r

B3

.
~

8 . ® ¢ Lt * ,.7"“ " a”’.
A. ‘(
% 4 ' . » ' o
5 hd v - .
‘ *. . ’e ¢ / -~
. CANADIAN THESES ON MICRQFICHE ) . )
~ . . . ’ .
. - , ' . I.S.BN. .
. vor . . . ’ 0 g
f THESES CANADIENNES SUR MICROFICHE . .
e . . )
« “J - ) - N ¢ ) . . ’
l* Nationat Library of Canada Bibhotheque nationale du Canada ' . : '
. Cbllogtnons Developmen't Branch Direction du developpermrent des collections ) .
Canadian Theseson * - W M des théses E:anadlennes ’
Microfiche Service sur mucrofiche '
Ottawa, Canady * ‘
K1TAON4 ¢ i b
- . } .
R |
3 1
* ~ , 2 \
-
NOTICE. ~ . AVIS

The quality of this microfiche is heavily dependent

‘;upon the” quality of the orig}nal thesis submitted for

‘microfilming. -Every effert has

‘

Qeen made to ensure
the highest quality of reproduction possible.

If pages are missing, contact the/university which
granted the degree.

Some pages may have mdistinc{ print especially
if thg original pages were typed with a poor typewriter
ribbon or If the University sent us a poor photocopy.

\

Previously copyrighted materialg (joumél articles,
published tests, etc.) are not filmeds

I

5"

Reproduction in full or in part ‘of this film is gov-
érned by the Canadian Copyright Act, R.S.C. 1970,
¢, C-30. Please read the authorization forms which
accompany this thesis.

A

- THIS DISSERTATION

‘HAS BEEN MICR'OFIEMED
. EXACTLY AS RECEIVED

¥

NL-339 (r. 82/08)

La qualité de cette mictofiche dépend grandement de °

la qualité de la thése soumise au microfilmage. Nous
avons tout fait pour assurer une qualité supérieure
de reproduction. -

.

Sil manques/ des pages, veuillez communiquer
avec l'umversitgZqui a conféré le grade.

La qualité d'impression de certaines pages peut
laisser @ désirer, surtout si les pages originales ont été
dactylographiées a l‘aide d%un ruban usé ou si l'univer
5ité nous a fait *parvenir une photocopie de mauvaise

. i
quahité. ~ .

Les documents qui font déja !'objet d'un droit

d’auteur (articles de revue, examens publés, etc.} ne

. sont pas microfilmés.

‘

La reproduction, méme partielle, de ce microfilm
est soumise & la Loi canadiénne sur le droit d'auteur,
SRC 1970, c. C-30. Veuillez prendre connaissance des
formules d'autorisation qui accompagnent cettg thése.

o .
¢ S

w

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS RECUE

Canadd

K



«n

as

=3

3

* - ~ b‘
R (1 .
) " .
"‘ . - » B * \ -
. A . A3 . 9 . !
./ -~ 7
\.J R ' o ” K A
- > /' o - g
' PN e 7 . $
. ' . " . / P - 4 -
N Il “ * £, ‘-
. b \ . . . 5
VISUAL MECHANISMS CONTROLLING OCULAR STABILITY . w -
2 . I ’ . \
» v f ;
. . by - - .
5 . " . o - 6,"
. © Keith L. Grasse (/F

o

A thedis Aibmitted to the Facutty of Graduate -Studies in

partialq fulfillment of the requirements for the degree of '
Doctor of Philosophyf~ . -
13 3
‘ « . . ; Y ..
-
2
June 11, 1984 . S
&
* . . % a -
i . \\J “‘ & - . ¢
- % . .'
oo o oo

¥ ~ ~
»

. , Y . 5

:

1
s .
“ e
W ' . . ? -
v » 4
s '
. ¢
* £ . ‘
. . § b ’ . "
.
<
.
s
- . 3
% .
. e r \O . . . - 4

R o - iy

%

v



¥

s
-

¢ - v ki * o /“
° s
M ' ’ b4
2 ' 7
, TABLE OF CONTENTS ¢
. . _—
~ e ML .
» : .
- ABSTRACT y PTvtesesseressrsusvsiearoenseonssassRestess Rt /
< .t '

Y
-

AB.BREVIATION‘S: ' ..'C:-‘O:‘Cilibllini"l..."‘O'C.I'.OO'..O‘AO_UO'

» @ ~
.
~

ACKNOWLEDGMENTS  tuvvevenreenenenssunneeieeerionnaionesenns.

N

- - -
¥ ’

GENERAL INTRODUCTION - .C;.lOldb.llll.l‘.t'.l.lill‘.i."l‘.@.'.ll‘.

-

Y

a

PART T: ELECTROPHYSIQLOGY OF THE LTN AND- DTN OF THE NORMALsCAT

° o

; INTRODUCTI@N. N -n-n--..-o‘cv-nn.‘oounn:'o‘b.ltaO_ootooovcoo’Qna:o-.

. T
METHODS

- -

~RESULTS- -

-
.

o +
LR R N N N I N I R N RN VAN
. A
° .
a‘ .
.-."..‘Ql‘l.".".ﬂ..‘..’l'."..‘l.....'l..l.-.‘.".l:

12

- A}

) DISC'USS.ION 'o-too“ﬁ.-ocogn-‘--o-von.u-o'tl--anusngcuouluuuoou-

- 1 -
@ e

- 4 - o o 0 * *
PART II: ALTERATIONS IN RESP(BNSE PROPERTIES OF THE DECORTICATE

¥

LTN AND DIN % h

b o
.
A
INTRODUCTION  cecovicnaorcnncescoasmoscsosanrcdonshocscesonane
“ 3 -
L s , - »
8 ‘o . .
o
METHODS ..l..l...l,..'..l.llI.l...'l.ll..'.“‘l‘l.l‘.l\.'lD....l
- RS
. )
“kE'SULTS e e fasas et s sanbeotinsentssnsunoenossstaforsraancsenced
.. ® . o N
-
@ DIPSCUSSItON D.oo.cl-no--.-agnn.oooouo.oo-nnncbocnoc-;ocuunuco-..
v LI}
[ - , N
+
BIBLIOGRAPHY  tuulununuesnermeessesenscasesshosashocesonsnnns
- . . . -,
e o .
<
B ..
. s
? o * \
s -~ ~
o -
.
. v
o -
- b * v ¢ ’ b
N S ~ A
, - a - » <
» L4
o ¢ -
- P
» ¥ ‘ -
. . Py ~ N 2
R . 8
. [
o
~> @ . « . ’ <z
.
. N N
g ‘ ° -
-
% v . * -t i
a
. . . IS . ,
* - ¢ “ ’ ’
.
_" v N , w
‘ s - * N -~ @
13 L
- c n »
r 3 . @
/ :
N v
L r o a
.
. a n
2 a . v

1

v

’

o

.84

6.

13 ¢

41

L

53,

55

60 -

94



- Q

‘ ABSTRACT e

. . 3 ¢

, Visual reeﬁomse ‘were exdmimeﬁ ‘quantitatively in 173 units in thew

lateral (LTN) and dorsal 5DTN) termina& nuclei of the normal dund,

“5_
N s

L]

visually decorticate cat accessory optic systeanAOS). in botp pre-

patations the receptiGe fields were quite large, with an average

diameter»of appreximately~60 deg,’ Dnrge moving textured stimulil pro-
voked optimal modulation in all cells._ "

The pregent resulva demonstrate that l)the normal LTN contains

e

almost equal numbers-of cells which prefer either upward or downward

3

] = * l
vertichl motion; 2) in contrast, the DIN contains cells which predomi-~

ﬁantly prefer horizental stimulus toward the recorded hemisphere; 3)
a ¥ . ¢ v ., >
on éyerage; the ma jority of upward direction selective LTN cellsz

% \ v

prefer faster stimulus velocities than the downward direction selec-

tive LTN units‘ 4y despite-the virtually complete crOSSLng of the.,

. 1

retinal® pyojectiomn, most LIN, and”DTN,units may be-driven through both

eyes; 5) followiﬁé visual .cortex lesions which deprive the AOS nuclei

-

.of a substantial coftical g%feéence, mos t LTN and DIN ce&lls display

v w

much slower velocity tuning and show’ much less upward direction selec—

——e "

3

E}vity; 6) the normallx higbly binoquiar LTN and DTN cells become

almost completely doﬁinated by the contralatetal éyeuafier visual

LR ".¢ . ° . l P . )
cortex lesions. - .

a

“ - -

*Throughout the life of an organism' there will be many types of

eve, head orzbody movement which will generate whole field motion

L ¢ »

information in the vigual systeuh The firection and velocity selec—

hY
L ‘

tivity of cells in the cat AOS, along with theilr large receptive

fields, render these units weld suited to dgxect the visyal conse~

.. quences of some of these movements.
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'l - GENERAL INTRODUCTION ' ‘
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" 1 d

Mast phyﬁiolbggqal Investigations of vision emplov types of

. ,
stimularipn which are relevant tn the issue of pr moving objects In

the world may be detected and perceived by the nervous.system. An
. T € '

important- but often neglected aspect of visual perception is the way

in which the visual system deals with tﬁé'vgsual consequences of the

»

» u

organism's own, motion which may'acéompany eve, head, or body movements

during orientation and locomotion. Whenever an 0rganism-mcwe§ in the
1. . r
environment, an optical’flow-field is generated across the retinal.
n » “ .

surface which provides valuable Informatlion concerning the'direcfion

a
P , .

and rate of whole-field motion, chaﬁge in perspective, and even future

poaitiohJ'Gibson (1966) has pointed out that the region.in space

” 2

toﬁard which the organism 1s moving, "occupies a unique '‘position In the

op{ical array whicﬁ_distinguishes itself as a focus og expansion from

which the fléwi?g lines of texture appear to emerge.

[

) . o IR
Neugons in the principle optic pathways (i.e.,. the geniculo-
) - IS

striate and retinotectal systems), dispiﬁy physiological response

"‘y? % \ R N

properties which ind{cate that these cells perform local operations

witﬁin{o‘&y ghkestricted region of the visua% ff;ld.'Sinée a shift inb
position .gf ;ﬁe eye ;} ﬁead results in image displacement gcross the
ediiré,ret;p;, a radically dif%erent‘form of reeeptive giéfd is re~
quired to éetect the visual conseq;ences of sei}-induce& mot;on-

- $ 4 . B \

There is% howqur,'a third relatively. unknown b;ghch of the pri-

mary visual system which contains cells whose response functions are’

~

be;ter suited for the ‘task ofnwhbleqfiéld motion detection: the acces—"

sory optia system (AOS). Because of its relatively small gize and
L3 et - .

s s o, " h\
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ohscure signifiecance, the A0S has only recently received-the prolonged
‘ .

attention of neur‘ophyﬁ,‘iplogists. I':i‘mammals, the A0S consists of,a’

tri-nucleate sﬂrstem in i:he.anterfor'hr'aiqstem innervated by fibers
y N ‘ ¢ *x .
from the contra]ateral eye: the medial (MTN), lateral (LTX) and dorsal
, -

4+ 6 a’ .

ADTN) ter'ninal nucled. In addition, in mammals like the cat .(Bers‘on

.
-

zmd Cray;iel 1980 \iarwtte and Updyke 1982), these sub~nuclei receive

I'd \

a 5

a substantial input from the visual corteﬂs. S*gle unit recording “From

cells within each of the three nuclei of the" cat, A0S reveals a pro-—
. 2 A e

vocative picture. AOS units display a hi‘gh degree of selectivity fo;

the direction, velocity and size of visual stimuli. It is of special
interest. that the receptive fields of these cells are extremely large

a * ‘ - “

(sometimes as much as 100 deg in, diameter). The most effective stimu-

lus for A0S units is a large textured pattern moving across the recep~

» tive field along a particular‘direction. A0S geéeptix;e fields exhibit .

A
A

+ o

ho obvious eenter—gurround orga?jzation. These properties of AGS ‘cellé‘
e .

make them well suited to detect ‘the visual consequences of self—motion

3
ko

-

E]

v

[

generated by an organism mxing around within 1ts environment. ‘f” . J\

In this thesis the phys ological responses of cdlls fn the A0S of

-

t’he cat have been investigated using quantitative methods. Part. I

s P

contains the elgctrophysiolqu of the normgl 1 LTN and DTN of the dat

AOS. Part II describes the effects of visual cortex lesions on the

- v v
.
\ » <

response properties of LIN and DIN cells.
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" workers provided the first articulation of the\‘uypothesis that ‘the AbS

.
.
*
.
™~
.
»
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- - . * . ’_ . e .
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i . * . INTRODUCTION ° . re.
-~ ) . . N . i b #

~ a8 - ~ k4

- - s
s

Detailed anatomical studie$, of t-he__;;ceesssoi'y optie.system (AOS) in

. 5

the \cat began with nayhow-»(msg)«wixo di.sti"éuished tl’@ 'retinai fer—

6.

minal zones ‘in th& anteridr midbrain which he named th,e dorsal (DTN),

R

lateral (LTN), and me@l (MTN) terminal nuclei. A subsequem: degen-
* e

eration study by Laties; aﬂ Spra} (196%) c‘onfirmed Hayhow s observa-

tions and further emphasized ‘thie a,lmost entirer erossgd charactex: of

the retinal projection to the AOS. 'I.'he termimal nuclei of the AOS are

'ﬁ‘ -

Also depicted “in the cat midbrain atlas “of Berman (1968) as ‘three '

sparse, bilateral networks. of cells forming’ synaptic cont&c@s with ther
3 \ ‘V ~\~’\ N

fibers of, thé aCCessory optic tra,ct (AOT) ’ .

-

¢

‘ + \ » 2 . N
Single—unit ex,gracellular recording in.the AOS of- the rabbit by

,

L)

Simpson, Soodak, and Hess‘(19¢2‘9),demonst'r'atedﬁ‘that *c_el‘ls' in this’

v

system are direction, seiectj.ve, ‘display slow excitatory ar;d'inl;%bitory‘i- R

velocity tuning, and have extremely large recep;i\;e fields, S'impson'et

. N , 1 . w , 2 . ‘..

al. observed that the preferred and nulkl directional axes of rabtfi-t
& v ' '

-

A0S neurons are not separat?ed by 180 deg (noncoli’ﬁ{ar),‘ aild ‘tHat both

N
-

' axes appear to be dligned with the planes of rotation of- the semicir-~

. wf ~
cular cardls of the vestibular system. The studies of Simpson and .co~
L

may be involved in signaliug the visual consequences of self-motieon

w

which arfse from movements within the rotAtional planés of the vesti-

» "

bular system. . 3 s
" \ - ’ -
"Burns and Willman (1980) examined the single~udit behavior of
cells in the chicken AOS. Their findings ghow that cells in the

chicken nucleus of the basal optig raot (NBOR}, +4 nucleus: presurr{ab,ly

13



-

(T2

-

-

-
> ° 1

homolognu‘s with the MTN of mammals, usually display ’direction selec—

tivity. These units can be divided into two groups distinguished by

their preference for either upward or downward vertical motion of
latge textured targets. °Recnptive fields were reperted to be very

large. The 'ma jor excitatory and inhibitory axes of, most notably,

cell§ displaying downward d#rection selectivity, were feund to beF

noncolineaf. '.Ilhis finding is very similar tosthe directional tuning

properties“’~-of rabbit AOS neurons (Simpsan etral. 1979). Burns an{}
" 1

Wallman al.sp postulated that the exa_:itatoi'y-and inhi,bitnry directional,

o

axes may be aligned with the p]:fanes of the semicireular” cahals.
. 1]

. The™AOS has been implicated’in the neural coptrol of optokinetic

ﬂ_/ -

v
nystagmus (OKN),” a bi-phasic oculomotor reflex induced by rotation of-
A , N 8

large parts of the visu/al world. Impairment of OKN'has been observed

- , . *
following lesions of the AOS (Conley and Fité 1980, Fite, Reiner and

.

Hunt 1979,~Lazar 1973 and Gruberg and E‘i’asée,. unpublished observa-~
tions). Similar findings h'avé #een obtained following lesions of the
nucleus of thn’optic‘ tract (NOT) and neighboring pretectum:,in the

. “ L

rabbit (Collewijn 1975) and éat (Precht and \trata 1979). NOTI/pretec~

‘tal lesions -preferentially effect‘ OKN induced by horizontal whole~

field motion, a finding consistent with the horizontal('ﬁirect:l‘on .

selective visual- responses observed in NOT units in rabbit (Collewijn

-

1975 a & b) and cat (Hoffmann and Schoppmann 1975, 1981).

-

Despite these investigations, the electrophysiology of the cat A0S

has only recently been investigated (Grasse and Gynader 1982)., In that -

studj;, vigual responses of cat MTN cells were described: most cells

exhibited marked\ direction selectivity in resﬁggise to large stimulus

targets moving slo downward. An additional but much smaller popul'a—

.



tion preferred ypward vertical motion. The receptive fields of cat MIN

A4

units averaged 60‘deg vertically by 40 deg horizontally in extent,
invariably included the érea centralis and frontal visual ﬁaeld, and
were driven most gﬁfectively tirough the eye.contralatéral to thé
recording site. In contrast to the non—colinear arraﬁgement of
preferred and null direqtions observed in the ;abbit and chicken AOS,

the’ mean angilar separation betwéen the preferred and noh-preferreq

-
.
.

axes ‘was 190 deg. S

A comprehénsive functional interpretation of the role of the cat

. AOS is not possible until a detailed phy&iological investigation is

9

@ - . **
made of all three terminal nuclei, and, therefore, the previous

studies of cat A0S have been extended by quantitatively examining the

visudl response features of single cells in the cat LTN and DTN. )

*

-

w/

ba

4
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. METHODS Lo

Recording preparation

Most gspects of the recording preparation employed in this _stud}"

have been de:sc'ribed previouély (Grasse 19871, and Grasse and Cynader *

"

i982). Briefly, cats were anesthetized wit}} intravenous (i.v.) sodiumﬂ'

thiopental (2.5mg/kg) as required, the trachea was intubated,, and the

A

> + D
¢ animal was placed in a modified stereotaxic frame which'minimally |
] - 4+ 3

v

*1eld of view. Paralysis was induced and mainﬁ,ained

v, Y A b
throughout the experimental session with i.v. adpinistration of ‘
gallamine triethiodide (10mg/kg/hr) during which time animals were

. » - LI t
20 and 03. Halothane

hd s
obstructed.the

artificially nespired with a 70:30 mixture of N

(1.5%) wag introduced into the gas-mixture for the entire durat.ion of
[y .

.surgery and discomntinued thereafter. End-tidal CO2 was nionitored and

[y

maintained near 4.0%. Wound margins were generously infiltrated gith a .
L . . I
long lasting local anesthétic (Bupivacaine hydrochléride "(').25%). Body

temperature was kept at 37.5 ¢ and controlled by a thermostatic

st op

heating pad. Pupils were dilated with atropine (]:%) and nictitating
} _ .

y membra','nes" retracted with_neosynephrine (10%). Contact lenses with 4mm

artificial pupils were selected by retinoscopy to focus images
. , .
p pro}gcted'onto a tangent scréen 46 inches' from the ey€, The location

- "
’
1 . ’

of optic discs and areae centrales on the ta‘ngent screen was
determined by the reversing ophthalmoscope technique. A émt by 6mm
.bone flap was removed over Horsley-Clark coordinates A0.0 to ‘A6.0, L2 .

to L8.

®,
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Electrical recording and stimitlatipn

* 1
v
« . ~

1 Single~unit recording methods were conventional and are described
N Y .

_in more detall el.setgl;ere (Grasse’l981 and Gr"asse and Cynader 1982),

< . &
* The procedure used\to locate the LTN and DTN involved an initial

* - s A

determination of receptive field position on the surface of the

-~ s

) N

superior - colliculus. The electrode was’ repositioned until the

collicular *receptive ‘fieolds were close to, or directly upon, the area
A . '

centralis, and then laterally until the lateral extreme of the

wcollicular éurface was reached. .The.;r'egion lateral to the edge of the

' colliculus was distinguished by a deeper overlying ventricular space-

' —

" (&n electrically "silent” zone). On most occasions, the first neuronal
- N s
L 2w
elements encountered were responsive to auditory stimulation, which
_ .

probably reflected the‘ activity of the fibers of the brachfum of the
inferior colliculus. In these cases the electrode was move anteric;rly
in 0.5mm increments. Thé visual units descnﬁbed as DIN cells in this

report were always found within O0.5mm anterior to this auditory region

on the'dorsal surface of the ‘midbrain. . 4

ek, - ] Lo '
The LTN wa‘s found by advancing the electrode vemtyally beyond the

» -
DTN region, through the auditory cells of ~thetmed:lal geniculate body,
into the most ventral depths of the lateral midbrain.;‘On many occa-

Fs

sions, the LTN was located in the same penetration as the DTN, some

4.0 to 5.0mm ventral. Otheywise, the LTN was found immediately la-

#

teral, or slightiy anterior (1.e., app‘roximately 0.5mm), té6 the DTN.

' Once visual cells were :‘L'solatéd in either region, further electrode

id H

displacements were on the order of 0.1 to O.3mm in any directdon.

To verify electrode positions, electrolytic lesions were made at

L)
» »

s



the site of recorded units near the end of reébrding sessions by

passing 3 uA of DC current through tee recording electrode for 5 sec.

€
M / .

through the»heért, as previously described. Lesions and electrode

tracks'were compared with the location of A0S nuclei given by Berman

I -
(1568), and with autoradiograms of cat midbréin obtained following

L3 L)

. intraocular injections of [3H] proline (Feran and Grasse 1982). Figure

-~

1 shows a recording site taken from a brdtn i& which cells were

The animals were overdosed withusodiuﬁ,pentobatbita& and perfused

.

recorded in the DIN and the LTN. The track of the electrode is clearly
' 9
visible ?y the left side of the section immediately lateral to the
] * ’.
superigr colliculus (SC). Ehis is the precise‘location of\the DIN and

N
1

LIN given Sy Berman (Berman 1968, plate 29, p. 5%). )

Conduction latency measurements were obtained by electrigdally

' . o .
, stimulating.units through bipolar electrodes implanted in the optic

déhiasm (Grasse 1981 and Grasse and Cynader i982)
Visual stimulatiep and data collection/analysis
- ' .
Unlike the previous study of the MTN (Grasse 1981 and Grasse and

) {
Cynader 1982), a random—dot pattern (Julesz 1964, figure:l1) was

-

employed as a stimulus target, rather than a square-waye glating, both

v .

. as a search stimulus and for quantitative data coileqtion. When a DTN
L]
or-ETN unit was encountered, visual responses Were first evaluated

’ !

qualitatively by manual projection of a 40 x 40 deg fandom dot pattern

9

onto the tangent screen. For qhantitative assessme of ‘visual

¢ f

. -subtense of each dot was equal to!kdeg on the retina). all other
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Figure 1 ) . ~

t .
B

i 3
[ w

A coionalﬁsectiOn tﬁrough.the midbrain of an animai in whith cells™-

were recorded in both'the DTN, and LTN. The track made by the recording

electrode may be seen running from a point on the dorsa

1 sprface (bTN), - ’

-

' . ’ N ) y. 4 «
immediately lateral to the superior co&liculus (8Cj, through the

~

entire thickness of the midbrain to the LTN at the ven

- - .

3 3 3
Dorsal is up.s “ ¢ ,

. - .

kd
tral sulface.
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. < b
respects, the computer contrglled stimulus delivery system used to
examine direction ‘selectivity, velocity-spetificity, ocular dominance, -

-
.
’ J\

i diffuse 1light sensitivity, and the, quantjfd&ive,metﬁods 6f‘daté

. " »

\» c¢ollection and gnalysis, were as gfeviously deséribedl(Grasse 1981 and

8 . v ' N . .
Grasse .and Cynader 13233* . ’
Vector Calculation ro. . \ *
) P 2 i . ) .
.« To, determine an Sverall directional bias for individual cells and
“ v ) ’ “wad -

of large groups of cellular, responses, "a form of vector analysis was

applied to thgidirectional—response data. Firsr the mean spike rate
’ L]

values were segrggated 1nto two groups by dividing each vector magni-

tude by the resting discharge and treating ratios greater than 1.Q as
: L . : s\ . : .
excitatory and rat¥os 1ess than 1.0 as inhibitory. Horizontal (x) and

vertical (v) components were derived by multiplying the vector magni~
tude in the case of the aexcltatory vectors, and the reciprocal of the

vector magnitude in the case of the inhibitory vectors,,by the cosine

and sine of the vector angle (the first direction on the far left in

8 3

e~ .
", fig. 2A has been arbitrarily called-0 deg, .the secdnd clockwise direc—
; .

,tion 30 deg, and so on). The sum of these products furnished the x and

v

y componénts of the exgitatory anduinhibitory vector sets. A resultant

for each group was.'then determineéd by taking the arctangent of the
P » N ,
ratio of y/x (for the angle) In a preéeding study (Grasse 1981 and

Grasse and Cynader 1982) the length of the resultant was determined

v by calculating the square‘root of the sum of the squares of the (%) '
L » \
~~and (y) compowfnts. In the present report, all vectors have been

given unit— 1en¥ For convenience, all vector 111ustrations have

been presented in polar coqzdinates referred to the vista of the

.
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. A S at + “RESULTS - .
# 2"» LY ', - ,a"', )
- ’ ot . i ~ .
. e i _mTﬁé data presented in this report were obtained from.22 cats. Most
- > n : . vt '
. SN - e .
o i , L - freguently electrical recordings were made in both the LTN and DTN,
[ u N -®" ~ . + * ) . " )
v o " and less’ frequently in both, sidep of the brain, of ‘the same animal._A
N 5 2 . & -
. s < . . . oo 7 e - o
. . . population of 96 sﬁngié‘units was examined: 49 units in the LIN and 47
] Yo }
e units in the DTN.  ° , ° )
- : o - . M v >
v . R B ®
v « Direcwedon selectivity . « 7 .
- ~ W0 - . M . ’ . -
4 4 b . )

" a - a -» IS

B * The diréct}on selective, responses of individual cells in the LIN

P " _and DTN were gvarhated’in"the same manney'as tﬁe previoug study
@ - ” ‘ N
» (Grasse 1981 and Grasse and Cynadér 1982)..In the LTIN, direction

. selective responses fell naturally into two categories: units whose

, direction tuning profiles showed mgximal’exéitation for downward
: wk
gertical motion (23 of'49), and units whose direction tuning.profiles

"
5

displayed maximal excitation for upward vertical motion (25 of 49).

» Only one LTN cell displayeq a preference for horizontal motion. Figure

s

‘ 2A shows, the dirgqctional response profile of a LTN"unit ‘exhibiting

. [l - ”
.

. w2 " maximal excitation for downward stimulus motion. Stimulus velecity was

10 deg/sec. .The arrow on the owlinate {ndicaté the resting discharge

-

,of this cell obtained whilé the random—-dot patyern remained stationmary

(
within the receptive field.

-
N

Figure‘ZB illustrates the.data of fig. 2A in polar plot’form.The '

av

lengths of the arrows in fig. 2B arxe proportional to the mean spike
- rate elicited for stimulus mbtion along the arréw diréction (note the

arrows on the x—axis of fig.—ZAb. Maintained activity-is not indicated ,

. )
. in f1g. 2B.

13- ’
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Figure 2A . o

“Direction selective response of a cat LTN unit. In figs. 2A and 2D

twelve directions of stimulus motion separated by 30 deg (as indicated

by arrows on the abscissa) were preéente?& times each in a randonp

. 2

sequence. The rate of firing in spikes per second, is represented on

o, *

the or@ina%e.:The resting discharge of this unit, sampled ;h the
presence ;f_a stationary stimulus pattern, 1s indicated by the arrow
on the ordinate.* .
Fig;re 2B

Polar representation of directional response profile for the same unit

as fig. 2A. The length of each arrow is proportipnal to the mean spike

rate obtained for that direction of stimulus motion™in space. All

A . .
vector figures are presented in polar coordinates which have been,
. !

5 -~

for convenience, referred to the vista of the left eye.. The lateral

L.

visual field is on the left of each figure, medial on the right.
A

Resting &ischarge is not indicated in this figure. ’

Figure 2C

Vector analysis of the LTN unit shown in figs. 2A and 23. The polar

plot vectogf of fig. 2B were treateq.as described ié the Methods to
generate one E-vgctor.(solid arrow) anggone I-vector (broken arrow).
Vectors have been éiven unit—~lengths. Note tpat the E~vector points
almost straight déwn and the I~vector points almost'straight up.

Figure 2D N
Diféction selective'response profile of another LTN unit. iIn contrast

to the unit illustrated in fig. 2A, this unit displays maximal excita-

tion for upward stimulus motion. Conventions are as in fig. 2A.

-

{ '14



Figure 2E

Polar representation of LTN directional response (same unit as fig.

2D). _ :

Figure 2F t ’ '

A -
‘

Vector analysis of the LTN unit shown in fig. 2D and E. ‘The polar plot
‘of fig. 2D was treated as fig. 2C to generate the E~ (solid arrow) and

I~vector (broken arrow) shown in fig. 2F. Theée two vectors tilt
L.}

a
1

slightly away fr%ﬁ vertical. -

@

e



’
o
0y -
- ﬁ?‘
g
*
)
0]

s

LTN

l[\DIREGTION SELECTIVITY

YYD

.
A

POLAR PLOT LTN

VECTOR ANALYSIS
LTINS

LATERAL

STIMULUS DRECTION

}

»
MEDIAL

MEDIAL

~*h

. '
N "
2 . s &
” ¥
.
. \ ) P
[y - ¢ .
. s
00y
DIRECTION SELECTIVITY
LTN
809
o
g 809
[
b
204
R 7 177
STIMULUS DIRECTION
D . L4
POLAR PLOT'
LTN
LATERAL

E . ‘ ' %

VECTOR ANALYSIS
LTN v
o ’
@
LATERAL MEDIAL
a | -
F
L]
»
a



v -
. a . - P
. . * -

~ . , A* fethod of vec,t&ﬁa%nalysis was used to derive two vector
quantities ,proportional to the n{ajor excitatory and inhibitory

v

“activity of A0S units (evaluated with respect to thg resting discharge
* . I &

<
A B

rate). This vector analysis has several advantages over conventional

- treatments of direction selective response profiles. First, it has "the

virtue of generating non-arbitrary estimates of the ma?or excitatory
.. L] - i o7

and inhibitory directions for each ra,sponse; profile. Second, all
’ * - “ LI 4
available information is utilized/ir; determining the two directions of -

. # .

« ", greatest modulation. And lastly, the two vectors which emerge from
.“‘ »

this analysis are not tonstrained to fall onto one or more of the

1§

o ' arbitrarily chosen directions employed in the testing procedure. A

Qector,plot generated from the data of figs. 2A and B, is shown in *
» . . T ¢ . \
fig. 2C. The excitatory vecter (E~vector, -solid arrow) of this unit ,

3 =

N points almost straight down, while t inhibitory vector (I-vector,

“

*

b}

broken.arrow) points almost straight up. Both vectors have been given
el ~ ~ . ’ <
unit~lengths. Proceeding in a clockwise direction from the 1~ to the
3 » - *
E-vector, the angulaé: separation betWeen these vectors is 179 deg.

-0 A second class of direction selective LIN unit is represented in
. j .

figs: 2D~F. This unit exhibits maximal excitation in response to *

a

) A upward stimulus motion and deepest inhibition‘for downward motion.

Conventiouns for figs. 2D-F are the same as in figs. 2A-C.

Directional response profiles were also obtained for DTN cells.
The}response of a typi¢al DTN unit recorded on the right side of the

. \\) ‘brain, is illustrated in fig. 3A. In contrast to the profiles of LTN

(
cells, most DIN units displayed maximal excitation in reg@nse to

]

horizontal stimulus motion diME¢Ped toward the ipsilateral visual

'. l“‘
field (i.e., tempofo-nasal motion relative to the #ye contralateral to

»
7 o

[l " J - -
' “ 17
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‘ Figure'3A

*

Direction selective response profile of a DIN unit. The overﬁhelming

preference for horizontal stimulus motion of DTN cells is reflected in

the response shown in fig. 3A. The resting discharge of this particu-

lar DIN cell is lpw;r than that of the LTN units shown in figs. 1 and
2. On average,. the resting disﬁﬁﬁrge of bTN units was 11 spikes/sec,
versus 21 spikes/sec,for LIN cells.

Figure 3B

Polar representation of the direction selective response of the DTN
unit shot;n in fig. 3A.

Figure 3C . !
Vector analysis of the DTN unit shown in figs. 3A and B. These vectors

were generated by the same procedurg as in figs. 2C and 2F. Note that

the E~vector pofnts in a horizontal direction into the medial visual

¢
field, while the I~vectdr points in a horizontal direction iq;e—tﬁéf(

lateral visual field. . “ :
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°

. the recording site). The polafBlot display of this DIN unit is shown

in fig. 3B, where the requirement for hbrizontal-medial stimulus

motion iIs unequivocal. This same trend in directional tyning was also

N ,
evident in the vector analysis for this cell, {fllustrated in fig. 3C.

. The E~vector in this case polnts approximately 20 deg off pure hori-

v

zontal in the inferior-medial visual hemi~field, while the I-vector
points approximately 31 degroff pure horlizontal in the superior-
lateral quadrant of the visual field. Angular separation between these

vectors 1s 169 deg. .

Distribution*of direction gelectivity in the LTN and DTN

e, -

To determine the total distribution of dix:ection selectlve res—

q

ponses in the LTN and DTN, fhe results bf,the vector analyses of

individual pnits Were collected and ploﬁted into a single circular

£d

distribution. Fig. 4A displays the total distributien of LTN E-vectors

obtained in this study. As before, all vectors have been given un‘-—

‘
S L d

' A M
lengths. Inspection of fig. 4A shows that LTN E~vectors fall naturally

'

into two diametrically opposed groups of upward and downward directed

~

vectors. ,

l

The total I-vector distribution for the LTN is displayed in fig.
4B. As in fig. 4A, the I-vector distribution divides into two groups

of upward and downward directions. Within either*the upward or the
downward I-vector group, there is no obvious difference in the degree
of clustering (i.e., relative dispersion) béQWeen the two groups of 1~
vectors and the two groups of E-vectors shown ifx figs. 4A and B.

E- and I-vector distributions for DIN cells examiﬁec\i in these
\ ' } :

20
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Figure 4A

\

Total distribution of E-vectors for the LTN. From the vector analysis
of individual cells (e.g., figs.’ZA and 2D), LTIN E~vectors were col-

lected and plotted together into a single circular distribution. All

vectors have been given.unit-lengths to emphasize dispersion. Two
I . . L
najor gsub—~groups of vectors are apparent, showing an upward and down—

v

ward trend respectively. Only one LIN unit was found to be sensitive

I

to horizontal-lateral motion.

Figure 4B, ’

Total distribution of I-vectors for the LTN. Similar to fig. 4A, I-
vectors from individual LIN cells were col%ected into a single circu-
lar distribution. There aﬁe aiso:two ma jor §ub~groups'of I-vectors

‘displaying the deepest inhfbitor§'modu1atién for up&ard and downward

stimulus motion. Two LTN.I-vectd}s point in a horizontal-medial. and

= »

. horizontal-lateral direction. In other respects, the distribution is

v
b7 N v

~“very simildr toit@at of~the E-vectors shown in fig. 24A.

®

Figure 4C, leftcpanel‘ . .
t wd A

Hyper—E: and hyper~f*vectors\for the upward—-selective group of LEN
F -

cells. The hyper vectors representing the overall directional bias of’

EXY

:aq entire sub-~group of unit responses, were derived by repeating the

N 9
vector apnalysis, on the upward directed E~ and downward directed I-
) i

vechrs from f;gs.4ArandB- All hyper-vectérs have been given unit-—~
"lengths. The hyper-E-;ector (solid arreq) poinlé virtually straight
ug}‘;hile the hypgr-Icvectpr points aimost straight. down.

Figure 40; right panel : '

L]
Hyper—E~ and I-~vectors for the downward-resp¥nding group of LIN cells.
- A

. ihe hyper-E~vector (solid agrow) points 5 deg off vertical into the

. + 4
- v ¥
N2
21 .
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4 N

L]
LS

inferior~lqﬁéral visual field.y The hyper-Izvector (broken arro@),
]

\

IR

points 4 deg off vertical in;:o the superior-medial quadrant.

.

& -
Figure 4D . ’ \\
Total distribution of E~-vectors for the;‘ DTN. Most DTN cells display

greatest excitation for stimulus motion toward the horizontal-medial’

.
-

visual field. However, the E-vectors of 4'DTN units point almost

1 o P

K
straight up, while another 3 point down and lateral -dy visual space.
AN .

-
1

Figure 4E - .

* . -~

Total distribution of I-véctors for the DTN. In contrast to the-dis~

tribution of DIN E~vectors, most I-vectors are concentrated in the

e

)
@

horizontal—-lateral field. There are four exceptional DIN I-vectors,

H

pointing either vertically gp,and down, or into the horizontal-medial

.

visual field. ‘ .

? i * o

Figure 4F
Hyper—E— and I-vectors for DIN cells. Re~application of the vector

analysis to the total distribution of E-~ and I-vectors .shown in figs.

o

4D and 4E, yields a hyper~E-vector (sholid arrow) pointing in a hori-

zontal~medial” direction, and a hyper—~I-vector (broken arrow) pointing
¢ o

in a horizontal-lateral direction.

)
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)
experiments, are shown in figs.” 4D and 4E respectively. With few

exceptions, mogt DIN E-vectors point ip the inferior—-medial direction.

a b3

«

»

Fig. 4D aldo discleses a few DTN units which clearly do not display

» . v

maximal excitation for “horizontal-medial stimulus mgtion, but rather

prefer either upward or downward diagonal motion. ‘

e

The total I~-vector distribution for the DTN unit population is .

e

shown In fig.hE.Ip this distribution, the most frequen%ly encoun-~

"Eered direction is appfoximately 180 deg removed from the mgst fre~
[4 M '
quently encountered -vector direction observed in the DIN E-vectors of

“fig. 4D: leea, mogt’DTN I~vectors poilnt in the lateral-horizontal

direction. : ", . i
- By re~applying the vector apalysis‘to the total distributions

. \ . 0
shown in figs. 4A aq% B, and 4D and E, a single an—arbitrary‘direc~

-

-

tional bias may be derived 'for an éntire’ subset of response vectors.
- \ ‘ ‘ . :

In any c%rcular digtribution of vectors there §s no a priori rule by
@ * ¢ ~

which subsets may be delineated for the purpose of calculg£iq§ an*

averagé vector. -The choice of subsets 1s, \thefeforey) arbitfar&[ In the
\ T L2
case of the LTN vectors shown in figs. 4A and B, two manifest supséts'
. . . . )
naturally emerge, pointing ih an upward and downward direction. Thud,

o

in Fig. 4C two sets of hyper-vectors were calculated: ope set for all

those vectors pointing above (below) horizontal, and another set for
- ' N
all vectors pointing below (above) horizontal. For the upward direc-

tion seleétive LTN group, the left ppngl of’fig. 4C shows the hyper—E-~

vector (solid arqu) pointing just off veffical toward the superior—
lateral hemi-field. Tbé hyper~I-vector (brogen arrow) is likewise

*

almost °purely vertical except that it is deflected slightly into the

" L

inﬁegioi~media1‘quédrént. The right panel of fig. 4C illustrates the -

.7

24 - . .
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hyper-E-'and I-vectors for the }lowuward group of LTN cells. These,

' yectors approximate a polar, refﬁ.ection f the relatiorfships shown in

-

L]

the left panel of fig. 4C. s

The hyper-E-~ and I-vector .for the distributiong of preferred and

a

non-preferred directions of DIN cells 1s displayed 'in fig. 4F. This

paqel illustrates the predominant preference for horizontal-medial

stimulus observed in DTN ~ggzlls,, in that the hyper-—E*vect:or points only

N -

12 deg off pure horizontal into the inferior-medial visual freld.

s

Conversely, thé DTN hyper-I-vector of fig. 4F is directed off horizon-

, .
‘tal into the superior-lateral quadrant. .

s
~ 4

‘Angular separatiopn between E—~ and I-vectors

-
4

a

Electrophysiological studies in the AOS of the rabbit (Simpsgon et

©

al. 1979), chicken (Burns and Wallman 1980) and pigeon ( and

. ’ -

.

Frost 1981) have revealed that, very oftén the ma jor excitatory and
inhibitory axes of cells in this 'silstem are not separated by 180 deg
(i.e.,* AOS cells are o,ft:én ngn—-colinear). To determine whether such
non—-colinearity obta’ins for the E~ and I-vectors of LIN and DIN units
inr t};e cat, distributions of angular separation were compiled. Fig. 5A

shows \t\‘?e distribﬁtion of vector separations for LFN direction

.

selective cells. Unlike the redults obtained in other species, the

distribution appears remarkably Gaussian with *the heaviest concentra-—
tion of values at 175 and 180 deg (for individual examples see figs.

A 1

2C, 2F and 3C).
- \ v N - ~
".There was moreispread in the range of values in the distribution

of angular separations for DIN E~ and I-vectors, which is shown in

. . £
»
A .



Figure 5A- .
Distribution of angular sefaaragtion for LIN E- and I~vectors. All
© . ' . 4 “
measurements of angular separation between individual E~ and I-vectors
‘ . A - « .

were made(;by“ pPoceeding in a clockwise direction from the I~ to the E-

vector. There is a br’oad range of values in this distribution exten~

o -

ding from 130 to 200 deg, with most LIN vectors displaying separations

of 175 185 deg. The mean of this distribution is 179.9 deg.

v

Figure 5B ~‘ . - .

Distribution of angular separation for DTN E~ and I-vectors. Compared

1

to the LTN distribufion shown in fig. 5A, there is an even broadexn

range of separation valueg for DTN vectors, extehding from 135 to 215
¢

deg, with a mead of 181.3"deg. However, like the LTN distribution,

* .

most vector separations. fall between 175 and 185 deg.
. 2

.
a
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fig. 5B. However, the overall shape of the distrtbutiocn is normal with
‘the majority of DTN ﬁ*‘aﬁa I~vector separations concentrated in the
region of 180 deg. .

. a >

[8

)

Velocity specificity in the LTN and‘DTN

¢
14
'

¥ v

In addition to exhibiting a liigh degree of selecéivity for the

direction of st;mulué motion, cat AOS units are also selective for

*
a

stimulus velocity. Fig. 6A shows an example of a velocity tuning

\

“h
profile obtained from a LIN unit disﬁlaying a significant disparity in

the tuning of the excitatory and inhibitory components of the res~

«

ponse, roughly similar to what was .observed in some cat MTN cells

-

(Grasse and Cynader 1982, fig. 5). While the maximal excitation for
Wt

this LTN cell occu;s at 3.2 deg/sec, the deepest inhibition appears at

‘e *
a velocity of 25.6 deg/sec. The arrow on the ordinate of fig. 6A
\ - » .
indicates the resting di&charge rate sampled in the presence of a

stationary stimulus pattern. With high'étimulus velocities ( > 100

deg/sec) this cell is inhibited with stimulation in either the

preferred or non—-preferred direction. This high velocity inhibition

- independent of the direction of stimulation was observed in 40% of LTN

cells and 357 of DIN units. !

The upward directed bar graph of figure 6B illustrates the distri-
bution of stim&lus velocities at which maximal excitation was elicited
for all'LIN cells. There is a broad raége of preferred velobities,
with most LTIN units displaying maximal excitation for stimulus veloci-

'
ties between 0.8 and 12.8 deg/sec. The range of stimulus velocitfes
. ‘

which evoked the deepést inhibition in LTN units Is shown in the lower

inverted graph of fig. 6B. This histogram displays two peaks at vélo-

»
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Figure 6A

Vehlociity tuning profile o; an LTN unit. This figuye illustrates an LTN
velocity tuning profile with different sensitivities for the excith-
tory (curve E) 'ar‘ld inhibitory (curve I) components of the response

function. At 0.2 degfsec little exc:l.tatory response is observed, with

values for the E curve being close to the resting discharge (arrow on

the ordinate), while clear inhibition is already evident. Excitation
increases with increasing stimulus veloeity until 3.2 deg/sec, where
the response peaks and thereafter begins a gradual decline. In con-

trast, the strength of inhibition is greatest at 25.6 deg/sec. Unlike

excitation which 1is curtailed at 25.6 deg/sec and higher, dinhibitory

modulation in this cell is present at all étimulus velocities tested.

Note that with vefy high stimulus velocities, both directions of
stimulation result in firing rates which fall below that observed in

2

the presence of a stationary stimulus_ pattern.

Figure 6B

-

LIN excitatory and inhibitory velocity tuning. Along two directions of

stimulus motion aligned with the ma jor excitatory and inhibitory axes

obtained from direction response profiles (e.g., fig. 2A), units were
) #
tested with stimulus velocities ranging from 0.2 to 204.8 deg/s'ec-

£ M N
Each velocity was presented 8 times in a randomized sequence. Fig. 6B

shows the velocity at which the major excitation (upper panel) and

L4

inhibition (lower panel) were obtained versus the number of cells.

Most LTN cells achieved maximal excitation with stimulus velocities

between 0.8 and 12.8 deg/sec. The remaining units digplayed a prefer-
g

ence for faster ﬁocities (25 6 to 102.4 deg/sec). The lower inverted
panel of fig. 6B shows the velocity at which the deepest inhibition®

\ 29
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was obtalned versus the number of cells. The range of 1nhibitory
velocity tuning suggests a bimodal rather than a continuous distribu—

tion, with peaks at 0.8 and 12.8 deg/sec.. Units showing deepes‘t fnhib-
. . N
itory modulation at relatively fast stimulus velocities (i.e., > 12.8

Py

deg/sec) often displayed maximal excitation at much slower velocities
(see fig. 6A, above).
Figure 6C

. $e
\}elocity tuning profile for a DTN unit. The velicity sensitivity of
s

14

DTN cells was tested in exactly the sage manner Jas described in fig.
z . ’
6A. The DTN unit shown in th&s figure exhibits greatest excitation

.(curve E) at 6.4 deg/sec. As stimulus velocity 1is increased, the

MM .
firing rate of this DIN cell steadily rises to a peak activity of 100

spikes/sec. Further inereases in stimulus velocity cause a gradual

»

decline in cellular discharge rate, until 102.4 deg/sec where excita~

tory response function descends to a level approximately equal to the

t

resting discharge rate. Despite this neuron's relatively lower main-

" tained rate (indicated by arrow on the ordinate, approximately 22

spikes/sec), clear inhibitory modulation (curve I) is seen for most

LY
velocitlies tested. . ‘

b d

Figure 6D’ T ’ Con

b} ' M

~ Excltatory and‘inhibitory ‘velocitny tuning for the DIN Gnit population.

4 .

The abscissa of figure 6D (upper pan?plots the‘distribut‘ion of
¥

stimulus velocities at which greatest itation was elicited against

the number of cells on the ordinate. Most DIN units prefer velocities

of 6.4,and 12.8 deg/sec. However, there is a substantial contingent of

L]

DIN cells displaying maximal excitation at relatively fast (51.2 and

& .
+

30 ,



102.4 deg/seé) 'stimulus velocities. When i:o:bpared to the LTN distribu~
tion (fpig. 6B, u{)per panel), there are fewer cells pr"efgt:ring extreme-
ly slow stimulus velocities (i.e., < 0.2 deg/sec). Tl‘g’distribu;:ion of
stimulug velocities which evoked deepest inhibitionm, in DTN units is
shown in thé lower panel of fig. 6D. A clear peak in this ‘distribu—

s

tion is evident at 25.6 deg/sec.

»*
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cities of 0.8 and 12.8 deg/sec, suggesting a bimodal, rather than a

unimodal distribu%irn of inhibitory response types. The overall range
of inhibitory velocity tuning is somewhat greater than the excfiatory
velocity tuning. Some LTN units showed deepest inhibition in response
to very low velocities of‘either~0.2 (2 cells) or.0.4 (& cells)

v

deg/sec.

-~

Figure 6C shows a velocity tuning profile for a typical DTN unit.
This response profile illustrates a DIN cell with dissimilar excita-
tory and inhibitory velocity specificity: while maximal excitation
occurs with a pronounced peak at 6.4 deg/sec, deepest inhibition is
evident in response to a relatively large range of velociéies between
0.4 and 25.6 deg/sec. In addition, the resting discharge rate (inddi-
cated by an arrow on the ordinate) for this DIN ce%l is significantly
lower than for most LIN cells. On average, the mean restifig discharée
rate for LTN units examimed 1nuthé‘present study was 21 spikes/sec,
whereas the average resting discharge for DIN cells was 11 spikes/sec.

Figure 6D upperhpanel.illustrates the distribution’ of prefegred

. N
velocities for all DIN units. Most DTN cells showed maximal excitation

for stimulus velocities near 6.4 and 12.8 deg/sec. The lower panel of
fig. 6D disp;ays Fhe distribution of velocities which elicited the
deepest inﬂibition. In contrast to the inhibitory velocity tuning
observed in éhé LTN (compare with fig. 6B, lower panel), there is a
single.predomiﬁént peak in this distr}bution for DIN cells occurring
at 25.6 deg/sec. Note that the inhibitory-velocity respcnse’function
for-in@ividual DTN cells was often quite broad (e.g., see fig. 6C))

spanning a relatively greater range of veloclities than the same func-

tion in LTN units. Thus, in order to generate the distribution shown

+
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in fig. 6D lower paﬁe1, it was sometimes necessary Lo take the mgd-

point of the total range over which the deepest inhibition was evoked
. L - ’

in DTN cells and define this as the "peak" inhibitory velocity.

¥

»
o, #

Ocular dominance in the LIN and DIN o !

"
-

Anatomical studies of the cat AOS (Farmer and Rodieck 1982, Feran
and Grasse 1982, Hayhow 1959, Laties and Sprague 1966, Lin and Ingram

1974, and Marcotte and Updyke 1982) have consistently demonstrated

that @irtually all retinal axons prbjéctipg into the accessory optic
oy -

tract cross at ‘the optic chiasm prior to synaptic termination in the

DIN, LTN and MTIN. The ocular dominance distribution for the-LTN is

4 14

shown in flg.?Au This figure utilizes an ab eviated version of the

@

Hubel and Wiesel (1962) method for characteri ing ocular dominance, in

n
o é LI

which there are only 5, as opposedai categories.Othegwise, the

\ - - . N *

‘ocular dominance group numbers convey similar meanifig: 0D group 1

denotes cells driven by the contraIatera1 eye ohly (with refpect to
' ‘ . ;\\a‘
the recording site),_OD group 3 ipiilateral eye only, and 0D group 3

i}

both eyes eqﬁally. 0] g}oups 2 and 4 denote binocular 'cells driven

more effectively by the contralateral and ipsilateral eye

respectively. There is a heavy contralateral b?és in the histribution )

of fig. 7A, yet the number of binocular cells (especially OD 2 and 3)

“

is quite large. Despite the clear ipsilateral input evident in fig.

7A, no LTN units.were encountered which were driven solely through the

sipsilateral eye (0D 5). o : ;
» -

Figure 7B iflustrates the ocular dominance distribution for the

DTN« This dfstribﬁtion also discloses a significant ipsilateral. input

N
1 < [ . v

LY



— Figure 7A
" -

" LTN ocular dominance distribution. Ocular dominance was determined

through independent monocular t'esting. The histogram in fig. 7A shows

i [
the ocular dominance (OD) group ‘versus the number of LTN units. Units

_,—,,\\J i ¥ in OD groups 1 and 5 are driven only through the contralateral and .
' ' ipsilateral eye respectively (in relation ‘to the recording site). OD
' group 3 denotes cells driven equally\vell‘through b(;th eyes. There is
‘significant ipsilateral input to LTN cells ‘evident in this distribu-
LA tion, with the majority (78;/;) falling into OD groups 2-4., No LTN units

were found; however, which were driven solely through the ipsilateral

s ° eye (0D 5).

Figure 7B

DTN ocular dominance distribution. Conventions for this figure are .

identical to those for fig. 7A. As in the LTN, the ocular dominance ¥

3 distribution for the DTN displays a high incidence (93/) of cells with

ipsilateral eye input (OD groups 2-4). Most DTN cells fall into OD

&

. group 2, ihdicating a predominant contralateral eye input together

4

with a relatively weaker input from the ipsilateral eye. Note how few

) .
DIN cells were driven through the contralateral eye alone (OD 1).

i

Rl
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to DTN units. Most DTN cells fall int%OD group 2. While there is a
+ » » »
substantial contihgent of binocular (0D 3) and gpsilakefﬁl domYnant

y ‘units (OIS 4) in the DIN, there were fewer purely contralateral cells

(OD 1) than in the DTN. -s

Conduction latency in the LTN and DTN i .

A
.1

Routinely, bipolar stimulating electrodes were implanted in the

»

+~ optic chiasm (for details see Grasse and Cynader 1982). Whenéver
possible, isolated cells in the LTN and ,DTN. were tested for’
orthodromic response to short .pulses of électrical stimulation:

*

(ranging from 1-50 ugsec at 100-~150 uA). The distribution oé conduction

-

latencfes obtained from LTN units is’shown in fig. 8A. The majority of

. LTN cells displéyed conduction latencies of 4.5 to 5.0 msec, with a

s

¢ mean of 4.91 msec. .

v . -

DTN conduction latencies, shown in fig. 8B, were similar to those
" observed in the LTN. The DTN latency distribution exhibits a peak at

approximately 5.5 msec, with a mean ‘of 3.75 msec.
»
General receptive field properties ¢
- R 3

*Similar .to theV cat MTN, and to the AOS of many other species, the

.
- AN

receptive fields of LTN and DTN units were, on average, quite large,

s
%

B

“ ‘ ‘covering 60 deg or so in diameter when mapped with a large (i.e., 40 x

»
’ ' N »

h L _40 deg) mdnually projected rando,m-'-dot pattern. The smallest receptiwe

»®

-

field encountered was that of a DTN cell whiceh measured approximately
‘15 deg horizontally by 30 deg vertically. It was necessary to cover at

¢ least 2/3 of the total receptiwve field area with the stimu,lus.target

a

N 13
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S 1
Figure 8A ' {

< .

Distribution’ of conduction latencies ifor LIN input fibers. Figure 8A

F3

i

shows the conduction latency (1;1 msec) versus- the number qf LIN cells.

A a%

These latencies were obtained in resporlse to a 100~150,uA stimulus

o a

op\{l‘se (1-50 usec in &'urati.on) delivered through bipglar stimulating
Py . . © ’ °
electrodes placed in the optic chiasm. LIN 1at§ncigs range from 4.0 to

.
.

6.5 msec, with a mean of 4.91 msec. ' K

Fig{n:e 8B ’ . i o

Distrfbution of conduction latencies fclf DTN ivnpﬁt fibers. There is an
. - s . \

.
E]

even broader range of conduction latencies for DIN units than was

a

ES

observed in the LTN,. extending from 4.0’ to 11.0 msec with a n}ean

¢

latency of 5.73 msec. ¢

v - . -

38



) ~
A .
t *
) ' LTN CONDUCTION
» {
’ . LATENCY
109
.
» QI‘ o
J'}] 8. I3
at (/5] .
oo j 7™ im— . a w
’ LU v
O .
L. -
: © 5
N o R )
4
3 p4 :
K¢ 2 .
s “r 1
' 14 1 , "
. . ¢ - L § Ll " "’ -' L4 L} L4
. . 35 40 45 50 5.5 6.0 6.5 7.0
CONDUCTION LATENCY (MSEC)
A N '
. ' / DTN CONDUCTION
, . ,
. . LATENCY
‘ { !
% . -
[4 :'l 51)
&
- ’ 1 8 ,
) © 4 “
-O . *
x 3 . ’
, s ma— )
.o . = I
. = 1" -~
. Z |
a ** 4.0 45 5.0 55 60 65° 75 11.0
\'Q Q - . - o
‘ R CONDUCTION LATENCY (MSEC)
¢ o , [ I [}
B ° { y s 4
) 3, . :
IS ' ‘:




.
N . 2
»

to produce optimal modulation. We have not observed surround inhibi-

tioﬁ\{z\i}N and DIN cells. Stimuli which extend wéll beyond the borg
ders of the Eeceptive field continue tp evoke vigorous responsed from
thése units.“Morebyér, textured pattefns proved to be more effective
stimuli fhaﬁ low frequency square-wave gratings of equal areal extent.
Frequently more than one unit was r;corded in succession during a
s;ngle penetration. Whenever this occgrred there were no obvious
systematic changes in reseptive field position, ocular dominance;
velocity tuning, or direction selectivity. On some occasions, both
upward and downward direction selective LTN cells were recorded in the
same‘electrode t;ack. . ' :
Finally, a varieéy of diff&se light ¥ésponses'was observed in the
LTN énd DIN. Units responsive omly to changes in total luminance flux

(and, therefore,~hot displaying direction select&vity) were

encoyntered rarely.

™
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DISCUSSION

Functional differentiation within the cat AOS

Some of the more striking response features of cells in the cat
A0S are the very large receptive field dimensions,a direction
selectixity, dnd velocity specificity. In the following discussion,

a

the characteristics of these properties will be combared to functional

descriptions of A0S neurons of other species. The results of the

present analysis suggest that units.in the A0S may be involveL in

several different oculomotor contexts, including‘the monitoring of

self-motion, the control of optokinetic nystagmus and/or imooth

pursuit eye movements, as well as visual—canal and visual—-otolith

3
-

interactions.

Receptive fileld properties of cat AOS units

%

The response properties of AOS units have been examined in many
differen&;animals and, without exception, the receptive field dimen—~
sions are much larger on average than those of, for example, the

geniculo-striate system.” In the cat A0S, the largest receptive fields
- 8

we eﬁhagffifiiaygif approximately 100 deé’in diameter. In addition,
cat AOS units are modulated best by motion of extremely large textured
stimuli. Among others, Gibson (}966 and 1981) has pointed out that

movement of iarge parts of the visual field undéé normal circumstances

arises from the organism's own motion, rather than ffom movement of
N R -

.-

external objects in the woxld. Based upon these and other considera-

tions, Eimpson et al. (1979) have proposed "that the A0S serves to

-t



-

signal self-motion, a function similar to that of whe _vestibular
system”. In our experlence, the receptive fields of cat A0S units
average 60 deg in diameter and are driven best by large stimulus

targets which encroach upon 2/3 or more of the total area. Thus, cat

¢

A0S cells exhibit area-response functions which are appropriate for

i+

the detection of whole~field motion.
) a
Direction selectivity is'a characteristic property of most cells

B

in the cat AOS (see also¥Grasse and Cynader 1982). The ubiquity of

¢
this response fedture  suggests that the analysis of * movement

information is an important fungtion performed by the AOS. There are

noteworthy differences in the manner in which direction selectivity is

’

expressed within the sub-nuclei of the AOS. For example, the distribu- -

tipn of preferred directions in the LTN‘i?’quite different from the
distribution observed in the DIN (s%i figs. 4A and 5A). Conversely,
there are also clear similarities in component groups of responses:

e.g., the downward direction selective responses of LTIN cells are

h .

°

virtually the. vector equivalent of the downward direcﬁiﬁnal responses
of MTN units (see fig. 6B, and Grasse and Cynader 1982, fig. 3).

The pronounced anisotropy in the distribution of direction selec—~

<
.

tivity among units examined in our imvestigations can best be summar-—

¢ »

ized by Ehe statement that cat A0S units respond best for either

a

vertically or horizontaily—directed stimulus motion. Figure 4 shows
that LTN cells respond best to elther upward or downward vertical

motion, while DIN pélls are optimally modulated by horizontal motion.

Some inéestigators (Burns and Wallman 1980, Simpson et al. 1979)

“
have'!&awn attention to the degree of angular separation between the

ma jor ‘excitatory and inhibitory axes of direction selective units in

-
£

‘
0d

g



the AOS. Thesg reports claim that thé excitatory and inhibitory axes

-
t

of A0S cefls are not separated by 180 deg (non~colinear). In thé cat
A0S, on average, theaE- and I-vectors of direction selective cells in
the LIN and DIN are separated by approximately 180 deg (see fig. 7A &
B). E- and I-vector separation in the cat MTN averaged 190 deg (Grasse
and Cynader 1982). Because of the limited number of directions of
motion sampled in our testing procedure, the mean angular separation
of cat MTN units (190 deg) may not be significdntly different from
that of LTN and DTN units (180 deg). Thus, the cat A0S lacks the high
incidence of direction sel.ective cells with non~colinear excitatory
and inhibitory axes which have been observed in the rabbit (Simpson et
al. 1979) and chicken (Burns and Wallman 1980) AOS.

The veloecity tuning ‘of cat A0S cells difplays s%gnificant differ—-
ences when, e.g., the distribution (;f excitptory velocity tuning in
~M"I‘N units 1s compared with tuning distributions obtained from LTN and
DIN cells. Excitatory velocity tuning 1n the cat MTN‘ is zniﬁosmly slow
(i.e., near 1.0 deg/sec), while in LTN and DTN units the distribution
4s much more heferogeneous (see fig. 6B and 6D5, showing a greater
incidence of high velocity responses.°In all three nucleil, units were
observed whose exc'i‘tatory and.inhibitory velocity tuning displayed
interesting dichotomies: some cat AOS cells .showed greatest excitation

slow velocities (e.g., 1.0 deg/sec), white the deepest inhibition
in the same cell was obtained in response to much faster stimulus

velocities (e.g., 100 deg/sec).



Ocular dominagce

8

On the basis of anatomical investigations (Farmer and Rodieck
. . ¥ . ’
1982, Feran ang Grasse' 1982, Hayhow 1959, Laties and Sprague 1966, Lin
" i,
and Ingram 19%&, and Marcotte and Updyke 1982), one might expect thg

~

eye contralateral to the recorded nucleus to drive units more

effectively than the ipsilateral eye. Considering the small number of

o

cells in the MTN (Grasse and Cynader 1982) which displayed significant

.

ipsilateral input, it was surprising to obserye such strong

ipsilateral eye influence in the LTN and DTN (see figs. 7A and B). The

NOT of the pretectum has been shown physiologi&ally to possess a
substantial proportion of binocularly-driven cells (def@ann and

Schoppmann 1975, 1981). When the ipsilateral visual cortex is removed,
q

NOT cells are driven almést exclusfvéiy by. the contralateral eye

(Hoffmann 1982). It is pos;ible that the visualbcortex provides the
ipsilateral eye input to the LTN and DTN in an"analogous fashion
(Marcotte and Updyke 1982). However, it is still puzzling that the cat
MTN, which appears ép Feceive as much cortical input as the other AOS
nuclei (Marcotte and Updyke 1982), displays so much less ipsilateral
eye input. Experiments are presently underway to delineate sources of

a

ipsilateral eye influence in the cat AOS.

[}

’Relationship between DIN and NOT

The direction selective responses recorded in the DIN closely

resemble those Qescribed for units in the nucleus of the optic tract

(NOT) of the pretectum (Hoffmann and Schoppmann 1975, 1981). The

physiological landmarks used by Hoffmann and Schoppmann to locate the

-~

~

v
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¥
NOT are yery similar to those used to find the DTN in the pregsent
;Eudy.However, the location of the DFN as described %n this report
(see ﬁig. 1) is not the position of thre NOT as indizaﬁéd by Berman

(1968), who places the NOT more anterior ‘and medial near the fibers of

B <

the optic tract (compare fig. 1 with Bermdn 1968, platei%ﬁ, p256).
Descriptions of thg response prope;&ies in the D?N and'No?kare almost
identical. It is possible ‘that tpe DIN and the NOT are two. aspects of
one continuous anatomical str&cture, although t&ere presently 1s mno

.

anatomical evidence for this in the cat. Alternatively, there may Qe a

] 1y .
* dual representation of, horizontal direction selectivity in the DIN and

\ 4
NOT, similar to the vertical direction selectivity in the LTN and MTN.

.

This may reflect the, presence of two paralleb;pathwayé carrying a

,similar type of whole~f#eld motion imfopmaaion to different regfomns of

s *

* v
the brain stem. Support for the parallel pathway hypothesis derives
from anatomical findings which indicate that the NOT and MTN, hut not

the LTN”ggd DTN, project to the cat inferior olivary complex (Feran

i

ahd Grasse 1982, Walberg et al. 1981). . .

+
ke

Efferegt connecéions of the cat A0S . A

o

* A number of anatomical and physiological studies h;ve demonst;ated

a
n

that various anterior midbrain visual structures ﬁrojEEt to the in-

w N

ferio} olivary complex (I0C) (Feran and Grassg 1982, Hoffmann et al.

1976, Maekawa and Simpson 1973, Maekawa and Takeda 1977, 1979 Simpson

i

1984, , Takeda and’ Maekawa 1976‘°dnd  Walberg et al. 1981). Some studies
involving HRP‘inJections into and around the dorsal cap (of Kooy) of
the I0C, have purported to show that all three of the AOS nuglei in

the rabbit send axons to this area (Maekawd and Takeda 1977, 1979 and

<
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Takeda and Maekawa 1976). The dorsal cap provides a significant input
to the cerebellar flocculus which projects to the vestibular, nuclei.

The vestibular nuclei, in turn, project to the oculomotor nuclei.

|

However, there is some controversy concerning the effeient,projectioﬂs

from the AOS 'in tﬂe rabbit. In a recent review of the A0S literature,
. Voo

<Pr < ‘ )
Simpson (1984) states thdt the HRP-filled cells which Maekawa and

- “~ -
Takeda claimed were in‘the LTN weré actually in the posterior fiber

bundle of the superdor fasiculus of the accessory optic tract. It
g

would appear that on1§.the rabbit MTN and a small part of the DIN
project to the dorsal cap of the inferior olive. Yet, even the
observation that the DTN output fibers terminate in the olive is ﬁot
fitmly established. With regard to this'issue, Simpson remarks that
the accessory optic cells "that pFojeéf to the cauéal half of the

dorsal cap are presumébly part of the dorsal terminal nucleus.” "An
3 v v

ipsilateral projection from the nucleus of the optic tract (NOT)

\

the dorsal cap has been reported in other mammals, but the likely
conzributibn from the DTN has not been explicitly distinguished.”

‘Walberg et al. (1981) injected HRP into the IOC of the cat and

fo&ﬁd that most back~filled cells were located in the posterior

»

pretectal nubclet:ls (PPN}, and to a. lesser extent in the NOT. Feran and

Grasse (1982) also injected HRP into the cat I0C and, similar to the .

I3

résuits of Walbérg et al., a very small NOT projection was revealed.
While Feran and Grasse reported a projection from the dorsal aspect of
the MTN to the IOC, labelled cells were never observed in the DTN or

the. LIN of the cat AOS following these HRP injections.

¥

‘!hus,‘at least for the cat MIN, there is one-possible route by

J 14
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which the visual information transferred through the A0S may influence

neural structures involved in eye movelent control. At thedpresent
time, however, the destination of the efferent axons of the cat QEN

and DIN is not known. .
[4

Functional considerations

The predilection of cat A0S units for horizontal and vertical
motion selectivity of large textured stimull may be useful in several
different contexts. These include visual~canal interactions, visual-

q,blith interactions, the control of optokinetic nystagmus and smooth
pursuit eye movements, ané in the sensation of self-motion. Before
considering the possible theoretical,signiiicaﬁgg of the pr;sent re-—
sults, We‘shall consider structural and functional properties that
distinguish thé,cat from the majority of animals in which the AOS has

‘

been examined thus far.

One importantlfactor is the frontal position of the cat's eyes in
the head. The forward migration of thgvgyes in the head throughoht
eyolution has been accompanzfd by a parallel specialization within the
central retina (i.e., the gradual development of a fovea or area
centralis), which is ogly'waakly appréximated.in a lateral—eyed animal
such as the ;abbit. ?he distribution 6f retinal ganglion cells';rojec—
ting to the cat AOS displays a marked tendency toward central special-
ization, fh that these cells are concentrated in the area centralls
(Farmer aﬁd Rodieck 1982), 'to. a greater extent than has been observed
in the pigeon (Fite et al. 1981 and Karten.et al. 1977) and rabbit
(Oyster et al. 1980).

In the rabbit AOS Simpson et al. (1979) suggest that the dire;tion

\
a
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selectivity of the DTN, LfN, and MTN is organized &rognd the planes of
rotation of the semicircular canal planes of the 'veftibular system.

The velocity tuning of rabbit MTN cells (from WRiCh the ma jority of

/ »

£

Simpson's data were obtained) is uniformly slow (l.e., 0.1-1.0
»

deg/sec). In a frontal—-eyed animal, the visual consequences of stimu-

lation in the planes of rotation of the anterior and posterior semi-

iy

=

circular canals, are very different than those for a lateral~eyed

@

animal like the rabbit. Faor the purposes of this discussion we will

&
assume that position of the eyes undér paralysis is a reasonable

' L

approximation of the normai orbital position of the cat's eyes, and
that the receptive field locations of cat LTN units are centered abput

a point 10 deg contralateral to the area centralis close to the hori-

o

zontal meridian. Given these assumptions, vestibular stimulation in

the plane of ‘rotation_ of the anterior semicircular canal on the ipsi-

lateral side, would produce motion across the center of a receptive

»

field of a typical LTN cell with primarily an upward vertical com-

’

ponent. In addition, the velocity and direction of visual stimula&i

q

resulting from head movement in a single canal plane, will vary as a
function of both the position of the eye in the orbit and the locus of

stimulation upon the retina. Rotation in the plane of the postefior

LAY
semicircular canal would result in a similar directign of visual

stimulation, but with a stronger horizontal component. While the

o

characteristics of direction selectivity of LIN cells described in

3

this report are not inconsistent with the notion that the major move-
ment axes of LTN units may be aligned with the planes of rotation of
one of the vertical semicircular canal planes, it cannot be uniquely

LY b
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determined from the data obtained in the present study which vertical

Y

.canal plane the direction selectf%ity of LTN cells may be aligned
with. Moreover, it has not been detbrmined in the cat or in any other

*
species, whether AOS cells are more sensitive to rotatory as opposed
.to rectilinear stimulus motion. ks

An equally likely possibility, is that the conspicuous selectivity

.

for upward and downward motion exhibited by LTN and MTN units could be
used to signal the visual consequences of stimulation of the otolith
organs. The-otoliths respond, among other things, to linear accelera-

tions which occur as a consequence of translatory motion of the head,

and also to the effects of gravitational forces. This latter component

is, of course, characterised by a substantial asynnnetfy in favor of
vertical rather than horizontal forces. Therefore, in additionm to
visual-canal interactions, the marked selectivity for vertical motion
shown by LTNYcells also suggests that this nucleus ma; be involved in
visual—otolith interactions.

A similar argument holds for the direction selectivity of DIN
cells in which a marked trend toward horizontal ﬁirection selectivity
was‘évid’nt (see’fig.4D and F). To this extent, these data are not
inconsistent with the notion that the difectién selectivity of DTN’

cells may be aligned with the horizontal semicircular canal plane. Yet

DIN cells may also provide information concerning the visual effects

'
H

of horizontal translations of the head.
» Two important types of self-motion which produce whole-field image
displacements on the retinal surface are eye and head movements. There

are two well known ocular stabilization reflexes (e.g., the vestibulo-

ocular reflex and optokinetic nystagmus, or the VOR and OKN), which

» 49 )
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serve to maintain the stability of the entire visual scene upon the
i . !
retina. These reflexes have very specific requirements in terms of

\
velocity. At low frequencies of stimulation, however, the gain of the

VOR (eye velocity/head velocity) is reduced. Thus, visual input is
required to assist in the control of stabilization at low frequencies

or velocities of sgimulatfon where -the response of the vestibular

-» >

system 1s the weakest (Melvill Jones and Milsum 1971). The slow

"y

‘ velodity tuning exhibited by some AOS neurons (between about 1 and 13
Y .
deg/sec), suggests that these cells may comprise a possible source of

visual input to VOR subsystems.,

1

With regard to optokinetic eye movements, Colliwijn (1969) has
4 o .

@

Vshown that the optimal range over which horizontal OKN is driven in

o 1l - B . . i 7
the, rabbit soccurs with visual stimulat below and up to 1.0 deg/sec.
» ‘ *

. IS
& @ +

Tﬁe bimodél velocityﬂséhsitivitycobsefved in some cat AOS cells, (e.g.,
. + . - ;

fig. 6A) would be very useful for detectiFg the vistal éonseqhenééﬁ of

kil

nystagmoid eye movements with-reciprocally directed slow and fast
* ) [N N

-~ A

n

components. The excitatory and imhibitory modulation obéerved i cat

¢

" A0S units at high velotzities also argues that this system nag be

sensitive to the visual conseguences of saccadic eye mpvements, /in
N L} a : ‘u‘ -
addition to the quick phases of mystagmus.

Aﬂother type of oculomotor behavior which may generate whole-field
o P ¥

motion is smooth pursuit. Swmooth pursult. eye movements maintain the

1

image of a small moving target bn the’foveéJ*During pursuit, ocular

reflexes driven by whole~field motion .must be entirely suppreséed in
£ . F . .
favor of the relative stabiiit§ of a small portion of the central

visual field. In’ the cat, Evinger and Fuchs (1978) found that with and
~ hd

[ ~ L
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without an optokinetic bhackround, the cat accurately tracks moving

"

targets up to velocities qf less than 8.5 and 0.6 deg/sec respective~

LN -

ly. The large receptive fieljs and velocity sp;cificity observed in

AOS units are, ?&erefore,!con istent with the notion that this systén
may also be involved in the control of smooth pursuit eye movements.

A

Alternatively, the influence of the whole-field motion informatien

b

supplied by the ¢at A0S may.be used as an inhibitory drive for the

a

active suppression of compensatory egye movements which would otherwise

» N " .

interfere with the proper action of smooth pu§§uit control. Informa-—

tion supplied by the AOS may be used:to suppress compensatory®eye

]

“ 2
movements such as OKN while thetanimal”is tracking small moving’ob-

jects. For thd unique specification of the direction and velocity of
B - . ~ L)

. N v . A% LY
whole~field motion produced during eye and head movement, it is re-

e

quired that the monitoring system possess visual sensitivity to large

vy

field movement® encompassing a relatively broad range of directions apd

@

velocities. This, of course, is an apt description of -the properties

found in the AOS. Westheimer and Blair (1974) were the first to

°

propose that the AOS may be ipbolved"in smooth puréuit eye movements.
.It should‘be kept in mind that both in the case of OKN and smooth

pursuit, the spatial framework, if any, within which such eye move-

ments may be "organized,” will not necessarily be that of the semicir—
~ 4 \ \

rular canals of the vestibular system.

.

Concluding remarks ] * ,

Throughout the life of an orgénism there will be many types of eye,
head, and body movement in which‘whole—field motion informafjon will
~ ‘ L 1

be generated.’in the visual system. The direction and vequity:selec~

Y

\ 51 o

I=3

<



iy

tivity of cells in the cat A0S, along with their large receptive

L4

fields, mdke these units well suited to detect the visual consequences

*

of some of these movements. In the face of so large an anatomical
- \ '

ignorance as that which presently surrogﬁds the efferent connections

of the LTN and DIN in the cat, support for thiéwinterpfetaticn is

- i

based largely ubon the physiological response properties exhibited by
~ . * *
AOS:units. At’ the present time 1t s not possible. to constrain the

cat AOS to a more specific functional role. This study and sfmilar

investigations in other species, have only shown that the direction

and velocity of whole~field motion is signaled unambiguously by AOS

¢ * v
‘neurons. Thus, in theory at least, there is no reason why this parti-

cular source of whole—~field informat&on‘could not be used in any
N L

oculomotor context where it has obvious utility. .

.

°



oS

M ¢

. )
* 3
& " -
* -
o
.
™ . &
) .
.
'
- s
” 1 . #
*
. '
v M ¥
< s
N “
]
[N
s
>
. Al
PART II
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ALTERATIONS IN RESPONSE PROPERTIES IN THE LATERAL AND DORSAL TERMINAL

NUGLEI OF THE CAT ACCESSORY OPTIC SYSTEM FOLLOWING VISUAL CORTEX

LESIONS i
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INTRODUCTION

The_médial (MTN), lateral (LTN), and dorsal (D?N) terminal nuclei
of the agcessory optic system represen%eaphylogenetically ancient
branch of the primary vigual system which has recently béén implicated
in the control of optokinétic nystagmus, and visual-vestibular inter-—

actions. In'the cat, retinal input to these nuclel originates primari-

ly from slowly conducting afferent fibers of the contralateral eye

(Hayhow 1959, . Laties and Sprague 1966, Grasse and Cynader 1982, 1983,

4 o

Farmer and Rodieck 198%; Feran and Grasse 1982, and Marcotte ‘and

- A 3
Updyke 1982). However, a large proportion of single units in the cat

4

LIN and DTN may be driven through both eyes (Grasse and Cynader 1984).
Recent autoradiographic investigations by gerson and Graybiel {1980)
a%d Marcotte‘;ﬁd Updyke (1982) have demonstrated a large and diffuse
afferent projection’to’ghe cat A0S from the ipsilatefélhvisuai cortex.
THese results raise the pos;iﬁility that the ipsilateral eye input
observed in the résp09§es of LIN and DIN cells may arise by way of the
cortical %rojection upo; these nucleil. Further support for this

hypothetical interaction is obtained by analogy with findings in other

midbnaiﬁ nuclei such as the superior colliciilus and the nucleus of the

obtic tract (of the pretectum), in which decortication results in

-

N . w
reduction -or abolition of ipsilaterual eye responses (Wickelgren and
Sterling 1969, Berman and Cynader 1372, and Hoffmann 1982).
4 @ *
To investiga$e this possibility, a series_of experiments was

performed in which the visyal cortex was removed unilaterally in
- A

normal adult cats. Single ugit respdnses were then examined in the LTN

e
and DIN ipsilateral tg e decortication. In an earlier investigation

. ‘ v \ \
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of\the cat MTN (Grasse 1981 and Grasse and Cynader 1982), it was found

\

»that very few MIN cells exhibited binocular responses, and, therefore,

in the present experiments attention was confined to the LTN and DTN.
1)

A0S units in the decorticate animal were tested quantitatively for

direction selectivity, ocular dominance, and velocity specificity in
the same manner as Part I. : ' -7 P ~
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¢

- METHODS .

Recording Preparation

%Pst aspects of the recording preparation &mployed in this study

have been described previously (see Part I and Grasse and Cynader

1982). Briéfl&, cats were anesthetized with Intravenous (i;h) sodi;m
thiopental (2.5mg/kg3 as required, the trachea was intubated, and tﬂe
animal was placed in a modifie% stereotaxic frame which minimally
o%structed the field qf view? Paralysis was inducéd an& maintained

throughout the experimental session with i.v. administration of
N .
gallamine triethiodide (10mg/kg/hr) during which time animals were

oyt

artificilally respired with a 70:30 mixture of N90 and 09. Halothane

(1.5%) was introduced into the gas mixture for the entire duration of

}

surgery and discontinued thereafter. Monitoring of EEQ activity under

these conditions reveals a preponderance of slow-wave activity (see
Fd

also Cynader and Berman 1972). End-tidal €O, was monitored and

maintained néar 4.0%. Wound margins were generously Enfiltrated with a

va /

long lasting local anesthetic (Bupivacaine hydrdchloride 0.25%). Body
temperature was kept near 37.5(3gn& controlled ﬁy a thermostatic
heating pad. Pupils were dilated with atropine (1%) and nictitating
membranes retracted with‘neosyngphrine (10Z). Contact lenses
containing 4mm artificial puéils were selected by retinoscopy to focus
images préje$ted onto a tangent screen'46 inches from the eye. The
locations of optic discs and areae céntrales on the tangent screen

were determined by the reversing ophthalmoscope technique.

The visual cortex was exposed by removing an 8mm by 16 mm bone flap

.
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over one hemisphere, sparing the mid—-sagittal sinus and overlying

bone. The dura was opened and retracted, and cortical tissue was

removed by gubpial suction, The bottom of figure 9 shows g schematic

* drawing of- the dorsal surface of the. cat brain (shaded region shows

IS

the anterior~posterior and medio~lateral extent of the cortdcal

. a

lesion). Representative coronal sections illustrating the-dorso-
% ®

. . \ .
ventral extent of the lesion (blackened area) at varlous anteriodx-

> .

posterior levels are drawn above. The illustration in fig. 9 is a

conservative estimate of the damage to the visual cort®x. Leslons

which #fared the most ventral-lateral parts of visual cortex ({.e.,

parts of area 18 and 20), gave rise to similar results in the LTN and

DIN. After surgery was completed, the brdain-cavity was filled with

‘warm 0.5% agar gel. The animal was allowed to recover for a period of

at least 3. hours before electrical recording %egan.

Y

Electrical Recording

Single~unit recording methods were convéntional and as described

a /‘, .
previously (Grasse and Cynader 1982). For details of the procedure
used to.locate the LTN and DIN see Part I. In all cases, single~unit

recordings were made in the LTN and DTN i1psilateral to the cortical

" ablation. ' »

Vigual Stimulation And Data Collection/Analysis

-

-

As in Part I, a random-dot pattern (Julesz 1964, fig. 1) was
employed as a stimulus target which extended approximately 100 deg

vertically by 80 deg horizontally. Once the preferred and non-

)

. " 56



Figure 9
Schematic-drawing of frontal sections representing various anterior-~

posterior levels lying perpendicular to the dorsal aspect of the cat

brain (shaded area at the bottom). The frontal ;éctions of lesioned
areas of the visual cortex (shown in black) are referred to the shaded

region on the dorsal surface. .
@
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preferred directions were determined quantitatively, the following
S .

procedure was employed to assess ocular dominance: the stimulus moved
. hl '
along the preferred and non-preferred directions 8 times each at a

constant velocity, fzrst, with binocular viewing, second, each eye
separately, and third, the binocular con@ition was repeated. The
resting Q&scharge was sampled in each of the three separate viewing
condition: The response to binocular stimulation served as a cgontrol
condition a ainst which any non~specific chénges in cellular response

’

characteristics (such as habituation) could be evaluated.

.
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RESULTS

*

o
»

The data presented in Part 1I were obtained from 14 cats which
underwent acute unilateral decortication: OF the 77 AOS units which
were ‘examined, 39 were, in the LTN and 38 in the DTN. Under the
conditions of these experiments, LTN and DTN units did not show any
apparent‘sféns of traumg}due to the surgical‘removal of the visual
cortex. For example, the average resting discharge sampled in the
absence of moving stimuli for both the LTIN and DTN of the visunal
cortex lesioned (VCL) animals was\not significa?tly different from
that of normal cats (average éesting discharge for normal LTN was 21
spikes/sec versus 17 spikes/sec for VCL; average resting discharge for
normal DTN was 11 spikes/sec versus 15 spikes/sec for VCL). In

addition, overall responsivity was not depressed in either the AOS

nuclei or'in the superior colliculus. A0S units were located using the

same physiological landmarks which were described in Part I.

Ocular Dominance

¢ -

The ocular dominance distributibn‘for the normal LTN is shown in

figare 10A (upper panel). In this and the follow}ng illustrations, the

data from the normal LTN and DTN were obtained from Part I. Units in

¥

ocular dominance (0D) group 1 and 5 are driven best_yia the
contrélateral and ipsilateral eye régpectively: Group 3 units are
driven equally well through each eye. LIN cells of normal cats prefer
input from the: contralateral eye. Yet, many .LIN cells.display a

pronounced influence from the ipsilateral eye (groups "2 and 3). In

contrast, figure 10B (lower panel) shows t%e ocular dominance

N 60



Figure 10 )

-

A) Normallcat LTN ocular dominance distribution. This histogram
displays the ocular dominance group versus the number of LTN cells

‘;ncouﬂfered. 0D groups 1 and 5 denote units driven exclusively via the

~

contralateral and ipsilateral eye respectively (with respect to the
recording site). LIN cells driven equally well through both eyes are
classified as OD group 3. The majority of LTIN units (78%) fall into OD

groups 2-4, indicating a significant input from the ipsilateral eye.

+

B) LIN ocular dominance distribution in visual cortex .lesioned (VCL)

cats. Conventions for this figure are identical to thgse for fig. 10A.

The major effect of decortication upon ocular dominance is a severe

redhct%on in the ipsilateral eye influence observed in the normal LTN
L} '

unit population (see fig. 10A). Virtually all LTN unitg.in the VCL

cats are entirely dominated ﬁy the contralateral eye (0D group 1).

i
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distribution obtained from the decorticate LTN. This histogram shgws
that the purely contralatera}ly driven LTN units (group 1) were the
most prominent clésé encountered, while the binocuiarly d}iven cells
Qf groups 2 and 3 which were so co‘n{mon in the normal LTN (see fig.

~ldh), are encountered garely (4 OD group 2 cells out of 39), or not at

all (0 OD group.B cells out of 39). L

8

An equélly'striking effect was observed in the DIN ocular domi-~

nance of decorticate cats. Figure 11A (upper panel) shows the ocular

n

domindnge distribution for the normal DTN celdl population. As in the

normal LTN, the distribution of fig. 11A discloses a large proportion

-

of binocularly driven neurons (0D groups 2-4) in the normal DTN popu-

-

lation with an overall contralateral preference. However, following
cortical ablatiom, the p;zéence of ipsilateral eye input in the res-—

ponses of DTN almost completely vanishes (see fig. 11B, -lower panel).

w
Thus, one very pronounced effect of the cortical lesion is to

render most DTN cells monocularly driven through the contralateral

Yfeye. The magnitude of this effect 1s even more striking in view of the
small numper (3 of 41) of purely contralaterally driven cells (i.e.,
OD group 1) which were encountered in the normal DTN (see fig. 11A,

upper panel).

-
L

Direction Selectivity -
’l -
» ’ 1
Unlike the effects of decortication on the response properties of

cells in the superior colliculus (Wickelgggn ahd Sterling 1969, Berman

and Cynader 1972, 1975), direction selectivity is not abolisghed in the

+ “*

cat LTN and DTN following removal of the visual cortex. There are,

¥
- 4 N

however, notable changes in the distribution of ptreferred and non-

A L)
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«. Figure 11 . ™ \
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A) Normal cat DTﬁ‘ocular dominance distribution. § milar to the normal

Al

LTN ocular‘domiqgnce digtribution (fig. 10A) the normal cat DTN unit

° .

population contains a high incidence (93%) of cells with some form of
ipsilateral eye input (0D groups 2—4). Most DIN celﬁgﬂgalx into OD
group 2, indicating & predominant cohtralateral eye input together

with a relatively weaker input from‘'the ipsilateral eye. Only 3 DTN
: T

units are cohpletely dominated by the contraliteralegye. "%

-

A -

A

B) DTN ocular dominance distribution in decorticate <¢ats.®Figure 11B

L 3

shows the marked effects ofgdecorticafton‘on the DTN ocular dominance

“

distribution. In contrast to jthe normii DIN unit population (see fig.

11A, above), decorticate cat DTN cells are driven primarily through

S

N " .
the contralateral eye only (ODngroup 1). As in the VCL cat LTN (See
fig. 10B), the DTN-unit population in decorticate cats showsla-sizablé

‘reduction in the in%idence;éf binacularly—~driven mneurons (0D groups

4 B &

2-4). Conventions in fig. 11A and B-are ideatiecal to Figd10.

LY

< \- -
. , 64 .

.
-

[y



DTN OCULAR

241 '
R DOMINANGE
20- < :
NN
= 161
w
O
0 ) .
O 121
[ ) )
LLj ﬂ . . -
2 8]
A _4. \ i’n @
¥ X .
V Y y— — Y "y -
1 2 , 3 4.
A- / OC@JLA‘R' DOIV_HNANCE GROUP "
P - .

+ Ll

Z Vet
s ‘ ‘.\ l“ = ‘ . . WX *
%Y VGL DTN OCULAR

. 30"
N toe »
. v +
g .y 2\ . )
, DOMINANCE )
4 -
25 , - ! R
*® ! o
.
3 o ! '
N . n
v 201 + =" .
U > N : z
o % [ . £y
i i , : )
\ ' A K
; - »
o o
O 151 . . 0 . e
v by . - A
z o ;oo
ae} 5 e
. E, . y . . ) o v .
% 101 ’ . b .
. N -
- K 3 . 5
a¥ !
« . 3
57 —_— -
)
4
'
a
| | P
T T L L] 4 e
»
1 .20 3 4 5
- v Y

) OCULAR DOMINANCE GROUP
B . . ’ < 65 .



=
%

] [

L

‘that cor

; A :
Al

il »

preferred directions in both the LTN and QIQ as a result of cortical
lesions. The left hand side of fig. 12A shows the distyibution of
preferred directions (E~vectors), and the right hand sid; of fig. 12A
the.distribution of non*prefe;red directions (I—viftor‘), for the
normal cat LTN. The overwhelming trend in both the E- a;d I-vector

»
distributions obtained in Ehe normal LTN is for approximately equal

numbers of wvertidcally up and down diréction selective units. The .

distributions obtaiked from decorticate cat*LIN are shown in fig. 12B.

After cortical ablation the number of LTN cells.displaying maximal
@

excitation for upward stiwulus motion is severely reduced. Only 257 of

- M T -
the cells encountered prefer

pward stimulus motion, compared with

approximately 50% in normal cats.

The effect of deco}tication on\ the distribution of preferred and
«

v - .

non~preferred directions found, in the DTN was not a® pronounced as

¢ - .
that observed in the LTN. The distribution of E~ and I-vectors for the

normal cat DIN iIs shown in fig. 13A. Fig. 13B shows the comparable

.

distribution of E~ and I-vectors ‘obtained from the decorticate DTN.

E

. . ‘
From a,comparison of these two sets of digtributions, iq.is evident

A L]

tical ablationﬁhas not su%%{antially alteredighe character of

the E~ and I-vector distributions for the DIN. Therebappear‘to be a
s ¥

- o

few more DIN cells preferring vertically downward stimulus' motion, and

14
a v

a few %gss bréferringcvertically upward stimulus motion.*But, overall,

the &dﬁority of DTN cells‘diSpfay'ﬁaximal excilitation for stimﬁlus

i » -
mqQtion in tﬁe horizontal-nasal (medial) direction Yhéthgr the” visual

?

cortex is present or not. ’ : i ‘
. . .. .
In previous studies of the cat A0S (Grasse 1981 and Grgese and
it * ' .
A . Y . - - . -
Cynader 1982, 1983) an overall measure of direction seldctivity was

s
q

- . ?
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Figure 12 ’ :

A) Total distribution of E~ and I-vectors -for the normal cat LTN. from
the vector' analysis of individual cells, LTN E~ and I-vectors have
been collected and pl;tted-together into a ;ingle gircular
distribution. All vectors have been given,uniinlgngths to emphasize
dispersion. Two majo? ‘groups approximately equal in number are
apparent, showing an uéward_an& downward directional preference';es—
pectively. All vector distributions in ghis and the following 4

figurép (i.e., figs. 13~16) have been drawn to represent the visual

field perspective of the animal's left eye.. Thus, the left hand side

of each vector plot represents the lateral visual field, and the right

represents the medial visual field.

E)

‘.B) Total distribution of E~ and I-vectors for the LTN of decorticate

Eats?ﬁnlike the distributions obtained from the normal cat, the E-~

@ 4

and “I-yector digtributions from the decorticate LTN show a clear

inequality in the number of upward- versus downward-directed vectors.

'

Approximately 3 times as many LIN units prefer downward (27 cells) as

opposed to upward (10 cells) stimilus motion.






2 »

provided for entire groups or sub~groups of A0S cells by taking the
vector analysis applied to individual response. profiles, and re-
applying it to larger ensembles of vectors. The "hyper vectors” which
are generatéd in this fashion, possesé a certain utility'in the pre-~
sent context where we are interested in cofiparing A0S directional
properties en masse in the normal and decorticate animal.

When the vector analysis is applieﬁ to ihe\upward directed E~
vectors ;f fig. 12A (left panel) and to the downward directed I-
vectors (right panel gig.12A) of the normal LT§&btwo hyper-vectors
may ‘be derived ;hich are illustrated in the left hand side of ﬁig.
14A. The most noteworthy features of these two vectors are that they
point almost straight up and down, they are separated by approgiﬁately
180 deg. The hyper—vectord generated from the corresponding groﬁp of
upward E-~vectors (fig. léB, left papel) and downward I-vectors (fig.
12B, right panel) of the de;orgicate LTN are -shown in the left hand
;ample are skewed off vertical by equal amounts (approximately 10 deg)
in opposite directions. The angular“separation between the E~ and I-
vectors ofkfig. 1;3, like those of fig. 14A, is approximately 180 deg.

Tﬁe hyper~-E- and I~veétors for the downward group of LTN cells
derived from the normal and decorticate cat are shown in the right
hand side of fig. 14A and B respectively. The E-vecto;(solid arrow)

for the right hand pair of vectors in fig. lﬁA was generated from the

downward directed vectors of fig. 12A, left pénel, while the I-vector

' -

(broken arrow) of fig. 14A was generated from the upward directed I-

¥

vectors of fig. 12A, right panel. These vectors point almost straight

up and ‘down, and are separated by 180 deg. The hyper-E~ and I-~vectors

for .the downward group of decorticate LTN cells are shown in.the right
I
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Figure 13

)

"A) Total distribution of E~ and I-vectors for the normal DTN. Most

DTN units display=greatest excitation for horizontal stimulus motion

“
\ °

toward the medial hemifield (left hand side of fig. 13A), and deepest
inhibitio;P?Br motion in the opposite direction (right hand side of
fig. 13A). A few DIN cells exhibit preferred and non-preferred direc—

‘tions for vértical stimulus motion.

B) Total distribution of E~ and I-vectors for the DIN of decorticate

cats. While the predominant trend for horizontal direction seléctivit&

is still clear’'in the deforticate DTN unit population, there is an

[“ \
increase in the number of cells preferring dowaward stimulus motion,

and a decrease iIn the number of units preferring upward motion (left

hand side of fig. 138B). &

IS

N e
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hand side of fig. 14B. In most respects the hyper-vectors shown in

fig. L4A and B are very similar. Thus, while LTN units p?efqrring

upward stimulus motion are found less frequently in the decorticate

LTN, when éncountered, these nedrons exhibit direction selectlve .pro-

'

perties which are virtually identical to those exhibited by’ normal LTN

~

cells despite the lack of cortical input.
N

Hyper~vectors were also generated for the population of. DTN cells

.

in normal and decorticate animals. Figure 15A shows the hyper-E-~

-

he A
{solid arrow) and I-vector (bgoken arrow) derived from the Engand I~
N )

vectors of fig. 13A. A preponderance of cells exhibiting mdximal
excitation for horizontal motion from latéral to me&ial,(temporal to

nasal) 1s evident from either the total vector plot of, ind}vidualnDTN

units (fig. 13A, left pagél), or from the hyper~E~vector (solii arrow)

of fig. 15A. To a large éitent, this selectivity for horizontal motion -

persists in the dgcorticate DTN, but with some modification. It has

“~

already been pointq@.cut that in decorticate cats, the distribution of
’ J (ﬂ“' »
E~vectors (fig. 13B, left panel) consists of more units with a strong

vertical, doynward component, and fewer units with auftrong vertical,”
N « - . .
upward componentv(compare fig. 13B, left panel, with fig. 134, Teft

panel). These differences in component directions (i:e“ vectors) lead

to the shift away from horizontal observed in the hyber—veétors of

»

fig. 15B. If the hyper-vectors in each case are calculated only.from

those DIN vectors in both the normal and the decorticagz sample whfﬁé

> L3
possessed a greater horizontal than vertical vector component, .then

. . f

the resulting hyper-vectors would be indistinguishable. Thus, the_
differénée in overall directional bias exhibited by DIN cells in the
}esioned animals seems to be due to differences in the relative con—

o
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. ¥
'Figure 14 = L .- \

~ A) Hyper-E~ and I-vectors for normal cat LIN cel Hyper-vectors are

derived by repeating the vector anaiysis on each group of individual

cell response vectors. ‘I‘he left hand side of fig. ’l'l»'A,illustrates 2
o~ -, .
. hyper~vectors representing the ,gverall directiondl bias of upward-

5 4 -

. preferring (solid arrow) and'dOanard—ne'n—-preferang (broken arromv})

- v

LTN cells. The right hand side of fig. 14A show ‘1.:he downward-

N r

preferring (solid—arrow) and upward-non—,preferrin (brofcen arrow)

_Iyéer'-vectors derivedgrom the remaining unit population of norm&l LTN

. ' cells. Note th@‘t these vectors deviate only slig tl}v from pure
*wertical. v e . s ~

oy . “ ’K R \-
B) Hyper-E- and I-vectors For LIN cells in decorti'cate !tats.s Fig. 1413

shows the ¢ ﬁets of hype'r-vector’s del,ived frow the 2 groups of LTN

- h 1 h

; cells engountered in the decortieate cat. Except for the |fact that the
G . N 3te v i “h - .
" . ’ - N [] - E

- N A
vectors on the’left hand side of fig: I&B/Wei:e generatgd from many
‘. fewer"cells'( cells for the VCL cats, as opposed to 5 for normal
- . .
’ . cats), the d.irections -are very similar. The downwax‘d‘-preferriﬁg and

- . - w - IS

¢ the upward-rnon—p_') rring hypér-vecto’rs (right Hgnd side of fig. 14B)

- ¢ . 6w H e
: ]are“‘also very similar to the ’{:orrespoﬁi‘ng hyper—vectors pbtained from“

~ -

- the normal LTN uni-t. population. Thus,” whereas the in.cide'rgcebof ‘cii'rec-.*

5

-~

) + ¢
Y * ¥ -

- \."' overall ﬁirection&l bias of existing sub—~groups is not si“hificantly
) . .

. . I
. » different from norma.L . ) . ‘~\ ' )
N . » N
‘ » ! P « Te /
';. E Y N “ . -« * 1 a } . A . A
. o . R N
[ - - i " .- @ D . * .
- O ° . . . . re s ‘e } - ’
) « . 4 -~ B L - -. \ ' N \
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. tional res‘)onse types nay change in the 'decorticate cat LTN the
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tributions made by DIN units with greater Qertical rather than hori-

zontal direction selective component.

Veloeity Tuning

.

’ijIn addition to the marked effects of decortication upon the ocular

ol

dominance distribution and direction selectivity of LTN and DTN cells,
a large change in the distribution of excitatory and inhibitory velo-

city specificity was also observed in the responses of cells in these

a
1

nuclei. The distribution of velocity, tuning for the normal LTN is

shown in fig. 16A and B. LTN response profiles have been segregated
into those‘displaying upward (fig. 16A) versus downward (fig. 16B)
direction selectivity gDS). It is evident from the histograms of figs.
16A and B that most of the high velocity tuned cells in the normal LTN
are also sensitive to upward stimulus motion, while the majority of
the low velocity tuned cells prefer downward directed motion.

figure 16C and D 11lustrates the velocity tuning distributions
obtained from the visual cortex lesion (VCL) animals. These histog}ams
show tha;ij1the decorticate LTN, the velocity tuning 1s relatively
low regardless of the preferred direction. ‘

The shift toward,K lower stimulus velocities wabk also observed in
the inhibitory component of the velocity response. The, lower inférted

portion of fié. 16A~D 1llustrates the distribution of stimulus

velocities which evoked the deepest inhibition in the nbrmal and

“decorticate cat LTN. For upward preferring cells in thé normal LTN,

one observes a bimodal distribution with cells dispLaying deepest -

L]

inhibition at either 0.3 or 12.8 deg/sec.'For downward preferring b

“

units, deepest inhibition is found near 1 deg/sec. The inhibitory
- ! .

’ 3 . v
} .




Figure 15

1 ¥

A) Hyper—E~ and I~vectors for normal cat DTN cells. Re-application -of .

the vector "analysis to the total distribution of E~ and.i~vectors for
the DTN unit population yields the 2 hyper;vebtors shown in fig. ESA.
Conventioqs for this figure are idenFicalﬂto fig. l4. While the hyper~
E~vector (solid arrow) points into the horizontal—medial visual fieldh
the hyper~I;vectgr (broken arrow) points into the horizontal-lateral

~

visual hemi-field. , . . R

*

’ 3
B) Hyper=E~ and I-vectors for DIN cells in decorticate cats. The
» Al

‘overall bias for horizontal stimulus motion is still clear in the

5%

hyper—vectors shown in fig. 15B which were derived from the VCL unit

~

population. However, the hyper—E-vector points.down into the inferior—
- [ .

medial quadrant, and the hyper-I-vector points upward into the
° P - #

superior~lateral visual field. There is a much greater difference’ir
X

between the normal and decorticate cat hyber—véctors‘ﬁgr the DTN than

“

for the LTN unit populations. .
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velocity tuning of decorticate cat LIN tells-ldcks, the! high ‘Vevlocity

tuning obseryed” in the intact cat: Ingtead, the lower portion of fig.

AN
!

) . 16C and D éhOWS a marked shift toward low veloéities. This shift is

P

very pronounced in the \small LIN- unit population which prefers upward

motion, but can also be observed in the downward-—preferrlﬁg group.
3 ° ® 2

¢ . . The alterations in velocity tuning observed in LTN units following

o cortical ablation were mirrored to some extent in DTN velocity tuning

»profiles obtained under;similar. conditions. Fig. 17A shows the normal

¢ ©

s v , . {
. distribution of excitatory and inhibltory velocity tuning for the DTN

w v .

S ’ ) of intact animals. While the peak in the distributiom of g}ormel DTN
- ~°ve1bc°ity responses occurs at 6.4 éeg/sec, with a healthy propgrtion of

. ; chs displaying maximal excitation for even higher istimul‘us veloci~

&

v . ‘ties, the excitato‘ry velocity tu‘ing of DIN cells in the?‘decorticate

&
® .
1 ’ Vg WM

. T . cat is concentrated near the low velocities with. a peak at 0.8
"o deg/secs . - , ’ |
) In a similar ‘fashion the inhibftory velocity tuning of the DIN is
N * - y °

| shifted to lower velocities as a result of decortication. The lower

portion of figs 17A shows that the stimulus velocity at which most DTN

i A

units ‘displayed deepest ighibition _was 25.6 deg/sec. Brief inspecti,pn
- of fig. 17A, shows that not a single DIN cell in the ietact en\imel

. . displays deepest inhibition at stimulus velocities tess than 1.6

[ o

v deé/seca Fol:lowing theee cortfcal les'ions, a drastica}ly differenft_

> *
picgure emergds (see fig. 17B), in which the inhibitory velocity
At o ! N °
tuning is concentrated at low velocitie's betwaen 0:2- and 6.4 deg/sec,
’ - ’ ’ " :\ ¢ - W N B
. : with a peak at 0.4 deg/sec. e . v . ..
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“Figure 16 )

A

A) Normal cat LTN excltatory and inhibitory 'Yelocity tuning for_ cells

.
.

ndisplaying direction selectivity for upward stimtilus motion (upward

DS)- The conventions of this and the following figure (fvig. 17) are

identi’cal- Along two directions (;f ‘stimulus motion aligned. with the
4 % .
two directions of maximal and minimal firing for individual LIN cells,

a [y

units were tested for respvnse to a wide range ~of stimulus velocities
a - 3 .
(from 0.2 to 204.8 deg/sec). Each velocity was preésented 8 times In a

raridomized sequence. The upward- and downward-directed bar graphs of
fig. 16A show the vélogity at which maximal.e‘xcit‘ation (upward) ;and

. - .~ + M >
the deepest inhibition (downward) were obtained.versus the number of

2

LTN cells preferring upward stimulus motion. Most units in this group

- R
achieve greatest excitatjon between 3.2 and 12.8 deg/sec. Some of the

L2

remaining Runit% show preferences for faster velocities (25.6 to 10Z.4

deg/sec). The downward-—cﬁreﬂed bar histogram illustrates the distri-

-

bution of stimulus velocities which evoked deepest 1nhibition. For

inhibitory velocity tuning, the range of non-preferréd velocities

.

shown irf fig. 16A suggests a bimodal rather than a continuocus

LY

"dié’tr‘ibution, with peaks at 0.8 and 12.8-deg/sec.

4
Ll

B) N‘o;:mal'c“at'LTN velocity tun'ing for cells displaying direction

. selectivity for downward stimul’us motion (downward DS). Unlike the

“ae

. upward group of LIN ~cells shown tn fig ,-IGA most downwaﬁ:'dfirection '

, i—
sele,ctive LTN units are sengitive to relatively slow stimulus .

@ 4 -~

velocities around 0.8 to L-6 mdeg/sec.‘ . " ‘ ) ‘

o 8

R - P . L]

C) LTN velocd_ty tuning for upward directiom‘ éelect,ive cells in

*»
S S :
: .

[II




v
’ - M

, -

excsitatofy: and inhibitory veloéity tuning for the normal cat LTN,

fig. 16G shows that the the majority of upward DS LIN unité in the-VCL

[

. cats display maximal excitation for 0.8 deg/sec, while the deepest
¥

inhibition is obtained at velocities less -than or equal e 3.2

. deg/sec. Thus; the high velocity tuning observed in thg normal LTN

I . \

. unit popufatico;l of upward direction selective cells (seafi_g." 164) iw.é ‘e

.no longer evident' ia the VCL velocity response profile.’ Instead, the ’
‘\ ' » - . A . 1, ‘
decorticate animals display relatively slow excitatory and inhibitory

s
4 ¢ L]

.. velocity specificity. " . . '

R . e

’

B ,”P)‘ LIN velocity tuning for dbwnward dir?tion selective cells in

- decorticate (VCL) cats. Similar to the upward group of directidn

L4 o
selective cel‘f_Ls, the-downward DS units encountered in the VCL cats

displayed uniformly slow velocity tuning (around ,0‘8 deg/sec). ,’Npte o 0

.

that the distribution shown in fig. 16D is very similar to that pf:,

v < A

fig- 16Bu
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Figure 1

A) Normal \cat DTN excitatory and inhibitory velocity tuning. The

¥ rdistribution of velocities eliciting maximal excitation Jn DIN cells

-

S

is shown in the upward-directed histogram of fig. 17A. The majority of

4

DIN unlts prefer stimulus vélocities of 6.4 deg/sec. As in the normal
cat LTN, there is a significant proportion of DTN cells preferring

velocities grxeater than ZSJSdeg/secJThe lower—inverted portion of
N . £
fig. 17A displays the distributlon of velocities at which deepest

inhibition was evoked from DTN units. Unlike the distribution of

preferred velocities, the majority of DIN units are most strongly

_inhibited by a stimulus velocity of 25.6 deg/sec.

g A

B) DIN velocity tuning in decorticate cats. In contrast to the normal

[ A ’ . 4

5TN,Dthe distribution of preferred velocities obtained from the

decorticate DTN (upward-directed histogram, fig. 17B) diéplays\a

marked shift toward lower velocities. In VCL cats, mos

v

prefer a stimulus velo&ity of 0.8 deg/sec. A similaf’shift is seen in

DTN cells

‘the inhibitory veLocity tuning shown in the lowet-inverted portiog of
)

fig. 17B, where. the majority Jf BTN cells exhibit -deepest inhibition

-
N .
for velotities of 0.4 deg/sec. -
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e DISCUSSION

“

Cortical—Subcorti;al Interactions

Along with the structural expansion and elaboration of neocortex
-

throughout évelutionary development, has come the concomitant demand

for inereased functional. coordination between phylogentically older

neural networks in the midbrain and relativel& more recent cortical

.
°

"systems. In the mammalian visual system, an extensive body of litera-

ture:has eﬁergea in the last decade concerning both anatomical and

p—
bt

physiological studies which have helped to clarify Rhe nature of the

» \ L3
functional relationship between the visual cortex and, in particular,

° 2

the superior collicdlus, the .pretectum, and the "accessory optic

nuclei. All o§ ;heée structures have been suggested to play a role in
- .

eye movements.

¥ o

Cortical Contributions’to Subcortical Visual Function: Efﬁects of

Decortication on Ocular Dominance

In addition to the retinal projeection, many subcortical regions

receive afferents from a number of central visual structures which, in

LS

some cases, contribute to the observed binocular responses: e.g., the
superior, colliculus, pretectum, and accessory‘optic nuclei all recdive

input from the visual cortéx and the lateral geniculate complex. In

-

the decorticate cat, a severe reduction in the degree of binocularity

)

has been observed in the superior colliculus (SC) (Wickelgren and

' I'e R . -
Steriing 1969, Berman land Cxpader 1972). Thus, the alterations in

.

.

binoctilar function obsekye in the decorticate SC &f the.cat may be



L
accounted for by the elimination of input from the visual cortex.

The cortex also provides a large and diffuse afferent input to the

nucleus of the optic tract (NOTj of the pretectum (Berson and Graybiel

1980, Marcg!te and Updyke 1982, Schoppmann 1982, Hoffmann 1982).

s

Similar to the c¢at SC, NOT cells_of the intact animal display a
substantial binocular input (Hoffmann and Schoppmann 1975, 1981).
Following unilateral ablation of the visual co;tex, NOT cells become
-almost éxélusively dominated by the contralateral éye (Hoffmann 1982;
This alteration in NOT ocular dominance is somewhat surprising in view
of the fact Ehat in an autoradlographic study of the pretectum, Berman
(1977) has found that "The label iIn the NOT ipsilateral to the
. injécted eye is . in the form ofasblique strips and is almost as
dense as on the contralateral side.” Thus, the cat NOT appears to
receivé approximétely equal innervation from both eyes. Yet, for

. a

reasons which are not at all clear, cat NOT cells no longer display
the normal degree of ipsilateral eye input following decortication,
despite the fact that the uncrossed ipsilateral retinalmpréjection
should in no way be compromised by the cortical lesion.

When ‘compared to the cat SC and NOT, the terminal nuclei of the
cat AOS receibe‘most of their retinal input from the.contralateral eye
and.an‘extremely small uncrossed retinal érojection from.éhe

¢+

ipsilateral eye (Farmer and Rodieck 1982, Feran, and Grasse 1982,

Hayhow 1959, Laties and Sprague 1966, Lin and Ingram 1974, Mfrcotte
\ .

and Updyke 1982). In addition, anatomical investigations usging

_autoradiographic methods have shown that all three accéssory optic

nuclel receive a diffuse but substantial projection «“rom the

¥

»
ipsilateral visual cortex (Berson .and Graybiel 1980, Marcotte and



3

obtained through independent monocular tésting, suggest that the

remaining afferent projection arising from. the ipsilateral retina does

not sustalin a significant influence on LTN cells which have been

‘ 2

deprived 6f cortical input.
- ‘J
A bilateral afferent projection to the cat LTN arising from the
A4
ventral lateral geniculate (LGNV) has been reported by ‘Swanson, Gowan
-

. #
and Jones (1974). The LGN, projection to the LTN was not disrupted by

the cortical lesions made in the present experiments. Nonetheless the

»

ipsilhateral eye input arriving via the LGNv appears insufficient to

drive LIN cells. Whatever contribution the LGN, may be making to LIN

responses, the results of the present experiments suggest that this

residual input, like that coming directly from the ipsilateral retina,,

- .

is not sufficient to provide a normal degree of ipsilateral eye res—~

ponse in the LIN-when cortical input is removed. Therefore, li-ith'in the

-
»

11mita§ior_1.s of these techniques, the visual cortex would appear to

supply the ma;ior source of ipsilateralleye input to cat LIN cells.
ol R 7’ *
With gege‘lrd to ocular dominance, decortication renders cells in the

Py

cat LTN and DIN almost completely monocular (i.e., contralaterally .

"

dominant), and, therefore, similar to normal cat‘MTN cells (Grasse and
” b

Cynader 1982)., Decortication alsc renders LTN and DIN cells similar to

A05 units in the normal frog (Gruberg and Grasse 1984), chickgn (Burns

and Wallman 1982), and rabbit ESimpson, Soodak and Hess 1979) which do - .

©

v

T
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. ﬁot'receiﬁe aecorticab'projection‘ Thus, the lecqgased ipsilaggra eye
input whic;Jhé§ developed si&ultanepusly with‘the frontal éla&emen of
tPe eﬁes, is'!!early réflected even in a‘sysgem as phylogenetically
anclent as the AOS. - i . '

o R . ,

Decortication and, Subcortical Direction Selecglvity

)
o ’ [

In the cat, Wickelgren and Sterling (1969), Berman and,Cynader

.
R

C1972 1975), and Mize ang Mugg?y (1976) have shown that visual cortex
lesions abolish dlrection.selectivity in the superior colliculus,
despite the fact that'%t least 2/3 of the %ells in the normal cat

. ¥.
. colliculus are direction selective. From these considerations, one is

!

encdouraged to conclude that, in gemeral, the <corticotectal pathway in

w

the cat conflers both the properties ‘of binocula}ity and direction
* »

? -

', sekectivity onto ce}ls in the SC. , ’
o ' ~ . L2 - !

In contrast to findings in the colliculus, the incidence of direc—

@

Y " } 4
3 tion selectivity in cat NOT cells is not altered followipg decortica-

+tion. Single units fn the NOT of the normal cat most often-display

Ll

direction selectivity: for témporo-nasal directed horizontal motion of
large textured stimull over a broad range of velocities {Hof fmann ‘and

. Schoppmann 1975, 1;&1) Similarly, we have found that LTN and DIN

»

units also remain diraction selective after visual cortex lesions,

'
though the number of LTN and DTN cells preferring upward—-directed
motion is drastically reduced. Thus, through a process of elimination,

. it would appear safe to say that the property of direction selectivity

observed in the cat NOT and %he cat LTN and DIN, is derivéd to a large’
]

’ extent from properties inherent in thg retinal fibers which comprise a

] ‘siénificaﬁ% proﬁorti&h of the afferent supply to these structures.

- ° T

'/ h 1S r

L
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~However; the dran!mt;ic alteration in the distributisn of preferred and

'

'non«prefeired directions for the LTN and DTN resulting £rom

9 o 2 ’

decortication implies® that the overall «distribution of preferred
directions normally observed in these m)lclei, is not églély derived '

) s -
from the intrinsic properties of the retinal axons of, the accessory o

“ -

optic tract. On the contrary, the present results strongly suggest
p .

2

. ‘. L S N M *
. that a- large proportion of the wpward-direction selectivity displayed

'Y
b}?“normgﬂ. LTN and DIN cells in the cat arises from input from the

o " . ’

" .
The exact meehanism underlying the reduced incidence of upward-
B g s ¢ )

preferring LTN sneurons 1f the decorticate cat remains uncertain: Three .

visual cortex. . ‘ N
. 1]

-

possibilities exist: 1) upward preferring cells could-be transformed

into downward-preferring Qells; 2) ﬁ'ﬁw;ard—pref“erringvcells cofld be

»

\ 5

transformed into cells with no directional preference (by analogy with

the s‘uhperior colligulus (Wicklegren and Sterling 1969)); .and 3)

Cal A

x;pwar»d-preferring neurons could Become visually 'unresponsive‘ or

AR
° v

unrecordable. Our data do not allow a firfm conclusion, but it would

e,

- 3+

“require a quiﬂt“e unusual form of visual input to actually cause a

TS - @ . ¢ >
» neuron's preferi‘eq direction to- reverse. In order for inhibition with .

[ € . - . . ‘ [
downward motion to be trdnsformed into excitation and vice versa,

cortical input would have tm‘effectively nultiply a :lirection .
& - | - -
selec}:ivewinput by (~1). This is a possible fechanism, but hardly’
8 ! 4 .

” o

seems likely. Also, it ;’eqms uplikeély that upward diréction selective
¢

cells become non~direction selec?ve upon décortication. As in normal
s . - - -
. animals, ali_L LTN units encountered in decorticate cats retain some ,

directional preferenge. * ; i

' ’ » M ; " Lt

-
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"o Nv_ " ‘Theref£re, iﬁ may be the case that the‘ﬁpw%y??é?lferfiﬁé LTN cells

‘become unresponsive or udrecordable as a result of decorticatioé..
- - A il o .
According to this view, the’ formenly/upwardnprefenrlng neuronsvwould . ‘ }E

s & { - * o °

recelve v1rthally«a11 of their visﬁel input from the cortex rathe; o
@ -

x than from the-retina. This possibility-is testable, but would require a

- 3

M .a different series“of experiments in which theuvisual‘cortex was"®

-

‘ ?  reversibly inactivated while recording from LIN units. PE “
» © \
f . ¢ N &

. ! K ar <

: + Becortication apd.Subcortica¥£Yelocity Sensitfvg‘y i ¢ - “-

.
5 . i o ,

¥

-~ ' . Hoffmann (1982) has shown that cat NOT égils no lonfer resﬁéhd oot
. A

‘with increased excitation to stimulus velocities greatet than 10

» ' - . ﬂ
* deg/sec when the ipsilateral visual cortex is removed. Normally, NOT . .

- o - ©
\ s 5l o

units display r ther broad range of velocity sénsitivity. This v
£ g\ ] :

e e
result is clearly very similar to‘the eff%cts of decortication on the” . w

excitatory veloci;y tuning of LTN and DTN cells (see figs.- 16A}D$and

= 17A,8) described ih the present séudy.In addition,.we have obsérved
@ . . . ,
4
o altergtions in the inhibitory velocity tuning of AOS units resulting ?* "\
[N 3 -

- 1} " . ”
from cortical lesions. In previous studies of the cat AOS (see Part 1 .

n

.
L n . " 4

w and Grasse and,Cynaher ﬁif;'single units were'Enc'untered which
&
ocdt

exhi ited different vel tuning for excitation an{l inhibition: .
- | ! , " .
e.g., cells were found whicbfﬁisplayed maximal excitation for slow

w s 3
L1
.
> M,
i\
%

. stimulus. véiocities and deepest inhibition for relatiVelySfasf } ‘
' i” '

. velocities. This unusual form of velocity sensi%ﬁvity was never

<3

obserwed in, the decorticate pxeparation where the velocity tuning was o

equally slow* for éxciﬁation and inhibition, suggesting that the -wisual

.-, ©oeoay . N . X
v

cortex makes subdtantial contributions to both 'the dxcitatory. and

N f " . »

°, Jinhibditory éompongnts of the high velocity response of LIN and DIN -

1 -t



\both upward direction se

"L'EN of lesioned ani
b >

b -
£
P
’f~
'
-
-

units. = . .. " ’ . . e *

Figure T6A and B shows that upw'u'd directional\-pretereuces and

FIS

high grelocity response are linked, in uni s of «&he hormal cat LTN. One

v
°

interpretfation of these data is that he retinal input provides th,e

- low veldécity preferences and that co&g:ical inppt is espécially strong

for upward pref,errlng units. The finding that there is a reduction in

. .

ctivity and high velgéity response in the

v

1s consistent with the results obtained in
notmal cats. . . \ﬂ .
. - PR r - ,

‘Subcortical Visuai Pathways Involv% in Oculomotor Contrel: Functional

3

Consequ:znces of Cortical Input '

v

[4 ® - ] -
The preceding discussion presents many examples illustrating the
influenéé the visual cortex’e.xerfs upon the superior nolliculus,

. o v S

E preteé;um, and accessory optic nuclei. A1l three of these ‘subcortical

- s

structures have, with\ descending degrees'bf nonfidence, been)
€ 4 . 1 . N °

. U .
implicated in some form of oculomotor function. There is an e:gtensive
‘ ' » A ] g
body “of lirerature «implicating the SC .fn eye movement control (e.g.,

“

the generation of saccadic eye movements and foveal ac;quisition of

:

4 S~ ‘ @
visual targets) which are too numerous to be reviewed here. For the

J ) ) ’
purpose of this discussion, attention will® be confined to the

-

- I @

pretectal NOT and\the AOS nuclei.
1f electx"ical shocks are applied to the NOT, biphasic eye,move-

. [
ment%are evoked which closely resemble d¢ptokinetic nystagmus (OKN):

I

o -
) the eyes move along a horizontal aXig with a slow phase toward the

\ .
site of stimulation followed by a fast phase in the oppousite direction

s

-

Ny
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(Colliwijn 197,5A). These evoked aye movements are &ccnsistent with

- ¢ -

, hoth behavioral &Videnﬂb showing OKN dd?idits fallowing NOT/pretectal

» [N

lusions (Colliwign“QQZSA and Precht and Strata 1979), and with ghe .

. a

physiologic11 respoﬁse properties of NOT cells (Folliwijn?(197SB) and
R .
Hoffmann and Schoppmann (1975,,1982 seé above)). More recently,

Hoffmann aqd Huber (99) have showu _that single unit responses in the
’ Q .
alert cat NOT ‘during optokinetic eye movements are highly correlated

° k)
F o i

with the slowyand(fast pha%es of OKN. - . . y .

* Wood, Spear, and Braun (1973) investigated sthe affecJé of‘visual s
cortex lesions on OKN Normaily, in afoveate animals under Bén;cular“ ' u;
‘conditions,- horizontal ORN is more vigorous 1n response to whole~field - .
motion in theptEmporo—nagal direction than ;n the nasal—teggpr£l§«
dire;tidn. In the cat,‘monocularﬂéKN'is.only slightly wgakér for i

e T a1,
nasal—temporai stimulus motion ﬁéé:rfor temporo~nasa1 motion (Honrdb;a ‘w\ o

a3
C}

“et al 1967, Harris and Cynader 1981). However, when the visual cortex .

.

"velpetity ‘stimulation’ may reflect the abnormally 1ow§ velocify

3 PN & .a
is removed,, morrocular OKN becomes much more asymetrical and is-n%

| - % ¢ N ~

’ [
longer driven well by nasal-jémporal hatizontal motigk\\Thus, the LA I

f . . W i
bidirectional nature of monocul®rly—-evoked horizontal OKN in the cat
. M ; R SR A W
appears to arise from,the convergence of both.retinal and cortical | ST,
° A . “ . N - )
inputs on the NOT: the direct retinal input mediates OKN requnéesquQB -
L]

-, coe
» - o . AN - i >

temporo~nasal stimulus motion, while the indirect corticql_fhput °

-~ 2 ¢ . 3 -
provides OKN responses to nasal-temporal motion. Superimposed wgdh A : “
& " »

.

4
this esymet¥y In the direction of OKN resggnseQ in decorticate

animals, is a reduction in OKN responses to’high veiocity motion in.
both horizontal directions. This reduction in resﬁonse to high s

a ° . ' 14

« °
B »

]
]
? o 2

preferences’ o# NOT cells of decorticate animals. , .

° .
} ﬁ o
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-
#As vet, the possible behawvioral effects of microstimulation of the

3 N i R

accessory optic nuclei have, not been iﬁvestigated in the cat. Nor have
#

selectlve 1esion(studies been performed ex!mining possible behavioral
s v

-

deficits which may result from 1ocalized daﬂgge to individual A0S

PO v ‘ . -

nuclei. Eecauae of the general similarity in response properties,

5 .

between c¢#lls in the NOT and pells in the A0S, it seens reasonable to
w » . .

postulate similar functions for these two networks. I£ this is

assumed” 339 mlght ,expect that the DIN would be primarily involved in

m
some forn.of horizontal eye’movement control perhaps very simlilar to

©

- :

°

*the NOT, vhile the LTN would be dnvolved,in-sbme form of vertical eye

°

&

€ L ',
)7Qnotion is muc

. . 13
»

movement control.

- A v ’ ol

s ’ . S v

s Unfike horizontgl OKN,‘which in the normal cat and monkey may be

. elicited in response to elther stimulus rotation from right-to-left or

from left~to~right, vertical~OKN in both pecies“displays a

s ~

motinn (Cohen 1973 Harris and Cynader 1981)., If one hssumes'that the’

U %
OKN in a particular direction, then one might anticipate that more

upward than downward preferring AOS units would bé encountered in the

’

’ v ° t
sigiificant up~down asymetry: OKN in responde to upward vertica%

a

- . excitatory preferred "directions o{*fos cells determine the strength of »

~ v ¥ - o
intact cat. Yet this is‘net the case for either the LTN, in which .

- » - o
"eiual numbers of upwérd and [downward ce(is age-found, or for the "MTN,

- 4

in which more units prefer/ downward directed stimulus-motion (Grasse

7
and Cynader 1982). The up/down asymetry {n normal’cat OKN is most pro-

- < . o 1

) nounced at high stimulus yelocities“(Cynader and Grasée, unpublished

observations), If the LTN is involved in the generation of vertical
- N

- a a

v 1
"

N .
W e [
.

-

-

-

o

h more vigordus than in response to downward vertigal ¢
* Y



LR

(9

L

‘performance. Experiments are in progress to address these issues.

OKN, tﬁe"p the correlation between‘high veloecity tuning and quar;i

difection ;selé‘wtivitye(fig. 16A and B) mayc account for the observed
é . * -

asymetry in _OKN;QE the normal animal. Preliminary evidence (Cynader'

f ¥ .° AN
and «Grasseb, unpublished,observations) suggests that the up-down asyme-

[y

1 * . R o
try of vertical ORN is stilli present in cats which have undergone

- Ll

visual cortex lesions. This finding 16 not easily reconciled ‘ﬁith any

®

L) .o ? . - - .
§imp1e-m-in)d hypothesis linking AOS akcitatory responsesgand OKNs .
r . ’ ’, 5 g

v

More gle;tailed inv'pstigatﬁons are required before the ﬁossible rela-

i

tionship, if any, bet‘ween the reduced incidence of upvard direction

1

13 o
selectivé cells in the LIN of decorticate animals ‘obderved in the

- . -
<

present study, and the ‘bculomotor behavior of normal ?}ld decorticate
#

N §

cats, may be critically evaluated. * .
. PN ¥ . .

4

' * . v i .
In a manner typical of mpst experimental 4esults, the present

-
-

findings pose ms many questions as they provide ansv}ers. A more

’

o .
accurate notion of the functional relationship between.the LTN and DIN-

. 5 v:‘
and oculomotor behavior, requires both knowledge of the efferent

connections of these nuclei, and also knowledge of the ,con(sequences‘
AN .
of stimulation or removal of these structur®s on oculomotor

1
3 LI

4

s
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