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RE  TI19B7THEIA1988E | FEZAKMT RN EHRERRENTHENE K,
HE R R S B RE X IE # U B 55k R0 B M AR RAX/NEE WL BNR
ke AR OIR B, (R ER, HITRE BN ARERANNE. SRR, BEAEZUR
B, S ZBRARE, PkAT M RESL, BEEERTEFURN, THEBENEMEZRE
EFEMHEE 75.1% FRED) 45.2%, FBET 39.8%. ~H¥BRH, MHMERETHHEZRELE
BEEER (P<001). BEAEZURE, FRMAMBES=ERTENERN., LREXH, SHEE
BT AR A SN, BT R R TR R,

X@im  SEE OERANE BHENR EH

FROES Q175 :

FR DUEE G, I R R M SRR BN ENEE. BERIHEEYN
SWTEK =AM EFEF R, a7 AR AR R . U 5EA4E R AALRE 1IR30, K8
Fxt A RAAERALE — B R BT RF BT XM £ S (Kyssenos, 1969a; JlekcyTkal u 1p.,
1963; TlaemoB ® pp.,1983). tit, BRI FEA MWL, —FIANAKIERAREEN,
EERBEHEREER AN WREARFEN, AXMBELREIRET.REW
B B PR 2o} [ S SO BE B SR, 400 £ 8 A BE B LA R B RE S MU EE R R R BT IR A
USRI M R o 28R A B AL )

1 HHE5FE

B (Sparus macrocephalus) k1 8.0—13.5cm, F 1987 43 A —1988 4 1 A 4t
BEBRBEKTEHRAMEBEREY. TR HFESABEHASE (1997) RXNBESE
(1988). HRAWEMHSILILEN 0.5mm, FLEIFEX 5.0cm. LRAT, AXK/NEEHN
21 B 7 H S B DUBR A, A L3 /K e P 3G R 24—4a8h, R{E T M E, /K it FI P 28
40W HOBJTHREA, o SR G BB 80 Ix. KT $U4E 403 IR 45 06 % (1997).
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Wk, HirE BE KT ER RN CLRER 86 1x); Frib/KEA B E, KH 5> bt [H 7
TR¥zh; 834 24—48h R, BRI IT K M B2 AT, BB ICAR W 3h 05 i, R B B K M BE
E. ZELRF, REAFHELBE SHAR, WRE HIH L THEEIERITN.
BERLRERA, ESEBRERANFHRNE, AR, A TESLKEREINGRBES
M, EFFARIEH WA AR A TR 7K i HAt K3 B R A B A= B it —RR i 3,
—BEFT R WEREA LFRZ ALK, LSRRI, A oL R oA i 3h 75 @
BE, A REAR EABRBEGEE, REREHE. BEEIINEKER, FFHA
AFBRREBLER D). FEAFEFUREPEREER, TR KRMEBIKLESF
BEY. FRRNBLBRFEEME, AR ARHEL, F it AR KB, HEALRK,
HENBEE|KENREFRRERE. FHAE-BREIN—EEKRERERED, S
WREX P TR, —Bemt 5, 2B R MEE, ZRUW 31— 2L, RIG XAERB WS, HF
BREE. EXERT, RAREAEE. R EHAR, W3R LR A BMHTT.
Rl BSXBPPFHESHEFEXFLSERAIA ) ER (min)

Tab.] The time interval (min) between the beginning of aeration and the first fish's passing
through the air-bubble curtain in aeration experiments

WAERA . A T BRIERR
KF 1 2 3 4 5
F—K 1 6 3 4 1 3.0

EWHE HBIK 3 2 2 1 1 1.8 BEX%E
B=K 3 2 4 1 3 2.6 (1997)
F-K 2 4 3 12 1 4.4

LKEWE  BIR 6 2 2 2 1 26 3L
HELIK 13 1 1 3 1 3.8

22 RE5SEWMEEER

S5E®WEEA L, BHREZUREE, FELRT,E 10min Bid K+ LB RE
R, XRPLRENES, REDZRERBRE: YN BEFER, KEZWEH BREEDT
7J<¥|M=%E<J%¥k§kﬂﬂitb H LKW EHMK, RASKWRES R EZWENBHREEZER, B

2, SHHEE X IE B P00 O 2 0038 PR B i P B R 2 512 75.1% (BB EHE, 1997) M
45.2%, W3 3. HRHEE X B SER A RS A BE 1 R A A SR P B B A AT «
15, HEFESFRD, HARBER T EZRZFHEF =876 > F, ., EEHKE
P=0.05). RARE HIERENPEHRIT R (BLEITE, 1985), 1T H® 1 = 3.456 >
£, = 2977, REFRHAREZ MAEEREELER (P<001), WYBHA RS, M
Bt H PR T E T, T 39.8%.
2.3 SABERTHEMAERSRAWHXTHNEEL

MERH, ARHRAERET, BRESHEE R BB RSN E T HERE, S
HENEAEFSESWEEZER BAX—HEEER M R EE, EEEORE, Tk
HAFIRNE, EHENESEES, PR IR BE % LRSS0 RERE S
REMEE, WE 1. R4, —HRBRY, NFHESE BAS —UOE S SMEE R E H R, 5
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Tab.2 Average number of S. macrocephalus passing through the air-bubble curtain or the air pipe

for a ten—minute period in aeration and control experiments

Bt 8} 7% (min)

MERE LRARR B R R
0—10 11—20 21—30 31—40 41—50 51—60
B 19 20 20 22 18 17 BB E
EHWHK
THELR 83 81 76 67 71 70 (1997)
BERLHR 15 26 24 23 26 24
RERK
TAKE 44 43 43 46 48 43

MURRSFAEBEESR (P> 005).  $3 SARMEEAEBABERVHTFHREE
24 REMENBANSEEBENIER Tab.3 Average obstructing rate of air-bubble curtain to

SEHENEENERBHEE LY blinded S. macrocephalus in repeated experiments
W= R R 3, FESFERYA, TR B2 (%)
=R S 1 B K P s
(F=0.025<Foosin) s =1 8w, AFF BoK 458

BZK 42.6

HERB KM RIS K@
SEFEREER EETREIEREK
R mmEE, BFESEREER (F=0.25<Foese); BREKRF, BRREZMEDN
BREER Imin NESKEENEREPTUEHENENERE (R, HAE
10min B SMBENESRBHTHESN, LT EZR (P>0.05): XEBRI B K X
MIESG, RN IR LT EFR B,

F4 BSERIEIminEETSOAENFEHRIYAEITLR

Tab.4 Average number and percentage of fish passing through the air-bubble curtain

i 452

for each ten—minute period in aeration experiments

Bf[EF%)  (min)

MERE kR
0—10 11—20 21—30 31—40 41—50 51—60
19 20 20 2 18 17 BRI
EER¥X
21.2% 16.5% 15.1% 18.9% 15.1% 13.3% (1997)
15 26 24 23 26 24
REWKE . AEX
12.5% 22.8% 14.8% 16.4% 18.8% 14.7%

3 WitE&ig

30 KEY, BHEMIUREEEREZWRE, EHRIBARM, HEASKTEY
AR 2 LR, k2R U6 B AR EGR AT O, AR, R Bk WEER
AT, XEEHRARERKTHRR, TREEEARE X, BALRT, RERLKEHN
EHEREEN, ARESMERBERERD, MEKKPEHEAKELAEEZESS,
AT R R E MG, R FIHLEE T M. I3 R 18 R A8 I K

32 BHAEXAKE, NHENHAXEKEE TR, XXUEFWBENRE S, BH
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HWAREFEFEENIEM.

33 S5EFEURN—H@BHE,1997), REXEMES #*XT‘TY@%FE%EH‘J
34 SEEMNALNERNLEEATIFE. —BRAIERRBEENIBEKP =&
MEAIRP, NEF=ZMRIBIER. —BRAKER WKBEKT>ES, EELF
FKE, ER—THESERE B, XEANAEEE RN a™E— M
ﬁﬂﬁ,%ﬁﬁ*ﬂl%ﬁ[‘%. TRUTHAER, A SFL AR R B = SR KR IR

A, REHSALERANEIRARAFERE, URKBELAIBHBHEE R, B
Wﬁ&EﬂHﬁﬁlﬁI%%lﬁ WARZESRIRS, MRS K E R e, X e 30 7=
A, EEM TR P REER BT TR (BHXEE,1997), KA HAXRTER
RS M 0—25kHz, EEFE B KM E, FTER 2kHz AT MRS, T 100—1 000HzR 4
RAXTEBEEBRNEE (EFIEERR, 1984), [0, 355 R M B EREEANT
R (TR K, 1984; &I, 1961; Kysnemos, 1969a), BT LA S HLFE 7= A 4 75 st
BEERBRATRAK. BERIWBE RS, ERAKBEBENEHSAENESLERE
mEE, U RS HE LR B PSR SKEK, KK ES REZL, =ER
SALIRIR 30, X Fh iR 30 & BB A IR A 5 BT R BE GF A BR, 1985).

AN WENRIEA UEN 4 R E, DR, e, EBERE MM, LR=M
PR —FREEN, B EERAFAARA: — AN AEERAREEN, REEX
WREMMEER, Z—MUANEERTEEMN. ZERREFII, AKERHOIRES
WA RZAH % (JlexcyTknH u ap., 1963;I1apnoB u mp.,1983), IR RIEE RS A
BUESHHE. HanosF (1983 M EBRER, EAREFHTHAGEEESERITHNA, E
KH NI 20min FREKWE: MAERELAGETERMHYHLHMELSHEE. Brett
%(1958)2&% SHBEARNIYHNFAZRBE, MERED, FARRKKT R,

S X A 2E m B, R FE R R b 3 0L KA Rl SR E 8 B e FEm AE R ALAL
EE*H}LFW(/J\, AFMAREFRBREVNEELEMAEARREN (RKHHE, 1989,
1997), XA GAREINSKUENERERAE X, BI5RMEENAaR=ERKER
MIBRA X, WS, TMapnos% (1983) ERMBEFE MW LR P HIEL AR AKSR
BERBRZSEENEEFIEM. 0F%¥E AN Kysnenos, 1969a), 5| & I, [ p §y &
FRFRSEETENS, MARWAEFTEMYIERIFAEE. Kysnenos(1969a) ik
R EKEBANMIEZGE THISRELR, SFEAFHRE. EXMEL T, AR
TR, RERWEE N, FFUERKEEN, AU RERERZLEE; Eﬁﬁl%
BT, ATHEMESEM SR A - ER, XTURBREERR
BESPEERERBERRET, KEATHX Y@.%Kﬁﬁfﬁ%ﬁﬁéx—fﬁﬂﬁﬂwﬁﬁ
SR AREEKEMELEN, B RN FEGHEMNEERERN R IBE. MikAs
WEYHEZSREMME R 3—6kHz M5 ER B /D ELRHERXRE (Kysunenos, 1969b).

SEBENEFARBRAMAZARBRABEFEANLEREREN, SAREZAR
B, KB HERAE TR, TH39.8%, BHESEENHEEZERFARAETESHER,
RPN RBENNERAEFRERTAESETRAKER. ALREEZAKIL
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HPEATHY, BT 2k [ R &, SRR IE BT B BT AR A, MR RS
ZLARHAIH, ERFRRBR. KEBFELITPATURA, BRBR—ERENH
5, BEFGREARBREE, EXHELT, ANTEERMERERXKBS:HR, BT
KR BERAER KT KBKE) A KT EMUERTRAEENEFE. B,
EZEAARBRENARKEARER D, ANRENTEREFERZNER, ERRKE
BT HARME, HIERRDERAR.
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A STUDY ON THE INTERCEPTING MECHANISM OF AN
AIR-BUBBLE CURTAIN ON BLACK PORGY
(SPARUS MACROCEPHALUS)

ZHAO Xi-guang, LIU Li-dong!, HE Da-ten'
(College of Fisheries, Ocean University of Qingdao, Qingdao, 266003)

Y(Department of Oceanography, Xiamen University, Xiamen, 361005)

Abstract Indoor experiments were undertaken to investigate into the intercepting effects of an
immovable air-bubble curtain (IBC) on artificially blinded black porgy (Sparus macrocephalus)
during March 1987 to January 1988. The IBC was constructed from a hard polyethylene pipe (17.5
mm i.d),fixed on the middle part of the bottom of an experimental tank, from which columns of
bubbles escaped through a series of holes (0.5 mm i.d) bored in the upper side of the pipe at
50cm intervals. Compressed air with a pressure of 0.25kg/ cm’ was supplied by a compressor
(Model: A1301, Japan). The experimental tank (3.5m long, 2.5m wide, and 0.8m deep), filled with
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seawater with more than 3.5m diaphaneity, was surrounded with black cloth. The tank top was

illuminated with two 40W fluorescent lamps giving 80 1x on the central surface to facilitate
monitoring fish behaviors. The experimental fish, with a 8.0-—13.5 cm body-length, were obtained
from a local fish hatchery in Xiamen and maintained in the laboratory for 1—2 days prior to test.
Twenty—five fish in good conditions were randomly selected and divided into five groups to be tested.
The five fish with their eyes being blinded with a folded red-black cloth were put in the
experimental tank and allowed to acclimate the new environment for 24—48h prior to test. Each
experiment was carried out by dividing into two testing sections, for an aeration experiment and a
control experiment (without IBC). The observation period of each section was lh. The control
experiment was performed randomly before or after the aeration experiment. Three replicates were
successively carried out for each of the fish groups. In all experiments, the behaviors of fish were
observed with a CC-1 500 television camera mounted over the tank, and the events were recorded
on a video-tape. The time when the fish passed through the air-bubble curtain or the air pipe and
the number of passage were registered readily. The results show that when fish lose their visions,
their activities are restricted and they swim slower than those in a nommal vision state. The IBC is
still an obstacle to the blinded fish. The obstructing rate of IBC to fish decrease from 75.1% (normal)
to 452% (blinded). There is a significant difference in the obstructing rate (#test, P < 0.01)
between the two vision states. In addition, the black porgy has no marked adaptation to IBC when
they lose their vision. The results suggest that the air-bubble curtain has effects on the behaviors of
the black porgy through its vision, audition and other sensory systems. Perhaps these effects vary
under different conditions and with different fish species.

Key words Air-bubble curtain Intercepting mechanism Intercepting effect Sparus

macrocephalus
Subject classification number Q175



