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In submammalian vertebrates the optic 
tectum, a structure homologous with the 
mammalian superior colliculus, is the pri- 
mary way-station of the fibers of the optic 
tract. As such, it is assumed to be of 
central significance in the coordination of 
visually-guided behavior (Huber and 
Crosby, '33; Ariens Kappers, Huber and 
Crosby, '36) .  Ascending the evolutionary 
scale, the superior colliculus of mammals 
receives fewer and fewer fibers from the 
optic tract, as an increasing proportion 
of these fibers terminate in the lateral 
geniculate nucleus (Polyak, '57). In spite 
of this apparent comparative decline, the 
size and complexity of the mammalian 
superior colliculus (Huber and Crosby, 
'43) suggests that it is by no means a 
vestigial structure of little functional im- 
portance. 

The fiber projections of the superior 
colliculus have been investigated by means 
of several staining techniques (e.g., Golgi, 
Weigert, Marchi) in a variety of mam- 
malian species, including man (Tsai, '25, 
in opossum; Held, 1890, 1892, 1893, 
Papez and Freeman, '30, in rat; Szent6- 
gothai-Schimert, '41, in mouse; Cajal, 
1896, Muenzer and Wiener, '02, Lewan- 
dowsky, '04, De Lange, '10, Nishikawa, 
'23, in rabbit; Held, 1890, 1892, 1893, 
Bechterew, 1897, Tschermak, 1898, Red- 
lich, 1899, Probst, 1900, Collier and Buz- 
zard, '01, Crosby and Henderson, '48, in 
monkey; and Held, 1890, 1892, 1893, 
Bechterew, 1897, Collier and Buzzard, '01, 
Tsuchida, '06, in man). Most of these 
investigators were concerned largely, or 
exclusively, with the descending fiber pro- 
jections of the superior colliculus, and 
their data indicate numerous discrep- 
ancies. The present study was undertaken 
in an attempt to determine both the de- 
scending and ascending projections of the 
superior colliculus in the cat by means of 

the Nauta-Gygax technique, following lo- 
calized stereotaxic lesions in the superior 
colliculus. 

MATERIAL AND METHODS 

Twenty-four adult cats were used in 
this study. The animals were anesthetized 
intravenously with Nembutal, and sur- 
gery was performed under aseptic condi- 
tions. Attempts were made to produce 
unilateral stereotaxic lesions in the right 
superior colliculus. Stereotaxic coordi- 
nates were determined from formalin 
fixed heads with brains in situ (Carpenter 
and Whittier, '52). A modified Labtronics 
instrument was used, and the electrodes 
were introduced, in the majority of cases, 
vertically in parasagittal planes (trav- 
ersing the lateral gyrus of the cortex). 
In two animals the electrodes were in- 
serted at angles, penetrating the occipital 
and frontal lobes, respectively. In gen- 
eral, 8 electrode placements in the supe- 
rior colliculus were attempted in each 
animal. Spatially, these pIacements were 
at the corners of a 1-mm cube. Lesions 
were produced by direct current of 400 
volts and 3 ma, timed electrically and 
allowed to pass for 10 seconds. 

All animals were sacrificed, after a sur- 
vival period of 14 days, by perfusion with 
500 ml of 10% neutral formalin, injected 
into the left ventricle of the heart. Brains 
and spinal cords were removed in toto 
and further fixed in 10% neutral formalin. 
Brains were sectioned in blocks 1-2 mm 
thick perpendicular to the axis of the 
brain stem, while blocks of spinal cord 
were cut transversely. Selected blocks of 
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brain and spinal cord were cut serially 
at 25 CI on a freezing microtome, and every 
section was saved. Selected sections at all 
representative levels of the neuraxis were 
stained individually according to the Laid- 
law modification of the Nauta-Gygax 
method ('54). In all animals multiple 
frozen sections through the superior collic- 
ulus were stained with cresyl violet in 
order to evaluate more precisely the loca- 
tion and extent of the lesions. 

OBSERVATIONS 

Lesions 
In 19 of the 24 cats lesions were fairly 

well localized in the right superior collic- 
ulus, though they differed in size, con- 
figuration and disposition within this struc- 
ture. Of these 19 animals, 12 were 
selected for study of efferent fiber pro- 
jections. In some of these animals, other 
structures also were destroyed, in part, by 
the lesions; these structures, in different 
animals, included (a)  the mesencephalic 
tegmentum (not including the red nu- 
cleus), (b) the periaqueductal gray, (c) 
the pretectum, and (d)  the habenular nu- 
clei. In spite of this variability in the le- 
sions produced, most features of the 
resulting degeneration were remarkably 
constant. 

Degeneration at the level o f  
t he  superior colliculus 

Irrespective of the size and exact loca- 
tion of the collicular lesions, axonal and 
preterminal degeneration usually was ab- 
sent from the most superficial layer of the 
superior colliculus, the stratum zonale. 
Degenerated fibers were seen to reach the 
surface of the colliculus only at two 
points: (1) its lateral margin, at the junc- 
ture of the superior colliculus and its 
brachium, and (2)  its medial margin, dor- 
sal to the commissure of the superior col- 
liculus. Fibers in both of these locations 
probably belong to the brachium of the 
superior colliculus, (cf., discussion and 
diagrams of Polyak, '57, pp. 306-307; and 
Jasper and Ajmone-Marsan, '54), though 
the medially located fibers are not gen- 
erally regarded as part of this structure. 
Very few degenerated fibers were present 
in the next layer, the stratum griseum 

superficiale, except in regions immediately 
adjacent to the lesion and thus directly 
affected by the coagulating current. In 
all animals numerous degenerated fibers 
were seen in all underlying layers, but 
were particularly numerous in the inter- 
mediate and deep fibrous layers (s tratum 
album mediale and stratum p r o f u n d u m ) .  
Many of the degenerated fibers within 
the superior colliculus were found to pass 
haphazardly in all directions; some de- 
generated fibers arborized around the 
larger cells of the deeper layers. Efferent 
fibers were organized into distinct bands 
or tracts. The principal tectofugal fiber 
projections of the superior colliculus ap- 
peared to pass laterally. Fibers taking 
this lateral course were observed to divide 
into: (1)  a lateral ascending division 
(mainly tectothalamic), (2 )  a lateral de- 
scending division (tectopontine) and (3)  
an intermediate diffuse group of fibers 
(tectoreticular). A smaller, medially 
placed fiber projection appeared to form: 
(1 )  a medial ascending division (mainly 
tectothalamic), (2) a small but definite 
commissural fiber bundle, and (3)  a de- 
scending group of fibers which passed 
ventrally along the border of the periaque- 
ductal gray to form the predorsal bundle 
(tectoreticular and tectospinal) . 

Descending tectofugal fibers 
Efferent fibers from the superior collic- 

ulus projecting downward in the brain 
stem appeared organized into three bun- 
dles (1) the lateral descending tectopon- 
tine fibers (uncrossed), (2)  the interme- 
diate tectoreticular fibers (mostly un- 
crossed) and (3)  the medial descending 
predorsal bundle and tectospinal tract 
(crossed). The first and third tracts were 
discrete collections of fibers with specific 
courses within the brain stem, while the 
second fasciculus appeared to consist of 
a more diffuse fiber system with a local 
distribution. 

Tectopontine bundle. Fibers of this 
group constituted the largest descending 
fasciculus and appeared to originate from 
all areas of the superior colliculus. Most 
of these fibers came from cells in the 
lower layers of the colliculus. Lesions 
confined to the more superficial layers of 
the superior colliculus produced degenera- 
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tion in a considerably smaller number of 
fibers in this tract. The largest group of 
these fibers passed ventrolaterally beneath 
the superior and the inferior colliculi and 
medial to the brachium of the inferior 
colliculus. A smaller number of fibers 
appeared to pass caudally immediately be- 
neath the colliculi. A few fibers were 
noted to pass into the inferior colliculus 
from its ventral and lateral borders, but 
none of these appeared to penetrate this 
structure for any distance. At this level 
fibers were located dorsal and lateral to 
the nuclei of the lateral lemniscus, but 
no preterminal degeneration was seen 
within this nuclear group. From this posi- 
tion beneath the inferior colliculus, fibers 
of this bundle passed ventrally along the 
lateral border of the pons and entered 
the dorsolateral pontine nucleus. Preter- 
minal degeneration was abundant about 
cells of this group, but not all cells were 
closely surrounded by degenerated fibers. 
Cells located in the dorsal medial part of 
the nucleus seemed to receive most of the 
fibers, though small fascicles of degen- 
erated fibers frequently passed farther 
ventrally into the lateral pontine nucleus. 
Since fibers of this bundle arborized ex- 
tensively about cells of the pontine nuclei 
and could not be traced to other locations, 
it was presumed that they terminated here. 

Not all fibers of the lateral “tectopon- 
tine” bundle extended as far as the pon- 
tine nuclei. A diminution in the number 
of degenerated fibers was evident in sec- 
tions from the level of the superior collic- 
ulus to the pons. Fibers were given off 
in the mesencephalic reticular formation; 
cells in this area were surrounded by 
degenerated fibers. Also, some fibers 
penetrated the magnocellular part of the 
medial geniculate body. Uncrossed tecto- 
pontine fibers were seen in all animals 
with lesions of the superior colliculus. 
In a few animals occasional degenerated 
fibers were present in the contralateral 
pontine nuclei. 

Teetoreticular bundle. In cats with 
lesions restricted entirely to parts of the 
superior colliculus, it was possible to eval- 
uate fiber projections to the homolateral 
reticular formation. These fibers, like 
those of the tectopontine bundle, appeared 
to originate largely from the deeper layers 

of the superior colliculus. Fibers of this 
group were situated between those which 
swung ventromedially about the periaque- 
ductal gray (predorsal bundle) and those 
which passed ventrolaterally (tectopontine 
fibers). Homolateral fibers were distrib- 
uted largely to the dorsolateral mesenceph- 
alic reticular formation. A few fibers 
passed ventrally as far as the red nucleus, 
but only scattered single degenerated fi- 
bers were seen among the large cells of 
this structure. Most of the scattered de- 
generation within the homolateral retic- 
ular formation disappeared at upper pon- 
tine levels. No fibers of this group were 
observed to pass to the trochlear or 
abducens nuclei. Sections through the 
pons and medulla did not disclose many 
degenerated fibers in the reticular forma- 
tion homolateral to the collicular lesions. 
On the side opposite to the lesion minimal 
degeneration was present in the dorsal 
mesencephalic tegmentum; degenerated fi- 
bers were restricted in distribution and 
appeared as a continuation of certain com- 
missural fibers. 

In animals with relatively large lesions, 
particularly those involving the ventral 
periaqueductal gray, extensive pretermi- 
nal degeneration was seen in the homo- 
lateral reticular formation. These fibers 
were identified as a component of the 
central tegmental fasciculus and were 
noted to terminate in the ipsilateral in- 
ferior olivary complex (Walberg, ’56). 

Predorsal bundle. Fibers which formed 
the predorsal bundle, like the tectopontine 
and tectoreticular fibers, originated largely 
from the deeper layers of the superior 
colliculus. Fibers f onning this descending 
tract curved ventromedially about the peri- 
aqueductal gray, passing ventral to the 
medial longitudinal f asciculus and the 
third nerve complex. In all animals, in- 
cluding those with lesions restricted en- 
tirely to the superior colliculus, it was 
possible to follow preterminal degenera- 
tion from this bundle into the interstitial 
nucleus of Cajal (’52, ’55) and the nu- 
cleus of Darkschewitsch (1889). Degen- 
eration in these nuclei was bilateral, and 
available evidence indicated that the con- 
tralateral nuclei received fibers via the 
commissure of the superior colliculus. In 
animals with restricted collicular lesions 
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the third nerve nuclear complex did not 
contain degenerated fibers. In animals 
with lesions extending beyond the supe- 
rior colliculus preterminal degeneration 
was scattered in various parts of the 
oculomotor nuclei. 

Below this level, fibers of the predorsal 
bundle all crossed the median raph6 in 
the dorsal tegmental decussation, dorsal 
and rostra1 to the decussation of the 
brachium conjunctivum. Contralaterally 
these fibers formed a loosely organized 
descending fasciculus which, at lower 
levels, pierced the fibers of the brachium 
conjunctivum at a right angle. Below the 
level of the brachial decussation fibers of 
the predorsal bundle were oriented lon- 
gitudinally along the lateral border of the 
superior central nucleus. This fiber bun- 
dle appeared more compact ventrally and 
was situated dorsomedially to the fibers 
of the descending limb of the brachium 
conjunctivum (Carpenter and Nova, '60). 
Although some fibers of this system ap- 
peared to occupy part of the area contain- 
ing descending fibers of the brachium 
conjunctivum, the predorsal bundle was 
distinctly separate from the medial longi- 
tudinal fasciculus at this level. 

In almost all cases degenerated preter- 
minal fibers were observed in the lateral 
part of the superior central nucleus. Ros- 
trally the number of fibers entering this 
nucleus was less than in the more caudal 
area. Maximum preterminal degeneration 
usually was seen in the ventral and caudal 
part of this nucleus, but even in this loca- 
tion no extensive arborization about cells 
was seen. In some animals a few de- 
generated fibers were seen in the dorso- 
medial part of the left reticulo-tegmental 
nucleus. Degenerated fibers in this nu- 
cleus were not seen in animals with 
lesions confined to the superior colliculus. 

At the level of the trapezoid body degen- 
erated fibers in the predorsal bundle began 
to be partially incorporated within the 
ventral part of the medial longitudinal 
fasciculus. There appeared to be a defi- 
nite reduction in the number of fibers 
below this level. This reduction in the 
number of descending fibers appeared to 
be associated with the projection of small 
groups of fibers into the vicinity of large 
reticular neurons and the projection of 

other fibers into the median raph6 (i.e., 
inferior central nucleus). As fibers of this 
system descended into the medulla they 
became a more integral part of the medial 
longitudinal fasciculus, but were always 
located in the most ventral part. At vari- 
ous levels preterminal fibers were seen 
surrounding reticular neurons near the 
midline. Fibers of the predorsal bundle 
did not appear to surround closely the 
cells of the paramedian reticular nuclei, 
although an occasional cell seemed to 
have a few degenerated fibers in its vi- 
cinity. 

At the caudal border of the medulla 
fibers of the predorsal bundle entered the 
spinal cord via the most ventral part of 
the ventral white column. In the spinal 
cord tectospinal fibers did not form a com- 
pact fasciculus, but were scattered in the 
ventral and lateral part of the ventral fu- 
niculus. Sections of spinal cord as far 
down as C-6 revealed preterminal degen- 
eration, but it was usually not possible to 
outline precisely the limits of the tecto- 
spinal tract in transverse sections. Pre- 
terminal degeneration was found among 
anterior horn cells on the side opposite 
the lesion. Degenerated fibers entered the 
ventral horn from a ventral direction and 
appeared to be most concentrated in the 
intermediate zone at the base of the ven- 
tral horn. No preterminal degeneration 
was seen in the dorsal horn. 

Preterminal degeneration within the 
spinal cord was greatest in the upper cer- 
vical segments. No preterminal degenera- 
tion was seen at the 8th cervical segment 
or in thoracic spinal segments. 

Ascending tectofugal fibers 
Efferent fibers from the superior collic- 

ulus projecting upward in the dienceph- 
alon appeared to be organized into three 
fiber bundles: ( 1 )  the dorsal ascending, 
(2)  ventral ascending bundles (both of 
which left the lateral aspect of the su- 
perior colliculus by way of its brachium), 
and (3 )  the medial ascending bundle, 
which issued from the medial aspect of 
the superior colliculus through the medial 
portion of the brachium. 

As mentioned above, a large bundle of 
tectofugal fibers passed laterally toward 
the brachium of the superior colliculus. 
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These fibers entered the brachium and 
then divided into two tracts. The largest 
division of these fibers, designated as the 
dorsal ascending tract, passed dorsolateral 
to the medial geniculate body and entered 
the medial part of the optic tract ventral 
to the lateral geniculate nucleus. The 
smaller division of these fibers, designated 
as the ventral ascending tract, curved 
around the lateral wall of the medial gen- 
iculate body, entered the medial part of 
the optic tract, and passed toward the 
optic chiasma. 

Fibers of the 
dorsal ascending tract passed dorsome- 
dially in the optic tract and were distrib- 
uted to (1) the lateral part of the pretec- 
tum, (2)  the suprageniculate nucleus, 
(3 )  the caudal part of the pulvinar, and 
(4)  the caudal part of the posterolateral 
nucleus. In these nuclei typical pretermi- 
nal degeneration closely surrounded cells, 
suggesting that fibers probably terminated 
in these locations. No fibers of this divi- 
sion were observed to enter the dorsal or 
laminated portion of the lateral geniculate 
nucleus. 

While the principal dorsal portion of 
the lateral geniculate nucleus was totally 
devoid of degeneration, some degenerated 
fibers were observed in the ventral por- 
tion of this structure (the pregeniculate 
nucleus). 

Ventral ascending fibers. The relatively 
small number of fibers constituting this 
ascending division passed ventrally, partly 
in the dorsal part of the optic tract to- 
wards the optic chiasm. These fibers, 
clearly evident in the dorsal aspect of 
the chiasma, could be followed contralat- 
erally, where they climbed in the medial 
part of the optic tract. While these fibers, 
constituting a tectal contribution to Gud- 
den's commissure, were partially situated 
within the hypothalamus, none of them 
appeared to terminate in this region. The 
terminal region of these fibers could not 
be determined from the available material. 

In order to ascertain whether any of 
these optic tract fibers entered the optic 
nerves, longitudinal and transverse sec- 
tions of the optic nerves were made in 6 
cats. In 4 of these animals no degen- 
erating fibers were seen; in two animals 
fibers with bead-like swellings were ob- 

Dorsal ascending fibers. 

served, but the typical picture of axonal 
degeneration was lacking. With this evi- 
dence, the problem of the existence of 
centrifugal tecto-retinal fibers could not 
be resolved. 

Medial ascending fibers. Fibers issuing 
from the medial aspect of the superior col- 
liculus projected rostrally into the dien- 
cephalon as a small discrete bundle. As 
this fasciculus passed dorsolaterally, fibers 
were given off to (1) the pretectum, (2)  
the dorsomedial part of the supragenicu- 
late nucleus, (3)  the dorsomedial aspect 
of the caudal portion of the posterolateral 
nucleus, and ( 4 )  the dorsomedial part of 
the caudal portion of the pulvinar. Some 
degenerated fibers appeared to enter also 
the caudal part of the dorsomedial nu- 
cleus. No fibers of this group could be fol- 
lowed into the habenular nuclei. 

In animals with large lesions in the su- 
perior colliculus, particularly in which the 
lesions invaded the periaqueductal gray 
or dorsal tegmental structures, pretermi- 
nal degeneration was also observed in the 
centromedian and parafascicular nuclei, 
in Forel's field HI, and in the ventral and 
lateral parts of the thalamic reticular nu- 
clei. In animals with superficial or re- 
stricted lesions few if any degenerated 
fibers were present in these structures. 

Diencephalic degeneration following col- 
licular lesions was almost exclusively ipsi- 
lateral. Some degenerated fibers were ob- 
served in a few cases in the posterior com- 
missure, in the contralateral nuclei of the 
posterior commissure, in the contralateral 
pretectum and centromedian nucleus. 

DISCUSSION 

The present investigation of the supe- 
rior colliculus in the cat, based upon an 
improved technique for studying fiber de- 
generation, indicates that efferent fiber 
projections of this structure are more ex- 
tensive than prior reports have shown. 
The principal contribution appears to be 
new data concerning (1) the tectoreticu- 
lar fiber systems and (2) tectothalamic 
projections from this structure. 

Descending fiber projections from the 
superior colliculus appear to be distrib- 
uted largely to the brain stem reticular 
formation. These fibers are organized into 
two systems: (1) a diffuse uncrossed and 
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partially crossed fiber system with a local 
distribution in the mesencephalon and 
(2) a more compact crossed fasciculus 
which descends through the pons and me- 
dulla near the median raph6. 

The most abundant tectoreticular fiber 
system appears to be distributed in the 
dorsal part of the upper mesencephalon. 
These fibers are bilateral, but are more 
abundant and cover a wider area on the 
side of the lesion. Fibers on the opposite 
side appear to cross almost entirely via 
the commissure of the superior colliculus. 
None of these fibers on either side extend 
ventrally into the red nucleus or sub- 
stantia nigra. The ventral projection of 
uncrossed fibers is greater than for crossed 
fibers. 

The exclusively crossed tectoreticular 
fibers form the predorsal bundle; more 
caudally projected fibers of this group en- 
ter the spinal cord and are designated as 
tectospinal fibers. Fibers with this course 
have been variously referred to as the 
Vierkugelvorderstrangbakn (German liter- 
ature), the ventral longitudinal fasciculus 
(Collier and Buzzard, ' O l ) ,  the praedor- 
sales Langsbiindel (Tschermak, 1898), 
faisceau longitudinal pre'dorsal (Pavlow, 
' 00 ) ,  le faisceau descendant de la callotte 
(Cajal, 1896), and Ze faisceau optique 
descendant (van Gehuchten, '04). The ex- 
istence of this tract and descriptions of its 
course were later confirmed by numerous 
investigators (Bechterew, 1897; Thomas, 
1899; Redlich, 1899; Probst, '00; Lewan- 
dowsky, '04; De Lange, '10; Tsai, '25; 
Papez and Freeman, '30; Rasmussen, '22, 
'36; Marburg and Warner, '47; and Biirgi 
'57). General agreement exists concern- 
ing the origin and course of these fibers in 
the brain stem, but data concerning the 
nuclei upon which the fibers terminate 
show discrepancies. 

The present investigation reveals that 
lesions restricted to the superior colliculus 
do not produce preterminal degeneration 
in the oculomotor nuclear complex. How- 
ever, degenerated fibers can be traced into 
the nuclei of Darkschewitsch and the 
interstitial nuclei of Cajal. Fiber projec- 
tions to these nuclei appear bilateral and 
suggest that crossed fibers probably reach 
the opposite side via the commissure of 
the superior colliculus. No descending 

fibers of this system could be followed into 
the trochlear or abducens nuclei, or into 
any cranial nerve nucleus. It would seem 
that if any connections exist between the 
superior colliculus and the nuclei of the 
extraocular muscles, these connections are 
indirect and probably mediated by cells of 
the nuclei of Darkschewitsch and Cajal, 
a suggestion previously made by SzentAgo- 
thai ('50). These results regarding the 
absence of tectal fiber projections to the 
third nerve nuclear complex agree with 
findings of more recent investigators 
(Papez and Freeman, '30; Rasmussen, '36; 
Marburg and Warner, '47; and SzentAgo- 
thai, '50) but are at variance with some 
of the earlier descriptions (Held, 1890, 
1892, 1893; Bechterew, 1897; Pavlow, 
'00; and Collier and Buzzard, '01). 

The majority of descending fibers of the 
predorsal bundle appear to terminate upon 
neurons in the most medial part of the 
reticular formation. It was our impression 
that interlacing preterminal fibers about 
neurons in the reticular formation were 
most abundant in the pons. Some fibers 
of this descending system were observed 
to enter the superior and inferior central 
nuclei, with more fibers in the latter struc- 
ture. Judging by the reduction in the 
number of fibers below pontine levels, ap- 
proximately half  of these fibers probably 
terminate in the pons. In the medulla 
fibers of this tract are incorporated in the 
ventral part of the medial longitudinal 
fasciculus. Very few fibers of this group 
appear to end in close relationship with 
cells of the paramedian reticular nuclei in 
the medulla, confirming data supplied by 
Brodal and Gogstad ('57). 

Our data indicate that one of the prin- 
cipal descending fiber projections of the 
superior colliculus is into the brain stem 
reticular formation. In the mesencepha- 
lon tectofugal fibers are distributed bilat- 
erally, with a homolateral preponderance. 
In the pons and medulla tectoreticular 
fibers are exclusively crossed, pass cau- 
dally in the predorsal bundle, and are 
given off to reticular neurons in a para- 
median location. Findings reported here 
support the conclusion of Pearce ('53; also 
quoted by Jefferson, '58), and the pub- 
lished diagram (Jefferson, '58, p. 66) ap- 
pears to show accurately the distribution 
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of these fibers. According to Jefferson, 
Pearce has demonstrated that stimulation 
of the superior colliculus in the cat under 
light anesthesia provokes typical EEG ac- 
tivation of the cerebral cortex, and occa- 
sionally an arousal response. His belief 
that visual activation of the cerebral cor- 
tex is mediated by tectoreticular fiber sys- 
tems seems to be supported by his ana- 
tomical studies and those presented here. 

The continuation of the predorsal bun- 
dle in the spinal cord is represented by 
tectospinal fibers. These fibers are few in 
number, scattered and found mostly in 
the lateral part of the ventral funiculus. 
In this material these fibers did not appear 
to form a discrete tract, but could be seen 
passing into the anterior horn. Degener- 
ated fibers were most numerous at the 
base of the anterior horn in the zona inter- 
media. Descending fibers of this system 
projected caudally into the lower cervical 
spinal segments, but were not found at 
lower spinal levels. It was our impression 
that tectospinal fibers constitute a rela- 
tively small part of the predorsal bundle 
and represent a very minor spinal system. 

The findings reported above are in es- 
sential agreement with the reports of Held 
(1892), Redlich (l899),  Rasmussen ('36), 
Marburg and Warner ('47), and Burgi 
('57). Other investigators using the Marchi 
technique (Boyce, 1894; Tschermak, 1898; 
Collier and Buzzard, '01; and De Lange, 
'10) claim that tectospinal fibers descend 
below cervical segments. Most investiga- 
tors agree that tectospinal fibers terminate 
among anterior horn cells (Redlich, 1899; 
Probst, '00; Rasdolsky, '23; Rasmussen, 
'36; SzentQgothai-Schimert, '41). 

There is almost universal agreement 
concerning the course and termination of 
tectopontine fibers. Although these fibers 
were first mentioned by Held (1890), a 
more complete description was made later 
by Muenzer and Wiener ('02). Available 
evidence indicates that tectopontine fibers 
originate only in the superior colliculus 
(Woollard and Harpman, '38), and termi- 
nate largely, if not exclusively, upon the 
dorsolateral pontine nuclei. Studies by 
Brodal and Jansen ('46) have demon- 
strated that the dorsolateral pontine nuclei 
project chiefly upon vermal cortex of the 
cerebellum and include the area in which 

Snider ('50) has found evoked auditory 
and visual responses. It seems likely that 
some of the optic impluses may be trans- 
mitted to the cerebellar cortex via this 
system. No direct tectofugal fibers could be 
followed into any part of the cerebellum. 

The present study appears to provide 
new data concerning diencephalic fiber 
projections of the superior colliculus. 
While the brachium of the superior collic- 
ulus has long been regarded as a primary 
afferent tract to the superior colliculus, 
it has not been recognized as contain- 
ing any appreciable number of tectofugal 
fibers. Efferent fibers in the brachium are 
numerous and project laterally toward the 
lateral geniculate body. None of these 
fibers enter the dorsal or laminated part 
of the lateral geniculate body. However, 
a small number of fibers definitely project 
to the pars ventralis of the lateral genicu- 
late body. This connection with the phylo- 
genetically older part of the lateral genicu- 
late suggests that some vestigial compo- 
nent of the tectogeniculate fiber system of 
lower mammals (Ariens Kappers, Huber 
and Crosby, '36, p. 1073) probably re- 
mains even in higher forms. This very 
sharp separation of the more ancient tectal 
system from the more highly evolved and 
more recently developed geniculo-cortical 
system poses an interesting problem in 
comparative neurology. 

Other ascending tectofugal fibers pass 
into the pars magnocellularis of the me- 
dial geniculate body, as defined by Rioch 
('29). While it is not known whether this 
portion of the medial geniculate is phylo- 
genetically older than the principal nu- 
cleus, it has been demonstrated that this 
nuclear group is not responsive to click 
stimuli (Rose and Woolsey, '49; Rose and 
Galambos, '52). The fact that this nucleus 
is not associated with the primary relay of 
auditory impulses suggests that it may in 
sqne ways be homologous to the pars 
ventralis of the lateral geniculate body. 

A large number of ascending fibers from 
the superior colliculus were followed ros- 
trally into the pretectum, the supragenicu- 
late nucleus, and to specific portions of 
the posterolateral nucleus and the pul- 
vinar. Fibers entering the posterolateral 
nucleus were numerous caudally, but di- 
minished rapidly in more rostra1 sections. 



164 JOSEPH ALTMAN AND MALCOLM B. CARPENTER 

Degenerations within the pulvinar were 
confined to the caudal portions of this 
structure situated medial to the lami- 
nated part of the lateral geniculate body. 
Bucher and Biirgi ('50) and Burgi ('57) 
have reported tectofugal fibers passing to 
the pretectum, the suprageniculate nu- 
cleus, the reticular nucleus, centromedian 
nucleus, and Forel's field HI, but fibers pro- 
jecting to other thalamic nuclei have not 
been described previously, as far as we 
can determine. These diencephalic pro- 
jections are entirely ipsilateral. 

Lesions of the superior colliculus in the 
cat produce degenerated fibers which pass 
in the medial part of the optic tract, and 
to some extent in the ventral wall of the 
hypothalamus, in the direction of the 
optic chiasma. These fibers cross in the 
chiasma, re-emerge on the contralateral 
side and then climb upward in the optic 
tract and the wall of the hypothalamus. 
The termination of these fibers, which 
represent a tectal contribution to Gudden's 
commissure, could not be determined (cf., 
Magoun and Ranson, '42). 

In view of the great significance that is 
being attached to the problem of centrif- 
ugal projection to the various sense or- 
gans in general (cf., Granit, '55a), and 
to the retina in particular (Cajal, 1894; 
Granit, '55b; Dodt, '56; and Livingston, 
'59), the suggestion of a projection from 
the superior colliculus to the retina is of 
great interest. The absence of axonal de- 
generation in the optic nerve of the ma- 
jority of animals investigated and its 
doubtful presence in others do not permit 
a conclusion on this question. 

No anatomical support for the existence 
of a tectohabenular tract (Marburg and 
Warner, '47) or a tecto-nigral tract (Ras- 
mussen, '36; Marburg and Warner, '47) 
was provided by the present study. 

SUMMARY AND CONCLUSIONS 

A study was made of the efferent fiber 
projections of the superior colliculus in 
the cat. Twelve animals with unilateral 
collicular lesions were studied. Degenera- 
tion provoked by these lesions was studied 
in histological preparations stained ac- 
cording to the Nauta and Gygax tech- 
nique. Tectofugal fibers were found to be 
distributed to specific portions of the brain 

stem reticular formation, the spinal cord 
and differentially to parts of certain cau- 
dally located thalamic nuclei. 

The following conclusions were drawn 
from this study: 

1. Tectoreticular fibers are projected 
diffusely into the dorsal part of the upper 
mesencephalic reticular formation bilat- 
erally. Ipsilateral tectoreticular fibers are 
more abundant and more widely distrib- 
uted than contralateral fibers which cross 
in the commissure of the superior col- 
liculus. 

2. Fibers contained in the predorsal 
bundle originate predominantly in the 
lower layers of the superior colliculus, 
cross completely in the dorsal tegmental 
decussation, and are distributed mostly 
to nuclei in the pontine and medullary 
reticular formation near the midline; some 
fibers of this bundle appear to terminate in 
parts of the superior and inferior central 
nuclei. 

3. Some collicular fibers appear to pro- 
ject bilaterally in the immediate vicinity 
of the nuclei of Darkschewitsch and the 
interstitial nuclei of Cajal, but degener- 
ated fibers are absent in the nucleus of 
the third nerve. 

4. Remaining fibers of the predorsal 
bundle become incorporated in the ventral 
part of the medial longitudinal fasciculus 
in the medulla and continue caudally into 
the spinal cord, forming a tectospinal 
tract. 

5. Fibers of the tectospinal tract in the 
cat are located in the lateral part of the 
ventral funiculus, appear scattered in this 
area, and descend only into lower cervical 
levels. These fibers appear to terminate 
about anterior horn cells, particularly 
those at the base of the anterior horn 
(zona intermedia). 

6. A prominent compact bundle of un- 
crossed tectopontine fibers passes caudally 
beneath the colliculi and ends in the area 
of the dorsolateral pontine nuclei. 

7. Ascending tectofugal fibers project 
ipsilaterally to: (a )  the pars ventralis of 
the lateral geniculate body, (b) the pars 
magnocellularis of the medial geniculate 
body, (c) the pretectum, (d) the supra- 
geniculate nucleus, (e) the caudal portion 
of the posterolateral nucleus of the thala- 
mus and ( f )  to the most caudal part of the 
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pulvinar situated medial to the laminated 
portion of the lateral geniculate body. 

8. A few tectofugal fibers enter the me- 
dial aspect of the optic chiasm; none of 
these fibers appear to enter the optic nerve 
or project into the hypothalamus. 

9. No fibers originating from the supe- 
rior colliculus in the cat appear to project 
to: ( a )  any cranial nerve nucleus, (b) the 
substantia nigra, (c)  the red nucleus, (d)  
the habenular nuclei or (e) the dorsal part 
of the lateral geniculate body. 

Two hypotheses are presented: 
1. The extensive system of tectoreticular 

fibers may participate in EEG cortical ac- 
tivation provoked by visual stimuli. 

2. Tectopontine fibers may be specifi- 
cally concerned with the transmission of 
visual impulses to localized areas of the 
cerebellar cortex. 
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Abbreviations to plates 

BSCI, brachium of superior colliculus, MG, medial geniculate nucleus 

BSCm, brachium of superior colliculus, 

CG, central gray NIII, nucleus of third nerve 
CM, centromedian nucleus 
DLPN, dorsolateral pontine nucleus 
DTD, dorsal tegmental decussation 
GUC, Gudden’s commissure PN, pontine nuclei 
HB, habenular nuclei PT, pretectum 
HT, hypothalamus Pul, pulvinar 
IC, inferior colliculus 
IP, interpeduncular nucleus 
LG, lateral geniculate nucleus 
LGD, lateral geniculate nucleus, pars 

LGV, lateral geniculate nucleus, pars 

lateral part 

medial part 

MGMC, medial geniculate nucleus, pars 

MRF, mesencephalic reticular formation 

OT, optic tract 
PDB, predorsal bundle 
PL, posterolateral nucleus 

magnocellularis 

RN, red nucleus 
SC, superior colliculus 
SOD, fibers to supraoptic decussation 
TPT, tectopontine tract 

dorsalis TST, tectospinal tract 

ventralis 



PLATE 1 

EXPLANATION OF FIGURES 

1 

2 

Cat (2-417. Photomicrograph showing restricted lesion in the right superior colliculus. 
Mahon. X 6. 

Cat C-442. Photomicrograph showing restricted lesion in the right superior colliculus. 
Nissl. X 6. 

Cat C-398. Photomicrograph illustrating extensive lesion in the right superior colliculus 
involving parts of the periaqueductal gray and dorsal tegmentum. Nissl. X 6. 

3 
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PLATE 2 

EXPLANATION OF FIGURES 

Low power photomicrographs showing axonal degeneration in some of the more important 
ascending and descending fiber tracts of the superior colliculus. 

Cat C-398. Degenerated ascending tectofugal fibers passing through the lateral portion 
of the brachium of the superior colliculus. Nauta-Gygax. x 12. 

Cat C-387. Degenerated ascending tectofugal fibers in the medial part of the optic 
tract (on the medial wall of the lateral geniculate body) and in  the brachiuin of the 
superior colliculus. Nauta-Gygax. x 12. 

Cat (2-442. Degenerated fibers of the tectopontine tract and predorsal bundle. Nauta- 
Gygax. x 12. 

Cat C-398. Degenerated tectopontine fibers passing into the dorsolateral pontine nuclei. 
Nauta-Gygax. X 75. 

Cat C-442. Degenerated fibers in the medial part of the brachium of the superior collic- 
ulus in the pretectal region. Nauta-Gygax. X 36. 

Cat C-398. Degenerated fibers coursing in  the medial aspect of the optic tract and 
within the ventral wall of the hypothalamus. Nauta-Gygax. X 75. 
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PLATE 3 

EXPLANATION OF FIGURES 

High power photomicrographs illustrating ascending axonal and preterminal degeneration 
observed in  various parts of the diencephalon following collicular lesions. 

10 Cat C-442. Degenerated fibers present in the caudal part of the pulvinar. Nauta- 

11 Cat (2-398. Pretectal region. Degenerated fibers surround cells in this area. Nauta- 

Gygax. x 350. 

Gygax. x 550. 

12 Cat (2-397. Lateral geniculate nucleus, pars ventralis. A few degenerated fibers are 
present in this region. Nauta-Gygax. X 550. 

13 Cat C-442. Medial geniculate body, pars magnocellularis. A few degenerated fibers 
present in this region. Nauta-Gygax. X 350. 

Cat C-398. Degenerated fibers of Gudden's commissure coursing in  the dorsal part of 
the optic tract and the ventral border of the hypothalamus. Nauta-Gygax. x 120. 

15 Cat (2-440. Right optic nerve. Fibers with beaded appearance, resembling degenerated 
fibers, are present in this region. Nauta-Gygax. X 350. 
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PLATE 4 

EXPLANATION O F  FIGURES 

High power photomicrographs illustrating descending axonal and preterminal degenera- 
tion observed in pons and spinal cord following collicular lesions. 

16-19 Cat (2-442. Preterminal degeneration of fibers in  the predorsal bundle in the contra- 
lateral pontine reticular formation. These illustrate types of fiber degeneration about 
reticular cells, including perineuronal arborization. Figure 17 represents higher mag- 
nification of area indicated in  figure 16. Nauta-Gygax. Figure 16, X 60; figures 17-19, 
X 350. 

20 Cat C-442. Spinal cord, 4th cervical segment. Preterminal degenerated fibers in  the 

21 Cat C-398. Degenerated fibers passing into the dorsolateral pontine nucleus. Nauta- 

vicinity of anterior horn cells. Nauta-Gygax. X 350. 

Gygax. X 350. 
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PLATE 5 

EXPLANATION O F  FIGURE 

22 Schematic drawings based in  part upon the atlas of Jasper and Ajmone-Marsan ('54) 
showing distribution of axonal and preterminal degeneration in the upper brain stem 
and spinal cord following lesions in the right superior colliculus. The strippled areas 
indicate approximately the distribution of degenerated fibers. The solid black area 
indicates the lesion. 
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