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Relationship between turbidity of water and visual acuity of fish

(3) Fish reaction to small bait target in turbid water*

Yoshihiko NAKAMURA** and Kanau MATSUIKE**

Abstract: Influence of water turbidity on fish visual acuity was experimentally investigated with

Japanese parrotfish Oplegnathus fasciatus.

examined with different target sizes at different beam attenuation coefficients.
the fish in clear water was estimated to be 0.09. It decreased exponentially with increasing beam

It was confirmed that the present results were consistent with those of

attenuation coefficient.
previous papers.

1. # =

MBI IR OMEKIZE » TR b, JEHMN R
W X v FEEHC X v BT B, RO i toBBEY
TV, frhoWl s SEET ID1E0h D T, ADE
B JERECRE 2 DIEEA 2 BT LIXB SIS S h
Ho TamTh, BEAOPETERW I LR — 7
vy M ICKT B USRI B EAC B (R T 5 O TIECE
BEiHRETH D,

O T 5 IGEE LTk O’'BRIEN et al. (19
76), CONFER et al. (1978) ® X' VINYARD and
O’BRIEXN (1976) BT X » THEEhTV%, O’BRIEN
et al. (1976) 1% bluegill Lepomis macrochirus DFEEL
DRI L BHDT, KERENLINCBIS Z &
FE LT 5, CONFER et al. (1978) %
Salvelinus namaycush @ﬁﬂ\’uﬁ@'%ﬁ]/bﬁﬁ%&ﬁ“ﬁﬁ@f
IO LTESOCHAT S C L, BT L

lake trout

* 19894F 4 H11H =M Received April 11, 1989
19884 5 H F#IRMIARR RS BN T-—H R E
*ORFUKEERYE, T108 B R #4-5-7
Tokyo University of Fisheries, Konan 4, Minato-
ku, Tokyo, 108 Japan

The reactive distance of the fish to small target was

Visual acuity of

$t3 5 RISHEMEA AT 5 2 EE RO LT b, ¥
72, VINYARD and O’BRIEN (1976) 1% bluegill % H]
WO REZE TS, L Liahib, Ko
BISEN & LCo@ h L BDTEORRY ERAVICRR 21
LT | i A A

K DE Y & BOFE I T 5% 1 #t (MATSUIKE et
al., 1981) TIxERD L LT 21 Cyprinus carpio % )i
W, TEE KT BT A IR SRR FE TR,
Wz, SEEIEREL (LU, 486 nm) 2AHE LIc G fy
BOBINE DB Z T BN, ORI
DWTHRE LB A kot B2 (hA - Ak, 19
85) TULNEFx =5 o b OREHIEEDFHEE LD
L, REMEEESE LS ETmIV NS x =7y
bR E G E DR DEERHIE B avE AT,

AP CITERA L LCH R T 5MlELDL v &
A Oplegnathus fasciatus B\, /PN &2 =475 b
() T2 HISERY 2 -7y POKEEIBIVNL
WA A T L THEL, HBRAET kD, &b
W, 1, 2MOEMEETIRC L DELRTHERY,
A%m%%&ﬁ%fwkuﬁ mmﬁ%ém%ﬁaﬁ&‘
BEE L7,



20 La mer 27, 1989

2, EBREEBHBLUAE

2-1 EREE

B0 RIEOMECILE & 200 cm, 18 60 cm, K% 30 cm
OREBIKEL FE UTE VI, £ 0 RE & SERRKOME
Bi% Fig. 1 Wd, AEAMEBREAMMTEY, #ikR
P 75 cm OFTC, BIES & B -7, A8 H ok
B I0E 16 cm DFT%, F OWANCIZ FHE MBS 3T 7o,
[A2s ¥ TOIEHEHT 125 cm TH b, TOERMIIT
5cm EfRCTHEY i\, KEAORRAE, 10W
DEBEIIT 4 AR KO LA =175 A%
ALUCHEE L, E7c, EBilofgls EHFRIZET A 2
Z R e,

BOWHE & L URE R EKCERE S8, 4070
BLH, 20 EBARE A, BELRELEO
PAHECERILL, 2 BRI D RATR Lck, BE
Bt~ 7 Vic ARTI20°C T 2 BEiEE S, - BEL
TH I, KRB R ZKE 0em ¥ THEAL, &
DEFERI AR ML D S ST L b, FHEEEE (FEOHE
& 486nm) 2% 0.2 JEMAHEK), 1.0, 2.0, 3.0 8L K
5.0m™! @ 5 O BRE A & JHE Ui,

BB T L IR TER LR M E2WE LT,
WFERITIVHET 7 4 L& — HA (0.45 pm) TIEH
Lo, 70°C THY LRSRIRZER L, FRE L7, JCHEEK
B« (m™) LHBEBEELOLBER G (ng/)) :0

S\ N
\ \
| \ \

LEADING FENCE
\

\
GATE
}‘ \L/ |
» /
S BTN

’.*__
9

O\

2000 —

Yy

Fig. 1. Diagram illustrating the expermental tank
used in the present study.
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Fig. 2. Relationship between suspended particles
(mg/?) and the turbidity (beam attenuation coef-
ficient; wavelength of gravity center, 486 nm).
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Fig. 3. Particle size distribution in turbid seawater
prepared with sea bottom mud.
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Table 1. Apparent contrast of bait at a distance of
1m for different turbidities.

0.1 1.0 2.0 3.0 4.0 5.0

10.9 4.5 1.6 0.6 0.2 0.1

Turbidity (m™*)

Apparent contrast

Table 2. Percent of the fish that took bait of differ-
ent sizes at different turbidities.

Bait size (mm)

Turbidity (m™) 2 3 6 8
0.2 40 80 93 100
1.0 40 73 100 86
2.0 30 83 97 100
3.0 63 93 100 100
4.0 25 85 95 100
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Fig. 4. Distribution of the reaction distance to bait
2mm in diameter at different turbidities.
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~Fig. 5. Distribution of the reaction distance to
bait 3mm in diameter at different turbidities.
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Fig. 6. Distribution of the reaction distance to
bait 6 mm in diameter at different turbidities.



KEDED & ALDOHITE DEIR 23

3mm, 6mm }LT Smm DHETHD, FEHILE
PNIFEFT X D RD AT TH B,

HHEHEFRES0.2m™, SO E I 2 mm, 3 mm,
6mm KLU 8mm © BEHORBERER T, Fhnt
Nn62cm, 93cm, 116ecm B LV 117em TH D, 3mm
DEDx =7y b TlREHEINE G, =7, FOK
I Smm 26 2mm TEADT S E, T Ilmm
DEWT 30cm OHEREENET TS, Fh, HHME
BB T &, WRRAERIEox—7 , FThiE
HEAK AT EA LTV 5,

Fig. 7 /b, #—7y F ORE ST 5 HRRA
B RDHZ LWL o TAVEA OGN EETEHZ &
NTED, RN L3 2mm DX — 4y MiTs LTI
FIEhdinsotes b, ¥76mm DX —% » M5

REFIEHKEO R S0 LR E VAL, £0
FEPADZENEZDLNAHSDT, 3mm DEOFERY
FAWTRE L,

FHOKEIH 3mm T, KHEMHHE L2 0.2m™,
0.9m™, 2.0m™, 2.8m™t BIXU5.2m™! DEEILE

o
120 2 BAIT SIZE(mm)
\\ v 8
110 o o e
h D\\v o 3
100} 5

M}l\o . N
80 |- \\\\ \\\\Qi;

5 .
= .
U8}
2 70 O\~o -
z N
<L ™
F
w A
a 60 \
~ \\A\
50 T
\\\\\
40 |- Ja; \\\\ é
30
0 1 2 3 4 5 6

TURBIDITY (m™)

Fig. 7. Relation of the distance to bait at discrimi-
nation limit to the turbidity at different bait
sizes.
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Fig. 9. Relation of the distance to bait 3mm

in diameter at discrimination limit to the
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basis of Fig. 8. Solid circles indicate the
highest values obtained in the present study.

DFRERBE R TS,

32 HRERSFELLRDIES) L OREM
TR0 X 5 AR ETES i 4 v £ 1 OBk
0.09 TH b, 14 (MATSUIKE et al., 1981) Tk
FRFEZBOTRDI 214 ORINL0.11 T H -7,
IO ILIERE KR R FEAKRTRD LD TH S
25, IR DICREEGR AN LB 32w TRE 15
ERD L 5T D, FEREHEAE OH I 5 HERER
DEALIZ DT, £ =%y P OAEX X LHREHORE
w28 (bR - A, 1980) 25 Fig. 8 iR T, [
Rk, = 4 xgRaL L, £ERFSTFELYHCTHREL
THERTH S, ARILD, KEE3mm DOz -4, b %
HwicE&o, ERERREOBEImCAE 5 HER IR F I
DA E KD, FOMRES Fig. 9 irnd, Fig.9 &
A (@) X Fig. 7 THWIA Y ZA4D3mm D & — %
vy PCHT AR AEREA R L D TH D, FERI
Fig. 8 »bkpicdboThs, WHEIZELS—FHL T
%o

Pl Ehn, a4 b4 v 31 ORINCIEAE s

Wb D LYW TE 2, COX5i, MEDELGEN
B Enb, L&ERHFETRDIERZ 21 AT
BEOHNE I OBEAORERICOMITCERTE %
PDEELZ BN,

X B

CONFER, J.L., G.L. Howick, M.H. CORZETTE, S.L.
KRAMER, S. FITZGIBBON and R. LANDESBERG
(1973): Visual predation by planktivores. Oikos,
31, 27-37.

DUNTLEY, S.Q. (1962): Underwater visibility. p. 452
-455. In M.N. HILL (ed.), The Sea, 1. John Wiley,
London.

JIRIE G « THRIER (1983):
fE. HKEE, 49, 55~60.

MATSUIKE, K., Y. SHIMAZU and Y. NAKAMURA,
(1981): Relationship between turbidity of water
and visual acuity of fish (1). La mer, 19, 159~
164.

NAKAMURA, E.L. (1968): Visual acuity of two tunas,
Katsuwonus pelamis and Euthynus affinis. Copeia,
1986(1), 40-48.

R EE - MVE IS (1985): KADED LROBEID
BEGR(2) D B L BRI B T 2B ORE I
B & CHERE. 54, 23, 123-129.

O’BRrIEN, W.]J., N.A. SLADE, and G.L. VINYARD
(1976): Apparent size as the determinant of prey
selection by bluegill sunfish Lepomis macrochirus.
Ecology, 57, 1304-1310.

TYLER, J.E. (1968): The Secchi disk. Limnol. Ocea-
nogr, 13, 1-6.

VINYARD, G.L. and W.J. O’BRIEN (1976): Effects
of light and turbidity on the reactive distance of

4> & 4D #E B S

bluegill Lepomis macrochirus. J. Fish. Res. Board
Can. 33, 2845-2849.

YAMANOUCHI, T. (1956): The visual acuity of the
coral fish Microcanthus strigatus (Cuvier and
Valenscinnes). Publ. Seto Mar. Biol. Lab., 5,
133-156.



