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Some Principles of Organization in the lJorsal 
Lateral Geniculate Nucleus l 

J. H. KAAS, R. W. GUILLERY llnd J. M. AII.MAN 

Laboratory of Neurol'hy~i(llogy 
find Del'artment of Anatomy, University (If Wisconsin, Madi~()n. Wi~c. 

Abstract. A comparative survey shows that lamina· Key Word.f 
tion is .. basic feature of the marilmalian dorsal I.atel'lll geniculate nucleu. 
lateral geniculate nucleus. Relay lami"ae receive ill- Retinotof'ic organization 
put from the retina, project to the cerebral cortex Vision 
and represent a complete hemlreHna. They fire 
distinguished frolll incomplete I"yers or lenfiets IItld rWIll grouP" "f ccl15 for 
which retinal connections or corlical projectiotls lire in 'lueslion. The separale 
representations of the visual field in the relay laminae are precisely aligned so 
that each point in the visual field corresponds to " line """inl! frolll IImrgin to 
margin through the nucleus lind at right nngles to the layer<. (icnicuhlte landmarks 
thai provide clues regarding the organization of the lay." are cons;d.red, and 
several experimental methods by which the laminar pattern can ne displayed ar. 
evaluated. 

IIIItrodUClioll 

An important generalization about cell groups associated with the 
visual, auditory, and somatic sensory systems is Ihat they represenl Iheir 
corresponding sensory surfaces in a topological manner. Thus, the pri· 
mary cell groups in the visual system, such as the dorsal lateral genicu­
late nucleus, superior colliculus, or striate cortex, all syslematically rep­
resent the retina and, thereby, the visual field. The purpose of Ihis re­
view is to discuss the manner of the representalion of the visual field 
and to examine the associated issue of the nature of lamination ill Ihe 

I This work was sUf'I'0rted by grant. 2 POI liD U3J52, 5 POI NS 0(\225, ; '101 
NS 0532C" nnd 5 ROt NS 06662 fmm the USPIIS. 
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dorsal lateral geniculate nudeus. l Several types of observations lead to 
the conclusions that the manner of the representation of the visual field is 
similar in the lateral geniculate nucleus of all therian mammals, that the 
nucleus is subdivided into separate cell groups or layers, and that these 
layers relate to the visuotopic organization of the nucleus.s 

In the following pages, we illustrate principles of lateral geniculate 
organization with evidence from a number of mammalian species, but 
primarily from a carnivore, the domestic cat, a primate, the owl monkey 

.,,­ (Aolus Ir;virgalus), and a rodent, the grey squirrel (Sciuru5 carolinellsis) . 
These principles are also shown, in part, in figure 1 which serves as an 
aid to subsequent discussion. In brief, in all mammals the contralateral 
half of the total visual field is represented in each lateral geniculate nu­
cleus, where some layers represent the fuJI half of the visual field via the 
contralateral eye while other less extensive layers represent the smaller 
nasal (binocular) portion of the hemifield via the ipsilateral eye. The 
separate representations are aligned and each point in the. visual field 
corresponds to a line that extends from margin to margin itl the lateral 
geniculate nucleus. 

I. The Visuolopic Organhation 

A. nle Repreullfalion of Single Points or Areas in the Visual Field: 
the Lines of Projection, Projection Column.r, Projection vnil.r, and 
Geniculate Segllletlt.r 
Several types o( evidence lead to the concept that any point in the 

visual field corresponds to a line in the lateral· geniculate nucleus and, 
by extension, that a small area corresponds to a columnar volume. This 
general concept is useful in describing the organization of the lateral 
geniculate nucleus, although it is a simpli[ication in that the nucleus 
consists of individual neurons each of which relates to an area of the 
visual field. BISIIOP et al. (1962) introduced the term 'lines of projec­
tion' to indicate lines of isorepresentation of points in the visual field 
and this term has the advantage that it clearly refers to a concept rather 
than an observation. 

I Subsequent mention of Ihe lateral geniculRte nucleus refers to the dorsal nu­
cleu. only. 

• The homologue of the dOrsRI lateral geniculate nucleus in monotreme. is, as 
yel, uncertain [CAMPIlF.LL and HAYIIOW, 1971; CAMPBELl., 1972J and these mam­
mals nre e~cl\lded from the present discussion. 

Binocular 
Visual Field 

Monocular___ ~ 
Visual Field 

0­. * ~ 
J2/d./~ 

.~. 
LGN 

FiR· J. Schema to show the represenlation of the visual field on the ret inn and 
in the dorsal laternl geniculate nucleus. A simplified form of the nudeus is showl!, 
with only two layers. The nucleus in nny m"lI1m3Ii"n .pecies is made up of two 
or more layers thl\! receive contralateral afferents Il"d one Or more layen that re­
ceive ipsilateral afferents. As shown in the figure, the conllal"tcral layers nre al­
ways more e~tensive and also represent a IlIrger portion of Ihe visual field. The 
monocular part of the visual field, which is replesenled in the monocular segment 
of the nucleus (dols) has I1lso been called Ihe IIniocular visual field IWALLS, 1942; 
DUKE EWER, 19581· The lines Iha! ,eparate the lIuml>ered segments ill Ihe Inlctal 
geniculate nucleus indicate Ihe orientation of the lines of projection. 

\. 
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Lines of projection can be demonstrated by several methods, but per­
haps the most convenient is to make small lesions in the striate 
cortex and to study the zone of retrograde degeneration which is pro­
duced within the lateral geniculate nucleus [LASHLBY, 1934; POLYAK, 
1932, 1933; ROSE and MALIS, 1965; GAREY and POWELL, 1967; GUlL­
I.BRY, 1967; MONTERO and GUILLERY, 1968; DIAMOND et al., 1970; KAAS 

"-. et al., 1972a]. Since one half of the visual field is topologically represent­
ed in each striate cortex, the zone of retrograde degeneration must al­
ways be bounded by a set of projection lines (fig. 1) and, if the lesion is 
small enough, the zone will be in the form of a narrow column or pencil 
of cells in the orientation of the projection lines. Such columns of de­
generating cells may be called 'projection units' as suggested by LE 
GROS CLARK [1941a] but it should be noted that the columns of degen­
eration are not 'unit5' in a functional sense since their diameter depends 
on the size of the cortical lesion. 

Large cortical lesions produce large zones of geniculate degeneration 
and at times it is useful to have a distinct term to describe these regions. 
GUILU!RY and STELZNER [1970) have suggested that 'geniculate segment' 
be used to refer to any part of the lateral geniculate nucleus bounded by 
a set of projection lines. Thus projection units are small segments. Large 
segments can include much of the nucleus and this term can be used to 
distinguish the parts of the nucleus that receive from the monocular and 
binocular portions of the visual field (fig. I) (see also discussion on pages 
265 and 267). 

Segments of the nucleus that undergo retrograde degeneration aFtcr 
cortical lesions are shown in figure 2, 3 and 4 (cat, mandrill, squirrel). 
Jn each species the borders of the segments and, therefore, the lines of 
projection, run roughly perpendicular to the geniculate layers and extend 
[rom one margin of the nucleus to the other. 

The lines of projection are also revealed by other methods. One 
method is to make small retinal lesions and to study the degeneration 
that is produced in the lateral geniculate nucleus. Two types of degener­
ation occur: transneuronal degeneration of geniculate cells and Walleri­
an degeneration of the retinogeniculate fibers. In some species, for ex­
ample macaque monkeys, in which there is marked transneuronal degen­
eration of the geniculate cells, the zones that are innervated by a small 
retinal patch are clearly shown by the cellular degeneration [LE GROS 
CLARK and PENMAN, 1934J. Since the changes are seen only in the layers 
innervated by the damaged eye, the method does not strictly demon-
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Fill· 2. Retrograde degenet,,';on in lhe Inle!nl genicul:lle "udeus or 1\ enl, pro­

duced by " restricted lesion of lh, visual corle~, Arrows mal k the borders of the 
column of cellular change, whicb extends through layers A. AI, C and Cl. The 
border9 of thi9 column are rorhlfd by the Iincs or project ion And these pass 
roughly perpendicular to the plane of the Jayers, !'a!"sagi"ul section; roslral is 
right; cre~yl violet stain. Modified rrom GUII_I.~RY 119071, 

strate segments, but instead shows interrupted parts of whole segments. 
The Wallerian degeneration that occurs aftcr retinal lesions can also be 
used for demonstrating the segments IPOLYAK, 1957; LATIES and 
SPRAGUE, 1966; STONE and HANSEN, .1966; GAREY and POWELL, 19681. 
Ideally, stains ror the terminals of degcnerating retinogeniculnte fibers 
should reveal the interrupted parts of thc whole segl11ents with the same 
precision as the method of Iransneuronal degeneration hul, since light 
microscopical methods do not allow a clear distinction between terminal 

\. 
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Fig. 3. Retrograde degeneration in the lateral geniculate .nudeus of a mandrill 
(Mandrillu.• .fphinx). In this specimen there were several reslricted lesion8 of un­
known origin in Ihe slriate cortex. The large column of cellular degeneration cor­
re~ponds to one of these conical lesions and the second area of degeneration in 
the ventral layers (unlabelled arrow) corresponds to a second lesion. Coronal sec­
tion; medial is left; thionin stain. 

Lateral Geniculate Orlanization 259 

Fig.4. Retrograde degeneralioh in the laternl l!elliculatc nucleus of a grey 
squirrel (SelUrllS carol/nms/s) produced by a Hnlited lesion in the slriate cortex. 
The arrows mark the column of ctllular change which. n.s in figure 2 nnd 3 posse. 
roughly perpendicular to the layers. The laye ... are shown Illore clearly in figure. 
21-25. Horizontnl section; cresyl violet Main. Frolll KAAS 'I 01. 11972b). 

and nonterminal parts of degenerating axons, there mllst always he some 
doubt about the borders of the segments, especially in species in which 
the course of the retinogeniculate fibers through the lateral geniculate 
nucleus is not known. 

A third method of revealing lines of projection, which we have re­
cently discovered [GUII,LERY and KAAS, 1971; KMS el al., 1972aJ, de­
pends on the fact that there is a small area of the retina naturally devoid 

• ::1 

~ 



261 

"--­

KAAS/GUILLI!RVIAUMAN260 

Fig. 5. The cellular discontinuity in layer A of the latera.! geniculate nucleus of 
II. cat is 5hoWII (DISC). The single arrow shows an electrode track (ET). Receptive 
rield. of neurons alonll this track were adjacent to the blind spot of the contralat­
eral eye. Coronal section; cresyl violet smin. 

of receptors, i.e. the optic disc or nerve head. The optic disc is in the 
portion of the retina that projects to layers in the contralateral lateral 
geniculate nucleus and a cell-free column, which corresponds to the op­
tic disc, is apparent in at least some of these layers. This column reveals 
interrupted parts of a geniculate segment and the orientation of a line of 
projection. We have termed these celHree columns cellular discontinui­
ties [GUILUlRY and KAAS, 1971; KAAS et al., 1972a1 and the one that 
lies in layer A of the cat is shown in figure 5 (DISC). Such discontinui-

Lateral Geniculate Orgtll1iltltiol1 
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Fig.6. Receptive field posili""s for recordil1~ .ites in Ihe laleral geniculate nu­
cleus of a cat. Above! A coronnl section with five l1ul1)hcre« electrode penelrn­
tions shown as vertical lines nnd recording .ite~ ~hown n5 letlered hori1.Ontni bars. 
Below! Part of the' contralateral half of the vislIal field in which receptive field~ 
are labelled to correspond to the geniculAte tecordillll ,il". Note that adjRcent 
portions of the several geniculate layero repr.,."t the SlIllIe teltioll of the visual 
field (penetrations 2-5). Penetrntion 1 i5 oblique 10 layer A ant! slIccessively decp­
er recording sites correspond to successively IlInre tempoml receptive fields. Re­
ceptive fields of the ipsilRteral eye nre outli"ed hy dot. and Ih08e of thc ennlrlll"t­
eral eye by a continuo,,, line. The vertical line ,how, the .ero veniclll meridian 
nnd the horizontal line shows the zero hori7,,,nlnl mel'idinll. The vi"I,,1 field i. 
marked in 10° divisions. 00. olihd spot; A. A I. C. and ("I indicnte genicul"le 
layers. From GuttLE~vand KAAS 119711. 

ties have been found in other carnivores such as Ihe lion and weasel. in 
primates including the owl monkey, slow loris and galago and in a ro­
dent, the grey squirrel [KAAS et al., 1972111_ It is probaole that similar 
discontinuities also exist in some layers of the lateral gcniculale nucleus 
of other mammals. 

A fourth method of revealing lines of projection ill the lateral genicu­
late nucleus is to record the activity of geniculate cells with microelec­
trodes and relate receptive field locations to recording siles. With a large 
number of recordings it is possible 10 determine the orientation of 
projection lines throughout much of the laleral geniculate nucleus in a 
single animal [HuBEL, 1960; Bl1HiOr et al .. 1962; MONIERO ('I nl., 1968; 
GUlLLIlRY and KAAS, 1971; SANDERSON. 1971al. Examples of microelec­
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1OWL MONKEY 

Fig.7. Receptive rield po,itions and recording sites In the lateral geniculate nu­
cleus o[ an owl monkey (AOI/Il trlvir}/aws). Right: Sagittal sections of the nucleus 
with three numbered electrode penetrations shown as vertical lines and recording 
site. shown as lettered horizontal baf'. The uternsl and Internal parvocellular 

Lateral Geniculate Organiz~li()n 

trode penetrations through the dorsal lateral geniculate nucleus of a cat, 
owl monkey, and squirrel are shown in figure 6, 7 and 8, respectively. 
Microelectrode penetrations that are roughly perpendicular to the layers 
show very little change in receptive field position with successive record­
ing sites and, therefore, these penetrations must pass nearly parallel to 
the lines or projections. However, the eye through which the nerve cells 
are excited does change as the recording site shifts frnm one layer to an­
other (fig. 6-8); and a correction is necessary for the misalignment of 
the eyes that may occur in experimental situations [SANDERSON and 
SHERMAN, 1971). When electrode punctures pass more obliquely to the 
layers as in penetration 3 in figure 7 and penetrations 2 and 3 in figure 
8, they also pass obliquely to the lines of projection and, thereforc, one 
sees systematic shifts in receptive field locations for successive recording 
sites. The shifts are always in one direction within a single penetration 
and form a continuous series even where laminar borders are crossed. 

Results such as these show clearly that neurons with receptive fields 
of similar locations are grouped along lines extending from margin to 
margin in the lateral geniculate nucleus. The volume of space in the nu­
cleus that contains 900/0 of all the cells with receptive fields centered at 
the same point in the visual field or with the same 'visual direction' has "­
been called a 'projection column' by SANDERSON [197Ibj. The term is 
useful in describing the visuotopic organization of the nucleus but 
should not be mistaken for a (unctional unit comparable 10 the columns 
that have been described in, the visllal cortex fJ IUIlEI. and WIESEL, 
1963). . 

In summary, each of the research methods Ihal has been used shows 
that, in all of the mammals ~hat have been studied, the lines of projec­
tion are roughly perpendicular to the geniculale layers. It is reasonable 
to conclude that this principle of organization applies to all therian 
mammals. It will. be shown that the principle is basic to evaluating the 
significance of the geniculate layers, to understanding the way in which 
the visual fields are represented in the lateral geniculate nucleus and 

(PEl and PI) and magnocellular (ME and M I) layers are shown. Upper lerl: A 
portion of the contralateral visual rield wilh the 7.ero horil'.Olllal and vertical me­
ridians marked in 10° segments. Receptive fields nre labelled to correspond 10 the 
recording sites on the right. Receptive fields of the ipsilnteral eye are shaded. 
those of the contralateral eye are unshaded. Lower leI!: An o"lline of Ihe dorsal 
aspect of the nueleu8 in which Ihe pillne, of the Ihree seclio"s and Ihe positions of 
Ihe Ihree electrode penetralions are ~hown. 
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Fig. 8. Receptive field positions and recording sites in the" lateral lIeniculate nu­

cleus of It grey squirrel (Sclurlls coroiilletl.fis). Upper left: A horizontal section of 
the nucleus showing the planes of the three SIIgittal sections In the upper rlghl 
part of the figure. These three section. show three numbered electrode penelm­
lions and leltered recording sites. Below: A portion of the visual field 01 the con­
tralateral eye i. represented hy a hemisphere divided by meridians and horizontal. 
at 15° Interval.; the zero vertical meridian corresponds 10 the line of decussAtion 
of the retina and receptive field. nre lahelled 10 correspond to the recording sites 
above. The single receptive field which was obtained from the ipsilateral eye in 
penelration 1 is not shown. 

1.ateral Geniculate Orll"nizalion 

to interpreting experiments in which the parts of the visual field re­
presentation are affected differentially. 

B. The Representation of tlte Visual Field 
The representation of the visual field in the lateral geniculate nucleus 

is topological, i.e. adjacent points in the visual field correspOnd to adja­
cent Jines of projection in the nucleus. The basic pattern of the represen­
tation appears to be similar in all mammals for which extensive data arc 
available. The region of the visual field that corresponds to the Tine of 
decussation of each retina, is represented along the margin of the lateral 
geniculate nucleus where a full complement of relay laminae abut (fig. 1 
and part II). The temporal periphery of the contralateral visual field is 
represented along the margin of the nucleus where the layers of contra­
lateral input extend beyond the layers of ipsilateral input (fig. 1). The 
rest of the contralateral hemifield is represented topologically between 
these margins. The nucleus can be divided into a segment representing 
the binocular field and a smaller segment representing the monocular 
field. 

It is possible to reveal the visuotopic organization of the lateral geni. 
culate nucleus in several ways. If, (or example, the visuotopic organiza­
tion of striate cortex is known, then the organization of the lateral geni- I.. 

culate nucleus can be determined indirectly. by relating the locus of re­
trograde lateral geniculate degeneration to the site of a small lesion in 
the striate cortex in a numbel of cases with differing lesions. It is also 
possible to obtain a general 'view of the visuotopk organization of the 
lateral geniculate nucleus by; comparing the sites of degeneration after 
restricted retinal lesions in a' number of cases. However, the most com­
plete and accurate information has been obtained by electrophysiological 
experiments in which the representation of the visual field was studied 
by serial microelectrode punctures. These studies have shown how the 
parts of the visual field are represented in the segments of the lateral 
geniculate nucleus and have also indicated the proportionate amounts of 
geniculate tissue devoted to different parts of the visual field, so that 
the relative importance of central or peripheral, and monocular or bino­
cular vision in geniculocortical mechanisms could be assessed for each 
of several species. The results of electrophysiological mapping studies in 
several mammals are discussed below. 

The domestic cat. Electrophysiological mapping siudies have been re· 
ported in detail by BISHOI' ('( al. [19621. KINSTON el al. (19691. GUIL­
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Fig. 9. Schematic representation of the visuotopic organization in the lnteral 
geniculate nucleus of Ihe cat. Above: A sagitlal .ectlon (ro~tral to the rlghl) with 
lines of projection corresponding 10 indicated degrees above and below the hori-
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60 

Fig. 10. Records obtained from Iwo microeleclrode punctures through the lat­
eral geniculate nucleus of a cat. Conventions a.~ in figure 6. The recording sites at 
the lateral edge of Jayer A 1 show that about 45° of vi~ual nngle are represented 
in the binocular part of the genieul091riate system on each side. From GUiLl f.RY 

and Kus [1971). 

LERY and KAAS [1971] and SANDERSON [197Ia]. Figures 6 and 10 illus­
trate the type of information that is obtained. Such studies indicate that 
the reference or zero vertical meridian of Ihe vislInl field. which corre- • 
sponds to the line of decussation of the retina. is represented medially in 
the lateral geniculate nucleus. The temporal periphery of the contralater­
al hemifield is represented laterally, the upper visual field dorsocaudally 
and the lower visual nell1 rostroventrally. These conclusions are summa­
rized in figure 9, which also ·shows that in the dorsocaudal parts of the 
nucleus the layers are relatively slender while in the rostroventral parIs 
of the nucleus they are markedly thicker. Thus, the geniculate tissue that 
deals with information from the lower visual field is expanded relative to 
the tissue related to the upper visual field. The difference between these 
two parts, in terms of the geniculate connectivity patterns involved, are not 
known. However, it should be noted that much of the retina devoted to 

zonlal meridian. From GUILLEI\\" and K......s [1971]. Below: A coronal .eclion 
(medial 10 the right) with Jines of projection marked in degrees lemporal 10 the 
zero vertical meridian. The position of the cellular discontinuhy (DISC) Ihat cor· 
re.ponds to Ihe hlind spot i~ shown. The values or Ihe disrlacement of the blind 
5rot from Ihe vertical and the horizontal meridians are based on the reporls of 
KINSTON 1'1 01. {1969) and SANDEaSON and SHERMAN [19711. 

'­
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CAT 

FIS.l1. The visual field of the cal as determined by recordinp froln Ihe genlc­
ulostriale system. TIle projections of the optic disc (DISC) and the line of decussa­
lion (LD) are shown. 

the lower visual field is provided with a tapetal light reflector, while 
such a zone is absent in the retina devoted to the upper visual field 
(WAllS, 1942J. It is thus probable that the cat obtains different infor­
mation from the lower and upper visual fields. 

It is obvious from figure 9 that the representation of central vision is 
greatly expanded in relation to that of peripheral vision. This dispropor­
tionate representation of central vision reflects the relatively greater 
density of retinal ganglion cells in the central part of the retina [STONE, 
1965]. In the coronal section of fjgure 9 it is also possible to see the 
segments of the lateral geniculate nucleus that deal with binocular and . 
monocular vision. The binocular segment includes the medial two thirds 

Lateral Geniculate Organi1.alion 

to three quarters of the nucleus within which layers A I Rnd C I are con­
fined, while the monocular segment lies beyond the lateral edges of these 
layers. Although the segments are unequal in size, each represents about 
45° of horizontal visual angle, as can be determined from microelec­
trode recordings from the lateral edges of layer A I. for the binocular 
segment, and from layer A for the monocular segment (fig. to) [GUll.­
1.ERY and KAAS, 1971; SANDERSON, 1971al. The visual field of the cat 
and its functional subdivisions, as determined from electrophysiological 
recordings, are shown in figure 11. 

The owl monkey and the rhesus monkey. Systematic mapping of the 
visual field in the lateral geniculate nucleus or the owl and rhesus mon­
keys has revealed a visuo topic organization in general agreement with 
that previously demonstrated by anatomical methods [BROUWER and 
ZEEMAN, 1926; POLYAK, 1932, 1933; Lil GROS CI.ARK and PENMAN, 
1934J. Since these results have not been reported elsewhere they are il­
lustrated, in part, here in figures 12 and 14. 

It is clear that in the owl monkey the representation of central vision 
is in the caudal part of the--Iateral- geniculate nucleus (penetration t, 
fig. 12); the upper field is represented laterally (penetrations 1-4); the 
lower field medially (penetrations 7-10) and the temporal periphery of 
the visual field is represented in a small portion of the rostral extreme of 
the nucleus (penetrations 5 and 6). While the receptive field for the neu­
ron cluster in penetration 6 of figure 12 extends only a little more than 
80° temporal to the vertical "eridian, neurons further rostral must COf­

respond to more temporal receptive fields since recordings from striate 
cortex [ALLMAN and KAAS, 1971] indicate that as Illuchas 90_95° of 
horizontal visual angle are represented in the geniculostriate system. The 
posterior, medial and lateral margin of the nucleus, where the edges of 
the layers are aligned, represents the zero vertical meridian. About half 
of the rostrocaudal extent of the nucleus represents the central 20° of 
vision and the binocular visual hemifield appears to subtend as much as 
70-80°. The visual field of the owl monkey is illustrated in figure 13. 

The organization of the lateral geniculate nucleus of the rhesus mon­
key is similar to that of the owl monkey (fig. 14). Recording site B in 
penetration 4 of figure 15 is close to the rostral edge of the external par­
voceIlular layer (PE) and the corresponding receptive field is centered 
75° from the zero vertical meridian. Therefore, the rhesus monkey prob­
ably has somewhat over 800 of horizontal visual angle represented in 
the lateral geniculate nucleus of one hemisphere and. judging from the 

'­
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OWL MONKEY 

Fig. 13. The visual field of t"e owl monkey ns determined oy recordings from 
the geniculostriate system. DISC F projection o( the optic ,lise; I.D projection of 
the line of decussation. 

extent of the internal parvocellular layer (PI) as much as 75° of this re­
lates to binocular vision. Recording site A in penetration 2 suggests that 
about half of the lateral geniculate nucleus is devoted to the central 200 

of visual field. As in the owl monkey, the vertical meridian is represent­
ed at the caudal, medial and lateral margin of the nucleus where the 
edges of the layers are aligned along the lines of projection. The lower 
field representation is medial and the upper field representation is later­
al. It should be emphasized that in both the owl monkey and the rhesus 
monkey, the monocular cresen! of the extreme temporal periphery is 
represented in the very small rostral tip or the lateral geniculate nUcleus. 
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Flg.12. Receptive field positions and corresponding microelectrode recording 
sites in the lateral geniculate nucleus (LO) of the owl monkey (AOIUS Irlvirgallls). 

Left: 8agillal sections of the nucleus with ten numbered, electrode penetrations 
and lettered recording sites. Visual responses were noted at recording sites (R) in 
the prelleniculate nucleus but receptive fields were not determined. The external 
and internal parvocellular (PE and PI) and magnocellular (ME and Mf) layers are 
shown. Inf. Put = inferior pulvinar; MO medialgenicula.te nucleus. Lower right: 
An outline of the dorsal view of the nucleus showin. the relative positions of the 
sections and electrode penetrations. Upper right: The contralateral visual hemifield 
showing receptive fields that correspond to the recordin. sites on the left. Recep­
tive nelds of the ipsilateral eye are shown as solid black, those of the contralateral' 
eye as open outlines. 

http:medialgenicula.te
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RHESUS MONKEY 71-177 
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Fig. U. Recording sites and correspondin. receptive field posilions obtained 
from the Jaleral geniculate nucleus of a rhesus monkey. Conventions a9 in figure 
6. Receplive fields oblained through the ipsilateral eye are shaded. The section is 
paras8gillal and rO~lral is 10 the riaht. 

It has previously been suggested that the representation of this part of 
the visual field is displaced to the lateral and medial margins of the nu­
cleus in primates [WALLS, 1953; POLYAK, 1957; CHACKO, 1948}. but this 
suggestion is inconsistent with the present evidence. 

The grey squirrel and the rat. In comparison with carnivores and pri­
mates fewer studies have been reported on the organization of the later­
al geniculate nucleus of rodents. However, the visuotopic organization of 
the lateral geniculate nucleus of the rat and the grey squirrel has been 
studied, both by electrophysiologieal mapping [MONTERO et aI., 1968] 
and, indirectly, by the method of retrograde degeneration [LASHLEY, 

1934; KAAS et al., 1972b]. Examples of the results of recording in the 
lateral geniculate nucleus of the grey squirrel are shown in figure 8 and 
15. The figures show that the upper visual field is represented in the 
dorsal and rostral part and the lower visual field il) the ventral and cau­
dal part of the nucleus. The zero vertical meridian or line of decussation 
is represented medially and dorsally while the temporal periphery is rep­
resented ventrally and laterally. The eyes of the grey squirrel are more 
laterally placed than those of cats and monkeys and, therefore, the mon-

Later.' Geniculate Orgnnillltinn 

Fig. 15. Recording site~ and corresponding receptive neld posilion. obtAined 
from the lateral geniculate nucleus of a grey squirrel. The frontnl sections were 
cut at SO 11m and numbered in a rostrocaudal sequence. The nllmner of each .ec­
tion is shown in the lower left part of its outline. Medial i. to the righl. Electrode 
penetrations are numbered and recording ,ites are lellere". Cell layer., 
which are described more fully in the lexl, are numbered 1-3. Recording .ites in 
layer 2 were activated by Ihe ipsilateral eye and the corresponding receptive field. 
are not ~hown. The visual field of the contralateral eye is shown below with refer­
ence lines a~ in figure 8. All receptive fields are frolll the contraluteral eye nnd 
the dirferent lype5 of shading lire used 10 identify the ",veraI electrode penetra­
lions. 
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GREY SQUIRREL . 
Fig. 16. The visual field of the grey squirrel as determined hom recordings of 

the geniculostrlate ~ystem. The projection of the elongated optic nerve head is in· 
dicated DISC. LD line of decussation. 

ocular portion of the visual hemifield is large (fig. 16). However, this 
large 1200 monocular segment of the visual field of the contralateral eye 
i~ represented in relatively little tissue in the lateral and ventral segment 
of the nucleus. The nasal 30° of the contralatera,i hemifield form the 
binocular portion [HALL el of., 1971] and this is represented in the large 
dorsomedial sector which includes all of the geniculate layers (fig. 22, 
25). These conclusions on the visuotopic organization of the lateral geni-. 
culate nucleus of the grey squirrel are supported by the retrograde de-

Lateral Oenlculate Orllllll17111ioll 

generation that is seen in the nucleus after small lesions of different sec­
tors of striate cortex IKAAS el 01., 1972bJ. 

The visuotopic organization of the lateral geniculate nucleus of the 
rat appears to be very similar to that of the grey squirrel, although the 
representation of frontal vision may be proportionately smaller. In the 
experiments reported by MONTERO et a1. r1968 j the nucleus was mapped 
in detail but the zero vertical meridian or line of decussation was not ex­
perimentally defined. The results are more comparable to the squirrel if 
one assumes that the rat's nose was held unnaturally high in these ex­
periments, as it appears in the illustration, so that the eye was rotated ill 
the vertical plane. If we allow a slight correction for this rotation, then 
the presumptive vertical meridian jlL represented dOlsomedially in the 
nucleus and the temporal periphery is represented ventrolaterally, as in 
the squirrel. The upper visual field repre~enlation is dllrsal to that of the 
lower visual field. 

fl. The taminatioll of Iht" NucleuJ 

Studies of the lateral geniculate nucleus of a wide range of mammals 
including such primitive members as the hedgehog IUALL and EBNER, 
1970; CAMPBELL el al., 19671 and the opossum IBENEVENTO and EllNER, 
1970j indicate that ipsilateral retinogeniculate terminations are segregat­
ed from the contralateral ones.· These separate zones of termination 
must be considered separate layers. In some species the normal appear­
ance of the nucleus does 'not indicate the lamination which is then re­
garded as a concealed lamination (HAYIIOW el ai., 19621. Illlnany species, 
including all primates and ~arnivores, the lateral geniculate nucleus 
is visibly subdivided into sheet-like aggregates of cells or layers that are 
separated from each other by narrow zones almost devoid of cells. In 
some mammals, such as the squirrel monkey (CAMPOS-ORTEGA and 
GUlES, 1967; DoTY et of., 1966; TIGGE~ and TIGGES, 1969] both mani­
fest and concealed layers occur. 

Not all of the subdivisions of the lateral geniculate lIucleus thnt have 
been called layers are functionally equivalent. Several different types of 
lamination will be defined and are discussed on the following pages. Most 
layers illclude complete repre~entations of the contralateral helllifieid or 

• Whether the segregation is complete or nnt remain. an j"ue 10 he re.otveu 
by more preci.e method_, including electron micro.copic~1 ~I!,dic,. 
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of its binocular portion and project to striate cortex. We regard these 
subdivisions of the lateral geniculate nucleus 8S having primary func­
tional significance and define them as relay laminae. For individual re­
lay laminae to be recognized they must meet the following criteria: (1) 
They must be distinct in their appearance, or they must be innervated 
by diIferent eyes, or they must be clearly separated by an interlaminar 
zone. Often adjacent relay laminae are distinguishable on the basis of at 
least two of these three features, although anyone would be sufficient 
for a distinction. (2) Relay laminae must lie in a plane that is approxi­
mately perpendicular to the lines of projection (fig. 1). Cell groups that do 
not appear to lie perpendicular to the lines of projection may be segments 
of full layers which are either infolded or abnormally connected to the 
retina. They may also be part of another nucleus. Thus, the observation 
that the layers of the medial interlaminiu nucleus of the cat lie in a plane 
that is roughly parallel to the lines of projection in the adjacent dorsal 
lateral geniculate nucleus is part of the evidence that this medial group of 
cells is a separate nucleus. (3) Each relay lamina must car~y a complete 

"-..... representation of either the full contralateral hemifield via the contralateral 
eye or of the smaller binocular segment of this hemifield via the ipsiloteral 
eye (fig. 1). Since the full contralateral projection is always larger than the 
ipsilateral projection, the relay laminae receiving from the contralateral 
eye are more extensive than those receiving from the ipsilateral eye. (4) 
Relay laminae must project to striate cortex. 

Examples of relay laminae are illustrated and discussed in the follow­
ing pages. Other types of lamination are also noted and defined. 

A. LaminatioT! in the Cat and Other Carnivores 
In the lateral geniculate nucleus of the cat it is possible to distinguish 

four relay laminae and these have been called layers A, Al, C and Cl 
[GUlLI.I!RY, 1970b] (fig. 2, 9). A fifth layer, labelled C2 in figure 9, 
which lies next to the optic tract, cannot at present be regarded as a re­
lay lamina. It is not known whether layer C2 receives afferents from the 
retina [GUILLERY, 1970\); GUILLERY and ScOll, 1971 j, nor is it certain 
that retrograde degeneration occurs in this layer after cortical lesions. 
Some afferent fibers from the superior colJiculus to layer C2 have been 
noted [GRAYBIEL and NAUTA, 1971], but nothing further is known of its 
connections. 

Layers A and Ai form a matched pair of layers, A receiving its af­
ferents from the contralateral and At from the ipsilateral eye, respec­
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tively. They both have basically the same slructure and are made up of 
mixed large, medium and small neurons. Layers C and CI receive their 
retinal afferents from the contralateral and ipsilateral eye, respectively. 
However, these layers do not form a matched pair as do A and At. 
Layer C is characterized by a concentration of large cells and receives a 
relatively coarse-fibered retinogeniculate input, while layer Cl consists of 
small cells that receive a fine-fibered input. Thus, il appcnrs that the 
geniculate relay for axons from the temporal retina is not morphologi­
cally identical to that from the nasal retina. The ipsilateral pathway 
from the temporal retina has smaller cells and finer luons and it is pos­
sible that this may be related to the report that corlical neurons of this 
pathway have less accurately aligned receptive fields IBLAKEMORE and 
PElTIGREW, 1970]. 

The four relay laminae are separated rrom each other by relatively 
cell-free zones. Between layers A and A I there is a well-defined inter­
laminar plexus which contains a few scatlered large cells. Since these 
cells do not differ from large cells in the adjacent layers, there is no jus­
tification for regarding this interlaminar zone as another 'nucleus' !Tnu­
MA, 1928; I:lAYIIOW, 19581. The interiaminar 7.Ol1es 011 either side of lay­
er C are narrower and harder to see, especially in sections that cut the 
zones somewhat obliquely [LATIES and SI>RI\GUE, 1966; GlIll.I.ERY, 
1970bJ. 

The four relay laminae are not always easy to recognize in the cat. 
They are more easily distinguished in the dog [Rloell, 19291 and in 
some other carnivores. Figure 17 shows that in the red fox the four re­
lay laminae are well defined aDd easily demonstrated. 

The evidence that layers fA and C receive projectiolls from the con­
tralateral eye is of several types •..Flrst, some deductiolls can be made 
from the normal histology, and it is interesting to do !lO, if only to illus­
trate how similar conclusions may be drawn from the normal histology 
of other species in which experimental investigations are not possible. 
Layer A is clearly extended further laternlly than A I and loyer A has a 
conspicuous discontinuity. As noted previously these factors indicate 
that layer A receives projections from the contralateral eye while layer 
A 1 receives projections from the ipsilateral eye. The separation of layer 
C from layer Cl is too indistinct in normal material 10 serve as a basis 
for similar conclusions. 

The most direct evidence about the connections of the layers comes 
from studies of degenerating retinogeniculate axons stained by the meth­
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Fig. 17. A 581.1ill.1 sectiOCI through the lateral geniculate nucleus of Il red fox 
(V"/pes ,,,Iva). Rostral is to the upper left. The four relay laminae, A, Al, C and 
Cl are clearly shown, The small scattered cells thaI lie amongst Ihe fibers of the 
oplic Iract form layer C2. Thionin sIn in. 

ods of NAUTA and GVGAX [1954] or FINK and HEIMER [19671 6-12 days 
arter removal of one eye. The pattern of the degenerating axons is illus­
trated in figure 18. Contralateral to the lesion there is dense degenera­
tion in layers A and C. The small amount of degeneration in layers At 
and Cl probably represents axons on their way from the optic tract to 
layers A and C and should not be regarded as terminal degeneration. It 
is important to note, however, that one is justified in accepting this con­
clusion only because it is supported by other lines of evidence. The sil­
ver-stained sections do not show the difference between terminal degen­
eration and fibers of passage, and they do not, by themselves, show that 
layers Al and C1 receive no contralateral input [GVILLERY, 1970a]. Ips­
ilaterally there is dense degeneration in layers A 1 and Cl. The sparser 
degeneration in layer C is again regarded as (ibers of passage, but 011 

this side the sections show quite clearly that there is no retinal input to' 
layer A or to the interlaminar zone between layers A and At. 

Laleral Geniculate Organization 

Fig. Ill, Coronal sections through the laternl geniculate nucleus 01 a cnl ipsila­
teral (left) and contralaleral (right) 10 It unilaleral eye removal t 2 days before 
dealh. Dols show Ihe densily, dislribution and orienlnlion or del.lenerating fibers 
slained by Ihe Naula melhod. Layers A and C receive nflerenls from the conlr.­
lateral eye while layers A I And CI receive from Ihe irsilnle,a' eye. 0'1' orlic 
tracl; MIN ~ medial inlerlnminar nucleus. Senle 500 1"11. Modilicd from GUIl.­
LEU [l970J. 

A third type of evidence depends on the observation that geniculate 
cells undergo transneuronal degeneration after removal of one eye. 
Thus, the cells in layers A and C become pale and shrunken after a con­
tralateral removal, while 'the cells in layer A I atrophy after an ipsilateral 
removal. There is some evide!nce that the cells in layer C[ also show 
some changes [GAREY and »OWELL, 1968J. although these small cells 
undergo only minor changes that -are difficult to interpret {GulI.LERY, 
1970b,19721· 

The segregation of ipsilateral from contralateral terminations in sepa­
rate layers can also be demonstrated by electrophysiological techniques. 
Experiments in which recordings were obtained with microelectrodcs 
from neurons in all four relay laminae in the cat !GUlLlJlRY and KAAS. 
1971; SANDERSON, 1971a; D"w and PEARI.MAN, 1970j (fig. 6) completely 
support the anatomical evidence summarized above. Figure 6 shows that 
as an electrode is advanced through the nucleus it encounters, in order, 
cells activated by the contralateral, then the ipsilateral. then the contra­
lateral and finally the ipsilateral eye. Recordings from these last ipsila­
teral cells in layer Cl are more difficult to obtain because the cells are 
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small and the layer is narrow. Since layer Cl shows little transneuronal 
degeneration and since the fibers ending in it are very fine, the lateral 
geniculate nucleus of the cat was for many years wrongly regarded as a 
trilaminar structure. 

The evidence regarding the layers in the cat has been described fully 
because it illustrates the difficulties that can arise when one tries to de­
termine how many layers there are in a particular species. None of the 
four methods that have. been used for studying laminae is entirely relia­
ble. Some of the layers may not be readily apparent in normal material. 
Transneuronal degeneration may be relatively mild in some species and 
its absence in a lamina cannot be taken as a demonstration that there is 
no neural connection. The silver methods often give a useful picture but 
rarely allow a certain distinction between fibers of passage and terminals. 
The electrophysiological evidence is most convincing where it dem­
onstrates a laminar structure that matches the anatomical evidence. 
However, thin layers of small cells are easily missed. 

B. Lamination in Primates 
The primate lateral geniculate nucleus is generally regarded as con­

sisting of six layers, although some exceptions have been noted [GIOLLI 
and TIGGES, 1970; HASSLER, 19661. The lateral geniculate nucleus of the 
owl monkey, Aotus trivirgatus, has been described as one of these ex­
ceptions. It has four relay laminae and for reasons given below we re­
gard this as the basic primate pattern. Therefore, this species will be 
considered in detail first. 

The laminar structure of the lateral geniculate nucleus of the owl 
monkey is shown in figure 19. Dorsally, there are two adjacent parvocel­
lular layers which are separated from each other over much of the nu­
cleus by a narrow cell-free zone; ventrally, a pair of magnocellular IlIy­
ers are separated from each other and from the parvocellular layers by 
broad interlaminar zones. These four layers have been described pre­
viously by LB GROS CLARK [1941b], CHACKO [1954b1. HASSLI!R [1966] 
and JONES [19661. 

The external parvocellular layer (PE) and the external magnocellular 
layer (ME) receive projections from the contralateral eye while the in­
ternal layers (PI and MI) receive from the ipsilateral eye. This pattern 
of retinal input is suggested by the appearance of normal Nissl prepara­
tions, which show that the external layers (PE and ME) extend beyond· 
the borders of the internal laminae in the rostral parts of the nucleus, 

Lateral Oeniculate Or8anil':ation 

Fill. 19. A sagitlal section of the lateral geniculate nucleus of the owl monkey. 
Rostral is right. The internal (PI) and external (PEl parvocellular anu the internal 
(MI) and el<.lernal (ME) magnocellular layers are labelled. A fifth ,uperficial layer 
(S) lies ventral to ME (see tell!). From KAA~ el ",. 11972al. 

where the temporal visual field is represcnted (fig. (9). In addition, a 
discontinuity corresponding Jo the optic disc is seen in the two external ~ 

layers [KAAS et al., 1972bl so that these must receive affercnts from the 
contralateral eye. 

The conclusion that the external layers receive contralateral projec­
tions, while the internal layers are innervated via the ipsilateral eye, is 
also supported by experimental evidence. After eye removal, transneu­
ronal degeneration is seen contralaterally in the external and ipsilaterally 
in the internal layers [JONES, 19661. The fiber degeneration that occurs 
after removal of one eye confirms this pattern (fig. 20) as does electro­
physiological evidence, some of which is iIIustr"lted in figure 12. 

In part I, we showed that the parvocellular and m:lgnocellular layers 
form complete retinal representations and, since our retrograde degener­
ation studies indicate that these layers also project to striate cortex, the 
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FIR. 20. Degenerating retinogeniculate fibers in Ihe dorS;l1 laleral geniculale nu· 
c1eus of an owl monkey Ibal survived 6 days following Ibe removal of one eye. 
The small lriangles mark the dorsnl and venlral border. of Ihe layers. Ipsilalerally 
(Iefl) Ihere is degeneration In Ibe inlernal layers (PI and MI) and conlralaleraJly 
(right) there is degeneration in Ihe e~lern81 layers (PE and ME). Fink·Heimer· 
stain and cre.yl violet. 

1.aleral Genlculale Organization 

magnocellular and parvoceliular'layers must be regarded as relay lami­
nae. 

Ventral to these four well-defined relay laminae, a fifth layer is seen 
(8 in fig. 19). This ventral group of cells has been only briefly men­
tioned in the owl monkey [JONES, 1966], but a number of investigators 
have described it, either liS a separate layer or simply as a ventral group 
of cells, in some other primates [GIOLLI and TIGGES, 1970]. It is not 
clear whether or not layer 8 is a relay lamina. It has been reported that 
the layer receives ipsilateral retinal arrerents in some primates [TIGGES 
and TIGGES, 1969, 1970; GIOLLI and TIGGES, 19701. With the survival 
periods we have used (6 days) little retinogeniculate fiber degeneration 
was seen in layer 8 in the owl monkey. Thus, it is not clear whether, or 
how, the visual field is represented in layer S, nor is it known whether 
this layer projects to striate cortex. For these reasons, we regard layer S 
as a potential relay lamina only. 

Within the interlaminar zones that lie on either side of the magnocel­
lular laminae, there are some well-defined groups of small cells. These 
groups correspond to the intercalated /amillae described by GUiLLERY 
and COLONNIER [1970] in the macaque monkey, although they are some­
what broader and more continuous in the owl monkey. At present the 
intercalated layers are not regarded as relay laminae, since there is no 
evidence that they receive any retinogeniculate terminations. Their elec­
tron microscopic appearance in the macaque monkey suggests that they 
may receive none [GUILLERY and COLONNIER, 1970]. However, judging 
from retrograde Changes in these laminae in the mandrill (fig. 3), the in­
tercalated layers do project to striate cortex. " 

If layer S and the intert:alated layers are excluded, then four relay 
laminae are found in the owl monkey and also in a number of other pri­
mates. It appears from Nissl preparations that marmosets (flapafe) ILE 
GROS CLARK, 1941b; CHACKO, 1954b], the titi monkey (Callicehus cu­
preus) [personal observation], and the tarsier [CIIACKO, 1954c; HASSLER, 
1966] have four relay laminae. In addition, Nissl preparations and ex­
perimental material indicate that the gibbon, fly/ohaIr'S, has four layers 
{CHACKO, 1954cj KANAOASUNTHERAM lind WONG, 1968; KANAGASUNTlIE­
RAM and KRISIINAMUR'lI, 1970]. 

Six layers are often described as the basic number in the lateral geni­
culate nucleus of macaque monkeys [LE GRO..'! CtARK and PENMAN, 
1934; LE GROS CLARK, 1941b]. However, it has been stressed by 
CHACKO P954b] that in one part of the nucleus there are only two parvo­
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cellular layers and these split to form four parvocellular layers in a!,!other 
part of the nucleus. Parasagittal sections show clearly that the Internal 
and external parvocellular layers divide as they thicken in the caudal half 
of the nucleus, and these subdivisions of the parvocellular layers will be 
called leallel.~, because they are not separate layers at all, but are caudal 
extensions of the full relay laminae. The ventral leaflet of the PE inter­
laces between the two leaflets of the internal layer, giving the appear­
ance of four parvocellular layers, and thus a total of six geniculate lay­
ers. The parvocellular layers may further subdivide near the representa­
tion of macular vision so that in a small part of the nucleus there appear 
to be five or six parvocellular layers and a total of up to eight geniculate 
layers [Ls GROS CLARK and PSNMAN, 1934: CHACKO, 19S4cj. From our 
electrophysiologieal recordings, it is apparent that these subdivisions or 
leaflets of the parvocellular layers only represent central parts of the vi­
sual field and they cannot be considered full relay laminae. La GROS 
CLARK and PENMAN [1934] considered the most caudal leaflets only as 
'subsidiary laminae' but did not extend this distinction to th~ larger leaf­
lets of the parvocellular layers, possibly because six layers are compati­
ble with La GROS CLARK'S [1941a] theory of color vision. 

Leaflets similar to those of the macaque monkey are found in the 
parvocellular layers of the lateral geniculate nucleus of a number of oth­
er primates including man [CHACKO, 19481. Thus, it appears that the an­
thropoid lateral geniculate nucleus consists of four relay laminae which 
are divided into leaflets in most species. As an interesting variation, the 
magnocellular rather than the parvicellular layers are reported to form 
leaflets in the siamang, Sympllalangus syndactylus [KANAGASUNTHI!RAM 
el al., 1969]. 

Relay laminae form complete representations of the visual field and 
adjacent relay laminae that receive from the same eye commonly differ 
cytoarchitectonically; leaflets do not form complete representations and 
are cytoarchitectonically similar. Therefore, it is probable that the func­
tional significance of these two types of subdivisions of the nucleus dif­
fers. The role of the leaflets may be quite simple. For example, it is pos­
sible that cells receiving from one eye interact with cells receiving from 
the other. This interaction may be limited by the distance that separates 
the cells and, therefore. by the thickness of the laminae. The parvocellu­
lar laminae thicken near the representation of central vision and the for­
mation of leaflets may then prove to be a simple way of maintaining a 
suitable proximity between the interacting cells. This interpretation is 
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speculative at present but is of some interest, since there is evidence that 
primates with leaflets do have dendrites that cross laminar borders 
[CAMPOS-ORTEGA el al., 1968; WONG-RILEY, 19721 and there is likely to 
be a limit to the length of such geniculate cell dendrites. Binocular inter­
actions have been most clearly demonstrated in the geniculate layers of 
the cat [SUZUKI and KATO, 1966; SANDERSON et ar., 1969; SINGER, 
19701, where there is reason to think that the interactions involve den­
drites that cross laminar borders or short axon cells, whose axons cross 
laminar borders [GUILLBRY, 1966;-ToMB()L, 19691. 

While the lateral geniculate nucleus of anthropoid primates appears 
to have four basic relay laminae, this is 1I0t as certain for prosimians. 
The tarsier does appear to have only four relay laminae similar to those 
of the owl monkey. i.e. two parvocellular and two magnocellular layers 
[HASSLI!R, 1966; CtiACKO, 19S4c]. Olher prosimians have been de­
scribed as having six layers: two ventral Illagnocellular layers, two dor­
sal parvocellular layers, and two narrow additional layers inserted be­
tween the parvocellular layers [HASSLER, I 966J. These additional narrow 
layers receive projections from the retina [CHACKO, 1954a, TIGGES and 
TIGGES, 1970; LAEMLE and NOBACK, 19701 and are potential relay lami­
nae. However. it is not certain that they form complete retinal represen­
tations, since they are not seen as distinct cell populations in the lateral 
part of the nucleus [10NESCU and HASSLER, 1961'11. In some sections a 
ventral layer S (or 0) is also identifiable [TIGGES and TIGGES, 1970; 
CAMPOS-ORTI!GA and HAYHPW, 19701, but it does not appear possible 
for this restricted group' of cells to form a complete representation of the 
uncrossed retinal projections in alignment with the representations in the 
other layers. Therefore, lay~r S is not presently regarded as a relay lami­
na. 

Tree shrews are often considered the most primitive of living pri­
mates, although their relationship to other primates is not close [CAMP­
BELL, 1966; GOODMAN, 1966; McKl;NNA, 1969). Perhaps HASSLER'S 
[1966] term, subprimate, is appropriate, but the layers of the lateral 
genieulate nucleus are not easily homologized with the layers of other 
primates. The reported laminar pattern in one tree shrew, Tupaia glis, 
consists of a medial layer of ipsilateral input bordered by three adjacent 
layers of contralateral input (the middle layer of the three is distin­
guished by less dense retinal terminations); laterally, a second layer of \. 
ipsilateral input occurs which is bordered by a thin, less prominent layer 
of contralateral input next to the optic tract [GUCKsTEIN, 1967; TIGGES, 
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1966; CAMPBEll et al., 1967; LAIlMLE, 1968]. All six layers appear to 
project to the striate cortex in a topographic manner [DIAMOND et al., '--~ --. 
1970; WARD and MASTERTON, 1970]. Our unpublished results from mi­
croelectrode recordings in the lateral geniculate nucleus also indicate an 
orderly representation of the contralateral visual field. The vertical me­
ridian is represented dorsomedially, where all six layers terminate; the 
large monocular field is represented in the small ventral segment, which 
consists of only the layers of contralateral input. Thus, present evidence 
suggests that all six layers qualify as relay laminae. 

In summary, the lateral geniculate nucleus of several New World 
monkeys consists of four simple relay laminae. ]n other simians, two of 
the relay laminae subdivide and form leaflets but the basic number of 
relay laminae remains the same. Since four simple relay laininae are 
found in both the New Wo~ld and Old World simians, it is possible that 
leaflets were formed independently two or more times in primate evolu­
tion. With the exception of the tarsier and excluding tree shrews, pro­
simians appear to have six full relay laminae. It is unlikely that the 
number of layers decreased in evolution and it is probable that a basic 
primate pattern of four relay laminae did exist at the time of divergence 
of simians and prosimians. The relation between the laminar pattern in 
tree shrews and in other primates is presently not clear. At the time 
both groups diverged, possibly from insectivore (leptictid) ancestors 
[McKENNA, 1969), the laminar pattern of the lateral geniculate may 
have been as simple as a central pocket of ipsilateral input bordered on 
both sides by layers of contralateral input such as is seen in the hedge­
hog [CAMPBEll et al., 1967; HALL and EBNER" 1970] rabbit [HUGHIlS, 
1971; SANDERSON, 1972) and rat. 

C. Lamination in Rodems 
The pattern of lamination has been studied in squirrels and rats but 

the lamination is easier to demonstrate in the highly developed visual 
system of the squirrel. In the grey squirrel, sections stained by the Nissl 
method show that the cells of the lateral geniculate nucleus are grouped 
into three fairly well-defined layers and these are separated by two rela­
tively cell-free zones (fig. 21) IKAAS et al., 1972bj, The orientation of 
these three layers in three planes of section is shown in figure 22. The 
middle layer (layer 2 in figure 21 and 22) does not extend to the lateral 
part of the nucleus. Instead, in the lateral third, layers 1 and 3 merge. 
The caudal layer 3 does not have a uniform structure but it cannot be 

Lateral Geniculate Organization 

Fig. 21. A horizontal section for the lnterlll I;lcniculale nucleu, or the grey squir. 
reI showinll the interlaminar cell·poor lones ("rmws) that .,cpanl1e the three main 
cell layers (see text). A discontinuity in layer 1 (Disc), which corresponds 10 the 
representation or the "pUc di~c, is .I~o showo, VOL ventral lateral geniculate 
nucleu9. Cresyl violet stain. 

further subdivided on the basis of the normal appearance of the lIucleus. 
From the orientation of these cell groups, several preliminary statements 
about the organization of the lateral geniculate nucleus are possible. 
Since relay laminae with ipsilateral input are less extcnsive, one would 
suppose that layer 2 receives projections from the ipsilateral cye while 
layers 1 and 3 receive from the contralateral eye. Further, the segment 
in which layers I and 3 merge would correspond 10 the monocular vi­
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Fig. 22. The e~tent o( the three main cell layers In the lateral geniculate nucle­
us o( the squirrel. These Jayers are shown in three intersecting planes of section. 
Dorsal (D), ventral (V), medinl (M), lateral (l), rostral (R) and caudal (C) are In­

dicated. 

sual field and the margin of all three layers on the dorsomedial edge 
would correspond to the zero vertical meridian. We have seen from the 
previous section (visuotopic organization) that these deductions about 
the representation of the visual field are correct. However. experimental 
methods indicate that the laminar pattern is more complex than shown 
in normal Nissl sections. 

After eye removal, very little transneuronal degeneration occurs in 
the lateral geniculate nucleus of the adult squirrel [TIGGES, 1970). How­
ever, in one case of accidental eye loss in infancy, transneuronal degen­
eration was ohvlous in the adult. Contralateral to the eye losS, degenera-' 
tion was seen in layers 1 and 3 (fig. 23); but layer 3 was not uniformly 
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Fig. 23. Transneuronol degeneration in the Inteml geniculute nucleus of n grey 
"qulrrel IlInl hnd l(l~t Ihe contrnlutcrnl eye (see tCKt). The cells in .Inyel~ lund 3 
are ~hrunken (deg). Coronnl ~ection. Ihionin ~Iain. VOl. venrrnl laleral genicu­
lale Ilucleu~. 
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Fig. 24. Degeneraling relinogeniculale fibers in Ihe laleral geniculale nucleus 
of a grey squirrel thai survived 6 days after removal of the ip.jJllleral retina. 
Dense pericellular degeneration is seen in layer 2, the middle portion of layer 3 
lInd along the inner margin of Ihe oplic tract (OT). Horizonlal section, Fink·Hei­
mer slain and creayl violel. 

degenerated and this suggested that layer 3 was not a single relay lami­
na. Ipsilaterally, transneuronal degeneration was seen in layer 2. 

The pattern of fiber degeneration that occurs following removal of 
one eye (fig. 24) provides additional evidence that the input to layer 2 
is, indeed, ipsilateral, while that to layer 1 is contralateral. The third cell 
group, however, shows further subdivisions in terms of the degenerating 
retinogeniculate axons. Three subdivisions are recognizable and each ap­
pears to be a full relay lamilla. The rostral and caudal of these (3a and 
3c) receive contralateral input and the middle one (3b), ipsilateral. All 
three contralateral relay laminae merge with each other and continue 
into the ventrolateral part of the nucleus while the ipsilateral two lami:' 
nae do not. This same five-layered pattern of degeneration after eye re-

Lnteral Geniculate Organization 

moval has bren observed in the squirrel by ROBSON and HALL [personal 
commun.J. 

Microelectrode recordings obtained from the lateral geniculate nucle­
us also show that layer 3 (fig. 8, 15) receives afferents from the contra­
lateral eye, but the thin middle layer of ipsilateral representation which 
can be seen in Nauta and Fink-Heimer sections, does not appear clearly 
in terms of the microelectrode recordings. Contralateral input to layer 1 
and ipsilateral ioput to layer 2 is clearly shown in these figures. 

A summary of the lamination of the lateral geniculate nucleus of the 
grey squirrel is shown in figure 25. As a relay lamina with contralateral 
input, layer 1 has a discontinuity that may correspond to the optic disc 
[KAAS et al., 1972J but similar discontinuities were not apparent in lay­
ers 3a and 3c. The grey squirrel resembles the cat ill having unevenly 
matched sets of laminae. One must expect cortical activity to reflect this 
uneven balance between the two inputs but the details regarding binocu­
lar interaction in the squirrel's cortex remain to be determined. 

The pattern of lamination in the grey squirrel differs from that de­
scribed by TIGGBS [1970) in flying squirrels and ground squirrels, but 
the pattern reported for these squirrels indicates that the ventrolateral '­
disposition of the monocular sector and the dorsomedial disposition of 
the binocular sector are similar to that in the grey squi nel. 

While the visual system of the squirrel is well developed in compari­
son to that of the rat, and in many ways is easier 10 study, rats have 
been used extensively in experimental investigations of central visual 
pathways. A recent report {GUILLERY e/ al., 197!J provides evidence 
that the rat has three relay laminae ill almost the sallie orientatioll as the 
layers in the squirrel. The j middle less extensive layer receives input 
from the ipsilateral eye and is bordered rostrally and caudally by layers 
receiving input from the contralateral eye. 

D. Congetlitally Abnormal Lamillae 
Studies of Siamese cats, albino rats alld albino ferrets have indicated 

that interpretations based only 011 the llor1lHlI cytoarchitectonic structure 
and on the distribution of retinogeniculate axons may lead to incorrect 
views of the laminar pattern in the lateral geniculate IHtdeus (GuILLERY, 

1969,1971; GUlLLERY and KAAS, 1971; GUlLl.ERY e( al .. 1971J. Our in­
vestigations of Siamese cats have shown that layers A I and C J, which 
normally receive only an ipsilateral input, are broken lip into four seg­
ments in these cats. Two segments receive an input from the ipsilateral 
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Fig. 25. Summary diallram of the orllanization of the lateral Ileniculate nucleus 
of the squirrel shown on a horizontal section. Medial (M). lateral (L). rostral (R) 

and caudal (C) are indicated. 

eye and appear normal. The other two segments receive their input from 
the contralateral eye. but from the part of the retina that normally pro­
jects ipsilaterally. These abnormal segments are separated from the nor­
mal segments by narrow cell-poor zones that resemble the interlaminar 
zones. Further, the abnormal segments tend to fuse with the adjacent re-' 
lay laminae that receive from the contralateral eye, so that cell groups 

Lateral Geniculate Organization 

receiving from the same eye are continuous. Thus, the Nissl appearance 
and the pattern of the retinogeniculate terminations both give a false im­
pression of the laminar structure [KALIL et al.. 1971; HUBEI. and WIE­

SEL,1971}. 
The analysis of the nucleus in the Siamese Cllt was based upon a 

thorough knowledge of the anatomy of the normal cat's nucleus and on 
serial microelectrode punctures through the nucleus in normal and Sia­
mese cats. In rats the situation was more complex because, for some 
time, the nucleus of the albino rat was regarded as a model for the nor­
mal. The patches of ipsilateral degeneration that were seen in albino rats 
[HAYHOW et ai., 1962] were interpreted as ipsilateral laminae. However, 
these 'laminae' were oriented parallel to the lines of projection, which 
could be defined by studies of retrograde cell degeneration [LASHLEY, 
1934; MONTERO and GUILLERY, 1968] and by microelectrode studies 
[MONTERO et af., 1968]. Thus, it became necessary to reevaluate the 
laminae of the rat. It now appears that the albino rat is exactly compa­
rable to the Siamese cat. In a pigmented rat one sees a single continuous 
ipsilateral lamina that lies perpendicular to the lines of projection, and 
in an albino rat this single lamina is broken up into discontinuous patches. 

Siamese cats are homozygous for a gene of the albino series. Albino 
rats, albino ferrets and Siamese cats all show the same type of abnor­
mality of the visual pathways and from information available at present, 
it appears that albino rabbits and mink do too [SANDERSON, 1972). It is 
necessary to conclude that g,nes of the albino series can produce a very 
specific misrouting of some retinogeniculate axons. It remains to be de­
termined whether there are other genes that have similar effects and that 
can also produce an aberrant and, to the anatomist, confusing pattern of 
lamination in the lateral geniculate nucleus. 

Summary and Conclusions 

The basic subdivision of the mammalian lateral geniculale nudeus is Ihe ,('Iy 
101111'10. Each forms a complete and orderly representation of a hemiretinn nnd the 
several retinal representations are organized s" that R single point in Ihe 'visunl 
field can be represented as a line, the Ii,,~ of "miu/ioll, p...ing thruul!h the nil· 
cleus from one marllin to anolher, throullh .11 Ihe layers and more or less perpen· 
dicular to them. 

This account demonslrates that it is possible 10 determine IlIl1ch of Ihe basic 
organization of the dorsl\1 lateral lIenictllate nllcteus of any p"'Iicular .pecies frum 
a study of normal brain5 and from a few rel"lively simple experiments. When the 
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cenlral visual pathways are to be studied In a mammalian species about which re­
latively little Is known Ihis approach may prove of especial value. 

Study of a normal Nissl series will often show how the layers are oriented 
and, therefore, how Ihe lines of projection are orgAnized. If one can see where 
one set of layers extends beyond the borders of Rnother, it may be possible to de­
rine the monocular segment and thus to determine where the temporal parts of 
the visual rield are represented. Further, one can conclude that the layers which 
extend into the monocular segment mUSI receive their input from the contralateral 
eye. The representation of the zero vertical meridian will lie in the nucleus oppo­
site to that of the monocular crescent Rnd the borders of all the layers wlU lie 
more or less in line along the lines of projection that cl1rrespond to the vertical 
meridian. 

In many species there will be a cellular discontinuity that represents the blind 
spOI. The layers which show Ihis discontinuity will receive their Innervation (rom 
the nasa) retina of the opposite eye and, further, identification of this discontinui­
ty can help in determining the orientation of the lines of projection. 

If the lamination of the nucleus is not clear, or if there is doubt about the 
identification of some layers, an important firsl step is to determine how the lines 
of projection are organized by looking at retrograde degeneration after small Ie. 
sions in the visual cortex. Subsequently. the lamination and the visuOtopic organi­
zation can be studied in terms of the retinogeniculate fiber degeneration and by 
serial tnlcroelectrode punctures. 

When these several points have been determined, It may be possible 10 define 
specific problems concerning the organization of the lateral geniculate nucleus. 
Thus, where the ipsilateral and contrnlateral layers are nOI evenly matched one 
can enquire about the nonmatched parts of the geniculocortical systems. If indi­
vidual layers do not contain complete representations of a hemiretlna. the signlfi· 
CRnce of thi~ pauia) representation merits Investigation. The interlamlnar regions 
may prove of particular interest. Whether Ihese consist primarily of a fiber plexus, 
as they do in some species, or whether they form a more or less distinct cell 
group, as they do in others, their Innervation and their relationship to adjacent 
Illminae may provide important clues to geniculate function. 
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