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Two distributions of axons in the optic nerve of quails: 
a study of nerve degeneraron after láser lesions of the retina
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Order in the optic pathway has been under cióse 
scrutiny since the last century. In fishes, the position 
of the axons along the optic nerve is a function of 
the position or of the age of the corresponding neu- 
ronal body in the retina5’12’13. However, in cats, 
optic axons only show a crude retinotopic order8. 
Our observations in the quail showed the existence 
of at least two kinds of axons according to their 
position in the optic nerve. Although some axons 
were found in cióse spatial relationship with others 
originating in the same región of the retina, other 
axons occupied positions independent of their site of 
origin in the retina.

The right eyes of male quails (Coturnix coturnix) 
were irradiated with an argón láser operated at 514.5 
nm4. In another group of birds, the right retina was 
surgically destroyed. Quails were decapitated after 
one week. Right and left optic nerves were fixed in 
glutaraldehyde and post-fixed in osmium tetroxide. 
Semi-thin sections (1.5-4.0 p m) were stained with p- 
phenylenediamine7.

Both láser irradiation and surgical destruction of 
the retina produced the same type of structural 
alterations in the optic nerve. The amount of dege-

nerating axons depended on the size of the lesión. 
These axons appeared either as dark fibers or as 
swollen fibers with a clear axoplasm. Only the 
former were scored. The irradiated región contained 
both ganglion cell somata and axons coming from 
the periphery3. Thus, the damaged axons belonged 
to a retinal territory of sectorial shape with its apex 
pointing to the nerve-head and its base cióse to the 
edge of the retina.

Seven birds were irradiated with 1.8 W for 15 s. 
Axons were destroyed from a 60-90° sector with its 
apex cióse to the nerve-head. The nerve cross-sec- 
tions of some birds showed a dark stripe containing 
all the degenerating axons. In other birds, the dege- 
nerating fibers spread over most of the nerve cross- 
section. The striped pattern corresponded to lesions 
of the ventral retina, whereas the diffuse pattern 
correlated with lesions in the dorsal retina.

Smaller lesions were made with 0.5 W for 1 s (Fig. 
1). These retinas were flat-mounted3 and the size and 
position of the lesions were ascertained with an ocu
lar micrometer. The position of the lesions was 
referred to a pair of cartesian coordinates where the 
y axis coincided with the nerve-head and the x axis
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Fig. 1. Distribution of degenerating fibers after small lesions. Their Iocalization on the anterior hemiretina is shown in the upper Ieft 
córner. Axis y corresponds to the pecten. This is depicted as a thick black line. A -F : sections from the corresponding optic nerves. 
Dark axons were scored on each square (17,000 /rm2). In each section, a 100% valué was assigned to the square with the highest 
density. Squares with 10% or less of the máximum valué were considered non-significant. 1, 11-40%; 2, 41-70%; 3, 71-100%.

crossed it through its most dorsal point. These le
sions were practiced on the anterior (or nasal) hemi
retina, at a certain distance from the nerve-head. 
Their diameter was 0.8 mm or less. Although the 
amount of degenerating axons was much lower than 
before, the same two patterns were observed. These 
experiments showed that the axons of ganglion cells 
ventral to the x axis, traveled together. Axons origi- 
nating dorsally to the x axis traveled without any 
apparent order. Birds with a lesión very cióse to the 
x axis yielded a mixed distribution where both a 
striped and a diffuse pattern could be discerned. 
These patterns were maintained throughout the en
tire nerve and chiasma.

Since we have never found any resemblance be- 
tween the shape of the retinal lesión and the distri
bution of degenerating axons in the nerve, we must 
conclude that optic fibers do not keep the same 
neighbors along their route to the brain. However, 
the striped pattern might be considered to be a trans-

formation of the distribution of ganglion cell soma
ta. According to the models presented for fishes1’12 
the nerve-head (or choroid fissure) is represented on 
the surface of the nerve. Results obtained with the 
smaller lesions suggest that this would not be the 
case for quails. Larger lesions affected the most cen
tral ganglion cells. Although the smaller lesions 
spared these neurons, the resulting stripes were 
equal in length, but thinner than those derived from 
the larger lesions. Since it has been shown in the 
chick11 that axons from the central retina occupy 
central positions in the nerve, it can be postulated 
that stripes contain all the axons entering the nerve 
through a certain point of the nerve-head.

The existence of two groups of fibers is not a pecu- 
liarity of quails. Axons traveling with different 
degrees of retinotopical organization have been 
described in Amblystoma6 and primates9’10. Besides, 
fibers in the nervous system do not necessarily sort 
themselves out according to their topographical ori-
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gin, but can also do so according to their modality 
(refs. 2, 14).

It must be emphasized that the absence of a reti- 
notopic organization in the nerve of adult birds does 
not imply its absence during the first stages of 
embryogenesis. On the other hand, the coexistence 
of two patterns of axonal distribution suggests that 
events occurring at the level of the choroid fissure

1 Bodick, N. and Levinthal, C., Growing optic nerve fibers 
follow neighbours during embryogenesis, Proc. nat. Acad. 
Sci. V.S.A., 77 (1980) 4374-4378.

2 BuIIock, T. H., Orkand, R. and Grinnell, A., Introduc- 
tion to Nervous Systems, W. H. Freeman and Co., San 
Francisco, 1977.

3 Campaña, H. and Suburo, A., The periphery of the avian 
retina: specializations of the layer of ganglion cells and 
their axons, Rev. Canadierwe de Biologie, 40 (1981) 187— 
194.

4 Carri, N., Campaña, H., Subuio, A., Duchowicz, R., 
Gallardo, M. and Garavaglia, M., Laser-degeneration 
study of nerve fibers in the optic nerve. In W. O. N. 
Guimaraes, C.-T. Lin and A. Mooradian (Eds.), Sergio 
Porto Memorial Symposium on Lasers and Applications, 
Springer-Verlag, Berlín, 1981, pp. 261-265.

5 Easter, S. S., Rusoff, A. C. and Kish, P. E., The growth 
and organization of the optic nerve and tract in juvenile 
and adult goldfish, J. Neurosci., 1 (1981) 793-811.

6 Flerrick, C. J., Development of the optic nerves of Ambly- 
stoma, J. comp. Neurol., 74 (1941) 473-534.

7 Hóllander, H. and Vaaland, J. J., A reliable staining

(or its successor: the nerve-head) would not be the 
only factors determining the final organization of 
the visual pathways.

We would like to thank Dr. J. Horton for his criti- 
cal reading of the manuscript. We are also grateful 
to Drs. D. Hubel and M. Wolbarsht for their helpful 
comments.

method for semithin sections in experimental neuroanato- 
my, Brain Research, 10 (1968) 120-126.

8 Horton, J., Greenwood, M. M. and Hubel, D. D., Non- 
retinotopic arrangement of fibers in cat optic nerve, 
Nature (Lond.), 282 (1979) 720-722.

9 Hoyt, W. F. and Osden, L., Visual fiber anatomy in the 
infrageniculate pathway of the primate, Arch. Ophthal- 
mol., 68 (1962) 94-106.

10 Radius, R. L. and Anderson, D. R., The course of axons 
through the retina and optic nerve head, Arch. Ophthal- 
mol., 97 (1979) 1154-1158.

11 Rager, G. H., Development of the retinotectal projection 
in the chicken. In A. Brodal et al. (Eds.), Adrarte, in 
Anatomy, Embryology and Cell Biology, Vol. 63, Springer- 
Verlag, Berlín, 1980.

12 Russoff, A. C. and Easter, S. S., Order in the optic nerve 
of goldfish, Science, 208 (1980) 311-312.

13 Scholes, J. H., Nerve fibre topography in the retinal pro
jection to the tectum, Nature (Lond.), 178 (1979) 620- 
624.

14 Zeki, S., The representation of colours in the cerebral 
cortex, Nature (Lond.), 284 (1980) 412^118.


