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PHOTOTAXIS OF FILEFISH, CONGER EEL AND CRUCIAN CARP

Yong~-Rhim YANG#*

The purpose of the present study is to find the light intensity which induces maximum gathering
rate and to observe the variation of the gathering rate both in daytime and at night by using three
species of commercial fishes: filefish, Stephanolepis cirrhifer (Temminck et Schlegel), conger eel,
Astroconger myriaster (Brevoort) and crucian carp, Carassius carassius (Linnaeus).

An experimental tank (360L X 50W x 55Hcm) was set up in a dark room. An illumination system was
attached to one end of the tank to control horizontal light intensity. Six artificial light sources
were prepared by combination of two light bulbs (5W,150W) and seven filters. During the experiment
water depth was maintained 50cmlevel in the tank. The tank was marked into six longitudinal
sections each being 60 cm long to observe the distribution of fish.

The fish were acclimatized in dark condition for 40 minutes prior to the main experiment. Upon
turning on the light, the number of fish in each section was counted 40 times every 30 seconds, and
the gathering rates were obtain from the average number of fish in each section.

In filefish the light intensity inducing maximum gathering rate was 0.7 /x(0.5—1.1/x), and there
was little difference between day and night. Gathering rate varied propotionally to the length of
illumination time.

In conger eel the light intensities inducing maximum gathering rate were 1.9 /x (1.Z-2.9/x) in
daytime and 5.2 /x (3.2—7.7 Iz) at night. Thus, there was a considerable difference between day and
night, but the gathering rate remained almost unchanged regardless to the length of illumination time.

In crucian carp gathering rate did not show a definite pattern but fluctuated irregularly, The

gathering rate, however, was slightly higher at 16.21 /%, and there was little difference between day
-and night.
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Table 1.

Fishes used in the experiment

Fish species

Body length (cm)

Water temp. (°C)

10.3—-13.3
24.1-37.2
5.0—8.2

Stephanolepis cirrhifer
Astroconger myriaster

Carassius carassius

23.5—-25.5
25.3—-29.6
20.5—25.2

KEG(180L X 30W x 45Hem) &  Algstg o, A
3 AKEGHE St D.O. meter (Delta #1010)
9} S.T.meter (Kahlsico # RS 5—3)& A48}
$F q&, 98 T2 =AY

By ACKE (360L X 50W % 55Hem) = Ak z @t &
BRIBEAE N, AHES Lol v KB H9d
Ae Yotk

WL A #F o gt F9 3L S
Kepeozg F3HA dgon, KiEY PR
Fecst B sdE As oo 6le FEie=
Yirwn, REZozyy £ IL,IL,0L,N,V,TEH
olgt Astd o, 4 EMY Zol= 60cm =A )
(Fig. ). BRAMEE B8N 4Xstzm,5+4 L 50cm
2 fAAgoen 48 & 44 & Table 15 3+}.

B T (55L X 50W x 50Hem) = FrEgAle &%
F 4G el 483, o e At JdEE
Asgoer, dem o2 1049 £2 34 IAHE
449 4 QA @A

XEERE K vpFste ¥ Fobol 2450}
(Fig. 1). XEBHREA = 100V, 5We 150We) =7}
A ARES 4o, AC & A4z
S.C.R.FY D.C.& AFAGZEA/E AR

P

Q)

:O | n i

0 I
Fig. 1. Schematic diagram of the experimental
tank.
(a) : plan view; (b): side view;
b:light bulb; G: glass plate ;
T, T2 Ts To Ts, Te, Ty, : filters
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Table 2. Light sources used in the experiment
Combination
Light s
1ght souree Light bulb Filter*
A 5W Ty, Ty Ty Te Ts
B 5W Ty, Ty Ts Ts
Te) 5W Ty, Ty Ts .
D 150W Ty, Ts Ts Te, T
E 150W Ty, Ty Ty T
F 150W Tl, Tz, T3
* T, : 2 mm glass plate (2 sheets), 0,040 mm tracing paper (1 sheet)
T, : 2 mm glass plate (2 sheets), 0.040 mm tracing paper (2 sheets)
Ts:2 mm glass plate (2 sheets), 0.055 mm tracing paper (2 sheets)
T, : 2 mm acrylic plate (2 sheets), 0.055 mm tracing paper (5 sheets)
Ts: 2 mm acrylic plate (2 sheets), 0.071 mm tracing paper (4 sheets)
Ts: 2 mm acrylic plate (2 sheets), 0.071 mm tracing paper (5 sheets)
T, : 2 mm acrylic plate (2 sheets), 0.071 mm tracing paper (3 sheets)
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Table 3. Intensities of illumination and distances from the light source .
(Unit : Ix)
Light Distance (em)
source 30 60 9 120 150 180 210 240 270 300 330
A 0.7 0.45 0.3 0.2 —_ - - — — - -
B 1.85 1.2 0.8 0.5 0.3 0.2 - —_ —_ - —_
C 5 3.2 2.1 1.4 . 0.9 0.55 0.35 —_ —_ —_ -_—
D 16 10.5 7 4.6 3 2 1.3 0.9 0.6 0.4 —_
E 44 29 19 12 8 5.3 3.5 2.3 1.5 0.95 0.6
F 157 104 69 45.5 30 20 13 8.8 5.8 3.8 2.5
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Relationship between intensities of

illumination and distance from the light
source.

Fig. 2.

Table 4.
illuminationin each section of
the tank
(Unit : &x)
Light - Section _
source i 1 B I\ v i
A 0.72 0.31 0.13 0.06 0.02 0.01
B 1.92 0.8 0.33 0.14 0.06 0.02
C 5.16 2.17 0.91 0.38 0.16 0.07
D 16.62 7.21 3.13 1.36 0.59 0.26
E 45.36 19.34 8.24 3.51 1.49 0.64
F 162.00 70.98 31.08 13.61 5.96 2.61
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Table 5. Distribution rate of fishes under dark condition (Unit : %)
Fish species Section
I I | v L
Stephanolepis cirrhifer 15.63 13.75 15.31 15.63 15.94 23.75
Astroconger myriaster 21.25 13.50 14.15 12. 10 13.75 25.25
Carassius carassius 12. 34

19.43 15.17 16.75 16. 14 20.17

Table 6. Distribution rate of Stepharolepis cirrhifer

(Unit: %)
Time g‘;ﬁrhcte Section
f 1 i N i it
A 62.17 1.58 0.72 1.03 1.11 33.39
B 51.83 1. 85 1.30 1.13 0.95 42.95
Day C 34.50 1.69 1.81 1.53 2.53 57.94
D 31.88 2.35 . 1. 40 2.55 1.90 59. 93
E 27.20 3.13 1.80 2.10 2.85 62.93
F 31.92 3.67 2.28 1.31 2.94 57. 89
A 67.43 3.28 1.48 0.83 0.95 26. 05
B 51.23 3.58 2.95 3.20 2.45 36. 60
Night C 36.75 3.80 2.55 3.85 3.28 49, 68
D 25.08 5.43 4,08 4,35 5.03 56, 05
E 15. 33 4,58 4.45 7.45 6.63 : 61.58
F 10.10 5.03 4.85 5.08 9.95 65. 00




7 i B
Table 7. Distribution rate of Astroconger myriaster (Unit: %)
Time .Egg?ge Section
| I )| v v LA
A 28.28 9.53 ' 10.93 10,35 11.95 28,98
B 30.19 13.06 8.17 10. 06 9.92 28.61
Day C 16,63 8.78 8.83 13.90 15. 45 36.43
D 14.18 6.88 7.98 13.73 16.03 41.23
E 11.25 5. 30 9.35 12,03 14.98 47.10
F 10. 68 4.58 6.70 9.68 11.93 56. 45
A 30.50 11.16 9. 97 8.09 12.22 28.06
B 30. 36 8.86 9.18 9,29 12. 86 29, 46
Nigth C 32.43 7.89 9.07 11. 86 7.93 30.82
D 21.28 8.09 10. 38 9.75 11.13 39. 38
E 21.39 6. 64 10. 25 9. 89 12.14 39. 68
F 21.34 4.88 8.06 9.91 16.72 39.09
Table 8. Distribution rate of Carassius carassius (Unit: %)
Time :..oiﬂxcte Section
I il H )\ v W
A 19.58 10. 93 9.90 10. 33 12.43 36. 85
B 22,55 8.70 8.38 9.83 12,75 37.80
Day C 21.45 6.63 9.28 8.98 12.43 41.25
D 19.53 9.70 7.68 8.25 12.10 42.75
E 15.50 5.80 7.53 6.53 10. 88 53.78
F 12. 68 5.43 6. 45 6. 33 9.73 59. 40
A 10. 85 10. 43 13. 38 12. 60 14. 65 38.10
B 12. 65 6.23 8.70 10. 90 13.70 47.83
Night C 15,03 6.00 8.58 11.65 13.83 44.93
D 23.00 7.30 5.90 11,00 13. 10 39.70
E 15.35 9,28 7.13 8.75 12.48 47.03
F 6. 45 6.20 4.93 8.45 10. 83 63. 15
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Table 9. Difference between the mathematical mean of the distribution of fish in each
sectionf (16.67%) and the values in table §

Fish species Section
1 1 i i i W
Stephanolepis cirrhifer +3.02 —1.82 —1.20 —1.20 —1.82 +3.02
Astroconger myriaster +6.58 —3.05 —3.55 —3.55 —3.05 -+6.58
Carassius carassius ~0.42 +1.12 —0.73 —0.73 +1.12 —0.42
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Table 10. Intensity of illumination which caused the maximum gathering rates by both the
previous workers and the present author

Fish species lengrhom)  ilivmmatndee) Authors
Aplockeslus latipes 1.5 24.5-44.5 Oka(1950)
Misgurnus euguillicaudatus 6.7 44.5-60.5 Oka(1950)
Carassius auratus 2.4 30.0-60.5 Oka(1950)
Mugil cephalus (in day) 3.5 54, 83 Kawamoto and Nagata(1952)
Mugil cephalus (at night) 3.5 54.83 Kawamoto and Nagta(1952)
Fugu rubripes (in day) 2.0 14.11 kawamoto and Nagata (1952)
Fugu rubripes (at night) 2.0 87.33 Kawamoto and Nagata(1952)
Cyprinus carpio 6.7 0.2-20 - Imamura(1958)
Cyprinus carpio (in day) 10-13 3.813 Yang (1979)
Cyprinus carpio (at night) 10-13 6.292 Yang(1979)
Stephanolepis cirrhifer (in day) 10.3-13.3 0.7¢0.5-1.1) Author
Stephanolepis cirrhifer (at night) 10.3-13.3 0.700.5-1.1) Author
Astroconger myriaster (in day) 24.1-37.2 1.9(1.2-2.9) Author
Astroconger myriaster (at night) 24.1-37.2 5.2(3.2~7.7) Author
Carassius carassius (in day) 5.0-8.2 1.9(1.2-2.9) Author
Carassius carassius (at night) 5.0-8.2 16.6(10.6-24.5) Author
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Table 11. The values of coefficients in the equations (1) and (2), calculated from Table 7
Time Light source P, a N, B
A 48.73 0.0181 45.14 0.0148
B 45.91 0.0140 48.59 0.0177
Day c 22.89 0.0106 55.95 0.0143
D 20. 36 0.0121 66. 13 0.0157
E 16.39 0.0125 83.53 0.0191
F 16.31 0.0141 122. 83 0. 0259
A 50. 43 0.0168 42,53 0.0139
B 56. 21 0. 0205 44,60 0.0138
Night C 65.76 0.0236 60. 77 0.0226
D 34.52 0.0161 74.09 0.0211
E 38. 40 0.0195 71.75 0.0197
F 44.64 0. 0246 59.78 0.0142
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[,1EMAAE NG 98249 d=, ZEV,NE
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= Table 113 3},
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Jeoz 42R 4 3

_ JPdx 6
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Table 12. Behavioral patterns and gathering rates computed by the mathematical model

Light source

Time Item
A B C D E F

Py/o 2,692 3,279 2,159 1,683 1,311 1,157

Day No/B 3,050 2,745 3,913 4,212 4,373 4,742
b 0. 4688 0. 5443 0. 3556 0. 2855 0. 2307 0. 1961

Po/a 3,002 2,742 2,786 2,144 1,969 1,815

Night N./8 3,060 3,232 2,689 3,511 3,642 4,210
» 0. 4952 0. 4590 0. 5089 0. 3791 0. 3509 0.3012
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