NEUROSCIENCE
Abstracts

VOLUME |



NEUROSCIENCE ABSTRACTS

Program Committee

THEODORE H. BULLOCK, Chairman, University of California, San Diego
Medical School

JESUS ALANIS, Instituto Nacional de Cardiologia, Mexico

JAY B. ANGEVINE, Unzversity of Arizona College of Medicine

JACK D. BARCHAS, Stanford University Medical School

CLAUDE F. BAXTER, Veterans Administration Hospital, Sepulveda, CA

FLOYD E. BLOOM, ex officio, NIMH, Bethesda, MD

BYRON A. CAMPBELL, Princeton University

SVEN O. E. EBBESSON, University of Virginia School of Medicine

EDWARD V. EVARTS, ex officio, NIMH, Bethesda, MD

J. ALLAN HOBSON, Harvard University Medical School

ARTHUR J. HUDSON, University of Western Ontario, Canada

STEPHEN R. MAX, Unzversity of Maryland School of Medicine

BRUCE S. McEWEN, Rockefeller Unzversity

ROBERT Y. MOORE, University of California, San Diego Medical School



Neuroscience Abstracts

Volume |

5TH ANNUAL MEETING
of the
Society for Neuroscience

NEW YORK CITY
November 2-6, 1975

Published by
Society for Neuroscience
Bethesda, Maryland



©1975 by Society for Neuroscience. All rights reserved.
This book is protected by copyright. No part of it may
be duplicated or reproduced in any manner without
written permission from the publisher.

Made in the United States of America

International Standard Book Number
ISBN 0-916110-01-X

Library of Congress Catalog Card Number 75-7761



PREFACE

When the first meeting of the Society for Neuroscience took place in
1971, the combined program-abstract booklet contained 350 reports. For
1975, the abstracts volume for the Fifth Annual Meeting contains 1251
reports, many of which are double-length “expanded abstracts.”

With this growth in the size and scope of the Annual Meeting of the
Society, there has been a corresponding growth of international interest
in the proceedings of the Meeting, and it is in response to this interest
that the Society has initiated an archival publication, NEUROSCIENCE
ABSTRACTS.

Special attention is called to the 42 abstracts which provide summaries
of “tape-slide packages,” with an audio part (up to 30 minutes) on a
magnetic tape cassette and with an accompanying set of 2 X 2" slides.
Many of these “tape-slide packages” are available for loan from the So-
ciety for Neuroscience. A list of them is provided following the Table
of Contents.

The reports in NEUROSCIENCE ABSTRACTS are arranged accord-
ing to topic categories which served as a basis for programming the
scientific sessions for the 1975 Meeting. Several of the abstracts in the
volume were submitted “for publication only.” These abstracts have been
grouped with appropriate subject categories of abstracts presented at the
regular sessions of the Meeting.

EDWARD V. EVARTS, M.D.
President,
Society for Neuroscience
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Chemical Senses

TIME COURSE OF GUSTATORY NEURAL ADAPTATION IN THE RAT. David V. Smith,
John W. Steadman®, and C. Norman Rhodine®. Depts. Psychol. and Electr.
Engr., Univ. Wyoming, Laramie, Wyo. 82071.

Integrated responses to NaCl recorded from the rat chorda tympani
nerve typically show an initial phasic portion followed by a slowly declin-
ing tonic component that is proportional to stimulus concentration. Al-
though several lines of evidence implicate the transient portion of the
chorda tympani response in the coding of sensory information, the mechan-
isms underlying the production of this phasic burst of activity and the
subsequent decline termed adaptation are not well understood. In many
sensory systems, e.g., the crayfish muscle receptor organ, adaptation may
be the result of several factors. Neural responses were recorded from the
rat chorda tympani nerve following stimulation of the tongue with several
concentrations of NaCl. These responses were integrated using a fast time
constant (47 msec) and.the time course of the decline in neural discharge
from the peak of the transient response was computer analyzed. The time
course of the adaptation process was described by a constant term and two
exponentially decaying components, which most likely reflect the existence
of two separate mechanisms contributing to the adaptation process in taste.
The constant term and the amplitude of the second gradual decay were cor-
related with NaCl concentration, while the amplitude of the initial rapid-
ly declining exponential component was independent of stimulus intensity.
A model incorporating the rate of solution flow predicts that the ampli-
tude of this initial component should not be simply proportiocnal to inten-
sity. Further, the effects of varying the rate of stimulus onset suggest
that the initial transient response of the chorda tympani nerve is a func-
tion of the rate of stimulus adsorption, while the gradual second decline
in the neural response may reflect an adaptive mechanism of the taste rec-
eptor cell. (Supported by NINDS Grant NS10211).

PHYSICAL CHEMICAL STIMULUS DETERMINANTS OF CAT GENICULATE GANGLION CHEMO-
RESPONSIVE GROUP I UNITS. James C. Boudreau and Thomas E. Nelson.
Sensory Sciences Center, University of Texas, Graduate School of Bio-
medical Sciences, Houston, Texas 77025.

Single unit recordings were taken from geniculate ganglion cells of
anesthetized cats. Group I units innervate fungiform papillae primarilly
on the back part of the tongue with fibers of large diameter.” These
units are discharged in general by compounds that form low pH solutions
tn distilled water. The most active chemical groups are carboxyl groups,
phosphate groups and certain amino and imino groups. The most active
compounds in the pH regijon from 5.0 to 7.0 are certain nitrogen hetero-
cycles with pKa values between 5.0 and 7.0. A prominent variable for all
group I stimuli is pH in that molecules seem excitatory only in the acidic
form; the corresponding basic form is inactive and may be inhibitory.
Thus discharge is proportional to the relative concentration of undisso-
ciated or protonated molecules present. There are similarities between
group I stimuli and stimuli eliciting- the sour sensation in the human.
This research was supported in part by an NSF Research Grant.

Asterisk (*) indicates nonmember of the Society for Neuroscience.



SINGLE UNIT RECORDING FROM CHEMORESPONSIVE NEURONS OF THE GENICULATE GAN-
GLION OF THE DOG. Thomas D. White and James C. Boudreau. (Sponsor: R.
Benolken. Sensory Sciences Center, University of Texas, Graduate School
of Biomedical Sciences, Houston, Texas 77025.

Single units of the geniculate ganglion were examined for responsive-
ness to various chemicals applied to the tongues of anesthetized dogs.
The cells which were sensitive to this type of stimulation, chemorespon-
sive neurons, could be classified into three identifiable groups on the
basis of response (excitation or inhibition) to a select group of chemical
solutions at 50 mM concentration. Group I units are excited by malic
acid, HC1, histidine, and distilled water, and are generally inhibited by
NaCl. Group II neurons are excfted by NaCl, certain amino acids, nucleo-
tides, and nitrogen heterocycles while being inhibited by certain other
amino acids and nijtrogen heterocycles. Group III neurons consisted of a
nonhomogenous set of units unresponsive to amino acids and responsive to
a disparate group of compounds (nucleotides, phytic acid, etc.g. Sponta-
neous activity rates were variable within each cell group, although Group
IT rates tended to be greater than those of the other unit groups. Vari-
abjlity in response was often seen to repeated presentations of a chemical
if other stimuli were interposed between presentations. This effect was
especially noticable with group II units when Quinine and HC1 were inter-
posed between presentations. The classification of chemoresponsive units
in the dog 1s highly similar to that of the cat, indicating a common
neural organizatfon of chemoresponsive cells {in the geniculate ganglijon
of Carnivora fissipedia.

INTRACELLULAR RECORDINGS FROM SALAMANDER OLFACTORY EPITHELIUM
Thomas V. Getchell. Physiol. Dept., Yale Univ. Med. Schl., New Haven,
Ct. 06510.

The olfactory epithelium of the salamander, Ambystoma tigrinum and A.
maculatum is an advantageous preparation for an intracellular analysis of
receptor function. Large cell sizes facilitate intracellular recordings.
Receptor cells are bipolar neurons terminating distally in several cilia.
Their somatic dimensions are approximately 18 x 10 uym and lie from
50 to 180 um from the epithelial surface. Sustentacular nuclear
dimensions are approximately 26 x 8 um and typically lie from 12 to
20 um from the epithelial surface. Two categories of membrane potential
transients were recorded intracellularly in response to odor stimulation.
The first category of responses, presumably recorded from receptor cell
bodies were monophasic positive spikes approximately 10 msec in duration
and 10 to 50 mV in amplitude. They were superimposed on a depolarizing
slow (generator?) potential which ranged from 4 to 8 mV in amplitude.

The first spike occurred from 65 to 700 msec after its onset. The onset
of the slow membrane potential change ranged from nearly simultaneous
with that of the extracellularly recorder slow negative potential, Veog
(=), to approximately 580 msec latency. Graded and differential
responses were also recorded in response to odor stimulation. The
second category of responses were depolarizing and hyperpolarizing

slow potential changes recorded from cells which had membrane potentials
ranging from -20 to -70 mV. The responses were graded with stimulus
strength but spiking was not observed in response to odor stimulation.
The depolarizing responses typically followed Veog(-) by about 500 msec
lag. Procion dye marking gave evidence in several instances that spike
resgonses were recorded from receptor cells and certain of the other

responses were recorded from sustentacular cells. Supported by NIH
research grant #NS 11667-01.




REINNERVATION OF GERBIL FUNGIFORM TASTE PAPILLAE BY THE CHORDA TYMPANI
NERVE. MaryLou Cheal and Bruce Oakley. Dept. Zool., Univ. Mich.,
Ann Arbor, 48104.

The time courses and characteristics of reinnervation of the tongue,
reformation of taste buds, and recovery of electrophysiological responses
to chemical stimulation of the tongue were examined in 89 Mongolian ger-
bils (Meriones unguiculatus) subsequent to cutting or crushing of the
chorda tympani nerve. Normally, chorda tympani axons terminate predomi-
nately in the fungiform papillae. Regenerating axons, stained by Winkel-
man's silver procedure, followed the original lingual nerve trunks en
route to the epithelium where they reinnervated fungiform papillae. Dur-
ing the second week of recovery there was a progressive increase, first,
in the proportion of fungiform papillae containing regenerated axoms,
second, in taste bud reformation, and third, in physiological recovery.
On the basis of the appearance of the first axons in fungiform papillae
(8 days) and the first taste responses from the whole chorda tympani nerve
(11 days) we estimate that it requires a minimum of 3 days for axons to
reestablish a functional taste bud. The time course of reinnervation of
fungiform papillae indicates that many fibers regrow at rates in excess of
2 mm per day. Taste buds, defined as pear-shaped clusters of aligned
fusiform cells, were seen in fungiform papillae in all gerbils with elec-
trophysiological taste responses. Recently regenerated taste buds medi-
ated responses to a variety of chemicals. Taste responses within a class
of chemicals (e.g., salts, acids, sugars) were often highly specific.
Changes following cutting or crushing of the chorda tympani are the same
except that cutting the nerve delays recovery of taste responses by an
average of 1-2 days and produces variable and delayed reappearance of
taste buds. Supported in part by USPH Grant NS-07072.




REMOVAL OF ODORANTS FROM THE OLFACTORY SAC. David E. Hornung* and Maxwell
M. Mozell., Dept. Physiology, Upstate Medical Center, Syra?use,N.Y. 13210.
A radiogrephic technique was to quantify the rate at which three pos-
sible mechanisms (desorption in air, mucus flow, and uptake by the circu-

latory system) are each able to remove odorants from the olfactory sac.

Our previous isotope studies (Nature 254:617, 1975) showed that tritia-
ted butanol, drawn into the olfactory sac by a negative pressure applied to
a cannula inserted in the internal naris, established a steep concentration
gradient along the olfactory mucosa. To now study the desorption of bu-
tanol molecules from the mucosa, the negative pressure was continued after
stimulation in order to draw a stream of nonradiocactive room air through
the olfactory sac. Butanol molecules that were desorbed into this air
stream were collected in a toluene trap located between the internal naris
cannula and the negative pressure source. The radioactivity recovered from
the trap was readily available for liquid scintillation counting, but to
determine the radioactivity left in the animal, the mucosa was frozen, cut,
and solubilized prior to liquid scintillation counting. After 480 cc of
room air which was delivered during a 30-minute period, only 22% of the to-
tal recovered molecules were found in the trap whereas T78% were found in
the mucosa. The total recovered molecules were, however, slightly less than
the total molecules presented (see below).

Since for this air desorption study, a cannula was sealed into the in-
ternal naris, the normal flow of mucus from the olfactory sac into the buc-
cal cavity was prevented. To quantify the rate at which the flow of mucus
into the buccal cavity could itself remove odorant molecules from the ol-
factory mucosa, some animals were prepared without an internal naris can-
nula and the odorants were puffed into the sac through the external naris.
This stimulus was not followed by a stream of nonradioactive room air. In
these animals mucus flow was shown by liquid scintillation counting to re-
move some butanol molecules, but after 30 minutes, 90% of the total re-
covered stimulus was still found in the olfactory mucosa. The recovered
molecules were again slightly less than the total molecules presented.

The uptake of odorant molecules from the olfactory mucosa into the cir-
culatory system was determined from the radioactivity found in arterial
blood samples. After 30 minutes 7% of the initial stimulus was recovered
from the total blood compartment in those animals which had unobstructed
mucus flow. Less than 3% of the stimulus was recovered from the circula-
tory system in animals with obstructed mucus flow. For both the animals
with and the animals without mucus flow, after including the molecules re-
covered from the circulatory system with those found in the mucosa and
toluene trap, the entire presented stimulus could be accounted for.

Unexpectedly, a large percentage of molecules of a sniff of butanol
remain in the mucosa after 30 minutes. One wonders how this can be recon-
ciled with electrophysiological investigations which indicated that if
there is any receptor adaptation at all, its effect does not last for 30
minutes. Perhaps these data could be reconciled if after initial exposure
to the olfactory receptors, the butanol were sequestered in the mucosa
such that it would be unavailable to further stimulate the receptors.

To determine if the butanol molecules might be concentrated vertically
within the mucosa, 30 minutes after tritiated butanol was presented, the
animals were frozen and a section of the roof of the olfactory sac was re-
moved. Using a cryostat, 5 micron sections were cut parallel to the epi-
thelial surface and the radioactivity per section determined by liquid
scintillation counting. Almost 90% of the recovered radioactivity was
found below the 45 micron level. After 30 minutes most of the sorbed bu-
tanol molecules lie below the mucus layer which, according to other inves-
tigators, is only 25-40 microns thick. If the cilia are indeed the site
for olfactory transduction, the large majority of butanol molecules would

appear to be unavailable to further stimulate the receptors. NIH Grant
No. NSO39k.



OLFACTORY PATHWAYS IN THE TREE SHREW (Tupaia glis). L. C. Skeen, Dept. of
Anatomy, Duke University, Durham, North Carolina 27710.

Previous experiments (Skeen, 1974) have demonstrated that an architec-
tonically distinct subdivision of Tupaia's medial dorsal thalamic nucleus
(MDb) receives projections from a wide variety of paleocortical areas. In
order to determine the relationships between these paleocortical areas and
the olfactory bulb, bulbofugal and bulbopetal projections were analyzed
with anterograde degeneration (Fink-Heimer), anterograde axonal transport
(autoradiographic) and retrograde axonal transport (horseradish peroxidase)
methods.

Results obtained so far indicate that the ipsilateral bulbofugal projec-
tions originate primarily from the mitral cells and terminate among the
apical dendrites in the plexiform layer throughout the entire paleocortex
except for two small areas: an extreme tip of paleocortex posterodorsally
and the angular cortex and subiculum posteromedially. Within the olfactory
recipient paleocortex the projections from the main (MOB) and accessory
(AOB) olfactory bulb are segregated: the AOB projections terminate
throughout the plexiform layer of the medial and posteromedial cortical
amygdaloid nuclei, while the MOB projections terminate primarily in the
outer plexiform sublamina Ia of the remaining olfactory paleocortex.

These MOB recipient paleocortical areas differ both in terms of their
cytoarchitecture and their connections. For example, the zone of MOB
terminations in sublamina Ia of the anterior pyriform cortex is very thick
and uniformly dense while the zones of MOB terminations in sublamina Ia of
the other paleocortical targets are thinner and exhibit variations in
density. Furthermore, the pyriform cortex, but not the olfactory tubercle,
projects to layer Ib, III, and to a lesser extent layer II of all ipsilat-
eral MOB targets. The laminar distribution of these projections compli-
ments that of the MOB projections. Finally, all ipsilateral targets of
the MOB, in turn, send reciprocal projections back to the MOB, but the
laminar origin of these projections i1s not the same for all paleo-
cortical areas. For example, the bulbopetal projections of the anterior
pyriform cortex originate primarily from the cells in layer II while those
of the posterior pyriform cortex originate from scattered cells in layer
III, and those of the olfactory tubercle from large cells just deep to

the Isles of Calleja. Other ipsilateral bulbopetal projections originate
from the nucleus basalis portion of the horizontal limb of the diagonal
band.

The paleocortical areas that are intimately associated with the MOB are
the same paleocortical areas that project to Tupaia's MDb. These projec-
tions arise from the polymorph cell layer III. The thalamocortical pro-
jections of MDb, in turn (Skeen, 1974), terminate within a subdivision of
the prefrontal neocortex that is heavily myelinated and exhibits a densely
granular fourth layer--architectonic features that also characterize
Tupaia's primary visual, auditory and somatic sensory cortex. (Supported
by the NSF Grant 75-04230 to L. C. Skeen and W. C. Hall.)




TASTE OF DIPEPTIDES. Susan S. Schiffman. Department of Psychi-
atry and Psychology. Duke University, Durham, N. C. 27706.

A strict relationship between qualitative physico-chemical properties
and quantitative measures of gustatory quality has not been achieved.
Recently, Schiffman and Dackis (Perception and Psychophysics, 1975,
17, 140-146) and Schiffman, Moroch, and Dunbar (Chemical Senses and
Flavor, in press) have attempted to relate the chemical structures of
amino acids as well as their acetylated counterparts to their gustatory
qualities with the application of multidimensional scaling techniques.
This paper is an extension of the methodology to the taste of dipeptides.
Seventy-eight commercially available dipeptides were rated on a series
of fifty-three semantic differential scales relating to gustatory, temp-
erature, tactile, and pain aspects of the stimuli; they were next scaled
in a multidimensional space. Most of the dipeptides were described as
bitter, sour, or tasteless. However, some were sweet (e.g. glycyl-
L-proline) and others had a salty component (e.g. L lysine-L-
glutamate H,0). The order of combinations of the amino acids is
important. For example, L alanylglycine and glycyl-L-alanine have
different tastes.




SEXUAL BEHAVIOR AND ATTRACTION TO VAGINAL ODOR IN MALE HAMSTERS AFTER
OLFACTORY AND VOMERONASAL DEAFFERENTATION. Sarah S. Winans and J. Bradley
Powers. Dept. Anat. and Neurosciences Lab., Univ. Michigan, Ann Arbor,
Mi. 48104.

Bilateral olfactory bulbectomy abolishes mating behavior in male
hamsters (Murphy and Schneider, Science, 167:302, 1970), but destruction
of the olfactory mucosa (OLF DEAFF) by infusion of the nasal cavities with
zinc sulfate (ZS) does not (Powers and Winans, Physiol. and Behav., 10:361,
1973). When the vomeronasal nerves are cut where they pass along the
medial surfaces of the main olfactory bulbs (VN DEAFF), severe mating
deficits are produced in approximately 40% of the animals. In the re-
maining 60% of VN DEAFF males, mating behavior is normal, but when zinc
sulfate is subsequently applied (VN + OLF DEAFF), none of these males
show mounts, intromissions or ejaculations (Powers and Winans, Science,
187:961, 1975). Eighteen of 45 males (40%) showed severe mating deficits
after VN DEAFF alone when tested twice weekly for one month. Eight
failed to display any mating behavior; 7 mated only once; 3 mated more
than once. A subgroup of these 18 males was tested two months postopera-
tively and in all animals the deficit persisted. In the VN + OLF DEAFF
group none of the 22 males mated 2 days after ZS infusion. Sixteen of
these 22 animals were also tested on days 8, 15 and 22 after ZS. By
day 22 nine males showed behavioral recovery but seven males failed to
recover. This variability may be related to differential return of ol-
factory function following ZS treatment.

Male hamsters are attracted to the odor of female hamster vaginal
discharge (FHVD) (Johnston, Behav. Biol., 12:111, 1974). We tested OLF
or VN DEAFF hamsters to determine whether changes in their attraction to
FHVD might be correlated with changes in their mating behavior. We
recorded the total time during a 2 minute test period which males spent
licking and sniffing FHVD applied to the wall of a small test arena.

OLF DEAFF alone eliminated all sniffing and licking, even though it had
no effect on mating behavior. VN DEAFF males which displayed normal
mating showed slightly decreased attraction for FHVD when compared to
normal males, whereas VN DEAFF animals which had severe mating deficits
showed little or no attraction to the discharge. Thus we observed a
direct correlation between loss of the attraction for FHVD and loss of
mating behavior after VN DEAFF but not after OLF DEAFF. This may reflect
differences in the way these chemosensory organs are stimulated, in the
kinds of stimuli presented in the two testing situations or in the role
these organs play in mediating these behaviors.
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NEURAL CODING IN THE PONTINE TASTE AREA OF THE RAT. Richard S. Perrotto and
Thomas R. Scott. Dept. Psychol., Univ. of Delaware, Newark, Del. 19711.

Patternlng ning theories have proved valuable in describing neural coding
mechanisms in the gustatory system. Recordings from first, second, and
fourth-order neurons suggest that taste information in largely encoded in
patterns of activity across a population of cells. This study provides data
on third-order gustatory neurons, and allows for a more coherent account of
taste coding through the thalamic level. Single neuron responses, evoked by
chemical stimulation of the tongue, were recorded from Pontine Taste Areas
(PTA) of acute Nembutalized rats. They reveal that PTA neurons are broadly
sensitive to stimuli representing the four putative basic taste gqualities.
Of 35 neurons, 33 responded to at least three of the four taste qualities.
Time course analyses indicate the stimuli which are shown to be similar in
behavioral studies exhibit similar response patterns over time. For example
KCl, CaCly, and NH4Cl (bitter salts) typically evoke the largest transient
responses, followed by a gradual decline to a moderate tonic level of ac-
tivity. Correlations between response patterns indicate that like-tasting
chemicals elicit similar profiles of activity across the neural population.
Thus the patterns evoked by NaCl and LiCl (salty salts) over a three-second
period correlate at the 0.94 level while the activity representing NaCl and
CaCly (salty vs bitter salts) correlate only 0.68. A multidimensional anal-
ysis indicates that three underlying physico-chemical dimensions (as yet
undefined) bear upon the neural responses. In certain of their response
properties, PTA neurons are like those of the (second-order) solitary nu-
cleus (relative responsiveness to various stimuli, exclusivity of response
to chemical stimulation); in other respects they auger the characteristics
seen in (fourth-order) thalamic neurons (low absolute response rate, tem-
poral variability, small phasic discharges). It is concluded that PTA is
functionally as well as anatomically intermediate between the solitary nu-
cleus and thalamus in the taste processing chain.

TASTE RESPONSES IN FETAL SHEEP MEDULLA. C.M. Mistretta and R.M. Bradley.
Dept. Oral Biol., Sch. Dent., Univ. Michigan, Ann Arbor, 48104.

To study the development of the sense of taste, recordings were made
in the medulla of 16 fetal sheep aged 76-147 days (term) while stimulating
the anterior tongue with chemicals. Fetal lambs were delivered by
Caesarean section onto a heated table with placental circulation intact.
The cerebellum was aspirated to reveal the floor of the fourth ventricle.
Using the obex as zero reference, tungsten microelectrodes were driven
into the medulla at coordinates derived from previous histology.

Chemical stimuli (salts, acids, sugars, and urea) were flowed over the
anterior third of the tongue for 30-60 sec, followed by distilled water
rinses. Recordings were made from 24 single or few unit preparations
that responded to chemical stimulation of the tongue. In eight prepara-
tions, electrolytic lesions were made at the recording site. On sub-
sequent histological examination, lesions were found in the region of the
tractus solitarius or its nucleus. The most caudal lesion was at the
level of the IXth nerve rootlets, the most rostral at the level of in-
coming VIIth nerve afferents. As in fetal chorda tympani preparations,
salts and acids elicited a higher frequency neural response than sugars
or bitter stimuli. Five units responded to chemical stimuli only after
a latency of 100-500 msec; the significance of this is not yet under-—
stood. In the youngest fetus studied, 76 days, responses to salts were
rapidly adapting compared to slowly adapting responses in fetuses older
than 91 days. Of 18 units tested with tactile as well as chemical
stimuli, 16 responded to both. These preliminary results indicate that
it will be possible to use fetal tractus solitarius recordings to study
the development of sensory function over the entire time course of
maturation of the taste system. (Supported by NIH Grant HD-07483.)
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BEHAVIORAL RESPONSE OF CHANNEL CATFISH, ICTALURUS PUNCTATUS,TO
AMINO ACIDS. Edward E. Little* (SPON: L.M.Beidler). Dept.
Biol. Sciences, Florida State Univ., Tallahassee, F1l., 32306.
The catfish has been found to have an exquisite sensitivity
to simple amino acids in electrophysiological studies of
olfactory (Suzuki,N. & Tucker,D., Comp. Biochem. Physiol.,
40A:399,1971) and gustatory receptors (Caprio,J., Olfaction
& Taste V, 1975). ‘Catfish were trained to associate food
rewards with glutamic acid stimulation. The lowest concentra-
tion responded to was 10~6M. In another method shock was
paired with the addition of an amino acid solution, and cat-
fish readily learned to escape a chamber to avoid shock after
solutions of L-serine, L-cysteine, L-proline, or DL-glutamic
acid were applied. They failed to do so when plain well
water was used as a control. The lowest concentrations of
amino acid solutions that evoked a response was within the
range of 10-7-10-8M. Fish trained with one type of amino
acid solution generalized their response when solutions of
novel amino acids were used, but at lower concentrations
catfish responded more readily to the conditioned amino acid
than to novel ones. The relative importance of olfaction
and taste in this behavioral sensitivity is yet unknown.
(Supported by NIH Grant NS-05258.)

REGIONAL TASTE RESPONSIVENESS ON THE RAT'S TONGUE. Inglis J. Miller,
Jr., Department of Anatomy, Bowman Gray School of Medicine of Wake Forest
University, Winston=Salem, North Carolina 27103.

The distribution of fungiform papillae with their single apical taste buds in the rat
is consistent among an experimental population of animals. The rat tongue is about
20 mm in length and half of the fungiform taste buds are located on the most anterior
4 mm of the tip. Gustatory responses were recorded from chorda tympani nerves of
rats while their tongues were stimulated with chemical solutions. A rubber diaphragm
was fitted over the tongue so that the total number of fungiform taste buds could be
divided for stimulation into a tip region and mid-region. Summated whole nerve
responses were recorded while the entire tongue, the tongue tip alone, or the mid-
region alone were stimulated with a concentration series of NaCl, sucrose, or HCI.
The tip gave responses which were 80-90% of the responses to stimulation of the
entire tongue, while the mid-region gave responses which were only 40-50% of the
entire tongue responses for all three classes of chemical stimuli. While there is
clearly a quantitative difference between the responses of the tip and mid-region,
the differential responsiveness to the three classes of stimuli appears to be nearly the
same in both regions. Though the total number of taste buds is the same in both
regions, the average density of taste buds per unit of surface area is 3.4 papillae/
mm2 on the tip and 1.3 papillae/mm2 on the mid-region. Whether the 50% of
papillae on the tip receive a higher density of innervation compared with the mid-
region is currently under investigarion. These observations suggest that regional
differences in responsiveness on the anterior portion of the rat's tongue are primarily
quantitative and are consistent with the premise that responsiveness to different
classes of stimuli is randomly distributed through the receptor population.

(Supported in part by NIH Grant NS 10389)
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THE MORPHOLOGY AND PERIPHERAL DISTRIBUTION OF THE RAT GENICULATE
GANGLION. Maximo M. Gomez* and Inglis J. Miller, Jr. (SPON: J. G.
McCormick). Department of Anatomy, Bowman Gray School of Medicine of Wake
Forest University, Winston-Salem, North Carolina 27103. -

The geniculate ganglion is a group of sensory somata within the petrous porh.on of
the temporal bone which sends its peripheral processes to the anterior tongue via the
chorda tympani nerve, to the palate via the greater superficial petrosal nerve, and to
the external auditory meatus via the auricular nerve. A morphological study of the
ganglion has been undertaken to quantify the relationship between these ganglionic
neurons and the taste buds which are innervated by their dendritic terminations. Two
ganglia from different rats have been serially sectioned and photographically recon-
structed by light microscopy to obtain a total neuron count and an orientation to the
cytoarchitechtonic organization. Somata numbering 1754 and 1926 have been iden-
tified in two ganglia and these vary in diameter from about 10u to 40p with the small-
est somata localized relatively more superficially and the larger cell bodies closer to
the mass of the seventh nerve fibers. A subpopulation of somata can be identified in
association with the emergence of the greater superficial petrosal nerve. The chorda
tympani nerve to the anterior tongue innervates approximately 100 taste buds and con-
tains an average of 959 fibers of which 60% are myelinated and 40% are unmyelin-
ated as described by Beidler. The greater superficial petrosal nerve supplies taste
buds in the nasopalatine duct which total about 60 bilaterally and approximately 100
taste buds on the palate as described by Kaplick. Degeneration experiments are in
progress to determine by chromatolysis the number and localization of geniculate gang-
lion somata from which axons to the chorda tympani, greater superficial petrosal, and
auricular nerves originate .

(Supported in part by NIH Grant NS 10389)

ELECTROPHYSIOLOGY OF THE OLFACTORY PATHWAY IN THE PIGEON. Angelica
Macadar*, Lyle J. Rausch, and Bernice M. Wenzel. Dept. Physiol., UCLA
Sch, Med., Los Angeles, CA 90024.

Previous work in this laboratory has shown 3 primary ipsilateral pro-
jection areas of the olfactory bulb (OB) in the pigeon forebrain, viz.,
prepiriform cortex (CPP), parolfactory lobe (LPO), and ventral hyper-
striatum (HV), as well as several secondary areas. We now report results
of stimulating pigeons' olfactory nerves (ON) electrically while recording
from OB and forebrain. ON conduction velocity is 0.2-0.4 m/sec with
thresholds of 1-6 V using pulse durations of 0.05-0.1 ms. Bulbar evoked
response (BER) latency is 20-40 ms ipsilaterally and 2-5 ms longer contra-
laterally; amplitudes are as large as 4 mV. Ipsilateral BER polarity
typically reverses across the mitral cell layer. The contralateral BER is
often inverted compared to the ipsilateral and also shows a late response
(> 60 ms latency). Single ON shocks elicit burst responses with 20-40 ms
latency from ipsilateral mitral cells. Bilateral or unilateral transec-—
tion of OB at different levels with respect to the anterior olfactory
nucleus and CPP had different effects on BERs. Responses in ipsilateral
primary projection areas are 2-5 ms slower than the BER. With 3-5 Hz re-
petitive stimulation for 1 min, amplitude drops to 50%; the BER, however,
follows 10 Hz without loss for 1 min. Amplitudes in LPO and CPP are 0.8-
2 mV and the pattern is similar to BER. Latencies in ipsilateral second-
ary areas (neostriatum, dorsal hyperstriatum, paleostriatum primitivum and
augmentatum) are 50-80 ms, amplitudes are 0.2-0.4 mV, and patterns vary.
Amplitude in hyperstriatum accessorium is 0.2-0.6 mV and the latency is
typically shorter than in other secondary areas. With contralateral stimu-
lation, latencies vary in these sites and amplitudes are always reduced.

Other forebrain areas have been explored with negative results. (Sup-—
ported by USPHS grant NS 10353 to B.M. Wenzel.)
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ODOR DETECTION AND DISCRIMINATION IN RATS AFTER ANTERIOR AMYGDALOID
LESIONS. Burton M. Slotnick, Jose Simoes-Fontes* and Anne T. Phillips*,
Psychology Dept., The American University, Washington, D.C. 20076.
Severe olfactory deficits occur after rostral section of the lateral
olfactory tract (LOT) (Slotnick, Prog., Soc. Neurosci., 1972). This
study investigated the effects of destroying amygdala and piriform
cortical projections of the LOT. Rats were trained in a wind-tunnel
olfactometer (Science, 185:796, 1974) to detect the presence of a 1-sec
sample of dilute amyl acetate (circa 10-4). After overtraining, they
were operated upon and 2-4 weeks later tested for retention and then
acquisition of four new 2-odor discrimination tasks of graded difficulty.
Rats with the olfactory bulbs removed (N=2), with small neocortical
lesions (N=3) and with partial lesions of the amygdala (N=5) served as
controls. Experimental rats (N=4) had lesions that extensively damaged
the anterior amygdala and piriform cortex at the level of the nucleus
of the LOT and interrupted most or all of the olfactory tract fibers
at this level. Bulbectomized rats had no retention of the detection
problem and only chance performance in 2500 retraining trials. Cortical
and amygdala controls had perfect or near-perfect retention and made
fewer than 100 errors (mean errors: 22) in each subsequent 2-odor task.
Experimental rats showed no discrimination deficits (mean errors: 25)
and performed as well as the cortical or amygdala control groups in
each postoperative test. These results demonstrate that olfactory
projections to the anterior amygdala do not play a significant role in
learned olfactory discriminations, and suggest that LOT projections to
the pre-piriform cortex and/or the olfactory tubercle provide the
anatomical substrate for the retention of odor detection and learning
of 2-odor discriminations.

OLFACTORY RECEPTOR POTENTIALS AND SINGLE CELL RESPONSES AS A FUNCTION OF
STIMULUS INTENSITY IN THE RAT. Charles D. Sigwart* and Robert C. Gesteland
Dept. Biol. Sci., Northwestern Univ., Evanston, IL. 60201.
Electro-olfactograms (EOGs) and extracellular action potentials from
single receptor cells were recorded from the isolated olfactory epithelia
of 1 to 30 day old rat pups. The preparation was maintained in a humidi-
fied 95% oxygen-57 carbon dioxide atmosphere. Unit responses could be
recorded with either platinized metal microelectrodes or 30 megohm 0.9%
saline-filled micropipettes. Responses of a cell were repeatable for at
least 30 minutes as long as intense stimulation was avoided. Stimuli used
included amyl acetate, n~butanol, butyric acid, dichloroethane, ethyl buty-
rate, methyl butyrate, pyridine and triethylamine at concentrations be-
tween 0.0006 and 0.06 times saturation delivered as brief vapor aliquots
in a continuously flowing moist carbogen stream. EOG amplitudes varied
with the location of the recording electrode, being largest where the re-
ceptor cell demsity was highest, and with the age of the animal. Maximum
response occured in animals 6 days of age and older. EOG amplitude varied
linearly with the log of the stimulus concentration. Slopes of the re-
sponse amplitude versus log stimulus intensity curves were different for
different stimulus substances. Receptor cells showed an increase in number
of evoked spikes with increase in stimulus intensity up to an optimum
value. Further increase in stimulus intensity resulted in a decrease in
number of evoked spikes for most cells and most stimuli. Some substances
excited a cell and some inhibited it or had no effect. Most cells responded
to more than one stimulus. Different excitatory stimuli had different
optimum intensities for the same cell. Different cells had different op-
timum intensities for the same stimulus. There was no obvious variation in
stimulus-response relations with animal age. This work was supported in
part by NSF Grant No. BMS75-02339.
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LOCAL ACTIVE REGIONS IN RAT OLFACTORY BULB DURING OLFACTORY STIMULATION.
Gordon M. Shepherd, John S. Kauer, and Frank R. Sharp, Yale Univ. Sch.

Med., New Haven, Conn. 06510, and NIH, Bethesda, Md., 20014.

An important question in sensory physiology is the role played by
spatial patterns of activity in the processing of sensory information. We
have attempted to obtain evidence for this in the olfactory system by
analysis of activity-related uptake of 2-deoxy-d-glucose (2DG). Rats were
injected with 14C 2DG and exposed to different conditions of olfactory
stimulation. After 45 minutes the animals were killed, and autoradio-
graphs were prepared according to Kennedy et al., (Science 187:850, 1975).
In animals in which one naris had been sutured closed several days before
the experiment, there was less uptake of 2DG in most layers of the olfac-
tory bulb on the operated side, as shown by lighter optical densities in
the autoradiographs. 1In animals resting in their holders, breathing
laboratory air, the olfactory bulbs often showed very small dots of in-
creased density, localized in or near the glomerular layer. The smallest
densities appeared to correspond in size to one or several glomeruli.
They often appeared bilaterally symmetrical. Some animals were exposed
to a continuously flowing stream of amyl acetate, camphor, or cheese
vapors in a closed environment after 2DG injection. Under these condi-
tions, the olfactory bulbs typically showed bilaterally prominent local
spots or bands of increased optical density. These were usually located
at the level of the glomeruli, but also spread to the adjacent nerve and
external plexiform layers. These results demonstrate the most localized
sites of CNS metabolic change seen to date with this technique., Pre-
liminary results suggest that patterns of local activity may be different
for different odors, and could therefore play a role in the processing
of olfactory information.

LAMINAR ANALYSIS OF 2-DEOXY-D-GLUCOSE UPTAKE IN THE RAT OLFACTORY SYSTEM.
Frank R. Sharp, John S. Kauer and Gordon M. Shepherd. Lab. Neurophysiol.,
NIMH, Bethesda, MD 20014 and Yale Univ. Sch. Med., New Haven, CT. 06510.

A new method for studying activity-related changes in metabolism of
regions in the central nervous system is based on the uptake of 2-deoxy-d-
glucose (2DG) (Sharp, Nsc. Abstr., p. 422, 1974). We have used this method
to analyze differences in glucose metabolism between histological laminae
of cortical structures, taking the olfactory bulb and olfactory cortex as
model systems. Rats were injected with 14C 2DG and sacrificed after 45 min.
The frontal telencephalon with attached olfactory bulbs was quickly removed
and frozen; frozen sections were cut, dried, and autoradiographed on X-ray
film. In all animals, the olfactory bulb showed a superficial layer of
relatively light optical density corresponding to the outer layer of
olfactory nerves. A broad band of increased density was typically present
at an intermediate depth in the bulb; this extended from the glomerular
layer superficially into the granular layer in the bulbar depths. The cen-
tral bulb was of relatively light density. Thinner laminae could sometimes
be discerned within the intermediate zone. In the prepyriform cortex,
there was a superficial zone of relatively light density, corresponding to
the lateral olfactory tract and its collaterals. Deep to this was a thin
layer of increased demsity, corresponding to the molecular layer of the
prepyriform cortex. In comparison, frontal neocortex showed a relatively
uniform density, except in some sections where a thin band of increased
density was present at the level of lamina IV. The results show that 2DG
uptake can be used to delineate different histological laminae and that
differences in uptake occur between layers rich in synaptic neuropil,
neuronal perikarya, and unmyelinated and myelinated axons.
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RESPONSE PATTERNS OF SALAMANDER OLFACTORY BULB UNITS TO STEP PULSES OF
ODOR. John S. Kauer and Gordon M. Shepherd. Department of Physiology.
Yale University School of Medicine, New Haven, Conn. 06510.

A major protlem in olfactory physiology is to identify the basic
types of single cell response to odor stimulation under defined con-
ditions. For approaching this protlem a method has been developed for de-
livering step cdor pulses monitored during the experiment(Kauver, J.5 &
Shepherd, G.M., Brain Res, 851108, 1975). In the present study we have
applied this method to the salamander to examine previously suggested
categories of response(Kauer, J,S., J. Physiol. 243:695, 1974). Extra-
cellular unit responses were recorded from neurons in the mitral cell
body layer as confirmed by dye-marking. Based on the types of activity
first seen after the onset of the stimulus, the responses fell into two
main categories: suppression and excitation, Sub-categories of these
responses could be characterized in relation to odor pulses of different
durations and concentrations. Initially suppressive respcnses typically
outlasted the odor puise{up to 8 secs. duration). These suppressive re-
sponses showed little or no change with different concentrations. A few
initially suppressive responses were followed by a period of excitation
2-3 secs. after.the stimulus onset. Initially excitatory responses
showed maintained excitation for the duration of the pulses only if the
concentration were held near threshold. This has been termed concentra-
tion tuning. When higher concentrations were presented an initial ex-
citation followed by suppression was seen. A second period of excitation
following this suppression was observed with longer lasting pulses. These
studies have confirmed and extended the characterization of the previous-
ly described response categories and substantiated the concept of .con-
centration tuning.
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AFFERENT CONNECTIONS OF THE OLFACTORY CORTEX. Lewis B. Haberly* and
Joseph L. Price. Dept. Anat., Wash. Univ. Sch. Med., St. Louis, Mo.,
63110.

The afferent connections of the olfactory cortex are being studied in
the rat with the horseradish peroxidase retrograde transport technique.
Electrophysiological methods were used to guide the placement of the in-
jections, which were made through micropipettes by pneumatic pressure.

Within the olfactory bulb, mitral cells are labeled throughout the
bulb following injections of the prepiriform cortex, olfactory tubercle
and anterior olfactory nucleus. Restricting the size of the injection
decreases the intensity and number of mitral cells labeled, but in all
cases the labeled cells are found in all parts of the bulb. Tufted
cells are labeled following restricted injections into the olfactory
tubercle and anterior olfactory nucleus but have been seen after injec-
tions of the prepiriform cortex only after multiple injections involving
a large area of the cortex.

Within the prepiriform cortex a very high density of Tabeled cells is
found in layers II and III and in the part of the claustrum deep to the
prepiriform cortex (endopiriform nucleus) distant to small injections
into the prepiriform cortex (which involve all layers of the cortex and
the endopiriform nucleus). With increasing distance from the injection
site, the high proportion of labeled cells is maintained, but the
intensity of label in each cell decreases. Labeled cells are not found
in the anterior olfactory nucleus, olfactory tubercie and lateral ento-
rhinal area, although labeled cells are found in the prepiriform cortex
directly adjacent to these areas. A few labeled cells are also found in
the anterior cortical amygdaloid nucleus. A commissural projection from
layers II and III of the prepiriform cortex to the opposite prepiriform
cortex is revealed by Targe HRP injections.

Other cells Tabeled following injections of the olfactory cortex are
situated in and deep to the ventral portion of the tenia tecta, at the
junction of the vertical and horizontal Timbs of the diagonal band, and
in an area of the midbrain extending from the dorsal raphe nucleus to
the ventral tegmental area.

These results support previous conclusions from experiments using
anterograde axon tracing methods that both the mitral and tufted cells
project upon the olfactory cortex, and that this projection is not
topographically organized, although the tufted cell axons may be pre-
dominantly distributed to the anterior olfactory nucleus and olfactory
tubercle. They also suggest that the anterior olfactory nucleus,
olfactory tubercle and lateral entorhinal area do not contribute to the
intracortical association projection which has been shown previously to
arise from the prepiriform cortex.
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TASTE AND SMELL IN AN AQUATIC VERTEBRATE: THE CHEMORECEPTION
OF AMINO ACIDS IN CATFISH. John Caprio* and Don Tucker. Dept.
of Biol. Sci., Florida State University, Tallahassee, Florida
32306.

Both gustatory and olfactory systems of the channel catfish
(Ictalurus punctatus) are highly sensitive to the a-amino ac-
ids. Thils sensory overlap presents interesting questions con-
cerning the taste-smell distinction in aquatic organisms.

This abstract describes three distinguishing features of these
chemosensory systems: (1) phasic-tonic response characteris-
tics, (2) amino acid thresholds, and (3) structure-activity
relations.

Time-averaged gustatory recordings were obtained from twigs
of cranial nerve VII (facial) to the maxillary barbel on a Pt-
Ir wire electrode. Metal-filled glass capillary electrodes
tip plated with Pt-black (ball diameter 15-25um) were used to
record summated responses from the surface of the olfactory
epithelium. The electro-olfactogram (EOG) was recorded with
calomel electrodes via Ringer-agar filled capillary pipettes.

The summated response of the maxillary barbel taste nerve
to an amino acid stimulus reveals a quickly adapting phasic
response with thresholds ranging between 10-9 and 10-12M for
the more effective amino acids (Caprio, Comp. Biochem. Physiol
In Press). Both EOG and olfactory neural responses exhibit a
phasic component followed by a tonic response which remains
approximately constant throughout the stimulus duration. 01-
factory thresholds determined by either EOG or neural record-
ings are estimated to range between 10-7 and 10-9M. Power
functions describe the relationships between the neural (gus-
tatory or olfactory) or EOG responses and the stimulus concen-
trations, with exponents between 0.07 and 0.1l4 for the neural
recordings; EOG exponents are somewhat larger.

Chemoreceptive specificity was determined with a number of
amino acids and their derivatives. L-a-amino acids are the
most effective stimuli, although certain D and B-amino acids
are more stimulatory than some L-a-amino acids. Derivatives
of the a-amino, a-hydrogen, or carboxyl groups of an amino ac-
id are less stimulatory with one exception: esterification of
the carboxyl group does not affect activity, indicating an
ionically charged carboxyl group is not required for olfactory
or gustatory responses.

A major difference between olfaction and taste in the cat-
fish is the different structure-activity relations involving
the side chains of amino acids. In the table are listed the
six most effective amino acid stimuli for both chemical sys-
tems. All comparisons were made at 0.1lmM, and the magnitude
of the phasic neural response to each chemical is represented
as a percentage of that produced by the standard, 0.1lmM L-ala-
nine. Mean, standard deviation (S.D.), and number of fish
tested (N) are included.

TASTE OLFACTION
Rank Chemical Mean#S.D. (N) Chemical MeantS.D. (N)
1 L-Ala 100.0 30 L-Cysh 120.8+ 8.0 9
2 L-Arg 86.6*11.0 22 L-Aba 107.2+ 5.6 5
3 L-Ser 69.5+ 9.1 22 L-Gln 104.6+11.2 6
4 L-Aba 65.7+ 8.5 9 L-Met 103.5+10.0 5
5 L-Gln 60.6+10.1 5 L-nVal 101.3+ 7.0 6
6 D-Ala 57.2+ 5.7 9 L-Ala 100.0 20

(Supported by NIH grants, NS-0881l4 and NS-05258)
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PERSISTENCE OF AXONAL AND SYNAPTIC EUNCTION AFTER AXOTOMY IN THE GARFISH
OLFACTORY SYSTEM. Jeffrey A. Kugel and Dexter M. Easton, Department of
Biological Science, Florida State University, Tallahassee, F1 32306 (SPON:
R.L. Glendenning)

The status of impulse propagation and synaptic transmission was exam-
ined at specified times after section of the olfactory nerve in garfish.
Axotomy was accomplished by amputation of the tip of the snout, and remov-
al of the cell bodies of the olfactory axons, or by section of the nerve
at various places along its 15-20 cm course to the olfactory bulb. The
use of a suction electrode in both the in vivo bulb preparation and in the
in vitro nerve preparation permitted synchronous excitation of the total
olfactory nerve input to the olfactory bulb. The nerve compound action
current declined exponentially with a half-life of about 7 days, in con-
trast to. the bulbar response, which appeared undiminished in amplitude as
long as 15 days after axotomy. Comparison of stimulus intensity-response
curves for both preparations suggests that considerably less than total
activation of the nerve fibers produces a maximal amplitude of response
in the olfactory bulb. This apparent excess of olfactory input to the
bulb over that necessary to evoke a maximal bulbar response may account
for the seemingly longer persistence of synaptic function. (Aided in
part by Psychobiology Program, Florida State University.)

THE OLFACTORY GLOMERULUS OF RAT. ELECTRON MICROSCOPY OF GOLGI STAINED
MATERIAL. E. Ramon-Moliner. Dept. Anat., Sch. Med., Sherbrooke Univ.
Sherbrooke, Ouebec, Canada.

Following lead chromate substitution, the following ultrastructural
observations were made: (1) Contrary to what one could have expected,
the olfactory axons do not terminate in the form of freely ramifying
branchlets scattered between the dendritic ramifications of the mitral
cells, external granule cells, etc. They terminate in the form of
complex polipoid formations, where they intermingle with other axoms,
presumably originating in adjacent regions. Only the surface of these
polipoid formations provides synaptic contacts with the other glomerular
components. (2) By contrast, the 'dendritic" components terminate in the
form of diffuse and widely scattered branches to form a neuropil matrix
which contains the axonal polipoid aggregations. (3) The dendritic
processes, at least those of the mitral cells and the external granular
cells, offer considerably greater surface of contact with other dendrites
than with the afferent axons. (4) The contacts between dendrites and
axons were either tangential or in the form of "tunnels'" which individual
dendrites create within the mass of the axonal polipoid formatioms. (5)
No_individual isolated axons were seen surrounded by polidendritic
enveloping formations (in contrast to the patterns described in the
cerebellar glomerulus, or the L.G. glomerulus). (6) The ramifications of
the mitral cell tufts are more sparse than those of the external granule
cells. (7) Neuroglia processes were revealed as interstitial narrow
spaces interposed between the other processes.

(Supported by grant MA-4183 from the Medical Research Council of Canada) .
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TASTE PREFERENCE-AVERSION OF THE MONGOLIAN GERBIL TO METHYL MANNOSIDES.
W. Jakinovich, Jr., I. J, Goldstein* and B. Oakley. Dept. Zool. and
Biological Chemistry, The University of Michigan, Ann Arbor, Michigan
48104.

Recently it was reported that crystals of f=D-mannose taste bitter to
humans (Stewart et al., Nature, 234, 200 (1971)). This finding confirmed
earlier reports that the B=anomer of D-mannose in solution is bitter
while the ¢-anomer has a sweet taste (Steinhardt, et al., Science, 135,
367 (1962); Panghorn and Crisp, Experientia, 22, 612 (1966)). Taste
preference experiments cannot be easily carried out with these compounds
because D-mannose dissolved in water mutarotes to an equilibrium
mixture of pyranose, furanose, and acyclic isomers. To avoid the problem
of mutarotation one may use methyl glycosides. Taste preference or
aversion of the Mongolian gerbil (Meriones unguiculatus) to the two
anomeric methyl glycosides of D~mannopyranose was measured and these
responses were compared to those obtained with sucrose and quinine.

Naive gerbils, fed ad libitum, housed individually, were kept on a 12
hr light = 12 hr dark cycle and maintained at a constant temperature (25°
+ 1°). Taste solutions were available to the gerbils from two inverted
graduated cylinders fitted with glass drinking tubes. During the test
one cylinder contained distilled water and the other contained taste
solution. The concentration of taste stimulants was changed every 48 hr,
and every 24 hr the left-right position of a given taste solution was
determined randomly. All tastants were presented in an ascending series
of 1/3 log molar concentration steps. Sucrose was tested first, and was
followed in order by quinine, methyl ¢~D-mannopyranoside and methyl
B=D=-mannopyranoside. B

“The behavioral data are summarized in Figure 1. The animals clearly
rejected quinine and methyl p-D-mannopyranoside and preferred sucrose and
methyl g=D-mannopyranoside to water. The threshold of acceptance is
lowest for sucrose. Concentrations of methyl ¢~D-mannopyranoside greater
than 0.2 M tended to crystallize on the drinking tube and therefore were
not used.

Figure 1. Mean

100 preference of gerbils
(N=6) for quinine (O),
w 80 sucrose (@), methyl
Q Q-D-mannopyranoside (A),
ld:" 60 and methyl
E B=D-mannopyranoside (4A).
u 40
o Percent preference =
2?20 test soln intake x 100%
total fluid intake
[0}
1078 1074 1073 1072 10" 10° For each curve, *
CONCENTRATION (Molar) Indicates the point of

initial significant
preference or aversion
(p < 0.05).

Methyl p-D-mannopyranoside is aversive to the gerbil. These results
are similar to findings in humans that the (~anomer of mannose is sucrose=
like and the B=-anomer is quinine=like. Methyl o~D-mannopyranoside has a
sweet quality when tasted by us while methyl B-Q-ﬁannopyranoside was
extremely bitter.

Supported in part by USPHS Grant NS 07072 to B. Oakley and AIAM 10171
to I, J. Goldstein.
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Audition

{HE ROLE OF COMPLEX MASKERS IN THE PRODUCTION OF ATTENTIONAL ASYMMETRIES.
Kenneth M. Heilman, Dawn Bowers,* and Wiley Rasbury*. Department of

Neurology and Clinical Psychology. University of Florida College of
Medicine, Gainesville, Florida 32610.

The purpose of this study was to ascertain if there are ear asymmetries
in the ability to discriminate tonal sequences (from the Seashore Measure
of Musical Talents) in the presence of complex distractors (music and
speech) .

In the first experiment sixteen college students were presented tonal
sequences monaurally (to either the right or left ear) at sensation level
(threshold and 40 dB). A music masker (symphonic music) was also presented
to the same ear at 30 dB above threshold. The data was analyzed by com-
paring the following. number of subjects with a right ear effect (REE),
number of subjects with a left ear effect (LEE), number of subjects who
performed equally well with either ear (NEE). When no masker was used
there was no significant difference (p > .05); with a music masker the
number of subjects with REE was significantly higher than those with
LEE or NEE (p < .001).

In a second experiment 16 new subjects were used. In this experiment
the masker was two people simultaneously reading the same story out of
phase and was presented at 80 dB above threshold. Otherwise the experi-
mental paradigm was unchanged. Analysis of data revealed that as in
Experiment I with no masker there was no significant difference in the
frequency of ear effects (p > .05), however, with the voice masker there
were significantly more subjects with a LEE than those with a REE or
NEE (p < .05).

Although in man each ear projects to the ipsilateral as well as contra-
lateral cortex, the contralateral projections appear to predominate. Our
data suggests that the left hemisphere which perceives speech stimuli
better than the right hemisphere is also more distracted by these stimuli
and that the right hemisphere which perceives musical stimuli better than
the left hemisphere is also more distracted by these stimuli.
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RESPONSE TO DELAYED AUDITORY FEEDBACK IN PATIENTS WITH HEMISPHERIC LESIONS
P. Vrtunski, J.L. Mack, Y. Kim*, F. Boller. Neurobehavior Unit, V.A.

Hospital, Cleveland, Ohio 44106 and Case Western Reserve University.
Studies of delayed auditory feedback (DAF) have suggested that DAF may
have considerably different effects on the speech of aphasics than on that
of normals. The present study was designed to investigate the response of
patients with lateralized cerebral lesions to DAF on verbal and nonverbal
tasks at several levels of difficulty. Subjects were three groups of in-

patients: 10 with left hemisphere lesions, 9 with right hemisphere le-
sions, and 9 with no evidence of CNS disease. Each subject was presented
five tasks under conditions of simultaneous (SAF) and delayed auditory
feedback (DAF). Three tasks were verbal: (A) counting from one to ten,
(B) repeating a high probability sentence, and (C) repeating a low prob-
ability sentence. The two nonverbal tasks were (D) tapping at a steady
rate and (E) tapping repetitions of a simple rhythmic pattern. The sub-
ject's response (either speech or tapping pressure on a transducer) was
tape recorded and fed back via binaural headphones either simultaneously
or with a 360 msec. delay.

The present study presents an analysis of the duration of verbal and
nonverbal responses in the form of DAF/SAF ratios, expressed as the per-
cent of increase due to DAF. It was hypothesized that on verbal tasks
left hemisphere subjects would show a response to DAF different from that
of controls and right hemisphere subjects. Analagously, right hemisphere
subjects were expected to show a DAF effect different from that of con-
trols and left hemisphere subjects on thc nonverbal tasks. Figure 1 re-
veals that for normals the extent of disruption due to DAF increased as
the difficulty of the task increased, from counting to repeating a sen-
tence on verbal tasks and from tapping to repeating a rhythm on nonverbal
tasks. Left hemisphere subjects showed an abnormal pattern on verbal
tasks but paralleled control results on nonverbal tasks, while right hemi-
sphere subjects showed an abnormal pattern on nonverbal tasks and paral-
leled control performance on verbal tasks.

It appears that subjects with lateralized cerebral lesions do show
abnormal DAF effects on tasks processed in the impaired hemisphere, al-
though both left and right lesioned subjects showed DAF effects on all
tasks. The difficulty level of the task seems to be an important deter-
miner of the extent of DAF effects observed in subjects processing tasks
in which they are not using their impaired hemisphere. Considerable
variability was noted between individual subjects in the impaired groups,
perhaps due to differences in the intrahemispheric locus of lesions, so
that one cannot safely speak of uniformly predictable effects of DAF sim-
ply as a function of hemispheric localization.
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SPEAKER RECOGNITION BY THE CENTRAL NERVOUS SYSTEM
Manfred Clynes, The Biocybernetic Institute, La Jolla, and UCSD,
La Jolla, California 92037

Although differentiation between individual speakers is fairly success-
fully done by computers and voice prints leading to recognizable pat-
terns for visual or analytic discrimination, little is known about how the
nervous system itself performs this auditory function (The problem is
quite different from recognizing speech, phonemes and expressive or
syntactic inflections).

It was observed earlier in our laboratory that even small steady
changes of speed of a tape recording of a speaker's voice interfere
with recognition of the speaker's identity, while leaving intact recogni-
tion of speech, syntactic, and expressive inflections. This also raised
the question whether alteration of speech speed (rate), or of pitch, or
both, played a key role in disabling speaker recognition. In order to
test this question, an Eltro Rate Changer was used allowing the rate of
speech to be changed without changing the pitch, or vice versa. The
device operates without significant loss of fidelity as tested by using it
twice, the second time to restore the original rate or pitch. Pairs of
speakers of the same sex and of comparable voice characteristics were
chosen, and 30 second portions of their speech were presented to sub-
jects who could identify the speakers correctly, without error. The
same speech segments were then presented, altered in rate without
changing pitch, and also in pitch without changing rate, in increasing or
decreasing increments chosen at random.

Starting from small 1% increments it was found that when the change
reached only 6% (slightly less than a semitone), the change in pitch was
sufficient to disable speaker recognition, from errorless to no better
than chance, but a 6% rate change still permitted errorless identifi-
cation. All ten subjects tested in this way showed lack of impairment of
recognition when rate was changed only, but not pitch - while showing
strong impairment of recognition with changes in pitch, at unaltered
rate.

Since when a tape recording is changed in velocity, all frequencies
are changed in the same proportion and thus all relative clues remain,
the results signify that the nervous system has a surprising capacity,
in effect, of remembering absolute pitches for speech, a function which
is known to be developed and used only by some for musical sounds.
Thus it seems most of us appear to have a stable reference or an aspect
of absolute sense of pitch, for patterns, or gestalts, of speech.
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EFFECTS OF AUDITORY CORTICAL LESIONS ON THE DISCRIMINATION OF SPATIAL
LOCATION OF AUDITORY STIMULI. Jack B. Kelly and Steven J. Glazier.*
Department of Psychology, Carleton University, Ottawa, Canada, K1S 5B6.

Albino rats were tested following auditory cortical lesions on a
discrimination between spatially separated auditory stimuli. The animals
were trained to detect a change from a series of left clicks to a series
of right clicks presented at a rate of one a second. The behavioral
measure of performance was determined by conditioned Suppression of an
ongoing licking response. The minimum angle of separation between
stimuli which could be detected was determined for normal and brain
operated animals. Animals with bilateral lesions of auditory cortex
could easily discriminate between left and right clicks and minimum
discriminable angles were not substantially greater than normal. The
results are consistent with the view that auditory cortex is not
essential for discriminating differences in sound location.
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A COMPARISON OF EVOKED POTENTIAL, SINGLE UNIT AND MULTIPLE UNIT RE?PONSES
IN THE COCHLEAR NUCLEUS DURING REPETITIVE ACOUSTIC STIMULATION. Chi-Ming
Huang* and Jennifer S. Buchwald. Dept. Physiology, BRI, Mental Retarda-
tion Research Ctr., UCLA Med. Sch., Los Angeles, 90024.

During acoustic habituation procedures, the evoked rgsponse has been
widely utilized as an index of response plasticity at various levels of
the auditory pathway. Such studies have indicated that acoustic evoked
responses recorded at cortical and thalamic levels usually show decre-
ments while those from the brainstem acoustic relay nuclei usually do
not. In contrast, multiple unit responses from the brainstem nuclei
have consistently shown marked decrements during repetitive acoustic
stimulation. Such contrasting data preclude a conceptualization of the
central nervous processes initiated by exposure to repetitive or non-
significant acoustic stimuli, processes of great importance in lieu of
the complex acoustic environment out of which normal adaptive behavior
must emerge. Thus, we believe that a systematic study of excitability
and recovery functions at various levels of acoustic information process-
ing, utilizing both evoked potential and single unit measures, has become
a requisite for coherent understanding of acoustic habituation. This
report presents evoked potential, single unit and multiple unit data
collected from the cochlear nucleus of adult cats during sequences of
repetitive acoustic stimulation. In each sequence of 25 trials, stimulus
repetition rate (inter-trial interval) or stimulus duration was systemat-
ically varied so that a temporal range from 10 msec to 30 sec was para-
metrically scanned. Data from these experiments have indicated the fol-
lowing: 1) the evoked response and initial 10 ms of single unit discharge
showed similar excitability-recovery characteristics, i.e. the amount of
response decrement was similar, the time course of the decremental pro-
cess was similar and the recovery time course of response was similar;

2) the evoked response and initial unit discharge component decremented
when stimuli were repeated faster than 5/sec; 3) the decremented evoked
response and initial discharge component showed complete recovery within
500 ms after stimulus cessation; 4) a sustained unit response component,
elicited by tone durations of 500 ms or more, showed qualitatively dif-
ferent excitability-recovery functions than did the evoked response oOr
initial unit discharge component and these agreed with the excitability-
recovery functions of sustained multiple unit responses; 5) the sustained
response component decremented when stimuli were repeated faster than
1/10 sec; 6) the sustained response component showed complete recovery
within 60 sec after stimulus cessation; 7) the evoked potential and
initial discharge component were characteristically different than the
sustained discharge component in these decremental and recovery processes
irrespective of the unit's initial response latency or ongoing level of
firing frequency. These data indicate two temporally disparate excit-
ability-recovery processes in the cochlear nucleus and explain some of the
contrasting results of evoked potential and multiple unit studies previ-
ously reported. (Supported by USPHS Grants NS-05437, HD-04612, and
HD-05958) .
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DIFFERENTIAL CHANGES IN FREQUENCY FOLLOWING AND EVOKED RESPONSES IN SOME
PRIMARY AUDITORY AND RETICULAR STRUCTURES. C.L. Faingold and D.M. Caspary,
Dept. Medical Sciences, Southern Illinois Univ. Med. Sch., Springfield,
I11. 62708.

Responses of primary auditory structures to tone burst stimuli include
the auditory evoked potential (EP) and the frequency following response
(FFR). Although EP's are observed in both primary and non-primary struc-
tures, the FFR has not been previously observed in non-primary structures
(Marsh and Worden, 1968). Averaged potentials were recorded with bipolar
electrodes from a non-primary reticular structure (central tegmental field
or CTF), the inferior colliculus (IC), and the medical geniculate body
(MGB) in locally anesthetized, paralyzed cats. The FFR was observed in IC
and cortex but not MGB. However, in contrast to previous findings, an FFR
was recorded consistently from the non-primary site.

Differential modifications of EP and FFR were observed depending on ana-
tomical location, masking level and drug treatment. Progressive vertical
placements in IC showed consistently different evoked response waveforms
and some FFR frequency specificity. When the masking intensity was held
constant and the intensity of the tone burst was progressively decreased,
the EP in IC and cortex was reduced, while the FFR was relatively unaf-
fected until total masking occured. The relative latencies of FFR and EP
differed with stimulus intensity and vertical depth in IC. Pentobarbital
administration greatly reduced the amplitude of the FFR and EP in CTF at
doses which affected the IC responses to a much lesser degree. Within IC
the FFR was reduced in amplitude by pentobarbital at doses which left the
EP relatively unchanged. The differential changes in FFR and EP may
indicate that separate mechanisms are involved in the generation of these
responses. These findings may be indicative of processes subserving the
human FFR responses which have been proposed as a method of evaluating
brain stem auditory function (Moushegian et al., 1973).
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AUDITORY CORTICAL AREAS OF MAN. Gastone G. Celesia. D?pt.
Neurology, University of Wisconsin Center for Health Sciences,
Madison, Wisc. 53706,

Average responses to clicks were recorded from the exposed
human cortex of 19 adult patients during surgery for the
treatment of intracranial diseases. 323 cortical points were
examined with no more than 45 points being exglored in a single
patient. Auditory evoked responses were obtained from 2 areas,
short latency potentials were recorded on the superior surface
of the temporal lobe corresponding to the transverse temporal
gyri (see figure 1l). These responses consisted of two positive
waves P] and Py separated by a negative wave Nj. Pj had a mean
latency of 14.7 1.5 msec, N1 a mean latency of 19.1 t 2.6
msec and Py a mean latency of 32.2 ¥ 4.1 msec. Responses to
stimulation of the contralateral ear were of higher amplitude
than responses to stimulation of the ipsilateral ear.

Responses of smaller amplitude and longer latency were obtained
from the superior temporal gyrus and the upper lip of the
sylvian fissure. These responses had a mean peak latency for
P} of 40.2 * 2,6 msec, for N3 of 62.5 % 12,5 msec and for Py of
97.7 X 17.2 msec. It is concluded that the cortical auditory
region of man may be subdivided in 2 major areas: an area on
the supratemporal plane representing the primary auditory area
or Ay and a region surrounding Aj; which perhaps comprises 2
areas, one on the superior temporal gyrus and one on the upper
bank of the sylvian fissure including frontal and parietal
operculum. The area on the superior temporal gyrus yielded
responses
with shorter
latencies
than the one
from the area
above the
sylvian
fissure
(cross
hatching in
figure 1).
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Fig. 1. Summary diagram of auditory cortical areas of man.

In hatching primary auditory area. Cross hatching and stippling
represents the extent of lateral cortical surface activated by
clicks. The responses from the primary auditory area of two
patients are shown on the right side. On the lower part of the

figure are the responses from the superior temporal gyrus in
the same two subjects.
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ENVIRONMENTAL INFLUENCES ON THE DEVELOPMENT OF AUDITORY NEURONAL
RESPONSES IN AVIAN EMBRYOS. Nigel K. Woolf*and Robert R. Capranica.
Section of Neurobiology and Behavior, Cornell Univ., Ithaca, N.Y. 14853,

Neurons in the cochlear nuclei (nucleus magnocellularis and nucleus
angularis) of Peking duck embryos (Anas platyrhynchos) become responsive
to tonal stimuli in an orderly spatial and temporal sequence [Konishi,
PNAS 70, 1795 (1973)]. We have confirmed that, under standard artificial
incubation conditions, increasing developmental age is accompanied by a
gradual lowering of auditory unit thresholds and an increase in their
overall range of frequency sensitivity. The development of gross be-
havioral responses of embryos to auditory stimulation [Gottlieb, Devel-
opment of Species Identification in Birds, U. Chicago Press, 95-121 (1971)]
is closely correlated with this concomitant maturation of sensitivity in
the developing auditory system.

Premature exposure of embryos during incubation to auditory stimuli
advances the time course of gross behavioral responsiveness, while in-
cubation in acoustic isolation retards the onset of the behavioral re-
sponsiveness. Embryos were incubated under conditions of early auditory
stimulation or acoustic isolation to explore the limits to which plas-
ticity in the developing auditory system conforms to that of the gross
behavioral responsiveness. Single unit recordings were conducted on
embryos from day 19 of incubation through two days post-hatching. The
results will be presented and the implications of these data on the
extent of plasticity of the avian auditory system during early develop-
ment will be discussed.

(Supported by NIH 1F22NS02675-01 and NS-09244)

CHANGES IN THE POSITIVE ENDOCOCHLEAR POTENTIAL (EP) OF THE CAT PRODUCED
BY INTRAVENOUS BUMETANIDE. R. Don Brown. L.S.U. School of Medicine in
Shreveport, P. 0. Box 3932, Shreveport, La. 71130.

Bumetanide is a new 'loop" diuretic that is presently under climical
investigation in this country; it is marketed abroad under the trade
name Burinex (Leo Laboratories; England). Brown (Neuropharmacol., in
press) has demonstrated that it is ototoxic in cats (produces Ny
depression when administered acutely); having a relative ototoxic
liability less than that of furosemide and much less than that of
ethacrynic acid (Brown, Toxicol. Appl. Pharmacol. 31: 270-282, 1975).
© Since the ototoxicity of ethacrynic acid could, among other possi-
bilities, be due to its causing a reduction of EP (see review by Brown,
Medikon, in press), the effect of iv bumetanide on the EP of cats was
investigated. Young, healthy cats were anesthetized with intraperi-
toneal Dial-Urethane (0.65 ml/kg), one of the tympanic bullae exposed
and the cochlear round window membrane removed. Glass micropipettes
(5-8 p tip diam.) were filled with 0.15 M KCl; the tip of one being
placed through the basilar membrane into the scala media, the other
into a neck muscle. Intravenous bolus injections of bumetanide were
found to produce a reduction of EP. This ranged from a 5-10 mV change
at 2.0 mg/kg iv bumetanide to an extremely large alteration when 10.0
mg/kg was given. At the larger dose, EP was 15-20 mV negative at
the peak effect. In addition, the time course and extent of change
in EP produced by the different doses of iv bumetanide appeared to
correlate with the changes seen in Nj in the previously mentioned
bumetanide study.

(This investigation was supported by NIH research grant number
1-RO1 GM 22-97-01 from the Institute of General Medical Sciences.)
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RESPONSE CHARACTERISTICS OF CAT AUDITORY NEURONS LOCATED AROUND THE LATER-
AL SUPERIOR OLIVE. C. Tsuchitani. Sensory Sciences Center, Graduate
School of Biomedical Sciences, University of Texas Health Sciences Center
at Houston, 77025.

Single unit discharges were recorded extracellularly with stainless
steel microelectrodes from auditory units located lateral to the medial
superior olive (MSO). Stimuli consisted of monaurally or binaurally pre-
sented tone bursts. The response measures obtained were: effective ear,
nature of effect, stimulus frequency representation, maximum output, la-
tency of response, and temporal pattern of discharges. The location of
the unit studied or the end of the electrode tract and the MSO cell layer
were marked with electrolytic deposits of iron from the recording elec-
trode. Following an experiment the location of units studied were deter-
mined histologically. A1l auditory units Toacted lateral to the MSO were
excited by stimulation of the ipsilateral ear. Units of the dorsal and
dorsolateral perijolivary cell groups were not effected by stimulation of
the contralateral ear, were narrowly tuned, had long latencies and Tow
maximum output. Units of the Tateral nucleus of the trapezoid body and
the ventralateral periolivary groups were either uneffected or inhibited
by stimulation of the contralateral ear. Most units located along the
posterior edge of the LSO were not affected by stimulation of the contra-
lateral ear and had longer latencies than LSO units. The cell groups
surrounding the LSO appear to be tonotopically organized; with low fre-
quency sensitive units located laterally.and progressively higher frequency
sensitive units Tocated more medially. Supported by NINDS research grant.
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EFFECT OF AUDITORY NEOCORTEX ABLATION ON DISCRIMINATION
OF CLICK RATES IN THE CAT. Jerry Cranford, Makoto Igarashi,
James Stramler, * Dept. Otorhinolaryngology & Communicative Sciences
Baylor College of Medicine, Houston, Texas, 77025

Substantial experimental evidence exists which indicates that ablation
of auditory cortex severely disrupts the discrimination of changes in the
temporal aspects of auditory inputs (e.g., 1,2, 3). The present report
describes the unexpected results of a recent investigation which revealed
that auditory decorticate cats exhibit a remarkable acuity in temporal
discriminations involving differences in the rate of presentation of
clicks. Six adult cats were trained with a shock avoidance procedure to
discriminate increases from decreases in the rate of presentation of a
continuous train of clicks. Four cats were trained to cross to the op-
posite compartment of a shuttle box when an on-going train of 5/sec.
clicks changed to a rate of 2/sec. (positive trials) and to inhibit crosses
when the 5/sec. train changed to one of 10/sec. (negative trials). The
remaining two cats were trained to cross to 10/sec., changes and with-
hold crosses to the 2/sec. change. Cats received 12 trials each day
(6 positive and 6 negative) with intertrial intervals (ITIs) ranging be-
tween 30 and 90 sec. The voltages to the speakers were varied on spe-
cial "mock trials' to insure that the cats were not responding to loud-
ness changes. After learning this task three cats received bilateral ab-
lation of auditory cortical subdivisions AI, AIl, Ep, SII, and I-T while
the remaining three cats had these auditory regions plus the ""association'
cortex of the anterior lateral gyrus and the anterior and middle portions
of the suprasylvian gyrus bilaterally ablated.

Postoperatively, all cats, while initially exhibiting amnesia for the
original discrimination, attained preoperative performance levels in
approximately the same number of trials as required before surgery.
All cats were then given a series of special post hoc tests to further in-
vestigate their capacities for discriminating click rates, The first test
involved presenting 2 and 10/sec. click trains against a silent back-
ground (i.e., without 5/sec. neutral clicks). In four sessions (each con-
taining 6 positive and 6 negative trials) the six cats averaged 92, 6% cor-
rect on positive and 97, 3% correct on negative trials. The second test
involved reducing the differences between positive and negative click
rates in an attempt to determine the cats' thresholds for perceiving rate
changes. With this procedure it was found that the cats could correctly
discriminate rates of 4 and 6/sec. With the ITIs filled with 5/sec.
clicks the cats averaged 77.5% correct on positive and 98. 7% correct on
negative trials (t-test, p& 01). In four additional sessions with silent
ITIs the corresponding scores were 79,5% and 88.5% correct, respec-
tively (p& 01). No performance differences were seen with the two
lesion groups. The three cats with the largest lesions received a fur-
ther test to determine whether they could discriminate rates of 4.5 and
5.5/sec. In two separate sessions, which contained silent ITIs, the
cats averaged 63, 9% correct on positive and 72. 2% correct on negative
trials (p4 10). These results indicate the need for renewed investigation
of the role of neocortex in auditory temporal discrimination.

1 Allen, W.F. Amer. J. Physiol. 18 (1945) 415-428
Diamond, I.T., Neff, W.D, J. Neurophysiol. 20 (1957) 300-315
3Scharlock, D.P., etal. J. Neurophysiol. 28 (1965) 673-681
Supported by a grant from The Deafness Research Foundation
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LOUDNESS FUNCTION AS REFLECTED IN THE STAPEDIUS-MUSCLE REFLEX.
J. J. Zwislocki. Institute for Sensory Research, Syracuse University,
Syracuse, N.Y. 13210

Since S. S. Stevens concluded that sensation magnitudes follow power
rather than logarithmic functions of stimulus intensities, several at-
tempts have been made at demonstrating similar functions in the neuro-
physiological domain. The attempts paid off for cutaneous touch recep-
tors and gustatory receptors. In the auditory system the intensity char-
acteristics of primary neurons differ considerably from the loudness
function which has a smaller slope and an intensity range that exceeds
that of the primary neurons by at least 10 log units. The measured
whole-nerve action potentials follow the loudness function in their mag-
nitude, but saturate at about 10 log units above the auditory threshold,
whereas the loudness continues to increase at a constant rate. The satu-
ration may be due to an experimental artifact, but this has not been
proven. Recent measurements of the stapedius reflex in the middle ear
have demonstrated that the reflex magnitude continues to grow parallel
to the loudness function well above the measured saturation level of the
acoustic nerve. Since the reflex depends on the output of the nerve, it
is likely that the saturation effect arises from an artifact and that the
whole-nerve response does provide an adequate code for loudness. The
muscle-reflex function was measured by means of acoustic-impedance
changes at the eardrum.

RECEPTOR SYNAPSES WITHOUT SYNAPTIC RIBBONS IN THE COCHLEA OF
THE CAT. Rosemary A, Dunn* (SPON: D, K. Morest). Dept. Anat,, Harvard,
Boston 02115.

This report describes recepto-neural junctions thought to be chemical syn-
apses without synaptic ribbons or vesicle aggregates. Such synapses occur be-
tween the outer hair cells of the cochlea and auditory nerve fibers in adult cats
anesthetized with sodium pentobarbital (30 mg/kg) and perfused. with an aldehyde
fixative through the vascular system and the cochlea simultaneously. These
synapses are formed by flat or indented junctions having symmetric membrane
complexes associated with smooth endoplasmic reticulum and coated vesicles in
the outer hair cell cytoplasm. Inner hair cells have recepto-neural junctions
with asymmetric membrane complexes; synaptic ribbons and vesicles gather
at one type of junction, while the other type associates with endoplasmic reticulum.
Gap junctions are not seen at cochlear synapses but do link supporting cells. To
rule out some possible sources of artifact, one cat was anesthetized with ketamine
(35 mg/kg) and, following unilateral stapedectomy, white noise at an overall in-
tensity of 70 + 10 db SPL was delivered to the unoperated ear at the pinna, so as
to minimize contralateral spread, for aperiodoffive minutes before and duringthe
perfusion. The results in both cochleas are comparable to those in unstimulated
cats. The findings suggest that inner and outer hair cell synapses have different
properties and raise questions about the role of synaptic vesicles and endoplasmic
reticulum in the storage and release of transmitters.

(Supported by The Deafness Research Foundation and, USPHS grants 5 T01
GMO00406 & 5 RO1 NS06115)
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FREEZE-FRACTURED SYNAPSES IN THE OUTER HAIR CELL REGION OF THE ORGAN OF
CORTI. R. L. Gulley and T. S. Reese. LNO & LNNS, NIH, Bethesda, Md.20014
Synapses in the outer hair cell region of the chinchilla organ of Corti
were studied with the freeze-fracture technique. Afferent terminals were
clustered at the base of hair cells, indenting their plasma membranes.
Each afferent terminal in contact with a hair cell was crowned by a field
of uniformly large particles on the inner half of its plasmalemma. The
adjacent hair cell membrane was marked by patches of smaller particles on
its cytoplasmic half and by numerous plasmalemmal deformations of the type
found where cytoplasmic vesicles or other internal membrane sacs are fused
with the plasmalemma. These plasmalemmal deformations, as well as the
asymmetry of the membrane specializations, suggest that the hair cell
makes a chemical synapse with the afferents. Efferent terminals were
larger than afferents and were indented by hair cells and afferents.
Patches on the inner half of the plasmalemma of efferents had clusters of
large particles with intervening clear spaces and plasmalemmal deforma-
tions of various sizes which, in these respects, were typical of the pre-
synaptic membrane specializations found at chemical synapses. No special
distribution of particles was found in the plasmalemma of afferents
opposite the efferent presynaptic specialization but the hair cell mem-—
brane in contact with the efferent terminals had large clusters of
medium-sized particles on its cytoplasmic half. While it is not yet
clear whether these particles are part of the subsurface cisterns which
lie under the hair cell membrane opposite efferents, or whether they are
a postsynaptic specialization, the efferents appear to form chemical syn-
apses with afferents and hair cells. However, the differences in struc-
ture of the postsynaptic membrane at these two types of synapses,suggests
that they may differ from each other in their mode of action. None of
the outer hair cell synapses are likely to be electrotonic because no gap
junctions were found.
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THE NEURONAL ORGANIZATION AND EFFERENT CONNECTIONS OF THE INFERIOR
COLLICULUS OF THE RAT. D. K. Ryugo* and H. P. Killackey (SPON:
N. M. Weinberger). Dept. of Psychobiology, Univ. of Calif., Irvine 92664.

The inferior colliculus (IC) can be subdivided into a number of
constituent cell groups. We have examined the neuronal organization of
this structure in Golgi, Nissl, and fiber stained material, and have
subdivided it into five nuclei on the basis of dendritic morphology and
orientation: 1) the central nucleus(CN) constitutes the major core of the
IC and is composed primarily of bitufted neurons whose perikarya and
dendrites are aligned in rows producing a pattern of laminar-like organi-
zation; 2) the intercollicular nucleus(IN) contains medium-sized neurons
with disc-shaped dendritic fields oriented perpendicularly to the long
axis of the fibers of the IC commissure; 3) the pericentral nucleus(PC)
is a sheet of small neurons which forms a dense interdigitating dendritic
nest which envelops all of the IC; 4) the dorsomedial nucleus(DM) contains
medium-large neurons with radiate-type dendrites with no particular
orientation; 5) the external nucleus(XN) contains large radiate neurons,
remniscent of isodendritic types observed in other multiple-input regioms,
and is situated between the CN and PC along the lateral edge of the IC.

The ascending connections of the IC were determined with the Fink-
Heimer method. Discrete electrolytic lesions were placed in various
subdivisions of the IC and the animals sacrificed 6 days postlesion. The
confoundment of fibers of passage made it impossible to trace the connec-
tions of IN, PC, and DM. The XN projects only to the ipsilateral medial
division of the medial geniculate body (MGm). The CN projects ipsilater-
ally to the ventral division of the medial geniculate body(MGv) in a
point-to-point fashion suggesting a lamina-to-lamina connection from CN
to MGv, and to XN. Only the dorsal aspect of the CN has a contralateral
projection: it projects to the homotopic point in the contralateral CN,
to the XN, and very diffusely to the MGv.

The neuronal organization of the rat IC is remarkably similar to what
has been reported in other species (Geniec and Morest, 1971; Rockel and
Jones, 1973). Furthermore, these results suggest that the differential
telencephalic projections of MGm and MGv (Ryugo and Killackey, 1974) are
maintained at the midbrain level by XN and CN respectively.

Supported by NSF Grant #GB 41294,

Figure 1. Coronal Golgi reconstruction of the inferior colliculus
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THE RELATIONSHIP OF THE FELINE TEMPORAL CORTEX TO THE MEDIAL GENICULATE
BODY. S.Horenstein and T. Yamamoto.* St.Louis Univ.,St.Louis, Mo.63104.

The reciprocal relationships of the ectosylvian temporal cortex of the
cat were studied by means of retrograde axoplasmic flow and nerve fiber
degeneration. Lesions were made in cortical areas Ay, Ay, EP, SF, and
IT, the insular auditory cortex. Small lesions were also made in the dor-
sal portion of EP. The entire ectosylvian region was shown to receive or
send projections to the medial geniculate body. The terminals and cells
were all found ipsilateral to the site of the lesion or injection. Most
terminals were found in the ventral portion of the medial geniculate's
principal (GMp) portion though some were found in the pars dorsalis.
Others were located in the magnocellular portion. The A7 and SF cortex
bore a precise reciprocal relationship to the rostral ventral portion of
GMp. A few fibers were found in the rostral dorsal (PD) and magnocellular
(GMm) portions of the nucleus. Both small and large lesions disclosed
spatially bound reciprocal pathways. The Ay cortex on the other hand
bore its principal relationship to the PD and GMm portion. Lesser projec-—
tions were found in the PV of the nucleus. HRP injections disclosed the
cell bodies of fibers afferent to the Ay cortex to be mainly in the GMm
and posterior portions of GMp.  Degenerating fibers, however, were found
rather more diffusely in the nucleus and were not bound spatially to the
region of the cells labeled by HRP. The EP cortex was regarded as two
areas, one ventral (EPv) which is commonly regarded as auditory, and the
other more dorsal (EPd) of uncertain significance. Fibers from EPv were
found both in the GM and the posterior nuclei of the thalamus. Those in
GM were dispersed in the caudal PD. These fibers projected to regions
which contained no cell bodies stained by HRP injection of cortex and
hence were not spatially bound to the cellular field which projected to
the cortex. HRP containing cells were found in rostral PV of GMp. EPd,
however, received fibers from the posterior group of the thalamus and
also from caudal PD. Terminal degeneration was found in PD. The IT cor-
tex was unique as some afferent cells were mesencephalic being found pos-
terior to GM in the so-called parabrachial nucleus (PBN). Other cells
containing HRP granules were found in GMm and caudal PD. This study en-
larges upon knowledge of the structural relationships of the temporal cor-
tex and the medial geniculate body. All areas somehow relate to the
principal portion of GM. Their unique patterns of projection, however,
suggest that each is functionally different. Ay, a region which is tono-
topically organized, responds to acoustical stimulation at shortest laten-
cy and hence appears in direct line from the cochlear nucleus via the ex-
clusively auditory PV. Its spatial bound recurrent projection to PV may
serve a tuning function. Agy,which generates auditory potentials at
longer latency, receives afferents from polysensory GMm as well as PD.
Its projections are not bound to their cellular field. Thus, it would
appear that the function subserved by this system may be polysensory and
committed at a diencephalic level. EPv also gives rise to long latency
auditory evoked potentials. Its afferents are auditory as they originate
in GMp but its efferents reflect widely in GM and the posterior thalamus
where they may interact with other modalities. EPd was clearly shown by
this study to receive auditory afferents which are sparse and highly fo-
cal and probably are only a small part of EPD's afferents. IT is unique
as some of its afferents originate in the brainstem and its projections
to GMm may indicate its involvement in reflex reactions such as auditory
startle.
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AUDITORY THALAMO-CORTICAL PROJECTIONS IN THE CAT: A STUDY USING RETRO-
GRADE TRANSPORT OF HORSERADISH PEROXIDASE. D. Raczkowski¥* and J. Winer*
(SPON: I.T. Diamond). Dept. of Psychol., Duke Univ., Durham, N. C. 27706.

This study was undertaken to clarify conflicting results of studies of
thalamo-cortical projections using anterograde and retrograde degeneration
methods. According to the experiments using retrograde degeneration the
rostral half of the principal division of the medial geniculate body (GM),
which largely corresponds to the ventral division of Morest (GMv) (J.Anat.,
98: 611-630, 196L4) projects to AI; the caudal extremity of the medial geni-
culate body (GMc) projects to the insular-temporal area; and the magnocel-
lular division (GMmc) and the anterior extremity of the posterior group
(anterior Po) project in a sustaining fashion to several cortical divisions
including AI and SIT (Rose, J.E. and C.N. Woolsey. In: Biological and bio-
chemical bases of behavior, H.F. Harlow and C.N. Woolsey, eds. U. of Wisc.
Press, Madison, 1958; Diamond et al., J. Comp. Neurol., 109: 349-362, 1958)
Results of anterograde degeneration experiments support the conclusion that
GMv projects to AI but suggest that other divisions of GM and the posterior
group (Po m, Po i and anterior Po) may have equally specific cortical tar-
gets. For example, Heath and Jones (J. Comp. Neurol., 1hl: 397-426, 1971)
conclude that GMmc and Po m project to insular cortex and the suprasylvian
fringe, while the dorsal division of Morest (GMd) projects to the posterior
ectosylvian gyrus. In the present study, 0.2-0.4 ul of 10-50% concentra-
tion of horseradish peroxidase, Type VI (HRP) was injected in various sub-
divisions of the auditory cortex in 26 experiments.

The most significant result is the marked contrast between the effects
of injections in AI and injections in other subdivisions of auditory cor-
tex. Injections in AI led to a dense band of labelled cells in GMv; lebelled
cells were also found outside of GMv, but these cells were diffusely dis-
tributed in GMd, GMmc and Po. The more extensive the diffusion of HRP
within AT the greater the number of cells which contain label but the pat-
tern of the distribution remained the same. In contrast to the effects of
injecting AI, small injections in AII, or the insular cortex, led to a
diffuse distribution of labelled cells in GMd, GMmc and Po; GMv and the
caudal extremity of GM were spared. Again, the more extensive the spread
in AII the greater the number of labelled cells while the pattern of the
distribution remains the same. Small injections in the posterior ectosyl-
vian gyrus led to a similar picture of widely scattered cells throughout
several divisions of the auditory thalamus except that GMv also contained
a few labelled cells. The pattern of distribution of labelled cells after
injecting the temporal cortex was different from either of the patterns
just described. In such cases a concentration of labelled cells was found
in the caudal extremity of the medial geniculate.

These results suggest that GMv projects to AI in a highly topographic
fashion and that GMd, GMmc and Po project diffusely to several cortical
subdivisions. Finally, it seems that the caudal extremity of GM projects
to the temporal cortex below AII. These are essentially the conclusions
derived from studies of retrograde degeneration. These findings even
appear to be compatible with the concept of sustaining and essential pro-
jections. For example, the scattered cells in GMmc and Po cohtaining
label after AI injection may send sustaining collaterals to AI, and to
other subdivisions of the auditory cortex. In this case these cells would
be preserved after lesions of AI, but would be labelled after injection of
HRP in AT. On the other hand, scattered cell loss could have gone undetec-
ted, and therefore we cannot say more than that the present findings are
consistent with the predictions which follow from the conception of sus-
taining and essential projections. We conclude that the principal division
of the medial geniculate, which includes GMv and the caudal extremity,
differs in its organization from GMd, GMmc and Po, all of which can be
regarded as subdivisions of the posterior group. ( Supported by NIMH Grant
MH-4BLY to I.T. Diamond. J. Winer is a postdoctoral fellow supported by
NIH-EY01800-01.)
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ANATOMICAL ORGANIZATION OF THE CAT'S NEOCORTICAL AUDITORY COMMISSURAL
SYSTEM. T. Yamamoto,* S. Horenstein, P.A. Young, and J.J. Taylor,
Saint Louis University, Saint Louis, Missouri 63104.

The purpose of this investigation is to describe the anatomic organiza-
tion of the callosal commissural system of the ectosylvian cortex of the
cat. Subpial ablations were made in the subdivisions of the auditory cor-
tex of a series of adult cats. After fixation with buffered formalin,
sections of the forebrain of some were impregnated according to the Fink-
Heimer method. In others, 0.3 to 2.5 pl of 50% horseradish peroxidase
(HRP) were injected into the auditory subdivisions of the ectosylvian cor-
tex. These animals were killed after 48 hours by perfusion of glutaral-
dehyde-paraformaldehyde mixture and the tissue prepared by the modified
Graham and Karnovsky technique for demonstrating peroxidase activity. In
a third group of cats, extensive ablation of the entire ectosylvian gyrus
was carried out and the animals killed after 2 to 14 days. The tissue
from the contralateral posterior ectosylvian cortex was examined by elec-
tron microscope. Fink-Heimer study showed that each of the subdivisions
of the auditory cortex was connected with its homologue by callosal fibers
without exception. In addition, heterotopic axons from AT projected to
contralateral Ay, whereas AT gives rise only to fibers projecting to the
contralateral AT cortex. In animals allowed to survive 5 days, silver
impregnated degenerating axons were observed in the deeper layers of the
contralateral cortex. Only a few fibers, however, could be followed be-
yond layer 3. Instead, numerous fine grains of silver were deposited
throughout the first three layers. Electron microscopic observation dis-
closed that nearly all degenerating synapses were within the superficial
three layers of the cortex, particularly layer 1. The degenerating bou-
tons were located on the dendritic spines and no axosomatic or axodendri-
tic stem synapses were found. There were relatively few degenerating
synapses in comparison with the total synaptic population. Those observed
seemed to be Colonnier's AR type synapses. Most of these terminals ap-
peared dark and shrunken although some were clear and swollen. The dark
shrunken and clear-swollen types of degenerating boutons may indicate
either heterogeneity of the neurons contributing to the system or dif-
ferent stages of degeneration of the same neuron. HRP study disclosed
labeled neurons in the contralateral homologous cortex. The HRP granules
were located in small to medium sized pyramidal cells, all but a few of
which were located in the third cortical layer. The cells were widely
and singly though unevenly distributed though occasionally occurred in
clusters. The small numbers of cells with granules may reflect uneven
ingestion of the labeling substance, extensive axon branching, or tech-
nical failure in staining.

The organization of the ectosylvian commissural system appears there-
fore to be based upon a small to medium sized pyramidal cell which lies
in the third cortical layer. Its axons cross in the corpus callosum and
terminate mainly on dendritic spines in the superficial three layers of
the homologous contralateral cortex. It appears, therefore, that trans-
callosal information converges directly upon those pyramidal cells in
multiple cortical layers on which specific and non-specific thalamic af-
ferents, association fibers, and recurrent collaterals terminate.
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CONNECTIONS OF THE MEDIAL GENICULATE BODY WITH NEOCORTEX IN THE TREE SHREW
(Tupaia glis). D. L. Oliver and R. J. Nelson* Depts. of Anatomy and Psych-
ology, Duke University, Durham, North Carolina  27710.

The medial geniculate body of the tree shrew contains numerous subdivi-
sions which can be distinguished on the basis of their cytoarchitecture
and their connections with the midbrain (Oliver and Hall, 1975). In this
study, we examined both the thalamocortical and corticothalamic connections
of these subdivisions and used horseradish peroxidase (HRP) for tracing
thalamocortical connections, tritiated leucine for corticofugal projec-
tions, and anterograde degeneration in both directions. The cytoarchitec-
ture of the medial geniculate body and the auditory cortex as seen in
Nissl-stained and myelin-stained material was analyzed in each animal used
for tracing connections.

The results of these experiments support the notion that each subdivi-
sion of the medial geniculate body is connected with a cytoarchitectoni-
cally distinct area of the neocortex. Furthermore, there appear to be
corticothalamic projections which correspond to the thalamocortical pro-
jections with a remarkable degree of fidelity and suggest that there is a
reciprocal projection for each thalamic efferent connection. The central
nucleus (V) of the ventral division projects to the primary auditory konio-
cortex (A) while the remaining marginal portion of the ventral division
projects to the region of cortex buried within the rhinal sulcus just be-
neath the primary cortex. The dorsal division projects to a band of cortex
which extends from the rhinal fissure caudal to the primary cortex, dorsal-
ly between the target of the pulvinar nucleus (Pul) and the primary cortex,
and then rostrally until it abuts the somatic sensory cortex. The dorsal
nucleus (d) of the dorsal division projects to the most ventral limb of
this band while the suprageniculate nucleus (sg) projects to a zone just
rostral to the cortical target of the pulvinar. The 'deep" portions of the
dorsal division project to a band between the target of the suprageniculate
and primary cortex, and the most rostral dorsal division projects to the
most rostral limb of the cortical band. The rostral part of the medial di-
vision also projects to its own cortical target, an area that caps the dor-
sal and rostral borders of the primary cortex. In contrast, the caudal
medial division (M), as previously suggested for the cat and rat (Colwell
and Merzenich, 1975; Ryugo and Killackey, 1975), is unlike the other sub-
divisions in that it appears to project to both the primary cortex and to
parts of the assoclation cortex as well. The insert below illustrates ad-
jacent sections processed to reveal HRP precipitate and radioactivity from
a case in which both leucine and HRP were injected into the cortex. Cells
labeled with HRP are in register with the autoradiographic signal. Final-
ly, the corticothalamic studies, in particular, suggest that the ventral
division of the tree shrew medial geniculate body contains laminae since
restricted primary cortex injections often produce a discrete band of label
in the ventral division. (Supported by NIH Grant NS-09623 to W.C.Hall.)
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CYTOARCHITECTURE OF THE TORUS SEMICIRCULARIS IN TUPINAMBIS
NICROPUNTATUS . R. Browner and K. Rubinson. N.Y. Med. Coll.,

Valhalla, N.Y. and N.Y.U. Med. Schoole, N.Y., NoY.

The cytoarchitecture of the torus semicircularis (TS) was
analyzed in 12 animals. Brains were stained with cresyl-
violet or KlUver-Barrera. Golgi Kopsch or Golgi-Cox impregna=-
tions were embedded in Araldite and sectioned between 40-120um

The TS extends from the superficial caudal mesencephalon
dorsal to the exiting trochlear nerve to a position ventral to
the middle part of the optic tectum. It is oblique; the cau=
dal pole abuts the midline while the rostral end lies lateral
and slightly ventral. Large bundles of tectal fibers course
through the caudal TS forming a distinctive, dorsomedial to
ventromedial lamination. In the central region of the caudal
TS is an area of large (20um) ovoid to elongate cells. These
cells extend rostrally to form the central nucleus ventral to
the tectal ventricles. A typical cell contains evenly-distri-
buted Nissl substance and have 3-5 major dendritic trunks
extending in several planes (Isodendritic). Dendritic spines
appear on the branches and on the major trunks at a distance
from the soma.

Capping the caudal end of the central nucleus, dorso-
laterally, are layers of smaller (10um) ovoid to fusiform
cells. Cupping the central nucleus ventromedially is a sparse
neuropil containing ovoid to fusiform cells and a similar
appearing laminar nucleus covers the medial aspect of its
anterior part. The cells in these groups have 2 major
rectilinear dendrites (Leptodendritic) paralleling the fiber
bundles through them. (GRS Grant 41-120-3)

SHORT-TERM ADAPTATION IN SINGLE AUDITORY NERVE FIBERS. Robert L. Smith,
Institute for Sensory Research, Syracuse University, Syracuse, N.Y. 13210.
Mammalian auditory-nerve fibers exhibit a characteristic short-term
adaptation in response to tones of constant sound intensity. Firing rate
is maximum at onset and monotonically decays to a quasi-steady rate within

150 msec. Following stimulation, spontaneous activity is suppressed and
gradually recovers to its unadapted level. The present experiments aimed
at determining some functional properties of the adaptation process and at
relating perstimulatory and poststimulatory effects of an adapting tone.

Based on the perstimulatory results, adaptation appears to be inherent-
ly additive or linear in nature and not the result of a multiplicative
gain change. For example, when increments in intensity were superimposed
on an adapting tone, the changes in firing rate produced were equal before
and after adaptation. In addition, the relative amount of adaptation,
i.e., the ratio of driven onset response to driven steady-state response,
was independent of adapting intensity. However, the adaptation process
must be preceded by a static nonlinearity in order to account for the sat-
uration of firing rate and decrease in incremental response that occurs
at high adapting intensities.

Poststimulatory effects are in basic agreement with the perstimulatory
ones. When a test stimulus was placed in the time interval following the
adapting tone, a decrement in test response resulted. The decrement fol-
lowed a saturating function of adapting intensity and was approximately
proportional to the perstimulatory response. When the adapting duration
was increased, the decrement in test response increased and was monoton-
ically related to the amount of perstimulatory decay.
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STRUCTURE OF THE CORTI ORGAN OF SEVERAL INBRED STRAINS OF MICE.
Stanislav Reinis. Dept. Psychol., Univ. of Waterloo, Waterloo, Ont.,
Canada N2L 3Gl, and Institute for Aerospace Studies, Univ. of Toronto.
Several strains of laboratory mice have been used for the study of
different auditory phenomena, audiogenic seizures, etc. In this
presentation we provide the basic information on the structure of
cochlea of BALB, DBA, A and C57BL/6 inbred strains of mice. The mice
at the age of three months were sacrificed in ether anesthesia, their
petrose bones dissected and fixed in formalin. Later, the bones were
decalcified and the cochlea dissected with ophthalmological scalpel and
scissors. The excised Corti organ was stained with hematoxyline-eosine
or observed with phase contrast microscope. The comparison of the
structure in different strains revealed that at least in C57BL/6 strain
the structureof Corti organ in the basal and apical turus is highly
irregular. The study of inner ears of C57BL/6 mice at the age of
1, 2, 3, 6, 12 and 18 months showed progressive deterioration and
almost complete disappearance of normal structure of the Corti organ.

AXONAL TYPES IN THE ANTEROVENTRAL COCHLEAR NUCLEUS (AVCN) OF THE CAT: A
GOLGI STUDY. N. B. Cant and D. K. Morest. Dept. Anat., Harvard Medical
School, Boston, MA, 02115.

The AVCN can be subdivided on the basis of differences in size and
arrangement of the primary afferent endings of the auditory nerve. For
example, the endbulbs of Held in the anterior subdivision of AVCN are much
larger than those in the posterior subdivision while the external granular
layer covering these divisions receives no endbulbs. The.present study
shows that these distinctions are also consistent with differences in the
distribution of the non-primary afferents. Descending fibers entering the
AVCN along its medial edge, mostly from the trapezoid body, include 1)
thin and medium-sized axons which project to the anterior subdivision,
some with large, lumpy terminals forming pericellular plexuses, and 2)
medium-sized axons which enter the posterior subdivision, sometimes send-
ing a branch to the anterior AVCN where they end in small terminals in the
neuropil. Fibers entering AVCN from the vicinity of the vestibular nerve
root and the olivo-cochlear bundle are thin and varicose with large
terminals mostly restricted to the external granular and small cell layers
of AVCN. Bundles of these fibers travel caudally to the small cell region
in posterior AVCN and probably to the dorsal cochlear nucleus (DCN). Two
groups of fibers appear to be intrinsic to the cochlear nuclear complex
and connect the following regions: 1) medium-sized axons run from the
caudal AVCN to its anterior subdivision and form pericellular nests of
small, round terminals; 2) thin, varicose axons arise from "corn" cells in
the deep layer of DCN and project into the posterior subdivision of AVCN
where they end in extensive pericellular nests of small and medium-sized
terminals. Thus, while each subdivision of the AVCN receives primary af-
ferent input, the non-primary projections introduce another level of syn—
aptic organization. (Supported by USPHS grants 5ROINS06115 & 1F22NS01220.)

36



49

50

RECEPTOR POTENTIALS FROM THk NOCIUID EAx: BFFECI OF
TEMPERATURE ON THE TIME-CONSTANTS OF RECEPTION.
¥Yilliam B, Adams Electrical Engineering, Purdue,
West Lafayette, Indiana 47907

Receptor potentials arising from the graded electrical
activity of one or both sensory cells are recorded from the
surface of the scoloparium in the noctuid ear. The response
to an acoustic impulse increases in amplitude and decreases
in delay and duration as temperature is raised. Arhennius
plots of the inverse of the time to the peak response give
activation energies of 5 to 12 kcal/mole.

Sinusoidal amplitude modulation of continuous ultrasonic
stimuli is used to determine the modulation frequency
response. A slight resonance, which may be attributed to
the "inductive" component of potassium conductance (Mauro
et al, J. Gen. Physiol. 55: 497, 1970), is found for
modulation frequencies between 10 and 100 Hz. The
resonance is more pronounced and the resonance frequency
is higher at higher temperatures. The amplitude and phase
angle of the response decrease rapidly above the resonance
frequency, indicating st least a fourth-order system with
all cut-off frequencies closely grouped.

ASCENDING AND DESCENDING PROJECTIONS TO THE INFERIOR COLLICULUS. Joe C.
Adams. Laboratory of Neuro-otolaryngology, NINCDS, NIH, Bethesda,_ﬁaf__
20014.

Ascending and descending projections to the inferior colliculus were
studied using the horseradish peroxidase retrograde cell marking tech-
nique. Injections were made under visual control after removal of
either cerebral cortex or cerebellum of guinea pigs and cats. Results
were similar in the two species. Descending projections originate in
intermediate layers of the temporal cortex, the peripeduncular nucleus,
the suprapeduncular nucleus, the medial division of the medial genicu-
late body, and scattered cells lying medial to the brachium of the
inferior colliculus. Ascending projections originate in all three
divisions of the cochlear nucleus, the lateral superior olive, the
medial superior olive, the ventral nucleus of the lateral lemniscus,
the dorsal nucleus of the lateral lemniscus, and scattered cells lying
medial to the medial superior olive. Projections also originate from
the central nucleus and extracentral regions of the contralateral in-
ferior colliculus. Most projections arise bilaterally, but the density
of projections is usually quite asymmetrical. Predominantly ipsilateral
projections arise from the cortex, thalamus, and ventral nucleus of the
lateral lemniscus, whereas predominately contralateral projections arise
from the dorsal nucleus of the lateral lemniscus and the cochlear nucleus.
Projections from the medial superior olive arise from only the ipsilateral
side. The lateral superior olive shows equally dense projections from
both sides. Differences in degree of asymmetry of other sources of pro-
jections lie between these extremes. The tonotopic organization of
brainstem nuclei is reflected by the locations of labeled cells following
regional injections of the colliculus.
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TOME RURST AND SWEEP TONE PESPONSES CF SINGLE UNITS IN THE INFERICR
COLLICULUS OF THE UNANAESTHETIZLDD-PAPALYZED ALBINO PAT. Richard A. Reale
and Edmund M, Glaser. Dept. Phvsiol,, Sch. ‘led., Univ. of "d.,
Baltimore, 21201,

Responses of single cells in the curarized rat inferior colliculus (IC)
were examined using tone bursts and sweep tones. The sweep parameters were
chosen according to the unit's response area (RA) so as to sweep up to the
best frequency (BF) from below, down to the BF from above, and symmetri-
cally through the BF. Our findings indicate a division of the IC similar
to that seen in the cat (Rose et. al., J. Neurophysiol., 26, 294 (1963)).
Single units isolated for the most part in the dorso-lateral aspect of the
IC exhibited RAs up to 7 octaves at moderate intensities, with no clearly
defined BF. Advancement of the electrode dorso-ventrally through the
nucleus resulted in the appearance of single units tonotopically organized
with well-defined BFs and RAs. Cells of higher BF were found to occupy
successively more ventral locations. Approximately 85% of the units re-
sponded in a sustained manner to acoustic stimulation. However, the dis-
charge pattern was often a complex function of frequency and intensity. In
the unanesthetized as compared with the anesthetized preparation there is
a far greater incidence of spontaneously active units. The RA of a spont-
aneously active unit generally has a "W" shape characterizing a central
excitatory frequency band and two flanking bands in which the stimulus
produces suppression of spontaneous activity. Although the discharge char-
acteristics resulting from sweep tones can sometimes be predicted from
the classical RA, in many cases they can not. The units appear to respond
preferentially to sweeps. That IC units exhibit such preferential responses
reinforces the concept that acoustic coding in this nucleus reflects temp-
oral as well as spectral properties of the stimulus.

FUNCT IONAL ORGANIZATION OF MONAURAL AND BINAURAL UNIT RESPONSES IN THE
PRIMARY FIELD (Al) OF THE CAT'S AUDITORY CORTEX. Thomas J. Imig* and Hugo
0. Adrian* (SPON: J. F. Brugge). Dept. of Neurophys. and Waisman Center
on Mental Retard. and Human Dev., Univ. of Wis. Med. Sch., Madison,53706.

The responses of single units or unit clusters to monaural and binaural
tone bursts were recorded at short intervals along penetrations into Al of
barbiturate anesthetized cats. For each single unit or unit cluster, best
frequencies, thresholds and monaural dominance (which is based on the mag-
nitude of unit response) were determined by stimulation of each ear. Bin-
aural interactions at or near best frequency were assessed and classified
as summation, inhibition, or complex, e.g. changes in latency, mixed sum-
mation and inhibition, or occlusion. Recordings were restricted to units
with best frequencies above 4kHz. Following each experiment, the brain
was processed histologically for cytoarchitectonic study and reconstruction
of electrode tracks.

Units in penetrations oriented nearly parallel to radial cell columns
exhibited similar monaural dominance and binaural interactions. In pene-
trations oriented obliquely with respect to radial cell columns, unit pro-
perties remained the same or nearly the same for short distances then
changed abruptly. These data suggest a vertical or columnar functional
organization of these response characteristics. We refer to zones in
which units exhibit similar monaural dominance as monaural dominance col-
umns and to zones in which units exhibit similar binaural interactions as
binaural interaction columns. In several experiments, the cortex was map-
ped in small steps to determine the shape and topographical relationships
of these columns. These results suggest that a set of monaural dominance
columns form a binaural interaction column and that borders between bin-
aural interaction columns tend to be oriented perpendicular to the frequen-
cy gradient of Al. (NS-06225, NS-05326 and 5-P01-HD-03352-07).
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SUPERIOR OLIVARY INPUTS TO CAT COCHLEAR NUCLEUS.
Eileen S. C. Kane, Dept. Anat., Univ. of Chicago, Chicago, Ill. 60637

Adult cats, subjected to large, unilateral lesions of the superior
olivary complex (SOC), survived for 24 hours to seven days. Brains were
prepared by modified Nauta methods. Degeneration (both "of passage' and
preterminal) was most abundant after four days, but was consistent with
patterns at all other survival times. Heaviest preterminal degeneration
in both cochlear nuclei occurred in anteroventral regions (AVCN) and in
deep dorsal cochlear nucleus (DCN). By contrast, only sparse degeneration
occurred in posteroventral regions (PVCN), particularly in the octopus
cell area (OCA). Fine to medium-caliber perisomatic and peridendritic
fragments occurred in AVCN, in association with larger neurons and granule
cells. Preterminal degeneration of medium and fine fragments in DCN was
associated with giant cell bodies and proximal dendrites, small cell
bodies, and deep dendrites of fusiform cells. OCA preterminal degenera-
tion was almost totally peridendritic; fine and medium fragments occurred
along primary shafts, but mostly distally in neuropil. Medium-caliber
degenerating fibers of passage occurred throughout PVCN and in deep DCN.
Our findings of superior olive projections to cochlear nucleus, via
crossed and uncrossed olivocochlear bundles (OCB) are inconsistent with
reported distribution of acetylcholinesterase in the lower nucleus. Also,
the sparse, peridendritic degeneration in OCA strongly suggests that OCB
fibers cannot be responsible for rapid inhibition, characteristic of OCA
unit recordings. (Supported by Block Fund, Univ. of Chicago, Deafness
Res. Fdn. and PHS Grant NS12071 and Research Career Development Award
NS 00008).
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Vision: Central Organization

INTERNEURON NETWORK IN THE DORSAL LATERAL GENICULATE NUCLEUS (LGNd) OF
MONKEYS. Pedro Pasik, Tauba Pasik and Jozsef Hamori*. Dept. of Neurol.,
Mount Sinai Sch. Med., CUNY, New York, N.Y. 10029, and lst Dept. of Anat.,
Semmelweis Univ. Med. Sch., 1450 Budapest, Hungary.

Interneuron (I-cell) dendrites are known to participate in triadic
units as both postsynaptic and presynaptic elements to retinal terminals
and principal cell dendrites respectively. In addition, electron micro-
scopic examination of the LGNd of Macaca mulatta reveals the occurrence of
synapses between I-cell profiles. Almost all combinations of I-cell to I-
cell contacts are observed, i.e. axodendritic, dendrodendritic, dendroso-
matic and somatodendritic, the most frequent being the dendrodendritic
synapses between the presynaptic dendrites characteristic of I-cells.
Quantitation of 5 samples, each consisting of 200 um? of net LGNd neuropil
shows that the presynaptic membrane specializations present in I-cell axo-
nic and dendritic elements amount to a mean of 3.73 um or 8.16% of the
surface of such profiles. Only 61% of this extent is in contact with
principal cells, and an unexpectedly high 397 engages other I-cell ele-
ments. The contribution of I-cell to I-cell contacts is even greater
(over 45%) when it is considered in terms of the proportion of profile
surface taken by presynaptic sites. Approximately 187 of the neuropil is
occupied by I-cell elements, and the following mean differences between
the two ending types are significant: dendritic terminals are more nu-
merous and larger; axonic profiles have more of their surface occupied by
synaptic sites and each contact is longer. Findings suggest the existence
of a network of interconnected I-cells. Since the nature of these neurons
is presumably inhibitory, such arrangement can provide a certain measure
of anisotropic disinhibition which may be responsible for transformations
occurring in the LGNd depending upon the size and velocity of the stimulus
as well as of the degree of synchronicity of temporal patterns. Aided in
part by U.S.P.H.S. Grant # MH-02261.

STRUCTURE OF NEURONS IN THE dLGN OF ADULT RABBITS. Loraine Goodwin
Miller* (SPON: K. L. Chow). Dept. Neurology, Sch. Med., Stanford Univ.,
Stanford, CA 94305.

Neurons in the adult rabbit dorsal lateral geniculate nucleus in
thionine stained sections were measured and plotted as a function of
their frequency and cross-sectional area. Siity percent of the cells
observed were found to lie between 40 and 90u“. We believe these cells
correspond to Type III cells found by Guillery (J.Comp.Neur.,128:21-49,
1966) in the cat and Kriebel (J.Comp.Neur.,159:45-67, 1975) in the
albino rat. Another 30% of the cells fell between 90 and 150u“. These
may correspond to Type I and Type II cells described by Guillery and
Kriebel.

Using the Golgi-Kopsch technique (Romeis, 1948; Colonnier, 1974) we
found the same distribution of cells with 60% between 70 and 190u2 and
30% between 190 and 333u2. Camera lucida drawings of neurons throughout
the dLGN showed quite clearly the existence of at least two classes of
cells which were easily identifiable on the basis of cell size and den-
dritic branching.

Results from electrical stimulation of the optic tract while recording
from single cells in the geniculate, for the determination of detectable
physiological differences which may exist between the two cell types,
will be reported at the meeting.

(Supported by the Porter Development Fund Fellowship of the American
Physiological Society).
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ANOTHER LOOK AT LATERAL GENICULATE LAMINATION IN THE CAT. E.V. Famiglietti,
Section on Neurophysiology, National Eye Institute, NIH, Bethesda, Md.20014
Laminae A & Ay of the dorsal lateral geniculate nucleus (LGN) are dis-

tinctly separated, but similar cytologically and electrophysiologically.

The laminae ventral to these are relatively indistinct and puzzling in their
heterogeneity. Guillery™ advocated renaming the ventral laminae: C,Cq, etc.,
on the basis of light microscopic studies of retinal afferents. Unfortunately,
this simplified nomenclature implies a symmetry between dorsal and ventral
laminae which is inconsistent with experimental fact.

The laminar schema advocated here is essentially that proposed elsewhere2’3
and follows Rioch's tetralaminar division®. Thuma's more familiar termino-
logy is retained for layers 1,2&4 (A,Al,B)S, while 3 is called magnocellular
(M) after Rioch, hence: A,A;,M,B. The numbering of the B sublaminae has been
altered (cf. refs. 2,3) to facilitate comparison with Guillery's innovations,
hence: A,AlM,Bo,Bl,BZ,B3. This schema is based upon light microscopic obser-
vations on cell size and lamination, and upon electron microscopic study of
laminar synaptic neuropil and degenerating retino-geniculate afferents.

Three days after optic enucleation nearly all of the optic axon terminals
are degenerating in A&A; (Fig.). There is no overlap between crossed and
uncrossed projections, but the latter overlaps the interlaminar zone (ZI).

At 4 days degenerating, crossed,''glomerular" synaptic terminals are seen in
M and By, while in the upper 1/2 of M a few uncrossed, nonglomerular termi-
nals are present. Manifest at 7 days is a crossed projection of nonglomeru-
lar terminals to all of B and an uncrossed projection to the middle of B.

(A few bingcularly excited cells have been noted in these two zones of
overlap °» »8) . Parvocellular By, presumably included in Guillery's "C", is
unique in having at least two distinct, crossed retinal projections.
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In most of B, there is good correspondence between the locations of glo-
merular neuropil & B, on one hand, and of islands of synaptic "nests"3 and
By on the other. In medial LGN, representing the segment of contralateral
visual hemifield nearest the zero vertical meridian, ipsilateral terminals
rise to occupy glomerular neuropil and a tongue of primarily contralaterally-
innervated small cells (with a few large cells) extends medially beyond A&Al.
The small cells continue down from Bj, occupying the most medial aspect of B.

Six of the 7 heterogeneous "W'" retinal ganglion cell types project to
B9,10, and some of the color cells are found above By, in By, not in M
(Guillery's "C™ 10 (Certain types of W-cell and a few "Y" (large) cells in
temporal retina project contralaterally ~>-“>>> to the LGN”. The geniculate
cells receiving this extension of the visual field across the midline may
well constitute the medial torngue of M and the descending tongue of By. Thus
the revised laminar schema, based upon electron microscopic study, appears
to receive support at several points from new physiological findings.
1.Guillery,R., J.Comp.Neur.,138('70); 2.Famiglietti,E., Anat.Rec.,166('70);
3.Famiglietti,E., Ph.D. Dissert.,(®@®'72); 4.Rioch,D., J.Comp.Neur.,49('29);
5.Thuma,B., J.Comp.Neur.,46('28); 6.Sanderson,K. et al., Vision Res.,9('69);
7.Sanderson,K., Exp.Brain Res.,13('71); 8.Sanderson,K. et al., ibid.;
9.Cleland,B. et al., Abs.Mtgs.ARVO('75); 10.Daw,N., Pearlman,A., J.Physiol.,
211('70); 11.Stone,J., J.Comp.Neur.,126('66); 12.Stone,J., Fukuda,Y.,
J.Comp.Neur.,155('74); 13.Fukuda,Y., Stome,J., J.Neurophysiol.,37('74).
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INTRINSIC ORGANISATION OF THE RAT DORSAL LATERAL GENICULATE NUCLEUS AS
SHOWN BY DIFFERENTIAL DEGENERATION RATES IN THE YOUNG ANIMAL. Jennifer S.
Lund, Franque L. Remington* and Raymond D. Lund. Dept. of Ophthaimglogy,
BioTogical Structure and Neurosurgery, School of Medicine, University of
Washington, Seattle, Washington 98195. ]

The distribution of Fink-stained degeneration was mapped in albino and
pigmented rats after enucleation between postnatal days 10 and 25 with
survival times of 6hrs to 3 days. In the dorsal lateral geniculate nucleus
(dLGN) contralateral to the eye removal the earliest degeneration appears
in a lamina occupying the medioventral extent of the nucleus and is rapid-
1y removed; later degeneration fills a central lamina of the nucleus with
a patch of degeneration extending to the outer surface of the nucleus at
the mediodorsal margin. The latest occurring degeneration fills the outer-
most lamina and is still obvious when degeneration is largely dispersed
from the inner and central laminae; this lamina shows an early filamentous
degenerative reaction in the adult. The uncrossed optic pathway occupies a
portion of the central lamina of the nucleus and in albino animals it shows
a rapid degeneration and dispersion similar to the innermost lamina on the
crossed side; in the pigmented animals the uncrossed projection degenera-
tion starts as early as that of the albino but persists as long as the de-
generation of the central lamina on the crossed side. The degeneration
time of the sprouted uncrossed pathway resulting from unilateral enuclea-
tion at birth is the same in albino and pigmented rats and resembles in
timing the normal uncrossed pathway of pigmented rats. These results sug-
gest that there are at least three different fiber populations in the rat
optic nerve with different distribution in the dLGN. The uncrossed optic
pathway of albino and pigmented rats appears to differ in fiber composi-
tion; this may relate to aberrations in mapping of uncrossed projections
in the albino. Supported by NIH grants EY 1086, 0595.

THE AVERAGE DIAMETER OF LABELED AND UNLABELED NEURONS IN THE
IATERAL GENICUIATE NUCLEUS (LGN) IN PRIMATES FOLLOWING INJECT-
TION OF HORSERADISH PEROXIDASE INTO STRIATE CORTEX.

J. J. Norden. Dept. Psychology, Duke U., Durham, N.C. 27706.

Following injection of horseradish peroxidase into striate
cortex in owl monkeys (Aotus trivirgatus), rhesus monkeys
(Macaca mulatta), and bushbables (Galago senegalensis), 94.1-
98.0% of all neurons within columns extending through all relay
layers in the IGN are labeled indicating an almost complete
lack of interneurons (Norden, 1974). Frequency histograms of
the distribution of cell sizes of the labeled and unlabeled
neurons within these densely labeled columns reveal that the
cell size ranges of these neurons overlap suggesting that cell
size alone 1s not an adequate criterion for distinguishing
between relay cells and interneurons in the primate IGN; In
all three species, however, the mean size of unlabeled neurons
Yai:ség?§ficantly smaller than the mean size of labeled cells

p<. .

The average dlameter measurements of cells in bushbaby were
also used to determine whether the LGN of this species could be
separated into two cell layer typves (magnocellular and parvo-
cellular) or three types (small, medium, large) on the basis
of cell size. Palrwise comparisons of the mean diameters of
cells from layers 1+2, 3+6, and 4+5 were made using Dunn's
multiple comparison procedure for orthogonal comparisons among
means (Kirk, 1968). All three comparisons were significant
(p €.01) demonstrating that the LGN of Galago 1s composed of
two large-celled layers (1+2), two layers of medium sized cells
(3+6), and two layers of small cells (4+5).
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THE LAMINAR ORGANIZATION OF LAYER IV STELLATE CELLS IN AREA 17 OF THE
TREE SHREW. E. E. Geisert* and R. W. Guillery. Neurosciences Training
Program and Dept. of Anatomy, Univ. of Wisconsin, Madison, 53706

Stellate cells in layer IV of the striate cortex were studied with the
Golgi method to define their relation to the geniculate input. In the
tree shrew, the geniculate laminae are sequentially represented in layer
IV. Within the binocular portion of area 17 the outer strip of layer IV
is occupied by terminals from geniculate lamina 1. The remaining gen-
iculate laminae are systematically represented, with lamina 6 terminating
in the deepest strip of layer IV (Harting et al., J. Comp. Neur.150:393-
440,'73). TFor the purpose of this study, it is assumed that layer IV can
be divided into six equal horizontal zones, so that each zone represents
the terminal field of a single geniculate lamina. Only stellate cell
bodies are seen within layer IV. The dendrites of these neurons are con-
fined within the boundaries of layer IV and 88% of the cells are orien-
ted. An oriented cell is defined as one having a dendritic field with
the greater axis at least 1.5 times the length of the axis perpendicu-
lar to this. Of the oriented cells 88% are horizontal. Over half of
the horizontally oriented neurons extend through one-sixth or less of the
vertical thickness of layer IV. Therefore, 40% of the neurons within
layer IV are likely to be contacted by afferents from a single geniculate
lamina, indicating that in the initial stages of cortical integration,
the information relayed by individual geniculate laminae remains segre-
gated. Geniculate laminae 2,3, and 4 receive input from the contralateral
eye and terminate adjacent to each other in one-half of layer IV, Within
this part of layer IV, dendritic fields retain restrictions to one-sixth
of layer IV, suggesting that the stellate cells sample geniculate laminae,
not merely right eye/left eye differences. (Supported by Grant NS 06662)

CORTICO-CORTICAL CONNECTIONS OF STRIATE AND PRESTRIATE CORTEX IN THE TREE
SHREW (TUPAIA GLIS). Lois Lazarus* and Carolyn B. Ware. Dept. Bio.
Psych. and Dept. Anat., Downstate Med. Ctr., Brooklyn, N.Y. 11203.
Removal of neocortex lateral to the striate area in tree shrews pro-
duces deficits in visually guided behavior. The anatomical relationships
of the striate cortex with prestriate and temporal regions are poorly
defined. In this study lesions were placed either in striate (area 17) or
prestriate (areas 18 and 19) cortex by applying a heated (70°) metal tube
directly to the intact dura. Depth of tissue damage was controlled by
varying the duration of heat. Four seconds typically resulted in a lesion
confined to supragranular layers whereas six seconds produced damage ex-
tending to the fourth layer. In all cases the underlying white matter
was spared. After survival times of three to six days brains were re-
moved and tissue processed according to Fink-Heimer procedures. Alternate
sections were stained with cresyl violet for analysis of cytoarchitecture.
Following lesions of area 17 two discrete foci of terminal generation
appeared lateral to the striate region in areas 18 and 19 ipsilateral to
the lesion. Callosal projections terminated in area 18, but not in area
17. Lesions of prestriate cortex produced degeneration ipsilaterally in
area 17 adjacent to the lesion, in area 19, and in a narrow hand of tem-
poral cortex between area 19 and the rhinal sulcus. Two additional areas
of degeneration were seen ipsilaterally in cortex along the medial boun-
daries of the hemisphere. One spray of degenerating fibers appeared
beyond the margin of area 17 along the dorsal lip of the cortex while the
second recipient area was located medial to the ventricle in the ventral
portion of the temporal region. Contralateral foci of degeneration were
seen in areas 18 and 19 only. The pattern of cortico-cortical connections
observed supports the concept of multiple regions in temporal cortex
involved in processing visual input.
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SOME EFFERENT AND AFFERENT CONNECTIONS OF A MEDIAL DIVISION OF THE INFER-
IOR PULVINAR NUCLEUS IN-THE OWL MONKEY (AOTUS TRIVIRGATUS). C. S. Lin and
J. H. Kaas. Depts. of Anatomy and Psychology, Vanderbilt Univ., Nashville,
TN.  37240.

Connections of visual association cortex with the pulvinar complex have
been investigated in the owl monkey using autoradiographic methods, silver
stains for degenerating axons and terminals, and the retrograde transport
of horseradish peroxidase. The connections of the inferior pulvinar sug-
gest that the medial portion of this nucleus is a distinct subdivision of
the visual system. Previous experiments using the retrograde transport
of horseradish peroxidase indicate that the medial part of the inferior
pulvinar nucleus projects to the middle temporal visual area of the tem-
poral lobe (Wagor, Lin, & Kaas, '74). This projection has been confirmed
by injections of tritiated proline into the medial inferior pulvinar. The
medial inferior pulvinar in turn receives reciprocal projections from the
middle temporal visual area. In addition, input to the medial inferior
pulvinar nucleus was found from several other divisions of visual associ-
ation cortex including area 18 and the dorsomedial visual area. Other
regions of visually responsive cortex such as the posterior parietal area
do not appear to connect with the medial inferior pulvinar. Finally,
subcortical input from the superior colliculus was demonstrated by an in-
jection of tritiated proline into the tectum. Thus, the medial portion
of the inferior pulvinar nucleus of the owl monkey has a distinct pattern
of connections with other visual structures. (Supported by NSF grant

GB-36779).

FUNCTIONAL CONNECTIONS BETWEEN LGB AND PUL PROJECTION SYSTEMS IN THE CAT
AS INVESTIGATED BY CORTICAL HYPOTHERMIA, Richard S. Babb* and William
S. Battersby. Queens College of CUNY, Flushing, N.Y. 11367.

The effects of cooling V1 or V2 cortex on the response in both of
these areas, to either a single LGB shock or a train of three shocks to
PUL, were investigated at both gross and unit levels in 35 locally
anesthesized, analgesic cats. A specially fabricated cryogenic unit, with
two on-line thermistor readouts, enabled either V1 or V2 cortex to be
cooled, while maintaining the adjacent V2 or V1 cortex (respectively) at
normal temperature. Results showed: (1) Cooling V1 or V2 cortex produced
an enhancement in the amplitude of the gross response to LGB shock in
both the area being cooled and the immediately adjacent V2 or V1 cortex,
with a maximum at 25-29°C. The summated unit responses elicited by LGB
shock also showed an enhancement, primarily in the secondary discharge,
with a maximum again at 25-29°C. (2) Cooling V1 cortex produced no
systematic change in the gross cortical responses elicited by 3 PUL shocks,
either locally in V1 cortex, or in the adjacent V2 cortex. Cooling V2
cortex on the other hand, produced a consistent decline in the relative
amplitude of the gross cortical responses elicited by 3 PUL shocks, not
only locally in V2 but also in the adjacent V1 cortex. Preliminary data
indicate that the unit responses to 3 PUL shocks exhibit definite
augmentation, primarily in their secondary discharges, and in part
parallel the findings obtained with gross recordings. The findings
obtained upon cooling adjacent cortex provided functional evidence for
the existence of reciprocal connections between V1 and V2 cortex,
associated with both the LGB and PUL projection system, thus extending
prior anatomical reports.

(Supported in part by USPHS Training Grant No. MH 10395-08.)



ON THE CONNECTIONS OF THE PRETECTUM IN THE TREE SHREW (TUPAIA
GLIS). Joseph T. Weber and John K. Harting*, Department of
Anatomy, University of Wisconsin, Madison, WI 53706.

We have been utilizing autoradiographic and anterograde
degeneration tracing methods to analyze the connectivity of
the well developed pretectal complex of the tree shrew.

Based upon myelo- and cytoarchitecture, the pretectal
complex of Tupaia can be divided into four distinct sub-
divisions; the nucleus of the optic tract (NTO), the olivary
nucleus (ON), and the posterior (PN) and anterior (AN)
pretectal nuclei.

Following intraocular injections of 3m proline, we observ-
ed transported label contralaterally within all four sub-
divisions, with NTO and ON being the principal targets. AN
and PN contain only sparse label, but in certain regions
islands or patches of label are apparent. Ipsilateral
retinal fibers terminate densely within ON and sparsely with-
in AN and PN. NTO does not receive an ipsilateral retinal
projection.

In contrast to the organization of retinal. input, the
striate cortex projects to only two major pretectal sub-
divisions, AN and PN. However, our data indicate that NTO
and ON do receive input from the extrastriate visual cortex.

Following large injections of 3H proline into the pre-
tectum, transported label can be seen ipsilaterally within
the 1) dorsal lateral pontine gray, 2) a region immediately
dorsal and lateral to the red nucleus and 3) within several
regions of the diencephalon. 1In particular, we observed
heavy label within the medial one-half of the ventral lateral
geniculate nucleus, the reticular nucleus, regions of the
subthalamus and hypothalamus and within a thalamic zone
located medial to pulvinar which has been previously termed
the lateral nucleus.

Following small injections which were restricted to PN in
one case and NTO in another, transported label was observed
only within the dorsal lateral pontine gray, the ventral
lateral geniculate, the reticular nucleus of the thalamus and
within the lateral nucleus.

Supported by Grants EY01277 and BMS75-00466.
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ORGANIZATION OF THE TECTOFUGAL VISUAL PATHWAY IN PIGEON. Larry I.
Benowitz end Harvey J. Karten. Dept. Psychology, MIT, Cembridge, MA
02139 and Dept. Psychiatry, Coll. Med., SUNY, Stony Brook, NY 11790.

In birds, a massive retinal projection terminates in superficial
layers of the optic tectum (Cowan et al., J. Anat. 95: 543, 1961); the
tectum in turn projects upon the nucleus rotundus thalami (Kerten and
Revzin, Brain Res. 2: 268, 1966), which then sends its efferents to the
ectostriatal core in the center of the telencephalon (Karten and Hodos,

J. Comp. Neur. 140: 35, 1970). To study the detailed organization of this
major visual pathway, patterns of retrograde transport were examined
following small injections of horseradish peroxidase (HRP) into various
loci throughout pigeon's ectostriatum (E) or nucleus rotundus (Rt).
Ectostriatal injections resulted in discontinuous labeling patterns in Rt,
suggesting that discrete subdivisions of Rt project upon corresponding
subdivisions of E. The regions of Rt delineated by the HRP studies
coincide with cytoarchitectonically distinct divisions within the nucleus.
Nucleus triangularis (T), a dorsomedial extension of Rt, was also labeled
after each E injection. HRP placements into Rt in turn indicated that
each subdivision of that nucleus receives a distinct pattern of afferen-
tation. Anterior and dorsal Rt receive input from superficialmost cells
in the stratum griseum centrale of the tectum (SGC; layer 13 of Cajal),
medial Rt from the intermediate SGC, and caudal Rt and T from the deepest
SGC neurons. A ventral subdivision of Rt receives projections from
tectum and from two prectectal nuclei as well. DNucleus reticularis
thalami was found to provide additional input into all parts of Rt.

Thus, the ascending tectofugal visual pathway appears to consist of
several discrete channels. These originate at different depths in the
tectum or in pretectum, are relayed through distinct subdivisions of
rotundus, and have characteristic projections upon the ectostriatum.

IDENTIFICATION OF TELENCEPHALIC-AFFERENT THALAMIC NUCLEI ASSOCIATED WITH
THE VISUAL SYSTEM OF THE FROG. Frank Scalia and David R.Colman*,Dept.Anat.
Downstate Medical Center, Brooklyn, N.Y. 11203,

Reports on evoked electrical activity in the medial cortex (primordium
hippocampi) and ventrolateral sector (striatum) of the telencephalon fol-
lowing visual or electrical stimulation of the primary optic pathway
(Karamian et al.,JCN,1966;Vesselkin et al.,BBE,1971;Gruberg and Ambros,Exp
N,1974)suggested the existance of thalamo-telencephalic circuits in the
frog's visual system.Silver-staining for anterograde degeneration follow-
ing thalamic lesions supported thalamo-telencephalic projections,but the
specific nuclei responsible for the projections were not identified in
these studies.Preliminary,unpublished results (Scalia and Gregory) , show-
ing terminal degeneration in the ipsilateral striatum of the bullfrog fol-
lowing lesions of the Pp-c,p-1 complex at mid-thalamic levels,and,in some
cases,degeneration of fibers bilaterally in the medial cortex, were also
suggestive,To eliminate the possibility of contaminatiou artifact by axons
of passage,the p-c,p-1 complex was injected with 3H-proline in R.pipiens,
and similar results were obtained by autoradiography.However,sp;éad of in-
jection confounded the specific identification of the projection-nuclei.
Instillation of HRP into the striatum in R.pipiens now labels cell-bodies,
ipsilaterally,throughout that part of the p-1 nucleus which is postsynap-
tic to the tecto-thalamic projection(Rubinson,BBE,1968),and instillation
into the medial cortex labels cells,bilaterally,in the anterior part of
the p-c nucleus. Cells in this region appear to be postsynaptic to n.
Bellonci (Scalia and Gregory,BBE,1970), HRP label in fibers demonstrates
that both projections follow Herrick's thalamo-frontal tract; the first
involves the lateral forebrain bundle; the second follows the medial
forebrain bundle. (Supported by USPHS grant EY-00909).
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THE ORGANIZATION OF RETINOTECTAL PATHWAYS IN CATS AND PRI-
MATES. J.K. Harting*, V.A. Casagrande, J.H. Kaas, R.W.
Guillery. Dept. of Anatomy, Univ. of Wisconsin, Madison and
Dept. of Psychology, Vanderbilt Univ., Nashville, Tenn.

Comparison of the pattern of retinal termination within
the superior colliculus of the domestic cat and of three pri-
mate species shows both consistencies and differences.

For this study we utilized autoradiographic tracing
methods following intraocular injections of °H proline in the
cat, in the lesser bushbaby Galago senegalensis (a prosimian),
in the owl monkey Aotus trivirgatus (a new world primate) and
in the rhesus monkey Macaca mulatta (an old world primate).
Our data permit four general conclusions.

First, the distribution of transported label is in agree-
ment with electrophysiological results which have shown that
in the cat the rostral pole of the tectum receives from the
contralateral temporal retina, that is, from the ipsilateral
hemifield; in primates, in contrast, only the contralateral
hemifield is represented. Thus, our autoradiographs reveal
that in the cat the rostral pole of the ipsilateral colliculus
is free of label, whereas in all three primates the label
extends to the rostral tip.

Second, in all 4 species the input from each eye is re-
stricted to the superficial three layers. However, in Galago
the ipsilateral input does not extend into the outer zone
whereas in the other 3 species there are varying degrees of
overlap.

Third, in all species except Macaca the contralateral
input forms a continuous terminal zone throughout the colli-
culus. In Macaca the contralateral input is discontinuous
and forms discrete irregular patches. Similar patches were
also apparent ipsilaterally in the cat, in Macaca and Aotus,
but not in Galago.

Finally in Macaca, differences in density of label were
apparent between the anterior and posterior parts of the
colliculus, with the rostral pole having the lightest label
both ipsilaterally and contralaterally. This density
difference, which indicates that the central retina has a
lighter projection than the peripheral retina, was not
apparent in the other animals. .

Supported by grants NS06662, GB-36779, BMS 75-00466 and
EY01277.
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RETINOFUGAL PATHWAYS IN THE AFRICAN LUNGFISH, PROTOPTERUS
ANNECTENS (OWEN). R. Glenn Northcutt. Department of
Zoology, University of Michigan, Ann Arbor, Michigan, 48104
Six Protopterus underwent unilateral retinal aspiration.
After survival times of 7-47 days the animals were sacrificed
by transcardial perfusion and the brains fixed in 10% formal-
in, embedded in gelatin, and sectioned frozen at 25.. Sections
were then processed by silver impregnation methods. One animal
was injected intraocularly with [3H] proline (20«Ci), and the
brain fixed by perfusion 72 hours later. Mounted paraffin
sections were coated with NTB-2, stored for 20 days, develop-
ed and stained with cresyl violet. The fibers of the optic
nerve decussate completely, and can be divided into anterior
and posterior components within the chiasm. The anterior com-
ponent crosses and terminates rostrally in the ventral half of
the neuropil of the periventricular preoptic nucleus. Fibers
of the anterior component then continue dorsally to form the
thalamic optic tract. Three distinct optic terminal fields can
be recognized within the thalamus, from which the anterior op-
tic component continues caudally to the pretectal level where
a fifth terminal field occurs within the superficial neuropil.
Finally the anterior optic component projects to the entire
optic tectum. The posterior optic component decussates in the
caudal preoptic zone and appears to primarily terminate in
this zone as well as give rise to a basal optic tract which
terminates on a few scattered cells forming a basal optic nu-
cleus of the tegmentum. Fibers of the anterior and posterior
optic components appear to project mostly to separate targets.
(Supported by NIH Grant 11006 and NSF Grant 40134).

RETINAL PROJECTIONS IN TRANSFORMING SEA LAMPREYS, PETROMYZON
MARINUS. Kalman Rubinson and Michael C. Kennedy. Dept. Cell
Biol., NYU Medical Center, New York, 10016.

We have reported previously the retinal projections in
larval sea lampreys. As a continuation of these studies, uni-
lateral enucleations were performed on transforming sea
lampreys, at various metamorphic stages (five stages have been
described by Manion and Stauffer, 1970). After survival
times of 7 days, animals were sacrificed, perfused with 4%
paraformaldehyde in 0.1M sym-collidine buffer (pH 7.4), and
the brains were removed for frozen sectioning and staining
with a modification of the Fink-Heimer silver methods for
degeneration. In Stage 5 (macrophthalmic) transformers, de-
generation was observed in the optic chiasm, contralateral
optic tract, basal optic root, lateral geniculate nucleus,
pretectum, and optic tectum. Degeneration was also seen in
the ipsilateral optic tract and dorsal thalamus; in the larval
lamprey, no ipsilateral degeneration was seen.

Cytoarchitectonic studies of the optic tectum of Araldite-
embedded brains of Stage 5 transformers showed a more highly
developed and organized structure than was seen in the larvae,
including the presence of a superficial fiber layer (stratum
opticum) and an optic ventricle, both of which were absent in
the larvae. The cytoarchitectonic changes that have occurred
in the optic tectum of these late transformers may reflect
the neuroanatomical modifications which must accompany the
emergence and growth of the eye. (Supported by NIH Grant NS
10906-01 and Fellowship 1 F22 EY02259-01 to M.C.K.)
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RETINO-TECTAL PROJECTION OF THE WINTER FLOUNDER. L. Luckenbill-Edds*
and S. C. Sharma (Spon: M. V. Edds, Jr.). Dept. Biol. Sci., Smith Coll.,
Northgmpton, Mass. & Dept. Ophthal., N.Y. Med. Coll., N.Y.C.

During metamorphosis of the flatfish larva, one eye migrates to the
opposite side of the head; concomitantly, the eyeless side of the body
turns to become functionally ventral. The net result: the true dorso-
ventral axis of the body is rotated 90° with respect to the animal's
visual space. Since visuomotor behavior is not misdirected, some compen-
satory change presumably must occur in the developing nervous system. As
a basis for developmental analysis, we have determined the retino-tectal
projection in the adult winter flounder (Pseudopleuronectes americanus)
using both anatomical (Roth's modification of Nauta's stain) and electro-
physiological mapping techniques. Multiunit responses were recorded from
the tectum with the flounder lying in its natural position, eyeless side
down. Assessed by either technique, the retino-tectal projections of
right and left eyes are symmetrical. Their pattern and extent correspond
to those of other teleosts. Despite a 25° binocular overlap in the visual
field, no ipsilateral projection could be detected. A sulcus divides the
rostral half tectum into dorso-medial and ventro-lateral lobes, each
supplied by the corresponding branch of the optic tract. Visually evoked
responses could not be elicited in the sulcus. Following enucleation,
degeneration was found in the stratum opticum, stratum fibrosum et griseum
superficiale and stratum album centrale throughout the contralateral
tectum, and in diencephalic nuclei. Since the retino-tectal projection of
the adult winter flounder seems typically teleostean, we conclude that
neural compensation for the axial rotation must be either intra- or post-
tectal. S.C.S. supported by NSF grant GB 43506.

THE AFFERENT CONNECTIONS AND SYNAPTIC ORGANIZATION OF THE DORSAL LATERAL
GENICULATE NUCLEUS IN THE GREY SQUIRREL (Sciurus carolinensis) J.A.Robson
and W.C.Hall. Depts. of Anatomy and Psychology, Duke University, Durham,
North Carolina  27710.

In light microscopic studies, we have used anterograde degeneration and
anterograde and retrograde axonal transport to demonstrate that the lateral
geniculate nucleus in the grey squirrel receives projections from the re-
tina, the small cells in the outer half of stratum griseum superficiale of
the superior colliculus, and layer VI of striate cortex. With the electron
microscope three main classes of vesicle-containing terminals can be recog-
nized in the lateral geniculate n., two of which can be associated with
these afferent pathways. The largest terminals (1.4-4.5.4) contain round
synaptic vesicles and mitochondria with broadly spaced cisternae and they
form short asymmetrical synaptic contacts. These terminals are usually
found in synaptic complexes which contain dendrites, small dendritic knobs,
and other terminals which have pleomorphic vesicle populations. They de-
generate following eye enucleations. The smallest terminals (.2-.94) also
contain round synaptic vesicles but they often lack mitochondria and form
broad asymmetrical synaptic contacts. Lesions in either the superior col-
liculus or striate cortex will cause terminals in this class to degenerate.
Terminals in the third class are intermediate in size (.7-1.5.), contain
pleomorphic vesicle populations and form symmetrical synaptic contacts.
These terminals appear to remain intact following interruption of these
three afferent pathways to the lateral geniculate nucleus. (Supported by
NIH Grant NS-09623.)
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RETINAL AND CORTICAL PROJECTIONS TO THE SUPERIOR COLLICULUS
OF THE RABBIT. Lawrence H. Mathers, Jr. Depts. gf Angtomy
and Neurobiology, School of Medicine, Stanford University,
Stanford, CA 94305. ) )

The upper layers of the rabbit superlor‘colllculus have
been examined in normal animals and following contrala?eral
eye removal with 5-7 days survival, or ipsilateral striate
cortex removal and 2-5 days survival. Three upper layers
may be distinguished with relative ease. The stratum zonale
extends 60-100 micra below the surface and is relatively
cell-poor. The stratum griseum superficiale lies between
about 100 micra and 800 micra of the surface. Its upper
half is nearly free of large myelinated axons, while its
lower half contains such axons. Neurons 10-24 micra in
diameter are found throughout. Below the 800-900 micron
level is the stratum opticum, containing large myelinated
axons running predominantly in the mediolateral axis.
Retinal axon terminals are distributed almost exclusively
in an area 100-500 micra below the surface. Striate
cortex lesions produce degenerating terminals in an area
between 400-1200 micra of the surface. These two visual
inputs are thus partially segregated in their distribution
to the superficial laters of the superior colliculus.

CONTRASTING EFFECTS OF INFERIOR AND MEDIAL-LATERAL PULVINAR LESIONS ON
VISUAL PATTERN DISCRIMINATION LEARNING IN MONKEYS (MACACA NEMESTRINA).
Leo M, Chalupa, Richard Coyle* and Donald B. Lindsley. Dept. of Psych.,
Physiol., and Psychiat. and the Brain Research Inst., UCLA, Los Angeles,
9002k,

Three control monkeys without lesions, four with lesions of the in-
ferior pulvinar, three with lesions of the medial and lateral pulvinar
and one with combined lesions of medial, lateral and inferior pulvinar
were given training on a simultaneous pattern discrimination task.

During an experimental session an animal was seated in a dark, sound-
attenuating chember. With the onset of a 1 Khz tone, the monkey pressed
and released a set-up lever. 500 msecs after set-up lever release, the
discriminative stimuli consisting of an N and Z were presented for 10
msecs on two stimulus-response panels situated at eye-level in front of
the animal. Pressing the panel with the Z was automatically reinforced
(banana pellet). Monkeys with lesions of the medial and lateral pulvinar
did not differ from controls in the acquisition of the pattern discrimi-
nation. Monkeys with lesions of the inferior pulvinar were markedly im-
paired, in that three failed to learn the discrimination (one also had
medial and lateral pulvinar lesions) and the other two learned only after
more than twice as many trials as controls. In addition, the performance
of the monkeys with inferior pulvinar lesions was greatly disrupted by
the addition of extraneous visual stimuli (grids or circles) to the dis-
criminative stimuli. Control and lesion monkeys which attained cri-
terion performance showed good retention following & six week interval
without training. These results indicate that lesions of the monkey in-
ferior pulvinar prevent or interfere with the acquisition of visual pat-

tern diseriminations. (Supported by USPHS grant NS 8552 and MH 25938 to
D. B. Lindsley)
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RETINOCORTICAL PROJECTIONS IN THE TREE SHREW, TUPAIA GLIS. David H. Hubel,
Dept. Neurobiol., Harvard Med. Sch., Boston, 02115.

In the macaque monkey, the inputs to area 17 from the 2 eyes project to
2 distinct sets of bands which lie at the same depth in layer IV. This
can easily be demonstrated by the method of transneuronal transportt. In
the tree shrew, Harting et al.? found that a small geniculate lesion pro-
duced a continuous band of Fink-Heimer degeneration confined to one sub-
lamina of layer IV and concluded that layer IV is subdivided into 6 leaf-
lets corresponding to the 6 geniculate layers. To examine this further I
injected one eye of a tree shrew with 1 mCi of a tritiated proline-fucose
mixture and examined the brain autoradiographicallyl. Survival time was
14 days. As expected, the dorsal lateral geniculate body contained heavy
label in layers 2,3,4 and 6 contralaterally, and 1 and 5 ipsilaterally.
The contralateral superior colliculus was also densely labeled throughout
the upper grey layer; ipsilaterally there were regularly-spaced tiny clus-
ters of label, 6-8/section, deep in the upper grey. The cortex on the con-—
tralateral side showed 2 tiers of label throughout area 17: a thin one in
layer IIIB, closely resembling the upper tier of input in macaque, and a
thicker one, occupying the full thickness of IV (layer terminology of Hart-
ing et al.z). Ipsilaterally the label was confined to the binocular region
of 17 and occupied all of layer IV except for a narrow, centrally-placed
grain-free zone corresponding precisely to the cell-sparse cleft seen in
Nissl sections; on this side no upper tier was seen. These results con-
firm those of Harting et al.“ in showing a laminar difference in distribu-
tion of input from the 2 eyes to layer IV; they differ, however, in indi-
cating that all of IV receives binocular input except for the cleft,which
receives contralateral input only. (USPHS Grant EY00605; Rowland Fnd.grant)
1 Wiesel, T.N., Hubel, D.H. & Lam, D.M.K., Brain Res. 79 (1974) 273.
2 Harting, J.K., Diamond, I.T. & Hall, W.C., J. Comp. Neur. 150 (1973) 393.
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THE RETINOTOPIC ORGANIZATION OF THE VISUAL CORTEX IN THE CAT.
R. J. Tusa*, L. A. Palmer and A. C. Rosenquist. (SPON: C. N. Liu).

Dept. Anat., Sch. Med., Univ. of Penn., Phila., Pa. 19174.
In order to precisely determine the number, location and topographic
organization of visual areas in the cat cortex, we have extensively mapped
the visual cortex of awake, paralyzed cats using single and multiple unit
recording techniques. We have found at least 13 separate representations
of the contralateral visual hemifield, many of which correspond to cortical
fields previously defined by cytoarchitectonics or hodology. Cytoarchitec-
tonic areas 17, 18 and 19 each contain a single representation of the visual
field, while area 20 of Heath and Jones contains two representations. The
lateral suprasylvian area (LSA) contains six separate representations of the
visual field: two located rostral a}nd caudal on the medial bank of the
middle suprasylvian sulcus and two mirror images of these areas located on
the lateral bank. Two further representations of the visual field within LSA
lie on the dorsal and ventral banks of the posterior suprasylvian sulcus and
are mirror images of each other. Area 21 of Heath and Jones appears to
contain two representations of the visual field but the precise topology is
uncertain.. Those areas on the crown of the middle suprasylvian gyrus and
in the splenial sulcus medial to area 17, which have been reported by
others to be visual, could not be visually driven using our techniques.
The visual fields represented within these areas differ strikingly from one
another in two ways. First, the portion of the visual field represented in
these areas differ. Area 17 has the most complete representation of the
visual field; area 18 has only the binocular portion of the visual field
represented; area 19 has a limited representation of the vertical meridian,
but a complete representation of the horizontal meridian; the four caudal
areas within LSA all have an even more limited representation of the verti-
cal meridian and an extensive representation of the whole horizontal meri-
dian. The two areas in 20 and the two rostral areas in LSA all have fairly
complete representations of the upper visual field, but very limited repre-
sentations of the lower visual field. Second, the topographical organiza-
tion of the visual field represented in these areas differ. Area 17 and the
four caudal areas in LSA all have a single order transformation of the visual
field in which all adjacent points of the visual field are represented as
adjacent points in the cortex. The remaining areas all contain a second
order transformation of the visual.field in which some of the adjacent points
of the visual field are not represented as adjacent points in the cortex. In
agreement with J. Allman and J. Kaas (1974), we believe that areas with
second order transformations may serve as functional adjuncts to areas
containing first order transformations.
Autoradiographic studies of thalamic afferents to the visual cortex gen-
erally support these conclusions about the retinotopic organization of the
cat visual cortex (see A, C. Rosenquist et al. , this volume).
Allman, J. M. & Kaas, J. H. The organization of the second
visual area (VII) in the owl monkey: a second order transfor-
mation of the visual hemifield. Brain Research 76:247-265
(1974)

(Supported by NSF grant BMS75 02453).
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THALAMIC EFFERENTS TO VISUAL CORTICAL AREAS IN THE CAT.
A. C. Rosenquist, L. A. Palmer, S. B. Edwards, and R. J. Tusa*. Dept.
Anat., Sch. Med., Univ. of Penn., Phila., Pa. 19174; and Dept. of Anat.,,
Sch. Med., Univ. of Va., Charlottesville, Va. 22901

The autoradiographic tracing method was employed to detail the projec-
tions of the dorsal lateral geniculate nucleus (LGNd) and extrageniculate
thalamic nuclei to the visual cortex. In most cases the thalamocortical
organization serves to support our parcellation of cortex based upon elec-
trophysiological mapping methods (see Tusa et al., this volume). For
example, injections of tritiated leucine into the lateral posterior nucleus
(LP) resulted in heavy labeling of several cortical areas including all 6
representations of the visual field within the lateral suprasylvian area(LSA).
In contrast, injections into either the medial interlaminar nucleus (MIN) or
the posterior nucleus (PN) resulted in labeling of only 3 of the LSA field
representations. The 3 remaining unlabeled regions are mirror image field
representations of the 3 labeled areas. We have'recently found evidence
that extrageniculate thalamic nuclei project to area 17. The projections
from MIN, PN, and LP to area 17 are all much less dense than either the
projections from laminar LGNd to area 17 or the projections of these same
3 nuclei to extrastriate cortical areas. The most striking property of extra-
geniculate projections to striate cortex is the presence of a distinct band
of label in layer I. Whereas LP, PN, and MIN project to many of the same
cortical areas, such as area 19, the laminar distribution of cortical label
differs considerably from these nuclei. For example, LP appears to termi-
nate heavily in layer I of area 19, but PN and MIN do not.
Supported by NSF Grant BMS 75 02453.
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VISUAL RECEPTIVE FIELDS IN lam LGN4, MIN and PN OF THE CAT.
L. A, Palmer, A. C. Rosenquist, and R. Tusa® Department of Anatomy,
University of Pennsylvania, Philadelphia, Pennsylvania 19174.

In the previous paper we have described corticopetal pathways arising
from several thalamic nuclei medial to the laminar portion of the lateral
geniculate (lam LGNd) in the cat. Here we describe visually driven unit
activity in two of these nuclei, the medial interlaminar nucleus (MIN) and
the posterior nucleus (PN), and compare them with lam LGN4.

Surgery was performed under halothane anesthesia and the preparation
maintained with N20:09 and local anesthetics. Paralysis of extraocular
muscles was achieved by continuous infusion of flaxedil and curarie and
artificial ventilation adjusted to maintain alveolar C0y at 4.0%. Arterial
blood pressure and body temp. were also held at normal values. Tungsten
electrodes approached the thalamus at an angle 30 degs from the vertical
so that ideal penetrations passed thru lam LGNg4, MIN, and PN in turn.
Electrode tracks were reconstructed anatomically.

Units in MIN had receptive fields very similar to those of lam LGNyg.
Fields were on-or off-center and all were strictly monocular. Responses
to moving stimuli were similar in every respect to those of lam LGNy.
However, all units in MIN were activated at short latencies by electrical
stimulation of the optic chiasm as opposed to lam LGNy where a bimodal
distribution of optic chiasm latencies was found. In contrast to lam LGNy,
where both X- and Y-cells were found, all units in MIN were Y-cells based
on the range of effective stimulus velocities, field sizes, non-linearity of
spatial summation, as well as the optic chiasm latency.

As the electrode entered PN, dramatic changes in unitary and back -
ground activity were evident. Units in PN were usually binocular, had
much larger, uniform receptive fields, and most were direction selective
when tested with small moving spots. No orientation selective units were
found in spite of the strong input from area 17. Units in PN resembled very
closely units in SGS and SO of the superior colliculus.

In addition, we have studied units in lam LGNd, MIN, and PN using the
PST response plane technique of Stevens and Gerstein. This quantitative
field plotting method reveals the spatial and temporal variation in firing
probability in response to spot stimuli turned on and off within the field.
Stevens and Gerstein have identified two types of LGN units based on
their PST response planes, units with homogeneous or heterogeneous
planes. We have identified homogeneous as Y-cells and heterogeneous as
X-cells based on other properties of these units including their latencies
to optic tract stimulation. Thus, X-and Y-cells can be distinguished on
the basis of their receptive field structure alone. Using the PST response
planes, all units in MIN have homogeneous planes and units in PN yield
generally unstructured planes.

We conclude that MIN is functionally as well as anatomically a part of
the LGN although it contains only Y-cells and no X-cells. PN appears to
be functionally very similar to the superior colliculus. It is clear that the
cells of origin of the various corticopetal pathways convey fundamentally
different messages to their cortical receiving areas.

Supported by NSF Grant No. BMS75-02453.
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SIMULTANEOUS UNIT RECORDING FROM LGNd AND VISUAL CORTEX IN THE
CAT. C. V., Noback*, A. C. Rosenquist, and L. A. Palmer. Dept. Anat.,
Sch. Med., Univ. of Penn., Phila., Pa. 19174 (SPON: P. Sterling).

In order to study directly how receptive field properties of visual
cortical cells are generated from thalamic inputs, single units were record-
ed simultaneously from the cortex (areas 17, 18) and LGN. The cortical
electrode was placed in a region from which antidromic responses of the
LGN cell could be evoked and where receptive fields generally overlapped.
Spike trains of the cortical and LGN cells were cross correlated on-line to
check for interactions between cells. This information was used in deciding
whether further analysis was desirable. In at least 6 cases correlation
peaks .5 to 1 msec. in duration were observed whose latencies from the
LGN cell spikes in conjunction with antidromic latencies suggest the mono-
synaptic innervation of the cortical cell by the LGN cell or by other LGN
cells correlated through common inputs with the recorded LGN cell. In one
of these cases and in others the presynaptic cortical response of the LGN
cell was seen by signal averaging the analog cortical signal against the
LGN cell. In at least 1 case the presynaptic response was directly observ-
able. In 5 of the 6 pairs the receptive fields were clearly overlapped. Three
of the LGN cells were on-centered and 3 were off-centered. All had anti-
dromic latencies of 0.9 msec. or less and responded well to a rapidly mov-
ing bar whose contrast was antagonistic to the center response. These
properties suggest that the cells were Y cells. The cortical cells were
complex. This evidence implies that some complex cells are monosynaptic-
ally driven by rapidly conducting LGN cells probably of the Y category.
(Supported by NSF Grant No. BMS 75-02453)

SUBUNITS IN COMPLEX CELL RECEPTIVE FIELDS IN CAT STRIATE CORTEX.
J. A. Movshon* and D. J. Tolhurst*
Psychol and Physiol Labs, Univ Cambridge, Cambridge CB2 3EB, U. K.

Most complex cells in cat striate cortex have receptive fields
which cannot be subdivided, like the receptive fields of retinal
ganglion cells, LGN cells and simple cortical cells, into discrete
excitatory and inhibitory regions. They respond identically to stim-
ulation anywhere in their receptive fields. Nevertheless, these cells
are selective for stimuli smaller than their receptive fields, imply-
ing the existence of lateral interactions within an apparently homo-
geneous region. We have investigated these interactions, using com-
puter-generated rectangular-bar and sine wave-grating stimuli.

A complex cell's response to pairs of simultaneously-flashed bars
depends critically on the separation between them. If both bars are
of the same contrast polarity, the response to the pair is more than
the response to either bar alone when the two are close together, but
much less when they are separated by more than one-quarter the width
of the receptive field. If the bars are of opposite contrasts, the
opposite result is obtained: there is summation between the bars at
large separations and inhibition at small ones. The result is inde-
pendent of position in the field: the lateral interactions depend
only on bar separation. A plot of response vs. space for such a two-
bar experiment yields a "subunit profile". This profile matches the
inverse Fourier transform of the spatial frequency tuning curve of
the cell, indicating that the subunit revealed may be the mechanism
responsible for the cell's tuning for stimulus size. Other aspects of
the cell's behaviour may be satisfactorily accounted for by postulat-
ing that the receptive field consists of a number of subunits acting
as logical OR elements: the most active subunit at any time will
determine the cell's response.
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OCULAR DOMINANCE COLUMNS IN THE CAT'S VISUAL CORTEX. Carla Shatz*, Sivert
Lindstrom*, and Torsten Wiesel. Dept. Neurobiol., Harvard Med. Sch.,
Boston, Mass. 02115.

In this study, ocular dominance columns have been demonstrated autoradi-
ographically in the cat's visual cortex by means of transneuronal transport,
as first reported in the monkey by Hubel, Wiesel, and Lam (1974). Both in
normal and. visually deprived cats the vitreous of one eye was injected with
500 uCi each of 3H-proline and 3H-fucose in 100 ul saline. Ten days later
animals were perfused and autoradiographic techniques were used to visual-
ize the distribution of labelled geniculocortical terminals. In the normal
cat, ipsilateral to the injected eye discrete patches of label were visible
in layer IV of area 17. In the contralateral hemisphere, although there
were clear indications of periodic concentrations, the label was almost com
tinuous throughout layer IV. This pattern of labelling in both hemispheres
presumably corresponds to ocular dominance columns as physiologically
defined. As expected, there was a strip of heavy labelling within the repre
sentation of the temporal cresent in the contralateral cortex, and a cor-
responding absence of label in this region on the ipsilateral side. The
columns were best seen in parasagittal sections, suggesting that they run
mediolaterally and, as in the monkey, are perpendicular to the anatomical
17-18 border. The size of a pair of left plus right eye columns was roughly
1 mm wide in cortex representing central and peripheral visual fields. The
columns were also present in area 18. In one monocularly deprived kitten,
the closed eye was injected. Changes in the columns were most apparent in
the contralateral hemisphere, in which, unlike normal cats, distinct
patches of label were now visible. These presumbaly reflected an increase
in dominance of the nondeprived eye consistent with the reported physiolog-
ical changes. Thus, as in the monkey, ocular dominance columns can be ana-
tomically demonstrated in the cat, thereby providing a useful technique
for studying morphological changes related to visual deprivation.

NEURONAL MECHANISMS SUBSERVING BRIGHTNESS CODING IN MONKEY VISUAL CORTEX.
R. J. W. Mansfield. Harvard'University, Cambridge, Massachusetts 02138.

In primates, diffuse illuminants can be discriminated over a large
dynamic range of intensity. An analysis of the receptive field
properties of neurons in Areas 17 and 18 in the unanesthetized Rhesus
monkey reveals the existence of a class of neurons whose spectral
sensitivities, dynamic ranges, and intensity-response functions are
appropriate for brightness coding. Previous studies that employed
anesthetic agents have not observed systematic correlates of brightness
coding at the cortical level. The brightness-sensitive neurons of the
present experiments resemble in many qualitative and quantitative terms
the W-cells described in the cat visual system. The majority had
complex or hypercomplex receptive fields and were driven binocularly.
In terms of cytoarchitecture, the majority of striate neurons were
located in Layers II and III. The neurons respond to stimulus contrast
and for diffuse illumination of intensity I, the response rate, R, can
be described by the dimensionless equation
0.3
R/R = )
in accord with behavioral observations; the upper limit of information
transfer in an individual neuron is less than 3 bits. (Supported by
NSF grant BMS 75-08437.)
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QUANTITATIVE ANALYSIS OF MOTION SELECTIVITY IN "SIMPLE" NEURONS OF CAT
VISUAL CORTEX USING A STROBOSCOPIC MOTION DISPLAY. Leo Ganz and Ralph
C. Felder*, Dept. Psychol., Stanford University, Stanford, CA, 94305.

A model to account for sequence-selectivity in "simple" neurons of
primary visual cortex has recently been proposed (Bishop, et al, JP 219:
659, 1971) with the following properties: (1) separate cortical mechan-
isms are postulated for ON-sequence analysis and for OFF-sequence analysis
(2) for motion in the preferred direction, disinhibition is followed by
excitation and finally by inhibition which is too late to cancel the
initial activation of the cortical neuron, (3) for motion in the null
direction an initial inhibition is followed by excitation and finally by
disinhibition which is too late to be effective.

We have tested this model by analyzing the response of visual cortex
neurons to three types of displays: (a) single stationary pulses of light
(thin rectangles, white, optimally oriented); (b) sequences of pairs of
stationary pulses of light, as in an "apparent movement" display; (c) white
or black rectangles moving continuously across the neuron's receptive
field. We have recorded from some 103 neurons, from 30 adult cats, the
microelectrode located in or near the projection of the area centralis in
area 17.

We have analyzed the response of "simple" receptive field neurons to
pairs of stationary pulses of light as follows. If the mechanism of
motion-selectivity is based on inhibition of the second stimulus when the
sequence is in the null direction, then we should expect the Sj-poststi-
mulus time histogram (PSTH) peak for a rectangle presented as the first
stimulus at some retinal location to be larger than the S,-PSTH for that
same rectangle presented at the same retinal location but now the second
stimulus of a null direction pair. If the mechanism of motion-selectivity
is based on facilitation or disinhibition of the second stimulus when the
sequence is in the preferred direction, then we should expect the S;-PSTH
peak to be smaller than the S,-PSTH peak for that same rectangle presented
at the same retinal location but now the second stimulus of a preferred
direction pair. Our results consistently support the presence of inhibi-
tion in null-direction sequences; we consistently fail to find evidence
for facilitation/disinhibition for preferred direction sequences. Thus,
the mechanism of motion-selectivity seems to be based simply on an
anisotropy of inhibition within the receptive field. We do find many
"simple" neurons in which ON-selective regions of the receptive field are
separated in space from OFF-selective regions.

Our results also show that the inhibition generated by a sequence in
the null direction is often very slow in its decay characteristics, last-
ing over 400 msec. The decay of null-sequence-generated inhibition is
slower in neurons with sustained-type impulse responses than in neurons
with impulse responses of the transient-type. Moreover, sustained-type
cells are found to respond selectively to slower velocities.

This research was supported by NIH Grant # EY 01241-01 to the first
author.
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RECEPTIVE FIELD PROPERTIES OF PRESTRIATE NEURONS: EVIDENCE FOR PARALLEL
PROCESSING. Joan S. Baizer and Bruce M. Dow. Laboratory of Neurobiology,
National Institute of Mental Health, and Laboratory of Vision Research,
National Eye Institute, National Institutes of Health, Bethesda, Maryland
20014.

We studied receptive field properties of cells buried in the posterior
bank of the lunate sulcus in three awake monkeys trained to fixate. We
classified cells according to their responses to stationary and moving
stimuli of different shapes, sizes, orientations, and colors, and found
that the cells fell into six distinct major groups, with little overlap
among groups. 1) Orientation-specific cells were sensitive to stimulus
orientation but not to the color or direction of movement of an optimal
stimulus. 2) Directional cells responded to stimuli moving in the optimal
direction regardless of contour, contrast, or color. 3) Color cells
showed little or no orientation specificity and were not directionally
selective. 4) Suppressed-by-light cells had high spontaneous activity and
were insensitive to stimulus orientation and direction of movement.

5) "Pandirectional-spot' cells responded as well to small spots as to
slits of any orientation, and equally well to all directions of stimulus
movement. 6) '"Border" cells responded best to stimuli that filled an
excitatory region without encroaching on a powerful suppressive flank. All
groups were affected by stimulus size; cells in groups 1 and 5 preferred
stimuli that were small relative to total excitatory field size, while
cells in the other groups preferred stimuli filling an excitatory region
but not extending into inhibitory surrounding areas. The data suggest
that in this prestriate region different visual parameters are processed
independently and in parallel by different populations of cells.
(Supported in part by an NINDS postdoctoral fellowship to JSB.)

STRIATE AND PRESTRIATE RECEPTIVE FIELDS IN RHESUS MONKEY: INDICATIONS OF
SERIAL PROCESSING. Bruce M. Dow and Joan S. Baizer, Laboratory of Vision
Research, National Eye Institute, National Institutes of Health and
Laboratory of Neurobiology, National Institute of Mental Health, Bethesda,
Maryland 20014.

In the foveal projection area of rhesus monkey striate cortex it is
possible, because of the deeply infolded lunate and inferior occipital
sulci, to record in a single penetration from cells in striate and pre-
striate cortex with the same or overlapping receptive fields. In anesthe-
tized, paralyzed monkeys we have mapped receptive fields on a tangent screen
and tested successive cells with the same stimuli and movement velocities,
thus permitting direct comparisons of foveal striate and prestriate neurons.
Orientation-specific prestriate cells have the same receptive field widths
as their striate counterparts, but show narrower tuning and require longer
stimuli for optimal driving. Prestriate directional cells give polar plots
and velocity tuning curves that closely resemble those of their striate
counterparts, but have slightly larger receptive fields. The color-tuning
of prestriate color cells is not detectably different from that of striate
color cells, and about 2/3 of both striate and prestriate color cells lack
orientation specificity. Prestriate "pandirectional" cells give muttering
responses to any moving stimulus, and have large receptive fields with
multiple subregions, a property they share with Class V (on/off) striate
cells. Suppressed-by-light cells have similar properties in striate and
prestriate cortex. No striate cells have been found with the properties of
prestriate "border" cells, and no prestriate cells have shown the properties
of noncolor Class I (nonoriented) or Class II ("simple") striate cells.

The data indicate the existence of several parallel channels, each under-
going some degree of serial processing in the striate-prestriate projection
pathway. (Supported in part by an NINDS postdoctoral fellowship to JSB).
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NEURONAL MECHANISMS OF THE PARIETAL LOBE FOR DIRECTED VISUAL ATTENTION,
STUDIED IN WAKING MONKEYS. T.C.T. Yin, J. C. Lynch, W. H. Talbot , and
V. B. Mountcastle. Department of Physiology, The Johns Hopkins
University School of Medicine, Baltimore, Maryland 21205.

Neurons in the inferior parietal lobule (area 7) of the cerebral
cortex were studied in waking, behaving monkeys trained to fixate a
small stationary or moving spot of light projected onto a tangent
screen. Two classes of neurons were identified that discharge in re-
lation to the direction of visual attention to food or to novel objects
or other visual targets of interest to the animal. Visual Fixation (VF)
cells show an abrupt and sustained increase in their discharge as the
animal fixates a stationary spot. Some of these cells are active during
fixations of any target within surrounding visual space; others are
active with fixations directed into a more limited area, but one rarely
smaller than half of surrounding space (i.e., the area of space that
can be explored visually with the head fixed). Neurons of the second
class are Visual Tracking (VT) cells; their discharges are correlated
with smooth pursuit movements of the eyes. VT neurons exhibit a sus-
tained discharge during smooth pursuits of objects moving in one direc-
tion and not the opposite, regardless of the position of gaze. The
increment in their discharge often precedes onset of the tracking
movement; they are not active during fixations of stationary spots.

The discharge of VF and VT cells is suppressed before and during saccadic
movements interposed during fixations or trackings. We propose that
these sets of neurons are cortical command cells directing visual
attention to stationary (VF) and moving (VT) targets of motivational
interest.

A CORTICAL SOURCE OF COMMAND SIGNALS FOR VISUALLY EVOKED SACCADIC
MOVEMENTS OF ,THE EYES IN THE MONKEY. J. C. Lynch, T. C. T. Yin

W. H. Talbot, and V. B. Mountcastle. Dept. of Physiology, The Johns
Hopkins University School of Medicine, Baltimore, Maryland, 21205.

Experiments were made in waking monkeys trained in a variable
foreperiod paradigm to fixate a small light on a tangent screen, follow
its abrupt lateral or vertical displacement, and detect its dimming for
fluid reward. Microelectrode penetrations were made into the cerebral
cortex via chronically implanted chambers. A class of neurons was
identified in area 7 that is active in relation to visually evoked
saccadic movements of the eyes. These cells are commonly directionally
oriented, and discharge as early as 150 msec before eye movement
begins. A smaller number is active with saccades in several directions,
but discharge earliest for one direction of movement. None is active
during spontaneous saccades. During saccadic movements there is a
profound suppression of the activity of other command sets of neurons
of the inferior parietal lobule, the visual fixation and tracking
neurons. This suppression also begins about 150 msec before and persists
throughout eye movement; it is followed by a re-fixation increment in
the discharge of these cells.

We propose that area 7 of the parietal lobe is one source of the
cortical command signals for visually evoked saccadic movements of the
eyes, in the monkey.

59



86

INFEROTEMPORAL AND VISUAL CORTEX ELECTROPHYSIOLOGY DURING VISUAL
DISCRIMINATION BEHAVIOR IN MONKEYS: CORRELATIONS BETWEEN WAVESHAPES AND
ATTENTION. Marc R. Nuwer and Karl H. Pribram. Departments of Psychology
and of Psychiatry and Behavioral Sciences, Stanford University, Stanford,
California, 94305.

This study examines the brain electrical activity of monkeys in a
selective attention procedure. The task, described in detail by Rothblat
and Pribram (Brain Res. 34: 427, 1972) is to respond differentially
either to the color or to the pattern of a pair of multidimensional cues
flashed briefly (10 microsec.) to evoke an abrupt cortical potential
change. Electrode placements included-a row along the inferior portion
of the occipital and temporal cortex and another from frontal pole to
parietal cortex. Here only the results from the inferior temporal (IT)
cortex recordings will be detailed because of the marked effect lesions
in this location have on visual discrimination. Cortical records were
made from surface to depth bipolar electrodes; behavioral records were
generated by panel press. Both were processed by a small on line
computer (PDP-8).

Stimulus evoked potentials were accumulated over 180 consecutive trials
(3 days) as were response evoked potentials. The latter were obtained by
averaging both backward (250 msec) and forward (250 msec) from the time of
panel press.

These response evoked wave forms recorded from the inferotemporal cor-
tex were found to be correlated with the dimension of the stimulus
attended (as defined by the behavioral response): in 70% of the elec-
trodes (11 of 16) when the arrangement of color determined the correct
response the evoked brain activity correlated with color; when the
arrangement of pattern determined the correct response the evoked brain
activity correlated with pattern. This correlation improved with learn-
ing but not with overtraining.

The stimulus evoked brain waves were also of interest. Correlation
with task dimension was also obtained -- 67% (4 out of 6 mid-IT elec-
trodes). With a shift in tasks (e.g. from color to pattern), there was a
lag in the shift of correlated electrical activity as if the monkeys were
still attending the prior stimulus although responding appropriately to
the new one.

This work was supported by USPHS Grant GM01922, NIMH Grant MH12970, and
NIMH Career Award MH15214 to the latter author.
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RESPONSES OF INFERIOR TEMPORAL NEURONS TO VISUAL DISCRIMINANDA. Charlene
D. Jarvis and Mortimer Mishkin. N.I.M.H., Bethesda, Md. 20014.

In the anesthetized rhesus monkey, some inferior temporal (IT) neurons
have complex visual trigger features, and nearly all IT neurons have large
receptive fields that include the fovea (Gross et al, J. Neurophysiol.,
1972). These characteristics suggested that IT neurons in the awake
monkey might be driven selectively by stimuli that the monkey was required
to discriminate, and hence fixate. To explore this possibility, two rhesus
monkeys were trained to press a panel for juice reward when a positive
stimulus appeared on it and to press a blank adjacent panel when a
negative stimulus appeared. The positive stimulus (a white ring sub-
tending 5° of visual angle) was paired with up to 24 negative stimuli
(other 5° white or colored geometric patterns) in separate blocks of
trials, which the animals initiated at a rate of about one trial/sec.
Following training, extracellular recordings were made from IT cortex
while the subjects performed the task. Out of 141 units recorded from
both animals, 40% were activated or (rarely) suppressed by one or more
stimuli, at latencies of 80 to 150 msec. While a few of the related
cells responded to one stimulus exclusively and a few responded to all
the stimuli with which they were tested, most related cells responded to
more than one, but not all, of the stimuli. Only two cells fired ex-
clusively to the positive stimulus, and no cell fired to all but the
positive stimulus. IT neurons thus appeared to code the stimulus pro-
perties of the visual discriminanda and not their reward value. Since
differentially responsive cells were easily located using this simple
behavioral situation, it may be a convenient one with which to investigate
the stimulus code, as well as the effects of non-stimulus variables such
as attention, memory, and motivation.

SINGLE CELL RESPONSES TO AUDITORY AMND VISUAL STIMULI IN THE PREOCCIPITAL
GYRUS AND SUPERIOR TEMPORAL SULCUS IN THE MACAQUE MONKEY. Barry Davis
and L. A. Benevento. College of Medicine, University of I1Tinois Medical
Center, Chicago, Il1linois 60680.

The response properties of cells in the banks of the Tunate sulcus,
the preoccipital gyrus, and in the banks of the superior temporal sulcus
were analyzed following moving or flashing 1ight targets and/or tones.
The location of the cells were verified histologically. Cells were
responsive to input from either the ipsilateral and/or contralateral
eye, and their receptive fields were located within and away from the
area of central vision. Cells located in all 3 locations were found to
be responsive to 1ight and to have response properties characterized by
direction and orientation sensitivity. However, cells Tocated in more
anterior preoccipital gyrus and the superior temporal sulcus were
generally weaker in their responses to moving stimuli than were the
familiar complex cells located in the lunate sulcus. Moreover, cells
located in the banks and floor of the superior temporal sulcus were
clearly responsive to auditory stimuli, as well as to visual stimuli. The
response to sound usually consisted of on and/or off inhibition, which
was usually followed by an excitatory afterdischarge. Cases of transient
off excitation, and excitation to particular tones were also observed.In
attempts to interact auditory and visual stimuli, it was observed that
the onset of a preferred tone modified the cell's response to visual
stimuli. The cell could be inhibited by the tone to such an extent that a
stimulus moving through the excitatory zone of the receptive field had
a decreased excitatory influence. The results indicate that the
superior temporal sulcus is integrating both visual and auditory
information as would be surmised from recently demonstrated anatomical
projections.

(Supported by NSF Grant BMS 75-07349)
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EFFECTS OF VISUAL CORTEX REMOVAL ON RECEPTIVE FIELD PROPERTIES OF CELLS IN
THE LATERAL SUPRASYLVIAN VISUAL AREA OF THE CAT. Peter D. Spear and Thomas
P. Baumann*. Dept. Psychology, Kansas State Univ., Manhattan, Ks. 66506.

Previous anatomical studies show that the lateral suprasylvian visual
cortex (LS, or Clare-Bishop area) receives both ipsilateral and contra-
lateral projections from visual cortical areas 17, 18, and 19. The purpose
of the present study was to investigate the effects of removing these in-
puts on the receptive field properties of cells in the LS area. Seventeen
cats received bilateral or unilateral visual cortex lesions (areas 17, 18,
and 19) 1-5 weeks prior to recording in the LS area, and the receptive
field properties were compared to those of LS area cells in normal cats
(Spear, 1974, Society for Neuroscience Conv.). In normal cats, 81% of the
LS area cells are directionally selective (DS, see fig. I below). The re-
maining cells have non-directional (ND) receptive fields, including move-
ment sensitive (7.5%), stationary (5%), and diffuse (6.5%) types. In ad-
dition, most (65%) of the cells which have receptive fields within 45 deg.
of the area centralis are binocularly driven (B, see fig. II). About 34%
normally are driven by the contralateral eye only (C) and about 1% are
driven exclusively by the ipsilateral eye (I).

The main effects of visual cortex removals are shown in figs. I and
II. Following bilateral visual cortex lesions, there was a marked reduc-
tion in directional selectivity among the LS area cells (8%). Over 90% of
the cells now fell into one of the three non-directional classes: movement
sensitive (47%), stationary (41%), or diffuse (4%). In addition, there was
a reduction in the number of binocularly driven cells. Over 80% of the
cells with receptive fields within 45 deg. of area centralis were driven
only by the contralateral eye following the bilateral lesion. Similar re-
sults were obtained recording in the LS area ipsilateral to a unilateral
visual cortex lesion, although the effects were somewhat less marked (see
figs.). Contralateral to a unilateral visual cortex lesion, the LS area
appeared nearly normal.

A variety of receptive field properties of LS area cells were not
affected by the visual cortex lesions. For example, most of the cells re-
sponded well to small stimuli () deg. - 3 deg.) and about 80% showed spa-
tial summation to increases in stimulus size, just as in normal cats. The
incidence of surround inhibition (about 35% of the cells) also was normal.
Velocity sensitivity of movement sensitive cells and the remaining direc-
tionally selective cells also was unaffected by the visual cortex removals.

I. Receptive Field Type

Unilateral Unilateral
Normal Bilateral Lesioned Side Normal Side

10
n=213 71 88 64

% 50

[ 1] — [ ]

DS ND DS ND DS ND DS ND

II. Ocular Dominance (Within 45 deg. of Area Centralis).

Unilateral Unilateral
Normal Bilateral Lesioned Side Normal Side
100 n=81 42 60 B 33

>
w
o
1

-
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LAMINAR PATTERNS OF GENICULOCORTICAL PROJECTION IN CAT.
Charles D. Gilbert* and Simon LeVay (SPON: Zach W. Hall). Dept. of Neuro-
biology, Harvard Medical School, Boston, Mass. 02115.

It has previously been shown! that the pyramidal cells of layer VI of
cat visual cortex project back to the dorsal lateral geniculate nucleus
(LGNd). We wished to determine whether this layer received a direct pro-
jection from the LGNd. 3H-proline was injected from a recording micro-
pipette into lamina A or lamina C of the LGNd. Subsequent light micro-
scopic autoradiography showed a denser concentration of silver grains over
layer VI than over layer V or the white matter, in both areas 17 and 18.
Layer VI was much more heavily labeled after the injections in lamina A
than after those in lamina C. Electron microscopic autoradiography in this
layer showed silver grains over terminals of Gray's type I, which synapsed
mainly onto dendritic spines, as in layer IV. Myelinated fibers were also
labeled. This result was confirmed by the EM observation of degenerating
terminals in layer VI (also making type I synapses on spines) after a
lesion in the LGNd. This made it far less likely that the radioactive
label in the layer was due to transneuronal transport. The results suggest
that the recurrent loop to the LGNd can involve as few as one cortical
synapse.

The pattern of projection to other cortical layers was also studied.
After injections of 3H-proline into lamina A, heavy labeling filled the
entire thickness of layer IV, extending into deep III. Alternating 350 p
wide patches of heavier and lighter labeling were consistent with the
columnar organization of geniculate afferents.? Injections of lamina C
(which contains both left and right eye sublayers) produced a continuous
band of label in layer IV. Terminals were also found in the superficial
half of layer I after the layer C injections, but not after the lamina A

injections. (NIH grant 5TO01EY00082-03) 1. Gilbert & Kelly, J. Comp. Neur.
in press. 2. Shatz, Lindstrom & Wiesel, this volume.

CORTICAL PROJECTIONS OF CORTICORECIPIENT AND TECTORECIPIENT ZONES OF THE
PULVINAR IN THE MACAQUE MONKEY. Michael Rezak and L. A. Benevento.
College of Medicine, University of I11inois Medical Center, Chicago,
IT1inois 60680.

Our autoradiographic and Fink-Heimer studies in macaques have shown
that the regions of the inferior pulvinar receiving projections from the
superior colliculus and cortical areas 17,18,19 are not entirely co-
extensive. Additional autoradiographic studies revealed that the portion
of the inferior pulvinar which receives only tectal projections projects
mainly to the cortex within the inferior occipital sulcus and adjacent
area TEQ of Bonin and Bailey (area 37 of Brodmann or posterior infero-
temporal cortex) which have been shown to comprise a functionally distinct
region in visual discrimination experiments. In contrast, the "cortico-
recipient" areas of the inferior as well as the lateral pulvinar project
to areas 17,18, and 19 and posterior inferotemporal cortex. The cortical
projections of the areas of the pulvinar complex which do not receive
projections from the occipital cortex or superior colliculus were also
studied. Specifically, the rostral and medial portions of the medial
pulvinar project to the floor of the lateral fissure and to prefrontal
cortex about the inferior 1imb of the arcuate sulcus and the orbital
cortex. The caudal pole of the pulvinar (medial pulvinar) projects to
area 20 between the anterior middle temporal and the occipitotemporal
sulci. Thus, it is the regions of the pulvinar which receive projections
from the superior colliculus and occipital cortex which project to
occipital and posterior temporal cortices concerned with visual function
with area TEO being a main target of the superior colliculus-inferior
pulvinar pathway.

(Supported by NSF Grant BMS 75-07349)
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SOME PROJECTIONS OF THE POSTERIOR BANK AND FLOOR OF THE SUPERIOR

TEMPORAL SULCUS IN THE MACAQUE MONKEY. Steven C. McLoon*,Rebecca Santos-
Anderson*and L. A. Benevento. College of Medicine, University of I1Tinois
Medical Center, Chicago, I11inois 60680.

The posterior bank and floor of the superior temporal sulcus of the
macaque monkey has been shown to contain units sensitive to visual stim-
uli. In addition, this area receives convergent axonal projections from
visual cortex (i.e., areas 17,18,19) and certain portions of the pulvinar
(Anat. Rec. 181:461, 1975). The lateral pulvinar and the dorsolateral
portion of the inferior pulvinar project to areas 18 and 19 and the post-
erior bank and floor of the superior temporal sulcus. Injections of
tritiated leucine and proline into occipital cortex show that this region
projects to the lateral pulvinar and dorsal and lateral portions of the
inferior pulvinar. In addition, injections into the posterior bank and
floor of the superior temporal sulcus show that this area also projects
to the same regions of the pulvinar. The superior temporal sulcus also
projects back to the preoccipital gyrus (area 19) and the lunate sulcus
(area 18). The results indicate that the superior temporal sulcus
and occipital cortex are being interrelated by cortico-cortical
connections as well .as by connections with the pulvinar.

(Supported by NSF Grant BMS 75-07349)

TOPOGRAPHIC ORGANIZATICN OF PRGJECTIONS FROM VISUAL CORTEX TO THE MEDIAL
INTERLAMINAR NUCIEUS AND LATERAL POSTERIOR NUCLEAR COMPLEX IN THE CAT.
Bruce V. Updyke. Dept. of Anatorty, Unive of Wisconsin, Madison WI, 53706.

The retinotopic organization of the medial interlaminar nucleus (MIN)
and a part of the lateral posterior complex (LPC) was analyzed by auto=
radiography following injections of areas 17 and 18 with 3H—proline. The
retinotopic identities of injection sites were determined by comparing the
projections to the laminer part of the lateral geniculate nucleus (LGNd)
with Sandersonts (J. Compg Neurol.,143:1971) map of the nucleus,

Areas 17 and 18 both project in register onto MIN and LPC, Within MIN
the prcjections terminate as thin bands oriented parallel to the dorso=
ventral axis of the nucleus. Cortex representing the vertical meridian of
the visual field projects adjacent to the MIN/LGNd border; that represente
ing lateral visual field out to about L5° projects medially in MIN, Cortex
representing upper visual field projects caudally; that representing lower
visual field projects rostrally. The projection patterns show MIN to be
organized as a compressed mirror image of the representation within LGNd.

Within LPC the cortical projections a2lso terminate as bands which exe
tend through the lateral posterior nucleus (LP) and the posterior nmucleus
of Rioch (PN). The bands originate rostro-medially in LP and are inclined
caudally and ventro-laterally into FN. Cortex representing the vertical
meridian projects ventro-medially in LP and PN; that representing the
lateral visual field projects dorso=laterallye The lateral most projecte
ions share a common border with MIN. The cortex representing the upper
visval field projects caudally; that representing the lower visual field
prcjects rostrally. The representation of the visual field defined by
these projections recembles an expanded mirror image of the representation
found within MIN,

( Supported by NeIeHo grants 5-ROI-NS06662 and 5-FO2-EY55315, )
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RETINOGENICULATE PROJECTIONS OF B10.D2/nSn MICE. Irwin S. Westenberg¥,
V.A. Hosp., Phoenix, Az., 85012, and Donnell Creel, V.A. Hosp., Salt Lake
City, Ut., 84113. -

Reduced retinal pigmentation has been correlated with reduced and/or
disorganized retinogeniculate projections (RGP) in mammals. However, it
has not been determined if it is the genes for reduced retinal pigmentation
that lead to modified RGP. To answer this question it is necessary to com-
pare animals that are genetically identical except for the genes for re-
duced retinal pigmentation, e.g. albino (B10.D2/nSn-c4J) and normal
B10.D2/nSn mice. In order to provide the basis for such a comparison, the
RGP of B10.D2/nSn mice were mapped. The right eyes of six 60-day-old male
mice were removed, and six days later the mice were killed. Brain sections
were stained for degenerating axonal processes. In serial maps large
crossed RGP and smaller, more localized uncrossed RGP were observed. The
uncrossed RGP were similar to those of other normal rodents. However, the
crossed RGP were unusual; they were uniformly distributed throughout the
dorsal lateral geniculate nucleus, including the region receiving uncrossed
RGP. The size and localization of the uncrossed RGP suggest that the
B10.D2/nSn strain is suitable for testing the hypothesis that the genes for
albinism lead to reduced or disorganized uncrossed RGP. The unusual
crossed RGP in the B10.D2/nSn strain raises new questions. The technical
assistance of Ms. C. Kalaha-Brunst is acknowledged.

THE EFFECT OF DARK ADAPTATION ON NEURONAL RESPONSES IN THE
CAT LATERAL GENICULATE NUCLEUS (LGN). B.B.Lee, v.virsuts 0.D.
Creutzfeldtt. Max Planck Inst. fiir biophysikalische Chemie,
Gottingen, W.Germany.

It has been suggested that both the centre and surround
components of the receptive fields of LGN neurones are gene-
rated by the centre responses of ganglion cells (Singer &
Creutzfeldt,1970). If so, then LGN neurones should retain the
same centre-surround structure following dark adaptation de-
spite the loss of ganglion cell surround mechanisms at low
illumination levels. The centre-surround organisation of neu-
rones from layers A and A1 of the LGN has been studied with
background illuminations between 1000 trolands and almost com-
plete darkness (less than 10-5td.) using two techniques. We
have measured by how much the response to a spot flashed on
the centre of a receptive field is inhibited by the simultan-
eous presentation of annuli of various diameters in the sur-
round, and have analysed responses of discs of various dia-
meters (area summation curves). For both ON- and OFF-centre
neurones very little change in centre-surround organisation
occurred following dark-adapation. However,definite changes in
the structures of the responses to flashed and moving stimuli
were found. For example,responses to flashed stimuli often be-
came more sustained in the dark,and subsidiary peaks and
troughs in the PSTHs of neuronal responses to moving stimuli
tended to disappear. Some of these changes suggest that there
is a decrease in recurrent inhibition within the LGN as back-
ground illumination decreases.

Singer,W., Creutzfeldt,0.D. Exp.Brain Res.,10311-330,(1970).
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FREQUENCY ENTRAINMENT IN THE CAT LATERAL GENICULATE NUCLFUS. Conréd
Wall III%*, Wlodzimierz M. Kozak®* and Arthur C. Sanderson¥. Carneg%e—
Mellon Univ., Pittsburgh, Pa. 15213. (SPON: David L. Tomko. Univ.
of Pittsburgh Sch. Med., Pittsburgh, Pa. 15213.) ) o

We have investigated the effects of externally applied per%odlc sig-
nals upon spontaneous alpha-like gross potentials that.occur in t?e cat
lateral geniculate nucleus (LGN), testing the hypot?esl§ that it is an
oscillating system which can be entrained by periodic s%gnals of appro-
priate frequency and strength. On-line spectral analysis of Fhe response
peveals an ongoing natural oscillation under quiescent conditions and a
"low pass" type of amplitude response with a suppression of naturél )
oscillations while entrained. There is also a phase lead for periodic
stimulation below that of the natural frequency and a phase lag in the
response for stimulation above the natural frequency. A mathematical
model of an entrainable nonlinear oscillator is proposed. It demon-
strates all of the physiological effects described above. In additionm,
the experimental results show a frequency component which persists at )
the driven frequency after the end of periodic stimulation. The duration
of this persistence effect is estimated to be between 0.1 and 1.0 seconds.

ATTENTION UNITS IN THE FROG'S OPTIC TECTUM
David Ingle, McLean Hospital, Belmont, MA 02178

Within the supercficial neuropii of the frog optic tectum
one records fiber terminals from the retina which contact
ascending dendrites from deeper neurons. We have also
recorded visually-driven units that appear non-retinal.

One class has response properties similar to units recorded
in posterior thalamus, and may be axon terminals derived

from thalamis neurons. The other class survivea large lesion
of thalamus; they appear to be intrinsic axons from tectal
neurons of deeper laminae.

Units of the presumably intrinsic class differ from
retinal axons in that they continue to discharge after a
bug-like stimulus has left the field. Some respond only
after the stimulus has disappeared. Both sub-classes of unit
reflect a post-stimulus excitability within a local tectal
region, which is elicited by prey-like stimuli.

The behavior of these particular tectal units (whatever
the circuitry which provides their novel properties) may
participate in two behavioral phenomena which also imply
post-movement excitability within the prey-response system.
(1) both frogs and toads may give a delayed snap to a
recently stopped stimulus. (2) frogs have a tendency to snap
more frequently at the second of two very brief stimulus
movements. Both behavioral and physiological data suggest
that self~exciting mechanisms within the frog tectum may
contribute to short-term "focal attention" to pPrey objects.
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SUPERIOR COLLICULUS VISUAL EVOKED POTENTIALS IN UNANESTHETIZED RATS.
Robert S. Dyer and Zoltan Annau. Dept., Environmental Medicine, Johns
Hopkins Univ., Baltimore, Md. 21205.

Rats were chronically implanted with bipolar recording electrodes in
the superior colliculus and studied with their pupils dilated in a
chamber constructed to reflect flashes. The response to flashes (0.5/sec
averaged in blocks of 50) was more complex than has previously been
reported, consisting of 5 positive and 5 negative peaks within 240 ms
of the flash, not including afterdischarges. All components reversed
polarity at the level of the stratum griseum superficiale. Amplitudes
of Pl and N4 gradually increased over the first 1.5 hr of recording,
but subsequently remained stable for the next 4.5 hr. Latency and
amplitude recovery cycles were plotted for Pl and N4 using a subtraction
procedure, and N4 was found to be easily confused with N3 at short
interflash intervals. Amplitudes dropped to 50% of control at 150 ms
intervals for both Pl and N4, but Pl could still be identified in some
animals at intervals as short as 6 ms. Changes in light intensity pro-
duced differential changes in amplitude of the different waves. An
887% reduction in flash intensity reduced the amplitude of Pl to 58% of
maximum, but reduced the P3 amplitude to 8% of maximum. The P3 wave
was the most sensitive to decreased flash intensity, and was among the
first waves to disappear at decreasing interstimulus intervals, appearing
as only a notch on the rising slope of N4 at interstimulus intervals
less than 250 ms. When lightly anesthetized (30mg/Kg Nembutal), both
the Pl and N4 amplitudes increased by more than 45%; Pl latency remained
unchanged, but N4 latency increased by 7%.

LUXOTONIC UNITS IN STRIATE CORTEX OF ALERT MACAQUES. Yukihiko Kayama¥®,
Ronald R. Riso®, John R. Bartlett and Robert W. Doty, Sr. Center for
Brain Research, University of Rochester, Rochester, New York, 14642.
Luxotonic units, i.e., those continuously discharging at least twice
as fast in diffuse light as in darkness or vice versa, are common in
striate cortex of unanesthetized Saimiri. (J. Neurophysiol. 37: 621,
1974.) To assay their presence in alert, nonparalyzed macaques two
animals were prepared for chronic transdural recording with microelec-
trodes. The monkey's head was painlessly fixed during recording and the
limbs gently restrained. Data were obtained from three areas, each 12 mm
in diameter, sampling most of the occipital operculum. Pattern vision was
eliminated by covering the constricted pupils with opalescent contact
lenses and placing the monkey within an illuminating opalescent hemis-
phere. Under these conditions, of 209 units examined for 10-100 min
roughly 40% were luxotonic, 20% displayed transient responses to diffuse
steady light, 20% responded only to stroboscopic flashes, and 20% failed
to respond to either flashes or steady light. Analysis for 47 electrode
penetrations roughly perpendicular to the cortex showed no significant
tendency for grouping of luxotonic units. While essentially all were
binocularly influenced, only 75% gave equivalent responses from each eye.
For many of these the rule 1+1=1 applied, i.e., each eye alone gave a com-
parable response and there was no binocular summation. In 20% of the
luxotonic and nonluxotonic units tested their discharge was modulated by
saccadic eye movements in the dark. The general tendency was for suppres-
sion of discharge from approximately the onset to 150 msec after the
saccade, followed by enhancement at about 200 msec. (Supported by Grant
NS 03606 from the National Institute of Neurological Diseases and Stroke.)
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SINGLE CELL RESPONSES TO AUDITORY AND VISUAL MODALITIES IN THE LATERAL
ORBITAL AND ADJACENT CORTEX OF CAT AND MONKEY. James H. Fallon* and

L. A. Benevento. College of Medicine, University of I1linois Medical
Center, Chicago, I11inois 60680.

Extra- and intracellular recordings were made in the orbito-insular
cortex of cats and the lateral orbital cortéx of rhesus monkeys. As we
reported previously units responded to ON, OFF, and ON-OFF presentations
of auditory and visual stimuli as well as to visual targets of various
shapes having a specific orientation and direction of movement. 10.4% of
the cells responded to visual stimuli only, 14.6% to auditory stimuli
only and 46% to both types of stimuli. A dominant feature of cells in
anterior insular cortex of the cat was the frequency-dependent sup-
pressive responses to the onset, offset and/or duration of tones. Both
active inhibition (IPSPs) and presynaptic blockage (inhibition occuring
before the recorded cell) were features of cells exhibiting "best
frequencies" for inhibition. In some cells, the afterdischarges and sub-
sequent hyperpolarization that followed initial hyperpolization to the
onset of tones delivered to one ear could be enhanced or negated by
similar or different afterdischarge patterns evoked by stimulation of the
other ear. Auditory and visual stimuli were also presented simultaneously
and paired with delays up to 1 séc. In these cases cells which exhibited
no clear responses to either visual or auditory stimuli presented alone,
demonstrated convergent input by virtue of resultant active inhibitijon,
presynaptic blockage or facilitation evoked by pairing the stimuli at
certain delays. Interactions of the afterdischarge patterns were also
seen.

(Supported by NSF Grant BMS 75-07349)
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VISUAL EVOKED POTENTIAL CHANGES IN MONKEY INFEROTEMPORAL CORTEX CORRE-
LATED WITH SELECTIVE ATTENTION, Benjamin M. Dawson and Leo Ganz.
Department of Psychology, Stanford University, Stanford, CA. 94305

Two general mechanisms have been proposed to underlie an organism's
ability to selectively attend to relevant features in a complex stimulus
while ignoring irrelevant features, In a filter or efferent model, the
organism "tunes" selective information filters in primary processing
centers (Hernandez-Peon, et al., Sci. 123: 331, 1956; Broadbent, Percept.
and Communication, 1958). 1In a hierarchical or afferent model, successive
centers further analyze the information until a decision can be made
(Deutsch & Deutsch, Psych, Rev. 70: 80, 1963; Carpenter & Ganz, Percept.
& Psychophys. 12: 57, 1972).

Pribram, et al. (JCPP 62: 358, 1966; EEG Clin. Neurophysiol. 29: 146,
1970; Brain Res. 39: 427, 1972) suggest that in the visual system, infero-
temporal cortex (IT cortex) works in an efferent fashion to tune lower
visual centers. Others (Gross in Handbook of Sensory Physiol., Vol. 7,
1973; Mishkin in Frontiers in Physiol. Psych., 1966) suggest that IT
cortex is a further step in a predominantly afferent system. To further
investigate these two models and the role of IT cortex, we studied visual
evoked potentials (VEP) in macaque monkeys performing a delayed match-to-
sample task,

Component stimuli from two classes (circles or stripes) were combined
to form compound stimuli., In a typical trial, a compound stimulus was
presented tachistoscopically (duration = .6 msec) on the middle panel of
three response panels. Half a second later possible matches were pre-
sented on the two side panels. In the circle relevant condition a com—
pound stimulus consisting of a circle overlayed with 3 stripes might be
presented, and possible matches would be either
a single circle or 4 circles (Fig. la). In the (o) l(:[> (::)

(o) o]

stripe relevant condition a similar compound stim-
ulus might be presented, but now the possible
matches would be 3 horizontal or 3 vertical stripes Fig. la
Fig., 1b). Thus given the same compound stimulus,
under different conditions the animal must attend —
to circles and ignore stripes or vice versa. All | l | <]:)‘ ——
aspects except the relevance condition were ran-
domized.

VEP's (bipolar depth recording, head mounted Fig. 1b
amplifiers, 500 msec epoch) generated by the same
compound stimulus under the two relevance conditions were compared (see
Fig. 2). Differences (tested with a modified t-test) must be due to
internal shifts in processing as the retinal stimulus is invariant. The
results are clear and unequivocal: in all 4 Fig. 2
animals tested, VEP changes correlated with

shifts in relevance condition (attention) are SEprezesent Pesan
found strongly in IT cortex. The other 40 2
electrodes (LGB, striate, FPS, pulvinar, i
frontal, motor, parietal, superior temporal) z
showed little or no consistent changes in =1
stimulus locked VEP's, -
In this difficult task (mean trials to =
criterion = 60,000), selective attention is ©
delayed until IT cortex, supporting a hier- §24: LRoOnt VS L Reetts
archical (afferent) model. The filter ;ﬁ e

(efferent) model would predict changes at
primary (striate) and secondary (prestriate cortex) as well as IT cortex,

due to the interposed filter.
Supported by NIH Grant # Ey 01241-01 to the second author and Grant

# MH 12970-09 NIMH to Karl H. Pribram.
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ANTIDROMIC ACTIVITY DURING THE EVOKED CORTICAL RESPONSE. Arthur D. Rosen.
Division of Neurology, State Univ. of N.Y., Health Science Center, Stony
Brook, N.Y. 11790

Previous studies from this laboratory have demonstrated antidromic
activity in the visual radiation fibers during penicillin induced focal
seizures in the striate cortex. The present study was carried out to
determine if antidromic activity could be demonstrated during a more
physiological event in the striate cortex, the evoked response. Extra-
cellular recordings were made from 39 post-synaptic geniculate units in
17 adult cats. The refractory period following orthodromic activation of
geniculate units was determined for antidromic activation of the same unit
via stimuli delivered to the striate cortex. The value thus obtained was
compared with the refractory period determined in the same manner from the
spontaneous activity of that unit during the later phases of the evoked
cortical response. In 15 of the 39 units thus studied, the refractory
period for spontaneous activity occurring 5-15 msec. after the onset of
the evoked cortical response was significantly less than that determined
for the units response to orthodromic activation. These results are
interpreted as indicating that antidromic activation of geniculo-cortical
neurons may occur during the later phases of the evoked response in the
striate cortex. In addition, long latency responses to antidromic stimule
tion were often seen when the antidromic stimulus was delivered following
a spontaneous (and presumably orthodromic) unit discharge occurring L40-80
msec. after the onset of the evoked cortical response. This phenomenon
is believed to represent an antidromic response developing during the
direct cortical response.

EXACERBATION OF CORTICAL VISUAL DISCRIMINATION DEFICITS BY PULVINAR LESION
IN THE MACAQUE. Michael C. Trachtenberg and Ellen C. Gower*, Neurology
Svc., VAH, Boston, MA 02130.

Two macaque monkeys with combined bilateral lesions of the lateral
striate cortex and pulvinar are significantly impaired in the post-
operative acquisition of several distinctly different visual problems:
viz., concurrent object discrimination, landmark reversal, and difficult
pattern discriminations to which an annulus has been added.

In contrast, these animals experience no difficulty in learning color
or object pair discriminations, nor do they show any deficit in post-
operative retention of pre-operatively learned concurrent object or
difficult pattern discriminatioms.

The deficits exhibited by these animals are reminiscent of those seen
after separate cortical lesions restricted to either inferotemporal
cortex (concurrent object discrimination), dorsocaudal posterior parietal
cortex (landmark reversal), or foveal prestriate cortex (difficult pattern
prcblems). Together they represent a unique pattern of functional diffi-
culty which cannot be explained by any simple localization hypothesis. In
particular, these data indicate that that part of the retino-geniculo-
cortical pathway terminating in extrafoveal striate regions is adequate
for the performance of visual tasks provided the integrity of parallel
retinofugal systems is maintained. In the absence of an intact pulvinar
a number of sophisticated visual problems (sensitive to lesion of the
three above-mentioned cortical areas which receive input from both
pulvinar and visual I) are solved only with greater difficulty. This

strongly suggests that the input provided by the pulwv
contr bﬂtesggeaningfully to cgrtigal functiZn, ang 1ni:§: ;geggggg gggions
damage to other cortical visual areas this contribution may be essential.
However, the specific character or function of the information supplied
by the pulvinar route remains to be clarified.
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VISUAL ACUITY DEFICITS IN DESTRIATE TREE SHREWS AS A FUNCTION OF
STIMULUS AREA AND STRIPE SEPARATION. Jeannette P. Ward, Joy Frank¥*,
and Marilyn Moss*. Dept. of Psychol., Memphis State Univ., Memphis,
Tenn. 38152.

The first study of visual capacity in the tree shrew, Tupaia glis,
following ablation of striate cortex reported little or no deficit
in basic visual function (Snyder & Diamond, Brain, Behav. Evol.,

1968, 1, 244-288). Preservation of basic sensory capacity in the
absence of primary visual cortex was unexpected in view of the results
of similar studies with other mammals. Ware, Casagrande, and Diamond
(Brain Behav. Evol., 1972, 5, 18-29 showed that destriate tree shrews
were able to discriminate even a fine pattern of stripes presented on

a large stimulus area. Using a small stimulus area, however, Ward

and Masterson (Brain, Behav. Evol., 1970, 3, 421-469) found that tree
shrews with complete removal of striate cortex were not able to
discriminate any striped pattern while tree shrews with lesions that
spared a portion of striate cortex could discriminate some stripe widths
although deficient in acuity as compared to intact animals. The purpose
of this study was to investigate the relationship of stimulus area and
stripe width to the acuity of the destriate tree shrew.

Six tree shrews were trained pre- and post-operatively in a
two-choice apparatus with food reward. Visual tests were employed
in which stripe separation was either 1", 1/2", 1/4", 1/8", or 1/16"
and stimulus area was varied. Subjects were first trained on a
descending series of stripe widths with area constant at 4" x 4".

When each subject had finished the series or failed to discriminate

at any level, the descending area series was begun. Using the finest
stripe that an animal was able to discriminate, the area was gradually
decreased in discrete steps: 3"x 3", 2.5"x 2.5", 2.0"x 2.0", 1.5"x1.5",
and 1"x 1". A titration method was used such that if an animal was
not able to perform at criterion in 5 sessions on a given stimulus
combination, the stripe width was increased. This usually restored
the animal's performance to criterion level at which point the area
was again decreased. This procedure resulted in an acuity threshold
curve for each destriate tree shrew which was a joint function of area
and stripe width. Sets of stimulus pairs were selected for each
animal based on its threshold curve and each subject was retested
using the method of constant stimuli.

Tree shrews were also tested with striped stimuli for which the
area was varied in horizontal and vertical rectangular pairs from
3"x 2" to 3" x 0.5" in order to assess the effect of the decrease in
stripe length which accompanies a decrease in area by squares. In
a final test, epicritic vision was assessed with flecked patterns
composed of square bits of black tape of different widths which were
discriminated from a gray of matched luminous flux and the total
area of both stimuli was varied by square area as above.

Intact tree shrews were able to discriminate all stimuli in the
battery. Following ablation of striate cortex all subjects had an
acuity deficit which was a function both of stimulus area and stripe
width. Thus, the tree shrew like other mammals with extensive loss
of primary visual cortex does have a deficit in epicritic visual
functions. The necessity for a decrease in stimulus area in order
to demonstrate the deficit and the reestablishment of discrimination
of a small area stimulus with an increase in stripe width probably
reflect characteristics of the remaining tectocortical system.
Research with other species is necessary in order to learn whether
the tectocortical visual system of the tree shrew is unique in these
characteristics.
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THE RESIDUAL SPATIAL VISION OF CATS WITH LESIONS OF THE VISUAL CORIEX,
G. D, Ritchie*, Patricia M, Meyer and Donald R, Meyer, Dept. Psych,, OSU
Columbus, Ohio 43212,

Cats were trained on three classes of visual discriminations, The
first was a large checks vs small checks problem in which the stimulus
panels varied both in the total amount of contour and the number of enclos-
ed spatial figures, The second was a contour problem in which the number
of objects per panel was constant, but the amount of contour was greater
in one panel than in the other, The third was a numerosity problem in
which the stimuli contained more objects in one panel than the other, but
the amount of contour was the same for both panels, The discriminanda in
all three classes were equated for flux, and were designed to eliminate
local flux and local contour differences as cues for solving the discrimi-
nation,

Normal cats learned all three classes of problems and subsequently sus-
tained removals of the visual neocortex, Postoperatively, the animals
could discriminate stimuli that varied in both contour and numerosity
(class 1) or that varied in contour and were equal in numerosity (class 2),
However, when contour was equated and numerosity was greater in one
stimulus than in the other, the cats never exceeded chance performance
after nearly a year of retraining. These results indicated that the cats
were form-blind despite their abilities to learn some classes of flux-
equated tasks,

After completing the learning phase of the experiment, visual placing
was studied in these animals. With very few exceptions, placing was
absent during periods of recovery of over one year, but could be
reinstated for periods up to three weeks after a single injection of
d-amphetamine,

VISUO-MOTOR FUNCTION IN MONKEYS WITH VISUAL CORTEX ABLATION AND WITH
CROSSED CORTICO-TECTAL ABLATIONS. Joseph G. Malpeli and Peter H.
Schiller*. Department of Psychology, M.I.T., Cambridge, Mass. 02139.
Sprague (Science 153: 1544-1547, 1966) has shown that cats made hemi-
anopic by a posterior cortical lesion regain some visual function in the
cortically blind henifield following ablation of the contralateral supe-
rior colliculus. A similar restitution of vision is observed when,
instead of ablating the contralateral superior colliculus, the inter-
collicular commissure is severed. We have investigated the effects of
crossed cortico-tectal lesions on visual target acquisition in monkeys.
Juvenile rhesus macaques were trained in a task which required them to
shift their gaze rapidly from a central fixation point to a peripheral tar-
get appearing in an unpredictable location on a tangent screen. Accuracy
of the first saccade to target was assessed prior to and following uni-
lateral ablation of the striate cortex with extensive involvement of pre-
striate visual cortex. With a 1 degree target the accuracy for saccades
into the cortically blind hemifield varies greatly with target eccentric-
ity, being quite good at 10 degrees, fair at 20 degrees, and poor at 30
degrees. We have not observed any improvement in this parameter of visuo-
motor function up to 4 weeks after ablation of the contralateral superior
colliculus. Sectioning of the intercollicular commissure rather than
destruction of the contralateral superior colliculus is also being in-
vestigated. (Supported by N.I.H. grant EY00676 and N.I.H. fellowship
1 F 22 EY02280)
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A BEHAVIORAL ANALYSIS OF MIDDLE TEMPORAL AND VENTRAL TEMPORAL CORTEX IN
THE BUSHBABY (GALAGO SENEGALENSIS). Martha Wilson, I.T.Diamond, Richard J.
Rav1zza and Karen K. Glendenning. Depts. of Psychology, Univ. of Conmn.,
Storrs, 06268, and Duke Univ., Durham, N.C. 22706.

Three experlments were carried out in order to investigate the organiza-
tion of visual cortex in the bushbaby. One thalamocortical relay can be
identified as the geniculo-striate system; another ascending sensory sys-
tem, the tecto-pulvinar-middle temporal system has recently been defined.
A third system,projecting from the rostral portion of the pulvinar nucle-
us relays to areas 18, 19 and ventral temporal cortex. Afferents to this
system, if any, are presently unknown. Our specific aims were {a) to find
out the behavioral effects of removing the middle temporal {MT) area, and
(b), to clarify the nature of the visual impairment produced by lesions
of ventral temporal (VT) cortex (Atencio and Ward, Abstr. Neurosci, Soc.,
1974). Three visual tasks were given to eight bushbabies, which were divi-
ded into MT and VT groups after preoperative training. The first task
evaluated their ability to respond to a visual cue which was separated
from the response site and varied in spatial location. Then the groups
were tested on tasks involving selective attention to available stimulus
information. Finally, postoperative sensory status was compared in terms
of size discrimination thresholds.

Results showed that MT but not VT lesions consistently impaired visual
spatial abilities while VT but not MT lesions impaired the ability to
focus and switch attention. There were no differences in size discrimin-
ation thresholds in the two groups. It was concluded that these two
areas of extrastriate cortex play different functional roles in vision.
Supported by NIMH grants MH18217 and MH51745.

ROLE OF INFERIOR TEMPORAL CORTEX IN PERCEPTUAL EQUIVALENCE OF STIMULI IN
THE LEFT AND RIGHT VISUAL FIELDS. Lynne Seacord*, Charles G. Gross, and
Mortimer Mishkin. Dept. Psychol., Princeton Univ., Princeton, N. J.
08540, and N.I.M.H., Bethesda, Md. 20014’

Most neurons in the inferior temporal (IT) cortex of the rhesus
monkey have large receptive fields that extend well across the vertical
meridian into both visual half-fields (Gross et al, J. Neurophysiol.,
1972). The responsiveness of these IT neurons to ‘stimuli in their
ipsilateral half-field depends on the splenium and anterior commissure
(Gross et al, Fed. Proc., 1974), the same commissural pathways that
support interocular transfer of discrimination habits in chiasm-sectioned
monkeys. Since IT neurons have the same trigger features in both half-
fields, and are also binocular, they may provide the neural convergence
that underlies the interocular transfer. To test this possibility,
monkeys were trained to a stringent criterion with one eye and then tested
for transfer to the same criterion with the other eye on each of several
pattern discrimination problems. Prior to any training, five experi-
mental monkeys received bilateral IT lesions combined with midsaggital
section of the optic chiasm, while ten controls received either the
bilateral IT lesion alone, the chiasm section alone, or no surgery.

Only the experimental monkeys showed impaired interocular transfer, as
measured by a) initial errors on the transfer tests, b) total errors on
the transfer tests, and c) savings scores. Presumably, IT neurons
mediate interocular transfer by providing perceptual equivalence for
patterns in the left and right visual fields, and, by implication,
perhaps for patterns in different parts of the same field as well.
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INFERIOR TEMPORAL CORTEX LESIONS DO NOT IMPAIR DISCRIMINATION
OF LATERAL MIRROR IMAGES. Charles G. Gross, Melissa Lewis*
and David Plaisier*. Dept. Psychol. Princeton Univ., Prince-
ton, N. J. 08540. _
Bilateral ablation of inferior temporal (IT) cortex in
the macaque produces a severe impairment in visual pattern
learning. The degree of impairment has been thought to be a
function of the difficulty of the discrimination problem as
measured by the performance of normal animals. However, in
two previous studies (Cowey and Gross, Exp. Brain Res., 1970;
Gross et al, J. Comp. Physiol. Psychol., 1971) monkeys with
IT lesions were not impaired in learning to discriminate lat-
eral mirror images, although normal monkeys found these dis-
criminations relatively difficult. These paradoxical results
suggest that lateral mirror images may be a special class of
discriminanda for animals with IT lesions. To test this poss-
ibility, 6 monkeys with bilateral IT lesions and 6 control
animals (with lateral striate or no lesions) were trained on
a series of discriminations of mirror image and non-mirror im-
age pairs. The animals with IT lesions showed the usual vis-
ual discrimination deficit on the non-mirror image tasks, but
learned the mirror image tasks as quickly as the normal ani-
mals. The control animals, unlike the animals with IT lesions
found the mirror image tasks much more difficult than the non-
mirror image ones. IT cortex may be involved in the perceptu-
al equivalence of lateral mirror image stimuli and perhaps in
other perceptual equivalences.

EFFECTS OF TECTAL LESIONS ON PERIPHERAL FIELD VISION IN THE MONKEY.
E. Gregory Keating. Veterans Administration Hospital and Depts. of
Anatomy and Neurology, SUNY - Upstate, Syracuse, N.Y. 13210.

Current theory assumes the superior colliculus to be important for the
control of 'ambient' or peripheral vision. Removing the tectum causes
little visual deficit in primates perhaps because the lesioned monkey can
shift to more foveal geniculo-striate pathways to solve most visual tests.
In one experiment tectal lesions did impair accuracy in locating targets
if the visual stimuli flashed too quickly for the monkey to shift all of
them into its foveae (Keating, 1974). The present experiment measured
the effects of tectal lesions on monkeys entirely prevented from using
macular vision.

Five rhesus were trained on several tests including pattern and
luminance discriminations and a third test which measured their accuracy
in reaching for the dimmer of two lights flashing at various points in
the visual field. Two monkeys also learned to distinguish a moving from
a stationary shadow. The animals were retested after removal of the
superior colliculus alone or in combination with a lesion of the central
60 - 80 of both retinae. Tectal lesions impaired accurate localization
of briefly appearing stimuli but adding the retinal lesions did not
greatly enhance the deficit. Combined tectal-retinal lesions (which
sometimes included pretectuuﬂdid not impair pattern or luminance
discriminations. Neither did the combined lesions cause the cortical
blindness, visual agnosia, or movement discrimination deficits described
by Anderson and Sgmmes (1969) to result from tectal-foveal striate
ablation. Even adding foveal striate removal to the tectal-retinal
lesions in two animals failed to enhance the effect of tectal lesion
alone. (Supported by NS 10576.)
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IMPAIRED PERFORMANCE OF VISUAL STIMULUS REVERSALS BY CATS WITH LESIONS OF
THE SUPERIOR COLLICULUS-PRETECTUM. J.M.S. Winterkorn. Anatomy Dept.
Cornell Univ. Med. Coll., New York, N.Y. 10021

In a prior study, cats with bilateral lesions of the superior
colliculus-pretectum (SC-P) were shown to be able to locate and discrimin-
ate between visual stimuli widely separated in space. However, as has
been shown in hamsters by Schneider, cats with lesions of the SC-P commit-
ted more alley-entrance errors than unoperated cats, suggesting that cats
with lesions of the SC-P may have a deficit in inhibiting incorrect or
unrewarded responses. This hypothesis was tested by training cats in a
sequence of 2-choice visual discriminations (light/dark) in which the
reinforcement polarity of the 2 stimuli was successively reversed.

Five cats were trained for food reward in either an automated Y-maze or
an automated double-ended straight maze, both before and after bilateral
ablation of the SC-P. When a cat had achieved a high performance criter-
ion in the initial light(+)/dark(-) discrimination, the polarity of reward
was reversed and the cat was retrained to criterion on a dark(+)/light(-)
discrimination. In total, each cat was trained in the initial light/dark
discrimination followed by ten reversals, both preoperatively and post-
operatively.

Cats with lesions of the SC-P relearned the initial light/dark discrim-
ination as rapidly as unoperated cats. However, compared with their
preoperative performance, cats with lesions of the SC-P required more
trials and committed more errors before achieving criterion on each of
the 10 successive reversal tasks. These results suggest that cats with
lesions of the SC-P have a deficit in inhibiting unrewarded responses.
Supported by NIH Grant EY-00088.

EYE MOVEMENTS OF INFEROTEMPORAL, FOVEAL PRESTRIATE AND PULVINAR ABLATED
MONKEYS. DURING VISUAL DISCRIMINATION BEHAVIOR, Carol Christensen*, Leslie
Ungerleider and Karl Drake®*. Neuropsychology Laboratories, Dept. Psych.,
Stanford University, Stanford, California, 94305,

The eyemovements of normal (N), inferotemporal (IT), foveal prestriate
(FPS) and pulvinar (P) ablated monkeys were monitored with a corneal re-
flection technique during visual discrimination training. Training con-
sisted of four 40 trial sessions in which subjects were reinforced for
fixating the positive of two simultaneously presented visual stimuli, Vid-
eo tape records of these fixations for the first and fourth sessions were
analyzed. Three of the measures calculated for the two sessions were the
percentage of total fixation time within the display boundaries, the per-
centage of this on display time in which either of the two stimuli were
fixated and the percentage of on display time spent fixating the positive
stimulus. During the first session IT ablated subjects showed a signifi-
cantly greater percentage of fixation time on display than did N subjects.
In addition both IT and FPS subjects fixated the stimulus portions of the
display longer than did N subjects during the first session. These dif-
ferences disappeared by the fourth session, N subjects, however, showed
a greater absolute increase in the time spent fixating the display and
stimuli from the first to the fourth session than did the other two
groups, Analysis of the time spent in differential fixation of the two
stimuli showed that while all groups fixated the stimuli approximately
equally during the first session, by the fourth session the N subjects
had learned to preferentially observe the reinforced stimulus, IT and FPS
ablated subjects were equally impaired in learning the discrimination,
Preliminary analysis of data collected from P subjects indicates that
they are not different from N subjects in these measures,
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EFFECT OF POSTNATAL ENUCLEATION OF THE EYE ON CORTICO-CORTICAL CONNECTIONS
OF THE RAT'S STRIATE CORTEX. Vicente M. Montero*, Maria A. Carrasco*, and
Victor Fernandez*. (SPON: C.N. Woolsey). Dep. Physiol. Biophys., Faculty
of Medicine, Univ. Chile, Santiago, Chile.

The rat's striate cortex sends direct connections to several peristriate
areas which appear to have different retinotopic organizations (Montero
et al., Brain Res., 1973, 53:197-201;202-207). In the present study we
have examined the effect on these connections of removal of one eye 14
days after birth, just before eye-opening. Electrolytic lesions were
placed in the monocular sector of area 17 in both hemispheres after the
rats had become adults. Four days later the ensuing cortical degeneration
was examined with the Fink-Heimer technique, with the following results:
(a) The number of degenerating fields and their topographical pattern were
similar in the enucleated rats and in controls, i.e., degenerating connec-
tions to posterior, posterolateral, laterolateral, lateromedial, anterola-
teral and anteromedial peristriate areas were found in both. (b) On quali-
tative inspection and quantitative analysis (number of degeneration granu-
les per unit volume of tissue), it was found that the density of granules
of the laterolateral field in the contralateral hemisphere to the remain-
ing eye, was markedly greater than in either the ipsilateral hemisphere
of the four enucleated animals or in the hemispheres of two normal controls.
No significant interhemispheric difference in granule density was found
in the other fields of degeneration. It is concluded that the afferent
imbalance to the two striate areas resulting from eye enucleation induces
a proliferation of preterminal arborization, and probably synapses, in
this specific striate-peristriate pathway in the rat. The functional
implications of this structural alteration has yet to be determined.
(Supported by NIH Grant NS-03640 to the University of Chile).

VISUO-MOTOR PROPERTIES OF NEURONS IN A NONSPECIFIC THALAMIC
STRUCTURE: ©N. CENTRALIS LATERALIS OF CAT. Madeleine Schlag-
Rey* and John Schlag. Dept. Anat. and BRI, UCLA, Los Angeles,
9002k,

Eye movement-related activities of centralis lateralis (CL)
neuroms have been recently described (J. Neurophysiol. 197L4,
37: 982). Such cells change their firing before or during
saccades in specific directions, even in complete darkness.
The continuation of this study shows that the same cells also
respond to photic stimuli in absence of eye movements.

Recordings were made with tungsten microelectrodes in
chronic cats. Retinal projections of stimuli were computed
from on-line recordings of stimulus and eye positions. We
found that eye movement CL units: (1) can respond to bright
diffuse flashes in 25-40 ms, (2) are sensitive to very dim,
low contrast patterns (e.g. 3° dia. on faint red background),
(3) give on, off, on-off, or sustained responses, and re-
sponses to moving stimuli, (L4) have usually large receptive
fields (e.g. 30° dia.) close to center and most often contra-
lateral. The receptive field was always on the side toward
which saccades were preceded or accompanied by increased fir-
ing. In some instances, saccade-related firing only occurred
when the saccades were directed toward a visual target.These
results imply that neurons in the dorsolateral region of the
cat's nonspecific thalamus participate in visuo-motor proces-
sing.

(Supported by USPHS Grant NB-04955).
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TIME-COURSE OF THE TOPOGRAPHIC REGULATION OF A HALVED OPTIC
TECTUM IN ADULT GOLDFISH. Myong G. Yoon. Dept.of Psychology
Dalhousie University, Halifax, Nova Scotia, Canada.

The visual system in adult goldfish is capable of re-
adjusting to various types of size-disparity, experimentally
induced between the retina and the optic tectum. If the
caudal part of the tectum is excised and the contralateral
optic nerve is sectioned and then allowed to regenerate into
the operated tectum, the remaining rostral half-tectum
eventually reacquires the whole visual projection from not
only the appropriate temporal half of the retina but also
from the foreign nasal half of the retina in correct retino-
topic order. The patterns of the newly reestablished visual
projections, however, depend on the duration of postoperative
periods allowed to the halved tectum before it becomes re-
innervated by incoming optic fibers. If the regenerating
optic fibers are allowed to invade the denervated half-
tectum earlier than 33 days following excision of the caudal
tectum, the newly restored visual projection is restricted
from only the temporal hemiretina onto the reamining rostral
half-tectum, without showing any sign of a field compression
at this early stage. On the other hand, when the incoming
optic fibers are controlled to invade the half-tectum about
one and a half months after excision of the caudal tectum,
the newly restored visual projection shows an orderly field
compression from the whole extent of the retina onto the
remaining rostral half-tectum in correct retinotopic order.
In a further study, the caudal half of the left tectum was
removed in a new group of adult goldfish. The right optic
nerve was also sectioned. Three or four months later,
the restored visual projections were mapped. All of these
operated fish showed an orderly field compression from the
entire right retina onto the remaining rostral half of the
left tectum. Immediately after the mapping experiment,
the caudal half of the right tectum was removed, and both
the left optic tract and the right optic tract were also
sectioned near their entrances to the left half-tectum and
the right half-tectum, respectively, in each experimental
fish. These fish were revived after the second surgery
for further experiments. Retinotectal projections were re-
mapped for both the right half-tectum and the left half-
tectum at relatively early postoperative periods between
17 and 22 days after the second surgery. The newly restored
visual projection onto the remaining rostral half of the
newly operated right tectum did not show any sign of a field
compression: only the left temporal hemiretina projected
onto the right rostral half-tectum. On the other hand,
the newly restored visual projection onto the remaining
rostral half of the left tectum (which received the tectal
surgery about four months ago) showed a complete field
compression from the entire right retina, at the same mapping
session. The present results suggest that it takes at
least a month for the halved tectum to complete a topographic
regulation of itself into a whole. The topographic
regulation will enable the halved tectum to accomodate
incoming optic fibers from not only the appropriate temporal
hemiretina but also from the foreign nasal hemiretina in an
orderly compressed topographic pattern.

(Supported by grants from MRC and NRC of Canada)
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BEHAVIORAL AND ELECTROPHYSIOLOGICAL ANALYSIS OF SENSORY NEGLECT FOLLOWING
DIENCEPHALIC LESIONS IN CATS. C. S. Wier* and Dennis M. Feeney. Depts.
Psychol. and Physiol., U. of New Mexico, Albuquerque, 87131,

In different animals the effects of unilateral lesions of the
ventromedial hypothalamus (VMH), lateral hypothalamus (LH), anterior
cerebral peduncle (ACP) or substantia-nigra/cerebral peduncle (SN-CP) were
compared on visual and somatosensory function. Behavioral tasks included
approach to food presented at various visual angles, suppression of
licking by lights signaling shock at various visual angles, latency of
limb withdrawal to immersion in water or paw shock. Dramatic and
persistent (60 days) effects were obtained with ACP and SN-CP lesionms,
less severe, short lasting effects with LH lesions and no effect follow-
ing VMH lesions. The syndrome was a contralateral deficit and an
ipsilateral facilitation of visual and tactile responses compared to pre-
lesion control. Although transient motor impairments were also observed,
the demonstration of lack of responsiveness using the visual suppression
technique indicates the syndrome is due to a sensory impairment. Despite
the presence of profound sensory changes on the behavioral tests, only
very transient and inconsistent reductions in the amplitudes of evoked
potentials (ipsilateral to lesion) to flash and paw shock were seen in
visual and somatosensory cortex, association cortex, caudate nucleus,
superior colliculus and mesencephalic reticular formation. Additionally
no changes were observed in gross sleep and waking EEG patterns.
(Supported by NINDS Grant NS 10469-02)
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Vision: Perception

SUBJECTIVE METHOD FOR THE DETERMINATION OF MONOCHROMATIC ABERRATIONS OF
THE EYE. Howard C. Howland* and Bradford Howland Section of Neurobiology
and Behavior, Cornell University, Ithaca, N.Y. 14853 and M.I.T. Lincoln
Laboratory, Lexington, Mass. 02713.

Using a method similar to the Hartmann testl a spectrally pure point
source is viewed through a millimeter grid, oriented at 45° to the axes of
a + 5 diopter crossed cylinder lens2. The subject draws the grid which
he sees. he drawing is’ then analyzed by a computer program which yields
an orthogonal polynomial approximation of the wave aberration disc at the
pupil.

The initial results obtained by this method on approximately 35
subjects have shown a variety of symmetrical and asymmetrical third and
fourth order aberrations of positive and negative sign. These results
are not in accordance with the view that the normal eye contains a fixed
amount of positive spherical aberration, and they provide (to our know-
ledge for the first time) quantitative estimates of third order, coma-
like aberrations.

The significance of these measured aberrations at various pupil aper-
tures for the degradation of the modulation transfer function of the eye
has been investigated with numerical ray-tracing techniques. This analy-
sis shows that great differences may exist between individuals in the
optical performance of otherwise normal eyes at large apertures. In some
cases (e.g. severe symmetrical spherical aberration) a part of the reso-
lution of the eye can be restored by corrective lenses, and it is possi-
ble to predict the theoretical optimum prescriptions for different pupil
sizes and hence light levels.

1. John Strong, Concepts of Classical Optics, Freeman, San Francisco
(1958).
2. Bradford Howland, Appl. Opt. 7, 1587 (1968).

EFFECT OF CORTICAL EEG FREQUENCY COMPOSITION ON THE QUALITY OF APPARENT
MOTION IN MAN. Stephen Coffin¥* (SPON: D. Young). Dept. of Psychology,
UCLA, Los Angeles, Calif., 9002L.

Earlier work (in preparation) has shown that both subjects' two-flash
discrimination threshold and productions of a subjective five second dura-
tion were well correlated with the frequency composition of EEG recorded
over visual cortex (0z). As thresholds lowered, and duration productions
shortened, EEG frequency composition within the alpha band (8-12 Hz.)
shifted to faster activity.

The present experiment extended these results to an apparent motion
task. Subjects were asked to rate the quality of apparent motion in
trial-wise presentations of stimuli separated by about 3.5° of visual
angle. Interval between offset of first and onset of second stimulus (ISI)
was varied between 10 and 90 msec. EEG activity during stimulus presen-
tation was assessed by a frequency spectral analysis technique.

Results with 10 subjects showed that high quality apparent motion was
associated with faster EEG activity at short ISI, and lower frequency
peaks at longer ISI. Of the five electrode sites chosen (0z, 01, 02, P3,
and P4), only results at Oz were significant (p < .05). Changes were
again in the 8-12 Hz. frequency band.

Results suggest that a mechanism associated with components of the
spontaneous EEG serves to pace information processing within the primary
visual cortex, in several spatio-temporal perceptual tasks.
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A HEBBIAN SYNAPTIC MODIFICATION EXPLANATION OF THE MCCULLOGH EFFECT.
F. S. Montalvo* (SPON: A. Trehub). Dept. of Comp. and Info. Sci., U.
Mass., Amherst, Ma. 01002.

A computer simulation of a neural network model involving Hebbian
synaptic modification between a retinal layer and a cortical layer is
proposed as a possible explanation of the McCullogh effect, without
hypothesizing fatigue adaptation. Hebbian modification of initially
randomly weighted synapses during random presentation of all color-
orientation combinations produces a uniform distribution of color-
orientation specific units. With additional presentations of alternate
red-vertical(R-V) and green-horizontal(G-H) stimuli during synaptic
modification, the network responds to black-and-white-horizontal(W-H)
and black—-and-white-vertical(W-V) stimuli with the McCullogh effect.
This is because the shift in response of the R-V units to the R-V
stimulus causes the depletion of the slightly red-sensitive cells from
the W~V population response. Likewise the shift in response of the
G-H units to the G-H stimulus produces a depletion of the slightly
green—sensitive cells from the W-H population response. The result is
a slightly green bias in the W-V response and a slightly red bias in
the W-H response.

Synaptic modification affords a more plausible explanation of this
effect than adaptation, given its very long durability and its lack of
decay during sleep.

THE EFFECT OF CARBON MONOXIDE EXPOSURE ON THE CONTRAST SENSITIVITY OF
SQUIRREL MONKEYS. William H. Merigan*. (SPON: W. Hodos). Department of
Psychology, University of Maryland, College Park, Md. 20742.

The spatial contrast sensitivity of three squirrel monkeys (Saimiri

sciureus) at a field luminance of 3cd/m2 was measured in a previous

study. Here, two contrast sensitivity determinations were made at each
of four carbon monoxide (CO) levels (100, 200, 300, and 400 ppm) at
both a medium (3.6 c/deg) and a high (13 or 23 c/deg) spatial frequency.
These CO levels produce a COHb level at equilibrium of approximately
11, 19, 27, and 33%. For each determination, the monkeys were brought
to equilibrium with the CO atmosphere and then tested in a morning and
an afternoon session. Thresholds were measured five days a week, and
CO administered on Tuesdays and Fridays. The order of CO exposures was
generally increasing.

The contrast threshold of one monkey was elevated at most CO levels
at both medium and high spatial frequencies. A second monkey showed a
few threshold elevations at the two highest CO levels. The thresholds
of the third monkey were unaffected at both medium and high spatial
frequencies under all CO levels. These findings support previous
results (McFarland and Halperin, J. Gen. Physiol. 2L, 69, 1940;
Stewart et. al., Arch. Envir. Hith. 21, 154, 1970), which showed that
photopic visual acuity is relatively insensitive to both CO-induced
and hypoxic hypoxia. (Supported by NIEH grant # ES 00757-03)
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APPARENT MOTION 1S MEDIATED BY BOTH MOTION DETECTORS AND ST!IMULUS
INTEGRATING PROCESSES. P. J. Burt (SPON: M. A. Arbib). Computer and
Information Science Department, Univ. of Mass., Amherst, Ma. 01002.

The mechanisms of apparent motion were studied with a spatially
periodic display which could be perceived to move in either of two
directions. A row of dots was flashed 25 to 50 times per second on a
CRT so that with every presentation the pattern was shifted a distance
S along the axis of the row. A dot in one presentation might appear to
move to the position of either nearest neighbor in the following
presentation. When S=4D (D is the dot separation in a row) the stimulus
is equally strong for motion in either direction. It was found that
motion can be seen only in one direction at a time; the motion stimuli do
not cancel to give zero perceived velocity, nor do they combine to give
a sense of motion in both directions simultaneously. The appearance of
motion must therefore depend on processes which select one of the possible
modes of stimulus integration. On the other hand, a preferred direction
of apparent motion was found which depends on retinal location, and which
can be reversed by fatique. This is evidence that motion detectors play
a role in guiding integration processes. By presenting stimulus patterns
alternately to the two eyes it was shown that these motion detectors
must be binocular.

A neural model is proposed in which stimulus integration corresponds
to the development of a stable pattern of activity in a neural net.
Motion of activity in the net reflects image motion (real or apparent) on
the retina. Separate processes related to the neural response to a
brief stimulus and to motion of the response activity, interact
dynamically to produce constraints on stimulus integration which match a
wide variety of motion phenomena.

LATERALITY EFFECT ON TESTS OF GEOMETRIC DESIGNS. Santosh Kumar, John P.
Allen*, Darleen Powars* and L. Julian Haywood*, Division of Pediatric

Neurology, University of Southern California School of Medicine, Los
Angeles, California 90033.

The right and left hemispheres are specialized in gestalt and
analytical functions respectively. The tendency to perceive the stimulus
as a whole (gestalt) is responsible for the geometric illusion in the
Muller-Lyer Figure in which the slants on the horizontal lines of
comparison making arrowheads or feather-ends cause perceptual distortionm.
The greater the left hemisphere participation (i.e. analytical approach)
the less the Muller-Lyer Illusion.

Accuracy in reproducing the geometric designs of the Bender Visual
Motor Gestalt Test depends on perceiving them as a whole. The greater the
right hemisphere participation the less the error in Bender Test
performance.

A negative correlation may be expected between the Muller-Lyer
Illusion and the Bender Error Scores even in the absence of brain damage.

Results of testing 25 children with Sickle Cell Anemia (3 having right
cerebro-vascular accident -CVA, 8 having left CVA and 14 having no CVA)
show a Rho of -.44 and a p ¢ .05.between the Muller-Lyer Illusion and the
Bender Error Scores. On the average, patients with right CVA had less
illusion than those with left CVA (p < .0l). Patients with left CVA had
smaller Bender Error Scores than those with right CVA (p ¢ .0l1). Patients
without CVA had smaller Bender Error Scores than either CVA groups, and
also had illusion effect in-between the two CVA groups. Thus, these tests
which are based on geometric designs reliably reflect laterality
differences following localized brain damage.
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VISUAL ACUITY IN THE NORTHERN BLUE JAY: BEHAVIORAL AND ANA_
TOMICAL CORRELATES, Katherine V, Fite, Robert J. Stone* and
Michael Conley*, Dept, Psychol., Univ. Mass., Amhers?, 01002,

Despite numernous referencesto the high visual acuity of
birds, direct measurement of spatial resolution has been
reported for only a few species, and these have not revealed
unusually high capabilities, In the present stgdy, operant
psychophysical measures of near-field acuity (minimum-separ-
able) have been obtained in the Northern Blue Jay over a wide
range of spatial frequencies and luminance levels using a
two-choice resparse task., Psychometric functions were obtain-
ed for 3 subjects which related 7% correct response to varia-
tion in pattern luminance for each of 9 spatial frequencies
(square-wave, 50% gratings). Luminance-acuity thresholds
(75% correct response) were used to construct a function
relating luminance-acuity thresholds to the angular subtense
of a single stripe-width across grating patterns.

Visual acuity in this species improves rapidly with in-
creasing luminance above -2,0 log ml,, reaching a maximum
resolution of 1.6-2,0 min, of arc between 1,0-1,5 log ml,,
but then decreases with further increases in luminance.

The Blue Jay is a diurnal speciles with a pronounced, con-
vexiclivate fovea located in the central retina, unlike the
domestic pigeon which has a shallow fovea and a second area
of high ganglion-cell density in the superior temporal retina,
Further comparisons will be made with observations previously
reported on pigeons and nocturnal owls with regard to measures
of visual acuity and retinal-anatomical data, including
special reference to the role of the avian fovea in spatial
resolution,

CNV CORRELATES OF SEXUAL INTEREST, Victor Milstein, Joyce G. Small, Iver
F, Small, and Richard N, French,* Indiana Univ., Sch. of Med. & Larue D.
Carter Mem, Hosp., 1315 W, 10th St., Indianapolis, IN 46202 USA

‘Costell et al (Science, 1972) reported that there are reliable dif=-
ferences in the amplitude of the contingent negative variation (CNV)
which are proportional to the presumed degree of interest in sexual and
non=-sexual visual stimuli of normal male and female adults. Moreover
they demonstrated greater CNV amplitude with same-sex stimuli than with
neutral material in women, but not in men., In the present study we
sought to replicate these findings. We used identical visual stimuli as
Costell with an additional series of blank slides of diffuse light. Our
experimental design was similar in many respects although we added ad-
ditional safe-guards to avoid artifact contamination and measurements of
baseline reactivity. DC activity was recorded from both midline and
homologous areas on both sides of the head to determine whether or not
there might be lateralized CNV differences. Bilateral occipital EEG
activity was recorded for off-line analysis of mean energy, frequency
and auto- and cross=-correlation, The subjects were adult paid volunteers
who had participated in previous laboratory procedures and who had
normal clinical EEGs without significant lateralized differences., Male
and female subjects viewed repeated slide slimuli with concurrent re=
cording of six channels of electrophysiological data.

The results of the study indicated that the amplitude of the CNV
was greater when subjects were exposed to sexually explicit material
than to ambiguous or non-sexual stimuli or to diffuse light. There were
some lateralized differences in the CNV which were complexly related to
sex of subject, experimental sequence and content of the stimulus. Our
findings generally confirm the potential suitability of the CNV and also
quantitative analysis of the EEG as objective ways of measuring some
aspects of sexual reactivity.
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VISUAL DISCRIMINATIVE CUES AND PREFRONTAL CORTEX (PFC) UNIT
ACTIVITY. Shozo Kojima* and Thomas J. Tobias. Primate
Research Institute, Kyoto University, Inuyama, Aichi, Japan.
Two groups of PFC neurons recorded in behaving monkeys
respond to presentation of visual cues. Activity from one kind
of cell is closely correlated with presentation of a light
which signals an opportunity for response and reward (discrim-
inative stimulus, S+.) A second cell type responds to this
light both in the S+ paradigm,and in tasks where the identical
lamp is an irrelevant cue(S-).The present study sought to ex-
amine activity of single neurons during performance of several
tasks, for which eye and hand movement were regulated, with
successive presentations of S+ and S- cues. For example, while
the monkey fixed its gaze upon a center light, an S- periph-
eral lamp was illuminated. In a subsequent task, this same
lamp (now S+) indicated the possibility of responding with eye
movement towards the peripheral lamp when the center light ex-
tinguished. Then the position or color of this peripheral
lamp was altered, or the S+ visual cue was replaced by an S+
tone, and the effects of these substitutions on the same neu-
ron's discharge rate were recorded. Some cells which respond-
ed to both S+ and S- cues displayed differential activation ac-
cording to spatial position of the visual cue; no PFC neurons
responded strongly to color change; and for some cells, pres-—
entation of an S+ tone resulted in an inhibition relative to
activity elicited by the visual cue. Finally, most cells
responded differentially to the discriminative stimulus (S+)
irrespective of a requirement for hand or eye movement in
executing the task, and a few neurons showed correlation to
the movement required, but not to presentation of S+or S- cues
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Vision: Development and Plasticity

CORTICAL EFFECTS OF EARLY SELECTIVE EXPOSURE TO DIAGONAL LINES. Audie
Gene Leventhal* and Helmut V.B. Hirsch. Dept. Biology, SUNY Albany,
Albany, N.Y. 12222

The effects of early visual exposure to diagonal Tines and to horizon-
tal or to vertical lines on the response properties of neurons in the
striate cortex of the kitten were compared.

Consistent with previous results, exposure to horizontal or to vertical
patterns leads primarily to the development of neurons that respond best
to horizontal or to vertical lines. By contrast, exposure to diagonal
patterns results in the development of many cortical cells that respond
best to horizontal or to vertical lines in addition to those responding
best to the corresponding diagonals. In addition, cortical neurons with
receptive field properties different for the two eyes were found in cats
exposed to 45° Tines with the left eye, and simultaneously, to 1359 1ines
with the right eye but not in animals exposed to horizontal lines with one
eye and to vertical lines with the other eye. These cells responded most
strongly to 45° Tines when activated through the left eye and to 1350
lines when activated through the right eye. The proportions of cells
responsive to visual stimulation, activated binocularly, and selective for
orientation is reduced by restricted early visual exposure that is discor-
dant for the two eyes. These reductions are smaller following exposure
to diagonal lines than following exposure to horizontal or to vertical
ones. Normal visual experience subsequent to the selective exposure does
not alter the distribution of preferred orientations of cortical neurons
but increases the proportions of cells responsive to visual stimulation,
activated binocularly, and selective for orientation.

Qur results demonstrate that cells which prefer horizontal or vertical
contours do not require a specific input for their development; neurons
that respond preferentially to diagonal lines do.

SELECTIVE ABOLITION OF DIRECTION SPECIFICITY IN CAT VISUAL CORTEX.
Max Cynader. Dept. Psychol., Dalhousie University, Halifax, N. S.,
Canada.

Cats were reared in a visual environment in which the only illu-
mination source was a strobe light. The brief (10 microsecond) flashes
occurring at 8 flashes/sec ensured a series of stopped images on the cats
retinae. At six months of age, the cats were removed from their rearing
enclosure and the response characteristics of single visual cortex neurons
were examined.

The results indicate that the occurrance of direction specificity in
cortical neurons of these cats is drastically reduced. In normally-
reared cats over 807 of the neurons encountered exhibit direction
specificity but only 147% of the units found in strobe-reared cats
displayed this property. A similar reduction of direction specificity
was observed in both areas 17 and 18. Nearly all units in both normal
and strobe-reared cats exhibited orientation specificity and tightness
of orientation tuning was similar in the two groups. The velocity
tuning of units in the two groups was similar. As in normally-reared
cats, units in cortical area 18 of the strobe-reared cats prefered
much higher stimulus velocities than did units in area 17.

Preliminary evidence suggests that some recovery of direction specif-
icity is possible following prolonged exposure in a normal environment.
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EFFECTS OF BRIEF MONOCULAR EXPERIENCE ON SINGLE UNITS IN KITTEN VISUAL
CORTEX. P.B. Schechter and E,H. Murphy. U, of Chicago Dept. of Behavioral
Sciences, Committee on Biopsychology, Chicago, Ill. 60637.

Eleven kittens were dark-reared from 10 days of age. When they were &
weeks old, 9 of them had 1 eyelid sutured, and were placed in a bright
visual environment for either 3 hours (3-hour group; n=5) or 12 hours (12-
hour group; n=4). The remaining 2 kittens received neither suture nor
visual experience. Following their visual experience, the 3- and 12-hour
kittens were returned to the dark, Ocular dominance was examined for sin-
gle units in the visual cortices of all kittens during their sixth week of
life.

Three hours of monocular experience did not produce a cortical ocular
dominance bias toward the experienced eye, but it did result in a marked
binocular abnormality: About equal numbers of cells were driven by the ex-
perienced eye only, by the naive eye only, and by both eyes. The 1l2-hour
group showed a distinct bias toward the experienced eye, but 1 animal dif-
fered from this pattern, resembling a 3-hour kitten. (It is possible that
individual differences in gestation and/or development, resulting in indi-
vidual differences in the onset of the "critical period,'" may account for
this difference.) About 90% of the responsive units in the dark-reared
kittens' cortices were binocularly driven.

It appears that 2 processes may be involved in producing the effect of
monocular experience on cortical binocularity. One, requiring only brief
periods of monocular exposure, disrupts binocular connections. The other,
requiring somewhat longer monocular experience, results in an ocular domi-
nance bias strongly favoring the experienced eye.

RECOVERY FROM DARK REARING: BEHAVIORAL AND ANATOMICAL OB-
SERVATIONS. R.E. Kalil* (SPON: J. Gibson). Dept. Anat.,
Univ. Wisconsin, Madison 53706

In the cat, dark rearing retards cell growth in the dorsal
lateral geniculate nucleus and leads to a marked atrophy of
these neurons (Kalil, Anat. Rec., 181, 1975). In the present
experiments behavioral and anatomical methods have been used
to determine whether the effects of dark rearing are permanent
or if recovery is possible. Cats were reared in complete
darkness for 4, 8, 12 and 16 wks., and then brought into the
light and allowed normal visual experience for at least 3
months. At the end of this period, the 4 and 8 wk. dark
reared (D.R.) cats were sacrificed and geniculate cell areas
were measured. Upon removal from the dark, the cats appeared
to be blind. They failed to avoid objects, and showed no
depth perception, visual avoidance, following or placing.
These deficits disappeared quickly in the 4 and 8 wk. D.R.
cats, requiring only 1 wk. of normal vision. Recovery took
2.5 wks. for the 12 and 16 wk. D.R. animals. Visual fields,
measured with a food perimetry technique, were normal in the
8 and 12 wk. D.R. animals, but the 16 wk. D.R. cat displayed a
severe loss of peripheral vision. Geniculate cell areas in
the 4 and 8 wk. D.R. cats were of normal size, indicating a
complete recovery from the effects of dark rearing. In a sim-
ilar manner visual behavior also appears to recover completely
provided that dark rearing does not exceed 12 wks. If dark
rearing is prolonged for 16 wks. a persistent visual field de-
fect results. It remains to be determined if this visual
field loss is accompanied by a permanent atrophy of geniculate
cells.
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EFFECTS OF BINOCULAR DEPRIVATION ON CAT STRIATE CORTEX. David W.
Watkins® and S. Murray Sherman. Department of Physiology, University of
Virginia, Charlottesville, Virginia, 22901.

Single unit recordings were used to study 66 neurons in striate
cortex of six binocularly deprived adult cats (deprived by eyelid
suture at 4-10 days age). Average response histograms were prepared
for 22 of these neurons. We found no more than 4 of the cells had
normal receptive field properties. Abnormalities included: a) many
(18/66) visually nonresponsive neurons, b) few orientation-selective
neurons, c) more neurons with obvious spontaneous activity, d) low rates
of stimulus—evoked neuronal discharge, e) rapidly adapting and
inconsistent responses, and f) a general lack of inhibitory sidebands
in the receptive fields. Some visually inexcitable cells had purely
inhibitory or suppressive receptive fields. It is suggested that the
striate neurons of binocularly deprived cats lack normal stimulus
specificity because they lack the normal configuration of excitatory
and inhibitory receptive field components. This defect may, in part,
obtain from a dysfunctional intracortical inhibitory pathway.
(Supported by NSF Grant BMS 73-06938 and NEI Grant 1 R23 EY 1492-01)

EFFECTS OF MONOCULAR DEPRIVATION ON CAT STRIATE CORTEX. James R. Wilson
and S. Murray Sherman. Dept. of Physiology, University of Virginia,
Charlottesville, Virginia, 22901.

Single unit recordings were made in striate cortex of 13 monocularly
deprived cats. Previous studies have shown that most (95%) of the cells
with receptive fields in the central visual region are driven exclusively
by the non-deprived eye. Binocular competition has been proposed to ac-
count for this phenomenon (Wiesel and Hubel, J. Neurophysiol., 28:1029,
1965). In this study we wished to consider both the central and peripher-
al fields of the deprived eye. In particular, we emphasized recordings
from cells located in the dorsal bank of the splenial gyrus contralateral
to the deprived eye. This area contains cells having their receptive
fields located in the visual field seen only by the deprived eye (mono-
cular segment, 45-90°). Since binocular competition cannot occur in this
region, the effects of visual deprivation alone could be studied by com-
paring the receptive fields of this area to fields in the corresponding
area of the opposite hemisphere or to those of a normal cat's monocular
segment (cf. Guillery and Stelzner, J. Comp. Neur., 139:413, 1970). Our
results are fourfold: 1) the deprived eye does drive some cells with ap-
parently normal peripheral receptive fields; 2) a significant number of
monocularly driven cells -~ driven by either eye - were found to have
abnormal receptive fields; 3) there is a pure deprivation effect as shown
by a paucity of functional cells in the monocular segment; 4) whereas all
cells in the binocular segment of normal cat striate cortex have excita-
tory and/or inhibitory input from both eyes (Henry et al., Vis. Res., 9:
1289, 1969), cells driven only by the non-deprived eye also lacked in-
hibitory fields for the deprived eye. The last point indicates that bino-
cular inhibition on cortical cells is normally accomplished by intra-
cortical mechanisms. (Supported by NSF Grant BMS 73-06938)
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Effects of extraocular muscle surgery and alternating monocular occlusion
on receptive fields in cat superior colliculus. Rarbara Gordon, Linda
Gummow*, and Joelle Presson*, University of Oregon, Eugene, Oregon 97403.

.We havg cut the right medial and lateral rectus muscles of kittens
dur1ng their second week of Tife and studied the resulting ocular
dominance histograms in the visual cortex and superior colliculus. We
have found dramatic differences between these two structures. The
colliculus of adult strabismic cats contained many more binocularly
driven cells (ocular dominance groups 3,4,5) than did the cortex. The
unoperated (left) eye was, however, far more effective in driving collic-
ular cells than was the strabismic (right) eye. Contralateral to the un-
operated eye only 37% of the cells were binocularly driven, and the mon-
ocularly driven cells were all dominated by the unoperated eye (groups 1,
2). Contralateral to the strabismic eye 77% of the cells were binocu-
larly driven and about half the monocularly driven cells were dominated
by each eye. In contrast only about 17% of the visual cortex cells were
binocularly driven. In the cortex the unoperated eye showed only a very
slight tendency to dominate more cells than the strabismic eye.

Since collicular cells have large receptive fields, many cells might
receive synchronous binocular input even when the two eyes are badly mis-
aligned. This binocular input might be responsible for the large number
of binocularly driven collicular cells. Therefore, we raised cats with
alternating monocular occlusion during the first 3 months of Tife. Some
were later allowed normal binocular vision and were studied at about 20
months. Others were studied at 3 months and had no binocular visual ex-
perience. About 77% of the collicular cells were binocularly driven, in
contrast to 17% of the visual cortex cells. In 3 animals we studied both
right and left colliculi and found no differences between the two sides.
The animals allowed binocular vision after 3 months of age did not dif-
fer from those with no binocular experience.

Finally, we wondered if binocular driving in the colliculus might
depend on either binocular visual input or normal motor control. There-
fore, we raised cats with both alternating occlusion and section of
right medial and lateral rectus muscles. This procedure also forced the
cats to use the strabismic eye half the time. The colliculus of these
animals resembled the colliculus of kittens subject only to alternating
monocular occlusion. The two colliculi were identical and did not show
the asymmetry that is so prominent in cats raised with artificial stra-
bismus alone. About 70% of the cells were binocularly driven. Most of
the monocularly driven cells were dominated by the contralateral eye.

We have also examined directional selectivity in strabismie, alterna-
ting occluder, and strabismic-occluder cats. A1l three groups had a
normal number of directionally selective cells (65-75%) but the distri-
bution of preferred directions was decidedly abnormal. In the normal
colliculus only about 9% of the cells had preferred directions within
300 of vertical, while in the deprived cats about 26% of the cells had
preferred directions within 300 of vertical.

We conclude, first, that binocularly driven cells in the superior
colliculus probably do not require input from binocularly driven corti-
cal cells, but can receive input from both group 1 and group 7 cortical
cells. Second, if one eye cannot move normally, the ability of that eye
to drive collicular cells decreases unless the animal is forced to use
that eye. Third, if an animal cannot use binocular vision to control
eye movements, the number of collicular cells preferring vertical
stimulus movement increases and the number preferring horizontal move-
ment decreases.
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MODULATION OF SINGLE UNIT LGN RESPONSES BY VISUAL CORTEX FEEDBACK.
J. D. Daniels*, Joyce L. Norman* and John D. Pettigrew. Behavioral
Biology, California Institute of Technology, Pasadena, CA 91125
Anatomists have identified a projection from the visual cortex back
to its primary input, the lateral geniculate nucleus. The visual response
properties of LGN cells, however, show no obvious influences of the
cortex. We have been trying to find a more subtle influence by presenting
IGN cells with visual stimuli which are known to meximally stimulate cor-
tical cells, then looking for biases in the LGN responses which might in-
dicate the nature of the cortical influence. Orientation is one of the
parameters we have studied.

Most LGN cells showed no orientation bias but a few had asymmetries
in the polar plots obtained with moving bars which were not present when
they were tested with moving spots. To see if we could enhance orienta-
tion biases in LGN cells we raised a series of kittens whose only visual
experience was in vertically or horizontally striped cylinders. Half the
animals, in addition, had one eye sutured. Our sample from these animals
indicated that, though none of the cells had orientation preferences as
narrow as cortical cells, the biases seen were either parallel or ortho-
gonal to the orientation of exposure. A few cells from layers which
never saw the stripes (in the monocular animals) also had biases, indi-
cating a possible cortical influence. Compared to our normal sample,
there appeared to be only a slight increase in the percentage of asym-
metric cells. Our data suggests that the cortex may produce no responses
of its own in the LGN, but may selectively modulate inhibitory mechanisms
already present in the retina-to-LGN circuitry.

ABSENCE OF SURROUND ANTAGONISM IN UNIT RESPONSES OF THE LGN IN YOUNG
KITTENS. Joyce L. Norman*, J. D. Daniels* and John D. Pettigrew.
Behavioral Biology, California Institute of Technology, Pasadena, CA 91125,

Studies of visual cortex development have shown that cells there become
more specified in their responses to oriented stimuli, reaching mature
orientation and disparity selectivity at one month of age. While these
changes are generally attributed to cortical development, we have con-
sidered the possibility that some of the immaturity seen in cortical cells
may be a reflection of the developmental state of cells of the lateral
geniculate nucleus.

We have recorded single unit responses from the LGN of kittens 6-30
days of age and have found a developmental progression in center-surround
organization. Discrete receptive fields with centers sometimes as small
as 1-3 degrees are found in kittens 6-10 days of age even though the op-
tics are very poor. Striking, however, is the absence of surround anta-
gonism in cells of young kittens. Units often give no response to annular
surround stimulation. Also, cells show no response decrement when tested
with targets of increasing size. Cells with surround responses appear
prior to those with surround inhibition during the second week, but even
by the end of the third week, cells without surrounds are still en-
countered. TImmature LGN cells have very low spontaneous rates, require
long interstimulus-intervals, and respond poorly if at all to movement
faster than 5 degrees/second. Additionally, there is a high proportion of
ON-OFF type cells and cells which are binocularly driven. The proportion
of units which can be categorized as W-, X-, or Y-cells based on the pre-
sence or absence of linear summation, latency to optic chiasm stimulation,
and response to standing contrast increases with development.
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MODIFIED RETINAL PROJECTIONS IN RATS WITH UNILATERAL CONGENITAL EYE DEFECTS.
P.W. Land*, E.H. Polley and M.M. Kernis*, University of Illinois College of
Medicine, Chicago, Illinois, 60612.

We have examined the retinal projections of rats born with teratogen in-
duced unilateral eye defects. Previous investigations have shown that try-
pan blue produces unilateral eye defects in rats at a stage of gestation
prior to ganglion cell axonal outgrowth. Pregnant, Long-Evans, black-
hooded rats injected on day 8 of gestation with a 1.8% aqueous solution of
trypan blue (167mg./kg.) gave birth to a variable number of live young with
unilateral eye defects, many surviving to maturity. The normal eye of ad-
ult anophthalmic or microphthalmic animals was removed. These animals and
similarly enucleated controls were perfused with Karnovsky fixative 5 days
after surgery. Serial, frozen sections of the brain were stained by the
Fink-Heimer method or a modification of the Nauta method (Lund and Westrum,
'66). The contralateral terminal degeneration resulting from removal of
the single intact eye of experimental animals resembles the control pat-
tern. The ipsilateral projection expands diffusely throughout the LGNd and
SC. Altered patterns of projection to other retinal terminal areas were
also observed. Other investigators have reported expanded ipsilateral re-
tinal projections in adult rats which had one eye removed at birth (Lund,
et. al., '73). They attributed that expanded projection to either misdir-
ected axons from the remaining eye (a failure to cross in the chiasm) or
collateral sprouting of normally decussating fibers; interaction of fibers
from both eyes being required for axonal crossing characteristic of the
normally developing animal. Our data suggest that interaction of optic
nerve fibers from both eyes at the chiasm is not required for crossing to
occur. However, bilateral interaction may be necessary to restrict devel-
oping retinal projections to their appropriate terminal area in brainstem
and thalamic nuclei. (Supported by PHS GRSG #613, University of Illinois).

EFFECTS OF INTER-OCULAR COHERENCE AND AUDIO-VISUAL CORRELATIONS OM THE
DEVELOPMEMT OF VISUAL CORTEX IN KITTENS. F.K. Lenherr and D.N. Spinelli.
Ctr. for Systems Neuroscience, Grad. Res. Ctr., Univ. of Mass., Amherst,
Mass. 01002

Eight kittens were dark-reared from birth. Their entire visual exper-
ience until the time of recording was limited to two patterns, each consis-
ting of three black bars on a white background. In pattern H the bars were
horizontal, in V, vertical. One group of kittens viewed H and V on alter-
nate days, always using the same eye; those in a second group also saw H
and V alternately, but in different eyes; a control animal viewed H and V
simultaneously, one pattern in each eye. In addition, kittens in the first
two groups heard one of two different pure tones whenever H or V was illu-
minated. Tone A (1.0 kHz) was always presented together with one of the
patterns, and tone B (4.5 kHz) when the other could be seen. Tone and pat-
tern were therefore always correlated during exposure.

Results showed that frequency-specific auditory responses of units in
visual cortex (Area 17) were weakly correlated with visual orientation tun-
ing: the few cells that responded selectively to botnh modalities were all
stimulated best by the particular tone which had been paired with their
preferred orientation during development. It was also found that "incoher-
ent" stimulation--the simultaneous presentation of different patterns to
each eye (control animal)--was far more effective in destroying cortical
binocularity, and in biasing orientation preferences, than either monocu-
lar (first group) or alternate monocular (second group) presentation.
Theoretical studies of the development of visual cortex, using a computer
simulation model, suggest that these experimental findings are consistent
with the hypothesis that the genetic programs which govern the maturation
of geniculo-cortical synapses on the one hand, and cortico-cortical syn-
apses on the other, do not operate in isolation from one another, but
rather interact extensively during the course of development.
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NEURAL CORRELATES OF VISUAL EXPERIENCE IN SINGLE UNITS OF CAT's VISUAL AND
SOMATOSENSORY CORTEX. D. N. Spinelli, J. Metzler, R. W. Phelps. Depart-
ments of Computer and Information Science and Psychology, University of
Massachusetts, Amherst, MA 01002.

Restricting the visual world of kittens during development to a few,
known experiences has proved to be a very powerful method in the study of
neural plasticity. In a continuing effort to distinguish between an
atrophy from disuse and a memory hypothesis, and to give behavioral sig-
nificance to the experience, the following experiment was performed.
Kittens were reared in a dark room until about 13 weeks of age. Beginning
with the 4th week of age, each day the kittens were trained to a simple
visual discrimination: vertical bars presented to one eye meant that the
kitten had to lift the ipsilateral foreleg; horizontal bars presented to
the other eye meant that the kitten had to lift the other foreleg. Fail-
ure to perform within 6 seconds was followed by a mild electrical shock to
the appropriate forearm. After the kittens had mastered this discrimina-
tion, single-cell receptive fields were mapped in visual and somatosensory
cortex. Visual receptive fields had the shape of vertical or horizontal
bars and could be driven only by the eye that had the corresponding exper-
ience. The most dramatic findings were in somatosensory cortex. First,
the area containing cells responsive to forearm skin stimulation was enor-
mously larger than in normal kittens. Secondly, a large proportion of
these cells could be driven by visual stimuli: vertical or horizontal bars
were most effective. Cells responsive to vertical bars could be driven
only by the eye that had seen vertical bars and by the foreleg that had
been associated with that stimulus; cells responsive to the other foreleg
could be driven only by horizontal bars seen through the horizontal eye.
These results demonstrate that the number of cells committed to a specific
function in the cortex can be altered dramatically by experience and lend
support to the memory hypothesis. (Supported by NIMH Postdoctoral Fellow-
ship 1 FO2 MH44282-01 to JM and NIMH Grant No. 7 RO1 MH25329 to DNS.)
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POSSIBLE MOLECULAR MECHANISMS ASSOCIATED WITH RETINO-TECTAL
SYNAPSE FORMATION IN BUFO MARINUS, REVEALED BY THE USE OF
LABELLED SNAKE NEUROTOXINS. John A. Freeman, William A.
Lutin*, and R.N. Brady*. Departments of Anatomy and Bio-
chemistry, Vanderbilt University, Nashville, Tenn. 37232.
The retino-tectal system of the toad B. marinus provides
a model system for the study of molecular events underlying
the spatial ordering of synapses. Using a computer con-
trolled mapping procedure, and 3-dimensional current source-
density (CSD) analysis (Freeman & Nicholson, J. Neurophysiol.
Vol. 38 #2, 1975) to distinguish pre- from postsynaptic ac-
tivity, we find that lesioned optic nerves regenerate over a
period of 6-10 weeks to reestablish a normal pattern of
synapses. Sites for synaptic formation are selected on the
basis of affinity between neurotransmitter and postsynaptic
receptor protein as well as appropriate spatial location.
Previous studies have provided evidence (Gruberg & Freeman,
M.I.T. Quart. Prog. Rep., 1975) that ACh is an excitatory
amphibian optic nerve neurotransmitter. Other studies
(Freeman & Lutin, Neurochem. Soc. Abst. #132, 1975) have
shown that the post-synaptic receptor protein (RP) is nico-
tinic cholinergic and selectively binds snake o-neurotoxins.
High resolution maps (50 um spacing) were obtained before
and after chronic localized application of a-toxin to the
tectal surface. (Because of its high binding affinity for
the RP, localized application of toxin produced a circum-
scribed region of functionally denervated tectum, as shown
by EM autoradiography using “H-a-toxin and by ACh microion-
tophoresis.) Toxin-bound RP was stable for a period of
several weeks, as judged by iontophoresis, EM autoradio-
graphy, and radioassay for labelled toxin-receptor complex
in membrane fractions. Localized application of a-toxin to
circumscribed regions of tectum during optic nerve regen-
eration resulted in initial invasion of regenerating fibers
into toxin treated regions, followed by subsequent loss of
regenerating terminals there, and regrowth into surrounding
untreated tectal regions. Chronic application of a-toxin
to restricted regions of the tectal surface, with the optic
nerves intact, resulted in loss of optic nerve synaptic
terminals in the treated zones, and the appearance of new
terminals at sites outside the zones, accompanied by dis-
placement and reordering of optic terminals there. These
data are consistent with the idea that synapses in both the
regenerating and the intact retinotectal system require
functional interaction between neurotransmitter and receptor
for their stabilization and continued maintenance, and they
provide additional evidence for dynamic competition between
neighboring optic terminals for synaptic sites. We suggest
that alterations of receptor protein of tectal neurons
during regeneration and possibly during embryogenesis may
play a causal role in determining whether retinal fibers
growing past a given location form enduring synapses there.
According to this view, spatial retinotectal synaptic or-
dering could be simply achieved by a temporal and spatial
variation in receptor protein properties during innervation.
(Supported by USPHS Grants E40117 and NS09916 from the NIH.)
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DEVELOPMENT OF PYRAMIDAL NEURONS IN MACAQUE MONKEY PRIMARY VISUAL CORTEX.
Ronald G. Boothe, Dept. of Ophthalmology, Univ. of Washington School of
Medicine, SeattTe, Washington 98195. )

Primary visual cortex of fetal and infant macaques (]ZZ days gestation
to 6 months postnatal) has been prepared by the Golgi rap1d method. Pyra-
midal neurons were examined to determine their dendritic branching
patterns and distribution of spines on the cell surface. At 127 days ges-
tation the basal dendrites and the side branches off the apical dendrite
shaft are short, thin, and beaded. Dendritic spines typical of the gdu]t
(having a thin stalk with an expanded tip) have not been seen at this age
although small irregular processes occur occasionally on dendr1tes: By 155
days gestation apical dendrites of most pyramidal cells show a 1§m1nar
distribution typical of the adult, although many still become thin and
beaded distally. Basal dendrites of cells in the middle laminae (IYB and
V) appear well developed with secondary and tertiary branching, while
those in more superficial and deepest laminae (II,III,IVA,VI) have a thin
beaded appearance. Irregular processes are found frequently on dendrites
and occasionally spines typical of the adult are found. As apical den-
drites develop a moderate population of spines, a reduction in the density
of these processes is seen as the shaft passes through IVC and IVA. At the
time of birth (approx. 170 days gestation) both apical and basal dendrites
Took relatively mature with secondary and tertiary branching. Moderate
numbers of typical adult spines are found distributed on the dendrites,
and processes also occur on the soma. Somatic processes are rare before
160 days gestation or after 3 months postnatal. By 6 months after birth,
the dendritic branching and distribution of spiny processes resemble the
adult.

Supported by Fight For Sight, Inc., N.Y., and NIH grant EY1086.

THE INTERACTION OF RETINAL LESIONS AND EYELID CLOSURE IN THE MONKEY DOR-
SAL LATERAL GENICULATE. Anita Hendrickson, Jennifer Lund and Robert
Kalina. Dept. of Ophthalmology, Sch. Med., Univ. of Washington, Seattle
98195.

Photocoagulation Tesions were made in the left inferior temporal retina
of four Macaca fascicularis monkeys during the third postnatal week. The
1ids of the right eye were sutured in two animals. One open-eye and one
closed-eye animal were perfused at four months and the other pair gt six
months of age; in all animals the Tesioned eye was injected with H° amino
acid the day before sacrifice. The dorsal lateral geniculate nuclei
(dLGN) were frozen sectioned, radioautographed and stained with cresyl
violet, samples of 100 cells each were drawn from 1) three laminae in
the lateral left dLGN overlying the atrophied region due to the retinal
lesion, 2) all six laminae of the medial left dLGN, and 3) all six laminae
in the lateral right dLGN. Cell sizes were determined by a computer
assisted sonic drawing tablet.

Preliminary results indicate that 1) with both eyes open there is no
change in cell size in laminae overlying the atrophied region, 2) when
one eye is sutured, 'deprived' laminae show less cell shrinkage opposite
the Tesion zone than when opposite 'open eye' laminae, and 3) when cell
sizes are compared between crossed and uncrossed laminae served by the
same eye, cells in the 'open eye' crossed Taminae are Tlarger than the
cells in the uncrossed laminae and a greater degree of shrinkage is found
in crossed 'deprived' compared to uncrossed 'deprived' laminae. Support-
ed by NIH grants EY-01208, -39039, and -01086.
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FRONTAL AND OCCIPITAL VISUALLY EVOKED POTENTIALS IN VISUALLY DEPRIVED
HUMANS. J. Glass, J. Kennerdell*, and J. Merikangas*. Univ. of Pitts-
burgh Sch. of Med. Pittsburgh, Pa. 15261.

Diffuse 1ight rearing from birth produces irreversible alterations in
the stimulus specificity of visual cortex neurons in cats. Deprived cats
are also incapable of visually guided behaviors, but this deficit abates
following a period of normal visual stimulation. The author has pre-
viously shown the deprivation to affect the visually evoked potential
(VEP) from non-specific cortex (precruciate gyrus) to a greater extent
than the VEP from visual cortex (marginal gyrus). Only the VEP from the
precruciate gyrus changed as a result of the post-deprivation experience.

We have now studied humans with visual defects allowing them light per-
ception but not pattern vision in one eye from birth or soon after birth.
The VEP was recorded from the scalp overlying the occipital pole and the
precentral gyrus. In two subjects, age 19 and 27, a comparison of the
VEP evoked from the normal eye with the VEP evoked from the deprived eye
shows that the deprivation altered the VEP from both recording sites.
However, with the deprived eye, the VEP from the frontal site was reduced
in amplitude to a much greater extent than was the VEP from the occipital
pole. In one subject, a five year old boy, the occipital VEP evoked from
the deprived eye was actually larger than the VEP evoked from the normal
eye. Even in this case the frontal VEP was reduced when evoked from the
deprived eye. Therefore, the changes in the VEP from non-specific cortex
are not merely secondary to changes in the primary projection pathways.
Our findings indicate that the deprivation alters the non-specific sensory
pathways independently of the primary visual pathways.

ALTERATION OF DIRECTIONAL SENSITIVITY IN THE CAT CORTEX BY SELECTIVE
DEPRIVATION: EVIDE!NCE ON THE CRITICAL PERIOD. Nigel Y. Daw and

Harry J. Wyatt*. Physiology Department, Washington University, St. Louis,
Missouri 63110.

Two cats were raised in a drum with vertical stripes moving continuously
right, for two hours per day from 25 days to 50 days of age. For the rest
of the time they were in the dark. Recordings from the visual cortex
showed that 90% of the unidirectional cells, with preferred directions
more than 15° away from vertical, responded to rightward movement rather
than leftward movement. There were also a substantial number of
bidirectional cells, some responding to both rightward and leftward
movement. Six other cats were raised in the same drum, with the drum
moving left for a period of time, then right for a period of time, to
define the peak of the critical period for this type of deprivation. The
change from leftward movement to rightward movement was made at 3, 3 1/2,
4, 4 1/2, 5 and 7 weeks in different kittems. The peak of the critical
period may be earlier than the peak of the critical period for
monocular deprivation.
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DEVELOPMENT OF VISUAL STIMULUS-SEEKING IN KITTENS. Victor F. Emerson¥,
Brian N. Timney#* and P.C. Dodwell* (SPON: M.W. Donald). Dept. of
Psychol., Queen's Univ., Kingston, Ont., Canada.

Kittens were given access to patterned light, contingent on a panel
press, for an hour a day from postnatal days 20 to 150. Each of 7 dark-
reared kittens showed a level of responding equivalent to less than 1
minute of exposure to light per hour of opportunity until about 2 months
of age (63.8 = 1.72 days), when the self-produced exposure time increased
abruptly to between 5 and 25 minutes per hour (14.1 * 5.5 minutes).
Controls reared on an alternating 12-hour light-dark cycle did not show
this increase.

One of the light-deprived kittens had access to a pattern on half the
days and to a tone on alternate days; it demonstrated the increase in
self-produced exposure to light at 65 days, but showed no change in
exposure to tonme. Another dark-reared kitten was given visual access to
a stationary vertical grating on some days and to the same grating in
motion on alternate days; no preference was apparent, the functions for
both stimuli increasing sharply at 66 days.

This age-dependent onset of light-seeking behavior occurs a month later
than the peak sensitivity of the known feature-detectors of the visual
cortex. Thus, the change in the value of light as a reinforcer can appar-
ently not be explained solely by the plasticity of the visual cortex.
Rather, it may reflect another stage in the development of the visual
abilities of the cat.

PERCEPTUAL CAPACITIES OF KITTENS FOLLOWING ROTATION OF ONE EYE,
Carol K. Peck and Sheila G. Crewther*, Dept. Psychol,, Pomona College,
Claremont, Calif, 91711 and Div. Biol., Cal Tech, Pasadena, Calif. 91786.

Eight kittens had one eye intorted at the time of eye opening. Angle
of rotation ranged from 10 or less to 70°. Whem tested for simple
visuomotor behaviors at the age of 2 months with only the rotated eye
open, they showed visual following of both slowly and rapidly moving
objects and visual placing when slowly lowered to a broad, uninterrupted
surface. In addition, they showed visually-guided reaching of two types:
1. They hit accurately and precisely at balls and other small objects
which were dangled at various locations within the visual field; and
2. When placed on a platform in front of an interrupted (pronged)
surface, they reached directly and accurately for the prongs, and
avoided the gap between prongs, on at least 9 of 10 trials. Moreover,
they performed well while running a simple obstacle course and jumped
accurately from table tops, grading the force of the jump to the
distance between floor and table.

The kittens were then trained on a series of two-choice visual
discriminations, using food reward. The rotated eye was able to learn
both brightness and form (square/plus, horizontal/vertical, and
diagonally-oriented line) discriminations. Although learning through
the rotated eye tended to be slower than through the normal eye, both
eyes learned at rates within the range of variation found in normally
reared cats. Both cats showed substantial amounts of interocular
transfer of these discriminations as measured by changes in the initial
percentage of correct responses in the first and second eye trained, and
on most problems, the second eye trained also showed substantial savings
in the number of trials required to reach criterion.
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TRANSIENT RESTRICTION OF DEVELOPMENTAL PLASTICITY OF THE PRESUMPTIVE
PIGMENT RETINA (PPR) DURING THE PERIOD OF SCLERAL CARTILAGE INDUCTION IN
THE CHICK EMBRYO. Patricia A. Dimond and D. J. McCallion* Dept. Neuro-
sciences, McMaster Univ. Med. Ctr., Hamilton, Ont. L8S 4J9

The primitive forebrain of the chick gives rise to two anatomically
defined layers of the developing eye; the outer pigmented layer, which
forms part of the adult choroid, and an inner neural layer which forms the
definitive retina. During the early stages of embryogenesis either of
these retinal layers has the ability to generate the other retinal layer
under appropriate conditions. However there is one circumstance during
which the presumptive pigment retina (PPR) appears to become drastically
but transiently restricted in this ability. This is the time when it is
involved in another activity, i.e. the induction of the scleral cartilage
from the periorbital mesenchyme, which occurs during the 3rd and 4th
days in ovo. To investigate this we grafted the PPR plus the periorbital
mesenchyme from donors of 2-5 days in ovo to the chorioallantoic membrane
of host chicks. The grafts were subsequently examined for neural retina
and cartilage. The generation of neural retina fell significantly during
the period of cartilage induction; however it rose again when the peri-
orbital mesenchyme was determined, even though the actual formation of
cartilage occurred only 4-5 days later. The periorbital mesenchyme that
forms the sclera and its cartilage originates in the cranial neural crest
and migrates to the developing eye. We suggest that cranial neural crest
cells arriving at the eye are responsible for the reduced ability of the
PPR to generate neural retina; however when they are determined to form
cartilage, they lose this restrictive influence.

THE ADULT GOLDFISH RETINA GROWS BY ADDING NEW CELLS. Pamela R. Johns and
Stephen S. Easter, Jr., Dept. of Zoology, Univ. of Mich., Ann Arbor, 48104.
The eyes from goldfish (Carassius auratus) 4 to 20 cm in body length
were sectioned radially using paraffin histology and stained with cresyl
violet or gallocyanin and ecsin. The retinal area and total number of

ganglion cells and cones was computed.

Ganglion cells were identified on the basis of nuclear morphology and
constituted Tess than half of the cells in the ganglion cell layer. Dis-
placed ganglion cells were identified by their chromatolytic response to
optic nerve section and accounted for 1% of the total ganglion cells.

Cone inner segments were identified by their @orpho]ogy and position.

The retinal area increased from 7 to 60 mm“ while the ganglion cell
density decreased from 6000 to 2000 cells/mmZ with increasing body length.
The total number of ganglion cells per retina increased from 40,000 to
140,000, and their average nuclear diameter increased from 5 to 9 um. The
total number of cone inner segments also increased, with the ratio of
cones to ganglion cells remaining constant at about 3:1. Preliminary
growth studies show that hundreds of cells are added to the retina each
day.

yPrevious results (unpublished) indicate that the extent of the visual
field in goldfish is invariant (185°% 57) during growth. This fact to-
gether with the increase in cell numbers implies that a given cell's
receptive field size must change either in degrees visual angle subtended
or in size measured in um on the retina as the fish grows. In addition,
since new cells are added at the margins, a cell located at the edge of
the retina in a small fish wili be gradually displaced toward the center
as the fish grows, and its receptive field will Tikewise move centrally in
the visual field. Both of the above imply that rewiring of synaptic
connections occurs. (PHS grant EY-00168 and MMPP grant 494, and Mich.

Chap. Travel Award)
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EFFECT OF TRANSPLANTATION OF AN ADDITIONAL OPTIC PRIMORDIUM ON DEVELOPING
NUCLEAR CENTERS IN THE CHICK. C.H. Narayanan and Y. Narayanan*. Dept.
of Anat., L.S.U. Medical Center, New Orleans, Louisiana, 70119.

In a previous study on the effect of peripheral overloading following
transplantation of an additional eye in chick embryos, a significant
neuronal hyperplasia was observed in the developing ciliary ganglion of
the operated side. We have now extended the analysis to the accessory
oculomotor nucleus (AN) and the trochlear nucleus (TN) in the experi-
mental animals, with the aim of obtaining information on the nature of
cell loss in these nuclear centers. Chick embryos with well differentiat-
ed.composite eyes (native eye plus graft) were sacrificed on days 9, 11,
13, 15 and 17 of incubation. The number of neurons in the AN ipsilateral
to the graft and the contralateral TN were compared with counts of
neurons on the unaffected side. A significant neuronal hyperplasia was
observed in both these nuclei. While the increase in the number of cells
in the TN may be related specifically to the increased musculature, the
increase in the AN forms ground for speculation as to the mechanism
leading to cell loss in the normal AN during a period when the develop-
ing ciliary ganglion is undergoing cell loss. Interestingly enough,
the increase in cell number in the AN bears a direct relationship to the
increase in the number of cells of the ciliary ganglion on the operated
side.

DEVELOPING SYNAPSE SETS IN THE DIFFERENTIATING MOUSE RETINA.
Leslie J. Fisher. Dept. of Anatomy, U. of Michigan, Ann Arbor, Mich.

The pattern of synaptic connections found within an adult nervous
system may develop in several possible ways. For example, a surplus
of synapses may be formed with subsequent disappearance of some as
the animal grows or, alternatively, a limited number of synapses
corresponding to the final number found in the adult may be formed
over a specific period. To determine which of many possible modes
of synaptic set development is actually followed, a quantitative
study of developing synapse sets was performed.

Retinas of mice (C57BL/6) were removed and prepared for electron
microscopy at daily intervals from birth until day 16 and at longer
intervals until day 40. The inner plexiform layer at a fixed locus
within these retinas was scored for density of synaptic profiles
within amacrine and bipolar cell processes. Synaptic densities were
corrected for sampling parameters and plotted as a function of time
after birth. Both amacrine and bipolar synapse densities are
characterized by two phases of growth: 1. an initial phase of
rapidly increasing demsity, 2. a plateau phase of nearly constant
density. Significantly, the breakpoint between these two phases
in both cell types occurs at day 15, the age at which the eyes
open in these animals.

Amacrine cell synapses -are first seen at day 5, while bipolar
synapses begin to appear at day 1ll. Amacrine synapse density increases
at a mean rate of 1.1 synapses/hour/lOOOp until day 15. Bipolar
synapse density increases at a slower rate:0.67 synapses/hr. /1000P
until day 15. Serial synapses remain at a very low density
throughout the period studied suggesting few amacrine-amacrine synapses
(supported by NSF grant GB 41553).
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PHYSIOLOGICAL CORRELATES OF EARLY VISUAL EXPERIENCE. Jacqueline Metzler
and D. Nico Spinelli. Departments of Computer and Information Science and
Psychology, University of Massachusetts, Amherst, MA 01002.

Early selective visual experience has dramatic effects on the functional
characteristics of single cells of the visual cortex of kittens. To dis-

tinguish between a memory and an attrition hypothesis and to identify those
factors that control the maintenance or disruption of binocularity, the

following experiment was performed. Two groups of kittens were dark-
reared from birth until 3 1/2 weeks of age at which time they viewed an 'L
pattern with one eye and either the horizontal or vertical components of
this same pattern with the other eye. The horizontal and vertical bars
were positioned so that they stimulated corresponding parts of the retinas
of both eyes. One group of kittens saw the horizontal and vertical com-
ponents of the 'L' with the one eye on alternate days for a period of 8 to
12 weeks, at which time recordings were taken from single units in Area 17.
The other group viewed either the horizontal or vertical bar with the one
eye for a U4- to 6-week period. Recordings were then taken from these kit-
tens. They were subsequently revived and exposed to the orthogonally
oriented bar for an additional 4 to 6 weeks, at which time recordings were
again taken. The results of these recordings indicate that the receptive
fields of the units sampled mimic what the kittens saw during the first few
months of life. Most of the receptive fields were either horizontally or
vertically oriented and several had 'L'-like shapes corresponding to the
dimensions of the 'L' pattern to which the kittens had been exposed during
development. The remaining receptive fields were classified as diffuse.
Moreover, nearly all of those units with well-defined receptive fields
could be activated by either eye. The finding of cells with receptive
fields not present in normal cats lends support for the memory hypothesis.
(Supported by NIMH Postdoctoral Fellowship 1 F02 MH44282-01 to JM and NIMH
Grant No. 7 ROl MH25329 to DNS.)

BEHAVIORAL AND ELECTROMYOGRAPHIC RESPONSES TO LIGHT IN NEWBORN KITTENS.
Guenter H. Rose and Jeremiah P. Collins*. Dept. Psychiat., Sch. Med.,
UCLA, Los Angeles, 90024,

Behavioral responses (squint and blink) and EMG activity from the
orbicularis oculi can be evoked by 40 hz light flashes from a Grass PS-1
photostimulator in the newborn kitten and thereafter as a function of
flash duration and intensity. Controls eliminated heat and auditory
influences. At birth, a threshold flash duration of 500 msec. evokes
a 1200-1500 msec. latency EMG response. A dramatic change in light
duration threshold and consequent EMG latency is seen over the next
several days resulting in a 125-150 msec. latency EMG response to a
single light flash (15 psec.) at 6 days of age (before eye opening).

The early occurrence of the light evoked EMG response at birth is con-
trasted with what is known concerning the developmental onset of other
visually evoked electrical activity of the peripheral and central nervous
system. (Supported by USPHS Grants HD-04612, HD-05958 and HD-00345).
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STRUCTURE AND SYNAPTIC CONNECTIVITY OF THE PHOTORECEPTORS IN DAPHNIA
RAISED IN COMPLETE DARKNESS. E. R. Macagno* (SPON: C. Levinthal). Dept.
of Biological Sciences, Columbia University, New York, N.Y. 10027.

In order to test the requirement of photostimulation for the normal
deve lopment of photoreceptors, we have grown newly deposited Daphnia
magna eggs under various conditions of light and darkness. Seven days af-

Fer hatching, some of the animals were fixed and prepared for electronmi-

croscopy and others were put through tests of their behavioral responses
to light. The fixed specimens were serially sectioned and photographed on
a Zeiss EM-9S at low and high magnification, and three-dimensional recon-
structions of the photoreceptors were made. The following parameters were
determined: gross and fine structure of rhabdoms, branching pattern of
synaptic terminals in the neuropil of the optic ganglion, number and fine
structure of synapses, synaptic connectivity to lamina neurons and over-
all organization of the lamina.

Except for the disorganization and degeneration of microvilli in rhab-
domeres of dark-reared animals, we found no significant differences out-
side of the normal range of variation of the measured parameters, between
animals grown in total darkness and in light. The effect on the micro-
villi, however, could be reversed by putting the dark-reared animals into
normal light conditions for at least 48 hours prior to fixation. Our sim-
ple behavioral tests for detection of light intensity changes and color
discrimination showed no significant differences among the experimental
animals. Tests of the optokinetic response and polarization sensitivity
are in progress and will be reported. These results indicate that in
Daphnia the development of photoreceptors occurs almost normally under
complete lack of photostimulation, and that the one abnormal parameter,
the precise arrangement of microvilli in rhabdomeres, is not behaviorally
significant at the level tested.

RESPONSES OF INNER PLEXIFORM SYNAPSES TO DARK-REARING IN THE RETINA
OF THE TOAD, XENOPUS LAEVIS. Gail S. Tucker*.SPON: Paul Witkovsky .
Ophthalmology Research, Columbia University, 630 W.168th Street, N.Y. 10032.

Retinae from light- (L/D, 8 hr/16 hr) and dark-reared toad larvae were examined
in the electron microscope to assess the responses of synapses in the inner plexiform
layer (IPL) to total visual deprivation over the course of development. Changes in
synaptic density are related both to developmental stage and rearing condition. At
all stages examined, dark-reared larvae (DRL) had significantly more conventional
synapses per [000 pé (X = 418; p20.05) than did light-reared (LRL; X = 24l), recovery
RL; X = 258) and adult retinae X = 254). DRL had significantly more ribbon
synapses (X = 124; p»0.0l) than LRL (X = 47), RL (X = 87) and adult (X = 106) at later
stages. The pattern of distribution of ribbon synapses in the IPL (scleral, medial and
vitreal portions were examined separately) changes in response to dark-rearing. In
LRL (Stage 54), ribbon synapses are concentrated in the medial layer of the IPL. Rib-
bon synapse density in DRL is elevated throughout the IPL at this stage. A quantita-
tive change in conventional synapse size occurs in response to sensory deprivation in
the developing toad retina (Stage 54: LRL, X =373 A; DRL, X =296 A; p>0.00I).
Animals readmitted to a light regimen showed degrees of recovery to LRL condition
which were related to the duration of deprivation (i.e., the stage when readmitted to
the controlled light regimen). Younger animals recover normal density values at a
faster rate than slightly older animals exposed to light .

Thus, formation of the various types of specialized synaptic contacts in the IPL of
toad retina is differentially responsive both quantitatively and qualitatively to total
sensory deprivation.
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RETINAL PROJECTIONS OF FROGS AFTER FORCED DOUBLE OR SINGLE INNERVATION OF
THE TPSTLATERAL OPTIC TECTUM. D. J. Stelzner, L. J. Misanton and E.
Kicliter. Dept. of Anatomy, Upstate Med. Cntr., Syracuse, N. Y. 13210 and
School of Basic Med. Sci., Univ. of I1l., Champaign, Il1l. 60680

The normal retinal projection in R. pipiens (N=10) was compared with
retinal projections of frogs having unilateral optic tectum removal (N=2T)
with or without an ipsilateral enucleation (N=6; tectum + eye) or nerve
crush (N=8; tectum + crush). Using a modified Fink-Heimer method, controls
indicated only a sparce amount of degeneration in the optic tract after
4-6 mon. survival. Therefore, the eye contralateral to the tectal lesion
was enucleated 5-T months after the first operation and after 3-8 days
survival, the brains were processed for Fink-Heimer staining. The retinal
projection in the unitectal frogs was anomalous. Besides the normal pro-
jection to the thalamus, there was a dense projection to the contralateral
middle thalamic neuropil. Also, in all unitectal animals there was a pro-
jection throughout the ipsilateral tectum usually traveling to the tectum
through the region of the posterior commissure. The projection to the
tectum appeared less distinctly laminated, although it went to the same
region of the tectum, in the doubly innervated unitectal and tectum +
crush groups than in the tectum + eye group which was similar to normal.
No marked differences were found comparing the cytoarchitecture of the tec-
ti of the different groups. However, preliminary results in the unitectal
and tectum + crush groups indicate an increase in depth of the superficial
tectal layers suggesting that the tectal neurons which are doubly innervat-
ed by the contralateral and ipsilateral optic nerves have expanded their
dendritic surface. This may explain the slower onset of abnormal visual
response in these two groups of unitectal frogs when compared with the
tectum + eye group (Exp. Neurol 45: 36L4-376).

Supported by grants NS10579 and 5T01-GM326-16

THE PRENATAL DEVELOPMENT OF CENTRAL OPTIC PROJECTIONS IN ALBINO RATS.
R. D. Lund and A. H. Bunt. Depts. of Biological Structure, Neurological
Surgery, Ophthalmology, Univ. of Washington, Seattle, Washington 98195.
The course of development of the central projection of the optic nerve
in fetal rats has been studied using the Fink-Heimer technique after eye
lesions made in utero. Supplementary information of the retinotectal
pathway was obtained using the electron microscope and horseradish
peroxidase tracing technique. The first optic axons arrive at the chiasm
on fetal day 15 (birth at day 21). By early day 16, they have reached the
epithalamus, having grown through both parts of the lateral geniculate
nucleus. A growth rate of 80-100 um/hr was calculated. By later in day
16 the axons have entered the front of the superior colliculus and occupy
all but the borders by day 17. Within the colliculus the first synapses,
some of optic origin, are formed by early day 17. Tritiated thymidine
studies on the retina indicate that the last ganglion cells to undergo
their terminal division do so after the first axons have reached the
colliculus. Unlike nonmammalian species, these latest cells are not
uniquely restricted to the peripheral retina. Cells of the geniculate and
colliculus have undergone their terminal division before the first optic
axons have arrived. The relative timing of axonal growth and cell
divisions stands in marked contrast to descriptions of the retinotectal
pathway in chick and Xenopus. Supported by NIH grants EY 00596, 0311 and
by a grant from Fight For Sight, Inc., New York City.
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155 ANOMALOUS IPSILATERAL VISUOTECTAL PROJECTION IN GOLDFISH IS FUNCTIONAL.
Dean Yager and S.C. Sharma. S.U.N.Y. College of Optometry, New York,
N.Y., 10010, and Department of Ophthalmology, N.Y. Medical College,
New York, N.Y., 10029. ]

A conditioned respiration technique was used to demonstrate visual
function and to estimate visual thresholds in goldfish that had under-
gone unilateral tectal ablation 125 days earlier. There was no
measurable difference in thresholds for the two eyes, tested separately.
Threshold for the anomalous eye-tectum pair was unchanged when the eye
contralateral to the remaining tectum was removed. Ipsilateral pro-
jection was confirmed with an electrophysiological mapping technique.

The anomalous ipsilateral visuotectal projection in goldfish is,
then, able to mediate .visual behavior with sensitivity as great as the
normal projection in the same animal.

Supported by NSF Grant GB43506 and NIH Grant EY01426.

156 FETAL COLLICULAR LESIONS - THEIR EFFECT ON THE ORGANIZATION OF THE
RETINOTECTAL PROJECTION. Bruce F. Miller* and Ray D. Lund. (SPON:
P. Coates) Depts. of Biological Structure, Neurological Surgery, Univ.
of Washington, Seattle, WA. 98195.

A transverse slit was made across the left superior colliculus (SC)
in albino rats on fetal days 15-21 (birth on day 21). The animals were
allowed to survive at least six weeks postnatal before mapping the
central projections of the right eye using degeneration methods in com-
bination with the autoradiographic method for pathway tracing. The pro-
jection of nasal retina was of particular interest since it projects
caudal to the slit. 1In all operated animals there is a nasal retinal
projection to posterior SC similar to that in normal animals. In many
animals there is an aberrant projection from nasal retina, usually located
immediately anterior to the slit. In other animals the aberrant pro-
jection is distant from the presumed site of the slit. In a third group
of animals besides the normal projection to the lesioned colliculus,
some axons recross the midline and innervate the opposite colliculus.

In many apnimals in which obvious slits were made, no abnormal projection
was subsequently found. In no case is there sprouting into nucleus
lateralis posterior of the thalamus. The various effects of the lesion
are presumed to relate to the age at which it was made and to the

extent and rate of recovery. It is clear from studying the projection
of the nasal retina that while an aberrant retinotectal projection

can be induced, the forces which govern the normal spatial distribution
of the pathway have a strong tendency to persist. Supported by USPHS
Grants EY-00596 and GM-00136 from the National Institutes of Health and
by an NSF Traineeship.

100



157

158

COMPETITION BETWEEN NASAL AND TEMPORAL HETERONYMOUS HEMIRETINAL FIBERS IN
ADULT GOLDFISH TECTUM. Y. L. Tung* and S. C. Sharma. Dept. Ophthalmology,
New York Medical College, New York, N.Y. 10029.

Two hypotheses exist to explain the observed retinotectal plasticity in
the adult goldfish. One postulates the respecification in the cytochemical
properties of the retina or tectum following surgery, and the other sug-
gests a "system matching" mode where competition among remaining fibers
occurs to fill the .available tectal space. The present experiments test
both proposed assumptions. In adult goldfish, the ablation of the temporal
half-retina of either the right or left eye was followed by ablation of the
nasal half-retina of the other eye. The entire left tectum was removed
either one week or one month following retinal surgery. The visual pro-
jections from both eyes were mapped to the remaining tectum one to six
months postoperatively. Animals mapped one month postoperatively showed
the expansion of the half-retina over the entire extent of the dorsal tec-
tum, while the ipsilateral projection was absent. Animals mapped two to
three months postoperatively showed a relatively small, unorganized ipsi-
lateral projection in addition to the expanded contralateral one. However,
animals mapped five to six months postoperatively showed that each half-
eye projected only to the appropriate half-tectum. The results indicate
that each half eye does not regulate into a whole and that respecification
apparently does not occur. It is suggested that the affinities of the
optic axons for tectal loci vary with time during regeneration. Further-
more, the process leading to the stability of retinotectal connections may
be dependent upon the similarities of the retinal substrates in their
affinities towards the appropriate tectal loci and the density of the sub-
strates available. Whether axons will share a tectal locus or be dis-
placed by each other may be determined by the substrate competitive
inhibition of the first order enzyme kinetics. (Supported by N.S.F.

Grant G.B. 43506 and N.I.H. Grant EY 01426.)

STRUCTURE OF VISUAL CORTEX OF THE REELER MUTANT MOUSE: A GOLGI ANALYSIS.
Verne S. Caviness, Jr. (Spon: M. LaVail). Harvard Med. Sch. Boston 02115.

The visual cortex of the reeler mutant mouse may be subdivided radially
into three structural zones comparable to those in the normal despite rela-
tive malposition of different neuronal classes in the mutant. Terminals of
the geniculate projection are concentrated in the centrally lying granule
cell zone. Callosal terminals, laterally in the visual cortex, are most
densely concentrated in a zone of small and medium pyramids which form the
supragranular zone of normal, the infragranular zone of the mutant. A zone
of large pyramids and polymorphic cells in infragranular position in the
normal but supragranular in the mutant receives a light callosal projection
in both. Spiny stellate cells, impregnated by the rapid Golgi method, are
concentrated in the granule cell zone in the mutant as in the normal. Py-
ramidal cells are found in all three zones of both mutant and normal. The
pyramidal cells of reeler, like those of the normal, are in general radial-
ly aligned though the polarity of many is inverted in the mutant. By excep-
tion in the mutant many superficially lying pyramidal cells are horizontal=
ly aligned. In the mutant, as in the normal, dendrites of spiny stellates
and of pyramidal cells, regardless of polarity, are most richly branched in
the zone of the cell body. In both, axons of spiny stellates are deployed
through the granule cell zone and to some extent the adjacent pyramidal
cell zones. In the mutant as in the normal axons of small and medium pyra-
mids and those of the star pyramids in the granule cell zone collateralize
richly in the zone of large pyramidal cells. Those of the large pyramids, .
by contrast, exit from the cortex with few collaterals to the other two
zones in both mutant and normal. Thus axons and dendrites of neurons of the
reeler visual cortex appear to be deployed in such a way as to provide for
normal intercellular connections despite malposition of different cell
classes,
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PHYSIOLOGIC PROPERTIES OF CELLS IN THE PRIMARY VISUAL CORTEX OF THE REELER
MUTANT MOUSE. Ursula C. DrHger* (SPON: P.B. Dews). Dept. Neurobiol.,
Harvard Medical School, Boston, 02115.

Anatomically the visual cortex in the reeler mutant appears highly ab-
normal, as do all other cortical structures in this mouse. Geniculocorti-
cal fibers enter the cortex of the reeler from above instead of from below;
all cell elements present in normal mice are found, but the cell types are
arranged in an inverted order through the depth of the cortexl. I recorded
from single cells with the object of learning to what extent three charac-
teristics of the normal visual cortex are achieved in the reeler: an order-
ed topography, several specific receptive field types and binocular conver-
gence. (1) The topographic projection of the field of vision was normal in
the reeler, the nasal field projecting laterally, the upper field posteri-
orly within area 17. (2) Cells recorded closest to the cortical surface
tended to be abnormal in having unusually large receptive fields and re-
sponding in a rather sluggish way to visual stimulation. Deeper in the
cortex all receptive field types commonly seen in the normal mouse were
found: cells with circularly symmetric receptive fields (on-center, on/off,
off-center) and cells with oriented receptive fields (simple and complex).
There were more simple cells than complex in the reeler, whereas normally
the complex cells predominate. (3) The majority of cells recorded in the
binocular part of area 17 responded to stimulation through either eye, and
the ocular dominance distribution was about normal. Cells that were in-
fluenced by the two eyes always had their receptive fields on correspond-
ing parts of the two retinas and were always of the same physiological
type. It is concluded that most cells in the reeler visual cortex are
capable of making the right connections with each other regardless of
their position within the cortex. (NIH grant EY00605; Rowland Fnd.grant).
1 Frost, D.0. and V.S. Caviness, 4th Ann. Meet. Soc. Neurosci. (1974) 217.

NEURAL CONNECTIONS OF AREA 17 IN AN ANOPHTHALMIC MOUSE STRAIN. 1Ita R.
Kaiserman-Abramof, Ann M. Graybiel and Walle J. H. Nauta. Dept. Anat.,
Case-Western Reserve U. Sch. Med., Cleveland 44107, and Psychol. Dept.,
Mass. Inst. Technol., Cambridge, Mass. 02139.

In bilaterally anophthalmic specimens of mouse strain ZRDCT-AN (Chase
and Chase '41)the optic cup regresses before the optic tract has formed.In
such eyeless specimens the cell population of the small but well-defined
dorsal nucleus of the lateral geniculate body (LGd) is about 767% of normal:
likewise markedly hypoplastic (but sharply defined by its high acetylcho-
linesterase content) is the stratum griseum superficiale (SGS) of the
superior colliculus. Despite the anophthalmia the occipital cortex in-
cludes a major central region that is cytoarchitecturally indistinguishable
from area 17 of the normal mouse.

The results of horseradish-peroxidase (HRP) experiments in 15 such eye-
less mice indicate that LGd projects to area 17 in a topographic fashion
closely resembling the normal pattern; e.g., small HRP deposits in the
area's medial one-quarter labeled cells near the LGd-LGv border, whereas
HRP deposited near the area's lateral boundary labeled cells in the
normally "binocular" LGd region. Labeling of numerous cells outside LGd
suggests that area 17 in the anophthalmic mouse may receive more than the
normal number of additional afferents from the nuclei lateralis posterior
(LP) and lateralis intermedius. In a parallel autoradiographic study
the subcortical efferents of area 17 were found distributed to LGd, LGv,
SGS, LP, the pretectal region and the pontine gray. These findings indi-
cate a. that the distribution of area 17's efferents in the eyeless mouse
is qualitatively normal, and b. that a topographically organized geniculo-
cortical connection can develop despite absence of any link with the
retina.

Supported by USPHS grants EY-01018 and NS-06542, and MIT Health
Sciences Fund.
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A QUICK CHANGE IN BINOCULARITY OF KITTEN VISUAL CORTICAL NEURONS. Takuji
Kasamatsu and Otto Creutzfeldt*. Dept. Neurobiology, Max-Planck Inst. for
Biophysical Chemistry, 34 GBttingen-Nikolausberg, W. Germany.

Despite accumulation of evidence which favors the plasticity of neuron
networks in the developing visual cortex during the "critical period,"
few attempts have been made to test, on the on-line basis, the validity
of the competition hypothesis (Wiesel and Hubel, J. Neurophysiol. 28:
1029, 1965) which concerns the convergence of binocular inputs to the same
cortical neurons.

Kittens which were raised in the normal visual environment were pre-
pared for acute experiments after 1 month of age. The animal was para-
lyzed by Flaxedil and maintained under NoO-anesthesia. Single units were
recorded from area 17 (medial bank of the posterolateral gyrus) by Insl-
X coated steel microelectrodes. The ocular dominance of individual neu-
rons was evaluated quantitatively by constructing post-stimulus time his-
tograms while their receptive fields were stimulated monocularly by func-
tion generator-controlled moving visual patterns. A small amount of lo-
cal anesthetic was injected directly to the contralateral optic nerve to
block briefly the transmission of tonic retinal discharges.

This treatment brought about long-lasting enhancement of neural respon-
siveness to ipsilateral eye stimulation, whereas responses to contralat-
eral eye stimulation were suppressed. The ocular dominance of kitten
striate neurons in the "critical period" was found to be dependent on the
presence of tonic retinal discharges. Results are interpreted as demon-
strating primarily the binocular competition in visual cortical neurons
during the "critical period" and also suggesting a role of tonic back-
ground activity in the afferent pathway for consolidation of synaptic con-
tacts formed temporarily during the "critical period." T.K. was supported
by a research fellowship from the Alexander von Humboldt Foundation.

HISTOGENESIS OF VISUAL CORTEX IN THE MIDTRIMESTER HUMAN FETUS. Mark C.
Whitehead* and Dorothy G. Flood* (SPON: Paul D. Coleman). Dept. Anat.,
Sch. Med. & Dent., Univ. Rochester, Rochester, NY 14642,

In 15-20wk human fetuses, increasing amounts of whole brain DNA may re-
present the phase of neuronal proliferation (Dobbing & Sands, Nature,
1970). In rhesus monkey, neurons of the visual cortex are generated dur-
ing the middle period of gestation (Rakic, Science, 1974). We have inves-
tigated the development of visual cortex in human fetuses of 10-20wk by
measuring DNA synthetic activity of supravitally labeled tissue (Rakic &
Sidman, J. Neuropath. exp. Neurol., 1968). Blocks of occipital cortex,
lmm square and intact from pia to ventricle, were incubated for lhr in an
oxygenated culture medium containing 3H-thymidine. Nissl and Bodian
stained material facilitated the determination of the boundaries of the 5
embryonic zones. Adjacent blocks were impregnated by the Golgi-Cox or
rapid Golgi methods. During midtrimester, the ventricular zone (VZ) de-
creased slightly in thickness while its proliferative activity diminshed
more markedly. Golgi material demonstrated two cellular populatioms,
radial glia and ventricular cells. The subventricular zone (SVZ) had a
profile of DNA synthetic activity similar to that of VZ, except for a peak
of labeling in one fetus aged 14 1/2wk. Between 14 and 15 1/2wk the
thickness of SVZ increased threefold. Migrating neuroblasts and cell
bodies of radial glia characterized this zone in the Golgi sections. A
rapid rate of increase in the thickness of the cortical plate (CP), which
began at l4wk, coincided with the period of increase in SVZ. Neuroblasts
migrating to or within CP either possessed differentiated axons extending
towards the intermediate zone or were spindle-shaped with primitive pro-
cesses. By 19 1/2wk differentiated cells with elaborate dendritic and
axonal fields (pyramids, stellates with pericellular baskets, and large
fusiforms) were prominent in the middle to lower CP. Supported by NIH
Grants NS 07870 and GM 01782.
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Vision: Retina

LIGHT-EVOKED EXTRACELLULAR POTENTIALS OF THE NECTURUS RETINA: CURRENT
SOURCE DENSITY ANALYSIS OF THE ELECTRORETINOGRAPHIC b-WAVE AND THE
PROXIMAL NEGATIVE RESPONSE. Luis M. Proenza and John A. Freeman. Dept.of
Psychology, Univ. of Georgia, Athens, Ga. 30602 and Dept. of Anatomy,
Vanderbilt University, Nashville, Tennessee 27232.

Analysis of the origin of light-evoked extracellular retinal potentials
was undertaken in the Necturus eyecup. Extracellular potentials are
produced by the flow of current in three dimensions through the resistance
of the extracellular medium. The resistivity of the mudpuppy retina was
thus measured in three dimensions and found to be anisotropic and in-
homogeneous and to vary inversely with the primary orientation of core
conductors in each of the three principal axes as shown in Figure 1.

Laminar current distributions in response to diffuse and focal light
stimulation were computed using current source density analysis (CSD).!
CSD's of the electroretinographic b-wave support the suggestion of Miller
and Dowling that this response arises from the glial cells of Muller? and
further indicate that the rising and falling phases of the b-wave are
the result of two spatially and temporally separate sinks of current
along the Muller cell membrane: an early distal sink followed by a slow
proximal sink of current, both having corresponding sources which are
widely distributed along the radial dimension. Analyses of the d-wave
(off response) indicate that it is generated more proximally than the
b-wave but also by the Muller cells. The proximal negative response
(PNR)3 elicited by small spots of light (< 250 um) was associated with
a prominent sink in the proximal retina whose corresponding source was
located in the tangential plane suggesting that a component of the PNR
is produced by laterally oriented amacrine cell processes of the inner
plexiform layer.

That the b-wave of the ERG results from the summation of extracellular
currents primarily associated with temporally and spatially dlstrlbuted
Miller cell sinks is further supported (1) by CSD of light-evoked [K' 1o
flux, as would be expected from the well known potassium sensitivity
of glial cells; and (2) by intracellular recordings which show that the
Miller cell response is much more sustained than the b-wave and shows a
continuous depolarization for the duration of these sinks."

A mathematical model was developed to express the potential and CSD
produced by a specifiable distribution of current generators in a non-
uniform resistive medium. Results of the model closely matched the
above findings and enabled the effective resistance, electrical charact-
eristics, and position of the recording electrode to be independently
estimated.

1Cc. Nicholson & J. A. Freeman, J. Neurophysiol., 38:356-368, 1975.

J. A. Freeman & C. Nicholson, J. Neurophysiol., 38:369-382, 1975.

§R. F. Miller & J. E. Dowling, J. Neurophysiol., 33:323-341, 1970.

L M. Proenza & D. A. Burkhardt, J. Neurophz31ol., 36:502-518, 1973.
C Karwoski & L. M. Proenza, in preparation.
SSupported by PHS grants EY00973 (LMP) & EY40117 (JAF).
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Figure 1. Specific resistance for each of the three principal axes
of the Necturus retina as a function of depth (z).
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SYNAPTIC TRANSMISSION BETWEEN PHOTORECEPTORS AND BIPOLAR CELIS IN THE
MUDPUPPY RETINA, Robert F, Miller and Ramon Dacheux*, Neurosensory
Laboratory, Dept. Physiol., SUNYAB, Buffalo, New York, 14214,

Present evidence suggests that photoreceptors release a transmitter
in the dark and that light stimulation reduces the rate of transmitter
release as receptors are hyperpolarized, Support for this view has thus
far been restricted to studies of horizontal cells, We have studied
synaptic transmission between receptors, horizontal cells and bipolars
in the perfused mudpuppy eyecup, Divalent cations were used as synaptic
blocking agents whlle changes in membtrane potential and light evoked
activity were monitored with intracellular recordings, A btrief, 2-3
min, exposure to 2 m¥ Co™* had relatively 1ittle effect on receptors,
while light evoked responses of post-receptor neurons were usually
abolished within 1 minute, The loss of horizontal cell activity was
assoclated with a hyperpolarization, a finding consistent with the
observations of other workers, Bipolar cells were differentially
affected by Co**, Hyperpolarizing bipolars were hyperpolarized as
thelr response amplitude declined, but depolarizing bipolars were de-
polarized by the action of Co**, These findings support and extend
the view that receptors release a transmitter in the dark; this
transmitter depolarizes horizontal cells and hyperpolarizing bipolars
but 1t has a hyperpolarizing action on the depolarizing bipolar,

SPECIFIC EFFECTS OF SYNAPTIC TRANSMITTER ANTAGONISTS ON GANGLION CELLS IN
THE RABBIT RETINA. Harry J. Wyatt* and Nigel V. Daw (SPON:

A.L. Pearlman). Physiology Department, Washington University, St. Louis,
Missouri 63110.

Recordings were made from ganglion cells in the rabbit retina, and their
receptive fields analyzed in detail while various antagonists of synaptic
transmitters were infused into the internal maxillary artery, with other
arteries not leading to the eyeball clamped off. The three most frequent
classes of cell found in the rabbit retina are on-centre, off-centre and
directionally sensitive. Other classes found less frequently are orienta~
tion sensitive cells, local edge detectors, uniformity detectors and large
field cells. Picrotoxin had a specific effect on directionally sensitive
cells: they lost their directional sensitivity and increased their sponta-
neous activity. Strychnine altered the spontaneous activity but not the
receptive field characteristics. Haloperidol and hexamethonium had little
effect. On the other hand, strychnine reduced the extent of lateral inhi-
bition in local edge detectors but picrotoxin did not. Some effects were
noted for the cells with center-surround receptive fields but the basic
arrangement of their receptive fields was not altered by any of the drugs
administered.
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ARE ANATOMY AND PHARMACOLOGY COMPATIBLE IN THE ORGANIZATION OF Y-TYPE CAT
RETINAL GANGLION CELL RECEPTIVE FIELDS? Albert W. Kirby. Ophthal. Dept.,
Kresge Eye Institute, Wayne State University, Detroit, Michigan, 48201.
X-, Y-, and W-cells can be readily differentiated through various
means, and have recently been correlated with particular morphological
types. Direct bipolar to ganglion cell contacts were previously thought
to determine the properties of the receptive field center, while amacrine
cells were most often thought responsible for the receptive field surround
Because amacrine interneurons have been reported between bipolars and
ganglion cells, and gamma-aminobutyric acid (GABA) is reported in associ-
ation with amacrines in several species, this study was undertaken to in-
vestigate the importance of GABA to receptive field organization of Y-type
cells. Picrotoxin and bicuculline tremendously reduce or abolish the sur-
round response of Y-cells, and as expected if rod bipolars communicate
with the Y-cell through GABA-containing amacrines, the scotopic center
response was also reduced, but never abolished. Using a simple on line
determination of center size, eight Y-cells had their centers reduced an
average of 607 following a GABA antagonist. Photopic center responses
from the same cells behave quite differently; they are little affected.
This study implicates GABA amacrines in mediating the surround re-
sponse and a portion of the center response of Y-cells. That a scotopic
center response is reduced but not abolished and a photopic center re-
sponse is little affected following GABA antagonism agrees well with a
rod pathway reaching the ganglion cell through two types of amacrines
(GABA and non-GABA) and a cone pathway reaching the ganglion cell either
directly or through non-GABA intermediates. Preliminary evidence suggests
that glycine amacrines are involved with X-cells much like the involvement
of GABA amacrines with Y-cells.

SPATIOTEMPORAL CHARACTERISTICS OF CAT RETINAL RECEPTIVE
FIELDS. John K. Stevens, James P. Barrett* and George L. Gerstein. School
of Medicine, University of Pennsylvania, Phila., Penna. 19174

Spatial and temporal properties of retinal receptive fields were studied by
flashing a small bar of light across the field in 28 discrete steps. The flashes at
each of the spatial positions were used to produce 28 PST histograms. These
histograms were in turn displayed as a plane, with space on the X axis, time on
the Y axis and probability of firing on the Z axis.

Using these response planes it is possible to divide retinal receptive fields
into four major categories. 1) Homogeneous ON: ON center receptive fields
which have a spatially homogeneous arrangement of excitation and inhibition;

2) Homogeneous OFF: OFF center receptive fields which have a spatially homo-
geneous arrangement of excitation and inhibition; 3) Heterogeneous ON: ON center
receptive fields which have a spatially heterogeneous arrangement of excitation
and inhibition; and 4) Heterogeneous OFF: OFF center receptive fields which
have a heterogeneous arrangement of excitation and inhibition. It is also demon -
strated that our Homogeneous and Heterogeneous retinal fields correspond to
Enroth-Cugell and Robson's "Y'" and " X" fields respectively. The
retinal receptive fields that we describe are remarkably similar to those exhibit-
ed by neurons of the lateral geniculate nucleus under identical stimulus conditions.

Supported by N.L H. grant # NS 05606.
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TEMPORAL PROPERTIES OF LATERAL INHIBITION OF X (SUSTAINED) AND Y
ﬁTRANSigNT)DRElINAk EANGhI?N CELLS IN THE CAT. Ray Winters and Duco
amasaki. Uept. of Psychology and Dept. of Ophthalmology. University of
Miami, Coral Gables, Fla. 3%124. P P v m
The temporal characteristics of surround inhibition of X and Y cells
was assessed by varying the temporal relationship between a flashing spot
in the receptive field center and a flashing annulus in the receptive
field surround of on-center cells. The greatest amount of suppression of
the excitatory response generated by the central spot was produced when
the annulus preceded the spot by about 7 msec for X cells and by about 38
msec for Y cells. The time course of peripheral inhibition was analyzed
quantitatively and found also to differ for these two types of cells.

QUANTITATIVE CHARACTERISTICS OF LATERAL INHIBITION IN TRANSIENT AND SUS-
TAINED GANGLION CELLS IN THE CAT RETINA. Jay G. Pollack* and Ray Winters*
(Spon: Sidney W. Fox). Dept. of Psychology, U. of Miami, Coral Gables,
Fla. 33134.

Recently, cat retinal ganglion cells of at least two types have been
identified in several laboratories. These experiments examined the quan-
titative characteristics of the interaction between the center and sur-
round regions of the receptive field (RF) of transient (Y) and sustained
(X) optic tract fibers. The effects of three manipulations of lateral
inhibitory processes on the response to a 500 msec., 0.5 spot placed in
the RF center were examined. In the first experiment, the adaptation
level (AL), and hence lateral inhibition, was modified by changing the
whole field illumination. Transient cells were shown to have lower spon-
taneous firing rates (no stimulus condition) than sustained over a wide
range of ALs and both transient and sustained cells showed similar incre-
ment sensitivity functions for the early high frequency response component.
The second and third experiments assessed the affects of lateral inhibi-
tion at one AL by simultaneous presentation of annuli which varied either
in size or luminance. Analysis of the peak firing rates revealed minimal
differences between transient and sustained cells. Transient cells as a
group exhibited more off-excitation than sustained cells. Results were
interpreted in terms of the time course of excitation and inhibition in
the RF.
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THE SIZES AND DISTRIBUTION OF GANGLION CELLS IN THE RETINA OF THE OWL
MONKEY (AOTUS TRIVIRGATUS). Sarah Webb* and Jon H. Kaas. Dept. of
Psychology, vanderbilt Univ., Nashville, Tn.  37240.

The sizes and distribution of ganglion cells in the retina of the owl
monkey were determined from whole-mount preparations stained with cresyl
violet. Within a central area identified by converging blood vessels,
ganglion cells were fairly homogeneous in size. Over the rest of the
retina, ganglion cell size varied widely. In the central area, cell body
area ranged from 22 to 160 pz, with a mean of 65 p“. Outside the central
area, the mean cell size was approximately 100 nZ, ranging from 24 to 480
A%, The periphery of the retina contained 3-25 ganglion cells/.01 mm?,
In contrast, in an area corresponding to about the central 40° of visual
angle, the ggnglion cell density increased rapidly to a peak of over 100
cells/.01 mm“. Isodensity contours of the distribution of ganglion cells
were roughly concentric, with a slight horizontal elongation.

Electrophysiological studies have shown that the representation of the
retina in primary visual cortex (V I) is distorted, with proportionally
more tissue devoted to the central regions of the retina (Allman and Kaas
71). When maps of ganglion cell density are compared with the represen-
tation of the retina in V I, it can be seen that the distribution of
ganglion cells closely reflects the distortion of the representation in
V I. 1In both the central and peripheral parts of the retina, a given
number of ganglion cells relates to approximately the same amount of
cortical tissue. (Supported by NSF grant GB-36779).

NONLINEAR-LINEAR TRANSITION IN ERG OF RANA PIPIENS COMPARED WITH ON/OFF -
OFF SWITCHING IN RETINAL GANGLION CELL RESPONSE. F. S. Knox III, Dept. of
Physiology, LSU School of Medicine in Shreveport, Shreveport, Louisiana
71130 and J. Levett*, Dept. of Biomedical Engineering, Rush Medical
College, Chicago, I11inois 60612.

The electroretinogram (ERG) represents the integrated activity of many
cells in the retinal network while the retinal ganglion cell response
(single or multi-cell) represents the activity of specific output cells.
Previously, Levett (Vision Res. Vol. 12, p.1301-1305) showed that the ERG
can be thought of as generated by a linear-nonlinear-linear system.
Further study (Levett, Proc. I.S.A. Conf. U. of R. Aug. 22-24, 1973, p.163)
revealed that the last linear element is composed of two elements with
different adaptational characteristics. Studies of the ON/OFF ganglion
cell response (Knox, Soc. for Neuroscience Fourth Ann. Mtg. St. Louis 1974)
showed that there is a switching from an ON/OFF to an OFF system as
modulation frequencies are increased above 4-6 Hz, and that the ON and OFF
information may be carried over two separate channels. These two studies
prompted us to postulate that the two information channels are each active
to varying degrees over the range of physiological stimulus conditions.

We investigated this hypothesis by recording ERG and ganglion cell
responses to stimulation with sinusoidally or square-wave intensity
modulated 1ight in curarized frogs. Several stimulus paridigms were
employed. The results support a model in which the ON channel is active
at low to middle ambient 1ight Tevels and at low stimulus frequencies
while the OFF channel is active at middle to high ambient 1ight levels and
at higher stimulus frequencies. Thus in the midrange the system is an
ON/OFF system in which the ERG has a high level of second harmonic. The
retinal model proposed to explain the results suggests that the locus of
the channels and their inhibitory interaction is in the horizontal -
bipolar - amacrine cell network.
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GOLGI STAIN AND ELECTRON MICROSCOPY OF THE GROUND SQUIRREL RETINA
Roger W. West. Dept. Psychology, Memorial University of Newfoundland,
St. John's, Newfoundland.

Electron microscopy of Golgi-impregnated ground squirrel retinas has
revealed a relatively complete picture of the various neuron morphologies.
An earlier report (West and Dowling, Science, 178, 1972) indicated at
least 15 morphological types of ganglion cells. A careful comparison of
levels of arborization with striations in the IPL has now confirmed the
discreteness of these classes.

Subsequent work on the other cell types has revealed a similar diver-
sity of morphologies. There are at least 7 different classes of bipolars.
These follow a general rule that if their cell bodies are high in the INL
their axon terminals are found low in the IPL and vice versa. In all cases
the bipolars with high axons (3 types) make non-ribbon-related contacts
with receptor bases, whereas, of the bipolar types with low axon terminals
(4), three make ribbon-related receptor contacts while only one makes non-
ribbon-related contacts.

There are at least 5 morphological types of amacrine cells. The two
classes which Golgi stain reveals most frequently are a broad-field
unistratified cell with a dendritic spread in excess of 1000 um and a
narrow-field diffuse neuron with a dendritic spread of only about 50 um.
The broad-field cell has the greatest proportion of bipolar input of all
the amacrine types (57% bipolar vs. 43% amacrine). The narrow-field cell
has one of the lowest bipolar inputs (4% bipolar vs. 96% amacrine).

There are at least two classes of horizontal cells. The most frequent-
1y stained type has an axon while the minority type probably does not.
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SYNTHESIS, RELEASE, AND ELECTROPHYSIOLOGICAL EFFECTS OF ACETYLCHOLINE IN
THE MAMMALIAN RETINA. Richard H. Masland, Adelbert Ames, III, and Carol
J. Livingstone*. Massachusetts General Hospital, Boston, MA 02114.
Rabbit retinas were isolated from the pigment epithelium and spread
out in a 1.5 ml heated chamber, under a flowing perfusate similar in
electrolytes to cerebrospinal fluid. Ganglion cell activity was recorded
extracellularly, and receptive fields were established by stimulation of
the retina with stationary or moving disks or annuli. The receptive
fields appeared identical to those seen in vivo: of 270 classified, 81
were ON-center, 114 were OFF-center, and 74 were directionally selective.
Receptive field properties were stable throughout a 6 hr incubation.
Two types of experiment were performed, using identical preparations.
(1) The release of acetylcholine (ACh) into the perfusate during stimula-
tion of the retina with light was measured. (2) The ganglion cells'
electrophysiological responses to ACh and related agents was observed.

Release of ACh was evaluated by incubating the retina for 40 min in
the presence of 5 uM 3H-choline (10.1 ci/mmole), after which labelled
choline was removed from the perfusate and the retina left in the dark for
90 min. Twenty uM physostigmine was added to the perfusate to inhibit
acetylcholinesterase, and radioactive ACh was identified by high voltage
paper electrophoresis. Stimulation with light (50 ms flashes, 3 Hz, 1-3
log units above ganglion cell threshold) caused a threefold increase in
the rate of appearance of labelled ACh in the perfusate. The light-
induced release of ACh was entirely prevented by raising the concentration
of Mg++ in the perfusate to 20 mM and lowering the concentration of Cat++
to 0.2 mM. Light-induced release and its Cat++ dependence could both be
confirmed in the absence of physostigmine by measuring the rate of appear-
ance of labelled choline in the perfusate.

When ACh (40-400 uM) was added to the perfusate, ganglion cells with
ON-center or directionally selective receptive fields were strongly
excited. More importantly, physostigmine at 1 uM enhanced the ganglion
cells' light-evoked response and at 20 uM strongly increased the spon-
taneous activity as well. Cholinergic antagonists blocked both the
response to exogenous ACh and the light-evoked response of these cells.

To determine whether the cholinergic agents were acting directly on the
ganglion cells, rather than on some neuron afferent to them, we also
studied the ganglion cells of retinas incubated in a medium containing

20 mM Mg++ and 0.2 mM Cat+. At these concentrations of the divalent
cations synaptic transmission is apparently blocked with little effect on
the ganglion cells' ability to generate action potentials. Twenty-eight
of 32 ON-center or directionally selective cells responded to 20 wuM ACh
under these conditions.

Ganglion cells with OFF-center receptive fields formed a more hetero-
geneous group. Although some responded to ACh, others were unaffected by
3 mM ACh, by 100 uM physostigmine (a level which should inactivate
virtually 100% of the retina's cholinesterase), or by cholinergic
antagonists. Only 2 of 20 OFF cells responded to ACh in the high Mg++,
low Ca++ medium.

Because photoreceptors and horizontal cells hyperpolarize in response
to light, increased release of ACh during stimulation implicates an inner
plexiform layer synapse in the release; and the response of ganglion cells
in the presence of 20 mM Mg++ and 0.2 mM Cat++ indicates that one such
synapse is upon the ganglion cell itself. Our results thus suggest that
for ON-center and directionally selective cells ACh is used at the
amacrine-ganglion and/or bipolar-ganglion cell synapse.

Although this is probably true for some OFF cells as well, it seems
that there is a population of OFF cells which uses ACh neither at the
ganglion cell level nor in the distal retina.
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STRATEGIES FOR CIRCUMVENTING AVASCULARITY AND HYPOXIA IN THE
MAMMALIAN RETINA. Julia Chase* (SPON: A. Kling ).
Livingston College, Rutgers Univ.,New Brunswick, N.J. 08903.
Five. characteristics of avascular retinae are described,
namely: 1. thinness, 2. lack of taper, 3. lack of a tapetum,
4. heavy choroidal vascularization and 5. large glycogen-
filled Muller fibers. All are considered functional adap-
tations to avascularity rather than indications of poor visual
function per se. The role of the Megachiropteran choroidal
papillae in circumventing the limitations of avascularity is
discussed. D iving mammals, which have a low arterial p03
when under water and diseased retinae whose vascular supply
is disrupted face problems analogous to those of the avascular
retina and appear to adopt some of the same strategies to
insure adequate retinal nutrition.
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SEPARATION OF PHOTOPIGMENT FROM MEMBRANE ADAPTATION BY VITAMIN A
DEPRIVATION IN THE DROSOPHILA RETINA. William S. Stark, Glenn S. Pranskyy
and William G. Zitzmanny} Department of Psychology, The Johns Hopkins
University, Baltimore, Md. 21218.

The predominant photoreceptor system in the Drosophila compound eye (R1-6)
utilizes a 470 nm absorbing rhodopsin (R) which does not bleach but is
reversibly photoconverted to a 570 nm absorbing metastable metarhodopsin
(M). Flies do not rely on metabolic resynthesis of visual pigments but
rather on photoreconversion of M to R to control sensitivity and adapta-
tion levels. An intense 470 nm adapting stimulus causes a net photopig-
ment conversion of R to M and causes a maximal long-lived receptor depol-
arization which eliminates further depolarizing transduction. Intense 570
nm light adaptation immediately repolarizes and reactivates these recep-
tors (Stark, J. comp. Physiol. 96: 343, 1975; Minke, Wu and Pak, J. comp.
Physiol. in press, 1975). First generation flies vitamin A deprived dur-
ing larval development are about 2 log units less sensitive than flies
raised on the same diet enriched with beta-carotene, indicating that
photopigment levels are about .0l times normal levels. Moreover, vitamin
A deprivation separates membrane - from photopigment-mediated adaptation
mechanisms since it: 1) protects receptor membranes from 470 nm induced
inactivation and the associated prolonged depolarizing afterpotential; and
2) replaces receptor inactivation with a diminished photoreversible 470
vs 570 nm adaptation of only up to 0.8 log units. A week of beta-carotene
replacement in the adults' diet does not reverse these effects, showing
that complete metabolic competence for rhodopsin synthesis has a larval
critical period and that a non-bleaching photopigment may be synthesized
only once in life. Assuming R to M conversion accounts for most of the
0.8 log unit adaptation in deprived retinas, maximal 470 nm adaptation
decreases R to 16% (lower bound) of the 570 nm adapted level. No adapta-
tion conditions would be expected to completely eliminate R since the
overlap of R and M absorption spectra means that any maximal adapting stim-
ulus would establish a steady-state combination of R and M. Elimination
of receptor inactivation and prolonged depolarization can be explained by
a model with the following assumptions: 1) R-M metabolism and membrane
channels mediating depolarization are separate (probably linked by an in-
ternal transmitter); and 2) vitamin A deprivation decreases photopigment
levels without changing the number of membrane channels. The model im-
plies that 470 nm adaptation establishes similar R/M levels in both the
deprived and enriched conditions, but that only in the enriched condition
is the absolute R to M conversion sufficient to also cause total membrane
inactivation. Constant proportion near maximal depolarizing afterpoten-
tials in enriched retinas occur at the same intensity level which produces
equivalent proportion photochemical adaptation in deprived retinas. This
intensity would produce similar R/M ratios in both retinal types but
would convert more R to M in vitamin A enriched retinas. In summary, de-
creasing photopigment levels by vitamin A deprivation decreases sensitiv-
ity and eliminates receptor depolarization blockade caused by substantial
R to M conversion; the underlying photopigment adaptation is still pres-
ent and can be used to: 1) estimate the proportional R-M conversions in-
duced by adapting stimuli; and 2) demonstrate the experimental separ-—
a2bility of membrane- and photochemical-mediated receptor adaptation.
Supported by NSF grant GB/MS74-12817 and NIH Biomedical Sciences Support
Grant 3 SO5 RRO7041-0HS1.
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HRP UPTAKE MEASURES SYNAPTIC ACTIVITY OF VERTEBRATE PHOTORE-
CEPTORS. Samuel Schacher*, Eric Holtzman and Donald Hood*.
Dept's of Biol. and Psychol., Columbia Univ., New York, 10027.

The uptake of horseradish peroxidase (HRP) into small vesi-
cles at nerve terminals provides a quantitative method for
evaluating synaptic activity by the terminals. We have used
this approach to study the synaptic activity of rod and cone
photoreceptors in isolated frog retinas under various illumi-
nation conditions. We previously reported (Nature, 249: 261,
1974) that "saturating" background intensities, which dramat-
ically reduce rod responses to additional light increments,
markedly reduce HRP uptake into rod synaptic vesicles. Our
more recent findings include the following: (1) At interme-
diate light intensities, intermediate levels of HRP uptake
into rod synapses are observed (Fig. 1l). (2) Rod synapses
recover their "dark" levels of uptake, during dark adaptation
following exposure to light intensities that are saturating
but bleach very little visual pigment. This recovery is not
observed after high light intensities (HI-light) that bleach
much of the pigment (Fig. 2). (3) The effect of increasing
light intensities on HRP uptake into cone synaptic vesicles
is not as dramatic as that observed for the rods. Retinas
exposed to HI-light for sixty minutes decrease uptake of
HRP into cone synapses only to approximately 50% of the "dark"
level of uptake (Fig. 2). The cones recover their "dark"
levels of uptake if dark adapted, even after this HI-light
exposure (Fig. 2).

HRP labeled vesicles in the terminals seem to be randomly
distributed. Multivesicular bodies containing HRP, become
more numerous with time, and appear to undergo retrograde
transport to the myoid region of the photoreceptors. This
suggests that some of the vesicle membrane is being degraded.
On the other hand, labeled vesicles also accumulate along the
ribbon complexes, which suggests reuse of some of the
vesicles for transmission.
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Fig. 1: Effect of light on HRP uptake into rod synapses; each point is

average of 4 expts.; HRP exposures were 30—&5.min. .
Fig. 2: Comparison of rod and cone uptake during 60' exposures to HRP in
dark, in Hl-light and in dark following an initial 60' HI-1ight exposure.
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ULTRASTRUCTURE OF CRAYFISH PHOTORECEPTOR MEMBRANES.

E.E. Nickel* and H.R. Fernandez* (SPON: R.B. Freeman) Univ.
of Konstanz, 7750 Konstanz/Germany and Univ.of Southern
Calif., Los Angeles, Calif. 90007.

The ultrastructure of photoreceptors of the dark adapted
crayfish (Procambarus clarkii) has been examined by means of
thin sections and freeze-etched preparations. The retinula
of a crayfish compound eye consists of seven retinula cells
which form a fused rhabdom. The rhabdom is composed of
orthogonally oriented layers of microvilli. These microvilli
are continuous with the plasma membrane and are the sites
where the visual photopigments are located. The freeze-etch
studies reveal particles associated with the cytoplasmic
side of the microvillus membrane. These particles are ran-
domly distributed. Occasionally they appear to be arranged
in rows. The particles have a mean diameter of 85 A. There
are about 3900 particles per square pm of microvillus mem-
brane surface. Treatment of the retina with 1 % digitonin
- a substance capable of extracting visual photopigments -
causes a breakdown of the microvilli into smaller segments
and a gradual removal of the intramembranous particles. From
microspectrophotometric measurements the estimated photopig-
ment concentration of the microvillus is about 4000 mole-
cules per square pm and agrees with the particle density. It
is suggested that the particles observed in freeze-etched
replicas represent the photopigment molecules in situ.

DOES LIGHT-ACTIVATED PHOSPHORYLATION CONTROL PHOTORECEPTOR RESPONSE?
Julie A. Miller*, Ann E. Brodie*, Reinhard Paulsen* and Deric Bownds. Lab.
Molec. Biol. and Dept. Zoology, Univ. Wisconsin, Madison, 53706.

Light-activated phosphorylation of the opsin moiety of rhodopsin may be
one link between rhodopsin photochemistry and control of the rod receptor
potential. The reaction meets several criteria for participation in
visual function. It has been observed in Tiving frogs (Kiihn, H., Nature
250, 588, 1974), in isolated retinas, and in rod outer segment suspensions.
The reaction is sensitive to low levels of 1ight, which bleach as Tittle as
0.1% of the rhodopsin present. It is reversible in two different ways.
After illumination, a gradual inactivation of the phosphorylation reaction
occurs, and the incorporated phosphate groups dissociate from opsin.

An important characteristic of the reaction is an apparent amplification
of the effect of Tlight. After small amounts of illumination, we measure
10-40 X as many phosphate groups incorporated as rhodopsin molecules
bleached. This result suggests a parallel with physiological studies which
have shown that illumination of small amounts of rhodopsin has a large
effect on the Tight sensitivity of rod outer segments.

To determine whether phosphorylation and sensitivity control might be
linked, we have established conditions under which the light-activated
phosphorylation can be assayed simultaneously with the permeability
changes of the rod outer segment plasma membrane. By using inhibitors to
selectively interfere with the light-dependent processes, we have observed
an increased permeability response to low levels of light in the absence
of phosphorylation. Therefore, the phosphorylation reaction may regulate
the sensitivity of photoreception. [Supported by NIH grant EY 00463 and
NIH Training Grant GM 01874.]
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SIMILAR EFFECTS OF LIGHT AND CALCIUM ON THE VISUAL TRANSDUCTION PROCESS
IN RAT RODS. Barry S. Winkler. Institute of Biological Sciences,
Oakland University, Rochester, Michigan 48063.

Latency, defined as the period of time between photon capture and the
generation of the photoreceptor potential, is a measure of the time
course of the visual transduction process in rod cells. If, following
photon capture, latency is primarily due to the kinetics of release and
movement of calcium from an intracellular storage site and its binding to
a site on the plasma membrane of the outer segment then changes in its
intracellular concentration might be expected to alter latency, as do
changes in the intensity of light. Effects of varying the extracellular
concentration of calcium from 1073-10"8 M with Ca-EGTA buffers on the
amplitudes and latencies of photovoltages to pulses of light from thresh-
old to nearly saturating intensities were studied in isolated rat retinas.
In comparison to behavior of dark-adapted rods in 2 mM calcium (control),
reductions in the concentration of calcium to 107° M result in increases
in the absolute amplitudes of the photovoltages without changes in laten-
cies. However, when the concentration of calcium is lowered to 107° M
not only were the amplitudes of the photovoltages decreased but there were
significant increases in latencies. In these instances, the latencies
could be shortened by either superimposing the test pulse of light upon
a background light or adding back calcium. On the basis of this similar-
ity it is suggested that calcium is involved in the light-induced process
that leads to rod excitation.

RECEPTIVE FIELDS OF OMMATIDIA IN THE LIMULUS EYE. Ehud Kaplan* and
Frederick A. Dodge. Rockefeller University, New York, 10021

Each photoreceptor unit shows an excitatory center, an inhibitory sur-
round, and sometimes an additional disinhibitory surround. Taking advan-
tage of the remarkable linearity of the response of this retina to incre-=
mental stimuli, we have measured the spatial parameters of these visual
fields using a TV-like display where the intensity of simple bar patterns
was modulated around the mean intensity of the background. The excitation

o . <]
center is fit by a Gaussian about 8 wide at half heighth (range 4 -107).
In the horizontal plane thg optic axes of adjacent rows of ommatidia di-
verge uniformly by about 6 per row. The inhibitory field is typically
flat and broad extending more than 45 either side of the test ommatidium.
In the vertical plane the divergence of optic axes is nonuniform such that
the eye samples visual space below the horizontal with three times the
density as above. Consequently, the inhibitory fields show a mark?d asym-
metry that depends on the position of ommatidium in the eye. By fitting
the observed fields to solutions of the time-dependent Hartline-Ratliff
equations modified to take account of the distribution of optic axes, we
can map the strength of inhibition converging onto the Fest 9mmat%d1um.
We find this map is generally a simple Gaussian whose sigma is quite
variable in the range of 4 to 10 ommatidial diameters. Neither the total
amount of inhibition nor its space scale appear to be correlated with
position of the unit. Disinhibition is predicted and observed for the

shorter space scale.
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PUTATIVE SYNAPTIC MECHANISMS OF LATERAL INHIBITION IN
LIMULUS EYE. Alan R. Adolph and Berndt Ehinger*. Eye Res. Inst. of
Retina Fdn., Boston, 02114 and Dept. Histology, Univ. of Lund, Sweden.
Lateral inhibition is mediated by putative serotonergic synapses in
the neuropil of the lateral plexus. Serotonin(5-HT) applied directly to
the eye produces a potent spike inhibition which mimics the action of
natural lateral inhibition. Low concentrations(ca. 1 to 10uM) of the
indoleamine cause hyperpolarization by several millivolts of eccentric
and retinular cell resting potential, but no changes in receptor or gen-
erator potential responses to light. 5-HT also desensitizes the recept-
ors to subsequent 5-HT applications and cross-desensitizes light-evoked
synaptically-mediated, lateral inhibition. The dynamics of response
recovery following 5-HT suggest that its inhibitory effect is bimodal:
a direct action and a blockade of synaptic action. LSD and brom-LSD,
which antagonize 5-HT effects in some nervous systems, directly inhib-
it spike responses in addition to blocking the action of applied 5-HT and
light-evoked lateral inhibition in Limulus eye. Histochemical studies by
the Falck-Hillarp technique show yellow, rapidly-fading. fluorescence
within eccentric cell bodies and neuropilar fibrils and varicosities. The
fluorescence is strengthened by in-vivo injection or in-vitro incubation
of the eye with 5, 6-DHT or 6-HT, substances other than 5-HT that are
strongly taken up by known 5-HT uptake mechanisms.

THE SYNAPTIC ORGANIZATION OF THE PRINCIPAL EYES OF JUMPING
SPIDERS. M.D. Oberdorfer* (SPON: W.I. Welker). Anat. Dept.,
Univ. of Wisconsin, Madison, WI 53706.

The general organization of the first optic ganglion of the
antero-medial (principal) eyes of Salticus scenicus and Habro-
cestum pulex has been described elsewhere (Oberdorfer, M.D.,
Anat. Record, 178:428, 1974). Pre-fixation in 1% formalin,

1% gluteraldehyde and 3% sucrose in a 0.1M phosphate buffer
followed by postfixation in 1% osmium tetroxide (Fahrenbach,
W.H., Z. Zellforsch., 93:451, 1969), provided the most con-
sistent preservation of the synaptic ultrastructure within the
ganglion. On the basis of morphological appearance, the
neuropile of the first optic ganglion has been divided into
three regions; the terminal zone, the fibrous zone, and the
chiasm. All of the synapses occur within encapsulated zones
in the terminal zone of the ganglion. Here the retinal termi-
nals of the principal eyes contact second-order fibers, which
are branches of unipolar cells whose cell bodies surround the
ganglion, and form both dyad and triad synapses. Second-order
fibers also synapse back onto the retinal terminals as well as
forming serial synapses with each other. Golgi preparations
reveal that the retinal terminals have very fine processes
which extend away from the main portion of the terminal and
these processes receive synapses from adjacent retinal termi-
nals. All of the synapses are ribbon synapses with a mush-
room-shaped presynaptic bar surrounded by synaptic vesicles.
The retinal terminals contain spherical vesicles and the
second-order terminals contain <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>