WL A R B 2R 1 7
AN, 7R O, IR A B KR T Y pH 1%
W T e, L 2 R 28 ELAT O 1) [R) AR A Sl ek 25
B SRR RRER B A R H B T s > (el
RIS ZH A FRFE AR pH AR T R ZH R i 5k )
WoEte B4 g iEds pH, iR¥ 411 pH 1k 2
7.35, 5 ARAH R 7. 09, 3X 5 H AP 5T i A b 2
SRR 258 pH 2k A AR A T L, BT LB
SUERES Sy R I W SR ol A 7 - |
T pH"Y
3.4 BEBRFAFENEREEDRRBRGE

ZERUFT TR AR RN A K 25 5 2 B A 2
DR 2 (AR AT 3, I UGR G P  H 2 R 2 AT
R BB DR T 21 55 B AR 1 7K A v JE At B
AT REXT AR AN A K A 5 ; 135 37 5 sh 0 4 5
RN — A E R B B 75 95 5 R B R 4%
PERTRN K EREE R R, 76 R H a3 B i A K
20 TR0 P s ) A5 45 0 4 il 08 P e o AR
WRE S EGCR A, i AE A PRI A5
R AR R Pk FUAK IV [ I
FheE R R A 7 5K S T 2 R A A
ST BEHAG SR 555 H T HER, G0 s YLK B, vk
s 2= S, TR SEPR I H H, BAR A R 2 A
BB AT I KA i S 2 B 35 7 B B V8 1, 75 A%
IKPR S B R , A S B RUR

4 e

A o R TN A 22 R 24 AT B % LA T Xt U
8 A R A0 25 WF 5 2 1, 1 2 2 AL AT o
JUEATERT IR A AR 16 A — 5 BT, TR] i
TIRBE K P B S R A RRER R AH IR ER AL
pH FA W E MR IR, MR 2 JAT s e — b
A 25, M TR SR T Rpse K 7T LU
L O
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Effects of a Lysinibacillus strain on the growth and

water quality of Litopenaeus vannamei
GUAN Liping', XIE Jingjing', LI Weihao' ,CHEN Haozhen'  WEN Zhenzhong',SUN Chengbo'*"
(1 College of Fisheries , Guangdong Ocean University , Zhanjiang 524088 , Guangdong , China ;
2 Southern Ocean Science and Engineering of Guangdong Laboratory ( Zhanjiang ) ,
Zhanjiang 524025 , Guangdong ,China ;
3 Guangdong Provincial Key Laboratory of Pathogenic Biology and
Epidemiology of Aquatic Economic Animals ,Zhanjiang 524088 , Guangdong , China)

Abstract ; Taking Litopenaeus vannamei as the research object, the effects of a Lysinibacillus strain on the
growth, survival ,and aquaculture water quality of L. vannamei were investigated. One experimental group and
one control group were set up,with three parallels in each group, 125 shrimps/barrels , initial body mass (5. 18
+0. 13 ) g,body length (9.40+0. 18 ) cm,water temperature (26+2 ) °C ,salinity 30,and experimental time
10 d. The experimental group was continuously added with Lysinibacillus at a concentration of 0. 463 x 10°
CFU/mL, The concentrations of NH, —N in test group and control group were (0.05+0.01 ) - (5.51+0.09 )
mg/L and (0.05+0.01 ) = (6.07+0.22 ) mg/L. The variation ranges of NO,~N concentration were (0.07%
0.01 ) =(0.13£0.01 ) mg/L and (0.07+0.01 ) = (0.19+0.01 ) mg/L. The variation ranges of NO;—N
concentration were (0.07+0.01 )—(0.81£0.07 ) mg/L and (0.07+0.01 ) — (1.26+0.07 ) mg/L. The
range of pH was (7.10+0.01 )—-(7.74+0.01 ) and (7.03+0.01 ) —(7.74+0. 01 ) respectively.
Lysinibacillus had significant effects on the control of NH; =N, NO,-N,and NO;-N in aquaculture water and
pH regulation ( P<0.01 ). The final body mass was (7.01+0.38 ) g, (6.78+0.23 ) g,and the final body
length was (9. 67+0. 08 ) cm, (9.6320. 04 ) cm. The experimental group was significantly improved
compared with the control group,but there was no significant difference between the two groups (P>0.05 ).
The survival rate of the experimental group (77.07%=+1.22% ) was significantly higher than that of the control
group (71.73 %=+2.81%) (P<0.05 ). The results showed that Lysinibacillus was helpful to promote the
growth , survival ,and water quality control of L. vannamei.

Key words : Lysinibacillus ; Litopenaeus vannameri ;water purification ; growth index
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ABEFEE S pH WA KA 2 T 77 BEAR KR
PPETE PR AEAL, S 1 i 05 B 2R XUBR ) H g
FORE, TRAMIE T AR KIR S I 275
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rh KRR AT e R TR K B BT A K
PRI Tl (T A KR R4 T 5 H
B BE AR KR I HLAE I S 30 S i it A 7305, 3K
55 I 5 B 2R KR B ARy (2. 80£0. 32) em,F
PIRE M (2.50+0. 13) g, o8 3% 2 d H AT
55, FRAHT R MK TSk R B 33, 00+0. 80,
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0.01 mg/L, WAH R £h i & ¥ B /NF 0. 04 mg/L,
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1.2.1 X%t
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WA & (rd st RE Y TARRFZEAT)
1.2.3 XIEEIE 0 32 5 M7
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BT EEREAT LS, W3 KT P<0. 05, 1 i
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eEE iz g ) /D, UL BRI, Jovk IE 57, BH AR B A,
J5 BEZR RSR A FE TR Ry & AR SR R S8, W)
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FIoheEte B, 76 72 h FRIESE T, FET- % N
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R 50% % 27 h HIET, HA pH IR AL 5
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PRI S (L3 1), Bl A A RS
X BEZHL 1) T B 2 RSB DA 5 ) AT sl 1 BR 3 o S
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Tab. 1 Effects of pH stress on the behavior and survival of Babylonia areolata

. W%/ % 17k
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7.0 0 0 0 0 0 0 EH IEH 1ER IEH Wi R
8.0 0 0 0 0 0 0 IEH# 1EH 1EH 1EH EH B
9.0 0 0 0 0 13+0.9  23x2.7 IEH i B R BT BT
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2 pH=7.0.8.0 i}, POD i J1 L2 B SCREAR G T 5
e AR 3 LA SE 30 41 POD 1% T ¥ 23k
FeFHE G R G, 4 pH=9.0 i, POD % J)
A FE 24 h 3 7t BRIEE, SR F) 15, 19 U/
mgprot, 4 pH=15. 0 B}, i 541 POD i J17E 96 h
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Fig. 1 pH stress is the main effect of immunoenzyme activity levels on the Babylonia areolata
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IHRE i HITC A SO E . ABF5E B I
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J7 BEZR KU R B 3= 3l o8 5 1 e, 2 A 9 B
PR 0T, 3% R SEATLAR i Bk sl B R, 2 328
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CAT F1 POD J2 3 ¥ 14 Py 8 2 (9 Bt S AL il
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ZREAG , X 0T BE 2 TR A T BE AR KU AR N A
CAT H1 POD A= 38 b FREE 1175 S Sz, PR G4 5
3K AN A I T (LR BT Bh AT, 4R
T, Bl s TR T 2B Hh 07 BEAR XU ) i ™= A=
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Effects of pH acute stress on the behavior and immune

enzyme activity of Babylonia Areolata
DING Ruixia'*** HUANG Xingmei***,ZHAO Wang*’ ,DENG Zhenghua®*’* ,CHEN Hengda’,
WEN Weigeng’**,MA Zhenhua>’* WANG Jiangyong’ ,ZHENG Zhongming’
(1 Tianjin Agriculiural College ,College of Fisheries , Tianjin 300384 , China ;
2 Sanya Tropical Fisheries Research Institute ,Sanya 572426 ,Hainan ,China
3 Key Laboratory of Efficient Ulilization and Processing of Marine Fishery Resources of
Hainan Province ,Sanya 572426 ,Haian ,China ;
4 Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization by the Ministry of
Agriculture and Rural Affairs ,South China Sea Fisheries Research Institute ,
Chinese Academy of Fishery Sciences , Guangzhou 510300, Guangdong , China ;
5 Huizhou College , College of Life Sciences ,Huizhou 516007 , Guangdong , China ;
6 College of Oceanography ,Ningbo University ,Ningbo 315832, Zhejiang , China )

Abstract; To reveal the acute toxicity and physiological changes of Babylonia areolata in response to low pH
and high pH stress, the pH = 8. 0 control group and pH =5.0,6.0,7. 0, and 9. 0 were used as the
experimental group to investigate the activities of four immune enzymes glutathione peroxidase ( GSH-PX),
catalase ( CAT) ,peroxidase (POD) and acid phosphatase ( ACP) in the body of the Babylonia areolata. The
results of the experiment show that pH stress has a significant effect on immune enzyme activity at different
times (P<0.05) ,while different pH stresses have no significant effect on immune enzyme activity ( P>0.05).
After pH acute stress, 1) after 6h of low pH and high pH water culture ,there is a decrease in vitality and slow
climbing ,and death begins to appear after 48h;2) The activity of GSH-PX in each experimental group shows a
trend of " inhibition-induction" ; 3) with the continuous extension of time, the CAT activity of each pH
treatment group shows a trend of "induction-inhibition-induction" ;4) the POD activity generally show a trend
of " induction-inhibition" ;5) the ACP activity of the low pH treatment group (pH= 5.0,6.0) show a trend of
"induction-inhibition" . This study has practical significance for the cultivation of Babylonia areolata ,and also
enriches the basic data on the immune performance of other shellfish.

Key words : babylonia areolata;immune enzymes ; behavior;pH acute stress
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MIEZERRFEKEAOVRET A RHIMEF 55

RFR G E B R
(1 W EKFEREIEE B ol LA 2S5 B, ¥, 200092
2 Al AT K P IR B TR A SE 6%, I, 200092
3 VIR R AK =5 A a2 Be, IR 201306,
4 m A KEF TS F B, VLI 68 ,214128)

HEATHEESEREAFARCMBET IO EAAEZR X EY BT AFRZMET TH &
( Pelteobagrus fulvidraco) % & B I %, T 2020 £ 9~11 A 4= 2021 5+ 3~8 A, 5 A KB Z Gk BH
Bitdok BARERE SR RGENRAR SRR H R GKRBRITBAEF N GRS AT KRBT
FHATEARE, SRITRAR BREMBES N5 A 1.90+0.77 g/m> - d.3.05 +1.43 g/m” -
d, A EHT A 0.45+0.29 mg/L.0. 81+0. 53 mg/L, £ 7 8 % (P<0.001,P=0.002) , L. %% %k 3o
2,HEIILA3~4 AEK,5~7T AdtE, FAR BRKRFHEAD AN T T LLKE AR SR LY
", AR KRB A N RS KE R AEBRY @ FKEMB AT N ER5 KR AR LR FEM

MENEY R, AFREERNZTRE S ERBIARIEG IR E SHIE, A F R & GRS

KB EH G, S THRE B E A RS KRR F

HESES:5964. 7 SARARAEED: A

ZE SRR IR G A AN [A) S TR )
FRO S A S E Y BUR FHRCR R IR A KA
YA ST R B, J2 A R UEZK 7™ 3% 5l
R HETHATEME R Z " Shpigel
AL Ry i AR ( Paracentrotus lividus ) - ( Sparus
aurata) -1 2 ( Ulva lactuca ) 7 7 5 2 | Gouranga
SEUIR I UK 28 SRR AR A R A
MY 3 7 540 ( Cetnopharyngodon idellus ) %27
FRIZPIREBA AR R, 28 37 2RI A
B T RGE BT KA BRI ST

FREE KM I AR ) 944 77 77 ( Primary
production, PP) J& ¥ BT 11 ¥ | g & Ui 3 10 25
fiE, S T OKARA P2 B8 Ty B S FRIHIK TR AT
EFRIRI G 22 R RS2, R KRR A 7 ) K
AL AR A R YRR X 3R S i
VIR = IR &, B R B 2
( Apostichopus japonicus Selenka ) I 354 4 4 = 1)

s B #5:2021-07-10

X EHHES :1007-9580(2022) 00-0091-009

FAAENT R 21 84 KL EUA A R R X )
G AL R R R ey e
( Ruditapes philippinarum ) FE5E PR 7= 1 E
IR TAZE, MG E a(Chl-a) IEMBEA &
AR A G, BRI, Ok F ¥ Fi £ ( Pelteobagrus
fulvidraco ) 275 3 9 5 FH WL K AR W A= 77 T )
WFFEAR ILAE .

e AR R P [ R A IROK SR AP S B B
FI TR BN B R SR A A 1Y R
FERIAIIG V5 Y ™ A5 o) j | 2B SR IR
ARG B 9 TS RS SRS RE AT A A%
firge B,

A58 MLt A2 252 00 A BE T R, X o
1 2 B IR PIRIH R GE 4 POKE BRI G AR 7 )

N R AT, RAEE— 2 T IR &

BE N R KRR 5, Ay B 0 0 2R 2 AR A 4 it
2%,

ESTE B ARAS R E IO I B AR R (CARS-46) 5 B ZTE U & 112055 H (2019YFD0900300)
TEE B X T (1997—) , B B EWFoE A, BT [0 K= F 2 S5l AR 5% . E-mail ; GeassC@ 126. com
BEEE X4 E (1965—) 5 1l W 61, iF 98 7 1) oK AR AR Sl A S TR, E-mail ; liuxingguo@ fmiri. ac. ¢n
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1 #R5FE

1.1 FFEMEEARRR

AR T E ISV X 384T (30°95'N, 121°
16'E) , it 25 SR SR E AL 0. 48 hm*,
PETHFRHH 5 K BTSRRI, b7 1A B B Rk 4
WS> M FEFE X (FA) AKX (PA) . W5 X 43
W, 38 R R K R G 520 XK HE Y 22K X

LA IR B FRBE X, FR 5 X A7 15 B R 1
( 1,0.02 hm®) FiFfith 2( I1,0. 04 hm*) £t
(I1,0.06 hm®) , F=FE A [F) FAK ¥ 51 F4, 3kt G AN [
FAS B R A B, oK AR & A B TLE
W (IV,0. 12 hm®)  AEYF4EH(V,0.07 hm?) |
FRAALFE M ( VI, 0. 08 hm?®) | A= 9 i A5 e i b T
(VI[,0.09 hm?) , Fhaw HAh 5 F2 990, % 3R K
T2 g0 (K1),

4 3
Vv H v - I
v 0 e || e Sydn ]
i\
e N LR
: /' 1L \
() HeAKE| | B2
{8 | u 23 S
- D = {
L"':} 4 Iﬁﬁml 6\
= @E::—ol «—
s[L2 =3
— AN A
\ = — 9 AEEWE

B HESHREE

Fig. 1 Schematic diagram of the pond structure

S A H AR AR DL R H At £
REBRPFMAG" D& EFRB LY R
i A A 28 S, A v AR SR B M I R I IR SRR
)5 FR AW M 2 B R MRS, TR
ZHRM . S, 11 o o i fa fa
B ( Pelteobagrus fulvidraco fry ), % [ K
2.10 ind/m*, W I o, Gk % ¥ 8 4 4)
( Pelteobagrus  fulvidraco  juvenile ), & J& &
0.63 ind/m*, WV, Vrf JlFR/ N, ffh 4
441 ( Pseudorasbora parva) , %% 4 12. 55 ind/m”;
VI K B 3¢ 2%, A 5 B A V8 BF ( Macrobrachium
nipponense) 5o [CJREEME ( Procambarus clarkii) |7
18 o5, B 8 ( Eriocheir sinensis ) . 4 85 ¥ % 12
( Bellamya aeruginosa) , %8 JE 43514 1. 09 ind/m* .
2.15 ind/m* 0. 21 ind/m’ 23. 16 ind/m*, ¥ Js
T, P2 S EY A MoK A A8 . IV il
FiZESE (Ipomoea aquatica Forsk) ; Wi V 1 FiAE /K
i ( Oryza sativa L) W VI H Ff FE 7K % &

TN

( Hydrocharis dubia ( Bl. ) Backer ), 5 £» ¥

( Cyperus involucratus Rottboll ) 5 jth VI H Fft 4 717
( Vallisneria natans ( Lour. ) Hara) ., /KF& K& L%
YEY) IR FIAE 25 0 10. 44 o/m?® , Hogr /K AR A
Yo i FAE 2 B2 3L 305. 28 ¢/m’
1.2 KEVIRZEFDHNESIHE

PR T 2020 49 H ~11 A} 2021 43 H ~8
HHEAT A 28 FORE N KRR B 9477 07,
A RAE— U, HH ] 24 K 13:00—14: 00,
S EIL 7 ASRBES (n=7) S BIREAE T AT
AEM A 1R A Winkler ¥ 337 BOK
A (DO) YR 10 RO 4, &l 2 R,
KRR KR 20 em ., 120 em &b 43 5 B H— 4
150 mL 28 FURC, AT R PO , 24 b JE B (i
I Winkler 3210 5 JfH | FURUT

WIS U TR A K Z I GUE 7 1A
KRR, AR

P =0y -0y (1)

R=0,-0, (2)
Kb P KIZWHAET T (mg/L - d) 30, HH



%46 1

AT IREE I 25 IR YR KA R G A 7 3 R e DR 520 i 93

IEE (mg/L) ;0, NBEE (mg/L) ;R K)Z
IR FE S i (mg/L - d) 50, FEHE A (mg/L) .
BEJ , R A BI(E R T RKAE B
G = I3 DL BOKAE SFE A AR KR S A
7= ( Primary production, PP) MoK AR B FEE =
(Respiratory consumption, RC) , x40,

s Pi+Pi+

P, =Y % (D, = D) (3)
i=1
! R+ R,

R, =Y Lx (D, - D,) (4)

=1

PP, KRR A 1 (mg/L - d) 3P, N i
JERRIZRIAE T T1 (mg/L - d) 5D, O i JZRYK
R (m) s R, AKAE MRS R (g/m” - d) 3R,
N JZRKZFER R (mg/L - d) .

(¥
/I\

K / / /

e R e e

RemAa
S 5

’ , Reomal 8o
\i7 =0l {iy
\l:l ) /( \“, I.
\ 7

2 REARETEE

Fig.2 Schematic diagram of black and white bottle experiment

1.3 KB EFHINE

KA A E—x, T LV
VI VIt SR B et v Sk | IV s SRR
TEFEHEK T 40 em Ab, TSR A A B30 2 7K Uit
(T) Bk AR %048 5 ( Effective Radiation, ER) 3 #2
Far R AR W 53y i )1 A R ek R A
SEALER A R B S AL(TN) B R i, 40
PR o B TR 2 (NHG - N) i 2, N -
(1-Z555) - OB R £ A PR #h & (NO, -
N) B B2, ZARAA TR 42 A1 53606 B 125 I i A R
A (NO-N) BTk BE | SHER P43 06 B il
S (TP ) AR 6 ( POZ_ -P) BT ¥k &, Winkler
BEIMERA(DO)

1.4 FHFEYENENVNERITE

TR RAE A (n=7) il AT DL B HL
IKEFTIKIR 20 em AEHUK 1 000 mL, & FHAF %
TR (25~28°C) [ E LUE 24 h J& , W1 W e 45 %5 15 ~
25 mL, FEAYE W 0. 1 mL, 3% T IF Hi A 2 1 H5oHE
W TE I T AR P e, THER PR A
PP 0 I 4 e B, R O, PR
U ZZ RN T 15% , 75 W358, i
JRBE IR YO EHE R, 2E4E 10~40 NIF
TIAAE ) I A S AR THERF- AR A Bk
FETE Ui M W) A W) & ( Phytoplankton biomass,
PB) " KRR Y A A AR

pbzsixVKXn><Vp><10'9 (5)
K. P, 1 LKEEP PRI AE i (mg/L) S
R BOHE A9 18 AR (em® ) 5 S, R i B B 1 AR
(mm®) 3 V A JE K AR AR (ml) 5 V, S ROHE
FHR(mL) sn HITHECA L (ind) 3V, I FRIFHIYIF
B (pm*)
1.5 BESGIH RS

il IBM SPSS Statistics 26 Fi 4% 4] 4% A
3 FRUFAE Y A W B K AR B PR 22 ] R T R
AR B AH 5% 4 43 M1 ( Bivariate Correlation ) LA & £ 70
2 A M9 43 81 ( Multiple stepwise regression) , X 14+
IK DCHIFREE X AR GAE 7= ) iR AR i oK
TREE AL P 7 HE 47 B R J5 22 93 B (One Way
ANOVA) , LA P<0. 05 1E K225 3K, LL P<
0. 01 1R 22 5t 3 AP

2 #R

2.1 FFEMEYE

Y] M IR A Y (PB) YE
0.65+0. 47 mg/L, {54 0. 02~2. 37 mg/L, &
AKX (T I ) PB #43{H K 0. 81+0. 53 mg/L,
FAEX IV, V VT VIt ) PB 24{H K 0. 45+0. 29
mg/ L, {§/K X PB #1035 5 T #2580 IX (P = 0. 002)
(F 1), WK 3 PR, Y66 PB T 9~11 H .3
~4 AL, 5~8 H Lk, % 2021 4F 8 J ik 5|
i, K 9~11 H 6~8 HiKIX FHHIX PB 2257
K, GERFYIADIHEM PB A8 b HAH [H] | 2
WIS
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Fig.3 Change trend of phytoplankton biomass
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2.2 WMFREFAMFRESRE

SR KA T T (PP) B {H R 2. 56 =
1.33 ¢/m” - d,Ju[E 4 0.30~5.94 ¢/m* - d, I
PP JE KA FE M 6 3l 31 Ay o R
AR, BRI, EoK T I It ) | FREE X
(V. .V VI Vi) PP ¥{E 435 4 3. 05+1. 43,
1.90+0. 77 g/m” - d, oK X% i 3 i T FR 78 X
(P<0.001) (£ 1), WK 4a i/~ % DI6ENL PP
Fo~11 H 8 AMAK,5~7 H BT, H o A 5~
8 H2ERIK,

SEIREW K ThRgMh PP AR fbEaFAH IR, Z Y
B,

C)

—_
=]

— 1l

74 == ——Ti
=1l it e Il it
= ——NVils < 5 I]\ﬁ
R 61 :':\‘ﬁ o8 ——\\W\Iim
J —=\lits NE —— Tt
5° 3 61
B 4] 5
R 31 og 41
L] s
42 % 2
& 1 =
R o] £ 0
200009 2020/10 2020/11 2021/3 202144 2021/5 2021/6 202177 2021/8 202019 2020/10 2020/11 202173 202174 2021/5 202116 202177 20218
H HiH
(a) WM AE A i (b) 224k 3
B4 H¥MEEFH(a) FRFEERE (D) THBER
Fig. 4 Change trends of pimary production (a) ,respiratory oxygen consumption (b)
*1 FHERXMEKEK PB.PP.RC.P/R
Tab.2 PB,PP,RC and P/R of farming area and purification area
2150 5 PB/(mg/L) PP/(g/m* - d) RC/(g/m” - d) P/R
FRHHIX FA I 0.48+0.25 1.76+0. 88 3.36+2.36 0.96+0. 74
I 0.47+0. 31 1.75+0. 80 3.61+2.68 0.78+0.57
1l 0.39+0.29 2.17+0.51 3.36+1.58 0.85+0.44
X ¥1E 0.45+0.29" 1.90+0.77" 3.44+2.26 0.90+0. 59"
#HKIX PA v 0.87+0. 58 3.5+1.47 3.28+2.29 1.76+1.25
v 1. 00+0. 62 3.39+1.53 2.58+1.75 1.76+0.79
VI 0.85+0. 46 3.12+1. 14 2.95+2.01 1.50+0. 82
VI 0.51+0.20 2.20+1. 18 2.36x0.92 0.92+0.27
X ){E 0.81+0.53* 3.05£1. 43" 2.79+1.85 1.49=+0.92°
P 0. 002 <0.001 0.221 0. 004
EotiEN e 0. 65+0. 47 2.56+1.33 3.07£2.06 1.24=0. 85
bl 0.02~2.37 0.30~5.94 0.51~8.41 0.18~4.30

T A5 DO RE M b K D 1 I [ 35 (L, X3 0 1 300 FR A IX o K DX 33, < it 3% {0 s a6 30 1) 4t - 4 4
Y R 1R ) At A AL R R SR )N R R 22 S R 3 (P<0.01)
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TENFIRAES (RC) AT, 4= RC ¥{E R 3.07
+2.06 g/m” - d,{E[H} 0.51~8.41 ¢/m’ - d, F¢
FAIX. F KX RC BIE 5350 3. 44£2.26.2. 79+
1.85 g/m’ - d, A ZRF AR E(P=0.221); %
WIS AR E R 0 LA (P/R) F3
1.24+0. 85,375 X P/R 4{H (0. 90+0. 59) %t
1, KRB R, ¥ K IX P/R ¥{EH N 1. 49 +
0.92, B E & THIX (P=0.004) (£ 1), 0
& 4b Fis & Thfe RC s g, T 9~ 11
HIEME,3~6 ATl ,7~8 A TR, THim BRIk
FF PP, AR L3 PP AN,

2.3 JKEERLEFETLFE

A ], 43t TN TP BB 53008 1. 72+
0.70.0.12+0. 06 mg/L,FFF X ( [ (1T M) &
W LI I oK X (IV VT V) (P=
0.012) ,DO A F= ER W BE (8 (BR TN) & °F
KX, Ho TP v B S B 3 R oK IX (P =
0.036) (% 2) ., Wh¥E HARERS (ER) WA 5 B
N, BIE N 12,45 M)/m® - d, ZRfRYE R R 7. 72 ~
15.76 MJ/m* « d, AR BAE 11 7, e th BLAE
51, WS,

SERIR  FRBH X AN K X ] K AR BELAL PR 7
2SR

*2 KEEBELEFEK

Tab.2 Changes of physicochemical factors

WiH FA PA P A AE SRR
T/C 21.70+7.21 21.70+7.21 0. 989 21.70+7. 20 11.40~31.30
DO/ (mg/L) 11.42+2.94 10.90+2. 84 0.488 11.12+2.89 5.54~17.17
NH;-N/ (mg/L) 0.41+0. 34 0. 28+0. 21 0.071 0.34=0.28 0.03~1.19
NO;-N /(mg/L) 0.45+0. 24 0.420. 18 0.537 0.43=0.21 0.26~1.21
NO;-N /(mg/L) 0. 10+0. 09 0. 08=0. 08 0.485 0. 08=0. 08 0.005~0. 43
TN/ (mg/L) 1.79+0. 66 1. 80+0. 66 0. 982 1.72+0.70 0.96~4. 69
PO} -P/ (mg/L) 0. 01=0. 009 0.01=0. 01 0.855 0.01=0. 01 0.001~0. 05
TP/ (mg/L) 0. 13+0. 07" 0. 10+0. 04" 0. 036 0. 12+0. 06 0.01~0.31
N:P 14.53+5.85" 19. 98+9. 43* 0.012 17. 64+8.53 8.72~44.17

TE < % DI RE M b A A s 0 )P 2498, < At B0 2R i 30 1] 4 it - 24, ) om0 39 1) el AR AR ) TR) A A TR O

HYHFOR2ER L (P<0.05)

AR MY m? +

2020/9 2020/10 2020/11 2021/3 2021/4 2021/5 2021/6 2021/7 2021/8

H iy
5 MmEARESTN
Fig.5 Changes of effective radiation
2.4 WREFHGFHFEMENE KEELE
FEPIEXEXR
KRR A A3 1 (R 3) , IR P IX
PB 5 T # {2 % IEAH & (P<0.01) , 5 DO NH;-N

WETAE(P<0.05) ;57K X PB 5 T i 3% 1E
I (P<0.01),5 DO & A (P<0.05),
PP Jiifi, 325X PP 5 T .PB #% 8 3 1IE M 6 (P<
0.01),5 DO R EF A (P<0.01), 5 NH; -
N.NO;-N & fAHK(P<0.05) ;15 /KIX PP 5
PB.T .ER #% . & 1EAHIE(P<0.01) , 5 TP & 1F
HF(P<0.05),5 NO;-N # It F A (P<
0.01), Z5HERM, HKIXFMFFH XM PP .PB 5
IR R - (A AN ]

KRR PB PP () EELR R X PP PB
LKARBAC A F AT 20z B MIH T (K 4)
g R FRAEIX PB Wl ad T ER POy -P #47
fli%5; PP vl T NH; -N DO #7455, K
X PB Al T ER PO -P $EA745% ;PP A5@
id T.PB . NO;-N #EFA7A55
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%3 PP, PB f/KEBHEFHEAIMEXERE
Tab.3  Correlation coefficient between PP ,PB and physicochemical factors
o~ FA PA
PP/(g/m* - d) PB/(mg/L) PP/(g/m* - d) PB/(mg/L)
PB/(mg/L) 0.580"" 0.688" 1
T/C 0.593°" 0.746"" 0.733%" 0.629°"
DO/ (mg/L) -0.561"" -0.389" -0.113 -0.342"
NH;-N/ (mg/L) -0.468" -0.385" -0.290 -0.136
NO;-N/ (mg/L) -0.460" -0.298 -0.530" " -0.233
NO;-N /(mg/L) 0.033 -0.002 -0.139 -0.063
TN/ (mg/L) -0.137 -0.308 -0.094 -0. 269
POy -P/ (mg/L) 0.171 0.110 -0. 146 -0.016
TP/ (mg/L) 0.076 0.023 0.361" 0.182
ER/ (MJ/m? - d) 0. 090 0.219 0.426*" 0.118
T R SZHNER B EMRE(P<0.01), " AT SZHE B EH K (P<0.05)
&4 PP, PB fIKGKENEFHESITES BT
Tab.4 Multiple stepwise regression between PP, PB and physicochemical factors
WiH ESw LAGIEVN-Y R’ F P
FRHHIX PB = 0.047 (T) - 0.067 (ER) - 8.949 (PO} -P) + 0.355 0.727 20. 457 <0.001
PP = 0.030 (T) - 1.046 (NH;-N) - 0.117 (DO) + 3 .020 0.631 13. 085 <0.001
HKIX PB = 0.074 (T) - 0.128 (ER) - 12.070 (PO} -P) + 0.924 0.578 14. 640 <0.001
PP = 0.077 (T) + 1.025 (PB) - 2.379 (NO;-N) + 1.559 0. 700 24.915 <0. 001

s PR AR IR T s PP R S )
3 itig

3.1 IKRJFAEYEYIE WIREF RS THE
BN 2B IR IR SR X ¥ K X KA
AR FAATE 22 5 o FRpfad R, S HE A AN
BRI o3 i o AR vh U S SR b Mk B BT, BB
ARG Y FRA BT R I B e 4t
% (TN,1.72+0. 70 mg/L) . &85 (TP,0. 12+0. 06
mg/ L) Jit 52 Vi BE IR T 4L 48 F5 Gl W 3 (TN =
26.89 mg/L TP = 3.03 mg/L)" K F% K th
I 7% 5H K AR HE I — bR #E (SC/T 9101—2007 )
(TN<3.0 mg/L,TP<0.5 mg/L) , &M LEFR%
FRIA AN Sy B e SR AL R 47 (0 K B R bk
GGy, oK R BEE IR ER R AR TR IX 5
PR AT RE S 1 7K X AR K AR A, AT A RO SR
FIRER BRI R R B 5 A i B 5%
ERIHFE R, S EUSK X A LK,
WA T3 (PP) TR ML AR S R GE R BE

IS XY AR R B E B R A
YIVE g A 7= i S iy, X A 7= B &

S UG 2 SR GO I TR A AR )
H(PB,0. 65+0. 47 mg/L) fik T 75 PR HL 35
(40.6~95.6 mg/L) S E &g falh, £HL
EIR IR IA RE S G 7 Ui A ) e A, DT
FKAEIG . JRR AT RESE MK A E B 7R L
TR BERAR , R A R o e R 7 A 4 B 1y, 4
il TR A . T PB B, B E R
e Y5 N, PP OAIK T 0 I 35 IR # (Acipenser
dabryanus) WL % (4. 08 g/m*> - d)'®) VLI M
( Mylopharyngodon piceus ) 3% (9.79 g/m* « d) > |
T BT MIE (9.39 o/m’ « d) P LS M E . Y
T 4 ANE WIS, S A Y R i R T
IR A7 07 YK AR P PERE . A, b
RC & (3~6 H) 5T PB(5~8 J1) .PP(5~7
)R FTRE & RC A2 15 W s A8 W) W Tk A )
ik 2 ARk #F PB PP KW,
BEAE RC T iy I AT N 0 4, ol AR /K AR H B 9
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AMG, FEUKAEAL,

ARG R LY, F756 X K X 1 PB PP
ZES W R X TR D R 0 20 B BUK IR
SR A0, W' R I BRI RS DR
K X PB (0. 81 0. 53 mg/L) & T 5 X
(0.45+0.29 mg/L) (P=0.002) , 3 -i#k— 1 S804
JKIX PP(3.05+1.43 g¢/m” - d) & TFEAIX (1. 90
+0.77 g/m”> - d) (P<0.001) , NIAINFEFEIX PP,
NIRRT TE TR FEIRIRAE G S X PB Ay
il P/RAE(HIGA ™ I/ VIR AR A ) S R A
FE IR E R bR, HARAKIREE 1, s R AR
A7 R, SR R BUREA R IR
], ZEFHRHMIE P/REN 1.24£0. 85, L 1L
THESH A (3. 91) 0 R bR G A SR
OB , KIRFEE , KX P/R(1.49+0.92)
BT FEHIX (0. 90£0.59) (P=0.004) , W AHEL
FIRFAX, K X PP AR FT 50 FI vl 38 gk
XA A P i, T PP R FHAICR,

3.2 HMMREFNEHEEYEYENEBRER

TRARPEAL PR 7 XF 35251 X A4 oK X ) PP PB
AN, OGRS R, T DO pH 5 Z K i
AL PBUY | B L8 RS S
FEIX K IX PB ¥I7E AR T 2B (5~8 H) THi,
Ji DRI AT i 2 1 BT A AR A T VR AR ) A B, A OG
P SR R, PB 5K IR B 3 IE A G (P<
0.01) , 3 FIXIHE > AT ST 245 BARST , WK iR
XA G A = S B s e, X
PB I U 25 TR DG (P<0. 05) , J5U I T RE 257
FEIX iR M AE R G, AR PB IR T KX, (H
DO & Tk X, BB B A G, FRFE X PB
I NH; -N M (P<0. 05) , 3% FI2 i is )
(25 S AAF , D PR T B8 2 4 6 v 39 U L 3 v
(14.53:1) 301 T TR A AR

1E PP J5 I, 1E A KSR AE S &R G b e i 5
SY AR E B R AR, T ER 353 &K i A
TR R P BRI, FRAEIX K
X PP T5~7 H LF+, KI5 PP #) i 3 1EAH G
(P<0.01) , BLE5 RS Ehmd | 323765 o f 2
JE = 3 4 R — 3, [, PP ORI PB AR 2
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Primary productivity and influencing factors of water

body in integrated multi- trophic aquaculture pond
ZHAO Yuxi'*?,LIU Xingguo'*,ZHOU Runfeng'*’ , XIAO Shuwen'** SUN Zhaoyun'**

(1 Fishery Machinery and Instrument Research Institute ,Chinese Academy of Fishery Sciences ,Shanghai 200092, China ;
2 Key Laboratory of Aquaculiure Facilities Engineering Minisiry of Agriculture and Rural Affairs ,Shanghai 200092,China ;
3 College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghat 201306, China ;

4 Wuxi Fisheries College , Nanjing Agriculiure University , Wuxi 214128, Jiangsu , China)

Abstract ; This dissertation has constructed an integrated multi-trophic aquaculture system of Pelteobagrus
Sfulvidraco and investigated the change law of primary productivity , key influencing factors of it. From September
to November 2020 and March to August 2021, the black and white bottle method , microscope counting method
and national standard detection method were used monthly to measure the primary productivity , phytoplankton
biomass, water physicochemical factors of the farming and purification area respectively, which were the
functional areas of the pond. Results indicated that the primary productivities of the farming area (FA) and
purification area (PA) were 1.90+0.77 g¢/m” - d,3.05+1.43 g/m’ - d respectively and the phytoplankton
biomass was 0.45+0.29 mg/L,0. 81£0. 53 mg/L respectively,showing the significant difference ( P<0. 001,
P=0.002). Primary productivity and phytoplankton biomass in FA and PA all decreased in September-
November , March- April and increased in May- July, with obvious seasonal fluctuation. Moreover , phytoplankton
biomass in FA and PA was mainly affected by water temperature ,light and phosphate. The primary productivity
of FA was mainly affected by water temperature, ammonia nitrogen and dissolved oxygen, while the primary
productivity of PA was mainly affected by water temperature , nitrate nitrogen and phytoplankton biomass. This
dissertation is aiming to clarify the basic ecological characteristics of Pelteobagrus fulvidraco integrated multi-
trophic aquaculture pond,which provides theories for efficient aquaculture.

Key words ; Pelteobagrus fulvidraco ; integrated multi-trophic aquaculture ; primary productivity ; phytoplankton ;

water quality factor
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Tab.1 Embryonic development time and morphological characteristics of S. maindroni
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Fig. 1 Embryonic development of S. maindroni
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Tab.2  Effects of salinity on embryonic development of S. maindroni
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Fig.2  Growth type of S. maindroni at different salinities
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Tab.3 Effects of salinity on the growth performance of S. maindroni

H it XA/ (em/d) MBI AN A/ (g/d) B R AR/ (%/d)
&

SZO SSO S24 SZO S}O SZ4 SZO SSO SZ4
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Effects of salinity stress on embryonic development and

growth performance of cuttlefish Sepiella maindroni
HUANG Weiging'**,CHEN Yuguang',ZHANG Yi*,QIAO Ying’,MA Xiaowan’ ,ZHOU Fengfang'?,
RUAN Shaojiang'*,DING Jianfa'*
(1 School of Life Sciences ,Ningde Normal University , Ningde 352100, Fujian , China ;
2 Engineering Research Center of Mindong Aquatic Product Deep- Processing ,
Fujian Province University ,Ningde 352100, Fujian , China ;
3 Ningde Dingcheng Fishery Company Limited , Ningde 352100, Fujian , China ;
4 Mindong Fishery Research Institute of Fujian Province ,Ningde 352100, Fujian ,China
5 Fourth Institute of Oceanography ,Ministry of Natural Resources , Bethai 536000, Guangxi , China)

Abstract;In order to investigate the appropriate salinity for embryonic development and growth condition of
Sepiella maindroni ,the fertilized eggs of cuttlefish were placed in salinity of 5 (S;),10 (S,),20 (S,,),30
(S;) and 40 (S,,) groups at the water temperature of (22.5+1.5) °C ,and the local sea salinity of 24 (S24)
was used as the control group. The results showed that there were 17 stages in the embryo development of
S. maindroni ,the time of embryo development decreases with the increase of salinity in the range of salinity
20-30. The experimental group S;, completed the whole embryo development in the shortest time of 19d and
3h,and the incubation rate (90.5+4.4)% was significantly higher than other groups (P<0.05).1In S,,S,,
and S, groups, embryo development stopped after the 2-cell stage, 16-cell stage, and the gastrula stage,
respectively. In the range of salinity from 20 to 30, the formula y=ax" was used to fit the growth type of the
trunk length (x) and body mass (y) of the 1 to 30 days old offspring of S. maindroni. b=3 showed the growth
equation. After 30 days of breeding,the absolute increase rate,absolute growth rate,and specific growth rate of
body mass were (0.33+0.12) g/d, (0. 12+0.02) cm/d and (0.35+0. 24 ) %/d, respectively. All the data
were significantly higher than the control group ( P<0.05). The results showed that the salinity of 30 was more
suitable for the growth and development of cuttlefish S. maindroni.

Key words : Sepiella maindroni ; salinity stress; embryonic development; growth performance
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Fig. 10  Prototype of fish character measurement system
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Fig. 12 Software screenshot of camera parameters and

image pixel calibration
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Tab.1 Measurement results of the cylinder

i H A 1 R4 2 IR 14 3 A 4
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s B (22 H) /mm 20 41 60 85
T AR 22/ mm -0. 64 -0. 66 0.59 -0.34
- BRI/ mm 20 41 59 85
o Y XHR 22/ mm ~0. 64 -0.66 -0.41 -0.34
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Tab.2 Measurement results of crucian carp ( Carassius auratus) and common carp ( Cyprinus carpio )

TERZSEL i 1 i 2 i 3 i 4 i 5 fiifl 6 it 7 fiifl 8 i 9 fiifl 10
i/ g 363.2 325 382.1  307.1  366.2 1133.8 1118.2 1015.7  729.7 757. 4
A&/ mm 42.23  40.84  44.19  39.25 42.9 61.71  63.61  59.82  52.19 55.44
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Design and implementation of trait measurement system for
common carp ( Cyprinus carpio) and

crucian carp( Carassius auratus) based on machine vision
ZHOU Xiaolin,MA Chao,WANG Zhaoping, YANG Hui, WANG Yanhui,ZHANG Kaisong,
MU lin,ZHANG Qin,YANG Xingli, LI Zhixun
(Henan Academy of Fishery Sciences , Zhengzhou 450044 , China)

Abstract:In the process of fish breeding, fishery resources survey,and aquaculture, the length, thickness, and
height of the fish body are measured. The traditional measurement method mainly adopts artificial
measurement , which has the disadvantages of high labor intensity, low efficiency, and low measurement
accuracy. Using machine vision technology to measure fish traits can effectively improve measurement efficiency
and accuracy,and is easy to be automated. Based on machine vision technology ,we designed an integrated trait
measurement platform that integrated fish image collection and analysis,, body weight and weight available trait
measurement ,and PIT scanning code, which can realize the accurate measurement of trait parameters of carp
and crucian carp. Pixel calibration is required for character measurement of 2D fish images. Due to the different
body thicknesses of each fish, it is difficult to achieve accurate measurement with a traditional fixed pixel
calibration plane when the body thickness is large. To solve this problem, this study designed a pixel calibration
method. During the collection of fish body images, the thickness of the fish body was measured by a distance
sensor, and pixel calibration parameters of each fish contour surface were determined according to the
thickness, so as to reduce the measurement error and improve the accuracy of the measurement of measurable
traits of fish. The measurement errors of the system were compared with the manual measurement results. The
results showed that the relative measurement errors of body length, body height, head length, caudal stem
length, caudal stem height, and body thickness have no significantly change with the increase in body
thickness. The maximum relative errors of body height and body length were 1.05% and —1. 39% respectively.
The maximum relative errors of head length, caudal peduncle height, caudal peduncle length, and body
thickness were 1.73% ,-2.79% ,-2.88% ,and —2. 1% respectively ,and the absolute errors were all less than
1 mm. The maximum relative error of body weight was —0. 36%. This indicates that the system fits the
requirements of fish characters measurement.

Key words: machine vision; fish; characters; measurement; phenotype data; Cyprinus carpio; Carassius

auratus
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Improvement of fish quantity statistics method based on YOLOvS model
QIN Xuebiao' ,HUANG Dongmei'*, SONG Wei' ,HE Qi',DU Yanling',YUAN Xiaohua'
(1 College of Information Technology ,Shanghai Ocean University , Shanghai 201306, China ;

2 College of Electronics and Information Engineering ,
Shanghai University of Electric Power ,Shanghai 200090 , China )

Abstract ; During fish farming,the number of fish in the ponds needs to be monitored regularly. Aiming at the
problem of missing detection in the existing methods, this paper proposed a local optimization method based on
the YOLOvSs model and a fish quantity statistics method with an improved output scale. By adding local
information such as the head and tail of the detected fish,the category with the largest number was selected
from the three categories of the whole body, head,and tail of the fish as the result of quantitative statistics to
solve the problem of missing detection. At the same time, for the case that the whole body, head, and tail of fish
were displayed as large-scale or mesoscale targets in the image ,the feature output of these two types of targets
was increased to improve the target detection ability of the model, so that the model can be suitable for
quantitative detection under the current conditions. The results showed that compared with manual counting, the
error of the quantity counted by this method was small ,the accuracy was 96. 3% ,and the detection frame rate
was 111 FPS. Based on the YOLOvS model, the application of local optimization strategy increased the number
of statistics by 37.4% ,and the improvement of output scale increases the number of statistics by 4. 9%. The
study can be applied to the statistics of fish stocks in fishery and fish detection.

Key words:fish quantity statistics; object detection; local optimization; improved output scale
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Fig. 1 Effect of ultrasonicpower on the yield of collagen
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Fig.2 Effect of ultrasonic time on the yield of collagen
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Fig.4 Response surface and contour map of interactive effect between different factors
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Fig.5 Ultraviolet spectrum spectra of UPSC and

PSC made from tilapia skin
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Ultrasonic- assisted enzymatic extraction and

relative solubility of collagen from tilapia skin
LI Jiarou' NI Jianbo® ,HE Jingyi' ,XU Huiya' ,JING Lunan',SHI Wenzheng'
(1 College of Food Science and Technology ,Shanghai Ocean University , Shanghai 201306, China ;
2 Ping Tai Rong Ocean Fishery Group ,Zhoushan 316100, Zhejiang , China ;
3 National Research and Development Center for Processing Technology of
Freshwater Aquatic Products (Shanghai) ,Shanghai 201306, China)

Abstract; The effects of the ultrasound-assisted enzymatic method on yield and dissolution properties of
collagen extracted from tilapia skin were studied. A single factor test was used to investigate the influence of
ultrasonic power, enzyme dosage, and ultrasonic time on collagen yield. The optimum extraction process was
obtained by using the box-Behnken experimental design. The collagen yield , ultraviolet spectrum ,and solubility
characteristics of ultrasonic pepsin-soluble collagen and pepsin-soluble collagen were compared. The optional
extraction conditions were revealed in the study as follows; ultrasonic power at 165 W, ultrasonic time for 26
min,and enzyme dosage at 1. 67%. Under these conditions, the yield of UPSC (62.26%) was significantly
higher than that of PSC (29.02% ). The ultraviolet spectrum showed that both of them had absorption peaks at
230 nm instead of 280 nm, which was consistent with the characteristics of collagen. Under different pH
conditions , the relative solubility of UPSC was higher than that of PSC. The results show that the ultrasound-
assisted enzymatic method is an efficient, environmentally friendly, and simple method for extracting collogen
from tilapia skin,which is suitable for industrial production. This study not only provides the best technology for
extracting collagen from tilapia skin by ultrasonic-assisted enzymatic method but also provides the basis for its
application in food processing with high yield and good relative solubility of collagen.

Key words: tilapia skin; optimization of ultrasonic-assisted enzymatic exiraction; collagen; yield;

relative solubility



9% 6 1 Gl IRARARY 2022 4E5S 49 45 S H K I

G IRREY2022 FEE 49 EEB X

ZRE5ER

HE K P2 AR BRI EEREE  covveeeeereeeeeeie e Fsk RA R, E(2)1
B UL R A R IIITHEE  «oveeeeereemeeee et eee ettt ettt e R EHRKRBR, £(3)1
AR I T B b S TS AT RS HE IR woveeeeenreeeemne e BfRA RIFR, LEE, £(4)1
S T TETE TSR THRRITNTT  wvvvvvrnererrnnnnneeesssiineeeeee e e e e e e e et e e e e e e e X R et EEE(S)L
o E R TG FE R A B I L L oeeee e SuaRE AN, B4 £(5)8
Ll PLA PHBV ﬁ%/ﬁﬂ@é%%@ﬁ*j{j(?%ﬁﬁqng(]ﬁjﬁﬁ .................................... ?E}E:{ s r;l'{f;y‘;f,}% 2 ’%f-( 11
3 PR RIS AL SO LA M B ™ ) R ST B -eeeeeee B %, #F B, VASQUEZ Hebert Ely, 5 (1)11
BRHE Cu( I1) e ZRIAIK T FRIE R G IR R B BRI TE ] ooeveeeeeeenns AR, 0 S BT, F(1)18
INL A 41 B ek SRR FR K FE8 I IZ ZIEARIIFTY ooeovvvvremeeeeenmneeee e e eiiie e W AR R, £(1)24
T T e 5 WL 5 FHETRE 28 f 258 45 S 5 2 T TE [ BATI] +vvveeeemeeeeemmee e e 7 A FE(1)30
%%rg%a%( HDPE) IV FEFE AR FE LR M BEARAIT  coeeee e %@g(l)g,g
AR BRI R SC R BRI ZLIHT o oeeevmmvereeeeseimnenee e A E M TRIRAE, 2 AL F(2) 10
YA T Ve 2 A T TSR BRI oo eee et e Bam Fuk IHE, F(2)18
BET CFD BEHELK PIV FORM BRGSO eeeeermeee KA, KFE,Z, $(2)25
BN IIZ Y TARE |tk 2oy ot % - SO PP PO PUOOPPSRPPPRO KHE KFE(3)10
FEVES VIR 2 R AL B RE ) 5 B IR AT LEE T +ovveeeemeeeeiniiins WRE,ERA,FAZ, F(3)16
S A A R IR B2 Bt S KB ST PEBE AT +ovvvverrvvnerrnenerrnnnerriinereiineniieeeaes HEE AETN, B4, $(3)27
ﬂl@@( Oncorhynchus mykiss) ARIK BN FTZE R EIFGY. oo 15X Z JEA—, P A ’%5—(3) 36
TS OB R BV R I R S AL PRI B DR FRIE FE A HYRICR v I EE 3w, A, 4 (3)46
BB 2 L I T BEL T AR IEE «-vvvvereeeeeeneeereemeenneeteeie et eee e e I&, 28R, TR, $(3)55
AN IR — BRI} £ IR R GRS A IGTEI oevveeremereeeieeniens HHE BN, B EA, F(3)63
BEAT RIS T FR I AT oeeeveeeeeremem ettt IPM, GHEE HEL, F(4)8
TKFIEER K FRIE AT IR IR A8 R GEia A TR E PERN A T A AL oo K& AR, 2R, (4)15
BRI K IRIH R G h PR B RV SR SR PRI oo ERERLK, E2R, F(4)26
S T A T FE M IR T AT TE BT AT veeervveeeeommeeeeiinmneesinneeesiieeeesaaeeas LA, XV Bk, | A (4)37
T AT S F T H RIS A R EIIEEY  covvveveeeeseimenee e AED I LA (4)45
T P TR S A ) SR TR IR AR IR AR oo B F2RE KKK, F(5)15
S TS R S EUE T BTG HFEAIHT v vvvvvvmmmnmnnnnnereeree e IR EELA BT, 5(5)24
T FLOW= 3D MU ZRAC TR TR A3 <o R, B4R KR, £(5)35
B TR E ST HESETEEE I B J] ZRGEEHE  cveeeoreeeeeenreeeeieeeesine e AR BRI, B4 H(5)45
VRV TR TR R GETETT v vvvveevmeme oo e EEF AEL KW, £(5)54
10 7 FE T8 TR S ) ZRE T vvveeeeommmreee e e e Fude EAF HAEE, £(5)61
VRIS 1 ShR R R G BT SiRRBEIETE <o vovvveerrereerni s Fadh BE MAE, F(5)68
HT RSB T B SR IR E T G GE AR BE APHIT oo v I3, EH, KM, £(5)76
ol T ALK ARIE TTIETIEIE <vvevveveermermeemeeeeeseeereeeeeeteeiie e s ee e Zufa weakak RueE, 5(5)81
THRFETAE TP R G S REFH wvvevveeveermemeeeeeeeeteeie et ettt s WRR, TAAK, EBE, F(5)89
SRR L TR BT T 2 A B MBI HT <vvvvveeeeeermrrreeeeesineaee e om BB R, FANE £(5)97
T S I LTI FUAE B0 T4 B TBIIGE.  eeeeeerrmmnereeeeiiiinee e #5 L7 vHk, $(5)106
HF LA TR ) F G A TR A IR BN TR PETIFTE.  cvvveeeeeermmemeeeee e Bk, R HET, £(5)115
T B IK T A KE AL A SE AT TTTE  weeeeermmmmmereeeerommneeeeessnenee e s e e Bk WA= A HEL(5)127
RNBEIZ I TAN - Frin k3o e PP PPPRRP RFET RAE KHTE (6)1
BB T AL I 225 B IRIE o ovevee oo PRAN, X8 B, F(6)7

BETIREREILIL BP $2 M 2% A PRI FRAEY 5 RS BERBIETE -ovevveeneeene ak, e R, HHR,F(6)17



| ol B3 AG b 2022 4F

IHA NI N EE K B T HEBEATAIT  cvveeem oo TKAE BB, (6)27
AR ST U TS 5 B RGBT I JARIE  oovvvvvvrrrmreermere e e Hik RFEEF KB, E(6)35
FIAL LT T SR B S T B PETF FIRIE  vvvvvernrrrereeeeeeereeere e SRR ET, LK F(6)42
U I 0 40 ZE K BN T 2R ETITIE cvvvvervmnrnrereeremeee e e e e e e e e WY R, 2, F5,%(6)49
Lkt T B 4) UK IE B S BERAC BRI ETE oo SEARR, Hhea i BT H, % (6)57
T 00T A A0 KRR v B TR ORE 2 A AR S H ORI v Fx—,hAE LEZ F(6)67
— PR R 2 FOAT TR T LA AT HF AR K TRBAM  weeeeeeeeeeeeeeeee e e e B W AR, E(6)7T
pH S X 7 BEAR UBRA T 0y B S BE BTG PR R SEI o evvvveeeeeie T, REE RIE,F(6)84
WY 2 B TR TR IR G P BRGAP TAPHE  ovvveeemsee e RF U, X E B, F(6)91
HREE WA 2 RTCET S R IG K T A PERE BRI oveevveeemiessin FH, RF R, RE, % (6)100
TR PID BUHE P HA R THITAMEE ZRGEIIFGE. v ovvverrrmememeee i A AR K AE(1)106
B b L 7 R P BE,REAR REW, F(2)34
OSBRI TG R ] BRGEVETT oo eeeeeeee oo e oo RlG, AR, IKAT(2)42
LU SRR 0 XK S RO AT P AR TIEB ( FPGA) SEBIL e WA, FAH, AR, F(2)51
g Ly = AU Ay KM (4)88
W 1 S54GBS AT R R B I PEREAUREIA ooevvveeeeeeissiii RE RMEE,FRE, F(4)9%
L JRRIRE O B2 2R N B £ BRI 5 02 LSRR AR oo G,k B, F(1)89
T Ly o ol el g L 1 R, AR, L, %£(1)97
Sttt Rt LTI AR T 2L - ermmmmmnrnneiee et ELm, kB B gE, %(2)76
BT Mask R=CNN AL FBE R BEARTTBETTIEBESE -oovveeermemee B AR, vk ARueAh, $(2)85
IR T4 2R B TR S BB FRIITAAL oooeeeeeessmsseecins D EE A, AR, F(2)94
AR TR E BRI TT SO BRI A covveeeeeenesses i RSB AT, F(2)102
MW 3E PG ER K TR T AR O BB UIA G B IR AOIFTE -eveeee e RE, BRI (3)107
TR APLEE 1B A i BB BEREII J7 1 oo R, RIS LR (4)104
S 7 O R B0 A 68 e R 1 SRR oo ERFE A ATH,F(6)127
B R R i O QR ral R b | e i BEG,BAE, R ()44
T IR ) A PR BN I MR BRI TTEBIETE  -oereeremmeneenes Bk AT IE R KL (1)52
I A 2 0 28 L 3TE R S AR T AR TR IR FE] wvvvvvmmnnnneeeeeeeeeee e e X @E A F, &R, E(1)6]
ST NB-ToT FITC AMTEAE A A FRIL PRI ZRGEMTTE  wovvveeeemmmmmminisiis FOTEE AR, N HE, F(1)72
i YOLO v4 BEBULE A EHARAGIN b IR FHAIFITY coveeeeereereieeee s HRAEEFEZTC, M, F(1)82
FTHE YOLOVS AR SR G840 G P A I G AR 1 oo e, BRIR A FREE, F(2)60
TR SRR L0 TR M I 26 I X R R B AT oo e o BF, Bk R IR, £(2)68
BT CBAM I BiFPN 2 Yolovs (UMY FARKEI  ooeemereeeei WAGA, FEA T, F(3)71
FLTF ResNet LI FEB MR TTEEIFSY  coevvermremrem e hE R X8 AR F2(3) 81
IR EATRE T T L ARTIFSE <vvereeveerrermenseeneeareeeeeneenueesaeteseeeseesaeeneeeenneas X RAER, 2B, F(3)89
TR IR 22 S WL R KB KA AR UG TII  vvvvvmrmeeeeeee e e oo e e e CHE, KA (3)99
R A T TE S R A B SR B R AT < eeeeeeeeemrenr e IR, X Lk S T (4)52
LT AR 2SR G L TR AR BB TT I FOTIFST.  vvvvvmnnrereeeemeeeeeeremiieee e W BA A S 5 (4)60
BT ZREEAFFR B K T EMZIE IR oo HFE,ER, 2R %(4)70
FET UMY BRI AR 2R 0 RG0S v K EH EEM, AR, F(4)80
FTPLAFILE Ao B G PRI RGBT G e Flgeak, B4, E kP4 (6)108

FEF YOLOVS BB R B BT T R TR GT. oo Ry s ,ggﬁ’ ?\ﬁ’%@(@ 118



