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Influence of light intensity on retinomotor responses in Channa
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Abstract. In bright light-adapted (25 lux) retina of Channa punctatus, the pigment in the
epithelial cell is fully migrated into the epithelial cell protuberances. In dim light-adapted
retinae (6, 3 and I lux), the pigment concentration gradually decreases into the tips of the
epithelial cell protuberances and its concentration gradually increases in the origin of
the epithelial cell protuberances. In dark-adapted retina, the pigment is fully expanded into the
epithelial cell. The pigment concentration is more in the vitread region. The cones remain
contracted in light-adapted retinae of various light intensities. The rods are visible only in dim
light-adapted (6,3 and 1 lux) retinae and invisible in dark (0 lux). The mechanism of pigment
migration in this fish is different from those of other fish.
Keywords. Retinomotor responses; retinal epithelial pigment layer; epithelial cell processes;
visual cell layer; bright-, dim- and dark-adaptation.

1. Introduction
It is now well established that the retinae in fishes respond variously when exposed to

different light intensities. For example, the retina in juvenile Atlantic Salmon is lightadapted at the intensities of 10- 1 ft-C and above; semi-adapted at 10- 2 ft-C, and darkadapted at 10- 3 ft-C or below (Ali 1961). Also, it took minimum time to reach the
maximum state of adaptation, higher the light intensity and vice versa (Ali 1962) and as
in the spotted mackerel, Pneumatophorus tapeinocephalus (Kaivamura 1979).
Conclusions similar to the above were drawn also by Weidemann (1966) by studying
cones in the guppy exposed to different wavelengths of equal energy. A threshold of
such energies was suggested to explain the transition from scotopic to photopic vision,
when the Retinal epithelial pigment (REP) starts to disperse (Ali and Crouzy 1968).
Furthermore, when dark-adapted Lepomis cyanellus are exposed to light (1'4 lux),
cone myoids contract with a linear rate of 1·5 ± 0·1 Jlmjmin. The myoid region of the
cone contracts from as much as 120 Jlm (midnight dark-adapted) to 6 Jlm in the fully
light-adapted state (Burnside et al 1982). But the inner segment of the rods in
Sarotherodon mossambicus, increases in length from 12 Jlm in the dark to 41 Jlm in the
light (O'Connor and Burnside 1981). In yet another response, the square mosaic
pattern of retinal cones changes during dark adaptation into a row mosaic in the guppy,
Poecilia reticulata (Kunz 1980).
In a state of nature Channa punctatus, a fresh water teleost, are exposed to different
light intensities necessitating light adaptation for a successful establishment in a chosen
environment. The present studies were therefore undertaken to understand the above
behavioural pattern in C. punctatus.
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Material and methods

C. punctatus obtained from fish market were kept in a glass tank supplied with aerated

tap water. The fish were fed daily on a diet of fish food. The total length of the fish
ranged from 15-18 em.
2.1 Experimental method

A rectangular wooden box with 5 sides only, covered jhe glass tank in which the fish
were kept. The wooden box had a small square opening through which a 60 watt bulb
was focussed. Double cell colorimetric (Biochem) filters were used for producing
various light intensities inside the tank. A lux meter was used for measuring the light
intensities. The water temperature ranged between 18°-22°C during the period of the
experiments.
In the first experiment (25lux),light from 60 watt bulb was directly focussed on to the
tank through the square opening. Then the light intensity over the surface of the water
was measured by the lux meter. After 24 hr of light-adaptation decapitated head of a
fish was preserved in Bouin's fixative for 24 hr.
In 2nd (6 lux), 3rd (3 lux), 4th (1 lux) experiments red, green and blue filters ofdouble
cell colorimeter (Biochem) was inserted into the square opening of the wooden box and
the 5th dark-adaptation experiment was conducted in a light proof room. The
procedures adopted for these experiments were identical with those of the first
experiment.
2.2 Histology

After fixation of eyes in Bouin's fixative, the retinae were embedded in paraffin. The
blocks were cut at 3 J.L, stained with Harris Haemotoxylin and counterstained with
alcoholic eosin. The sections were mounted in Distrene 80 dibutylphthalate xylene
(DPX) and examined under the microscope.
2.3

Measurements

The thickness of the retina, retinal epithelial pigment layer (REPL) and visual cell layer
(VCL) were measured with calibrated ocular micrometer. Two measurements of the
REPL and VCL in small retinal sections and 3 measurements in large retinal sections,
totally 150 measurements were taken from 5 experiments i.e., at the rate of JO
measurements for each experiment.

3. Results
In normal light, the cones are contracted, the rods and the pigments are expanded; but
in dark, the cones are expanded, the rods and the pigments are contracted (Ali 1961).
The contraction and expansion of cones and rods in C. punctatus are similar to those of
other fish. But the pigment migration is different in this fish.
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Bright light-adaptation in 25 lux (figures 1A and 2; table 1)

The pigment in the epithelial cells is fully migrated into the tips of Epithelial cell
processes (ECP). Consequently REPL appears transparent in that region (18 j,l). As a
result of contraction of the cones, the ellipsoids of the cones lie close to the external
limiting membrane with VCL measuring (16 j,l). The rods cannot be identified because
they are masked by pigment in the ECP.

3.2

Dim light-adaptation in 6, 3 and 1 lux (figures 1B-D and 2; table 1)

When the light intensity is decreased, the pigment concentration gradually decreases in
the vitread regions of the epithelial cells and gradually increases in the sclerad regions of
the epithelial cells. The transparency of REPL also decreases, when the light intensity is
decreased. This clearly indicates the migration of pigment from ECP to REPL. The
cones remain in a contracted state. The rods are faintly visible in the masking pigment
of ECP (6, 3, 1 lux).
3.3

Dark-adaptation in 0 lux (figures IE and 2; table 1)

The pigment is fully dispersed in the epithelial cells. The pigment concentration is also
high in the tips of the ECP. This indicates the reversal dispersion of pigment into the
tips of the ECP from REPL. The rods and cones could not be identified in the retina,
because they are completely masked by the ECP.

4.

Discussion

In bright light (25 lux) in both the present studies on C. punctatus and investigations on
goldfish and bullhead (Ali 1964a),the pigment is fully migrated into the vitread regions
of the ECP (figures 1A and 2). But, C. punctatus differs from the goldfish and bullhead
in one respect namely while the sclerad regions of the REPL is fully transparent in C.
punctatus, some amount of pigmentation is still present in those of goldfish and
bullhead. Nevertheless, the expansion of pigment in C. punctatus is similar to that
observed in various species of salmon (Ali 1959, 1971, 1975); in bullhead and goldfish
(Ali 1964a); in herring (Blaxter and Jones 1967); and in toadfishes (Nicol 1980).
In dim light-adaptation (6, 3 and 1 lux) both in the present studies on C. punctatus
and salmon (Ali 1959, 1971, 1975); bullhead and goldfish (Ali 1964a); and herring
(Blaxter and Jones 1967) migration of pigment takes place from the ECP to REPL
(figures 1B-D and 2). While in the fishes cited the pigment concentration gradually
decreases with decreasing light intensity; in C. punctatus it gradually increases with
decreasing light intensity.
In dark-adapted retina of C. punctatus, the pigment migration is first into the REPL
and from the REPL to ECP (figures 1E and 2), which is contrary to that observed in
salmon (Ali 1959, 1971, 1975); bullhead and goldfish (Ali 1964a); herring (Blaxter and
Jones 1967); and snook (Eckelbager et al 1980). But in the bullhead pigment
concentration is more in the sclerad regions of the epithelial cells. In C. punctatus the
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Figure 1. A-D. Light-adapted retina of C. punctatus (A, 25 lux; B, 6 lux; C, 3 lux; D, 1 lux).
E. Dark-adapted (0 lux) retina of C. punctatus.
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Figure 2. Histogram of the concentration of pigment in retinal epithelial pigment cells and thickness ofvisual cell layer.
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Table 1. Thickness of retinal epithelial pigment and visual cell layer.
PL
TR

VCL

PL

PC

PCH

16
7

75
33

57
25

15
7

76

25

34

11

16
7

72

PCL

PCH

T

Light adaptation in 25 lux
/.I

%

228
100

18
8

Light adaptation in 6 lux
/.I

%

226
100

22
10

19
9

10
4

31

36
15

31
14

5
2

15
7

70
30

37
16

28
12

5
2

3
2

66
34

Light adaptation in 3 lux
/.I

%

234
100

Light adaptation in 1 lux
/.I

%

232
100

Dark adaptation
/.I

%

176
100

28
15

38
19

(PC, Pigment concentration; PCR, pigment concentration high; PCL, pigment concentration
low; PL, pigment layer; T, transparency; TR. thickness of retina; VCL, visual cell layer).

opposite result is observed. The present studies are insufficient to throw light on the
mechanism leading to the observed behavioural response and adaptation in C.
punctatus.
The cones of C. punctatus remain in contracted state (figures lA-D and 2) when the
fish is subjected to various light intensities. The present studies do not, however indicate
whether or not the cones are in the same state in dark also, since they are completely
masked by REP (figures 1£ and 2). That the cones did not show any retinomotor
responses both in dark and light has been reported in bream (Garten 1907);in walleye
and sauger (Ali and Anctil 1977); in goldeye and mooneye (Wagner and Ali 1978); in
bigeyes (Wang et aI1980); in Oreocromis mossambicus (Jalaluddin Sherieff 1985) and in
several other species (Ali and Wagner 1975).
The rods of C. punctatus are expanded in bright light (25 lux), and are in a contracted
state in dim light (6, 3 and 1 lux) and in dark (0 lux). But the rods are visible only in dim
light-adapted (6, 3 and 1 lux) retinae (figures IB-D) and could not be identified both in
bright light (25 lux) and darkness (figures lA and IE); whereas the rods are visible in the
dark-adapted retina of other fish (Ali 1959, 1964a, 1971, 1975;Blaxter and Jones 1967).
A question that arises from the above results is as to how does the pigment function
in light and dark?
In bright light and dim light-adapted retinae of C. punctatus the position ofrods and
cones and the direction of pigment migration are more or less identical to that of other
species (Garten 1907; Ali 1959, 1964a, 1971, 1975; Blaxter and Jones 1967). So, the
mechanism of transmission of light may be identical to that of other species described
above.
In dark-adapted retina of C. punctatus the pigment is expanded in the epithelial cells
(figure IE). Chiarini (1904) considered that the function of the dispersed REP was
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nutritive and that it compensated for the loses by rods and cones. So, the expansion of
pigment in dark-adapted C. punctatus may be for the purpose of nutrition. It is possible
that in dark, a small amount of light may enter the rods through the gap of the ECP
below, and since the cones also serve as light funnels (Ali and Wagner 1976)enables C.
punctatus to see the object in dark.
Why does the pigment expand in dark? Ali (1964b) in his unilateral illumination
experiment with the goldfish and Bimes et al (1966)on Cyprinus carpio stated that the
REP is to a greater extent under hormonal control than the visual cells which are the
first order neurons. From the present investigations it is believed that the different types
of migration of pigment observed in C. punctatus, may be under the influence of a
special hormone.
5.

Conclusion

1. In C. punctatus the cones remain contracted in various light intensities and the rods
are not visible in dark.
2. The pigment concentration in the retina under various light intensities clearly
indicates that the pigment migrates first from REPL to the tips of the ECP in bright
light (25 lux) and then (rom the tips of the ECP towards the direction of REPL in dim
light (6, 3 and 1 lux). In dark, the pigment migration from ECP to REPL is completed
and then it migrates from REPL to the tips of the ECP.
3. In this fish, the thickness of pigment concentration in epithelial cells gradually
increases when the light intensity is decreased.
4. The transparency of REPL gradually decreases when the light intensity is
decreased.
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