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Discontinuities in the Dorsal Lateral Geniculate Nucleus 
Corresponding to the Optic Disc: A Comparative Study 1 

J. U. KAAS. R. W. GUfi_LERY AND J. M. ALLMAN 
Laboratory of Neurophysiology and Department of Ana/omy, 
Unitler.it!! of Wiscons;n, MaC/isoT!, Wisconsin 53706 

t\BSTRACT A cylindrical cellular discontinuity commonly occurs in lateral 
geniculate layers that are Innervated by the contralateral eye. Such a disconti ­
nuity has been found In a variety of mammalian species, including carnivores, 
primates, a rodent and a marsupial. Electrophyslological evidence obtained from 
some of these species shows ulat the discontinuity corresponds to the blind spot. 
It is concluded that the representation of the retina within the lateral geniculate 
nucleus is extremely accurate, since the retinal receptor layer and the geniculate 
layers have corresponding holes. 

Two possible mechanisms that would demand slIch a discontinuity are con­
sidered. One is an Intralamlnar mechanism in which the cells In each lamlna 
accurately reflect the distribution of retinal receptors; the other is an lnterlam­
inar mechanism in which the representations of the homonymous hemlret:lnae 
are so accurately aligned that the optic disc must be represented by a cellular 
discontinuity. 

It has been shown that there Is a small, of this column indicates how the "lines of 
more or less cylindrical, cell free zone projection," which represent single points 
within layer A of the lateral geniculate nu­ in the visual field (Bishop et ai., '62) are 
cleus of the domestic cat (Thuma, '28; oriented in a part of the nucleus. Thirdly. 
Guillery. '67) and microelectrode record­ the discontinuity allows certain deductions 
ings have established that this cellular dis­ about the vlsuotopic organization of the 
continuity corresponds to the optic disc lateral geniculate nucleus, since a point
(Guillery and Kaas, '71). That is, the nasal in the retina can be ,related precisely to a 
retina sends an orderly projection to the column in the nucleus. Thus, it is possible 
contralateral layer A, the receptor surface to obtain a considerable amount of infor­
of the nasal retina has a hole in it at· the mation about the way in which the retinal
optic disc, and layer A has a correspond­ projections to the lateral geniculate nu­Ing hole, or cellular discontinuity. Neurons cleus are organized by studying the nor­Immediately surrounding this cellular dis­ mal nucleus and the position of the dis­continuity can be activated by stimulating continuities. Such information may beparts of the retina next to the optic disc. It 

especially useful for species for which ex­Is reasonable to suppose that In other mam­
perimental investigations are difficult ormals the geniculate layers that are inner­
the number of available individualsvated by the hemlretlna containing the disc 
limited.may show a similar discontinuity. 

The occurrence of a cellular discontinu­Discovery of cellular discontinuities in 

other mammals would allow several deduc­
 ity suggests that there Is an extremely ac­
tions about the organization of the lateral curate representation of the retina within 
geniculate nucleus. First, since the optic each geniculate layer. The present study 
disc Is in the hemiretina that projects con­ was undertaken to determine the extent to 
tralaterally, any geniculate layer with a dis­ which such evidence of an accurate repre­
continuity must be Innervated by the con­ sentation can be found in a variety of dif­
tralateral hemiretina. Secondly, since the 
discontinuity occurs as a cell free column I Supported by grontl 1 POI HO 03352, II POI NS 

06225. 5·TOl·NS·05326, and ROI NS 06662 trotrl thethrough some of the layers, the orientation U.S.P.ll.S. 
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ferent mammals and to find whether a cel­ domestic cat, the cellular discontinuity 
lular discontinuity could provide a useful that corresponds to the optic disc has been 
landmark for future comparative and ex­ described previously (Guillery and Kaas, 
perimental studies. '71). The discontinuity can be seen in 

sagittal or frontal sections about halfway
MATERIALS AND METHODS between the rostral and caudal poles of 

Most of the brains that were studied are the nucleus and about two thirds of the 
from the normal brain collection of the way between the medial and lateral mar­
Laboratory of Neurophysiology. They were gins. It Is 100/-,-200,.. In diameter and has 
embedded In celloidin, cut In frontal, sagit­ been found in every normal adult cat that 
tal or horizontal planes as 30 ,.. sections we have examined. In many sections, one 
and stained with thlonin. We also studied sees a slight broadening of layer A 1 oppo­
the brains of six grey squirrels (SduTlIs site the discontinuity, so that some of the 
carolinellsfs). six owl monkeys (Aottts Al cells protrude a short distance into the 
trivlrgatus). three macaque monkeys ventral aspects of layer A. 
(Macaca mrtlatta) and one marsupial In Nissl sections through a normal cat's 
phalanger (Trichosttrus vulpecufa) by elec­ nucleus it is not possible to distinguish a 
trophyslologlcal methods. M!croelectrode corresponding discontinuity within layer C 
recordings were obtained from the lateral (see Guillery, '70, for details of the laminar 
geniculate nuclei of these allimals by meth­ terminology). This layer is narrower than 
ods that have been reported previously layer A and, especially in the region oppo­
(Guillery and Kaas, '71). At the end of site the discontinuity in A,' the large cells 
each recording experiment the brains were that characterize layer C are rather scat­
fixed in formol saline, cut as frontal or tered. In sections stained for degenerating 
sagittal frozen sections at 50 I' and stained retinogenlculate axons, the zone of dense 
with cresyl violet. This material provided pericellular degeneration that marks layer 
information on the visuotopic organization C contralateral to the lesion is Interrupted 
of the lateral geniculate nucleus in these (see fig. 1). In the small region that Is 
species and, on the basis of thiS, the posi­ free of degenerating axons there are gen­
tion of the cellular discontinuities could erally one or two cells, but it has not been 
be related to the geniculate representation possible to determine whether these belong 
of the optic disc. to layer C or to one of the adjacent layers. 

Finally, a number of cat hrains were Thus, in the lateral geniculate nucleus of 
available from animals that had had one the domestic cat, each of the two layers 
eye removed 3-13 days before death. These that receives a fferents from the nasal 
were cut as frontal or sagittal sections at retina shows a distinct interruption, either 
45 ,.. and were stained by the Nauta-Gygax of the cells or of the afferent plexus. 
('54) or Fink-Heimer ('67) methods. Although we cannot obtain electrophysl­

ological recordings from the animals in 
RESULTS which the retlnogeniculate fiber degenera­

Cellular discontinuities that correspond tion is shown, we have found that the 
to the representation of the optic disc have discontinuity in layer C lies in the part of 
been found in geniculate layers in mem­ the lamina that receives from the region 
bers of four mammalian orders. We have of the optic disc. Further, the discontinu­
not attempted a more complete survey of ity is aligned, along the lines of projection, 
the mammalian orders. but have studied with the discontinuity in layer A (see fig. 
only those brains that show clear signs of 1). Thus, it is reasonable to conclude that 
lamination and that were available to us the part of layer C that is free of retino­
as a complete series cut in an appropriate geniculate fibers represents the region of 
plane. The occurrence of one or more the optic disc. 
discontinuities in each of the species we After finding the discontinuity In layer 
describe here suggests that similar discon­ A of the lateral geniculate nucleus of the 
tinuities can also be found In other mam­ domestic cat, it was easy to find a similar 
malian species. discontinuity In layer A of other carnivores 

1. Carnivores. In lamina A of the since the basic structure of the nucleus Is 
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Fig. 1 Retinogenlculate fiber degeneration in the lateral geniculate nucleus of a cat that 
survived live days after a removal of the contralateral eye. A part of a coronal section 
stained by the Nauta·Gygu method is shown. Medial is to the left. The unlabelled arrow 
shows the edge of the discontinuity in layer A and the discontinuity in layer C is seen 
slightly lateral to thi•. 

the same in all the carnivores that we have cannot be shown in a single sagittal sec­
studied. When we found the discontinuity tion. Thus. only its lower part is shown in 
In the appropriate region we felt confident the sagittal section. 
that it was related to the optic disc, even Several conclusions can be drawn abollt 
without electrophysiological confirmation. the visual system of the liOll, and they are 
This interpretation Is strengthened by OIlT given here in order to illustrate the way
inabillty to find more than one well defined in which information about the cellular 
discontinuity in any of the geniculate discontinuity can be used. In the first 
layers. place. the most dorsal layer of the lateral 

The discontinuity in layer A of the lat­ geniculate nucleus must represent the con­
eral geniculate nucleus of the African lion tralateral nasal retina. Second, the lines 
(Panthera leo) is shown in figure 2. From of projection near the discontinuity must 
the slight inclination of the discontinuity mn parallel to the cylinder that it forms. 
that is seen in the coronal section it is Third. since the medial margin of the 
apparent that the complete discontinuity nucleus, formed by the filII complement 
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Fig. 2 The lateral geniculate nucleu8 of a lion In coronal and sagittal sections. The 
cellular discontinuity In layer A (DISC) 18 shown. Medial 18 to the left In the upper figure 
and rostral 18 to the left in the lower flilure. Thionln stain. 

of relay laminae, probably corresponds to portion of the visual field between the 
the representation of the '1ine of decussa­ blind spot and the zero vertical meridian. 
tion" or zero vertical meridian (Kaas et aI., This last point allows comparison of the 
'72a) the segment of the lateral geniculate visual field representations in the lion and 
nucleus that lies medial to the cellular dis· cat. In previous experiments (Kaas, Hoff· 
continuity in the lion must represent the mann, and Ladpli, unpublished observa· 

tions) the optic disc and area centralis of 
the retina of two lions were projected onto 
a screen' and a zero vertical meridian was 
drawn through the area centralia. In both 
animals the horizontal visual angle be· 
tween the vertical meridian and the blind 
spot was 15°-16°, which is close to the 
corresponding angle in the domestic cat 
(Bishop et aI.. '62). The part of the lat· 
eral geniculate nucleus lying medial to the 
cellular discontinuity thus represents the 
same visual angle in the cat and the lion. 
Since this part forms a relatively larger 
proportion of the total mediolateral extent 
of the nucleus in the lion than it does in 
the cat, one can conclude that the lion 
has a somewhat greater relative represen­
tation of central vision in the lateral genic­
ulate nucleus. This Is to be expected since 
the 110n is less adapted for nocturnal 
vision. For example. the lion has a thin· 
ner and less reflective tapetum lucidum 
and also has the circular pupil typical of 
diurnal animals (Walls, '42). 

In agreement with the deductions that 
can be made about the lateral geniculate 
nucleus. it has been found that propor· 
tionately more of the striate cortex is de· 
voted to central vision in the lion than in 
the cat (Kaas, Hoffman and Ladp11, un­
published observations). 

The cellular discontinuity in layer A 
can also be readily identified in several 
other carnivores. Three of these, a puma 
(Felis concolor) , a leopard (Panthera 
pardus) and an infant tiger (Pantllera 
tigris) are shown in figure 3. In each of 
these sections, and also in figure 2, the 
slight thickening of layer Al that occurs 
opposite the cellular discontinuity is evi­
dent. The sections suggest that in the 
puma the relative geniculate representa­
tion of central vision resembles that of 
the domestic cat, while the leopard is more 
like the lion In this respect. The section 
from the tiger is not readily compared. 
Since the individual was an infant, the 
geniculate cells are still quite. clos.~ly 
packed and, further, the plane of this 
section does not closely correspond to the 
plane in which the other nuclei were cut. 

It is apparent from figures 2 and 3 that 
layers C and Cl are thin and difficult to 
distinguish from each other in the adult 
Panthera. Therefore we dId not expect 

to be able to detect a discontinuity In layer 
C in these normal brains and we were not 
able to do so. However, the relative thick­
ness of the C layers appears to depend 
upon the age of the individual, since sepa­
rate C and C1 layers are easily distin­
guished in the infant tiger (fig. 3) and 
also in the brain of an infant lion that we 
have studied. In the infant tiger a dis­
continuity can be seen in layer C. Medlo­
laterally this is allgned with the discon­
tinuity in layer A but It lies Slightly caudal 
to the level of figure 3. The brain of the 
infant lion was not sectioned in a plane 
useful for revealing the discontinuity in 
either layer A or layer C. 

Outside the cat family we have also 
identified the cellular discontinuity in layer 
A of the lateral geniculate nucleus of the 
mink (M II stela vison) and the weasel 
(Mllsteia rixDsa). In these brains there is 
a curious duplication of the A and Al 
layers (Sanderson, Kaas and GuilJery, un­
published observations) and one finds that 
the cellular discontinuity forms a continu­
OliS cylindrical Interruption through both 
of the A layers. 

2. Primates. Serial microelectrode punc­
tures through the dorsal lateral geniculate 
nucleus of the ow) monkey (Aotlls trivirga­
tllS), which are reported separately (Kaas 
et aI.. '72a) have shown the part of the 
nucleus in which one can expect to find 
the representation of the optic disc. Fig­
lire 4 shows that in the appropriate part 
of the nucleus there is a well defined cel­
lular discontinuity in the external magno­
cellular layer, while figure 5 shows a 
somewhat less obvious discontinuity in the 
external parvocellular layer. The latter 
passes somewhat obliquely to the plane of 
the sections so that its full extent is not 
seen in anyone of the sections. However, 
it is invariably found In the same part of 
the nucleus and does not enter the internal 
parvocellular layer in any of the sections. 
Since the external layers receive from the 
contralateral nasal retina, while the inter­
nal layers receive from the ipsilateral 
temporal retina (Jones. '66; Kaas et aI., 
'72a), the conclusion that these discon­
tinuities do, indeed, represent the optic 

1 TI,ele ob.<-rvaUon. were made while the Honl were 
nnc.thetlz(·d nnd in thts the, differ from the more 
courageous observation. made by Johnson (,88). 
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Fig. 4 The lateral geniculate nucleus of an owl monkey shown in a sagittal section. 
Caudal Is to the left. The e"ternal and Internal parvocellular (PE 8< PI) and magnocellular 
(ME 8< MI) layers lind the superficial (S) layer have been labelled. The cellular dlBcontinulty 
In the e"ternal magnocellular layer Is shown by an unlabelled arrow. Thionln Btain. 

'", 168 J. H. KAAS. R. W. GUILLERY AND J. M. ALLMAN 

INFANT" 'j 

TIGER ~~~:I 
~,':' ..' ,~,,~.~J,"'.... ..,~ 

. . .~. '. 
\ ,,' .',:,,'.... .." 

.' 

Fig. 3 Three coronal sections through the lateral geniculate nucleo. of a puma, a leopard and a 
ten-day old Infant tiger. Medial ill to the left in each of the figure•. The cellular dl.continulty In laye-r 
A Is shown by unlabelled arroWII. Thionln stain. 
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disc, seems well jUstified. Since the optic 
disc is about 20" from the line of decussa­
tion of the retina (Jones, '66; Allman and 
Kaas, '71) and since the caudal margin of 
the lateral geniculate nucleus represents 
the region of the Hne of decussation, it 
follows that the portion of the lateral genic­
ulate nucleus between the discontinuity 
and the caudal margin (see fig. 4) repre­
sents a central 20· of horizontal visual 
angle. 

In the rhesus monkey (Macaca 
mt/latta), preliminary study has also 
shown cellular discontinuities that appear 
to correspond to the optic disc. Kaas et al. 
('72a) have recently considered the laml· 
nar structure In old world monkeys and 
have suggested that ''layers,'' which repre­
sent a complete hemlretlna, be distin­
guished from "leaflets," which represent 
only the central portions of the retina. 
Thus, two parvocellular layers split and 
In the more central parts of the represen­
tation they form four parvocellular leaflets. 
It appears that the representation of the 

optic disc lies close to the region where 
the two parvocellular layers split to form 
four interlacing leaflets. There is a well 
defined cellular discontinuity in the lateral 
part of the dorsal leaflet (layer 6) of the 
external parvocelJular layer. So far we 
have not found a discontinuity in the ven­
tralleaflet (layer 4) of the external parvo­
cellular layer. In the relevant part of the 
nucleus, the parvocellular layers tend to be 
pierced by transverse fiber bundles. and 
the interdigitation of the leaflets makes 
identification of interruptions in the cell 
layers difficult. 

The lateral geniculate nuclei of several 
prosimians, including the slow'loris (Nyc­
ticelms cOllcang) and Galago (Galago 
Cl'{Issicam/{ItllS) , have been described as 
consisting of six main layers (Chacko, '54; 
Jonescll and Hassler, '68; Jonescu, '69; 
Campos-Ortega and Hayhow, '70; Laemle 
and Noback, '70; Tigges and Tigges, '70). 
Since layers t, 5, and 6 are reported to 
receive projections from the contralateral 
eye, one would expect discontinuities in 
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Fig. 5 Sallittal sections through the lateral geniculate nucleus of four owl monkeys. The 
borders of the Internal parvocellular layers are shown by small triangles and the cellular dis­
continuities in the external parvocellular layers are shown by the large arrows. Thlonin 
stain. 

these three layers. The position of the approximately in line with the discontinui­

discontinuity in the lateral geniculate nu­ ties in layers 5 and 6. 

cleus of a slow loris is shown in a horizon­ In the lateral geniculate nucleus of 

tal section in figure 6. The plane of the Galago, cellular discontinuities are also 

section reveals the discontinuity in only found In layers I, 5 and 6. The discon­

a part of layer 6 and not in layers 5 and 1. tinuities are narrower than In the slow 

Four more examples of the discontinuity loris but occur in about the same part 

in layer 6 are seen in figure 7. In three of the nucleus. The discontinuity in layer 

of the photomicrographs in figure 7 the 6 is shown In figure 9. The discontinuities 

discontinuity extends through layer 6 and 111 layers I, 5 and 6 can also be seen in 

Into at least a part of layer 5. In the figure 2B of Ionescu's ('69) report. Since 

lower right photomicrograph in figure 7 these discontinuities in the layers of the 

the plane of the section does not show the slow loris and bush baby are aligned along


'-.. ._..glscontlnulty In layer 5, 'but a complete a line that runs roughly perpendicular to 
interruption of layer 5 Is apparent In adja­ the layers, they are reasonably regarded 
cent sections. The discontinuity in layer as representations of the optic disc. 
5 is less obvious, becanse this layer is Other mammals. A discontinuity is also 
thinner and less densely packed with cells apparent In the lateral geniculate nucleus 
thall layer 6. The discontinuity III layer 1 of at least one rodent and one marsupial. 
of the lateral geniculate nucleus of the In normal Nissl stained sections, the lat­
slow loris is shown in figure 8. It lies eral geniculate nucleus of the squirrel Is 
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Fig. 6 The lateral geniculate nucleus of a slow lori. In • horizontal section. Medial Is 
to the left. The six layers lIl'e numbered and the cellular discontinuity in layer 6 is shown 
by a large anow. The other discontinuities are not included in this section. TIlionin stain. 

viSibly laminated. The laminar structure ments it was noted that the blind spot 
of the nucleus has been described else­ caused by the temporal enlargement Is 
where (Kaas et a1., '72a,b). In brief, there near the temporal margin of the binocular 
are three rostrocaudal cell groups or layers portion of the visual field while the blind 
separated by' two narrow mediolateral in­ spot caused by the nasal enlargement is 
terlamlnar cell-poor zones (see fig. 10). well Into the monocular field (llall et aI., 
These interlaminar zones do not extend '71). The cylindrical discontinuity In layer 
into the lateral third of the nucleus but 1 may correspond to only the temporal en­
join to define the lateralmost extent of largement of the optic strip. since the 
layer 2, which receives projections from discontinuity occurs just at the margin of 
the Ipsilateral retina. the binocular segment of the lateral 

Just ventral to the midportion of the geniculate nucleus. 
nucleus, layer 1 shows a discontinuity The third cell group in figure 10 Is not 
which meets the junction of the inter­ a single layer but consists of three con­
laminar zones (fig. 10). Layer 1 receives cealed layers. A middle layer of ipsilateral 
projections from the contralateral eye and input is bordered rostrally and caudally 
the discontinuity is oriented along the Jines hy layers of contralateral input (Kaas et 
of projection (Kaas et aI., '72a,b), so that aI., '72b). These layers of contralateral 
It seems reasonable to conclude that the Input are thin and were too poorly defined 
optic "disc" is related to this discontinuity. to allow the identification of a dis­
However, the optic nerve head in the squir­ continuity. 
rel is a strip that is elongated in the hori­ The cytoarchitecture of the lateral genic­
zontal plane rather than a disc (Johnson. ulate nucleus of the marsupial phalanger 
'01; Walls, '42). Blood vessels radiate out­ (Tric/loslITUs vulpecula) has been de­
ward from a disc-like enlargement at each scribed by lIayhow (,67). Four layers are 
end of the optic strip and in earlier experl- apparent, although fiber degeneration 
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Fig. 7 The cellular discontinuities In layers 5 and 6 of four lateral geniculate nuclei of 
the slow loris are shown by unlabelled anow•. Sagittal sectlona; thlonln stain. Rostral Is left. 

methods reveal that two can be further there Is a cellular discontinuity in some 
subdivided into concealed layers (Hayhow, of the geniculate layers. Electrophyslo· 
'67). Of the two single layers that are logical evidence shows that these dlscon· 
histologically distinct one receives ipsi­ tinuities lie In the part of the lateral 
lateral retlnogenlculate projections (num­ geniculate nucleus that is Innervated by 
ber 4) and one receives contralateral ganglion cells adjacent to the optic disc. 
retinogenlculate fibers (number 3). A dis­ Since the cellular discontinuities were well 
continuity is clearly evident in layer 3 marked In a\l of the species we have stud· 
(fig. 11) and e}ectrophyslological record­ led in detail, it seems probable that they 
iugs show that this discontinuity corre­ can also be found in many other mam· 
sponds to the optic disc (fig. 12). No malian species. We have shown how, as 
discontinuity was seen in any of the con­ an isomorph of a retinal landmark, the 
cealed layers. 	 discontinuity can be useful for predicting 

some aspects of the gross retinotopic
DISCUSSION organization of the lateral geniculate 

It has been shown that iu many species nucleus. The functional significance of 
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Fig. a The cellular discontinuity in layer I of the lateral geniculate nucleus of a slow 

loris is shown by an arrow. The layers are numbered 1-6, OT; optic tract, Sagittal section; 
thlonln stain. Rostral Is left. 

the discontinuity itself may prove of more prinCiple. be bent in the regions that rep­
basic interest, as may the mechanism by resent the optic disc. In this case the 
which the discontinuity develops. intralamlnar distribution of geniculate 

It is clear, from the occurrence of the cells may so accurately reflect the spacing 
discontinuity, that geniculate neurons are of the retinal receptor elements that recep­
very preCisely placed in relation to the tors separated by the optic disc are repre­
retinal origin of their Innervation. This sented by geniculate cells that are sepa· 
topographically precise arrangement of the rated from each other by a cellular 
geniculate cells may represent either inter· discontinuity. 
laminar or intralamlnar mechanisms. An On the second interpretation, lateral 
interlaminar mechanism would be Involved interactions between geniculate neurons 
if, as suggested by Bishop et al. ('62). the would he critically dependent on spatial 
representations of homonymous retinal arrangements that preserve the retlnotoplc 
points in adjacent geniculate layers are organization. If this is the case then the 
accurately aligned so that the lines of pro­ occurrence of the cellular discontinuity, 
jection are really straight lines. Since only and its size, may differ with particular 
one hemiretina has a hole, there must adaptations of cetrain species or with the 
then be a hole in one set of the geniculate special fUnctions of certain geniculate 
layers. However, the discontinuity may layers. One can wonder, for example, why 
not relate to the Ineractlon of the two eyes the cellular discontinuity is wide in the 
at all. The lines of projection could, in slow loris and narrow in Galago. This 
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Fig. 9 The cellular discontinuity In layer 6 of four lateral geniculate nuclei of Galago is 
shown by unlabelled arrows. Sagittal sections I thlonin stain. Rostral II left. 

may be related to visual acuity or to some 
other aspect of visual function. 

The observations that we have made in 
the squirrel suggest tha t in this species 
the cellular discontinuity is related to 
Interlaminar mechanisms. It has been 
shown that the optic nerve head in this 
species shows a temporal and a nasal en­
largement, but that only one of the "two 
blind spots," the one that lies in the binoc­
ular part of the visual field, is represented 
by a cellular discontinuity in the lateral 
geniculate nucleus. If intralaminar mech­
anisms were relevnnt one would expect to 
see a second discontinuity in the monocu­
lar part of the nucleus. 

"-­

In the several species studied here the 
cellular discontinuities are rarely more 
than 100 to 200 p. in diameter. They are 
thus not much larger than some of the 
blood vessels and fiber bundles that com­
monly traverse parts of the nucleus. If 
geniculate organization requires the pre­
cise positioning of nerve cells, then some 
compensation must be made for displace­
ments caused by blood vessels and fiber 
bundles. It is not known how this is 
achieved, nor is anything known at pres­
ent about the development of the very 
precise geniculate representations. A rele­
vant point that arises from the present 
material is that a cellular discontinuity 

was found In a ten-day old infant tiger 
that can have had little if any visual ex­
perience. Thus, the discontinuity can be 
developed without visual experience. It 
remains to be determined whether the 
discontinuity can be modifled postnatally 
by visual deprivation or geniculate de­
nervation. 

There are some geniculate nuclei or 
layers in which we have not seen a cellular 
discontinuity in the expected place. In 

some instances this may have been be­
cause in the brains that were available to 
liS only every 5th section had been 
mounted. In others it may have been be­
cause the cylindrical discontinuity was 
oriented oblique to the plane of the avail­
able sections. It Is possible that in some 
brnins the discontinuity is obscured by 
fiber bundles or blood vessels that Inter­
rupt the layers. as may have been the case 
for layer 4 of the macaque. We have 



176 177 J. H. KAAS, R. W. GUILLERY AND J. M. ALLMAN 

Fig. 11 Coronal section through the lateral geniculate nucleus of a marsupial phalanger, 
ahowlng the cellular discontinuity In layer 3 (see fig. 12). Frontal section. Thlonln stain. 

shown that in some layers, such as layer C tremely difficult to identify a clear dis­

of the cat, the cells are too sparse to show continuity and distinguish it from a tan­

a clear discontinuity in the Nissl stained gential section through one of the folds. 

sections. In these layers the discontinuity The lateral part of layer A in some dogs 

can sometimes be revealed by the distribu­ shows this complex folding, especially 

tion of degenerating retlnogenlculate where the monocular segment of the 

axons. Some geniculate layers are folded nucleus is large. 

in a complex fashion and it is then ex- It is not necessary to conclude, from 
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Fig. 12 The location•. of J8Captiva.·fields for recording sites in the lateral geniculate 
nueleu. of a marsupial phalanger. Receptive fields d and e are adjacent to the prolectlon 
of the optic disc (OD) Into the visu.1 field and correspond to recording sites d and e which 
are adlacent to the discontinuity (Dlso) In layer 3 of the lateral geniculate nucleus. Above: 
a coronal section with a mlcroelectrode puncture (EP). Recording sites are indicated by 
horizontal bars (a-k). The unlettered recording site (ipsl) was activated by stimulI to the 
ipsilateral eye. Receptive fields for recording sites (r) In the ventral lateral geniculate nu­
cleus (VGL) are not shown. OT: optic tract. Below: a portion of tile contralateral visual 
hemilleld with temporal to the right. The vertical bar indicates the approximate projection 
of the line of decussation of the retina which WU, however, not accurately dellned. A hori­
zontal reference line I. drawn through the projection of the optic disc (On) and thl. Is 
marked in 10' segments. The lettered circumscribed areas Indicate receptive fields corre­
sponding to the labeled recording sites above. 

present day knowledge of geniculate mech­ some geniculate nuclei, or layers, may 
anisms, that the optic disc will always be have a well marked discontinuity while 
represented by a cellular discontinuity in others may have none. In order to demon­
the lateral geniculate nucleus. Some types strate that there are layers with no dis­
of geniculate organization may require a continuity it will be necessary to make 
spatial separation of cells that are inner­ serial microelectrode punctures and deter­
vated by non-adjacent parts of the retina, mine the part of the nucleus related to the 
while the spatial arrangement of genicu­ optic disc. Then that part of the nucleus 
late cells may be less important for other can be studied by the Nissl and Nauta 
types of organization. Thus, as one exam­ methods. 
ines a variety of species it may prove that In the species that we have studied elec­
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trophyslologlcally we have been able to 
demonstrate the discontinuity In every 
appropriate layer that is histologically well 
defined. However, in the grey squirrel, 
the most caudal of the cell layers that are 
recognizable in Nissl material actually 
consists of three concealed layers, two of 
which receive afferents from the contra­
lateral eye (Kaas et aI., '72). A discon­
tinuity is not apparent in either of these 
concealed layers. Nor is there a discon­
tinuity In the concealed layers of the 
marsupial phalanger. Similarly, In pre­
liminary observations, we have been un­
able to identify a cell-free region that 
might correspond to the optic disc in the 
lateral geniculate nuclei of rabbits and 
rats. The nuclei in these mammals consist 
of concealed rather than cytoarchitectoni­
cally distinct layers (Glolli and Guthrie, 
'69; Hayhow et aI., '62; Guillery et al., '71). 
It Is possible that, in general, concealed 
layers show no cellular discontinuity, 
while the cytoarchltecton1cally distinct 
layers do show this feature. 
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