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STUDIES ON THE PHOTOTAXIS OF FISH

I. The influence of wave lengths of light
on the behavior of young marine fishes
(with 13 tables and 11 texf figuers)
by
NOBUYUKI Y. KAWAMOTO and MASAHIKO TAKEDA

[. #% &

FD BREE DT T T IR AL AR 2 M B3R Do C. Hess (1) rAHOMERY
ZwElL, K. v. Frisch (2) L. H. Worner (5) RHoBEErFIEL%, R. Krause (3)
O R OMEEBIPFRC RNLERIEA I BIMROFE AL TS b, BELoBRER
OREERAKREEINTIES, E. D. Adrian (6) 12 S 0Ol OB ER ORIEIC X b &
FIOXFBETHE L, MOFEOBRR —ROESIBD N 525, KOBIEDS Conger
vulgaris O EH L7 b 0T, HofosaBckL t W { oMfRoRsEn
ThHbo :

SEERKER LOXEB L5, ATOMRE AR E OR Y BcihicT 2 Bk Lo
Ty BSAERFRETO%DPDOTH %0

ATFIE I BT N AU R BT AT FTR M B AR EF RS ORI ¥ 87
BDOTH %0 HICHFEFEAGHLICREEN LHEZ=OMRICR CEHOBELET,

PRI UIHEE L T 2 0 72 5, ROTKSEBEMEMBEARMMFA=ZTLE, &K
BB EAR R EASRETTlE c ~= v BRI L& 1 WEEOB K OMIRIHICH LME
¥ #F+, % Recording spectrophotometer ¥ Lo fiter OB BERYIAETFTIN
Te B TERERET O RE R T BRI - '

I- & 8 # 8 |

HERHE L LTRAEFHBEOH X b ifi~7% X0 6 EolEHf /4 L7 (Table.
128). EREBOHMBR LR ARERH LER» 2 0ZERTH 245 mdnﬁgﬁt
BEEACRTCERETVWRWE~TH 2,

* ?ontribution from the Ichthyological Research Institute, near Shimoda, Shizuoka Prefecture,
apan.
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Table 1 Marine fish which were used as materials.

Fi B & 4] B g #® £ (m
14 v x 4 Oplegnathus fasciatus (T. & S.) 10 2~5
v o F Monacanthus cirrhifer T. & S. 8 2~3
¥ v Z Cybium niphonium T. & S. 5 2~4
7y ¥ 7y Spheroides niphobles T. & S. 4 8
Y=rh ~ R Sphyraena japonica C. & V. 5 12~-15
v > ¥ Anguilla japonica T. & S. 6 8~9

ZEEOHFIRHE X b HA~BREFTPUKIICHE LA RECRoOER L 270

I. 8 8 £ B

ABFIEICAER 100cm, 33 25cm, A, MK, HEBOK W BOKHIEERH L, it
DOfE Y 30cm oAWK T8 BIcthEh, kiR 20cm & L, £2oOKZFiIc 10x1ldem o
f filter % # . H o k 20cm offiEic 60W < v FERRE tEs LTHE Lk,
filter %l L b0 KEREREOHE L RE 852 4L ¢ 50 lux 1cik 3EkiC
filter RICEXHAKE BERTHE L, FBRELICEE Ll filter oIS
WEOIEC Lz Fig 1. (@) &, [HEx#.Le (b) &0 2 Hic LTERE T, AEFlic
I 2ABOBU Yy Eh S LD 3R H dio

Fig. 1

The arrangements of color filters.

L7t filter 3K (4) oF:icHd, B 0.8g, ¥ Gelatin 6% X¥H 20cc
b L, Ho 8cck12X16em kD # 7 A LI %45 L TlED%. B LERUTH O filter
1z Table 2 Kurat (3) ol h BliEky Fic L7eo A filter oEUWERC U e BREIRREDE
hCH 3,
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Table 2 Coloring matters of filters.
Filters Colouring matters

Red Kongo rot.
Orange Methy! orange, Tropiolin.
Yellow Naphtol yellow.
Green Methyl griin, Naphtol yellow.
Blue Anilin blau, Thionin Ehrlich.
Indigo Bleu de Lyon, Methyl violet.
Violet Methyl violoet

GEY (1) & 3. o filter ERESROED .
(2) #. Eo fitter g ER2EoBET, iAo b0k 2Kk 1ilcER

THO%Z. V .

(3) #. FHo firter RTFIROEFCT 2HD BELIRE LTl

# filter o8Iz

Naphtol yellow 0.8g } 10cc
949, alcohol 20cc --«10cc
695 Geletine solution 20cc «8cc ¥ H T AW
Methyl griin O.Sg } .5ce (12 x16cm) |
695 Gelatine sobution 20cc @AY,

-3 filter o8B

Anilin blau  0.1g. }
Thionin Ehrlich 0.05g.

""" } «:8cc ¥ #5 R (12X
69 Gelatine solution 20cc

16cm) Eic#AiT o

@ Bt W) R7=Y 552246 L,
8174 ﬁ:yaz L4t filter itttz Ceneral Electric Co. #i7 Recording
spectrophotometer ¥ T HOB AL L NE L, (Fig. 2 2I7)

V- % 1 & 8&

() BEHE

AELX preference method ITikb ., ATIBRBATIT o7, St MIRBRERK 1B
TFHE KGR CBIEE Lo, ERITA (2 b 30 4R, BER/KNIC ANKSIERE 2 o725,
8t E 1 IcGsTL, 14 2z O MNIC A BIC Ao By 10 SR E&H Lo
HOBREZ X )2 oGk ¥, BRNCERBYTE 2 0 1F3ECH A R LD
& LTk L7co ARRP IR LR ACAEIESRC. RERA—SMclzsctrlon
K Dree Fig. 1. a b AMFIEICA S M5 10 AolErffoESdy UocHfky
M LTEE R %o
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Transmittance of light through colour filters
(by the Recording spectrophotometer)
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Table 3 ‘Gathering rate (%) of Oplegnathus fasciatus
for various wave lengths of light.
a arrangemant b arrangemant average
Exp.
vl 2| s 4] 5| 1] 2| 8] 4fs a.m]b.m}M
R |, 0 0 0 0 0 0 0 0 0 0 0 0 0
0. 3.4 0 0 0 2.7 3.8 1.7 1.3 0 0 1.2 14| . 1.3
Y. 5.9 1.1 5.7 5.7 34 3.8 2.5 .2 3.2 2.6 4.3 3.1 3.7
g G. | 80.2| 489 | 40.2 | 40.8 | 40.3 | 40.0 | 423 | 38.2 | 439 | 41.8 | 40.0 | 41.3 | 40.6
8 B. | 183 | 241 | 321 | 284 | 422 | 3838 | 3857 | 36.7 | 379 | 40.7 | 29.0 | 38.0 | 33.56 °
L | 115 3.0 9.6 | 10.4 1.6 5.8 8.4 8.4 7.2 6.7 7.2 7.3 7.3
V. 5.6 2.8 2.0 1.8 0 1.5 0 2.4 3.5 0 2.5 1.5 2.0
W.| 256 | 20.1 | 149 | 14.6 9.5 6.4 9.1 8.5 5.0 50 | 164 6.8 | 11.6

wat. temp. 25.8~27.4°C
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Gathering rate (95) of Monacanthus cirrhifer
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Table 4
for various wave lengths of light.
a arrangement b arrangement average
Exp. _
1| 2| 3| 4] 5| 1] 2 3| 4| 5 |am ]b-m [ M
R. 7.5 45| 10.5 | 12.0 7.5 1.0 3.0 3.0 2. 2.0 8.4 2.2 5.3
0. 4.0 2.0 2.0 | 10.0 4.0 1.0 5.0 6.0 2.0 6.0 4.4 4.0 4.2
Y. 75| 11.0 8.6 7.5 5.5 3.0 | 11.0 3.0 6.5 8.0 80| 6.3 7.2
E G.| 375 290 | 275 | 32,0 | 33.0| 365 | 19.0 | 28.0 | 350 | 25.0 | 317 | 287 | 30.2
8 i B.| 220 245 | 30.0| 29.0 | 33.0| 36.5| 31.0 | 31.0| 383.0 | 29.0 | 27.7 | 321 | 29.9
I 55 | 155 | 19.0 2.0 7.5 50| 220 | 21,0 | 17.0 8.0 9.9 | 146 | 123
V. 0 "0 0 0 0 0 0 0 0 0 0 6 0
W.| 170 | 18.0 2.0 7.5 9.0 | 16.0 9.0 6.0 4.0 | 22.0 97| 11.4 | 10.6
wat. temp. 24.8~25.0°C
Table 5 Gathering rate (9) of Cybium niphonium
for various wave lengths of light.
. a arrangement b arrangement average
Exp.
1] 2] 3] 4| 5 1 | 2 ] 3 ’ 4 ] 5 |am |bm | M
R. 1.6 0 0 0 0 0 0 9.0 0 1.5 0.3 2.1 1.2
0. 7.8 77 1.5 6.7 0] 122 0| 134 0| 138 4.7 7.9 6.3
Y.| 146 77| 185 33| 137 0 0 4.5 2. 31| 11.6 2.1 6.8
g G.| 26.1| 262 | 29.2 | 244 | 637 | 122 | 33.0 | 50.7 | 27.8 | 27.7 | 32.8 | 28.3 | 30.5
8 B.| 50.0| 323 | 29.2 | 356 | 20.5 | 645 71.0 | 11.0 | 69.5 | 50.7 | 33.5 | 53.5 | 43.5
I. 31| 10.8 | 185 | 144 14 3.3 6.3 | 10.5 0 0 9.6 4.0 68
V. 0| 15| 31| 122| 14 0 0 0 0| 15| 36| 03| 20
w. 0} 139 0| 33 0| 7.8 0 0 0| 15| 34| 19| 27
wat. temp. 20.0~21.5°C
Table 6 Gatheripg rate (%) of Sphyraena japonica
for various wave lengths of light.
a arrangement ' b arrangement average
Exp.
1 2 3 4 5 1 2 3 4 5 |lam | bm| M
R. 1.2 0 1.3 4.9 2.5 0 0 7.5 | 10.7 0 2.0 3.6 2.8
0. 179 8.2 9.0 49 | 163 | 125 | 117 3.7 83| 120 | 11.3| 9.6 | 10.5
Y.| 143 | 180 | 244 | 111 | 10.0 21| 11.7 84 59| 183 | 156 83| 12.0
£1G.| 179 246 | 141 | 260 | 225| 31.3 | 267 | 30.0 | 369 | 30.6 | 210 | 3L1| 26.1
8 B.| 39| 394 | 181 | 234 | 150 | 37.5| 350 | 30.0 | 358 | 334 | 26.5 | 34.3 | 30.4
I. 48 8.2 | 115 74 | 10.0 6.3 6.7 8.4 0 5.3 84 5.3 6.8
V. 0 0| 103 74| 10.0 2.1 5.0 3.7 2.4 2.7 5.5 3.2 44
WwW.| 71 16| 11.5 | 148 | 13.7 8.3 3.3 8.4 0 2.7 9.7 4.5 7.1

wat. temp. 19.0~19.2°C
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Table 7 Gathering rate (%) of Spheroides niphobles
for various wave lengths of light.

E a arrangement b arrangement average
Xp. .
1 ‘ 2 ] 3 ] 4 ] 5 1| 2] 3] 4| 5 |am|[bm| M
R. 0 0 8 0 0 0 2 4 2 0 1.6 1.6 1.6
0. 2 12 8 8 6 3 2 6 0 7.2 4 5.6
Y. 2 20 18 22 6 27 33 35 24 40 | 136 | 32.8 | 23.2
1]
§ G. 20 18 18 10 2 17 25 31 2 44 | 184 | 28.6 | 23.5
8 B. 28 26 16 26 16 27 25 16 20 6| 224 | 18.8 | 20.6
1. 16 2 8 0 16 0 1 1 0 0 8.4 0.4 44
V. 14 10 4 2 2 0 0 0 0 0 6.4 0 3.2
w. 18 12 20 32 28 21 6 11 22 16 | 22.0 | 140 | 18.0
wat. temp. 18.8~19,2°C
Table 8 Gathering rate (95) of Anguilla japonica
for various wave lengths of light.
a arrangement ’ b arrangement average
Exp:
1| 2| 3| 4] 5| 1| 2 [ 3] 4| 5 |am|bm| M
R.| 188 | 174 | 158 | 1562 | 182 | 23.0 | 17.1 | 154 74| 21.3| 171 | 188 | 180
O.| 1563 | 185 | 1483 | 165 | 131 | 157 | 242 | 22.0 | 127 | 10.2 | 155 | 17.0 | 163
Y. 9.0 8.7 6.6 9.0 | 10.1 6.5 4.3 5.8 6.4 7.4 8.7 6.1 7.4
[} .
§ G.| 1563 180 | 169 | 117 | 10.1 | 10.3| 10.0 | 125 | 10.1 | 12.0 | 13.4 | 11.0 | 12.2
8 B. 9.0 76| 109 | 158 | 11.1 93| 10.0 | 13,5 | 11.0 6.5 | 10.9 | 10.0 | 10.5
I.| 126 | 13.0 | 10.9 6.9 | 11.1| 157 |'14.3 87| 174 | 16.7- 10.9 | 146 | 128
V. 90| 174 | 131 | 152 | 20.2 | 139 | 242 | 154 | 27.2 | 21.3 | 15.0 | 204 | 17.7
W.| 10.8 4.3 | 115 9.7 6.1 5.5 8.6 6.7 6.4 4.6 | 10.7 6.4 8.5

wat. temp. 23.7~25.0°C

Uko 6%t am 12 Fig. 1. a, b-m 12 Fig. 1. b, 0F 2 0 BEBOBES0LMEARZED
P, MREEOTHMAETCH 30, 2k BRI Fig. 3-8 Lk 3, .
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Fig. 3 Oplegnathus fasciatus (T. & S.)
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W-a and W-b show the fish gaihering rates for a white light in the Fig. 1.
a. and b, and W-M is the mean value of these rates.

Fig. 4 . Monacanthus cirrhifer T. & S.

Fish gathering rate

Colors.
W-a. W-b and W-M are the same as in Fig. 3.
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Fig. 5

Fig. 6

Fish gathering rate

Fish gathering rate
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Cybium niphoninm T. & S.'
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Colors.
W-a. W-b and W-M are the same as in Fig. 3.
Sphyraena japonica C. & V.
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W-a. W-b and W-M are the same as in Fig. 3.
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Fig. 7 Spheroides niphobles J. & S.
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Colors.
W-a. W-b and W-M are the same as in Fig. 3.
V Fig. 8 Anguilla japonica T. & S.
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W-a. W-b and W-M are the same as in Fig. 3.

e 6 Ed w-a it a B3l w-b 12 b AR A B~ OERE, w-M RFEO
FHELR L bOTH 2, RO R 6EL am. bm TR —BKL. vrFLUt+
OSFEHORRIAT, BRRCFEOSBICRIZC HEE 55 ET2HEACD 2HSBErS
o HOTHICMBORRMAR LR AT LB IToAK, vrX¥oBrArE2HE
OffEE #5050 X L HKORIENIC b HELRICH L TARENEL (XML R
FHEHL, 737 70K ERTAVWERHIEN L 2,

UEoRieZ { OfFirstkE FEICRLZ(ES 5 & T2HR K OEECEK 2 Hh %L
BOZ R~ CEZDERPT 22D ICXROEER Y To%0
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V. 8 2 & 5
() BBAE _
F1IEREFA—MH (ALY ¥k, AI—REXHo, MEEFE LTI,
: Lo 25 1 FERIC TR b OSSOk
Lo BB THERICN TR VEREDO LD D7 R
D2 KT HET 5 2 BIckx ST T BAVKEIREL WA 50 lux & LCERY L
b oY :
HER AR OETC 30 SRIBIS Letk, £ L olilErioz:e L. ! OBEY
Fo filter LicilitEity 1 HsifaER T, X lux /& LTfia. Ber
Olux 232, KT, zo [ filter Lo EMtyr 1#sE L o filter kic# LE L C
I oRErRFicka{L,. L omgrE#Echad{lL, LL¥%x 0,50lux L
720 WEDBE, fzts L oBEE oTER Bl | oBIcBoTiok. Rk
O¥EY., k0B E&ridic, BB [ 23501ux, L 230lux offEtd 517 20%0 oSS
HBEICRT, Fps ] 020D L 0B~ 2B LAERELZTIAV, {LTHSS
— 5 OB EFIRD & {5 O R TSA~E 5O —EDRAssD 2 Hbsiin & koo
(b) EBERER
kEoFECKD, ROFBEBEL, s L o8hs | oSy, SRR L
DBCHFT 28, BIbHE80 2 futicE T s EaRESHIET 280 L & 1 & o/KER
Erkpze, Table. 9 ICRTEAKERE Koo AKICHT Ll askikic 1:3 3z
1:4 oSEAEARErSHIET 250 E e bN 20 BICFELS AR Yo~
CHEERLT Table. 10 0fsR %87, :
T EROHERZEI CAFIRMEBOEC X oTOA fIBIT2b0TH 2 LEHST 20
REHTCHZEE~DRRICEEDT F AL X~ ICERTHELE Lo

Table 9 The relation between the illuminations of of L and
I at the time when fish inverse their ways.

Fish Exp. A Exp. B.
L l ! . L | ]
Oplegnathus 15 lux 50 lux 3 lux 12 lux
Monacanthus 17 » 0—3 12-15
Cybium 12—-15 ” 3—8 8-12
Sphyraena 15 4 3 12
Spheroides 24 V4 3 12

Table. 10 * The relation between illaminatisns of blue and red
- at the time when Sphyraena inverses its way.

L (Blue) ! (Red)
15 lux 50 lux
” 24
12 17
10 15
3 12
3 8
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AFERIZ “M FERIEE” it~ ., XHEELTYY S 60w OBREEM L7, X 7
HOWER + v v ABRICEKOTIE Lo 22T, Fig. 2 0% filter it 258
By LloT, v FEHKD Spectol {5 Ex IcT 5. &6 filter oFi#zE Ta &3

10 2/),

Fig. 9 Spectral radiation intensities of light of 60 W Mazda bulb

through color filters.
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Fig. 10

Sensibilty (Percent).

MNMEEFEZ « FBEEE s, 1—2

Spectral sensibilities of the ceren photo cell through color filters.
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MLT Bx/A I X oTE&BICE T 5k energy ¥ 8%, (e x ke v BEHO
HEOHMBTH %o ) Table. 11 3L EDFIC X b FEERICHH L7e s filter 1K 2
£l energy ¥ Rd7bDTH 3,

Table 11 Relative energy of colors.

Colors B A Bx/A
Violet 222 3 . 3,700
Indigo 543 155 175
Blue 356 136 130
Green 458 391 : 128
Yellow 1,405 502 140
Orange 1,014 310 162
Red 698 6 5,800

({EL x=50 & LTEH L%, )

AFIC LTFE e R enrgy BREKRTH .\ WEKERRNTD 2, IEOREEM
b LTABRIC X 28 1 FiofBROERBEORKIT. #HoOWEEI X 2L E~3 LRARKIC
SEDM energy D/VE B HICD B L BE~BNBICE DR, '

Kic Table § Offik th energy IR L TkFEk [,
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Thebvalues of Table 9 were converted into relative energy

Fish Exp. A Exp. B
Loeeeer Bx/A | Feeees Bx/A Lo Bx/A | I Bx/A
Oplegnathus 39.2 5,800 7.9 1,390
Monacanthus 44.5 V4 0— 79 1,390—1,740
Cybium 31.4—39.2 ” 7.9—-21.0 930—1,390
Sphyraena 39.2 ” 7.9 1,390
Spheroides 62.8 Vi 7.9 1,390

FFEcrot L & 1 2okt energy BHE 0D D 2 Ha4 l‘oﬁ%n Zc Tablle 10
Offi & kb energy [T L Tk#k B, :

Table 13.

Fig. 11

Red (relative energy)

Showing the relation between the relative energies of blue

Blue Red
39 5,800
30 2,784
31.2 1,972
26 1,740
7.8 1,392
7.8 923

and,red at the inversion point of the phototaxis of fish.

Blue (relative energy)

The values of Table 10 were converted into relative energy.
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Ay ERTHE Fig. 11 OFD,
EoBICRTE LY 1 oMk oEfZsps energy HISICHE S & ThiX. FeHke
- ORRRE AR (A) EdRanadhEabhwvn, Racitoifir (B) fHficoran
BHICBREMICRICESELTH %, ETIE Y I 220D BROTRR, FEFL
CRTRFLAFARCNCTERTH Z2LERIBERTIOTH 2, ILOHEML LT, #
BAER O energy ORRLIZS L ) b FOWREREKS C LN ARTH 2L FZUBL 5 F
BofEH»r s Lt Table 12 kb, 1ok ERSRCELEORAR DR FEROIK
B2l ERINGE2. RECABOERCHA~DELZLE~ 232
RICHE LI ERIC L v, AEtHICH T 24028y R o (Fig. 3-8 2), ¥+ »5. 4
VIR e HYAFREY B ROFBICHFRTHICEH LB O L hFL (R
BRTHBEDE,. 79 7 7OFICERT O AWEF L sEe h, Ho a Esle b
B E CHEXRICE T 2, EAEREL(E2 0L, R0 3HEINh 5,
VIFICRTRE LIRS EY, AOROEHRERL, # - F « BERUEROELEITR
DEDEITH b, BEICERRUHRICH L TEMERKTD 30 ILOBEABEROEMEY
FEELTNT, v FRERUCKRCHLTEEEEE T 22 T08 %0

WAERRZ RO~y FER oo Fig. 9 © Spectol iFsfamEsic B a8k s iR
RBOTHL, BRECTRZERI Lo —HERECHRTR., AR ABOIREFRAE
RFERICD zitic 750 mu P ECRTZ ¥R A DOk,

VI. 8 ¥

1. FEROFENICHA T Spectol 71, W@ MmHD 8 furh, #MRTF GICHRADHE
AL RTH LMK E, RASZIES LEWH 2HioMEE 23 2 F0sh e
BO%o RIBICIE, A FE e AUAF e F T 9%7&&6?7Pﬂ71b%
L. BHCRYFERNBLTDH 3,

2. #1EAKOHMIEMIZ D energy T ( & LTHREEKsEI GbNT,

3. HIFEEAICNT b HBEXIRICHEAEITEA v, TV 5« Y=t~ 2Ok
L., AR DM AT 22797 ZoBREHE BRI N 2,

4. H2EHROY FFRAGHRO ERELHEL TE. F % Eﬂaﬁ@ém%
LTHkA & R CRRRCE L TE AR EROR 2,
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Résumé

We have studied about the influence of colors on the behavior of young
marine fish to know the relation between the light and fish which is essential
to the knowledge of the fish gathering lamp.

1. As the results of our.experiments, it was found that there are two
fish groups, A and B, their reactions to light being quite different; among
the eight lights (including white), green and blue bring forth the greatest -
fish gathering rates, for Oplegnathus, Monacanthus, Cybium, Spheroides and
Sphymena (of the former group).

2. It becomes evident that the light cha,singr tendency of A-group fish
are due not to the energy of light but rather to the wave length of light.

3. A-group fish can be classified into two different sub-groups, one
scarcely has any light-chasing tendency for white light, (as in Cybium
and Sphyraena), and the others has fairly strong chasing tendencies (as in
Spheroides).

4. Considering the fish-gathering rates for white light as a standard,
Anguilla, which belongs to B-group, shvows\ almost no reaction to blue,
green, indigo and yellow, but shows distinct light-chasing teﬁdency for

violet and red.

(Department of Fisheries, Faculty of Agriculture, Kyoto University)





