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Studies on the Fluorescent Color-lamp for Attracting
of Fish (II)

——Under-water distribution of color light density and the
fish-schools aggregated——

Toshiro KUROKI, Hiroshi NakayaAMA* and Kiyohisa UENO*

Abstract

100W in-put under-water type fluorescent color-lamps for attracting fish were
used experimentally at eight points on Kagoshima Bay in summer 1957 and
autumn 1958.

Seven colors of fluorescent lamps were used; white green, day-light white,
cobalt, blue, pink, yellow and red. Complementally two incandescent lamps, 100
W and 200W, were used.

For the purpose of the determination of the distribution in wave length by
these lamps, at various depths (5~25m), color-light densities were measured with
a sensitive photo-meter which contained five kinds of color filters (V,B,G,Y and
R).

Fish schools aggregated to lamps were investigated simultaneously by two
fish echo-sounders, one on a shifting skiff and the other on an anchored ship.
Furthermore, sea-water temperature, salinity and vitamin B,; were measured.

Under the attracting condition, fish caught by net or hook were young
mackerel (Preumatophorus japonicus, HOUTTUYN; body length 12~15e¢m) and
other kinds (Engraulis japonica, Trachurus japonicus and ete.)

The results of the experiments may be summarized as follows:

a) Human sense for under-water color-light is different from that in the air.
The under-water sense for the red lamp shifts to the short wave-length
(orange) side.

b) Under-water color-light densities decrease with depth and these decreasing
orders seem greater on the blue side [cf. Fig. 6].

¢) The shapes of fish-school aggregated to the lamps resemble to large bowls,
and these fish were very lively. It was recognized that the density of fish-school
was very thin under the condition of low water-temperature and poor vitamin B;.,
though quantitative relations between the attraction of fish and these conditions
of the sea were not clear.

d) The relations between the attraction of fish and color-light density; the
nearest limit of the fish-school from the lamps seems to be restrained by the
density of orange light (570~620 mx), on the other hand, the farthest range
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from the lamps seeems to be controlled by the thinness of blue light (460-510
mp). [Cf. Fig. 12]

These matters are connected interestingly with the information that the visual
pigment (rhodopsin or chromophore) of fish retina has its maximum absorptive
wave lengths at about 600 mg and 500 my. [Reference 4)]

From these results, it may be concluded that the most effective kinds of
color-light for attracting fish under these conditions are firstly white-green and
cobalt and secondarily blue and daylight white. To ascertain the effectiveness
further, it will be necessary to carry on more tests utilizing various color lamps
and to investigate the foctors of not only water temperature, chlorinity and
vitamin B» but transparency, plankton and others in every test.
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Fig. 1. Apparatus of under-water fluorescent lamps

C; lamp case, containing volt-up transformer
F; fluorescent tube (spiral type)

G; glass globe

I; inverter with switch

B; from battery
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EFLR - THW TR AEENARYEERZOXBIN LEEOHBE LR T L2I0TH 5,

BB SRR

ERIZAVW BT AT PHEEAEER L X2 o TREAT DESF TOMERER & IR
ELRD OTIZITETRR7 1 LS — DRI 2%, KFRATIHAEE KK #Th-
T, DC 8Volt Afj% AC 100 Volt ~E#T 5 SATHIC L U 4/ 5 27 0 — 7 D CRRBELEC
BT T2 RT3, (Fig. 1) @t LTIREEa -BEA 2L Er 7 «cBE MR
8 FRLERME 1, KRREHCIIE 400me CBEBEREL SOBERBENE - DAERESE
TCBREDTZ AN~ (T4 AF—ELEEHT 6 BT IBRTEZOND L 5ITHETW%, +
DEZONTIIXRIZD T Y, A TRABEORBEHRE 7 4 L5 —~0FEBRMRE 2B 3
e Enisy, (Fig. 2)

Hultiplier photo-tube

30

sensitivity of photo-tube or penetrability through filters
a
o

| 20

- 10

Loo 500 600 . 700
wave length

Fig. 2. Characteristics of multiplier photo—tﬂbe and color filters

Ordinates ; sensitivity of photo-tube or transmittance
(corrected) through filters (%)

Abscissae ; wave length (mu)

(Filter mark) (Color light) (Dominant mg)

v ; violet 450
B ; blue 470
G ; green 530
Y ; Yellow 580
R ; red 660~
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Table I. Schedule of Experiments
Mark in . . Depth | Vessel's W.T.*
Fig. 4 | Date Station point (m) name Remarks 0)
- o ’ Preliminary experiments
A,(A) 7 ?5’7‘]““' 3%339"13,11\5 80~ [Keiten-Maru| by fluorescent white 21.8
: ’ green lamp only
i3 e Measuring of under-
B 3l~, July 31°89.4N 73 Chld‘:;dmam water distribution of 27.6
57 130°48' E Sazanami light intensity under :
various color lamps
’ ~1, Aug.| 31°37.2N | _ . _| Ditto, observation by a
B 04 180°45’ E 132 Ditto diver 27.0
: 26~, Aug.| 31°41.8 N i1 e Re-measuring under
¢ 57 130°45.8' E 148 (Chidori-Mary various color lamps 2.9
’ ~27, Aug.| 31°40.8'N . :
C 57 130045/ ol 151 Dltto :ll.:to . 28.5
° , P ift-net fishing by
30~31, Aug.| 81°28.6' N Chidori-Maru| -
D 1 o , 40 using fluorescent 28.0
57 130°33.2° E and others cobalt lamp
L S " N Undelx'}wla;ter pholtograph-
9~20, Sept.| 31°27.7 - . ing, V-B;; sampling and
E ’58 130°34.5' E 41~43 | Shiroyama echo-sounding transver- 21.7
1o~11 N " N sely over fish-school
0~11, Nov.| 31°30.7 - . :
F 58 130°33' E 22~26 Ditto Ditto 27.0
*) Water-temperature of surface just before light experiments

S}
10
HRPY
20
25-(40)| ¢

Fig. 8. Arrangement of measui'ing apparatus

research vessel .
gkiff equipped with fish echo-sounder
lamp for attracting of fish
light intensity meter with color filters
transducers of echo-sounders
; apparatus of water sampling (for measuring

salinity, watertemperature and vitamin B;»)

rope for anchoring
ropes for measuring the distance from lamp
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ARREINCEAL CABERE, FERCESEEIN TV 02 & T I HEBER
K.K. $#0 8-301 & (50KC) %74 S—208 &l (28 KC) T o7

BHEBEIZFEAE LT Fig. 8 1ZRT X 31K FRAIT OKER 2m 1237 2L TEhnD
BHR 2o OFBEICREEREEYBELIIAN 1m ORI S BEHZESEEH~RT T
EWREERE o7z, TITHRE - AEBO LR R - THRBINHE & 2B, fESr L VO350
ARV, FBEOHATRENDREIZEh o —7HENC L » T & OEREZ DO DB
EEBEEEELOBDOTHD,

BROBRIBEESHGLZEE L > OBAMBELTE~NLIDOTHEAD, 4 10~20 OB BT RRK
L THMDATONRZ L THEREITHADIA T2 AN BLUAEWE SITEBER - TEAF =R L

130°30'E 13U'E
Kokubu
' ® 'c
C . —
gy B
L]
Kagoshima
Taniyama/ o F A o ¥
\ 1" 30
& YTarumizu 3

{

Kagoshima Bay

L & TN
Fig. 4. Station points on Kagoshima Bay
Station Depth(m) Date
A 80~ T~ 8% Jun. ’57
(*drifted to A’ about 0.5 south)
B 73 381~ , July ’'57
B’ ~132 ~ 1, Aug. '57
C 148 26~ , Aug. 57
c’ 151 ~27, Aug. ’57
D 40 30~31, Aug. 57
E 41~43 19~20, Sept. 58
F . 22~26 10~11, Nov. ’58
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R BEBEE OERORIDNTIIEREITHA S, £OLI3RBIBFCT T 7 b v PMiEL S
BYREOHDBETIIRL L, A—RBEA—HATH > THEBZ L 200RO BRI FT

520
0.8 \\ 540
GG
0.6 =70
500
! o N
0.u D»jo,f‘A'— — g0
490 o’
~ C 5 e
O 2 4 P 700
* Coﬂ g
, |480 /
BO® L~
470
0.2 0.4 0.6 . .0.8
X

Fig. 5. Color lights used in chromaticity diagram of 1.C.I. system

Mark Color light Value of Y*(lux)
WG; white green 12.8

DW; day-light white 8.6

Y ; yellow 7.8

G ; green 6.5

P ; pink 3.8

Co ; cobsalt 1.8

R H red 1.63

B ; blue 0.5¢

(*at 8m distance from lamp in air)
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DEBELLTL CIEEHER LBV 0D S, RTEFRNTERLTTALE, ARBCAVG-HH
REBAEQTOEIAPICET20EE ICI AXNTEBTZE Fig. 5 0X53RAEICHD, VB
77 —~BERETIIRYRPERFEOALSLT 7 + LoHETEERAXL 28 L% LHIRERIC L -
ThBaALEAXNZDT PLATE 0% 5—-BEEIZIINE O 7: H I BEIT © BEh To R
(ASA 50, £11, Y/yo®, BEEE 1m) b EEICET 7. kFToRABIRAAKXOEFERAY Fig. b
OBERDONENADSRZ 4 P LOTHUMHKSZRTH S, PLATE 0 LEZIIEHAL & REatl
LR ERCB - KR ER (ASAL0, £3.5, V/e®, HEEE 3m) #RLTH D, FEIBEBITOAR
PAEH 2m OEBEADELADD (MOFHBIFEEAL) ThHhoTHEFHFTCH LVWABLE
HEND, PEIZISLL AT ZH 2.5m FVELLLO (OB ERALE, UTEE T,
T (BEH 8~4em) DEAT OOV CTEZLHNITNDENWTRLZ, TEELTHENE
HEiEhBhy v 2 afl LREAT - BT EREAT 2 A7 oY~ TERE 3m 157030
Thbd, BEHOBWHEANEHEDL -MOKFEAFEASRILBIT 2% THS 3 HHEEER OBRK
LIRS PEBEE S ERVOLERTH B, '

Bl DBBIZILBFEAE Y A SEFEAL AT ORBORIDLHEHBIZL 2BROBEDR O
ETRIITNR7 s LLAEEASHATRTLECELESEN SN ot TITMENSIET 2 T
HEORLRZ2EOEBRE T TR EACBEST * RELEECERE AN EOLTFEYRAL
72 )

FREITIZOWTIR Y T~ BB 2 T hbleh - oD TEBEO BB ZILR L TE XV, THI21957
ESALEFM 12 LV 2 18 23 TOMBERBREXERBE SUAB (4R 2%
AEEL, 810 FTLIKENHTORLADORBRUTERLALDIOOENTHD, 57
FRBRYSBE L7 SYOBOLNDEN, RETL VK 16m BE (o~ 7 THE) »HEK
DTLEL BBBTEENIHLBTIERE, 1 10m OFERCTEZBHOKBO L 5 Bk aD
FAVICRZ D, 8 Tm (TESWTHE Y FVOREIZR L, 4~bm Tt v @I OB H
ToEY L, ZDB BW OHET (MBOHEFUBR L EVAPTRIZOFTRTLT
Hold D) NEIT SN, FEAIEROTORE L YRCERICHEA - TRL2DIZZ0H
BIIFRE R E LR Ieh olzad

DI SREBERECLAD N S —BERRL Y EREL TAD L, BROELKEOELH L
BEHRaRr v 7 OITIEERM E-8) ~XVTR25—FEBEAIRFAICRZ I MR
OB - BAIZRZDEVWIETHD, ANNBERIBELR > T TV 2 ERAARBICE
HDTHo7mE LTh, bhbhMNBRPTRLE TV ANEITRR L 20 T khAFLALTA
BN T 2RI VB RMANETHA S,

O. FITZ &2 aE0KPoHEIRE

BT NBANT 2 ST BEOEF TORRTHELR B HICKT 1957 £ 6 § T~8 HOEF
HERYITVCREHORAD LTREBEAT TR, ARAEHHIIREa - Baf - Fa» an
At BBEORBITIZOWTRE T A 81 H~8 A 1 BORMIZEEL 74, REABTERETE
THRFHEOAREI BT DBEBKRTH ~ 77 OHBRADHEAVNZBE TH L OBERHIEEL
TRHEBTLE ot TZTEHTHE 8 H 26~2T HORICERMLELADOTH D, FONEITHE
REBRE (Fig. 4 C,C ) KGN 150m D#E THA DK Om « 25m - 50m « 76m - 100m O

) THARHERLEZROZASM7 (L5~ EARANKBELBEEHGIR s HERK.K.8)
ERUTIhRAKESNREYBEERE TRALL DO EH B,
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55 | k 20 m
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White green \§ Day-1ight white S
l I
100
&0
5 m
5 m 60
. ho 10 m

10 m \ Blue .\._2,0_.1—‘1——“\\ Cobalt
" N

2 SN
N N

I %
t 80
5m Incandescent 6o 5 m Yellow
— ( 200 W)
4o 4=t 10—
10 m / —_—
\ — ] 20 m
20 m . P
: AN 20 =
| |
B G Y R Vv B G Y R
‘llivvvlivr LI S A e i t ||‘fTv|T‘hvﬁ|vvvl
500 6002 {50 500 6002
60 —
o
5 m Incandescent %0 5:_/> Dawn N
( 100 W ) [ .

/"'\-“\\

20 m \. 20 ----T__-.é--n;- lr {\ ~~~~~ —
T

Fig. 6. Relative intensity distributions of color lights in depths
Ordinates; relative* intensity (%)
(* 100% =intensity of white green light through G-filter
at bm distance in water)
Abscissae; wave length (positions of filter dominations)
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HAEETENER 28.9°, 24.6°, 20.7°, 17.6°, 16.2°C T 7=,

FEREIEL L THRAUTOET 5m « 10m « 15m » 20m » 26m DOAECTHEEFAD DK% 213
THAHEFTEREB e KFFADOHTE S H - 72 BE SO D BHERHKOBALT R
NOAHAEE R EDLDRRED 7 L I ARE VDT OEI~SEELT, =0T FTRES
RIDREELE BHRIZH U TEIT KRS & ZE - EHOZ BT 2, T7bb, Fig. 6 OB
BRTH-T 5 A7 4 L5 —DPLEEDOFHIEKETOR S REE S plot LThp, KMr LT
REGIT & T 72 BEOKE 5m 1236175 G 7 4 L5 — (b kER 525mu) ToREH22 100
tib,mom%-moﬂ-m@74»9—(&Wﬁﬁﬁm)TO%&E%%@%@&K&ELTﬁ
=LA —t Y METHER O~ 7 u R HRAERLA DO TH D, BABRITOANIT~TH
100W Th2h, HBOLDIZS Y 727 v#BFEOEAER 2 1 (100W & 200W) 8RS
ANt FEHBRYK (A4 D ORHOEITOEE (26 B 22 B 80 4r~41 4y« 27 H 01 B 00
F~12 53 LRI EE ORRIEOHBE (27 H 05 B 09 45~16 4y, {HLEE 30%) awﬁﬁa_
DWTHRAEL 2D TRRIZED TRT,

A—@RITIZOWTH, BEH IO LIFOBELEE L2 FOm s #E4 1H, Fhyinkg
LREFERL 1 HE 4 HFOREL TERES L. Lo LR ORI SHT DR SN T Y
RIDERESENALEBAL, WEFEITETHIRLTLADETT (EHBIT CHADEAITH
BREBOTERE TihbhinTdds05 Fig. 6 KRIN ABROKENTAEE ORI
HETEEVWDDHA S, BONIHEROREOEMLMOIBED L 5 HBEL DL LTY
BREFLCRERARRTELN TREE L BR AN RH SRS, Thbb, KE (KEDOE
&H) BREBDFEDRBOBSILT LI REN BVER) BTELVWHOTIEARL & LARE
DECRENEOERIETHE LWL 5ITR L2, #6858 EVER) AITIERt L L8yl g
BAWISIZRRII LN ZOEEHETIIREROEH L TFBE L WERARD NS, Z0 L 35708
FERERIINECR eI T 2R L B EER T2 LD TH - T, BEHHRLNOREEDIHR
BEANLZDTRIDAZZEORAERDZICIKVEDIZ-E Y LEBVENTHDZ LB, &
DENBBEOETIHTHIAELEFARL OBECAELOREL EXBEMEMIBE LT, 4
&b AHDBHRZNIZBEEERIN T —7 1 VADBEEDORITERY FIINBRNELB G+ 2
REER e T 2 REH L AR TS ECRE L Th AP TR -7 b DT DD Tidio\ v & s
S BANLEEICE T BRES RISV D TIZH B E NV 0y

M. MEROMN & SEEE

BIRAITOHETIE, TEOBEPHEL XL LNIHE2AHORBL OERELEBAICHIS 2
Hft<%®%®ﬁ¢®ﬁﬁﬁﬁ%#2b@kkﬁ%bf%?ﬁﬂt&hut%tv bivbhoig
Aﬁﬁé&%fk%h@&é$m677/9bz@%@ Tloblehotehs, KBIXABERVELEL
biim%m%6®fﬁﬁ%§®ﬁkuﬂ2ﬁtotoELI%Sﬁﬂuﬁﬁ$67E7 Be 3%
BELADTARBHIELBEET 2005 LRAE 9 A 19~20 BROEAEREML Fig. 7 128
T2,

EREBAOCHIEYROBELXRIT 1 B (24 ) HTHABIIERT 281529, &
Ao DBRSTHT 2HEIIFICE 5 THAHbRbONWOBEITER L1770 - o AITER (4D
FLEENTACET (4 B) ThothbRBREHIZD V& 3 TH otce ENTHEMOHE
(Fig. 4 © E ) DL 3IZKEDHECFTIIERE (10m) DOKEMN 27.0~27.9°C & 1°C LAD Y

H) BRPCHIABHELOBIOKBARZB OO 06 8 58 FTh o1,
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Fig. 7. Examples of sea-water conditions at station point E
Water-temperature (right figures; 24~28°C), salinity (middle fig.; 33~84%) and vitamin
By, (left fig.; 1~3 my/1) were measured at 14 times for 256 hours, 19~20, Sept. 1958.
Ordinates; (respectively) depth in meter
Sub-abscissae; (respectively) temperature in °C, salinity in % and vitamin Bjs in my/1
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e X ESTWRDIZER (41~43m) Tik 22.8~25.4°C & 2°C Bl L D7 L aRT &=, 7-4%
RAKETERTHELIDHY, TARATIHTICOW ARLEEE TESELRAY Ui, ByEEis
#E (10m BT 33.0~83.9%) T& EE (40m J§T 33.7~34.8%) T%0.6~0.9% #iHD 7 1
IZRESTEY, €23y Be BIZEDOFTY 1.0~3.0 my/l DEFATTZ L TW2HEA Fig. 7 2
LEtAE Hivd,

BEET F RO Al 2 OB HII—BREAIT~E L Thb el ~EB2 5L 5%0
TTH L L yfEmalizmn L ko & 5 7l stk & ST IR L oM oIRIL L 2 [E-S17 T
PRI L & 5 LA BRI BB RT3 R e 570 X0 EHANIE 20, MBI
MR T T < TR L R LB R E O L S bR, TR AR S HIE T
FUTAEHT 25~26°C DB RO THAZ L 9IZR 23, U9 T ¥ B ORBEVIADLHALKD
THPEBEIZR D E < m VRIG & S L TT » THRBICRER 28T & W S BRI H 255
, BEOHTR GEILIEX) B s Iy Bp EOHKEECHBEASD L3I EHLNT. L
M LUMERZOLODLE ETOHENEIELT O BB DR TR - 72 0 BT § ik 2 o s
LIBALZZY LTTHELDOTIO B & OMHBARY ZBCEHRE LR h 720D TH S,

SEATEICBIL T, BRI T Y7 (1958 4 9 f 19~20 B) AL eI OMlEE: =

23R E o o ABE T OIS & AR TE & o, Zhg Table II 2FRd 5, AED5y
ia’é‘&*f*?%* RO DNFHEBINEOH A D 5 HRHUZFULZE b O 23k ULROEY Th D

a) fRETITFKER 6~9m OFTICAEHEA 30~35 BEEIZ Y - THbhLHELAHY (9 H 19
H, 19 E% 40 57 ~20 B 10 5y 0E), ZAUITOEH Y & Fik +2F7 OB TE /A hE Bbi
72, Fig. 8 %

b) Yy 7T T, AEH 3.3em (HIEEND) o v T HAS R 40em ORI Z /A LoD
2.5~3.5m DIKETHE 3~4dm O H L& 7L 7L Bk L Tuoe FOMEBECZE DAL A EE

fir

O

o

o
|

Fig. 8. Periodic traces under white green light on record of fish echo-sounder
Time; 19%~19°7, 19, Jun. ’58
Period; 40~60 sec.
Swimming layer depth; 6~9m
Fish species; Trachurus japonicus, body length 12.5 em

*D Z DAEAE 1959$S> :L,I‘JL a‘boto Hj‘cz-@‘tﬁ)”"?"*%éab s @U&%j\ﬂamﬂ#
L BE BRI D Bre EAFM R B IZ AN, KE 0~30m D e T e ¥ D EH 2 WA 72T,
1 BHOEE AN 20m T 50% DEIBEETHZ2L0-5 33 RAKOENELFHHALEF R

& {87,

— 225 —



x # [XIV, 4

Table II. Example of experimental progress about fluorescent color lights

Examples of descriptions about echo-traces

in 19~20, Sept. 1953

& K K #E
Lighting time (marks; * on, o off)
10~11, Nov. 1953 19~20, Sept. 1953
White s White Other .
green Other lights green lights %22
/
1800
% _’ 18% ’_ 15
191 © |, 19% |19 g, 19t
1928 dzﬁrllght
white 1940.
° 19% }_—— %0,
- 20% |- 20%:
' 2080 °© | % 20% 205
S 20 cobalt :
_’ 210 | ' ° 919 2100,
* 2125
o130 o H 21%¢;
| 9900 ‘_2205 L | % 9900 9915 .
: daylight
daylight A 25 .
white 2981 * ogzl‘igte 2228,
_‘ 2g8¢ }_ 2980
232 ° 9g%0
_| o400 |
i 00°2 ’24 ’ 000 ¥ | %ellow e
8815 % yellow 00% | » 00%7 00%0:
20 .
N *8(1)08 —] 01% |- o pink| 00%;
8{::; . pink H 0 °o1®
[ 1°01% o
o0 ° o1 9% .
0217 lozzgobalt ‘ 01
— 1 0.
-1 08 |- * g8 g‘].,:m;
» 037 T 0w, red| 03%:
20 © 25
gg“’ * 103‘5 red ‘oo = - 087 03:::
*0420 —‘ 04 t— gil!z
81 o yellow H !
&40 *|° o4t ’W‘ 045 |
0501 ° '
Jw
H 134

at 0~3m, dense trace appeared.
at 4~Tm, ditto.

0~5m, spotty trace; 28~82, 36~42m
less dense traces

white green light switched on, lower
trace rose to 23m from 30~40m.

6~9m, (40~60 sec.) periodic trace
under cobalt light, trace condensed to
2~8m from 6~25m.

for 10 sec. light miss off, trace descended
to 11~17m.

%~8m, dense trace; 7~14m less dense

race

0~8m, 12~17m, dense traces

0~14m, dense trace; 14~18m, less dence
trace

3~8m, spotty trace, then gradually
disappeared.

(except 284°~28%; very few thin trace)

:e----almost traceless

2~8m, dense trace; 11~15m, less dense
trace

2.5~8.5m, (12~18sec.) periodic trace,
Spratelloides japonicus

4~8m, (12~15gec.) periodic trace,
Trachurue japonicus

11~15m, (ditto) thin trace, (?)

2~3m, periodic trace became continuous

one.

1~8m, dense trace appeared.

13~16m, thin trace appeared.
1~2m}two traces aggregated each other
5~9m] often. (prey and predator?)
1~8m, trace became more thiner.
3~8m, spotty trace .

1~2m, small (periodic) trace; ~Tm, poor
gpotty trace

(fish echo-sounder interrupted.)
3~8m, dense trace; 87~44m, spotty trace
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12~18 B Th - T LS O HEMEE —B T2 57, (9 H 20 H, 00 K 42 75 ~01 K 05
Sy DE) ; ‘

o MUYy 7T TRLLE LTS CFTHOTH OkE 3~6cem) (2 12~15 BT
HhoNn i AR PED, T80 LT THSZATR 12.6em OF 7 P HTHDH EH -7, &
EF TEHIRAT 7 STl D L <R ELT OO KN THgE X, MBI ETHRE 3m
HhE DRI EIZBHER B L TiT o7 BT PBHOTH GKE 10~15m FiR) (23 # o AEHEH
FERZ B As 7o 3 F D TR HRE # R T 21w h e o 7o, Fig. 9 £,

d)  EIEDFTHT B AEFEOER T 2O 20 2 i HiuA, ok
X LTINS b b7z & 5 ISR B @ 2R U D 2 B L TRINR el & 2 B2 T 5~T
AN LAETHEO MO HL S ThbIEEAT 2T b o7z, ROUIB/mBO NG
BHTORFFEE T - T, Y02 2EBRF7 v BovEsy 12.6m OFX T ERL T T THEE
T 1~2m DFIIZE TIELEL, LA THS 9.3m DM S TRBICTRE L TARKE 8m ~ihakiz
M STLE 572 (11 A 11 H, 03 B 30 45Hii%)

e) HEEmOMBHERHETERL X5 & L T2 (11 A 10 A, 18 K 48 576, hofEsi=

—01'10
—41°10

Fig. 9. Periodic traces under pink light on record of fish echo-sounder
Time; 01°7~01'°, 20, Jun. ’58
Period; 12~15 sec.
Swimming layer depth; 3~6m
Fish species; Trachurus japonicus, which prey upon often other
Fish in upper layer (2~8m depth, Spratelloides
japonicus, body length 3.3 em)

F2S

9t
—05"81

Lan

( sound ) traces up over

Fig. 10. Effects by sound of screw and engine (10, Nov. ’58)
Trace on skiff’s echo-sounder at 8 m distance from lamp (green):
185, trace decreased speedy (about 17m/s) to 16~18 m depth;
18°, trace rose up slowly (about 5m/s) to surface
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YFYRAZ ) o~ 2L TIGERF - THRIZ, ZOR, HEEALH 18m i e AREAIT T O
RO FIIAE 20m FTHOIZ 1 Y IGEY BFA~RLDIZ 5 i o7c (OF 9 FE#HE 20m/
S« ERIEE Am/hy Tho7) OB T, FiEAD 10m LB Tuis v MNEDAEED T (R
BT 28 S ACPIERET 8m §E 5 7oA TomBHIAE 16~18mTFET 2 DIZH 1 & ZE Lt~
R20IZ# 8.5 4y (FREMAH 1Tm/4y « EHEEER bm/%) #ilekl T\%, Fig. 10 &, Z
OFEEN S HM T IEEAIT IR CARIERER TH - T, KFETHEELESNLZESFIZOFE
WE S THITICEABETIEEC, FEASIZES THHIGEVARTIER LD EZEZLNLHD
T Do M)

LT AR RN I8 5 ARO NN EORREBEN T 5, —RITEESH T2 DIRAEDF
BT DS Tl 27T EW3HTHS 5, ERIOERETIEIESHCHBEDORENA
NELRZEECALLEALDTHY FOBRE LR L TEETITI -, ZHIIPERDO B MERRIZ L
HAFEAIT TLAERDONAETH B, Fig. 3 (R LAEHTAMO L35 aFE#EE & DD
72N R RAITOE Ea D ACERESE bm oM TITE  BRIH Lo o 2 B RELISM 2RI 0
STHIF~) 30~40m D fE#EE TIT o TIHVERELITOE~NESTED, T OMABETIA® S
ANDOEE LoD D& Fig. e 1281 %0 AFTEFLIZE 2RI 5 ITKTFIREDO LD

Loy

gh
oG €0
res

h

E]

Pl & i 2
y 40130120 130
Distance from lamp

0 19

Whight green

Fig. 11-a Shape of fish-school aggregated under white-green light (11, Nov. ’53)
Upper half; trace recorded by echo-sounder on skiff
Lower half; hand-scribed shape of fish-school (depth scale
=hoaizontal scale)

japonicus (TEMMINCK & SCHLEGEL) + % ' 7 = Spratelloides japonicus (HOUTTUYN) % X
EEELE L TR TW 221, 1957 4 (8 H 26~27 H, 8 A80~38L H) wix@ L ~7 vy (hE
12em Bt & 16~17cm B) D@Eh s & 7 5 4 7 > Engraulis japonica (HOUTTUYN) O {4 8em
B2 ¥ 3 Pnewmatophorus japonicus (HOUTTUYN) @ fhfi 2bem B b R L iz nic, TAERN
DEHBEHET 2AFECHES R L 2SI BEAT TOA B ETH A RFTE THALZAE
AREEET 5,
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FIAGETETHELLOARAMDOTENTH Do PUITEHICL TAAMVE > TRZ 2 b DI

Tt LTS AT LR E OB M TRAENENEN LIFEERT,
A HNETIEATRAANEORS THREIN D, BUOREREATOT THMHIN0.5 /v t®
Bf, 7 2O ROTOKE 20m OFFTHE T 68 3m T~ TwaH 2 o7,

N
n
o
A
1

5o 2e

Distance from lamp m

10 0

Day-light white

Fig. 11-b Shape of fish-school aggregated under day-light white lamp (10, Nov. '53)

Upper half; trace recorded by echo-sounder on skiff
Lower half; hand-scribed shape of fish-school (depth scale=horizental scale)

o
< ~ S
o £ =
[e] .
bl I " el
o
m
10
20

Distance from. lamp- m
10 0 10

oe.lsi
Covalt

Fig. 11-¢ Shape of fish-school aggregated under cobalt light (11, Nov. '53)
Upper half; trace recorded by echo-sounder on skiff

Lower half; hand-scribed shape of fish-school (depth scale=horizontal scale)
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61 10

P

Distance from lamp m
10 0 10
. . .

Pink
Fig. 11-d Shape of fish-school aggregated under pink light (11, Nov. ’53)

Upper half; trace recorded by echo-sounder on skiff
Lower half; hand-scribed shape of fish-school (depth scale=horizontal scale)

—&¢ Ho
—of o

LBl
Distance from lamp m
30 20 10 0 10 20

OlF Sl B,

ok 4
Yellow

Ol 38
Fig.”11-e Shape of fish-school aggregated under yellow light (11, Nov. ’53)

Upper half; trace recorded by echo-sounder on skiff
Lower half; hand-scribed shape of fish-school (depth scale=horizontal scale)
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Distance from lamp
ko ]_IO 10

03.35 — 03 .40 2

Red
Fig. 11-f Shape of fish-school aggregated under red light (11, Nov. '53)

Upper half; trace recorded by echo-sounder on skiff
Lower half; hand-scribed shape of fish-school (depth scale=herizontal scale)

# £

ERITOER T, ARNEOERMBATOREL & 5 IZFE LY 20 F OB B HFIZ L
TUHEFRAL L O RERRIEERTIDTH D LW IBMEOTICHEEN TILH THREE T L DES
LD THHH, EEEFOMEILI L WRHD S EEBROH Thd, 2 THERWERE
BOBABL X 5 LR/ b, B0 fFELERE B LS/ Ebhubiutilizks 229 %4
DOEB R TS L RICHERE TOHERBEICHNTEORBRELHHAICAET 2 LVl Thd
9 LML IZDHAFDEALTIEHEHLITRIITHLOEOEY TH—FEOHDBIBIZOWTTE L
KO TR TH 2, Z0RBTY 8 H/H 6 WHEIZOWTEHI L7220 Th »724, AEEDOFEH
LH VAT Az R amBOER LR ORI T L ASED @to T 2 AEER G
BIE—INI B S nIE 2 SRS I WEAED S,

2 ERIZb2bRbhoRBTIE, —RIZEZ LR TV TS SOMEC T IZmEL S HE
DEBVIE TR E D LI BEITOFEHN LTINS & 5 Rz bEohrgh -7,
0BG FORKIZES THL S THREY S F<EKEST L5 L T2HIIME» IS TH
HIL, ROZFLE—L2FTHIATHAEIZSHREEL F ST THA 50 b, @it s maEsE r 0%
FRBEICHO O TN ERRAT 2D RERADDLWERT S, TR EDERTHSHEA
(B BT P RELHEINSE A2 E) 1IZIRY, Bai7MBlcairaird w3 BCE8T 2
& 575 80~40m HHHDHDEDFTHMIELFMENLIRY, WO L3 IsKEAREFHT SR

) RANWEO#HBOER (BRNIER) 2l2HEEAMEL L mEAERIIEV T
AT RREETH B, BELATFLOMAMEL ABERL TARR LT Lz EflizowT
3, it 6) 2EmEhi,
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Table III. Data on limit layers of fish school aggregated to lamp
(at B and B’; 31, Jul. ~1, Aug. 1957)

Kind of lamp Layer depth of fish-school Density of trace on
Upper limit Lower limit fish echo-sounder
(m) {m)

Before lamp lighting ) 0 7~18 spotty

Incandescent 100W _ 5 16 dense

Incandescent 200W 14 23 less dense
Fluorescent blue light 4 18 dense

HFg;lotreseent white-green 13 g0 very dense

T d-) J: WT 3) 5 5 o )

[#45] (ARTD [&XETal

& ; (AEHEIR<{SBATSE ) RKRE@-z01ta
B ; (KEETIRE4208): BoA-YrI/a
"o T hEL B EATSE): B A-F &
RE 5 BRSBETHP08TED): K A« Bka

ZOFEIEREZEL TORESFTREVIEERMIZZ EHIDOTH B, BITEABEBR L OBEF
I DLMOBENLEELTAL), A—KHERAOREELW-EHT TRESGOHELITV-22
#HEUEBLET (FERERIT) 2 Table ITI © 4 EAih 2, AECITFOBEE AR (7
CeFPR e HITFATVERE OLEBKREETHRARL 2 AFLHNDTRAEY FRAITBITR
LTHhb, —FH, INHLDOKEIRTIETOBRIELEE Fig. 6 HDAREEIC L - TROEE
IZHERE > TEHW7:0A Fig. 12 Thd, BB L5 ICARD LFEAETOS /B BILI2T 570~
620mu DFER (BN DbV THIEL - T3, (650mu ROTIHHEAIUEL T OE®KE
THEELTRADZDOTIOFEITIZEDER,) AR THRAEOTHHRIIEEL L TELE
TwB L5 ICRZ A8, ZHIIKENES TEVEBESRE THANDIDNDLISIZRLZATH-T
HoER (B RloxE VAL Fig. 6 EXETREHLILIIIHRIOBELRTH LEL, 0
HREHIZ 460~510ms (FEX) Th,

CORERN L SRTHI AR BE HT IO, PR ELT Y P e ny s F 4
7Y EOIDOFHTOHRBBERNLH LEIFIIRO LI LERNTH S,

A, SBABOLRXZT 5T0~620mm DREENXTHEELZRT 25 Ly, BMETHIT TREXDRK
BELAKBITIZANBE T SDODE53THD, TORMED XL LNPIBIEEL TAHRDE, Y-7
1 A7~ ZELTSW OBEHBRIT L 156m OERASRAEECE LV,

'B. RAEBOTRIZIZIT 460~510mp OFRATHEZIND L 5TH2, +OBHBXE BT 44
F~HAWIRETRT W OBF#T 45 8m ETARMCENTAIDOTHS, 0F ) IFako
B2 XNZDEBELT UvEOCFTZIZARE £ 5700 g H D5 L M)

B) ML ABAHEORREBANKC (ZhALORRIOI I AEATTRRAX LM - FRXLF
ATV2) REERRTIORFTETETCHAS, ILELCAAN LRI CRMM DL
D—BOMMERF OLIOICRETIDIELLAVERI, HERI2EY O FEC—RWIZITE
BRABERTO THX~DRE0 ik, K10 FrveuEEo AR oEENEMEMRR
BROTHHT, PHTITHEINELFONEREII2MHACRIIEBNINRLEL YR
THABLELOLNELLTH D, (MEBESAELANI DRI IBEFRIARTCELR
Wb v,
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Upper 1limit condition

R
TN A R S SO S O W OO YA N T G S A R W |
500 . - 600 ™R
% .
0
3 _4 &m} 20m. .--= == |
Eo—f' 2 16m \g\\ZBIﬂ
Lower limit condition N\
10
10 460 5
————— B ----- white green
A blue
— —— X —-—— incand. 200w
— e — incand. 100w

Fig. 12. Agreesable intensity zone of various colar-lights to restrain ﬁsh-school
Ordinates; relative intensity in %
Abscissae; wave length in mu
In upper limit layer of fish-school aggregated (upper fig.),
intensities of color-lights are agreeable to each other in the
range of wave length 570-620 mu,
In lower limit layer of fish-school aggregated (lower fig.),
intensities of color-lights are agreeable to each other in the
range of wave length 460-510 me.

SHEFEAOKETIREATHBAIELDFNTHLBDHLNLL, 3L M AT EHEEE
TP EATRERIT LY I P BTOHFNARLB<BEHBLIELHZ LV IRELB T
B, DL BRIILE AB 0ERTEEETAIHOTHA 5,

Eiz %7, E.F. MACNICHOL et al. i35% » SEEECO N B O B T, A OBREITABZAD
rhodopsin JYZE + OB R OB AR A 500mu & 600mu &2 (FDHUZ 650me ¢ Cyanopsin
D) HEELABRRTBH, ZOTMENEFNRETARBABOTE - LE2HNT 2 L Bbh2BHERN
EETh Q2B RIIFRBEEDRED AR L Ebhldiebinyv,

BC RNk 51, TIZRE > TV ARBIBEERTH- T, TORBIEL THEATTE
ZABOEBILETOZOLH2ENBHLN, FLREKBOBEVHRLESY 3 v B OPWEIC
RARBIMVL3ZBbh, 20k 5H4&8T TOaXTNARTROBGR Y ERANZEITT
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BRI 570, SHEIEROBFERIDOL S BEH L BERRLOEEMEZ b &
ERZEPAL T 2REELRVHDER S, KFoaXi@d 3 0iliiBk0SHESLHBY LY
DERIJFABHCHE T NETHhotorl, ZORBTIZ 19574 7 § 81 8 (Fig. 4 » B &) ©H
BRHTRR SN BYE Tm EWSEEFE S H 30 B 1TH (D KD TO 15m &5 {EL A8
BHTWBICEER . BEHL SRS L CARESHORTM 7 L 2 B CBE T 51EEC7 S
Y7 by RGEFERL TRAEDORELER L BE ST 5580 K DS BOMEERI R HRVWE
ThH 5

= #

AJ1 100W BB DOAFBREIT 2 AV 1957 £E NS 1958 EMBIZbVEREEA 8 #iK
TARHELTH - BABRL OMR PN OEER - BAIZ TR -7 EOBRE S RERT P
CAFTFATY « FEFT e BRARETH 72, BRSGAREFTNIIST HEBEEH L IZOWTE
HhHRIIROEY Th o,

a) AP TOEBBRIIBRPIIBT 2 Th IIELICEY, KENEVERTRBRA~XL T
Rz2%,

b) HAE (5~26m) IR HBEBINTDUREIHEY 5 E7 1 Ly — THE~LERN Fig. 6 108
T3, B5EYABELHETE - BREBAE TR L EBT 5 0 RatR RSO HS
BUENE 3 T D, ZHIIHIRRY 7 ~FHIZ L 2@XEO XL EIEDERTH B,

) KB HT sy Be AELRELE (Fig. T8 75, “hb L EaBE Ol ERY
FRANZE 5 2 BT h 570 ,

O TR S RBOBENLEE AES THRETER LR Y Fig. 1la.c 28T 5, TICE
AEIECABELVOKFERTAY YR IIN L TEBRICRIG L SE s TR LR RTENS L,
(Fig. 10 &)

e) HABOLFIBENX GT0~620my) DI X T, TAZOTRIIFTEE U60~510my)
BT, TAEh BB 2D e E Shi. Fig. 12 28, ZOHEESIARIZETLS
rhodopsin 75 & DEARREEH L 13F—K L TWDBHLEL D & = i BWSETEE 52 55
ReE2%2THsA5,

FEBTHEOLNEARRLER L TR LIENABETOBAELENE, BHOLOTEEA
¢ TRN P TERIIRSC DDEBEBRC Y IR EDTATHA 5, ZhbOPEL B HBIR
THADIRBECSHEADOERREL 1772 5 LEAH Y AOLORIES « AL+ €5 I v iXgR7 S
¥ Py RBEREDHETRY Zh S AL O BRBER & MBER & OREE B LooEE
L CTHiimtaidis binv,

£ B

D #2, SHEEEE (1951). $MASTZETAHE (1) ASITRIE A #35RLREs. Je XAk ER
#, 1 (3 &4), 151-155.
Blaxter, J.H.S. & Parrish, B.B. (1958). The Effect of Artificial Light on Fish and
other Marine Organisms at Sea. Marine Research. No. 2, 1-25. Edinburgh.
BT (1959). BT & UEOLKSIT OREME L oAHHE. BhkEees 25 (1), 17
-21.
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Top left

Top right

Middle left

Middle right :

Bottom left :
Bottom right:

PLATE

Under-water photo. of the color-lights

green light, exceptionally in air as an interpretative standard
color (film ASA 50, aperture 11, t. 1/100 see, distance
1m)

daylight white and white green, under-water distance 3m
(film ASA 10, aperture 3.5, t. 1/2 sec; the rest photo.
same conditions)

daylight white, under water distance about 2 m; catch a
glimps of fish (young Trachurus japonicus)

cobalt light, under-water distance 2.5 m; lamp light seems
flickeringly because of fish shadows (school of Spratelloides
japonicus)

pink and white green, under-water distance 3m

yellow and white green, under-water distance 3m
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