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Abstract. Differentiation of visual cells in Bufo melanostictus begins after hatching at gill
bud stage. It is indicated by emergence of cytoplasmic buds from the outer nuclear layer of
the retina Each bud contains an apically located vacuole which soon disappears from all
cells. Cones and rods start differentiating simultaneously but the majority of early cells are
rods. Single cones, red rods and double cones can be identified by the stage when the
operculum is formed. Up to the beginning of hindlimb morphogenesis rods remain the
most numerous but later single cones attain approximate numerical equality with rods and
the tadpole retina becomes a truly duplex retina. Red rods of tadpoles are structurally
different from those of adult. As in the accessory members of double cones a paraboloid
develops in the myoid region of the inner segment of red rods also and persists throughout
larval life. During metamorphosis green rods appear, cone outer segments become sharply
pointed, myoid develops in the red rods replacing the paraboloid which disappears along
with its glycogen but there is no change in the double cones. After metamorphosis number
and size of red rods increase greatly transforming the duplex retina of the tadpole into a
predominantly rod retina adapted for scoptopic vision of the nocturnal adult.
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1. Introduction
The development and structure of eye and its component parts are basically similar
in all vertebrates but numerous variations in visual system related to particular
modes of life are found in different taxa (Walls 1942). Amphibians include a great
variety of species differing widely in habits and photic environment of the habitats
during various phases of their life. In some species development is direct and at
birth the offsprings are already miniature adults but in most amphibians there is a
free living aquatic larval phase followed by metamorphosis of the tadpoles into
adult form. In these, development of eye and its parts occurs during the larval and
metamorphic periods. While in some species adults are also aquatic, in most others
they are terrestrial or amphibious. The larvae are usually diurnal but adults may be
diurnal, arythmic, or nocturnal in visual habits (Blair 1976). Accordingly, many
structural and functional variations may be found in the visual system in the course
of its development related to the photic and other conditions during the larval and
adult phases in different species. Studies on retinal photopigments have vividly
demonstrated such differences in some anuran species. In the aquatic tadpoles of
several anurans the retinal photopigment is found to consist of a mixture of
porphyropsin and rhodopsin among which the former is the dominant pigment.
During metamorphosis of ranid tadpoles the proportion of rhodopsin increases,
making it the dominant pigment in the retina of adult frogs which are terrestrial or
amphibious. Xenopus, on the contrary, remains submerged in water in adult stage
also and in this anuran proportion of porphyropsin increases further as the tadpole
changes into adult form (Reuter et al 1971; Crescitelli 1973). However, among the
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anurans most investigations on the visual system have been made orr a few species
of ranid frogs and Xenopus. Studies on the development of visual cells during the
larval life and metamorphosis to adult stage in a variety of species have been almost
completely neglected. The comparative study on the visual cell development in
Rana temporaria and Xenopus laevis by Saxen (1954) still remains the most
comprehensive investigation of this kind. In this paper we present observations on
the development of visual cells in the toad, Bufo melanostictus, from after hatching
through larval and metamorphic periods to adult stage. The tadpoles of this toad
are aquatic, herbivorous and diurnal and adults are strictly terrestrial, carnivorous
and nocturnal. The duplex retina of diurnal tadpoles changes into a predominantly
rod retina of nocturnal adults during metamorphosis.
2. Materials and methods
Spawns were obtained from amplecting couples caught from a pond and the
tadpoles hatched in the laboratory were reared in well water. They were staged
according to the normal table for B. melanostictus (Khan 1965). The studies were
made on eyes of tadpoles of stages 18 (hatching), 20-21 (gill buds), 24-25 (opercular
development), 28-30 (hindlimb buds), 34-38 (well developed tadpoles), 39--42
(metamorphosis), 43 (toadlet) and adults.
Whole heads of young, isolated eyes of older stages and retinal strips of adults
were fixed, wax blocked and serially sectioned dorsoventrally at a thickness of 6 /lm.
In the case of older tadpoles and toad lets the lens was removed before blocking in
wax to avoid damage to retina and the knife during sectioning. Bouin's fluid was
used as a fixative and staining with Mallory-Heidenhain's Azan method was found
most suitable. For visualization of glycogen the eyes and retinal strips were fixed in
ice-cold methacarn (60 ml methyl alcohol + 30 ml chloroform + 10 ml glacial acetic
acid) according to Puchtler et al (1970) as described in Humason (1972), wax
blocked and sections were stained with PAS. Control sections were pre-digested
with saliva.
Visual cells are most clearly visualized in sections of dark adapted eyes in which
pigment of the pigmented epithelium is retracted exposing these cells. Therefore,
many tadpoles of each stage, toadlets and adults were kept in a completely dark
chamber for at least 8 h before fixation.
3. Results
On hatching at stage 18 the embryo cannot yet see and the eyes are at a very early
stage of development. By this time the optic vesicle has become a double walled cup
whose thin outer wall (pigmented epithelium) is still continuous with the
neuroepithelium of the brain, the inner wall (sensory retina) is thick, containing
many nuclei but without any overt regional or cellular differentiation and the lens
placode is still attached to the epidermis. By stage 22 (figure 1) the lens placode has
separated, become vesicular and partly filled with fibre cells; the corneal epidermis
appears transparent and mesenchymal cells which form the inner cornea have
invaded the space between the lens and the corneal epidermis. Beginning of regional
differentiation in the sensory retina is now indicated by the appearance of the inner
plexiform layer which separates the ganglion cell layer in the central part of the
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Figures 1-4. I. Cross section of eye of a stage 22 tadpole ( x 125). 2-4. Visual cells of
tadpoles of stage 22 (2), stage 24 (3) and stage 26 (4). Arrow heads indicate achromatic
vacuoles in visual cell buds in 2. Note paraboloid precursors in red rods in 3 and 4
( x 1000). (A, Accessory cone: C. single cone: D. double cone: R. red rod).
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developing retina. By stage 24 the outer plexiform also appears separating the inner
and outer nuclear layers from each other. Ora serrata marks the junction between
the peripheral growth zone and the sensory part of the retina; visual cells art: better
differentiated and the optic nerve now connects the retina with the brain. Further
development proceeds gradually as the tadpole grows to its full size and then
metamorphoses into adult stage. Differentiation of lens is completed by stage 30
when the vascular choroid and fibrous sclerotic coats also start developing. Iris is
well formed by stage 36. Chondrogenesis in the sclerotic coat, fusion of inner and
outer corneas and formation of nictitating membrane occur during metamorphosis.
3.1

Development of visual cells

Beginning of differentiation of visual cells is first indicated at stage 22 when small
cytoplasmic buds are seen projecting from the outer nuclear layer into the
ventricular space between the sensory retina and the pigmented epithelium. All
buds apically contain an achromatic vacuole which persists for only a short while
as the buds. elongate (figure 2). As this vacuole disappears another arises in the
basal region of the majority of differentiating cells. Careful examination
occasionally reveals the presence of both vacuoles in a few cells at the same time.
By stage 24 beginning development of outer segments is clearly seen (figure 3). At
this stage the developing visual cells do not stain deeply or differentially but two
morphological types are easily distinguished. Most of these cells contain the second
vacuole and others are without any vacuole at all. The former are prospective rods
and the latter are prospective cones. At stage 26 morphological distinction between
cones and rods is even more distinct. Single cones are much fewer than rods and
consist of a thin myoid, a somewhat deeper staining ellipsoid, a small conical outer
segment and do not have any vacuole at all. Rods are quite numerous, all of them
have a vacuole in the myoid region of the inner segment, ellipsoid is not yet distinct
and the outer segment is long but tapering. In the central part of the retina in some
sections there are seen one or two developing double cones each consisting of two
closely associated cells, one of which has a vacuole in the inner segment like the
rods but its small outer segment is sharply pointed; the outer cell is cone-like. The
former represents the accessory and the latter the principal members of the double
cone. Occasionally present in some sections there is a developing accessory cone
apparently without an associated principal cone. This suggests that the two
members of a double cone probably differentiate separately and become associated
with each other later. These features of visual cells of stage 26 tadpole can be seen
in figure 4. Double cones are better formed by stage 28.
At stage 30 the three visual cell types including single cones, red rods and double
cones are fairly well differentiated. Single cones are rather fragile cells with a small,
conical outer segment and an inner segment consisting of a myoid and a pegshaped ellipsoid. In an earlier publication (Niazi 1978), concerned with the
ontogeny of photomechanical movements of pigmented epithelium, these cells were
erroneously considered as green rods. Red rods are large with a long tapering outer
segment and the inner segment consisting of a rectangular ellipsoid and a large
vacuole in place of the myoid. Among the two members of double cones the
principal cone resembles the single cone but has a longer myoid, and the accessory
cone is a bulky cell having a rather long conical outer segment and a large barrel
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shaped vacuole in the inner segment. The proximal side of the ellipsoid of accessory
cone facing the vacuole is concave (figures 5, 6). With azan the outer segments of
rods are now stained blue and those of single and double cones pink or orange. Red
rods are still the most abundant, followed by single and double cones in this order.
The vacuoles in the inner segment of rods and accessory cones looked like
paraboloid which is found in this region of some or all visual cells of many
vertebrate species except mammals. Paraboloid does not take routine histological
stains and appears like a vacuole. In all cases examined it has been found to contain
a mass of glycogen which is visualized by specific stains for carbohydrates (Saxen
1955; Cohen 1972). Staining of retinal sections of stage 30 and older tadpoles,
toad1ets and adults with PAS revealed the presence of glycogen as dark bodies in
the vacuoles of inner segment of both red rods and accessory cones confirming the
paraboloid nature of these structures. Such dark bodies were not seen in the control
sections predigested with saliva (figures 7, 8). Examination of retina from periphery
towards the centre showed that glycogen accumulates gradually in the enlarging
vacuole as the differentiating rods grow in size.
The period between stage 30 and 38 is one of rapid growth of the tadpole and
increase in diameter of the eye ball as the retina stretches and expands. Visual cells
grow in size as may be seen in figure 9 which shows these cells in a stage 34 tadpole.
Fusion at the level of nuclei between an accessory and a principal cone to form a
double cone is also indicated in this figure. It may be noted that rod outer segments
are still tapering. They become cylindrical and reach up to the pigmented
epithelium by stage 36 (figure 10). The number of visual cells increases greatly but
the most notable increase is in the number of single cones, so that by stage 36 they
are about as many rods and the tadpole retina becomes truly duplex (figure 10).
Double cones remain much fewer than cones and rods and are not found in the
periphery of the retina. Paraboloid with its glycogen is still present in red rods and
accessory cones (figure 11). This condition of visual cells persists unchanged up to
stage 38.
Metamorphosis begins at stage 39 with the emergence of the left forelimb and
ends at stage 43 when the toadlet crawls out of the water. The fourth type of visual
cells called green rods appear during this period. A young newly formed green rod
in the retina of stage 39 tadpole is shown in figure 12. It may be noted in this figure
that red rods still contain the paraboloid and myoid is absent. A fully developed
green rod has a long thin myoid, deeply staining ellipsoid and a cylindrical outer
segment which is similar but shorter than that of red rods and reaches up to the
pigmented epithelium. Ellipsoids of green rods are located at the level of about the
fuiddle of the red rod outer segments (see figure 17). Green rods remain fewer than
double cones and like the latter are not found in the peripheral region of the retina.
Several other changes also occur during metamorphosis. The outer limiting
membrane becomes prominent and location of rod and cone nuclei with respect to
this membrane becomes clear. The oval nuclei of red rods are positioned across the
external limiting membrane and cone nuclei lie deeper. Cone outer segments
become sharply pointed needle-like. An important change occurs in the structure of
red rods in which myoid begins to develop as the paraboloid along with its
glycogen shrinks (figures 13, 14) and ultimately disappears (figures 15, 16). However,
the paraboloid of the accessory member of double cones is not affected by
metamorphosis (figures 14, 15). Red rods of adult toad consist of a cylindrical
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Figures 5-9.

For caption see page no. 429.

myoid, deeply staining ellipsoid and a long uniformly cylindrical outer segment
whose apex is surrounded by the cellular processes of the pigmented epithelium.
During the latter part of and after metamorphosis the number of visual cells
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Figures 1~13. 10. Retina of a stage 36 tadpole ( x 400). 11. Section of retina of a stage
36 tadpole stained with PAS; glycogen appea rs as dark bodie s in paraboloids of red rods
and accessory cones ( x 2(0 ). 12. Visual cells of a stage 39 tadpole (x 1(00 ). 13. Visual
cells of a metamo rpho sing stage 42 tadpole. Note myoids developing between the
parabol oid and nucleus of red rods ( x 1(00 ).
(A. Accessor y cone; C. single cone; E, ellipso id; G . green rod ; M. myoid; 0, outer segment;
R. red rod; V. parabolo id).
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Figures 14-17. 14. Section of retina of a toadlet (stage 43) stained with PAS. Glycogen
appears as dark bodies. Note its reduction in the paraboloids of red rods (R) but not in
those of accessory cones (A) ( x 10(0). 15. Section of retina of an adult toad stained with
PAS. Note presence of glycogen in the paraboloids of accessory cones. It has disappeared
in red rods ( x 4(0). 16. Red rods of an adult toad stained with PAS. Note presence of
myoid (M) in place of paraboloid (x 4(0). 17. Retina of adult toad. Note predominance
of massive red rods ( x 4(0). (G. Green rod).
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increases greatly but this time the most remarkable increase is in the number of red
rods transforming the retina into a predominantly rod retina (figure 17).
4. Discussion
The observations suggest that the entire process of development of visual cells in
B. melanostictus from after hatching up to adult stage is divisible into 4 overlapping
phases. During the first phase, which begins soon after hatching, single cones, red
rods and double cones differentiate into morphologically distinct types but the red
rods remain the most numerous. During the second phase, rapid increase in the
number of cones makes the retina truly duplex, rod outer segments attain
cylindrical shape and the number of double cones also increases. The first and
second phases more or less coincide with the premetamorphic and prometamorphic
periods, respectively, of the anuran larval life as defined by Etkin (1968); the former
ends with the growth of hindlimb buds and the latter includes the growth phase of
the tadpoles up to the onset of metamorphosis. The third phase includes the period
of metamorphic climax during which green rods appear and larval red rods are
transformed into adult type. Photomechanical movements of the pigment of the
retinal pigmented epithelium in response to light and darkness also attain the
maximum extent during this phase (Niazi 1978). Tremendous growth in the number
and size of red rods, occurring mainly after metamorphosis, marks the final phase.
A most significant feature revealed by the study concerns the process of
development of red rods in this species. As these cells differentiate in the tadpoles,
instead of the myoid a paraboloid, containing a glycogen mass, develops in their
inner segment and persists throughout larval life. During metamorphosis it shrinks
and finally disappears as the growing myoid takes its place transforming the larval
red rods into adult type. To our knowledge, the occurrence of a paraboloid in the
red rods at any stage of development in any anuran species has not been reported
before. Also, we have not come across any report about any species in which the
paraboloid present in any visual cell in the juvenile or larval stage disappears with
age or during metamorphosis. However, its occurrence in the larval red rods may
not be a feature specific to B. melanostictus alone. A paraboloid-like structure in the
red rods of B. reqularis tadpoles is evident in figures 9 and 11 of EI-Mekkawy et al
(1984-85) although the authors have neither labelled it in the figures nor mentioned
it in the text.
The paraboloid is found in one or more visual cell types of many species from
fishes to birds but its function remains undetermined. A lens-like function has been
suggested by different workers (Walls 1942; Saxen 1955; Cohen 1972). Saxen (1955)
has convincingly argued against its glycogen being a source of energy for
photomechanical movements of the visual cells in response to changes in
illumination. Recently, Niazi (1981) did not find any apparent difference between
the paraboloids of red rods or accessory cones of dark and light adapted retinas of
tadpoles and adults of B. melanostictus. Whatever be the function of this organelle,
it may be noted that in this toad while the paraboloid of rods disappears during
metamorphosis that of the accessory cones remains unchanged. This suggests that
whereas the function of accessory cones may be the same throughout life that of red
rods of the tadpoles and adults may not be identical.
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In Necturus the paraboloid is present in all visual cells and oil droplet in none.
According to Howard-(1908), in this urodele the precursor vacuole of the oil droplet
gives rise to paraboloid instead. B. melanostictus also lacks the oil droplet but its
precursor vacuole does appear in all visual cells at the bud stage of differentiation.
However, it soon disappears leaving no trace. With respect to the origin of the
paraboloid in this toad our observations are similar to those of Saxen (1956), who
had found that this organelle of accessory cones in R. temporaria and Triturus
vulgaris develops from a second vacuole that arises later and more proximally than
the progenitor of the oil droplet.
In ranid frogs and also Xenopus, cones are said to develop earlier and faster
than rods (Cameron 1905; Saxen 1954; Muntz 1964); but the ultrastructural study
by Nilsson (1964) showed that in Rana pipiens both types differentiate
simultaneously. In B. melanostictus also, cones and rods begin to develop at the
same time but majority of the initially differentiating cells are prospective rods as
indicated by early appearance of the paraboloid precursor in them. Cones catch up
with rods numerically sometime after stage 30 making the retina duplex for the rest
of the larval life.
Evidence from studies on frogs (Saxen 1954; Nilsson 1964) and newts (Saxen
1956; Keefe 1973)favours the view that a double cone is formed by fusion of a cone
progenitor with a rod progenitor. Our observations also support this view: cone
origin of the principal cone is suggested by its morphological similarity with single
cones, and presence of the paraboloid in both larval red rods and accessory cones
supports the origin of the two from similar progenitor cells.
Saxen (1954) had observed that even in very young tadpoles of Xenopus visual
cells are already almost like those of the adults, but in R. temporaria the adult
condition is attained only at the end of metamorphosis. According to him, since
both the tadpoles and adults of Xenopus are aquatic, inhabiting the same photic
environment, the visual system developed in young tadpoles is good for the entire
life. In contrast, Rana tadpoles are aquatic but adults are amphibious with aerial
vision. Therefore, some further development and changes must occur in the visual
system of the tadpoles to make it suitable for the adult. In addition to great increase
in the number and size of cones and rods the. changes that occur during
metamorphosis include the development of green rods and reduction in the number
of double cones. Green rods are said to be responsible for positive phototactic
response of adult frogs to blue light (Donner and Reuter 1962; Muntz 1964). The
difference between the habits and habitats of tadpoles and adults of B. melanostictus
is even greater; the former are aquatic and diurnal but the latter are strictly
terrestrial and mainly nocturnal. The adult condition of the visual system in this
. species also is attained only at the end of metamorphosis and it involves
development of green rods, structural change in the red rods and tremendous
increase in their number and size. Development of the visual system first gives rise
to a duplex retina good for photopic vision of the tadpoles before rods take over to
make the retina suitable for scotopic vision of the adult.
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Figures 5-9. 5 .Dd 6. Visual cells of a stage 30 tadpole (5 x 400; 6 x 1000).
7 aad 8. Sections of retina of a stage 30 tadpole stained with PAS. 7. Control section
stained after digestion with saliva. 8. Section stained without predigestion. In 8 glycogen
appears as dark bodies in paraboloids of accessory cones and red rods. In 7 paraboloids
are unstained (x 1(00). 9. Visual cells of a stage 34 tadpole (x 1000).
(A, Accessory cone; C, single cone; D, double cone; P, principal cone; R, red rod; V,
paraboloid).

