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with evoked poteutials). We owe to'Wang (1934) and Wang and Lu (1936) a
pioneer study on evoked potentials in the superior colliculus.

a. Role in V,isi,on,

The role of the superior colliculus in vision must of necessity be greatly
ilependent upon the extent to which a geniculo-striate system has developed.
In lower vertebrates the optic tectum is the main station for visual projec-
tions. In monkeys, what remains after degeneration of the lateral geniculate
body, is a primitive kind of light-discrimination (e.g., Kliiver, 1942 and
p. 696). In mammals higher than rodents, control of eye movements is

LEFT RIGHT

Fre. 5. Collicular projectiom of the cat's retina by method of eyoketl potentiels.
Ilorizontal mericlnn represented as the line running a,ntero-poeteriorly marked on each
collicul[s as 0". All field points above the horizontal meridian are mealial to thiB line on
the colliculus; all lield points below the horizontal meridian are lateral to it. The vertical
meridian is at the anterior margin of each colliculus. Nunbers irr degrees on each lino
denote the poBiiion in the ffeld projected to the position on the colliculus. (+) or (-)
before the number refers to positions above or belo\r. the horizontal meridian respectively.
(N) and (T) before the numbor refer to positions nasal or iemporal to the vertical
merialiar respectively. (Apter, 1945)

lilely to be the most important function of the collicular optic projections
and possibly actiyation of non-specific visual afferents (Section V, below).
In the cat, Apter (1946) found that local strycbdnization of the collicular
sudace elicited eye movemerts. It is well Inom from a large classical
literature that the gaze is controlled by a variety of influences-volitional,
automatic vestibular, retinal, eye muscles themselves-and a large literature,
clinical as well as experimental, deals with these problems. The collicl us
is thus likely to be an important integrating centre for these governors.
X'or an introduction to various aspects of this problem, see Apter (1945);
Hess e, al. (i946); Cooper et al,. (7953, 1955); Hyde and Eason (1959).
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split off from the optic tract laterally to the medial geniculate body. The
tract enters the brain in front of the exit point of the oculomotor nerve and
has its nucleus (often called a. optt. tegment'i; inlower forms n. ectomarnillaris\
at the mesial errd. of substantia nigro ventral to the red nucleus. Von Gudden
aalTed.ittractus ped,una.tl,aria trqnsuer:tus from its visible portion but nowadays
it is more generally called the posterior accessory optic tract, sometimes the
basal optic root (ra d,ia optica basalis). He stated that he had seen it long before
(in the paper quoted) he proved it to degenerate after removal of the crossed
retina. Yon Gudden also found it in dogs, where it was partly uncrossed,
anil he identffieil it in man, sheep ard calf in pictures published by others,
Kosaka and lliraiwa (1915) saw the traot in cat, dog and monkey. In Gillilan's
(1941) very extensive study it was found in rat, guinea-pig, cat ard pdmates.
Gillilan stated that the tuact was more difficult to detect in primates because
there its fibres are thimer and partly rmmyelinated. In rodents the basal
root was more heavily medullated than in any of the other groups studied.
In the cat its fibres were thin and possibly partly rurmyelinated. This may
acconrrt for the failure of Barris et al,. (7935) to see it in this animal. All the
other worl<ers quoted in this and the previous paragraph have seen the tract
and there is also an extensive old literature, mentioned by Bochenek (1908)
and Loepp (1912) confirming von Gudden's view. fts nucleus is pictured in
Riley's atlas of the human brain (1943). The most recent anatomical con-
tributiou deals with its nucleus in the brain stem of the rat (De F"er;,zi et al.,
1959). According to Gillilan, the nucleus is connected with several brain
stem nuclei. OnJy Miiruer and Wiener (1902) mention centrifugal fibres in
the posterior accessory optic tuact (rabbit) but feel that this requires further
stuily. Marg et al. (1959) found no electrophysiological evidence for centri-
fugal conduction in it. Bodian (1937) saw complete degeneration of the tract
in the opossum after enucleation ofthe crossed eye. Brouwer (1923), studying
optio nerve degenerations after small retinal lesions (rabbit), also fourd
degeneration in the basal optic root. Since all evidence is in agreement on
the optic and centripetal nature of the tract, a good case can be made out
for the use of the term " basal optic rcot" which is modelled on the lines
of the other two terms (diencephalic and mesencephalic root).

2. ET,ECTnopE.l.sroLoGrcAr EYTDEN0E

Using the rabbit, Marg et al. (1959) recently succeeded in recording from
the nucleus ofthe basal optic root. They came to the conclusion that there is a
synapse in the tract before it reaches its nucleus because a nuclear shock
gave no response in the optic nerve. Their most interesting finding was that
the nuoleus delivered practically pure on-discharges while the optio tract
responded to both onset and cessation of light (the characteristic on/ofi-
pattern to be discussed below). It is therefore likely that the intermealiate
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necessarily mean that fibre size is an absolute criterion for separating
sensory modalities, as defined psychologically (fully discussed by the author
elsewhere, 1955a). As we have seen, in the cat the largest ancl fastest fibres
all go to the lateral genicllate body (G. H. Bishop and Clare, 1955) with
the geniculo-striate optic radiation as a further destination for the sma11

fibres (Barris et al., 7935; O'Leary, 1940; G. H. Bishop and Clare, 1955) and
thin branches of the large ones (Barris eJ al., 1935; Granit, 1955b) run to the
preteotum and the superior colliculus. n'im\ the basal optic root contains
very thin fibres. There is therefore some segregation according to flbre size,
and so it is clear that analysis of the optic nerve from this point of view at
some time or another will provide signif.cant evidence as to function.

A. Frnnn Couvrs

We possess data on fibre size for man (Chacko, 1948), cat (Chang, 1952,
1956; P. O. Bishop et a1.,1953; G. H. Bishop and C1are, 1955), rabbit (G. I1.
Bishop, 1933), frog (Burstein and Liimberg, 1937) and the electron micro-
scopic work, aheady mentioned, by Maturana (1959) on unmyelinated fibres
in amphibia. All other workers made use only of the light-microscope. The
extensive fibre counts by Bruesch and Arey (1942), quoted above, are of
interest in this problem. Even among the flbres visible in the light micro-
scope by far the largest number have diameters below 1 to 2 p. This is true also
in the cat which has only around 120,000 flbres in its optic nerve, many of
them larger than in most other animals (Bruesch and Arey, 1942; P. O.
Bishop et a1,., 1953). Yet 80o/o are below 3 p (P. O. Bishop el ol., 1953). The
rabbit has around 225,000 fibres, none as large as those in the cat because
the fastest conduction velocity measured iu the latter is around 70 m./sec.
(P. O. Bishop et {,., 7953; Chang, 1956), and in the former it is arounil
56 m./sec. (Granit and Marg, 1958). In the cat, by antidromic stimulation,
these large and fast fibres have been shown to come from the giant ganglion
cells (Granit, 1955b). Thus they integrate convergent impulses from a very
large number of receptors and bipolars (see above). The good correlation
between high conduction velocity of a fibre and the size of the ganglion spike
suppofts the contention that fibre size actually is related to the size of the
ganglion cell (cf. the work of Maturana, 1959, mentioned. above). Hence,
since the midget ganglion cells of animals with a fovea are small and the.
ganglion cells in the area centralis retinae of animals that only possess a

central region with greater cone density likewise belong to the smaller
category, it is clear that speciic cone messages, in so far as they exist, will
be conclucted in relatively small fibres. On the other hand, since the large
ganglion cells (and not only the largest ones) integrate rod and cone messages,

they can deliver infonnation from both types of receptors; moreover, by
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FIc. 7. Elcctrical shocli to upper portion of optic tr.act anal recordillg (A) from rctro-
bulbar end of optic nerve (ts) ba microc&pilla es fronr retinal gauglion cclls.

A. l S, to shov at three s\yeep speeds (time lbr a,ll in msec.) the rvavelcts of tho oom
positc rcsponse ofthe optic nerr.c. Note in paiticular thc delnved, small rvave rvhich onh'
appeaN {ith the slowcr srvccp spccds in recordings 2 and 3. 4, c&libmtion to I00 pV.

B. I, single large ganglion cell responds o,ltcr lrtcncl. of 2.7 msec., r'ell isolated; 2,
singlc small ccll rt laterrc"v ll.0 msec., isolated by slight hteral Bhift of micrcelectrodc
and increase of shock strcngl,h by about 5 tirnes; 3, s:,me {ith incrcascd gain ofamplifier
to sho*- difluse response of early spikes less \.c11 isolated. Ilorizontal lines mark I rnscc.

((}mnit and Marg, 1958)

10 m./sec. (see X'ig. 7). Using a factor of 8.2 (taken from the worl< of P. O.
Bishop et at,., 1953) for converting velocity into axon diameter we a ivo at

BA
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a. Coloured St'imuli

It has been maittained by Chang (1952), on the basis of evoked potentials,
that fibre size aud waveiength of light are correlated so that red, green and

blue are transmitted in flbres of decreasing diameter. \Yhilst this may be true,

Chang's eviclence can hardly be regarded as conclusive. Coloured stimuli
have to be carefully calibrated both with resPect to energy content as well
as in vierv of the spectral sensitivity distribution of the eye. Such calibrations

were not made. However, his results were suggestive. The idea itself, that
wavelength may be connected with conduction velocity, has found recent

support in the experiments of Lennox (I958a, b) who, recording from the

optic tract (cat), measured conduction rate of spites in isolated single fibres

as well as relative sensitivity to short and long wavelengths of the light by
which they could be elicited. With discharges to onset of illumination she

found the short wavelengths (b1ue end) preferentially signalled by fibres

of slow conduction velocity and the long wavelengths (red) by flbres of higher

conduction velocity. This approach, painstaking from the experimental

point of view, is theoretically correct. Chang's proposition can only be

solved in this way by measuring the spectral sensitivity represented ir single

fibres of known conduction velocity, hardly with the aid of evol;ed potentials

in central projections. Motokawa et al. (1957\ marle antidromic shocks

interfere rvilh natural stimuli while recording from retinal ganglion ce1ls

(cat). They also found differential sensitivity to lights of different rvavelengths

in flbres of different size.
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