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SUMMARY 

The visuotopic organization of the superior colliculus of normally pigmented 
and Siamese cats was investigated with microelectrodes. In normal cats, the represen
tation of the ipsilateral hemifield in the rostral tectum was found to be binocular. 
In addition, this representation included more of the ipsilateral hemifield than has 
been previously reported. 

Both normally pigmented and Siamese cats were found to have about 40° of 
the ipsilateral hemifield represented in the rostral tectum and normally pigmented 
and Siamese cats do n!t appear to differ in this regard (see ref. 2). However, the supe
rior colIiculus of Siamese cats is abnormal in other ways. The representation of the 
ipsilateral hemifield in the rostral tectum of Siamese cats was activated only by the 
contralateral eye. Furthermore, in the larger caudal representation of the contra
lateral hemifield, very few neurons were activated by the ipsilateral eye. The reduction 
in such activation is not simply the result of misrouting of ipsilateral retinotectal 
fibers to the contralateral tectum in a manner similar to the misrouting of retino
geniculate fibersll,12, since there were also very few neurons with abnormally placed 
receptive fields. Instead, the recordings from the tectum are similar to those obtained -r!fi from striate cortex of some Siamese cats13 where few neurons were activated by input ,,, '"" ~ Ie '-' 

;) 

I" i relayed from the normal ipsilateral or the abnormal contralateral retinogeniculate " I "5 ::i 
~ I 
::l.:" , projections. As in the geniculostriate systemll- 13, those neurons with receptive fields 

t abnormally placed in ipsilateral hemifield were in part of the tectal representation of

I~ ~ I,; ;! the first 20° of the contralateral hemifield; neurons with normally placed receptive 
:~ 2:" fields related to the ipsilateral eye were 20°-40° into the representation of the contra1- - ! 

I ~ ~ i lateral hemifield. 
L~ ~:! 
I~ ~ J 
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~ I 
--1 ... Present address: Department of Psychology, Vanderbilt University, Nashville, Tenn. 37240, U.S.A. 



414 R. H. LANE et al. 

INTRODUCTION 

How neurons in one structure form connections in an orderly way with neurons 
in another structure has been one of the basic questions in studies of the nervous 
system. Most of the experimental data that relate to this question are from those lower 
vertebrates with the ability to reform disrupted connections. In mammals, the limited 
ability of the central nervous system to regenerate after damage has posed the problem 
of how to manipulate variables that may be important in the formation of inter
connections. In cases where experimental approaches are limited, one looks for 
'experiments of nature'. Thus, congenitally misrouted fiber pathways may tell some
thing about the way normal connections are formed. 

In Siamese cats, axons from neurons in part of the retina of each eye are congen
itally misrouted so that they go to the wrong side ofthe brain. A 20° wide vertical strip 
of temporal retina along the expected position ofthe 'line ofdecussation' projects to the 
dorsal lateral geniculate nucleus of the opposite side of the brainlO,ll rather than to 
the same side as is normalS•19, The misdirected axons terminate in the layers that nor
mally receive uncrossed projections rather than crossed projections and the right 
to left retinotopic order of the abnormal connections in the left lateral geniculate 
nucleus is that appropriate for the right lateral geniculate nucleus and vice versall ,12. 

As a result of the misrouted retinogeniculate fibers, parts of the visual field are in 
misregistration in the different layers of the lateral geniculate nucleus. The normal 
pattern of geniculocortical projections would preserve the misalignment and would 
pose functional problems since individual or adjacent neurons in visual cortex would 
relate to quite different parts of the visual field. 

Siamese cats appear to have two separate mechanisms to avoid this type of 
potentially disruptive geniculocortical connections. In some Siamese cats, almost all 
of the cortical cells respond to the normal lateral geniculate input relayed from the 
contralateral eye and fail to respond to either the abnormal input from the contra
lateral eye or the input from the ipsilateral eyel3. Thus, one type of 'correction' for 
the misrouted retinogeniculate fibers is for the misaligned abnormal input to be 'sup
pressed' in the geniculocortical relay. In other Siamese cats, the abnormal input to the 
dorsal lateral geniculate nucleus corresponding to about 20° of the ipsilateral hemi
field is rerouted to a separate location in visual cortex so that this input extends the 
normal cortical representation of the contralateral hemifield by 20°4,12,13. 

The superior colliculus, like the dorsal lateral geniculate nucleus, receives direct 
projections from the retina, and for that reason, a similar misrouting of fibers might 
be expected to both structures of the Siamese cat. Indeed, a reduction in the amount 
of ipsilateral retinotectal projections has been reported16 which could be the result 
ofmisrouting from the ipsilateral to the contralateral side. But the tectum differs from 
the dorsal lateral geniculate nucleus and is like visual cortex in that the tectum is a 
place where input from the two eyes activates the same neurons2,S,20,29.31. Therefore, 
it would appear useful for Siamese cats to have some mechanism or mechanisms in 
the tectum, such as those in visual cortex for dealing with misrouted fibers, if they 
occur. 
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From the results of an electrophysiological study of the tectum of Siamese and 
normal cats, Berman and Cynader2 conclude that there is both a misrouting of retino
tectal fibers from the ipsilateral to the contralateral side and a correction for the 
misrouting so that the misrouted fibers terminate separately in the rostral part of the 
tectum to extend the representation of the visual field by including an additional part 
of the ipsilateral hemifield. The interpretation of such electro physiological results from 
the tectum of Siamese cats is complicated by the fact that part of the ipsilateral hemi
field is represented in the rostral part of the tectum of normal cats5 ,20,25,31. Thus, it is 
necessary to distinguish between an abnormal representation of the ipsilateral hemifield 
based on misrouted retinotectal fibers with a 'corrected' terminal locus in the rostral 
tectum and the normal representation of the ipsilateral hemifield in the rostral tectum. 
Berman and Cynader2 suggest that twice as much of the ipsilateral ,hemifie1d is rep
resented in the rostral tectum of Siamese cats as in normal cats, the more peripheral 
half being the result of misdirected retinotectal fibers. It follows that adjacent but 
different vertical strips of temporal retina would be misdirected to the tectum and the 
dorsal lateral geniculate nucleus if this view is correct. Berman and Cynader2 also 
report that the representation ofthe vertical meridian is displaced caudally in the tectum 
of Siamese cats and conclude that the displacement is a consequence of the more 
extensive representation of the ipsilateral hemifield in the rostral tectum. 

In the present report, the organization of the tectum of Siamese cats was reinves
tigated and compared to that of normal cats. The results from Siamese cats are similar 
to those of Berman and Cynader2 with the exception that a caudal displacement of the 
representation of the vertical meridian was not found in these cats. In addition, the 
representation of the ipsilateral hemifield in the rostral part of the tectum was found 
to be just as extensive in normal cats as in Siamese cats. Because of these additional 
findings, several possible causes of theabnormal organization of the tectum of Siamese 
cats are considered. 

METHODS 

The representation of the visual field in the rostral part of the superior colliculus 
was investigated in 5 Siamese cats and 6 normal cats. One of the Siamese cats was 
raised from birth to an adult with one eye sutured shut to limit the visual experience 
of that eye. None of the Siamese cats had marked squint. 

The methods have been described in detail previously17.18. After anesthetization 
with urethan, the cats were prepared for recording by exposing the dorsal surface 
of the brain and suturing the eyes to rings to prevent movement. The nerve head 
of each retina and, in some cases, area centralis were projected ophthalmoscopically6 
as reference points onto a translucent plastic hemisphere which served as a screen 
corresponding to the visual field. The position of the horizontal meridian was esti
mated from retinallandmarksll•13. The activity of small clusters of neurons or single 
neurons was recorded with micro electrodes and receptive fields were mapped with 
small moving slits of light or dark bars. Recordings were obtained along the lateral 
border of striate.cortex of each cerebral hemisphere in order to determine the location 

http:previously17.18
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of the zero vertical meridian13 which was normally located in the Siamese cats of the 
present study. The superior colliculus was approached by penetrating vertically with 
microelectrodes through the overlaying cortex. Recording depths were monitored 
and all penetration and recording sites were later identified in sections cut from the 
frozen brain and stained with cresyl violet. 

RESULTS 

Representations of the visual field in the superior colliculus of Siamese and 
normal cats were determined by relating receptive field positions to locations of 
recording sites in vertical microelectrode penetrations. The results are considered in 
5 parts. First, evidence is considered that the representation of the ipsilateral hemifield 
in the Siamese cat is about the same as it is in the normal cat. Second, binocular input 
to the rostral segment of the superior colliculus of normal cats is demonstrated. Third, 
the location of the representation of the vertical meridian is compared in Siamese and 
normal cats. Fourth, the location and organization of the abnormal input to the supe
rior colliculus of Siamese cats is described. Finally, the location of the reduced input 
from the ipsilateral eye of Siamese cats is noted. 

( 1) The representation of the ipsilateral hemifield 
About 40° of the ipsilateral hemifield is represented in the rostral portion of the 

superior colliculus of both Siamese cats and normal cats. This estimate is greater than 
previous estimates for normal cats5.20.25.31, but is similar to the estimate of Berman 
and Cynader2 for Siamese cats. Fig. 1 shows the results from a normal cat in which 
recordings were obtained from the rostral half of the superior colliculus. The super
ficial recording sites corresponded to the smaller receptive fields which in this experi
ment extended only some 20° into the ipsilateral hemifield (see receptive field IA). 
Neurons at deeper recording sites had larger receptive fields and two of these, 1 B and 
2B, had receptive fields that reached as far as 40° into the ipsilateral hemifield. Similar 
results were obtained in other normal cats for both the upper and lower visual field. 
Although not shown in the illustration, there were numerous receptive fields mapped 
for neurons located between recording sites A and B. These receptive fields were found 
to systematically change in position and size as the electrode tip was lowered through 
the layers of the tectum. The smaller receptive fields for neurons in the superficial 
grey were all within 30° of the vertical meridian, but the larger receptive fields for 
deeper recording sites extended about 10° further. In the Siamese cats, large receptive 
field for neurons in the deep layers of the most rostral portion of the superior colli
culus also were found to extend from 35 to 40° into the ipsilateral hemifield. Thus, 
Siamese cats and normal cats did not appear to differ in the amount of ipsilateral 
hemifield represented in the superior colliculus. 

It is interesting that the deeper layers of the tectum appear to represent a little 
more of the visual field than the superficial layers. However, this may only retIect 
difficulties in recording from the thinner superficial layers in the rostral tectum. 
On the other hand, since most of the input from the retina is to the superficial layers, 
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layers, circumscribed by solid lines are for superficial recording sites; dotted lines indicate receptive fields 
fcr deeper recording sites. Ie, inferior colliculus; PT, pretectum; SAl, stratum album intermedium; 
SGI, stratum griseum intermedium; SGP, stratum griseum profundum; SGS, stratum griseum 
superficiale; SO, stratum opticum. 
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Fig, 1. Receptive fields extending as much as 40Q into the ipsilateral hemifield for recording sites in the 
superior colliculus of a normally pigmented cat. On the lower right, a dorsal view of the left superior 
colliculus shows numbered vertical electrode penetrations. A curved line indicates the approximate 
position of the representation of the zero vertical meridian. Two arrows mark the positions of two 
of the parasagittal brain sections which are shown on the lower left. In these sections, recording sites 
are lettered on the vertical electrode penetrations. The receptive fields corresponding to recording 
sites in the electrode penetrations are identified with numbers and letters above. The receptive fields 
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Fig. 2. Responses and receptive fields for neurons from the right and left eye for recording sites in the 
rostral part of the left superior colliculus of a normally pigmented cat. Neural responses to the onset 
and offset of a 1 sec flash of light are on the lower left. The corresponding electrode penetrations are 
on the lower right, and the receptive fields for each eye are above. Conventions as in Fig. 1. 

the larger receptive fields extending some 40" into the ipsilateral hemifield may depend 
on intertectal connections. 

(2) Binocular input into the representation of the ipsilateral hemifield of normal cats 
. Previously, neurons in the superior colliculus with receptive fields in the ipsi

lateral hemifield were found to be activated by stimuli to the opposite eye only5. 
Since the first 45" of the ipsilateral hemifield is seen by both eyes14, it seems possible 
that the representation of the ipsilateral hemifield might receive input from both eyes, 
directly or indirectly, and we looked carefully for activation from the eye on the same 

of in 
othe, 
neur, 
were 
the r< 
ofne 
ary 5 
nal c 
sepal 
for e 

r illust 
tive ' 
cepti' 
wher 

hemi 
it wa 
(elect 
obtai 
respc 
respo 
Thea 
penet 
it wa: 
disrul 

noted 
retina 
and ir 

(3) T 

the ce 
the S; 
placer 
of the 

.~ 	 in the 
tation 
from 
vertic 
obvio 
Siame 

merid 



C 

t ai. 

,...
:l" 

i73 

>in the 
e onset 
)ns are 

epend 

1/ cats 
e ipsi
only5. 
)ssible 
1 eyes, 
! same 

SIAMESE AND NORMAL CAT TECTUM 419 

side'of the head as the recording sites. In several cats there was no clear evidence 
of input from the ipsilateral eye to the rostral sector of the superior colliculus. In 
other experiments there were unmistakable responses via the ipsilateral eye from 
neurons with receptive fields in the ipsilateral hemifield. However, these responses 
were always less pronounced than those for the contralateral eye. Fig. 2 shows some of 
the results from one experiment. In the lower part of the figure, responses from clusters 
ofneurons are shown for 4 recording sites. The responses are to the flash of a station
ary 5° circle oflight positioned within the center of the receptive field for each neuro
nal cluster. Since the eyes were purposely not aligned the flash could be presented 
separately for each eye. As an added precaution, one eye or the other was covered 
for each stimulus presentation. The flash to either eye produced a response for the 
illustrated recording sites. As can be seen from the upper part of the figure, the recep
tive fields for responding neurons were all within the ipsilateral hemifield. The re
ceptive fields for one eye were in approximate register with those from the other eye 
when a correction was made for the misalignment. 

In this and other cats, other recording sites with receptive fields in the ipsilateral 
hemifield had stronger responses for the contralateral than for the ipsilateral eye, and 
it was sometimes not even possible to obtain a clear response from the ipsilateral eye 
(electrode penetration 1 of Fig. 2 for example). More pronounced responses were 
obtained to moving bars ofUght and shadow than to a light flash, but again the greater 
response was to the contralateral eye. There was also a tendency for the contralateral 
response to begin at a recording depth superficial to that of the ipsilateral response. 
The absence of activity evoked via the ipsilateral eye in some experiments and in some 
penetrations and the smaller magnitude of this activity when it occurred suggests why 
it was not previously noted. Perhaps, input from the ipsilateral eye is more easily 
disrupted by injury, anesthetics, or experimental procedures. 

Input from the ipsilateral eye to the rostral portion of the coUiculus was not 
noted in Siamese cats. This may be related to the considerable reduction of ipsilateral 
retinal projections1o,ll,16 and the suppression of ipsilateral input in other structures13 

and in the superior coWculus (see Results, part 5). 

(3) The representation of the vertical meridian 
In an earlier report, Berman and Cynader2 concluded that the representations of 

the center of gaze and the vertical meridian were displaced caudally in the tectum of 
the Siamese cat relative to the normal cat. We found no clear evidence of any dis
placement of the representation of the vertical meridian or gaze in the Siamese cats 
of the present study. Fig. 3 compares the estimated location of the vertical meridian 
in the tectum of 3 Siamese and 3 normal cats. In each case the position of the represen
tation of the vertical meridian on the surface of the superior colliculus was estimated 
from the locations of recording sites with receptive fields near or overlapping the 
vertical meridian of the visual field (see Methods). When this was done, there was no 
obvious difference in the location of the representation of the vertical meridian in 
Siamese and normal cats. We conclude that, at least in some Siamese cats, the vertical 
meridian and area centralis are represented normally in the tectum. 
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Fig. 3. The position of the representation of the zero vertical meridian in the tectum of 3 Siamese and piaCt 
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penetrations is shown. An arrow marks the plane of the parasagittal section above with horizontal 
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Fig. 4. Abnormally located and normally located receptive fields for recording sites in the left superior 
colliculus of a Siamese cat raised with the right eye shut. The solid lines indicate normal receptive 
fields for the contralateral eye; dashed lines, abnormal receptive fields for the contralateral eye; and 
dotted lines, normal receptive fields for the ipsilateral eye. OD indicates the position of the blind spot 
or optic disc in the visual field. Other conventions as in Fig. 1-3. 

(4) The location and organization of the abnormal input 
A few neurons in the tectum of the Siamese cats had receptive fields that could 

be considered abnormally placed. That is, the receptive fields for most recording sites 
corresponded to a single retinotopic pattern matching that found in normal cats. 
However, some neurons caudal to the representation of the vertical meridian did have 
receptive fields in the ipsilateral hemifield, and this was not found in the tectum of the 
normal cats. Neurons in only 5 of 62 penetrations caudal to the representation of the 
vertical meridian in 4 normally reared Siamese cats had abnormally placed receptive 
fields. These abnormally placed receptive fields related to the normally placed receptive 
fields in the same penetrati.ons as a mirror image reversal about the vertical meridian. 
That is, each abnormally placed receptive field was displaced from the vertical merid
ian into the ipsilateral hemifield to about the same extent as the normal counterpart 
was displaced in the contralateral hemifield (see Fig. 4). The small proportion of 
penetrations with neurons with abnormal receptive fields is an overestimate of the 
actual proportion of neurons activated by abnormal input, since in any penetration 
we only noted recording sites when receptive field locations changed. In each pene
tration, recordings were obtained from a large number of neurons at different depths, 
and only in a few penetrations were any neurons encountered that had abnormally 
placed receptive fields. These abnormally placed receptive fields were all within 20° 

zontal 
to the 

of the vertical meridian. 
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Our results on the location and proportion of abnonnally placed receptive fields 
for neurons caudal to the representation of the vertical meridian in Siamese cats are 
similar to those of Berman and Cynader2. In 21 electrode penetrations by Berman and 
Cynader in this portion of the superior colliculus of two Siamese cats, neurons in 
only one penetration responded to stimuli in a part of the ipsilateral hemifield as well 
as to stimuli in part of the contralateral hemifield. In another Siamese cat, a penetra
tion was found in which neurons had two separate receptive fields. In both penetrations 
with abnonnal receptive fields, the abnormally placed and the normally placed re
ceptive fields were separate pairs that were 'mirror symmetric about the vertical 
meridian'2. 

The results for the tectum of Siamese cats are similar to those from striate cortex, 
where few neurons with abnormally placed receptive fields were found13. However, it 
was possible to increase the number of neurons activated by abnormal input in striate 
cortex by raising the cats with one eye shut13. Thus, it appears that the abnormal 
input is 'suppressed' in some way if it interferes with the recognition of normal visual 
field sequences. Since it is possible that more abnormal input would also be found in 
the tectum of the Siamese cat if deprived of normal pattern vision, responses were 
recorded from one adult Siamese cat in the superior colliculus contralateral to an eye 
for which the lids had been sutured shut since birth. In this Siamese cat, proportionally 
more electrode penetrations encountered neurons with abnormally placed receptive 
fields than in any of the other 4 Siamese cats. Thus, as illustrated in Fig. 4, 4 of the 
13 electrode penetrations with receptive fields clearly into the contralateral hemifield 
also had neurons with receptive fields abnormally placed in the ipsilateral hemifield. 
Since we recorded from the tectum of only one Siamese cat reared with altered vision, 
we must be cautious in suggesting that normal pattern vision has a role in reducing 
the effect of abnormal input on neural activity in the tectum. Yet, these limited results 
are similar to those from striate cortex13 and may reflect either reduced tectal sup
pression of abnormal retinal input or a relay from a striate cortex where an increased 
number of cortical neurons are activated by abnonnal input. 

Fig. 4 also illustrates the mirror image pattern of the abnonnally placed receptive 
fields in respect to their normally placed counterparts. However, slight displacements 
from this pattern are obvious so that receptive field 3b, for example, is lower in the 
visual field and somewhat farther from the vertical meridian than is the counterpart, 3a. 
Shnilar displacements of abnonnally placed receptive fields from a precise mirror 
image of the nonnal counterparts were observed for the lateral geniculate nucleusll 

and visual cortex13. 

(5) The location ofreduced input from the ipsilateral eye 
In the tectum of normal cats, it is usually possible to obtain responses from 

either eye in each electrode penetration that records from the binocular part of the 
contralateral hemifield. In contrast to normal cats, very few neurons in the superior 
colliculus of Siamese cats respond to stimuli to the ipsilateral eye. Previously, Berman 
and Cynader2 found only 28 neurons out of 175 in the tectum of Siamese cats could be 
influenced at all by the ipsilateral eye, and only 8 ofthese were more easily or exclusively 

driver 
repres 
respol 
contr, 
norm, 
with t 

eye w 
from \ 
ipsilat 
contn 

DISCU 

t 
~~ of nor 

stimui 
,-

tion, ~ 

fields 
fields· 
routin 
Simil<: 
remo' 
Howe 
by the 
latera 

t of Sia' 
f.1. 

laterai 
for vis 
inputs 

tion tl 
the ro 
hemifi 
first 2 
Berm, 
rostra 
cats 0 

additi, 
In the 
cats a 
of ips 
appea 

of the 



423 r•• 

ts 
'e 

d 
n 

II 
:l.

1S 

e
al 

x, 
it 
te 
al 
al 
III 

re 
ye 
lly 
ve 
he 
:ld 
ld. 
lll, 

ng 
Its 
lP
ed 

ive 
nts 
the 
3a. 
[or 
:Sl1 

om 
the 
·jor 

:1an 
l be 
lely 

SIAMESE AND NORMAL CAT TECTUM 

driven by the ipsilateral eye. The present results are similar. In the portion of tectum 
representing the first 20° of the contralateral hemifield, no neurons were found that 
'responded to stimuli to the ipsilateral eye. In the portion representing 20°-40° of the 
contralateral hemifield, 4 recording sites were activated by the ipsilateral eye in 4 
normally reared Siamese cats. The Siamese cat (72-498) illustrated in Fig. 4 was raised 
with the contralateral eye shut, and it is interesting that activation from the ipsilateral 
eye was found in 2 of the 4 electrode penetrations with receptive fields beyond 200 

from the vertical meridian in this cat. When neurons were activated by input from the 
ipsilateral eye; the receptive fields were in approximate register with those from the 
contralateral eye (see receptive fields 4a, 4b, 5a and 5b of Fig. 4). 

DISCUSSION 

The results indicate that the superior colliculus of Siamese cats differs from that 
of normal cats in two basic ways. In Siamese cats, very few neurons are activated by 
stimuli to the ipsilateral eye, while such neurons are common in normal cats. In addi
tion, some neurons in the tectum of Siamese cats have abnormally placed receptive 
fields in the ipsilateral hemifield of the contralateral eye. Abnormally placed receptive 
fields in the lateral geniculate nucleus ofSiamese cats were found to be the result ofmis
routing of retinogeniculate fibers from the ipsilateral to the contralateral nucleus10,1l. 
Similar misrouting of r~tinal fibers has been suggested for the tectum, since after eye 
removal there is very little fiber degeneration in the ipsilateral superior colliculus16• 

However, the decrease in neural activity evoked from the ipsilateral eye is not matched 
by the rather meager amount of activity evoked by abnormal input from the contra
lateral eye so that it is not possible to account for the altered organization of the tectum 
of Siamese cats simply on the basis of misrouting of retinal projections from the ipsi
lateral to the contralateral tectum. Rather, the results are similar to those reported 
for visual cortex of Siamese cats where both abnormal and ipsilateral retinogeniculate 
inputs are largely 'suppressed' in the geniculostriate relay13. 

Previously, Berman and Cynader2 reported two other facets of tectal organiza
tion they considered to be abnormal in Siamese cats. It has recently been shown that 
the rostral margin of the superior colliculus of cats represents part of the ipsilateral 
hemifield. This representation has previously been estimated to include about the 
first 200 of the ipsilateral hemifield5,20,25,31. In agreement with the present study, 
Berman and Cynader2 found about 40° of ipsilateral hemifield represented in the 
rostral tectum of Siamese cats. Since this was more than that reported for normal 
cats or revealed in their own experiments on normal cats, they concluded that this 
additional 20° of the ipsilateral hemifield representation in Siamese cats was abnormaL 
In the present report, a difference in the rostral tectum was not found when Siamese 
cats and normal cats were compared. Both normal and Siamese cats had about 40° 
of ipsilateral hemifield represented in the rostral tectum, and Siamese cats do not 
appear to have an abnormally extensive representation of the ipsilateral hemifield. 

Berman and Cynader2 also reported a caudal displacement of the representation 
of the vertical meridian in the tectum of Siamese cats which they related to the sup
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VISUOTOPIC ORGANIZATION 

OF THE NORMAL AND SIAMESE CAT 


VM 
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Fig. 5, A simplified scheme of the representation of the visual field in the superior colliculus of normal 
and Siamese cats. Note that caudal to the representation of the vertical meridian (VM) in the Siamese 
cat (below), part ofthe input from the ipsilateral eye is replaced by abnormal input from the contralat
eral eye. Very few neurons are activated by either of these two inputs in Siamese cats. 

posedly more extensive representation of the ipsilateral hemifield. We did not find a 
displacement of the representation of the vertical meridian in our Siamese cats. 
Furthermore, when one estimates the location of the vertical meridian from the posi
tions of receptive fields in Fig. 1 of their report2, the location of the vertical meridian 
in the Siamese cats of Berman and Cynader does not appear to differ significantly 
from either the Siamese cats or the normal cats of the present experiments. 

( 1) Superior colliculus ofnormal cats 
It is useful to consider the superior colliculus of normal cats as consisting of 3 

zones (see Fig. 5). The most rostral zone represents a part of the ipsilateral hemifield. 
The large middle zone represents the binocular portion of the contralateral hemi
field with direct retinal input from both eyes8.l9,23. A small caudal zone corresponds 
to the monocular crescent of the contralateral eye. Until recently, the rostral zone of 
the tectum of cats was undiscovered. Then the more central parts of the representation 
were demonstrated5 •20,25,31. The present results indicate that about 40° of ipsilateral 
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hemifield are represented in the superior colliculus of cats, and the superior colliculus 
differs in this way from tIie geniculostriate system. t 

I 
The source of the representation of the ipsilateral hemifield in the superior 

colliculus is not known. Feldon et al.5 have suggested two likely sources: (1) direct 
input from the temporal retina of the contralateral eye, and (2) input relayed from the 
opposite superior colliculus. Both possibilities seem reasonable, and both pathways 

I may contribute. It has been recently shown that the temporal retina of several mam
mals projects directly to the rostral portion of the superior colliculuS15• Furthermore, 
the temporal retina of cats does project both ipsilaterally and contralaterally, as

I 	 demonstrated by patterns of ganglion cell degeneration after optic tract section3o• 

However, few degenerating fibers in the contralateral tectum have been noted after 
lesions of the temporal retina in cats19• 

The representation of the ipsilateral hemifield in the rostral tectum appears to 
be binocular, although the. responses to stimuli to the ipsilateral eye were usually 
weaker and sometimes absent. Previously, responses to the ipsilateral eye had not 
been reported for this part of the tectum5• Perhaps the input from the ipsilateral 
eye is less direct and more subject to disruption under experimental conditions. In 
any case, the representation of the ipsilateral hemifield via the ipsilateral eye is diffi
cult to relate to direct retinal input. The nasal retina has not been found to project to 
the ipsilateral superior colliculus8,19, and total degeneration of the ganglion cells of 
the nasal retina after section of the contralateral optic tract30 suggests that all ganglion 
cells in the nasal retina project contralaterally. Thus, it is likely that an indirect path
way, such as the intertectal commissure, is the source of the input from the ipsilateral 
eye to the rostral portion of the superior colliculus of normal cats. 

(2) The superior colliculus of Siamese cats 
The superior colliculus of the Siamese cat forms a topological map of the com

plete contralateral retina with very little additional input corresponding to either 
the ipsilateral eye or to the aberrant contralateral projections. The rostral portion 
of the tectum represents the central 40" of the ipsilateral hemifield as in normal cats, 
but this representation appears to relate to the contralateral eye only (see Fig. 5). 
The large middle portion of the tectum represents the first 45° of the contralateral 
hemifield, but this is not a binocular representation in the sense that it is in the normal 
cat. Although we have not mapped the caudal sector of the tectum of Siamese cats 
representing the monocular crescent of the contralateral hemifield, one would expect 
this to be normal. 

The iarge middle portion of the superior colliculus ofSiamese cats can be rough
ly divided into a rostral zone representing about the first 20° of the contralateral 
hemifield via the contralateral eye and a caudal zone representing the next 20°-45° 
(see Fig. 5). In the rostral 0°_20° zone, no input was detected from the ipsilateral eye. 
Instead, a few of the neurons have receptive fields abnormally placed in the ipsilateral 
hemifield. Several such abnormally placed receptive fields were also noted in this 
zone of the tectum of the Siamese cat by Berman and Cynader2. These abnormally 
placed receptive fields are between -20° and the vertical meridian, and the organization 
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of this sparse abnormal input is such that the zone of tectum representing 0°_20° 
of contralateral hemifield has a representation of 0°_20° of the ipsilateral hemifield 
superimposed. Both representations start with the vertical meridian at the rostral 
margin of the zone, and both proceed toward the periphery of the .visual field in oppo
site directions reaching some 20° from the vertical meridian in the ipsilateral or contra
lateral hemifield at the caudal margin of the zone. Both representations have the lower 
field medially and the upper field laterally. 

The more caudal 20°-45° zone of tectum appears to have no neurons with abnor
mally placed receptive fields. Instead, a scattering of neurons respond to stimuli to 
the ipsilateral eye, and the receptive fields are in rough register with those from the 
contralateral eye. The 20°-45° zone is not fully a 'binocular' zone of the tectum since 
responses to the ipsilateral eye are so infrequent. 

(3) The nature of the abnormal organization 
It is useful to compare the aberrant visuotopic organization of the tectum in the 

Siamese cat with the alterations found in other visual structures. One type of defect is 
found in the dorsal lateral geniculate nucleuslo- l2,l6; parts of the nucleus receive 
normal projections, and other parts that normally would receive ipsilateral fibers 
receive instead misdirected fibers from the contralateral eye. As a result, much of the 
nucleus represents the contralateral hemifield in the normal manner, while portions 
of the nucleus abnormally represent part of the ipsilateral hemifield. The misrouting 
not only introduces abnormal contralateral input to the nucleus but reduces the normal 
ipsilateral input by the same amount. These two factors make up what we might term 
the primary visual defect, since they both reflect the misrouting of retinofugal axons 
in the chiasm. 

A second type of abnormal organization is seen in visual cortex of some Siamese 
cats, which, for convenience, we have called Midwestern Siamese catsl3. The abnormal 
organization found in the dorsal lateral geniculate nucleus of these cats is not simply 
relayed to visual cortex. Instead, very few neurons are activated by the abnormal 
input, although the abnormal portions of the dorsal lateral geniculate nucleus do 
project to visual cortex13• Thus a 'correction' occurs for the abnormal input in that 
its potentially disruptive influence is largely 'suppressed'. In addition, very few neurons 
are activated by the normal ipsilateral input to the dorsal lateral geniculate nucleus. 
The 'suppression' of this input relayed from the ipsilateral eye can also be considered 
functional. If the abnormal connections to the lateral geniculate nucleus so reduce 
the normal ipsilateral input that the substrate for binocular vision and image fusion is 
inadequate and imprecise alignment of the eyes occurs, reduced input from the ipsi
lateral eye, when relayed to cortex, could also impair vision. Thus, the Midwestern 
'correction' for the primary defect is to 'suppress' disruptive information and preserve 
a complete but monocular representation of the contralateral hemifield. 

A third type of abnormal organization is seen in the visual cortex of Siamese 
cats described by Hubel and Wiesell:!. This type of abnormality has been referred to as 
the 'Boston pattern' or the 'Boston correction'l3. Rather than 'suppressing' the abnor~ 
mal input when relayed to visual cortex, the Boston cats appear to reorganize this input 
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by projecting it to an abnormal cortical location. Instead of being superimposed on 
the representation of the contralateral hemifield, the displaced abnormal input 
actually extends the topological representation to include the first 200 of the ipsilateral 
hemifield in a manner that presumably is quite functional. In these cats there also 
appears to be an inadequate substrate in the dorsal lateral geniculate nucleus for image 
fusion of ipsilateral and contralateral retinal input, and very few cortical neurons 
are activated by a relay of the input from the ipsilateral eye. Finally, as a consequence 
of the functional displacement of the abnormal input to the cortex, the representation 
of the vertical meridian is displaced from its usual location along the border of striate 
cortex to a location somewhat within striate cortex. 

The abnormal organization of the superior colliculus of the Siamese cat is 
obviously not a simple case of misrouting of ipsilateral fibers to the contralateral side 
as it is in the dorsal lateral geniculate nucleus. It is possible that the tectal organization 
is the result of a primary defect, i.e., an altered pattern of retinal connections with 
no correction by suppression or reorganization. Such an abnormal projection pattern 
would account for the results, but it also supposes quite different patterns of abnormal 
connections from the retina to the tectum and the dorsal lateral geniculate nucleus, 
since the temporal retina would send relatively few axons to the colliculi but a normal 
complement to the lateral geniculate nuclei (considering both the aberrant and normal 
projections). 

A second possibility, proposed by Berman and Cynader2, is that a reorgani
zation of the abnormal input to the tectum occurs that is similar to the reorganization 
described for visual cortex by Hubel and WieseIl2. Berman and Cynader suggest 
that the abnormal input is added to the normal representation of the ipsilateral hemi
field in the rostral tectum so as to extend i~ from -200 to -400. This reorganization 
theory also requires that the location of the representation of zero vertical meridian 
be displaced caudally in the tectum. The theory is complicated by requiring two diffe
rent primary defects in the retinofugal pathways. The most temporal portion of the 
retina would have to project abnormally to the tectum but normally to the dorsal 
lateral geniculate nucleus. In view of the present evidence that the representation of 
the ipsilateral hemifield in normal cats is just as extensive as in Siamese cats, and that 
the vertical meridian is not displaced in at least some Siamese cats, the 'reorganization' 
theory of Berman and Cynader2 no longer seems likely. 

As a third possibility, a primary defect like that found in the dorsal lateral geni
culate nucleus may occur in the tectum with some mechanism of 'suppression' of 
both the abnormal input and the normal ipsilateral input in a manner similar to that 
found in visual cortex of Midwestern Siamese cats. Such an explanation does not 
require any more than one type of primary defect in projection patterns in Siamese 
cats and utilizes a seemingly common mechanism for dealing with non-functional 
or potentially disruptive inputs, i.e., 'suppression' or a reduction ofinfluence3,22,33. 

Finally, it is essential to consider the role of visual cortex in determining the 
organization of the tectum of the Siamese cat. In normal cats, projections from visual 
cortex form a substantial if not the major source of inputl ,7,24,27,28, and the properties 
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tectum in Siamese cats may be more of a result of cortical projections than of retinal 
projections, although presumably there is some mechanism for making the two sources 
of input congruent or for suppressing one source if they are not congruent. The 
possible role of cortical inputis interesting since the two types of'cortical organization 
found in Siamese cats could produce two slightly different types oftectal organization. 
The Midwestern cortical pattern is very similar to the tectal pattern of organization 
seen in our Siamese cats, and cortical recordings indicate that these cats were of the 
Midwestern type. On the other hand, if the reorganized cortical pattern reported by 
Hubel and Wiesel12 projects to the tectum in a point to point manner, the cortical 
input from the ipsilateral hemifield could result in a greater development of the rostral 
tectum which would displace the representation of the vertical meridian caudally in 
Siamese cats. Presently, however, there is no clear evidence of two types of tectal 
organization in Siamese cats. 

(4) Tectal organization and neuronal specificity 
Currently, there are two main views on how orderly connections are formed 

between neurons in one structure with neurons in another structure during embryonic 
development. The older theory developed by Sperry26 held that each projecting neuron 
in one structure had an affinity for a certain neuron or neurons in a second structure. 
More recently, Gaze and Keating9 have sugges~ed that in many cases the data seem to 
support a 'systems matching' scheme where the topological pattern of one structure 
is replicated in the connections with a second structure. Since similar point to point 
projections from structure to structure in the normal nervous system could be the 
result of either mechanism, it is not easy to determine if either view is correct for a 
particular set of connections. However, if one structure is expanded in some way, then 
the added tissue would be part of the topological pattern in 'systems matching' pro
jections but would have no normal target in the cell to cell affinity type of connections. 
In the Siamese cat, the amount of retina projecting to the contralateral side of the 
brain is expanded by including neurons that normally send fibers to the ipsilateral 
side of the brain. Since the abnormal contralateral projections to the dorsal lateral 
geniculate nucleus do not extend the representation in the layers that usually receive 
contralateral projections but instead terminate in the layers that usually receive ipsi
lateral projections1o,ll, the pattern of retinogeniculate connections, as pointed out by 
Gaze and Keating9, is 'more in keeping with a strict cell to cell affinity' theory than a 
systems matching theory. Since the geniculate pattern is relayed to cortex in a point 
to point fashion in 'Midwestern' Siamese cats13, a cell to cell affinity theory also best 
accounts for these cortical projections. On the other hand, Gaze and Keating9 view 
the type of cortical projections where a 'correction' in retinotopic organization occurs 
in Boston Siamese cats12 as 'compatible with a systems matching scheme'. Ifabnormal 
retinotectal fibers connect to the rostral tectum in Siamese cats to extend the retino
topic representation as proposed by Berman and Cynader2, then the 'corrected' 
organization would support a 'systems matching' theory of connection formation. 
However, as noted above, we do not think there is clear evidence of any spatial 
reorganization of input to the tectum. The visuotopic organization of the superior 
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colliculusof the Siamese cat, whether dependent on direct retinal projections, cortical 
projections, or both, is in keeping with a cell to cell affinity theory of neuronal con
nections. 
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