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Docuyment .
After renoval of visual cortex VO (i.e., srcas 17,

EXPERIMENT I

18 ond 19) snimals show a grest desree of visuol pattern
and form discrimination ability, even when totsl luminous
flux cues hove been eliminated., Csats, fats and monkeys
lacking VC can make discriminations based on'differences
in pattern (Spesr &.Braun, 1969; Wood, Spesr & Braun,
19745 Baﬁmann & Spear, 1975 Speér & Bsrbas, 19?5;
. Cowey & Weiskrantz, 1971; Weiskrantz & PaSsingham? 1975),
form (Winsns, 1967, 1971; Adler & Meikle, 1975; Boumsnn &
Spear,_i9?5; Mize, Vetzel &-Tﬁbmpson,l97l; Pasik, Pasik &
Schilder, 1959; Schilder, Fssik & Pssik, 197;, 1972),
smount of contour (Winans, 1967, 1971; Mize, et. sl.,
1971; Weiskrantz, 1965; Pasik, Pasik &.Schilder, . ..,
1969; Schilder, et. al., 1971, 1972) and brizhtness
(Spear & Brosun, 1969; Bsumann & Spear;'1975; TLewellyn,
et. al., 1969; Weiskrsntz, 1963; Pesik, et. al., 1959;
Schilder, et. 2l.,, 1971, 1972). In the cst, evidence
sugrests that after?d reﬁoval the suvrasvlvisn gyrus
(S$3G) plays an important role in the recovery of pattern
discriminstion ability (Wood, et. al.,, 1974), though it
plays only & minimsl role in the intsct snimal (Wood, et.
al., 1974; Hars &-Warren,l196ia; b; Hars, 1962; Warren,
Wiarren & Akert, 1961).

The S5G is not- @ unitary structure, but rather it
has been divided into seversl different snatomical arcas:

posterior suprosylvian sulcus (I'33), latersl suprasylvion



sreo (IS), sreas 7, 20, ond 21 (see figure 1). DBosed on
anstomical ond physiologicsl findings, however, only the
LS srea is predominontly a8 visusl sres., Anstomicclly,
I5 is the onlﬁ subdivision of the SSG which receives primarily
visual input from%ﬂuaéortex. Ipsilaterslly, 1S receives
ingut from sreas 17, 18 and 19 and contralstersally from
17, 18, 19 and 1S (Gerey, Jones & Powell, 1968; Hesth &
Jones, 1970, 1971; Shoumurs, 1972, 1974; Dismond, Jones
& Powell, 1968). It is importsnt to point out thet 1S
\iséthe only S5SG srea that receive§ extensive input from
areas 17 and 18 (Hesth & Joﬁes,’l9?0, 1971; Shoumurs,
1972, 19743 Dismond, Jones % Powell, 1968), the two aress
which receive direct retino-thalamic input vis the dorsal
lateral geniculste (DIGN) (Rosenquist, Edwsrds % Palmer,
1974; Maciewicz, 1974; Hesth & Jones, 1971). Thaslauic
prdjections to LS include & direct retino-thalamic input
via the medisl interlsminar nucleus (MIN) of the DLGH
(Rosenquist, et, 8l., 1974; Maciewicz, 1974) and from the
latersl posterior nucleus (II') snd posterior nucleus (¥NN)
(Graybiel, 1970, 1972s; Maciewicz, 1974; Rosenquist, et.
8l., 1974) which receive @roject;ons from the superior
'colliculus (sC) (Graybiel, 1972b) snd sress 17, 18 and
19 (Gsrey, et. 3l., 1968; Grzybiel, 1972b, cJ.

Although sreas on the crown of the gyrus receive little
(Garey, et. al., 1968) or no (Hesth & Jones, 1970, 1971;
Shoumurs, 1972, 1974; Dismond, Jones & Powell, 19G8) cortical

input from sress 17 or 18 these 55G aress receive visusl



input from cortical sress 19 ond IS (Hesth & Jones, 1970,
1971). Thslsmic inputs tb these sreoss include‘afferents
from the pulvinar (FUL) and IP (Graybiel, 1970, 1972s;
Heoth & Jones, 1971; Rosenquist, et, al., 1974).
Recent electrophysiological studigs have shown that
LS cells have very specific visusl stiﬁulus requirements
(Wright, 1969; Hubel & Wiesel, 1969; Spear & Bzumann, |
1975a). In sddition, LSlis the only S53G area shﬁwn to have
~.g visuotopid orgenization (Wrighﬁ} 1969; Hubel & Yiesel,
1969; Speap & Baumsnn, 19758). After bilstersl removsl
of VC the responsive cells are still present though their
stimulus requirements have drasticaily changed (Spear L
Baumenn, 1975b). That responsive ceils sre still present
is impdrtant in showingz thas this sres could support ,
visuslly guided behaviors after complete VC ablation.
‘Early evoked potentisl work by Thompson, Johuson
and Hoopes (1963) snd Dubner 5nd Eutledge (1964) showed
that boeth the anteripr middle suprasylvian area_(AHS)
end the rnosterior midile suprasylvien ares (PMS), both
of which are probaily locoted in ares 7, 8re responsive
to visusl stimuli and that fheseireSpcnses could not be
abolished by removal of sll primafy sensory cortex. _Single
unit studies of AM3 have shown the ceils to'be guite specific
in their stimulus requirements and that they continue to
respond following removal of VO (Dow & Dubner, 1769, 1971;
Dubner & Brown, 1958). Therefore, it is also possible

' that aress on the crown of the 353G are also involved in



behaviorol recovery following remoﬁal of VC.

The present- experiment investigéted.which of the “4G
subsreas ore involved in recovery following VG removsl,
with specisl attention paid to the IS srea. Light cats
were trained preOperétively on brightness, psttern snd
form discriminations followed by bilateral removsl of
VC. After retrsining and fetentipn periods half of the
animals received bilateral sblation of the LS sres and

half received sblotion of 8ll the S35G except the LS ares
| (CROWN). Each snimal was then tested for retention of the
previously leasrned tasks. |
METHODS
Subjects

"Eight experimentally naive sdult cats were used for
thisvstudy. All animals were housed in & lsrge room in
group cages and were on 8 12 hour light-dark schedule.
Apparatus

A two-choice discrimination sppsratus similar to that
described by Spesr and Braun (1959) was used for visuai
discnimination training'and testing. At one end of s
reétangular box (15Cem long x 50cm wide x 28cm high) was
centered & hinged 28 x 1l3cm translucent plastic psnel
(stort pesnel) which wes illuminated é% 27 millilsmberts
(nL). At the opnosite end of the box were two 28 x 13cm
choice psnels which were symmetricslly placed with their
centers bem from the floop and 28cm apart. In all three

penels the stimulus 8res consisted of a 16.5 x llcm rectan-



gular sres which wos 3cm from the bottom of the ﬁancls and

8.5cm from the top. The surrounding ares on each nanel

was covered with black construction paper snd was illuminated

8t .10mL {surround). Behind each choice ponel there was

8 small cup into which spproximstely l.5ml 6f liguid reward

(powdered milk or powdered milk mixed 3:1 with clam juice)

could be sutomaticslly delivered. Visusl stimuli were resr-

projected by two Kodak "Caroussal" prgectors directly onto

" the choice penels from outside the rectsngulsr box. These

projectors_were specially wired to sllow bulb intensity to

be varied independently for use in brightness discrimination.
Three discriminafion tasks were employed: ©brightness

discriminetion (I~D), vertical versus horizontal stripes

(H-V) and uprisht versus inverted isoceles trisngles (TRI).

For the L-D discrininstion the light choice panel wes illum-

insted 2t 270mL and the dsark penél at 34ml., IFor the E-V

discrimination the horizontsl stimulus consisted of 18

1l.5cm wide x 1lcm lons strives and the verticsl stimulus

consisted of 13 l.Scm wide x 15.5¢cm long strirves. Therefore,

total luminocus fluk end total contour length were equal

for the two stimuli. ZILuminonce of the bright stripes was

l40mi snd the darker stripes 8.6mL. Since each stimuius

had sn even number of stripes a light sfripe was slways

present on one edge snd 8 dsrk stripe on the other. It

was therefore possible to eliminate‘consistent trisl to

trisl local luminous flux cues by reversing the position

of the lizht end dark edges of the two stimuli from trial



to trisl sccording to & Gellermann series. For the
trisngles discrimination the stimuli consisted of two
isoceles triangles with a base of 4,.5cm and @ height
of 9.5cm. The luminonce of the trisngles was 140mL on
a background of 8.6mL.

Position of the S* and =il stimuliidn the right and.left‘
choice panels were varied from trial to trisl sccording to
separate Geliermann series. Four different se@uencés of
\stimulus presentation for each task were‘used with no two
sequences on consecutive days being the ssme. A masking
noise was present throughout training snd testing. A1l
events were recorded on an Esterline‘Angus event recorder.

Discriminegtion Trainine and Testing

Following a 4-7 day périod of adsptation to & food
or.fo&d and water denrivation schedule esch cat received
8 shaping procedure similar to that described in détail
by Spear snd Braun (195@). Each discrimination trisl
begsn with illuminsticn of the start panel. Uwhen the cat
pressed tnis do r the light went out snd the choice panels
were illuminated. The cat then walked to the croice panelé
and pushed one or the other door open with his hecd or paw.
If sn incorrect choice was msde the door would not bpen
and the choice panels remained illuminated until the correct
choice was made. %When the correct choice was msade the
door opened and the reward wes delivered. Also, ss the
correct door was opéned the choice panels were turned off

and 8 15 second intertrisl interval begsn. At the end



of the interval the start panel was turned on and the
sequence was repeated. Ali animals wére trained 5-7 days
per weck and received 40 trials per day. Training wss
continued until a criterion of 36 correct out bf 40 (90%)
was reached on two consecutive days.

After each training or testing séssion enimsls were
sllowed ad 1lib food snd wster for 1-2 hours and then
returned to their home cages. Vifamin sﬁpplements were
given as necessary for_contiﬁued health. Thus, the cats
were food or food and water deprived 22-23 hours at the |
time of each training or testing séssion.

Csts were trained snd tested on the three tesks in
the following ordér: I-D, H-V and TRI. The correct stimulus
for each of the three tasks was assigned rsndomly for each
gat ﬁreOperatively. Six cats were trained with If, four
‘with H® and two with the upright triangle as the s*.

After reaching criterion on the H-V and after the
TRI tesks all cats were testeﬁ_for two days with an in-
dis:criminable task (blanké) to insure that no extraneous
ﬁonvisual cues were being used in meking the discriminations.
Both choice panels'were illuminated at 140mL for 20
trials followed by 20 trisls of stimuli (i.e., E=V or TRI).

Design and Procedure

Taeble 1 shows the experimental sequence for all cats in
the present experiment. Seven c2ts were first trained to
criterion oﬁ 8ll three discriminations. One cat was trained
snd tested only on the L-D and H-V tasks. A 6-10 day

.period of ad 1ib food and water was given prior to all



surgeries. All cots then received bilatersl removal of
VC. After a 23-25 day reéovery period, which followed

all surgeries, cats were placed back on the food and woter
deprivation schedule and 5-7 days later retraining on the
three discriminations began. After resching criterion on
8ll three discriminations sfter the VC lesion, four of the
. ¢sts received control retention periods for 40 days during
which no training wss admiﬁisterea. These cats were theﬁ
_retrained to criterion on all tasks. This provided s
measufe of the smount of forgetting thet would be expected
from cots with VC lesions over the ssme time period spanned
by surgery snd recovery. ; _

The eight cezts were assigned to one oftwo groups
matched sas ciosely 3s possible for preoperstive snd
postoperstive trials to criterion, s* on esch of the three
'tasks and retention period versus no retention veriod.

The firét group received a lesicn.intended to include

IS bilsterslly ard the second group received a3 lesion
intended to include all $30 except LS. After the stsndsrd
recovery period 21l animol:c were then tusted for retention
of the previously 1eérned tasks.

 Followinz the finsl lesion testing on the L-D dis-
crimination was continued for each cat forlas long as it
required in originsl lesrning or for 15 days (the anproximute
number of days required by gll cats in original lesrnin: ),
whichever wass longer. Similarly, 1I-V testing continued for

10 dosys end trisngles for 15 days or for as meny days a5



required in origirsal lesrning, whichever wss longer.

Surpery and Histolocy

| All surgery was performed.under aseptic conditions,
Animals were given 0.25mg atropine sulfote and then anes-
thetized with pentobérbital sodium (Kembutal, 40mg/kgz),
both drugs given intraperitoneally. Ablation was pérformed
by sspirstion sfter retraction of the overlyihg meninges.
The VC lesioﬁs were intended to be identical to tﬁose
.described by Spear snd Braun (1969), inciuding the marginsl
gyrus, posleromarginal gyrus, dorSOpoéterior genu of the
middle supraéy]visn gyrus, and‘suprasplenial and sovlenial
gyri bilsterally. This lesion was thus intended to include
sress 17, 18 and 19 (Otsuks & Hasssler, 1962). The LS
lesion included the entire medisl wall of the middle supra-
sylvisn sulcus and spproxinstely 6-7mm of the posterior
extent of the csudal wall of the posterior-suprasylvian
sulcus, For two animals.in this gréup the lesion extended
slightly up the latersl wsll of the middile suprasylvian
sulcus near the posteficr genu of the ectosylvian.gyrus,
in sccord with the snatomical limits of 1S a@s defined by
Heath and Jones (1971). The second group's lesion (CROVN)
consisted of all middle and posterior 537 except the LS
area, Poétoperatively, all snimals wefe ziven g singlé
dose of 8 brosd-bsnd sntibiotic (Bicillin, 300,000 units).

| For histological prepsration animels were given a8 lethal
dose of penfobarbitai sodium and prefused through the heart
with 0.9% soline followed by 10% formol-saline. Brsins
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were blocked, rcmoved from the skull and storedrih 1055
- formol-saline, After embedding inlceiloidin, all broins
were sectioned at QQFm. svery fifth section through the
posterior thslamus and every fifteenth section throuch
the cortical lesion was mounted and stsined with cresyl
violet. The extent of the corticel lesions was assesscd
for each animsl by exsmination of the serisl stoined sections.
Lesion reconstructions were made ét lmm intervalé on surface
.maps adapted from the stlaé of Reinoso-Suarez (1961).
Detéiled analysis of the retrograde dégenerstion of the
DIGN, Lh FN and PUL wes assessed. |
RESULTS
Histology

Although the SSG lesions were intended to-fail into
two groups, LS and CROWN, histologicsl snalysis indicates
that the lesions sctuslly fell into three groups: IS only,
CROMN only snd LS + CROWN.(due to undercutting during the
1S lesion in two cats). Tigure 2'shows surface reconstructicns
and coronal sectioﬁs th&ough the cortical lésions tosether
with projection drawings.of anterior, middle and posterior 
sections through the left and right DLGN for s representative
| 6at in_eécﬁ group. Laminse of the DLGN sre labeled in
figure 2 according to the terminology of Thums (1928) and
Guillery (1970): the main laminse A, Al and C and the
‘central énd medial "interlsminsr nuclei, CIN snd MIN, respec-
tifelyu Thé sublayers within layer C are not indicated.

Retrograde degenerstion in the DLGN was interpreted accordin:”
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to the results of Garey and Powell (1967), Niimd and
Sprague (1970) and Burrows and Hsyhow (1971). Combined
damsge to sress 17, 18 snd 19 results in severe degenerstion
of the main laminse of the DLGN snd of the CIN and only
moderaté_degeneration (i.e., several scattered healthy cells)
in the MIN, possibly due to its remaihing projection to
the IS area (Garey & Powell, 1957; Burrow & Hayhow, 1971;
Rosenquist, et. al.,_1974). Undegenerated afeas in the
‘MIN are considered to indicate the presence Qf remaining
cortical tissue in both sreas 18 snd 19, Lesions of 18 and
19 but with 17 spared results in msrkéd degeneration in
the MIN and CIN snd little or no degeneration in the
main laminse, LP, PUL, snd PN were slso sssessed for
retrograde dégeneration.

_ .Histological analysis for six of the cats is presented
"below. Two additionsl cats in the GROWN‘group (58L-1 snd
S1-10) received & third lesion indluding the.LS cortex.
Histélogical analysis for these snimals will nof be available
for seversl months.
LS Group

The surfsce reconstructions snd coronsl sections in
- figure 23 indicate that the VC lesion for SI-7 was iﬁcomplete
with sﬁaring of area 17 on the medisl wsll of the hemisphere
snd a-small portion of ares 19.in the depths of the latersl
sulcus, In sccord with the sparing of sres 17 the most
posterior sections of the DLGN showed aress of sparing.

The 83G lesion consisted of bilatersl removal of from
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50 to 100% of the dorso-ventral extent of LS with no
'damage to the crown of the gyrus. A ‘totol of 70--807
of IS was removed. The posterior genu of the ectosylvian
gyrus was 8lso damared, moreso on the right than the left.
PSS waé spared bilaterally. IP showed ﬁoderate to severe
degeneration throughout its entire.extént while PUL showed
little or no degenersation. PN was severely degenerated
(i.e., few, if any healthy cells present) but MIN only
\moderatly so0, probably geflecting the minimsl spsring of
both sreass 19 asnd IS.

The VC lesion of SL-12 was almost identical to that of
SI-7 except that slightly more of area 17 on the medisl
wall was spared. The degenefation in the DLGN Qas similar
to that of 5L-7 with sparing in the most posterior sections.

The S3G lesion was slso similsr to thot of SL-7 with
~the sddition of dsmsse to the anterior midd;e portion of
the crown‘of the gyrus-oﬁ the left side. Degeneration in
IP, MIN eﬁd PN was similar.to that of SL-7. ©PUL on the
left showed moderste to severe dezenerstion reflecting the
damahe to the crown of the 35G on that side. The right |

PUL showed little or no degeneration.

CROWN Group

The surface diagrams in fiéﬁreéﬁashow that the extent
of the VC removal in SL-5 included all of sress 1& and 19
and most of srea 17. There was spprent sparing of ares i?
posteroventrélly oﬁ the medisl wall of both hemispheres.

However, only the right DIGN showed locslized regions of



sparing in the moain lsminse in the posterior sections,
The left DLGN was severcly desenersted throughout its entire
extent with only s few scsttered large cells present,

The SSG lesion included the crown of the gyrus with
only minimsl spering of area 20. PSS and LS were spared
- bilaterally; 8s shown by the coronél sections in figure .
PUL was severely degenerafed throughout its sntire extent
wifh oﬁly small crescents of normal-healfhy cells in the
*dorsal extremities, LP showed mild degenerétibn in its
enterior portions snd otherwise sppesred normal. HMIN and
PN showed only moderste degenerstion throughout.

The VC lesion for SI-6 included sll of aress 17, 18
and 19, The main lsminaze of the DLGN showed severe degen-
erstion throuchout their entife extent.

The SSG lesion included all of the middle S35 crown
and up to.60% of ths dorso~ventrsl extent of 1S bilaterally,
with the svercre involvement being 40-50%. The aress of
LS thst were spared sre known to represent the central
visual field, while the aress reuoved contsin s fepresenta—
tion.of ﬁhe periphernl visusl fieli (Spear & Kaumann,
1975a; Hubel & Wiesel, 19693 Wrizht, 1969). Posteriorly,
ares 20, snd PS were spared. There was also slight damage
_to ectosylvian gyrus bilsterslly. Only the anterodorsal
sections of the LP showed any sipgns of degeneration end
both MIN snd PN showed moderate degenerstion. PUL was

severely degenerated.
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IS + GROWN Group

The surface‘reconstructions in figure 2¢ show that -
the extent of VC removal in SIL-4 included all of sreus
17, 18 and 19, There was no localized sparing in any
of the msin laminae of the DIGN.

IS was reﬁoved bilaterally with only ﬁinimal sraring -
on.the left as indicsted by the coronal sections in figure
- Qc. Though the crown of the gyrus was not dasmaged it was
- severely undercut throughout its entire extent with only
30-40% of the crown apperently intact. Correspondingly,
there was moderate degeneration throughout the entire
extent of PUL with locelized spering only in its dorssl
portions., MIK and FN were more severely degenevrated than’
in SL-5 though there was some localized sparing posteriorly
in the left FN. LP showed moderate degeneratibn throughout
its entire extent. :

The VC lesion of SL-2 was complete as intended, including
811 of aress 17, 18 2nd 19. There were no localized regions
of spzred cells in any of the main laminae of the DLGIR,

The SSG lesion inciu@ed the entire crosn of th: gyrus
but with only paftiai damzgze to PSS bilaterally. The IS
and PSS areass were spared bilaterslly but on the left
these sress were markedly shrunken with extensive chroma-
tolysis.present. This was reflected in the conspicuous
lack of healthy cells in both MIN and PN snd by the moderaté
degeneration of LP throughout the left posterior sections.

MIN and PN on the right showed only moderste degenerstion.
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LP showed only slight degenersticn in its most anterior
portions. PUL was severely desenerated.

Behavioral

Fipgures % and 4 present median percent correct on the
three discrimipations as a function of successive blocks of
40 trisls at different stages of the e%periment. Group
curves were constructed by computing @ groupmedian for each
successive block of trisls from the individusl percent correct
« scores for esch cat. Since training was discoﬁtinued after
8 given cat had reached the 90% correct criterion on two
successive dsys, a score of 903 was given to each cat
after criterion had been resched for purposes of computing
the grouv curves. Tables 2, 3% snd 4 sumnmsrize the performance
of 8ll cats followins the first lesion (VC), retention
period after the V© lesion and second lesions (8SG) respectively.

For purposes of anslyzing the dats prior tc the second
lesion the eight csts were divided into two grouws on the
basis of the extent of the second lesion: one group withn
damagze to the 355G crown and 1little or no damsge of IS
(CROJK), snd one group whicn showed damage or degenerstion
of 1S either aloﬁe (Is8) or in addition to the 353G crown
(Is + CROWN). Table 4 shows the cats that fell into each

group,

Original Learning

The medisn number of blocks to criterion for sll cats
in this experiment for the L-D, H-V and TRI tasks were 13,

5 and 12, respectively, snd the medisn number of errors for
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the three tasks were 149, %6 and 137 respectively. (Number
of errors were calculated for the first 15, 10 and 15 days
of troining for the LQD, H-V and TRI tasks respectively.
These are the same number of days used for calculsting
errors after the second lesion.) T tests Ior independent
groups showe& that there were no significant differences
between the two groups fér error scores or blocks to criterion
on any of the tasks in preoperative learning (p .05).

VC Lesions ' |
\ Table 2 shows ranres and median number of blocks to
criterion, number of cats perforning significantly sbove
chance on the first post VC day of training and number of cats
with posifive savings scores for each of the three tasks.
T tests for independent groups sfowed thst there were no
significant differenées between the fwo groups on any of the
three tasks for post VC performsnce (p .05). That sll three
discriminstions were disrupted as 8 result of the VC lesion
is indicated by the fact that 81l wmt one cat on the li-V task
and one on the TRI tosk pérformed within éhance levels on
fhe first postoperstive day of retrzining. While sll cats
‘were sble to relearn all three discriminations they required
more triSls than in originsl learning 8s indicsted in figure
%3, There was no correlation between smount of sparing of
17, 18 or 19 and savings.following the VC 1esion.

All cats dropped to within chance levels of performance
when tested with blanks after reaching criterion on the

H-V task snd sfter the TRI task, indicoating that no extrsneous
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nonvisual cues were being used. in moking the discrimination.

VC Lesion + Retention Period

Table 3 presents percent correct on the first day
of training, performance and number of errors aftcr 15,
10 and 15 days of training for the L-D, H-V and TRI tasks
for each cat tﬁat received a retention period following the
VC lesion. Performance following the retention period
fbr the three tasks is shown by open trisngles in figure
.4, TFor the L-D discrimination all animals showed an initisl
drop in performance but subsequently returned to criterion
in 5 to 20 blocks of retrsining. There was only & minimal
drop in initisl perforﬁance for the H-V task snd all snimals
returned to criterion in four or less days of retrsining.
For the TRI task there was an initial drop in performsnce
and a8 subsequent return to criterion in 3 to ©.blocks of
trials. Agsin, 8ll cots droﬁped ﬁo within chance levels of
performance when tested with blanks. There was no correlation
between amount of VC sparing and retention performance.

Iesions of VC and different sress of the 533G

Table 4 summarizes ﬁhe'cortical areas remaining foilowin;
the second lesion; performance on the first and last day of
testing and the number of errors during the testing period
for each cat on the three tasks. SI-1 and SL-10 are not
available for histological analysis st the prescnt time.

Their intended lesions included the crown of the S5G in
eddition to the initisl VC lesion. |

Figure 4 presents medisn percent correct ss a function
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of blocks of 40 trisls for the three groups on each task,

T tests showed that there was no significsnt difference
between the two main groups on the L-D task for any of the
measures taken (i.e., first day performsnce, final day
performance and number ﬁf errors duriﬁg testing) and neither
of the two groﬁps differed from perforﬁance following s
retention period after a VC lesion (p .05). However,

t tests indicste that cats lacking IS plus portions of

_ the 85G crown are more deficient on s I-D: task than cats
wikh, aither demage to LS slone or thé SSG slone. Compring
the IS and the IS + CROWN groups reveals that the LS + CROWN
cats were significently lower thsn the 1S cats on the
"final level of performance (p .05) and had a'marginally
greater ﬁumber of errors (p .075). Furthermore, the
-perforinsnce of the LS groun was not different from that of
the CROWN group or performance after-a_vc retention period
(p .05). The final le%el of performsnce of the LS + CROVE
group on the other hand, wses significently worse than fhan
that of the CROWH group and performance after s VC retention
period (p .05). Also, fhe IS + CRCYHN group had 8 signifiééntly
grester number of errors then animals after 8 VC retention
period (p .05).

After the allotted 15 days of testing on the I-D task
those céts which were nof at criterion were placed on 8 new
IFDdisnﬁﬂﬁnation with_the’bfight stimulus incressed in
intensity from 270@L to 585mL. This was to insure that

. 811 cats were performing at 8 criterion level before
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Proceeding ta the next task. Only one cst in the CROW
group wes placed on this discriminstion wheress three in
the LS and LS + CRCWN groups required such training. All
animals reached criterion in 2-7 days after being placed
on this task, |

Randomizafion tests éhoﬁed that the two main grouns
were significantly different on all three messures of
performance for the H-V task (p .05). All snimals in the
CROWN group reached criterion within therﬁumbér of dsys
allotted for testing ss indicsted in table 3. Furthermore,
fbr these cats randomization tests indicste that there was
no significant difference between performance following 38
retention period after a VC lesion, which is apparent from
fiéure 4 (p .C5). On the other hand, only one cat (SL-7)
- in the LS or IS + CROW groups reached criterion on the H-V
task, snd its performance resermbled that of animals following
a retention period sfter s VC lesion. The three cats with
1S demage tiat did not resch criterion on the task pe-forined
-significsntly better than chance after the second lesion
(sign test, p .05). The IS and LS + CRCl groups perforsmed
‘worse than snimals following a8 VC lesion end retention
period on 3ll measures of pgrfbrmance.(randomization tegts,
p .05)., When presented with blanks all snimals dropped
to chance or below chance performance indicating thet they
were discriminating on the bssis of visusl cues.

Using randomization tests the two main groups were

significaﬁtly different on 3ll messures of performsnce for
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the TRI task (p .05). All cats in the CROWN group reached
criterion within the number of days ailotted for testing
and the performsnce of these animols wes not differcnt

from performsnce following a8 retention period after s

VC lesion (p .05). No cats with IS or IS + CROW domage
were able to'reach criverion snd all of these cats were
performing within the 95% confidence intervsl for chance
performance on the final day of fésting. The 1S and |
IS + CROWL groups performed significaﬁtly‘worse than
animals following @ ¥C lesion md reteﬁtion period on

éll measures of performance (p..OS). A sign test indicated
that over the testing period these cats'perfqrmgd_csnsistently
sbove the 507% correct level (p .05). When tested with

blsnks all cats dropped to 50% correct or below.

DISCUSSICKR

Performance after VC removsl and after a retention period

following VC removsl

The results of the present experiment agrée wiﬁh
previous reports that rémoval of sress 17, 18 and 19 produces
a8 complete loss of pfeoperatively learned pasttern and form
discriminations (Spesar & Brsun, 1969; Wood, et., al., 1974;
Winans, 1967, 1971). However, for sn H-V discriminstion,
~ Spear and Braun (1969) and Wood, et. al., (19?4) report
that their snimsls required a much gresater number of trials

%0 reach criterion for both preoperative and post VC learnin::
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than.required in the present experiment. On the other
hand, Winans (1957, 1971) results for s triengle discrimin-
ation sre similar to those of the present study in terms
of smount of training to reach criterion, both pre- snd
postoperatively. The differences may bé_due to the task
thelcat was required to perform. In the Spesar and Brsun
(1969) and Wood, et. al.,(1974) studies the cats were
required to ﬁush thq-corregt door with their psw snd
. received rewsrd in & food cup benesth the door. In Winans'
\ (1967, 1971) and the present study thé cat was required to
push open a door with his head or pawrand received the rewérd
behind the door he had pushei open. Furthermore, the
animal was required to hold the door open so'tﬁat he would
have access to the reward cup. The latter case provides
for éreater stimulus-reward contiguity than that of the
‘Spear snd Braun (1969) or Yood, et. sl., (1974) studies and
this could possibly account for the difference in lesrning
speeds.

The performsnce of cats following a retention period
after VC removal indicates that there was 3 consideroble
loss on the L-D and TRI discriminations and only & minimal
loss on the H-V task. Wood, et. 8l. (1974) report a much
grester loss on an H-V task éfté; a VC}refention period than
in the present study. Their two cats returned to criterion
after 11 and 19 days of retraining which is aspproximately
.3 to 5 times longef than required by animals in the present

study. Unfortunately, number of errors or first day
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performnance are not reported by wbod, et sl (1974) moking
é_more thorough compagison with the1present study impossible.
However, the diffcrences in the experimental situsticns
discussed above may sccount for this difference in relearning
times,

The role of IS after VC removsl

The results of the present experiment indicste that
. IS is the SSG ares important for functionsl recovery of
patfern and form discriminafion following removsl of VC,
For the I-D discrimination however, a deficit wss produced
only when both LS and the SSG crown wére damaged. The two
animsls with such dasmage were performing at 60 and 67% .
levels at thé end of testing. All other snimels however,
were performing 8t or near criterion level at the end of
testing snd they showed no }oss other than thst expected
from @ retention deficit. Thot both snimals returned to
criterion after the bright stimulus wes increassed in intensity
may suggest that there was & change in their difference
threshold as a result of the damsze to LS and the crown,
thus making the originsl discriaination more difficult.
Reﬁoval of 1S ponsistenﬁly resulted in s discrimination
loss on the H-V and TRI tasks as compared with the retentioﬁ
period. That SL-2 with unilatersl IS damage showed s deficit
while SI-6 with bilstersl dsmage of approximateiy 40—50%
of LS did not might seem inconsistent with such an

interpretstion. However, the portion of LS thut was removed



in SL-6 contained a representstion of the periphersl

visusl field (Spear & Baumonn, 1975s; Hubel & Wiesel,

1969). That is the LS. cortex representing the central

visual field was left intsct bilaterslly.. 31—2 on the

other hand, had unilstersal damage to the cortex representing
the entire visusl field which could conceiveably be responsibtle
for.the discrimination loss. | '

The role'gg other SSG aress and remnsnts of srea 17 after

 ¥C removal

Although the eight cets were dichotomized into twd groups
on the basis of presence or sbsence of IS damage, cats in
both groups frequently had ares 20; PSS and medisl 17 remsin-
ing., There wss no correlstion between the smount of recovery
after VC removal and_the amount of area 17 that was Spareﬁ,
‘which is consistent with previous reports (3pesr & Irsaun,
1969; Winans, 1971). Furthermore, the presence or absence
of any of these sreas does not cofrelate well with the
presence or absence of 8 discrimination loss in the sane
menner as the presence or sbsence of LS does. For example;
SL~5 hsd unilateral‘syaring of medisl 17, bilatersl spriné
of PSS and an intact.LS and showed no loss whereas SL-7
and SI-12 had these.same 2reas remaining but without LS
and showed 2 loss. Therefore it seems reasonable to
conclude that the portions of medisl 17 snd SSG aress other
than LS that remsined are not involved in functional recovcry,
at least not to the extent that L3 appears to be.

It is clear from the differences between the two
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main groups that IS is involved iﬁ recovery after VC removal
but tﬁe presence of PSS in both CROWN cats with ovasilable
histology does not permit the conclusion that IS is the

only area involved in recovery. Thet is, it may be that
both IS and PSS sre important in functional recovery.
Although Hesth and Jones (1971) suggest an anatomical dis—
tinction between these areas they express several reservations
sbout this conclusion andlstate that IS could extend onto

" the dorsal portion of the caudal bank of the posterior
suprasylvian sulcus. Thus, sulcal PS3 may be a continuation
of 1.

Possible role of the S5C gnd 33G

The superior colliculus (SC) has been implicated in
recovery of function after VC removal the same as the SCG
has. Since the SC is indirectly connected to the 535G vis
posterior thalsmic nuclei it might be suggested that SC
removal produces an effect due to its indirect cortical
projections, especisally to LS. Initisl removal of either
the SC or L5 produces little or no deficit in preoperstivelr;
learned tasks (Wood, et. al., 1974; Hara % Warrén, 19518 ,b;
Hera, 1962; Warren, Warren & Akert, 1961; Berlucchi, Spre:ue,
Levy & DiBersrdino, 1972; Adler é Meikle, 1975). If‘howover,
the SC.or 1S is lesioned in addition to VC profound deficits
occur (Wood, et. al., 1974; the present study; Adler &
Meikle, 1975; Fischman & Meikle, 1965; Urbaitis % leikle,
1968). . Nevertheless, a recent study indicates thst the 0O

is not totslly dependent on its indirect cortical projections
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for its effects. Adler snd‘Meikle.(1975) showed thot combined
lesions of VC and SC produce a greahef deficit in originsl
learning of 8 form discrimination thon 8 combined VC and
SGG lesion., This may possibly be due to the fact that
SC lesions produce deficits in originel postoperative
learning (Berlucchi, et. al., 1972; Adler & Meikle, 1975).
No data are currently availasble concerning initisl learning
after s SSG lesion, | |

No data.concerning the SC address the issue of recovery
of pettern and form discriminations after a VC lesion. For
8 5rigﬁtness discrimination however, similar results have
been obtained for the SC and the S3G. Fischman and lMeikle |
(1965) showed & second ldss oﬁ an L-D task after a secondary
SC lgsion following a VC lesion and postoperaztive retraining.
Similsr results were obtained in the present experiment
with 8 secondary lesion of the SSG. No dats are svailable
for secondsry lesions using psttern snd form discriminstions
and hence no stetements can be made concerning which sres is
more involved in functionsal recovery, LS, GC or both,

following VC removal.
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TABLE 1 SEQUENCE OF LESICNS AND RETENTION PERIODS

SL-1 TR VC = RETR RET RETR CROWN TEST
 8I~10 TR . VC  RETR RET RETR CROWN TEST

SL-5 TR VC  RETR ==  -———  CROWN  TEST
S1-6 TR VC  RETR RE?  RETR  CROWN  TEST
SI-7 TR VC REPR RET  RETR - IS TEST
SL-12 TR VC  RETR ==  ——— IS  TEST
SL-2 TR VG RETR  =-=  =m—-  IS4GR  TEST
SL-4 TR VG  RETR ===  ~——  ILS+CR  TEST

TR-Freoperative trsining to criterion on a8ll three tasks
VC~Visual cortex lesionm

RETR-Fostoperative retraining on a1l three tasks

RET-Forty desy retention period

CROWH=-Cats receiving a second lesion of the SSG crown

1S-Cats receiving s second lesion of LS alone

I3+CR-Csts receiving a second lesion of LS + the crown of the 330G
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TABLE 2 PERFORMANCE FOLLOWING THE VC LESION

# Ss SIGNIFICANTLY

. MDN # BLOCKS RANGE OF BLOCKS TABOVE CHANCE # Ss WITH +
GROUP N TASK - TO CRITERION TO CRITERION ON DAY .1 SAVINGS
1-D 26 10-37 0 1
. CROWN 4 H-V . 9 425 1 0
TRI . 10 6-=76 2 2
L-D 19 - 15=22 0 0
1S o H-V 16 11-21 0 0
TRI 29 _ 29 0 o
L-D : 15 15-16 0 0
IS + : = o ,
CROWN 5 H-V 25 743 0 o
TRI 18 18 0 0




A

~ TABLE % PERFORMANCE FOLLOWING A VC RETENTION PERIOD -

PERFORMANCE
% CORRECT ON NTH DAY
CAT ON DAY 1 OF TESTING # FRRORS

I-D H-V TRI I-D H-V TRT I-D H=V TRI

SI-1 72 65 65 c . C C. 145 31 60
81~-10 62 87 77 ¢cC ¢ ¢ 49 8 12
SI-6 60 90 65 70 € C 200 8 9
SI-7 65 77 67 ¢ ¢ € 103 17 38

C-Criterion level performence (i.e., 90% correct on
two consecutive days)

Number of errors asnd performsnce on "Nth" day of testing
were determined for 15, 10 and 15 days of treining for
the I-D, HE-V and TRI tasks respectively.

28



TABLE 4 PERFORMANCE TOR FACH CAT AFTER TIE SECOND -LESION

% CORRECT

" FERFCRRANCE

AREAS O LAST DAY
GROUP  CAT  RUHAINIHG ON DAY 1 OF T¥SPING # “RRORS
I-D _H-y_TRI I-D M-V _TRI I-D N~V TRI
CROWN ~ SL-1 e 7 75 92 72 70 C C 179 3% 60
SI-10 v 65 97 70 € € G 139 2 46
SL-5 Med. 17(U), 55 9 8 € € C 61 8 21
IS, Pss . :
sl-6 20, PSS, 52 67 62 c c ¢ 137 55 50
5053 1S , :
18 SL-7 TS, Al'S, 70 82 47 80 C 60 142 53 249
e 20, 21, P35, -
Ked, 17, 19 : .
S8I-12 P3S, PKS 70 65 == € 57 -—~. 66 152 -=
AEsly), 2o, . .
21, Med, 17 .
1S + .SIL-2 1s(U), Pss(U) 50 67 52 67 65 60 190 129 227
CROWN ; , . .
SI-4 Winimal AMS, 65 S0 50 50 67 55 201 132 258
PhS o
(U)-In.icates that the brein ares listed as rensining is present only on

one side, i.e., unilsters11y.

Med,.-llediz )
C-3riterion level perforszsnce (i.e, 907 correct on two consecubive days)

humber of errors snl scores for the lost day of testin: were leterit
for 15, 10 sni 15 days of testir; for the IL-J, F-V ond 24T tasks rescectively.

ned

29
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FIGURE CAPTIONS
Figure l‘
| Dorsal view of the cat brain showing the different
snatomical divisions of the lateral and suprasylvien gyri
according to Otsuka and Hassler (1962) and Hesth and Jones
(1971). Aress 7, 17, 18, 19, 20 and 23'are as indicated.

PSS-posterior suprasylvisan sulcus{ IS-lasteral suprasylvian

. Figure 2

| Upper left: Surfsce reconstructions‘showing a dorsal
view and the medial surfsce of the left and right hemispheres
are presented for'three cats. These three cats were chosen
to show represenistive lesions for each of the three groups.
The retrascted splenial suvlcus on the medial surfaée allows
representation of the extent of the lesion along thg

dorsal bsnk of the sulcus. Stippling indicotes cortex that
was removed and strigpes indicates cortex thot was undercut.
A-dorssl liv of the snlenisl sulcus; -fundus of the splenisl
sulcus. Right: Projsciion drewings of coroncl sections
throush the lesion a8t vositi-sns indicsted by the lines
extending through the surface reconstructions. The number
sbove each section indicétesrits Stereotaxic coordinates

in millimeters snterior (+) or poétericr‘(-) from the
intersural zero plane. Lower left: Projection drowings

of coronal sections through the left and right DLOK st three
different levels through the nuclei. VIGH-ventral loteral

~ geniculate nucleus; MIN-medisl interlaminar nucleus; CIN-
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. central interlominar nucleus; A, Al and C indicote the three
major lominse of the main body of the DLGN, Dots indicate

the presence of healthy, larce principle cells.

Figure 3 '

Medisn percent correct plotted as a functioﬂ of blocks
of 40 trials for preoperstive (open circles) snd post
VC (filled circles) lesrning on esch of the three discriminaticn
tasks for 8ll cets in the present experiment.

Figure 4. |

Medisn pércent correct plotted 8s 3 function of blocks.
of 40 triasls for performence following lesions of VC +
SSG crown (open circles), VC + LS (filled circles) VC +
SSG crown + LS (filled trisngles) and VC + & retention
period (open trisngles) for each of the three discrimination
taské. The dashed line indicetes the upper limit of the
95% confidence interval saround the chonce level of pérform-
snce which is indicated by 8 solid line at 50% correct.
The verticasl line at 15 days for the IL-D tssk indicwtes
the point st which the bright stimulus was incressed in

intensity. See text for details.
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FIGURE 2a
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FIGURE 2b
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EXPERIMURT IT

Animsals locking visusl cortex (VC) can discriminate
stimuli that have been eguoted for totai luminous flux
if there ere differences in amount of contour (Mize,
Wetzel & Thompson, 1971; Wetzel, 1959; Qeiskrantz, 1933},
local luminous flux (Winsns, 1957, 1971), bri@ﬁtnGSS
and/or size (Fasik, Pasik & Schilder, 1969; Schilder,
Pasik & Pasik, 1971). However, even when such cues sre
eliminsted discriminstions sre still ﬁossible. or
‘ example, cats lacking 8ll of areas 17, 18 and 19 can
discriminste between horizontal-vertical striped stimuli
(H-V) which sre equated for to%sl luminous flux and contour
length and in which consistent triasl-to-trisl locsl luminous
flux cues have been eliminated (Spear % Braun, 1969;
Wood; Spear & Braun, 1974)., It has been suggested that in
this case snimals lacking VC sre not discriminating on the
basis of the spatisl nspects of the stimuli as such, but
rather are using behavioral strstegies to produce discrimin-
able cues (Spesr & Brsun, 1969; Wood, ek al, 1974; Ysrd &
Mesterson, 197C; “Were, Dismoni & Casogronde, 1072)., It is
known -that snimais lacking VO shgw optokinetic nystarmus
elicited by moving vertical stripes (Baden, Urbsitis &
Meikle, 1965; Smith, 19%27; Spesr & EBrsun, 1969; Yood,
Spesr & Braun, 197%) end can discriminste intermittent
photic stimulation from steady light.(Schwortz & Cheney,
1966; Tsravells & Clark, 196%). Such cues are potentislly

present in 8 horizontal-verticsl stripes discrimination,
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For example,hup and down head or eye movements would
produce 8 series of on-off signals for the H stimulus but
not for the V stimulus. The animal could then discriminsie
on the basis of the differential flicker rates.

One approach to answering the question of whether or
not VC animals are using such flicker cues is to ékperi-
mentally produce flicker which should disrupt sny flicker
cues the snimsal itself is generating.

METHODS:
Subjects .

Siﬁ sdult cots of both se*es were used, Tour of
these z2lso served as subjects in Experiment I. All snimals
were housed in 8 lsrge room in group cages and were on 3
12 hour light-dark schedule.

Apparatus

The apparetus-used in the present experiment was the
seme as that used in Eﬁperiment I.with the asddition of two
rotary motors which were placed between the proectors and
the choice panels for ﬁse in stimulus flicker testing (sec
below)., ‘A Grass model PS2E Photostimulator wes used for
background flicker testing (see belbw).

Tw& discrimination tasks were employed: brightness
discriminstion (I-D) and vertiéal versus horizontsl stripes.
For the L-D discrimination two animsls were trained with
the bright choice panel illuminsted 8t 538mL¥and the dark
panel st 34mL. Tour snimals were traincd with.the

-bright stimulus at Q?OmL and the dark stimulus st Z/4mL.
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The B~V discrimination wuos the ssme 8s that used in Bxperi-
ment I. |

Discrimination Training

For detsils of discriminatién training see rxperiment I.
The correct stimulus for'the:L-D and i~V tasks was
assigned randbmly for each cat preoperstively. Iive cats
were trained with the bright and one cat with the dark
stimulus correct; three cats were trained with H correct
and three with V correct. '

Desien and Procedure

Four of the cots were trained on both discriminetion
tasks and two received only the brightness discrimination
training bvefore surgery. One animal received flicker
testing prior to surgery (see below). After a 6-10 dsy
peridd of ad 1ib food snd woter all cats underwent bilatersl
removal of VC, Following a 23-25 day recovery period all
cats were placed'back on the food. and water deprivation
schedule. Five to seven days later they were trained to
criterion on the brightness and H-V discriminstions in
thatrorder. After reaching criterion on the H-V task
five of the cets were‘teséed with three different tyves
of flicker (see below). Cne additional cet was retrsined
to criterion and then received & second lesion involving
the crown of the suprasylvisn gyrus (SSG). After recovery,
this snimal then received flicker teéting.

" For the first type of flicker, stimulus prcsentation

remgined constant but the background illumination flickered
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(background flicker). The effect of the bockground flicker

wos to reduce the controst of the stimuli while the bock-

1" n"

ground light wos "on". Two different intensities of back-
ground flicker were employed. Tor the brighter level, the
luminonce of the brigint stripe became 320mL and the dark
stripe becsime 126mL., For the dimmer fiicker the light snd
dasrk stripes were illuminsted at 240mL and 86mL respectively.
For the brighter intensity the folloﬁing flicker rates were
tested: 5, 10, 20, 30, 40, 50, 60, and 7th. For the
dimmer flicler the rstes tested were: 5, 10, 15, 20, 30,
40, and 50nz. The durstion of flashes for both types of
flicker was .,0lsec. These ranzes of frequencies. adequately
exceed the CFF for csts with VC lesions (Schwaertz % Cheney,
1965),

For the second type of flicker testing the stimuli
themselves flashed on end off by means of the two rotasry
motors p;aced betuecn the.projectors and the choice psnels
(two-stimulus flicker). Zackground illuminstic:d ressined
constant, ¥Flickzur ratés of 10 snd 20hz were tested. On
and off durstio:ss were S50msec. 3t 10hz and 25msec. a8t 20hz
respectively. |

| If the csts are masking the discrimination on the Basis_
of the pres-nce or abscnce of flicker in one of the stinuli
then flickerinr voth stimuli or flickering the backgrdund
jlluminstion should disrunt performsnce. However, this is
not the case if they src msking the discrimination on the

basis of a relative difference in flicker rstes between the
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two stimuli. That is, with both stimuli flickerings ot the
same rate or with the backpground flickering the cat could
still moke the discriminstion on thelbasis of a relative
differcnce in flicker rates the animal itself would be
generating, For examﬁle, he may always choose the stimulus
with the slower or faster flicker rate. The third type'of
flicker testing was designed to disrﬁpt'any relative difference
in flicker rates that the animél may be using to maske the
.discriminstion. Only one stimulus flickered for this test
(one-stimulus flicker). That is, ouly the E or V stimulus
flashed.on and off while the other stimulus remsined constont
‘for 8ll trisls in & test session. Flicker rstes and duratiocns
were the ssme 8s those used for the two stimulus flicker.
Each type or rate of flicker was tested for & block of
20 trisls. Typically, two blocks of different types and/or
rotes of flicker were given on the ssme dsy. The different
rafes and types of flicker were pfefented in & rsndoz order.
Followinz the flicker testing, or intersversed hstween
20 trisl blocks of flicker, all srimals were tested with
two Blocks of 20 trisls with an indiscriminable bripghtness
task (blanks) to insure thst no extrsneous ncnvisusl cues
were uséd in making the H-V discrimination. Cn such days
both choice psnels were illuminasted ot 140mL for 20 trisls
followed by 20 trisls of stimuli, either flickering or
stationary.

Surgery and Histolomv

‘See Experiment I for descriptions of the VO and 216
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crown lesions and for histological procedures.
RESULTS
Histology .

Surfsce reconstructions for the cortical lesions
together with projcction drawings of‘anterior, niddle
and posterior sgections through the right snd left ﬁLGN
are shown for two representative cots in figure 1. These
cats were selected to show the largest and smallest lesions
of all cats in the present experiment. See Experiment I
for details of procedure for lesion reconstructions.

For the cats that slso served in Experiment I it is
impossible to distinguish histologically between tissue
removed or dsmaged as 8 result of the VC lesion or as @
result of any subsequent S5G lesion, particularly with
regard to areas 18 and 19, Dsmage to srea 17 should not
be ccnfounded as g result of any.subsequent lesicn., The
cats from Experimenf I that were also used for tne tresent
study were: SL-5, SL-7, 35L-1C and SI~12. TfHistologicsl
enalysis for the two cats not iﬁcluded in Exrveripa.nt I
are presented below..

AVC=42

Fipure 1a shows that the VC lesion for this cat wss
complete, incluﬁing gll of sreas 17, 18 and 19. In addition,
the right middle suprasylvisn gyrus.wss severely undercut
and degenerated. Therc was no localized spering in sny of
the main lsminse of the DIGH, MIN on the left showed

moderate depencration (i.e., seversl scattored heslthy cells).
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The MIN on the right however, showed more severe degenerstion
reflecting not only the domage to areas 18 and 19 but slso
the shrinkagerof the lstersl suprosylvian ares. Also on the
right, the pdlvinsr ond the 1atcr§l portions of the laterasl
posterior nucleus showed severe degeneration os 3 result'of
the damage to the S5G. |
AVO-14 |

7 The VC lesion for this cat-was clesrly incompl.te,
with bilsteral spsring of asres 17 on the medial wall of the
hemisphere particularly on the right, ss indicsted in
figure 1b. Portions of arec 19 were élso suared in the
depths of the lateral'sulcus. There were large regions of
spared normsl, heslthy cells in the intermediate, latersl
portions of the DLGI on the left and throughout the inter-
mediéte énd rosterior Sectionﬁ of the right DIGK. NIN
showed only slight degenerztion, in sccord with tze sparing
of area 19.

Behsvioral

-
S P

Cats trzined trecperstively on the i<V tusk snhowed
zero or nessitive savings wnen retrsined postoperctively,
which is consistent witn previoﬁs reports (Wood, et. 2l.,
1974 épear & Braun, 1959). Fostoperative trisls to criterion
for animals not trained preoperatively were within the
range of postoperstive scores obtained for snimels which
also received preoperative troining.

Figure 2a-b pfesents the ranges snd medisn percent

~correct for the different types of flicker as 8 function
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of frequency (hz). Group curves were constructed
by computing a8 group median for each successive block

of trisls from the individual percent correct scores

for each cat.' Scores for the one .csh which was tested
following removal of both VC and the S5G crown vre includ-
ed in this graph since the snimal's perfornance was not
different from that of snimals lacking only VC. There was
no significant effect of flickér, as 8l1 medians sre
significantly sbove chance (p <.05, binomial test). In
\addition, no snimal's performsnce dropred to within the 95%
confidence intervsal for sny type or rate of flicker on any given
day. However, performance did frequently drop from the
90% criterion level snd on six occassions scores of 75%
were recorded, though these did not occur systemstically.
hlthough only retes of 10 and 20hz were used for the

stimulus flicker the sre2d with which the discrimination
was made on any given trisl sugrests thet animals were not
generating flicker ratesllower than spproximstely 10hz. It
typicslly took the animalé less than 1.%50sec. from the
fime the stsrt panel was pushed to the time 8 choice waos
made., The discriminstion actuslly took less time than
thst since there was 2 1.10sec. intervsl between the pushing
of the start psnel snd the'presentation cf the stimuli
~on the choice panels.

| Figure 3% pfesents individusl animal's performance
for days on which Blanks were presented. No scores for

either ststionary or flickering stimuli fell within the



95¢% confidence interval, wheress all‘animals performed
within this rsnge when blonks were presented.
Performance of the one cat tested preoperotively
was similor to that of the lesioned snimals, |
'DISCUSSION
The present results shoﬁ that background flicker,
two end one-stimulus flicker do not disrupt the performance‘
of cats lscking VC on an H-V discriminstion in which the
.stimuli have been equated for total luminous flux and
contour length and in which consistent trisl-to-trisl
local luminous flux cues hsve been eliminsted. The fact
that performance freqﬁently dropred from the criterion
level is probably due to 8 general disruptién effect of
the flickering stimuli or background illumination rather
than a8 disruption of any artificiol flicker cues the
animal is génerating. Th@t such drops were in no vwsy
systematic and thot such droﬁs also occured for the animal
tested preoperatiﬁely suovorts this explanstion. Also,
no snimsl ever dropred to within chance levels of perfbrm&n B
It is conceiveable thot with either the background |
illumination or with both stimuli flickering the snimsl could
sti1l discriminate on the basis of relstive differcnces
in self-generated'flicker cues. However, with only one
stimulus flickering,_performaﬁcé should be disrurted even
if the animal is using relative differences in flicker.
Furthermore, such disrupticn should occur regardless if

_the snimal is making vertical or horizorntal head or eye



movements since both stimuli were flickered sepufately.
Though it cannot be positively concluded from these results
that snimsls are not using flicker they strongly sugsest
that cats locking VC are not discriminoting on the bosis

of self-generated flicker cues, rathef it sppesars that they
are discriminating on the basis of the spatisl aspects of

the stimuli.r
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FIGURE CAITICNS

Fipure 1

Left: dorsal and medial surface disgrams of the lesiong
of two cuts, illustrating the lsrsest (AVC-42) and smallest
(AVC~14) lesions in the present experiment. Corticol
removal is shoﬁn by cross-hatching andiundercutting.by
straight 1ines; Splenial sulcus as in Figuré 24 Experimeﬁt 1.
Bottom: projection drawings of representstive snterior,
middle and posterior sections through the DLGH of each
cat. Different laminse and nuclei as in Figure 2, ixperiment L

Figure 2a-b

Ranges ond medisn percent correct cre plotted as s
function of frequency for the different types of flicker
presented for cats with VC sblation. The dashed line
indicates the upper limit of the 95% confidence intervsl
around the cnince level of perf raonce which is indicsted
by 8 solid line a2t 50% correct. 2a. Dim ond bright back-
grouni illumirstion flicker. 2o. Stimulus flicker witn
backeround illumi-uticn constent. Double, botnh stimuli
flickeringz; Single (Z), horizontsl stimulus only flickerin;;
Single (V), verticsl stimulﬁs only flickering,

Ficure 3%

Percent correct for each cat on blocks of trislsz
durine which blanks were presented. FPlonks were presented
first followed by stimuli. Filled circles indic?te cats
which received blanks testing interSpersed betwecn blocks

" of flickeping stimuli. Open circles indicste cats wonich
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received blanks intersperscd between blocks of stutionsry

stimuli., All blecks consisted of 20 trisls for both

blanks and patterned stimuli.

Details as in figure 2.
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Two experiments were conducted concerning 1) sresas
involved in functional recovery following viéual cortex
(VC) removal (sress 17, 18 snd 19) snd 2) the possibility
that animals locking VC generste discriminable cues by
different behavioral strategies.. In Experiment I eight
cats were trained on brightness, psttern and form discrim-
inations‘then received bilateral removal of VC. After
retroining to criterion four of these cats received control
retention periods to determine the amount of forgetting of
the visusl tasks thst occurs over time. After being retrain-
ed to criterion.the eight cets were ssigned to one of two
groups. One group received second lesions of the latersl
suprasylvian ares (IS), snd one group received lesions of
81l of the suprasylvian gyrus (SSG) except for the LS area.
All cats were then tested for retention of the three visual
tasks. Histologicel anslysis of tﬁe 1ésions indicsted that
in addition to the VC lesion two cets had damsgze to oth
LS snd the crown of the 353G, two had dsmage to L3 alcne
and four hed dsmage confined chiefly to the crown o° the
355G, Behaviorsl results éhow thst toere was o loss of s
brightness discriminstion other than that due to forgetting
unless both L3 and the crown of the S5G were damazed. Tor
the pattern and form discriminsticn however, damase to LS
alone was sufricient to produce a loss greéter than that
due to a3 retention deficit snd additional damage to the
crown of the pyrus did not incresse the size of the loss.

Performance of cats with only crown demae was not diffcrent



from cots following a8 VC retention pericod.

In Experimenf IT six cats-lacking Ve were trained to
criterion on brightness and vettern discriminotirns. The
patt.rn discrininotion consisted of horizontal versus
vertical striped stimuli that were equated for totsl luminous
flux and contour length énd in which consistent trisl-to-
trial local luminous flux cues were eliminated. It hes beén
previocusly srgued that cats locking Vclgenerate discriminable
~ flicker cues through head or eye movements to solve 3
pattern discriminsticn., After reaching criterion the cuits
were given three tests which aftempted to disrurt sny behav-
ioral flicker cues tte animals were generating. For the
first test background illumination flashed on snd off
while stimulus presentstion remsined constent. In the
‘second test both petterned stimuli themselves were nade
to flash on snd off while backgroﬁnd illumination remsined
constant. The third test consisted of having only one
stimulus flssh on and off while the other remaincd ccnston™.
The results snowed thut none of the threce teﬁts cousel a
drop in performance to chanée levels,. Though it cammot
be positivelyhcoﬁcluded that cats were not diccriminsting
on the basis of self-generatéd flicker cues, these results
strongly supgcest that cats lacking VO discriminute on

the basis of the spastisl aspects of the stimuli.



