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40%. ZielinskiZ" ™ 5% B AL /KR b 36 T80 il 1)<
W5 75 3 [FIREXS B (Cyprinus carpio) B — & I+
BB PN R I A B IR R, ik
fi&g 11 (Schizothorax oconnori) M £k BE 0% 8 1< I Hs
T 2L I P AR B HLRAR B, I\ X A S e ™
A E I E R .
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I B, SR, KRG 8 1 — P KPR K £ 2K,
JRPEFAER X . H 19594F 1 k51 #E Lok, TR E %
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S $0 () 00538 7 1 = N [ TR R B KR R KR
15—19°C, #%9.5—10 mg/L. & HEMHE 1R, fRE
T8 ) 1 A K
1.2 SR ERAIE

SIS Hh BV R 2K 2 B Bl 0 KR (L
Bl K4.0m, %12 m, /KIEL.O m)F 47, anl&d 107
71N, 1E SZ6 7K R UL B H N 1140531 FE /R H K 71N35 mm
PR 2 G DoX 2 o1 T 685 11 35 20 L 7 ARG 30 v e deb
MWK L2 mA R N (PPR)E (4M4£20.0 mm, K
F£17.0 mm), B 1) P i FH 26 2% s oy % B, 7R b
WA AR NLFLEE 7 391,04 2.04 3.0814.0 cm,
FLAEDHN0.5. 1.04 1.5812.0 mm), FLH/E7R I
B HE IS K FL B 2 IEAL(IB-800W*4, HiVT ik
A BN R 2 &) iE i FLA26.0 mm ) HIE R &

BRI (TPU) B A w8, #E1760. 12040
180 L/min=Fi" <& 78 UHRAE; /KA % A 4 = F DG
RS TR, BEATUE S AT, P B e A 78 o5 KR
DB PR 7 5 ' FE BRI 1) S B0 ' A2 78 KA Hp g
JTEEES 1.7 mib 2235 (920 WHEEAT, T T I /K 1
FE200 1x; ' 8 SZI6 A B RS Sz 56 o 43 51 K FH Gopro
9FHHL(GoPro Inc.) 5 ¥4 812 54K A 2T AR FHMLAR I T
FIEHSRIEA PR 2 7)), FH 0L 68 (147 4 R B
Horp, R S2I6 ] = 6850 nm 20 AT (HG-
IR2030-90W, ZZ e M) BEAT e kb 78, 15T B IE
FATRAT 64 P 5245

AT
LLAMMERT
Gopro 9
VIS A5
WA
M AR
HEE LLHMHEAL

1 SR EH R R A

Fig. 1 Schematic diagram of experimental device



12 3 JHBREE: SR BN T A EH A A A 2005

1.3 WTR

B IR S0 T 57 7K AL Y10 2 BT i T8
NG KA | JeHE4T 20 30min (PR IE I, 435 4T
TESLER /KA N 3 B iESh, J6 B8 1) RO MG 46
SEAG . SEIG K AART I A N(9.23+0.32) mg/L, T
TR 9(89.0343.12)%. SEI6 THLE B N 1
Fiios o JGHRSEEG R A 5 — R B EAR O & (1) LA
1.0 mm, <8120 L/minff, #E47FLEE N 1.0. 2.0
3.0 F14.0 cm SR 5 FHEL S5, 2 FHEL R L i
FLIEA; (2)fLEEA, S E 120 L/mink, #4750 N
0.5+ 1.5F12.0 mm )= 055 B S8, € St fL
1%B; (3)LIEA, FLAABRY, 4TS 2 N60F1180 L/min
(PSR R S50, i LR EC, HAIR, A6
HESIZ G B 000 A BEL A2 3 A ) AU s AR i 0L
(FLEEA. FLABFISEC) AT RIS T 4
BHFZ ST . 76 HE PRI S 56 A B S IR S50 11, 4
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A TS IG KA Th, JEAT 3K E 5T 5056, S5 A A)
FHARALIC S 0L 8 (3 5247 A o
1.4 KBRS S

K HIBH$2 2 (Obstructing rate, OR) R/~ < ifd %
X S i PR BELRE 28 SR s BEL 2 o 2 2 s S 1
A0 1) 172 iR A 25 8] N VS B, SRR R B UR
Ufo THEARXWT:

OR =(1—-NPT/NPA)x 100

R, ORNHEEZ, %; NPT Jy B A s ] Py T i /4> 44
F By S ) IREL, I NPA D BRI [A] A 2
P S 56 Hp T i o SR T IR, R RS
36K FE % 1 VR AT B , i PR 2 B,
TH 10min Py AL 6 = 23 i SR HE PR E. BT
il = Bt GBI SR LA
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Tab. 1 Test conditions

ey =
Co?l:d{i%on ﬂfl% . ﬂglle Ga;htiw Illuri‘lﬁiiijtion
spacing (cm) diameter (mm) (L/min)
I 1.0 1.0 120
II 2.0 1.0 120
il 3.0 1.0 120
v 4.0 1.0 120
\% A 0.5 120 H
VI A 1.5 120
VI A 2.0 120
Vil A B 60
IX A B 180
X A B C B

i BB IR, T M B B I (I S AR
JB i Sy s oy, (R R EADE . M
() 1 B R BN RO F R B R . A B A
10min SV SR UL 68 O BEEE 2, FI T JE 4240 H7

F R LR R S R R
S R, TS A R (B 4 S N R B i o
T L AT () P ) b B e g o AR L SO
AR

v=0/S=40D /nLR*

Ao, v A, m/s; QNS R, L/ming SN HA
R, m’; DRI SETLEE, m; LASE S K,
m; RS HEFLIE, m.

FZINEE A5 119 S-W S 38 (Shapiro-Wilk test),
G BT OIS OO 5 e R BSCRH (1 TE S TR S
fih b, SRAECH FEAS TR 56, LR IR 5 B RS 2R
BE ], 2 [ S0 A T iy A< S i T B,
RT3 A, S 56 Fp A 70 0 BT 8 B 322 3R () 448 2 57 R
RS REA TR IR, ELEAN R L0461 R i se e
25 S5 2 (), T T R B M 2 R SR A
FAIRI 2R 7 Z 43 BT(One-way ANOVA), 73 HT 2% K 2 A
F K AR P R R AP 2 7 . Bl
3T FHSPSS 250344, PAP<0.05% 7~ 2 7 .3

2 4

2.1 TELEPHEEXBIMEMERITEFH
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2SI R I, FE G REIREE R, WAl 7E i
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o T 685 1 5 0 7 3 3 B W S VR | T A
Wi 7E BEREIREE R, W61 i vk A7 N 5 e A B T
AL, A T R R B R AT kD, 1 3K R AR
o GRUEIIN, BEIE PAEE AT 6l 7p AR R E b
J7 IR B e R PR 8 R 18 2 ik /D (T-test, P<0.05),
P 36%(E 2).
22 ABIMETREFEIITEAEER

TRER WL, FrA S AR
TV RSBk [0 o) T 460535 A7 B S PR SRR, 8 AR B M i
BB Hsik o 248 . BE AT AT e TR e,
TEAKAR R 2P R 8h, B /R 99855 77 1), DA R
TP AT AR B U 5, A I 2 A Vi T B
Ko WLHEA It 2 U0 ) SOIEL e, TR A SV % A
7N, BE g I A

FRIILAS/BEITEEAIPEFEEER W& 37
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Fig. 2 The number of Oncorhynchus mykiss swimming above the
bubble curtain pipe under light and dark condition
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3 AFESLEE U F TS B 2 42 (L2 1.0 mm, < EE120 L/
min)

Fig. 3 Obstructing rate of Oncorhynchus mykiss by bubble curtain
with different hole spacing (1.0 mm hole diameter, 120 L/min gas
flows)

(1.0~ 2.0+ 3.0F14.0 cm) =76 %% T 6 32 45 0 55
) BEL2 R0UR (T-test, P<0.05), FHoFLEEA2.0 em K]S
WA R i, B3 & T fLEE4.0 cm(One-way
ANOVA, P<0.05), 5fLFE1.0 cm#A13.0 cmZ 7 A &
2% (One-way ANOVA, P>0.05).

WA 4R, FEFLEE2.0 cm. < B 120 L/minf,
AFhFLA2(0.5. 1.0+ 1.5 F12.0 mm) S8 55 5 00T
47 W S P BHLA2 0O (T-test, P<0.05), HRfL&E N
1.0 mm A FH 3 A, (H 5 FL420.5. 1.5
2.0 mmZ F AN 2. # (One-way ANOVA, P>0.05).

W SPR, 7EFLHE2.0 cm. FL421.0 mmb, 35
(60 1201180 L/min)f) /< i 52 1 ot i fiti 45 B
IR BH 2O (T-test, P<0.05), H: 5589120 L/min
(I AE B A 2 i ey, 25 =1 T & 180 L/min (One-

way ANOVA, P<0.05), 5560 L/minZ 7 A 23
(One-way ANOVA, P>0.05). % [ FriR, 7656 E 3R
B3, FL4£1.0 mm. fLEE2.0 cm. K& 120 L/minff)=
TS T 69 1 BHL 2 58 SR AE BT L S R R,
FH+2 2% M(96.32+3.99)%, HEEfLE. fLEE. K&
K, SIS 1 h T2 BH A 2R 34 RS 3
JEINE S 2).
SERRSRESHERNRMN AR 8
I AGE A S, SRR S TR A H
AGEPE(E 3)e 7£10.61—84.88 m/s A EE P, Xf
FHPZ R AT FELA (K 6), 3 RHA AN OR=
~0.0063°+0.505v+86.486, R'=0.8367, H:H — k1
A HP=0.008<0.05, — X R P=0.016<0.05, % %
Wi P=4.3x10<0.05. k& AR AT EE R R R

21 V(©0.5mm) 3 VI (1.5 mm)
A 11(1.0mm) [ VI (2.0 mm)

T

40 t

PHAEZER
Obstructing rate (%)
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LI TR

The experimental duration (min)
Kl 4 ARSI R LA A BE 2 2 (FLEE2.0 cm, (& 120 L/
min)
Fig. 4 Obstructing rate of Oncorhynchus mykiss by bubble curtain
with different hole diameter (2.0 cm hole spacing, 120 L/min gas
flows)
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Fig. 5 Obstructing rate of Oncorhynchus mykiss by bubble curtain
with different gas flows (1.0 mm hole diameter, 2.0 cm hole spacing)
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%2 TEILAKBEXMTEIhMFIEER
Tab. 2 Average obstructing rate of Oncorhynchus mykiss by bub-
ble curtain under different conditions during 1h

LA an
T Hole Hole —
o . . Gas flow Average
Condition  spacing  diameter L/mi b >
(cm) (mm) (L/min) obstructing
rate for 1h (%)
I 1.0 95.40+1.49"
il 2.0 96.32+3.99"
il 3.0 1o 120 96.20+5.05"
v 4.0 83.84+7.47°
\ 0.5 91.78+7.35"
II 1.0 96.32+3.99"
VI 0 1.5 120 92.5246.05"
VI 2.0 91.5549.95"
VI 60 94.13+2.79"
il 2.0 1.0 120 96.32+3.99"
X 180 90.45+2.22"

T ANFEV/NG FRERIRAS [F] 53 /KT (P<0.05)
Note: Different lower-case letters denote significant differences
(P<0.05)

R3 TRLASESHESER
Tab. 3 Gas ejection velocity of bubble curtain under different con-
ditions

R A
Condition Gas ejection velocity (m/s)
I 21.22
II 42.44
[ 63.67
v 84.88
\% 169.77
VI 18.86
Uil 10.61
Vil 21.22
IX 63.66

(1) HH A8 40,08 m/s, 5 00 1T (v=42.44 m/s)#x
BRI .
23 ERETREFEIITEAEEER

76 LU I (#L421.0 mm, FLEE2.0 em, & 120 L/
min) ) S PR S0, AU 1 AR R [R], SRR
AT S8 PR DK AT R AR B AR . AE IR TR K
J& — BT TE] A, W < B IR Bl R K
FK R B, WK BB E KR A, A
W68 7 KRl N O IR R R B R R o B, T A
& BRI IR, AR KA RS, AR IR
SRR 75 1), DA R P AT R BE B e B I I 42
TE T S8 1) A< TR (1 0 R T S Ak 38 <
B 252 BRR, ek Ui B B B 4 o i R R . AT

A i H L RIE I LR, 56 BRI AR
WIE TR, BRSNS 0] 065 Th
I PH 23 N (87.48+2.55)%, MARAEAE I B (K P42 2%
F(T-test, P<0.05). S PRI b <, v 5 o] 0T 8 1 BHL
R B IR IREE N A7 1E B 3 % 7 (T-test, P<0.05),
PR T R 10% 0 47
3 g
3.1 HIHEFHSBREMAR
S0 LS R B, WL 5 e A R 1 7 AT
Wesh MR E S A s 2o i T KR 2 T ) =) FR
PE, SUHE M BT R S 3 A B K AR, 75 KR
PR T (] 8) . AT 7T 42 BT 2 2 X 75 K A
[ R R K2 S B, 7RSI G, W Tk
T, TOUIR [ KR PR e 30, DA Se IR IR IR, 1T
T 68 (1) 57 B R X T KA B AR LR REANAR, 3 4 ) (1]
TRFFF R BN o L0 8 /R £ DR /K R A 3 ot oK HH B
BHRERIE R, EEpOaRER", a0

"o boi
| % %

70

\O
(=]

ST
Obstructing rate (%)

OR =—0.0063x>+0.505x+86.486
60 ' R2=0.8367

50

0 30 60 90
L

Gas ejection velocity (m/s)

Bl 6 0 S B A U it 46
Fig. 6 Relationship between gas ejection velocity and obstructing
rate
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Fig. 7 Obstructing rate of Oncorhynchus mykiss by bubble curtain
in dark condition
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Fig. 8 Schematic diagram of circulation in the flume

X 5 A 5 T AL 68 (Hemibarbus ma-
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gl Ntk J7 18 248 £ BRIE L T ST
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TE. FEJCREIREE T, U fr] o e P R0 70 f 7E H ik
AV HE R P 7 )5 (E BRI AR, Ui A
(1) BT 88 2 7 Sk S 2 A SRR 52 BRI, 77 A B
S, T BALE G HE IR EE T, 00T 6l e o A0 o 4 ek
IR, AT AT R BSRE, TTAE RR G R, T
fith e 38 I R R T B RS R R R . L
T 90 e A s FR ORI B I TR 5 o o ) [ 422 2 43
AM(96.32+3.99)%A11(87.48+2.55)%, BIEIAEE T
BIRRF: R BB RS 1 10% 75 4, U EAL 5
AR AL R A — E AR, EA R R
VERT o T8 14y Wi i RATL A 4R 25 6 JHG At 2% B AR —
EFFEHTEAES G BIRAHTT. Hoh
FRANTA] #0035 1R 3 3L 8 77 A [F) 35 1 R ad
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OBSTRUCTING EFFECT OF BUBBLE CURTAIN ON RAINBOW TROUT
(ONCORHYNCHUS MYKISS)

ZHOU Mo, HUANG Liu-Yi, YOU Xin-Xing, LAN Gong-Hai, LI Yu-Yan and LIU Xiao
(Fisheries college, Ocean University of China, Qingdao 266003, China)

Abstract: Rainbow trout (Oncorhynchus mykiss), as a kind of cold water fish with rich nutrition and high value, has be-
come one of the important aquaculture species of large sea cage in China. The underwater bubble curtain has the ad-
vantages of low cost, no pollution and no damage in catching and displacing fish. It has been applied in the control of
fish in marine ranches, catching and displacing fish in river channels and intakes. In 2021, the “Shenlan 1” fully sub-
mersible large-scale steel structure cage developed by China has achieved large-scale rainbow trout farming in the cold
water mass of the Yellow Sea. In order to make full use of the cold water mass in the Yellow Sea to cultivate cold wa-
ter fish, realize the interception and aggregation of rainbow trout in the dark environment after the cage diving, and im-
prove the fishing efficiency, we explored the obstructing effect of bubble curtain on rainbow trout under different con-
ditions. The experiment was carried out in a light-tight room, under the light environment, four kinds of hole spacing
(1.0, 2.0, 3.0 and 4.0 cm), four kinds of hole diameter (0.5, 1.0, 1.5 and 2.0 mm) and three kinds of gas flows (60, 120
and 180 L/min) were used to generate bubble curtain. The obstructing experiment of rainbow trout was carried out by
single variable method, and the optimal obstructing effect was obtained. On this basis, the obstructing effect of bubble
curtain on rainbow trout under the optimal condition of dark environment was tested. The results showed that under the
light environment, the optimal obstructing effect was the bubble curtain with hole diameter of 1.0 mm, hole spacing of
2.0 cm and gas flow of 120 L/min, and the obstructing rate was (96.32+3.99)%. In the dark environment, the swim-
ming speed of rainbow trout decreased significantly. The number of fish tail swimming above the bubble curtain pipe
was 63.37% in the light environment, and the obstructing rate was (87.48+2.55)%. It was observed that rainbow trout
passed through the bubble curtain in passive and active ways. In light and dark environment, there are differences in the
behavior and obstructing rate of rainbow trout, indicating that rainbow trout can perceive the bubble curtain in advance
through vision, so as to make behavioral response. In dark environment, rainbow trout can not perceive the existence of
bubble curtain visually, but it can only perceive bubble curtain through other senses at close range. The visual effect of
bubble curtain on rainbow trout plays a certain role in the obstructing process. The bubble curtain with dense bubbles is
more like a “bubble wall”, which prevents rainbow trout from passing through easily. However, the bubble curtain with
sparse bubbles can not completely block the perception of the environment on the other side. This study explores the
bubble curtains on the block mechanism of rainbow trout, the results can be used for inside the cages bubble curtains
block fish, achieve the congregation of fish and other fishing gear partial fishing method and for large deep sea trout
fish aquaculture control technology and fishing equipment research and development to provide theoretical reference
and technical support.

Key words: Bubble curtain; Light environment; Dark environment; Obstructing rate; Rainbow trout (Oncorhynchus
mykiss)
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