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BF 4> %)% 2.5cm, 5.0cm, 7.5cm, 10.0cm 1 20.0cm. B H 4% A1301 & & S ¥l 7= 4
0.25kg /em’ MEHZT S, EIBREEKEMNKEENE S SILBE, £ EABKEM T
B, BIa5IERYA SHSEE, FAXE HP-3582A & B 314555 4t (00 & K it
R EES KL 20cm AR EFEREN SIS,

BEDLEL S BREEHE HNABALR/KEN 12— 24h, REHHER. TERIMES
AMARBEBR(OTR) WSS #1T, & h. RILIBREBSIRZATHZ G REILHELT.
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E AR ENLAT SR B IER, S RMEEENITE AKX T:
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WMWK, EfL2K 0.5mm B, FIESWENMFENARREAHF. SBFLER
5.0cm B, FARSHEEBLES, ERASHERSAEY,. SHBPRE - EBTENK
¥UBE”. MFLEE/DNT 5.0om( B) 2.5cm) B, AR B S EHEER, ROSER
HET, HREBEPHAEASKELFAIBPEHENSGHAR, HHHIKEHTS B
RIA], SHER B BMRFILE 5.0cm B HRl. SFLEEXTF 5.0cm( % 7.5cm, 10.0cm)
G, FANSHEREERE, SERZEAEREZLSHK, FHIEELESERER 4
AR, XRMSHBARE-E S, AREE-NKEME";, HFLEXL 20.0cm
B, XR M BCRRERRT.
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PUTHEBE, B—MiF3—9%Hz BKX, EHXKMEHE S, BAXKEE
“R7; AP RS EEMEN T 1kHz DU X, 10857 X 875 EBK, #8512 15kHz
DL ESR K ; [FR S E R E R SN R B dE RS RS ER.

HT&MSHBNAERR, PANEXRIERFE - RER. ARBUHBHSE
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WEETHRE, YFLEKT 7.5cm( E 10.0cm, 20.0cm) i, /5 E#K T M. BEEFLEE i
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i F 1kHz L FARX . 7F 3— 9kHz SiRX, LB X 10.0cm SEEHNE K&, L
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10.0cm( E 20.0cm) J5, FEXFATH. mEEMEBHHEH(E la), f 1kHz LI F&
$X, FLEE Y 5.0cm SHEHFE ERE(BAME) &E; fLEAT 5-0cm(F 2.5cm) &, &
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R, o, FLBE % 10.0cm F1 20.0cm S FEM A E T &L . 7 3— kHz AEKX, fEETL
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FIRT .
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Fig.1 Acoustic frequency spectrum of bubble curtain with different air —hole spacing
(a. Surface, b. Bottom)
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A LER-HK, RAKNELED, FUBHERARAR, AREIENRS, IEY
BHXTREIR R, HREERAMELNE, A EREF R REIEAX.
2.4 ARFLEES AR BE SRR LB
LR, WELKE, 5 10min 58 TK P LR RBREERFRLE L ®
AR, SEFERLUE, & 10min 8k p 2 (R KB REE 2 TR,
R 3 MEREX BREFAEHEBELEER. L& L
3MRHEBERHEREARETEMEG F=11.65>F 0o R ZEXNBENHE
EERERREE(P<0.01), LIFLEE 5.0cm 8B R HElf. £ Duncan ZHEKK

£ 1 ESCEA ALK RERK 10min 883 AW RS ES) HEHR N
Tab.1 Average number of fish passing through the bubble curtain (or the air pipe) for a ten—minute period

in aeration and control experiment

N o) L] (min)
T (em)  SE 0—10 1n—2 A—30  3—40  4—50 51—60

5.0 ES 19 0 0 2 18 17
8 83 81 76 67 7 70
10.0 &S 39 52 52 58 54 50
788 133 124 118 114 110 116
20.0 &5 - 2 20 277 25 25 25
B 56 53 50 53 4 53

£2 3HABSTERNEREAERNEHEE KU, LER SOcm SHBEWHEERE Z
Tab.2 Comparisons on differences among the average %Tﬁ%mjﬁ‘, ﬁm%ﬁﬁ‘ﬁ@]&i%ﬂ(
obstructing rates of three air —hole spacing bubble 5F(P<0.01) , M 10.0cm ﬂ] 20.0cm ?LEEE{,

curtains to S. macrocephalus ?@%B@Eﬁﬁ$lﬁjﬂﬁi%2§ﬁ:o W32,
Py R—— 25 KWK T REWRAT NI E
(cm) %) X-%4.5 X -55.5 AsAY,
50 51 06 kel 196 (k=2) WMEEER, BEESHETY SN &Y
10.0 55.5 1.0(k=2) ISJ/I\&’ Kﬁgﬁ%?@%’ lttB:J-’ 3%?\.?@
2.0 545 B HEBA LN RBEEER. XHE,
A ———" 4 R 7E TG B MR (X SR 7K M A8 9

#IiE AT, SEmAES R BRI 8 Eh
HIF L ZE IR AFHBSPAE - RETRRENHBERESSALEAR
FKEHMERR( £, BEBEER(F=1.25<F oo, XEHGHEZ G, E4Hf
ZLERH =R, FHFTHEE. AXUEHEN ThBSSES. T EMAMILEN
SHEE, BEEA FUMHOMAREEESSEE(ES, DXL —-MALENSIHE
¥, EERABS, aFEYOMESTINE. X485, 1Imin @FKERFHTFHE
WH, FLEEN 20.0cm A1 10.0cm B #F ELFLEE N 5.0cm 5, @A, FLEE A 20.0cm F1
10.0cm, £#7 10min B SEHFKLHELSE(E min @ SEFNEFEFEHEES



3m BBE: AFFLER & AR R MR 289

£3 BSXBRNARESEH S F— XTI SEMAR 8 EM(min)
Tab.3 The time interval {(min) between the beginning of aeration and the first fish’s passing through

the bubble curtain in aeration experiment

il #
o s 1 - ) ! : — v
Ist 1 6 3 4 1 3.0
5.0 2nd 3 2 2 1 1 1.8
3d 3 2 4 1 3 2.6
Ist 1 2 1 1 1 1.2
10.0 2nd 2 1 1 2 1 1.4
3rd 1 5 6 1 2 30
Ist 1 1 4 3 2 22
20.0 2nd 1 1 5 3 3 26
3rd 3 1 2 4 9 38
F4 BKXEPH 10min &% T AW EHRIBNEHIHTSE
Tab.4 Average number and percentage of fish passing through the bubble curtain for
cach ten—minute period in aeration experiment
fLEE i R (min)
(cm) 0—10 11—20 21— 30 31—40 41— 50 51— 60
50 19 20 20 2 18 17
21.2% 16.5% 15.1% 18.9% 15.1% 13.3%
100 39 52 52 58 54 50
13.3% 16.6% 16.9% 18.9% 18.0% 16.3%
0.0 2 20 27 25 25 25
14.2% 14.5%, 18.7% 17.2% 16.9% 18.5%

Sk, 8 10min @B THEFNERES
IhBSEBRPEIERNERREZ
HHE %) #B /5 S0min A94K, i FLEE
2 5.0cm B, 8 AFHER. AT, REFLES
HRE AT, B PRI 1T AR
.

2.6 RBEX 3 FLEESHEEENEL P~ o pram

HELKRHN, 5.0cm F 10.0cm FH#F e

LESHEBENRFENFEEEREES — EH2 IRENRBEES RN TR
W< B < %375(, fLEE % 20.0cm A, Fig.2 Average obstructing rate of three air —hole spacing
i?ﬁ%—‘mquﬂ Iﬁ?‘:‘% i Wfk%’ 1& bubble curtains to S. macrocephalus in repeated experiments
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HEFKRME, BHELIL. R4EUER, LRAMLESER EEMERIKIE D,

BEREA F SRR RS SRR TR, B 3 MLESEFEY LA BE
MILE.
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31 ARALESHESENUESRAR. FLEN SOom SEERRE - HETBHIN
“B7 MFLEEZE/E 2.5cm B, BEMSHEBER, EHEFEHR " BORFFLE 5-0cm
BHHRL 4FLEEA T 5.0cm( & 7.5cm, 10.0cm, 20.0cm) f5, BEETLEERIHA, P4
KRB, THERZAERELEER, SEFRE—SHME”, 5 B8R TH.
3.2 BMIESHENSES. RENFERBLREMNK HARAIAEEE —4
fiF 1kHz U FRIRK, B—M T 3—9kHz X, A ABEEEAMT 1 kHz
UTHBX. SHSEES, kHz UTHRXEEGNHEM 3 —IKkHz FIEXFEE
BHEESLEAERMXER, MRMELER KSR/ A MIRXE RGN E
#THE. Kyorenos (1969) HsScith R, 4IPS HE A BB s0n B Y,

3 — 6kHz 3R X fy 75 i {H 2 SUB T .

33 3MFLESHHENBHEFEARENALER, ERAREXMIER. XBRT 5%
BEMOKEZSRAR) X, WE5SEERGHEREEX. SEEERE, i
HERETRRE. WRAMLZES) A FBER, AbAED HAaTFZKuEaR
H, RAD IR ELHKE, FFUAEAFRTHEBE(XIEARSE, 1983), MMH
A H XA EFEEGE, XREBSEBEAR A WER. MREGRKE, A%
FENABHERT, ARESRI—IE‘EL2"HXE, TRSEESER.

34 WEILILZHRE, LEARN I HSHERETERAFAARANHEEER, HHEE
WRAEEVIEESR, Hb, fLENSOcm SHBHELRRR. —HH, XEEIE
BUMEEREX. YHESAAERSOcm A, FRHSHRERRE -EHINRNE
“f%7, SRR MR, MFLEEE 10.0cm f120.0cm B, SERHLERG
SWRZEERELHEKX, SEBFRHREREEBHGRKHS, ArTUALTIBEXE
i, SBHESE TR, Masos Z(1983) 45, RAMNSHEHAREIEE R
WHER, FREEAERBNEERE. B—E, 3FHARFLES AN REEHEEZORM
ERTRASEIIMBHETEHEYERAEX. ANTRERZLRERASHEENSF
. FLRWBHSHBEREANES S %S, FLEY 10.0cm il 20.0cm SHEHE K HEE
3— 6kHz SR XA EEH TR 5.0ecm S BM A E. FLEH K(E 10cm, 20cm)

jG, 3— 6kHz SRR A A EE®, WM RsERMA, FaEmEN, mie
MTF2ERKMERNRE, ALTETESEE. REBERPREIE, RFENHS
WESHBRE LK, AR ExHa AR R, #mHSBfLEN K MREN
FE TR, MREEAKRFHITIRELE, YEZIAEENERME, ATRLT
BESHE, BRAELA AR, Kyuenos (1969) 7£% dnf i & ERA4T T A TELRG
N, SMEHEPERRRPIEY 3 — 6kHz MEERIBA/NELEXE.
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3.5 fLEER 5.0cm MSMEBENHEESCR BE R T 10.0cm 1 20.0cm. & E%EEE
FE RSB RELER, BAARNER. MITAN, B8 ERNERELES
% 2 30.5cm (Simth, 1961), 15.2cm (Kupfer et al., 1966), 10.0cm (Cmeicnos, 1963).
Kysrenos (1968) 45 B & 30 — 40cm. i Jlexcyom 25 (1963) A A E E M FLE N
4.0cm. IlaBnos %:(1983) fEFLEE 0.5cm Al 1.2cm $F47 K&, A 9FLEE 0.5cm R T iF.
BB EfLEER M KNES], ARESZRAGRIRNE — ARKEAEX,
L5AREISERNBRAERAX, MXAEXFGNIEENIHTIERIKIE
EHEAX. Smith(1961) R7EEZEWEMRBAES PHTNE, FLBK P EYER
B, KF3.5m, ffEKMPEMMEREEDSHEENFAE. Tasnos F(1983) B7EE
B AR T 20cm Bk X/ DR B AT LR

36 BHEXIMIESHEATHABHENRASR, /EE 989 ENRESZ B, BF
FumkaRAENEHERFE(XERE, 1988 Mohr, 1960), AIREFESHEMAER
AR, WKEAEFBENHEHEMNRRARE, HZHIFTH, XEHHIAHTHR
HBASERN, MEEASHENTRKLERE.
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THE INTERCEPTING EFFECTS OF BUBBLE CURTAINS
WITH DIFFERENT AIR -HOLE SPACING
ON SPARUS MACROCEPHALUS

Zhao Xiguang
(College of Fisheries, Ocean Uniwersity of Qingdao, Qingdao 266003}

He Daren, Liu Lidong
(Department of Oceanography. Xiamen Uni'wrsit)), Xiamen 361005)

Abstract In order to investigate the intercepting effects of immovable bubble
curtains (IBC) with different air —hole spacing on black porgy (Sparus macrocephalus),
indoor experiments were conducted from 1987 to 1988. The visual and acoustic
characteristics of IBC with a 0.5mm air —hole diameter and different air —hole spacing
were recorded, described and analyzed. The air —hole spacing of each IBC was 2.5,
5.0, 7.5, 10.0 and 20.0cm and only the intercepting effects of the IBC with 5.0, 10.0
and 20.0cm air—hole spacing on the fish were studied. The IBC were constructed
from a hard polyethylene pipe (17.5 mm i.d.), fixed on the bottom middle of an
experimental tank, from which columns of bubbles escaped through a series of holes
(0.5mm, i.d.) located on the upper side of the pipe at regular intervals. Compressed
air with 0.25kg /cm? was supplied by a compressor (Model: A1301, Japan). The
acoustic frequency spectra of bubble curtains on the bottom and on the surface were
recorded using a HP —3582A spectrum analyzer at 20 cm from the central bubble cur-
tain. The experimental tank (3.5m long, 2.5m wide, and 0.8m deep), filled with
seawater with 3.5m diaphaneity, was surrounded with black cloth. The tank top was
uniformly illuminated with fluorescent lamps giving 86 Ix on the central surface. The
experimental fish, 8.0 — 13.5cm in body —length, were maintained in the laboratory
for 1 — 2 days prior to test. Twenty —five fish in good conditions were randomly se-
lected and divided into five groups to be tested in each IBC experiment. The five se-
lected fish were put in the experimental tank and allowed to acclimate the new
environment for 12— 24 h prior to test. Each experiment was carried out by dividing
into two testing sections, the aeration experiment and the control experiment (no
IBC). The observation period of each section was 1 h. The control experiment was per-
formed randomly before or after the aeration experiment. Three replicates were succes-
sively carried out for each fish group. For all the experiments, the behaviors of fish
were recorded with a CC—1500 television camera mounted over the tank and a
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video—tape, for subsequent analysis. The time at which fish passed through the bub-
ble curtain or the air pipe and the number of passage were registered readily. The
IBC appear to be a bubble wall when the air—hole spacing is 5.0cm or 2.5cm. The
bubble columns of IBC were distributed uniformly. When the air—hole spacing in-
creases to 7.5cm, 10.0cm or 20.0 cm, the IBC appear to be a bubble barrier, rather
than a bubble wall, and the bubble columns of IBC became sparse. In all acoustic fre-
quency spectrums of these five IBC, eith recorded in surface or bottom, there were
two acoustic pressure peaks, one in low frequency area (below 1 kHz), and the other
in high frequency area (3 — 9kHz). The acoustic pressure of IBC recorded in surface
was lower than that in bottom. The acoustic pressure both in the low and high fre-
quency areas dropped with the decrease or increase in air—hole spacing. In the 1h
control experiment, the average numbers of passage through the air pipe were 448,
715, 314 for 5.0, 10.0 and 20.0cm, respectively. Fish behavior changed distinctly since
IBC existed. Their swimming became faster than that in the control experiment and
average numbers of passage through the bubble curtain in 1h aeration experiment de-
creased to 117, 304, 114 for 5.0, 10.0 and 20.0cm, respectively. Signiﬁcant
intercepting effects of these three IBC on the fish behaviors were observed, but these
IBC were not complete obstacles to black porgy. The average obstructing rates were
75.1%, 55.5% and 54.5% for 5.0, 10.0 and 20.0 cm air—hole spacing, respectively.
The results demonstrate that the intercepting effects of IBC are affected significantly
by the air—hole spacing. There are significant differences between the obstructing rate
of 5.0cm IBC and that of 10.0cm or 20.0cm (P<0.01). However, theer is no
significant difference between 10.0cm and 20.0 cm (P>0.05). In addition, black porgy
has no marked adaptation to these IBC.

Key words Bubble curtain Air —hole spacing Intercepting effect Sparus
macrocephalus



