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Relationship between turbidity of water and visual acuity of fish (4)

Fish reaction to twine barrier in turbid water*
Yoshihiko NAKAMURA** and Kanau MATSUIKE**

Abstract: The reactive distance to twine barrier and the number of crossing twine barrier
were examined for different beam attenuation coefficients (wavelength of gravity center, 486
nm) after changing twine diameters with Japanese parrotfish Oplegnathus fasciatus. The
reactive distance is estimated to decrease with increasing beam attenuation coefficient and the
difference of distance in twine diameter to become small. No fish crossed at twine barrier

!, while fish sometimes crossed

in water with beam attenuation coefficients lower than 0.6m~
over to the other side in the range higher than 1.0m™. The twine diameters at the limit of
fish crossing are calculated experimentally. For example, the twine diameters with a fish

swimming speed of 60 cm/sec are 1, 3 and 10 mm for the beam attenuation coefficients 0.3,

1.0 and 1.5m™, respectively.
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Fig. 2. Relationship between suspended particles
(mg/l) and the turbidity (beam attenuation co-
efficient; wavelength of gravity center, 486 nm).
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Fig. 3. Particle size distribution of sea bed mud
used.

Table 1. Apparent contrast of twine for different
turbidities after changing distance between fish
eye and twine.

Distance (cm)
Turbidity

(m=)) 100 150 200 250 300
0.3 8.8 7.6 6.5 5.5 4.9
0.6 6.5 4.8 3.6 2.6 2.0
1.0 4.4 2.6 1.6 1.0 0.6
1.5 2.6 1.3 0.6 0.3 0.1
2.0 1.6 0.6 0.2 0.1 0.03

Table 2. Ratio of crossing vertical twine barriers
of 2.8 mm diameter in ordinary seawater after
changing distance between twines in daylight.

Distance between twines (cm)
10 30 60 120

Number of approaches 36 38 38 35
Number of crossings 0 0 4 15
Ratio of crossing® 0 0 0.01 0.4

* Crossings/(approaches+crossings).

Table 3. Ratio of crossing vertical twine barriers
of 2.8mm inordinary seawater after changing
distance between twines in darkness.

Distance between twines (cm)

10 30 60

Number of approaches 30 27 12

Number of crossings 0 1 6
-“Ratio of crossing® - 0 0.04 0.3

. ¥ Crossings/(approaches+crossings).
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TYPICAL TRAJECTORIES

Fig. 4.
barrier.

Typical reaction of fish to vertical twine

Symbols & and /A respresent the
closest point and final reversal point; O, [
and B8 represent the point of changing course,
speed and crossing to the other side of twine
barrier, respectively.

Fig. 5. Fish path to vertical twine barrier of 2.8 mm diameter
_ with twines 10 cm apart in ordinary seawater, turbidity of
0.3"'. Same symbols as in Fig. 4.
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Fig. 6.
symbols as in Fig. 4.
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Fig. 7. Distance between the closest point of
approach and twine barriers for different tur-
bidities. Thick lines denote the number of
times.
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Table 4. Ratio of crossing vertical twine barriers
of diameter 2.8 mm with twines 10 cm apart
for different turbidities during 20 minutes.

Turbidity (m™)
0.3 0.6 1.0 1.5 2.0
Number of approaches 36 32 31 33 21
Number of crossings 0 0 3 3 8
Ratio of crossing™® 0 0 0.1 0.1 0.3

* Crossings/(approaches+crossings).
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of the closest point to twine barriers in ordinary

seawater.
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Fig. 9. Relationship between target size and

distance at the limit of discrimination after
changing the turbidity. Symbols O, A, [,
A, B and @ represent the values calculated
from the experimental results in clear water
and turbid water of 0.1, 0.2, 0.4, 0.8, 1.6 and
3.2(m™), respectively.
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Fig. 11. Distance at the limit of discrimination
to the twine barrier for different twine dia-
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Fig. 12. Relationship between twine diameter
and turbidity at the crossing limit of the
barrier after change in speed.
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