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Relationship between turbidity of water and visual acuity of fish (2)

Turbidity level, target size and distance at visual limits in case of

small target*

Yoshihiko NAKAMURA** and Kanau MATSUIKE**

Abstract: In water with a large quantity of minute suspended particles, the distance at
which carp, Cyprinus carpio could discriminate a small target was analyzed by conditioned

reflex method and optico-physical measurment.

In different levels of water turbidity, the relationship of target size and distance (expressed
as visual angle, min. of arc) to the apparent contrast at the visual limit was divided into three
ranges: In the range 1 restricted by visual angle only, the angle and apparent contrast were
limited to 10 min. and 0.8, respectively. At an angle less than 10 min., though the apparent
contrast was high, the fish cannot discriminate the target. In the range 2 restricted by both
the apparent contrast and the visual angle, the relationship of both factors to the visual limit
was expressed by: Y=09.05X%%% where Y is the visual angle and X is apparent contrast.
In the range 3 restricted by apparent contrast only, this apparent contrast limit is called
as contrast threshold. At the contrast less than this, the fish cannot discriminate the target,
even though the visual angle was large. In the case of small target, it is necessary to use

the second relationship.

From the relationship between turbidity level, distance and apparent contrast with the
above formula, target size and distance at the limit of discrimination in different water tur-
bidity are calculated. For example, the limit distances for a target size of 5mm with an
inherent contrast of 70 are 1.6, 1.4, 1.0 and 0.7 m for the turbidity levels (beam attenuation
coefficient, 486 nm) of 0.1, 0.4, 1.6 and 3.2m™*, respectively.
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Fig. 1. Experimental tank (mm).
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Fig. 2. Particle size distribution of Chlorella

ellipsoidea used..
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Fig. 3. Relationship between Chloyella concen-
tration (ppm) and beam attenuation coefficient
(m™"; wavelength of gravity center: 486 nm).
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Fig. 4. The rate of

correct behaviours” for different target visual angles after changing
turbidity level at distances (partition length) of 20, 40(1), and 60 cm(2).

Symbols O, A,

©® and M stand for the mean values in pure water (I), and turbid water of 1(II), 2(1II),

and 3ppm (IV), respectively.
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coefficient, m™) after changing distance.
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Apparent contrast of large target for different turbidity levels (beam attenuation
Symbols ®, A and Il stand for the experimental

value at distances of 20, 40, and 60 cm, respectively.

(2) Apparent contrast of different distances after changing turbidity level.
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Symbols O, A, l

and @ stand for the experimental values in I, II, IIT and IV, respectively.
(3) Apparent contrast of small target (the side of the square, 3mm) for different turbidity

levels (m™) after changing distance.
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Fig. 7." Relationship between target visual angle
(min. of arc) at the limit of discrimination and
apparent contrast. Symbols O, &, Il and @
stand for the experimental values for black
painted targets in pure water ([), and turbid
water of 1(II), 2(III) and 3ppm (IV), respective
ly. Symbols A and [] stand for gray painted
targets in pure water and the results of HESTER
(1968), respectively.
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after changing turbidity level (beam attenuation
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® stand for the values calculated from the
experimental results in pure water (0.1m™),
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3.2m™, respectively.
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