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Abstract. The differential distribution of cones in the various regions of the retina of the
fish Nemipterus japonicus (Bloch) was studied. In tangential section two types of cones are
observed viz single and double cones, double cones being greater in number than single
cones. Of the total cones, double cones constitute 86% while single cones constitute only
14%. In most of the retinal regions, cones are in the square mosaic pattern. The temporal
region has greater number of cones than the other retinal regions which were studied. The
correlation coefficients for the temporal region with all other regions are invariably positive.
The test shows that there is no significance between the eyes whereas significance is
observed among the various retinal regions. The pattern of cone arrangement agrees with
the bottom dwelling habit of the fish. The shape of the eye is modified by being slightly
oblong with comparatively longer anterio-posterior axis. The retinal cup is more hollow at
the temporal region than at the nasal region.
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1. Introduction

Retina is a sheet of photoreceptors connected to the brain via the optic nerve. Greef
(1900) distinguished different types of cones in the retinas of fishes. Muller (1952)and
Lyall (1957) studied the cone mosaics in some teleost fishes. Engstrom (1963)
reviewed the ecology and phylogeny of teleostean visual cells. Changes in square
mosaic pattern to row mosaic pattern in dark adaptation have been noticed recently
by Kunz (1980). Munro (1984) suggested the origin of double cones from single cones
as the result of their incomplete fission. O'Connell (1963), Tamura and Wisby (1963)
and Feldman and Carleton (1984) studied the structure of visual cells and their
distribution in the retinas of teleosts based on their tangential sections. Siminoff
(1984) studied trichromatic cones in vertebrate retina viz red, green and blue cones.
The movement of pigments in the epithelial pigment layer causes photochemical
changes. The contraction and retraction of cones and rods depend upon the ambient
light levels (Prosser 1973).
Yamanouchi (1940) measured the density of cones in 5 regions of the retina of
Microcanthus strigatus and obtained the highest density in the temporal region.
Kahmann (1934, 1936) described the fovea centralis in Serranus julus and Blennius
and showed that it is most often located in the temporal region. Electrical stimulus
also has chemical effect on the release of many peptides affecting the epidermal
chromatophores and this has been illustrated by the experiment conducted on
isolated eye stalks of Uea pugilator (Bush et al 1984).
Extensive investigations have been carried out on the diverse aspects of fish vision.
However studies concerning histometry of fish eye are very limited. The present work
is aimed at studying the cone type, cone mosaic pattern and cone density in the
different regions of the eye of N emipterus japonicus and to find out as to how they aid
the visual perception of this fish.
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2. Materials and methods
For the present study N.japonicus, (FAO 1974), a teleost fish belonging to the family
Nemipteridae, was selected for investigating the retinal structure. The histological
details of cones in the retinas are elucidated only in the tangential sections. The
retinal cup was cut into 8 equal pieces, viz temporal, dorso-temporal, dorsal, dorsonasal, nasal, ventro-nasal, ventral and ventro-temporal (figure 17). Each retinal bit
was tied between two cover slips separately to flatten them. They were embedded in
paraffin and 2 J.l thick tangential sections of these bits of retina were cut, stained with
hematoxylin and counterstained in alcoholic eosin. The single and double cones were
counted separately in- right and left eye (tables 1 and 2).
2.1

2.1 a

Statistical methods
Correlation co-efficient

Correlation co-efficient between 8 regions of the right eye and the respective regions
of the left eye with regard to double cones, single cones and total cones were carried
out (tables 3 and 4).
Table l.
cones.

Patterns of cone arrangements with ratio between double and single

Functional
regions
selected

Pattern of cone
arrangement
observed

Temporal
Ventro-temporal
Dorso-temporal
Ventral
Dorsal
Nasal
Dorso-nasal
Ventre-nasal

Square mosaic
Cone mosaic
Row and square mosaic
Square mosaic
Square mosaic
Square mosaic
Square mosaic
Square mosaic

Ratio between
double and
single cones

Figure
nos

7:1
7:1
8:1
8:1
8:1
9:1
8:1
9:1

1,9
2, 10

3, 11
4, 12
5,13
6, 14
7, 15
8, 16

Table 2- Average numbers of cones in (}16 mm" in various regions of retina
in N. japonicus right and left eye.

Left eye

Right eye
Retinal
regions
Temporal
Dorso-ternporal
Dorsal
Dorso-nasal
Nasal
Ventre-nasal
Ventral
Ventro-temporal

Double
cones

Single
cones

Double
cones

Single
cones

163
109
70
92
78
67
93
166

32
16
8
12

139
150
96
42
70
57
85
157

58
23
6
5
7
5
9
22

IQ

12
12
23

569

Visual capacity of N. japonicus
Table 3. Correlation co-efficient between the right
and left eyes.
Double cones

Single cones

Total cones

0·7791

0-9476

0-8494

Table 4. Correlation co-efficient between total number of cones in the entire retinal region
(right and left) to total number of cones in each retinal region (right and left).
DorsoTemporal temporal

Regions
Type of cones
Double cones
Single cones
Total cones

0-8035
0-7632
0-7836

0-4197
0-1816
0·3691

Dorsal

Dorsonasal

0-4027
-0·3839
0-4669

0-3272
-0,4177
0-2309

Ventronasal

Ventral

Ventrotemporal

0-2048
-(}()821
0·2671

0-8978
0-3192
0-8171

0-2372
0-6472
0-1627

Nasal

0-7578
- ()-()6()()

0-6668

Table 5. Anova table
Type of cones

Source of
variation

Degrees of
freedom

Sum of
squares

Mean sum
of squares

Variance ratio
F

I

110-25
21672·75
276Q-75

110-250
3096·107
394·392

0-2795
7-8503·

Double cones

Eyes
Region
Error

7
7

Single cones

Eyes
Region
Error

7
7

Total cones

Eyes
Region
Error

7
7

I

I

6·25
2350-00
416·75
64·00
35697·75
3318·00

6'25
335·7142
59·5357
64-00
5099·67
474·00

0-1049
5-6388·
0·135021
10·758815·

·Significant difference is observed at 5% level (P<Q-05).

2.1b

Significance of variation

Significance of variation was tested between the eyes and between the regions for
each of the cone type using the analysis of variance technique by two way
classification (table 5).
3.

Results

The retina may vary from species to species in its thickness, cone density and
patterns of arrangement of cones. Within the retina the cone density may vary from
region to region. In the present study 8 different regions of the retina of the right and
left eye of N. japonicus were histologically studied and the photomicrographs show
the size and arrangement of cones in the various regions (table 1).
3.1

Temporal region (figures 1 and 9)

The cone density is high and also the size of the cone is bigger in this region than in
the other regions, in both right and left eyes. The double cones are regularly
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arranged and single cones are irregularly arranged. About 20% of the retinal cones
are located in the temporal region. The optic nerve originates in this region. Square
mosaic patterns are observed here.
3.2

Ventral-temporal (figures 2 and 10)

In this region for every 7 double cones one single cone is present. The row mosaic
pattern is observed.
3.3

Dorso-temporal (figures 3 and 11)

Here for every 8 double cones one single cone is present Both row and square
mosaic patterns are observed.
3.4

Ventral (figures 4 and 12)

For every 8 double cones one single cone is present. The square mosaic pattern is
observed.
3.5

Dorsal (figures 5 and 13)

The single cones are least in number here compared to the rest of the retina the cones
being arranged in a scattered manner. Square mosaic patterns are observed here.

3.6 Nasal (figures 6 and 14)
For every 8 double cones one single cone is present in the right eye and for every 10
double cones one single cone is present in the left eye. Square mosaic patterns are
observed here.
3.7

Dorso-nasal (figures 7 and 15)

For every 8 double cones, one single cone is present. The cones are small in size.
Square mosaic patterns are observed here.

3.8 Ventral-nasal (figures 8 and 16)
This retinal region possesses the least number of cones compared to the other retinal
regions. Here also for every 8 or 9 double cones one single cone is present. Square
mosaic patterns are observed here.
Correlation co-efficient studies obviously indicate positive correlation between
total cones and the number of cones in the different regions. However r values differ
for different regions (table 4). Highest positive correlation is shown between total
number of cones in the ventral region and the total number of cones in the retinal
region (r 0,8171). Correlation co-efficient is least between total number of cones in
the ventro-temporal region and the total of cones in the retinal region (r 0,1627).
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Figures 1-8. Photo micrographs of tangential sections of the retinal areas of N. japonicus
showing cone density and cone mosaic patterns. 1. Right temporal (RT). 2. Right dorsotemporal (ROT). 3. Right dorsal (RO). 4. Right dorso-nasal (RON). 5. Right nasal (RN).
6. Right ventro-nasal (RVN). 7. Right ventral (RV). 8. Right ventre-temporal (RVT).
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Figures 9-16. Photomicrographs of tangential sections of the retinal areas of N. japonicus
showing cone density and cone mosaic patterns. 9. Left temporal (LT). 10. Left dorsotemporal (LDT). 11. Left dorsal (LD). 12. Left dorso-nasal (LDN). 13. Left nasal (LN).
14. Left ventre-nasal (LVN). 15. Left ventral (LV). 16. Left ventre-temporal (LVT).
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Correlation co-efficient between the total number of cones and the total number of
double cones in the different regions indicates almost similar pattern when compared
to that of the total number of cones in their different regions. However, comparison
of correlation co-efficient between the total number of single cones and single cones
in different regions shows marked difference with regard to r values. Temporal, dorsatemporal, ventral and ventre-temporal regions show positive correlation having r
values of 0'7632, 0'1816,0,3192 and 0'6472, respectively (table 4). However, dorsal,
dorso-nasal, nasal and ventral-nasal regions show negative correlation having r
values of -0'3839,-0·4177, -(}o06OO and -0'0821, respectively (table 4).
Correlation co-efficient studies between right and left eye with regard to the
double cones, single cones and total cones show positive correlation (table 3). The
single cone shows higher r value «(}O9476) when compared to the total cone r value
(0·8491) and double cone r value «(}O7791).
Analysis of variance between right and left eye and within the retinal regions to
find out any significance at 5% level clearly indicates that there is no significance
among the right and left eye. However, significance is observed among the different
regions of the right and left eye. Similar results are obtained from the analysis of
variance between the double and single cones of different regions of right and left
eyes (table 5).
The actual numbers of single, double and total cones are drawn in topographical
diagrams which also indicate the cone density (figures 17-23).
4.

Discussion

In the retina the cone density may vary from species to species. Sometimes the cone
density may vary from region to region according to the regional function. Generally
two types of cones are observed; double cone and single cone. Furst (1904)
distinguished difference among various kinds of single cones in Salmo. The cone
present at the centre of the square mosaic was named by him as 'Mittelzapfen' and
cones present in the corners as 'Zwischenzapfen', From the studies of Muller (1952)
and Lyall (1957) it is known that the central single cones are long and the single
cones occupying other positions in the mosaics are short or they are additional single
cones (Engstrom 1963). The presence or absence of the single cones depends upon
the functional aspect of the retina (Tamura 1957).
During the 19th century terms such as twin cones 'Zwillingzapfen' or 'Zwillinge'
were common without any distinction between equal and unequal double cone types
and thus these reports only tell us that some sort of double cone elements are
present. Greef (1900) distinguished between twin cones (Zwillingzapfen) and double
cones (Doppelzapfen). Munro (1984) observed that in Acquidens portalegrensis the
structural components of the adult retina are present within 7 days after fertilization.
Double cones initially appear a day earlier and then originate from the incomplete
fission of single cones. The present work on N. japonicus shows equal and unequal
double cones as observed in the retina in the Poecilidae (Engstrom 1960). The
number of cones also varies considerably between different regions of the retina and
it is quite obvious that there is variation in the shape of the cones. The present work
shows that the cone density is higher in the temporal region where the number of
cones is larger and their size is bigger than in the other retinal regions. The optic
nerve also enters in temporal region. Yamanouchi (1940) measured the density of
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Figures 17-19. 17. Perspective drawing of the retina of N. japonicus showing the
orientation of tangential section preparation. 18 and 19. The density of single cones and
double cones in 8 segments of the retina of N. japonicus. The means are shown in large
types, the ranges in small types. 18. Right eye. 19. Left eye.

cones in 5 regions of the retina of Microcanthus striqatus and observed the highest
density in the temporal region. Kahmann (1934, 1936)described the fovea centralis in
certain fishes and showed that it is most often located in the temporal region
(Serranus julus and Blennius). Tamura and Wisby (1963) observed the same in the
greater amberjack and dolphin.
In N. japonicus the number of double cones is greater than that of the single cones,
with both the right and left eyes consisting of 86% of double cones and 14% of single
cones. N. japonicus lives generally in 40 metres depth and rarely at or below 60
metres (FAO 1974). It is a bottom dweller which possesses higher number of double
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Figures

2~23.

20 and 21. The density of total cones in 8 segments of the retina of

N. japonicus. The means are shown in large types, the ranges in smalI types. 20. Right eye.
21. Left eye. 22 and 23. The probable total cone topography of the retina. 22. Right eye.

23. Left eye.
(D, Dorsal; ON, dorso-nasal; DT, dorso-temporal; N, nasal; T, temporal; V, ventral; VN,
ventra-nasal; VT, ventro-temporal).

cones. The double cones react in lower light intensities than the single cones. So the
double cones are greater in number than the single cones in this species. Tamura
(1957) concluded that the abundance of single and twin cones depend on the depth of
habitation of the fish. Scomber which lives on the surface has almost equal number of
twin and single cones and Helicolenus malakichthys which lives in 100-300 metres
depth did not have single cones and had twin cones only in the ventral and ventrotemporal regions (Tamura 1957). N. japonicus occupies an intermediate depth
between the above two species i.e. 40 metres depth. So its possession of double cones
and single cones 86% and 14%, respectively is obviously in conformity with its
habitat.
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N. japonicus often selects the sand burrowing preys such as polychaetes, crabs,
squilla etc (Vivekanandan, unpublished results) living at the bottom for which this
fish needs acute vision. In such a case the temporal region is very much helpful
having 20% of the total cones in this region (an r value of 0·7836 with total retinal
cones). This is followed by the dorso-temporal region (16% of cones with r (}369l).
An observation in the distribution of the number of cones in the eye prompts the
division of the eye into two functional areas. Temporal, dorso-temporal and ventrotemporal acuity as one functional area and the rest of the retinal acuity as a second
functional area, the former possessing about 175 cones Idouble and single) and the
latter 83 cones (double and single). The functional area 1 has more than double the
number of cones present in the functional area 2. By observing its habitat it is predicted
that the average number of cones represented by functional area 2, if also present in
functional area I may be sufficient for swimming. The niche, particularly the trophic
niche, of this fish demands an extensive development of the temporal area, probably
an area temporalis as suggested by Tamura (1957). This fish being a bottom feeder,
shows structural modifications of buccal and nasal regions suitable to its feeding
habitats. The eyes also fall in line with the modification by being slightly oblong,
having comparatively long anterior-posterior axis. The cup is hollow at the temporal
region compared to anterionasal region. Correlation being positive within the
temporal region also confirms this statement. The anterior tapering of rostral region
with a terminal mouth facilitates viewing while feeding. No doubt the bottom layer
would certainly be dimmer compared to pelagic zones. Depending on the depths and
clarity of waters, the soil/sand-water interface would fall under photic or aphotic
conditions. These conditions demand greater acuity of vision at the temporal region
of the eye. Thus the temporal region of the eye including the dorsa-temporal and the
ventra-temporal regions will act as an additional function zone with reference to
feeding specialization which accounts for the increased number of cones in this area.
The r values for single cones in the ventral-temporal and ventral regions viz
(}6472 and 0·3192, show that this species is also able to observe moving prey at the
surface level It preys upon small fishes and moving prey. This posterior region of the
retina has greater number of cones than the anterior retinal region. This species does
not continuously live at 40 metres depth; it may at times come to the surface, during
which time the single cones in all these regions may help to observe the prey as well
as to escape from the enemies, the other receptor systems also helping in the process.
The presence of single cones and twin cones in teleost retina and the arrangement
of both these types of cones together form a mosaic pattern. In general row mosaic,
square mosaic and non-regular mosaics types are common among the teleosts and
are to be related to the ecology as also to the phylogeny of the fish (Lyall 1957;
Engstrom 1963). The row mosaic is primitive and the square mosaic is assumed to
have developed from row mosaic (Muller 1952; Lyall 1957). The square mosaic
pattern of retinal cones changes during dark adaptation into a row mosaic in the
guppy, Poecilla reticulata Kunz (1980). In the present work on N. japonicus most of
the regions have square mosaic patterns which show that it belongs to one of the
advanced type of fishes.
When the total number of cones viz double, single and total are correlated with
individual retinal regional double, single and total cones, the results show that the
temporal region is highly correlated to that of the total number of cones {r values
being 0'8035, 0·7632, 0·7836 for double, single and total cones, respectively (table 4).
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The total number of cones in the temporal region is more than in the other retinal
regions. The ventral region also shows higher values of r 0'8978,0'3192, (}8171 for
double. single and total cones, respectively (table 4) enabling this fish to survive also
in surface regions. A correlation between the total single cones of different areas due
to regional specialization shows a negative correlation in the anterior portion of the
retina and positive correlation in the rest of the posterior part of the retina (table 4).
Analysis of variance at 5% of significance (table 5) shows no significance between
the right and left eye taking into account double, single and total cones and their
total number. However taking the different cones viz double, single and total cones
and their total number into consideration, regionwise, they show significant
variations from one another in accordance with their function.
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