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PHOTOTAXIS OF FISH (1)
—CYPRINUS CARPIO—

Yong-Rhim YANG*

The phototaxis of common carp Cyprinus carpio was studied under laboratory conditions to find
out distributional pattern of the fish under light gradient and to find the light intensity which
causes the maximum gathering rate.

The optimum light intensities were determined. The fish tended to escape from the light source
when the light intensity was stronger or weaker than a certain optimum value.

The mean illumination intensity which caused the maximum gathering raté was 3.813 fux (2.99—
4.76 lux) in the daytime and 6.292 Jux (5.0~—7.89 lux) at night.

The gathering rate of the fish could be divided into two types: reflex gathering rate and equilib-
rium gathering rate. The reflex gathering rate appeared quickly soon after lighting and gradually
changed as time elapsed, while the equilibrium gathering rate was almost always constant.
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Fig.1. Schematic diagrams of the experimental
tank.

A: plan view, B: side view, &: electric bulb
T: filter(tracing paper) G: glass plate
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Table 1. THumination intensities and distances from the light source*
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Fig. 2. Relationship between illumination inten-

sities and distances {rom the light source,

(unit: fux)

Distance(cm)

Light bulb
15 30 45 60

75 90 105 120 135 150 165

150 W 600 490 400 320
100 W 400 320 260 210
30 W 175 140 110 88
10 W 23 18 15 1

5\ 6.3 5 4 3.2
L5 W 3.8 3 .2 3

260 210 170 140 110 90 72
170 135 110 88 70 57 46
70 56 44 35 28 22

9 7.2 5.7 4.5 3.6
2.5 2 1.6
1.9 1.5 1.2

* Intensity of the reflex illumination from the other end of the tank was regarded negligible.
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Table 2. The values of 7, and « ealeulated
from the experimental data

Light bulb

I=1, e~**

150 W 1=747.7 g=o-011x
]00 w . I: 9’) 1 ¢~0.0144x
30 W 1=220. 3 ¢=0.0t68s
10 W I=29.0 ¢0-016x
5W 1=7, 89 g-o-0tnzs
1.6 W 1=4. 76 g-0-otbes
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Table 3. Mean 1llummatxon mtensxtles of the light bulbs in each section of the tank

(unit:/ux)
Section
Light bulb
1 | | N v Vi

150 W 609. 69 399. 39 261.63 170. 78 112.27 73.55
100 W 399, 59 259, 42 168.42 109. 34 70.98 46.08
30w 176. 59 111. 49 70. 39 44. 44 28. 06 17.71

10 W 23.19 14.57 9.15 5. 747 3.61 2, 267
5W 6.292 3.988 2.538 1.602° 1.015 0. 643

1.5 W - 3.813 2. 402 1.513 0.953 0. 60 0.378

CHR Y xR
Wel fie B WA e e 24 Aot
oJojel ik w3t wel ARl 2AEHE WK
(Table $)5t 48lel 4 d& Ass oes 2ok

1. 2t SEEol cHEt REST

4 AA Kife Aestel w3 ol A 44
T AYAA 240 KIS A RN
HHiE Fig 33 R,

e HE PSR B3t vk Aol A AT
E vimzad, 2o A7 FehAY AR bR K
(150W, 100W, 1. 5W) &

Table 4. Gathering rate of fish in the day and at night
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(unit: 23)

Section
Time Light bulb
\ B I . I W v Wi
150 W 13.21 3.21 4.16 4,32 8.85 66. 25
100 W 18.75 4.07 3.06 3.74 7.95 62, 42
Day 30 W 23.68 472 4.28 4.75 9.30 53.28
10 W 27. 45 6.57 4.55 4.65 12. 43 44.36
5W 22.90 4.80 7.35 9,77 15.28 39.91
L5W 40.39 5. 59 6.27 7.29 7.43 33.04
150 W 12. 60 3.24 3.14 3.92 9.16 67. 94
100 W 19. 97 3.05 3.05 3.25 7.56 63.12
Night 30 W 35.07 9.66 6.01 4.32 5.98 38.95
10 W 35.82 6.59 6.62 6.08 8.01 36.87
5 W 48.65 5,61 5.51 5.44 " 6.70 28.11 °
1.5 W 37.07 5. 51 7.55 7. 89 8.37 " '33.61
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Fig. 3. Distribution rate of common carp in each

section of the tank exposed to the illumi-
nation of various intensities.
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Table 6. THumination intensily which causcd the maxunum gathermg rates hy previous

workers and the author

. Authors

Fish species Intensity of illumination(lux)

Aplocheilus latips 24.5~44.5 Oka(1950)

Misgurnus anguillicandatus 44.5~60.5 Oka(1950)

Carassius auratus 30.0~60.5 Oka(1950)

Mugil cephalus (in day) 54.83 Kawamoto et al. (1932)
Mugil cephalus (at night) 54.83 Kawamoto & al. (1952)
Sphoeroides rubripes (in day) 14.11 Kawamoto et al. (1952)
Spheoroides rubripes (at night) 87.33 Kawamoto et al. (1952)
Cyprinus carpio 0.2~20 , Imamura(1958)
Cyprinus carpio (in day) 3. 813(2.99~4.76) Author

Cyprinus carpio(at night) 6.202(5.0~7.89) Author
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Fig. 4. Relationship between gathering rate of
common carp and illumination intensities
in the Ist section from the light source
of the tank.
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Table 7. The value « aind 8 ealeulated from the data

Time Light bulb G=G, e o* F=F, e-p*

150 W (7=26. 81 ¢—0-0472s F=181. 33 ¢~0-067tx

100 \\"2 =40, 26 ¢—0- 95095 F=174.97 g~0-0587x

Day 30 W (=53, 06 e~0-058x F=197. 57 g=o-05ss
10 \V ( =56, 12 ¢~0-0477x EF=R83.R2 g—0-0124x

5 W =50.03 g-o-wus F=G4.51 g=0-00r

L5 W (. =108, 61 0 Mb8s F=69.69 ¢~0-0:9ix
(=24, 85 g~0-0453x F=185. 10 ¢-0-0¢sx
100 W G=51.12 ¢—0.%62x F=182, 45 =000«

Night 30 W (=66, 84 ¢—-04295 F=99. 44 g-o-fe2is
10 W (;=83. 54 ¢~(-vst4s F=79. 34 ¢0-0510¢

5 W (;=143,32 ¢~0-"208 F=57.59 ¢~0-078x

1.6W (;=06, 18 ¢~0 0cx F=67,37 ¢~0-0463s

Table 8. Behavioural patterns and gathering rates computed l.)y the mathematical model

Light bulb

Time Ttem - -
. 150W 100W 30W 10W S5W 1.5W
oo 568. 01 790. 96 986. 25 1176. 52 960. 27 1648. 10
Day IV 970238 9564.87  2191.92 1976.89  2015.94 1402, 21
Gofet . .
S L T X 9370 <. 0.3108 0.3731  .0.322 54
st 7 0 0.3227 0. 5403
e 548, 57 816.61  1558.04 . 148121  1990.56 1512. 26
Night Fu/B 2770.96  2576.98  1591.04 1555.69 1204, 81 1455, 08
Gio/ 1t 0.1653 0. 2406 0. 4918 0. 4877 0.6230" 0. 5096
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