tachyzoites and bradyzoites to other inter-
mediate hosts, and by noninfectivity of
oocysts to nonimmune final hosts. While
parasitism of skeletal muscle is a pro-
nounced feature of the new genus Ham-
mondia, it differs from Sarcocystis, the
classical muscle parasite, by slender brady-
zoites, thin-walled cysts, absent radial
spines, septa, or metrocytes, by a multi-
plicative cycle in the gut of the final host
(which is lacking in all Sarcocystis so far
studied), and by shedding of unsporulated
oocysts (whereas all known Sarcocystis
shed sporulated sporocysts or oocysts).
The new genus differs from the common
Isospora of cats, which are typically one-
host parasites, with the oocyst infectious to
the final host. However, an isosporan of
dogs studied by Heydorn (5) is probably a
species of Hammondia, since the oocysts
were not infectious to dogs, whereas mus-
cles of infected calves did infect dogs.
Hammondia hammondi is the first orga-
nism described which produces cross-re-
acting antibody to Toxoplasma gondii in
the dye test. This could lead to a mistaken
diagnosis of Toxoplasma infection in ani-
mals. It is not known whether humans be-
come infected with Hammondia; however,

morphologically compatible cysts have
been observed by one of us (J.K.F.).
Recognition of an isolate of Ham-
mondia could be delayed by misinterpret-
ing the Toxoplasma antibody titer in the
intermediate host. The isolate could be lost
if tissue cysts were subinoculated from one
to another intermediate host instead of to a
final host which may be unknown. Pre-
vention of the infection depends also on
knowledge of the two-host cycle.
J. K. FRENKEL
J.P. DuBEY*
Department of Pathology and Oncology,
University of Kansas Medical Center,
Kansas City 66103
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Superior Colliculus: Visuotopic-Somatotopic Overlap

Abstract. A laminar organization was present in the superior colliculus of the cat, with
upper layer cells exclusively visual, lower layer cells primarily somatic (or acoustic), and
intermediate layers showing significant modality overlap. The close topographic corre-
spondence between the visual and somatic representations observed within this laminar
pattern and the similarities in visual and somatic response specificity may be consistent
with the hypothesis that the colliculus combines several sensory modalities to facilitate

tracking of a given stimulus.

The nature of the profound visual defi-
cits appearing after superior colliculus de-
struction in the cat has led to suggestions
that it is involved in visually guided (ori-
enting and following) behavior (/, 2). Al-
though relatively little is known about the
properties of nonvisual cells in the superior
colliculus, the colliculus is known to re-
ceive somatic and acoustic afferents in ad-
dition to visual projections (3). The devel-
opmental chronology of sensory represen-
tation in the cat superior colliculus has
been shown to parallel the animal’s use of
modality-specific cues for tracking behav-
ior (4, 5). Somatic stimuli are effective in
activating superior colliculus cells at birth,
when orientation is accomplished by
means of somatic cues, while acoustic fol-
lowed by visual activation develops many
days later (4) along with auditory and vi-
sual orientation behavior. These observa-
tions, coupled with evidence that colliculus
lesions induce somatic and auditory local-
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ization deficits (although less profound
than visual consequences) (/), make it
seem reasonable to suppose that just as the
visual cells of the colliculus are involved in
visual tracking behavior, somatic and
acoustic cells are involved in somatic and
auditory tracking behavior. In the present
experiments we studied the location, orga-
nization, and specificity of tactile cells in
the colliculus to determine whether the
properties of these cells are consistent with
this hypothesis. An abstract of this work
has been presented (6).

Experiments were performed on 30 im-
mobilized (7) and artificially respired cats.
Animals were surgically prepared for
recording with halothane anesthesia, and
mixtures of 70 to 75 percent nitrous oxide
and 25 to 30 percent oxygen were given
during recording sessions. Visual receptive
fields of superior colliculus cells were used
as referents to which tactile receptive fields
could be related. The pupils were dilated

with 1 percent atropine, and the locations
of the optic discs were determined with an
ophthalmoscope and projected onto a
transparent hemisphere used for mapping
visual fields. Contact lenses focused the
eyes on the hemisphere, and body temper-
ature was maintained at 36 + 2°C by a cir-
culating hot water pad. When each experi-
ment was terminated, intravenous pen-
tobarbital sodium (40 mg per kilogram of
body weight) was administered and the an-
imal was perfused through the heart with
saline followed by 10 percent formalin.
The brain was sectioned at 15- um thick-
ness and stained with cresyl violet for his-
tological reconstruction of electrode tracks.

Electrodes were vertically oriented. As
an electrode was advanced through the
laminae of the superior colliculus, natural
visual, tactile, and acoustic stimuli (§) were
delivered continuously. The upper layers of
the colliculus proved to be exclusively vi-
sual (9); cells activated by tactile stimu-
lation (VN = 220) as well as acoustic cells
were not encountered until the electrode
reached the stratum griseum intermediale,
where multimodal cells, which have been
previously described (/0-12), were also
encountered. As the electrode advanced
into the stratum profundum, the incidence
of visually activated cells diminished
markedly. A basic pattern emerged, with
the upper layers strictly visual, the lower
layers primarily nonvisual, and the inter-
mediate layers representing a zone of ““mo-
dality overlap.”

Although tactile receptive fields ranged
from a few millimeters in extent (primarily
on the contralateral forepaw and face) to
more than half the contralateral cutaneous
surface, the organization was distinctly
somatotopic. The presence of a well-or-
dered visuotopy in upper layer cells (11, 13,
14) enabled us to compare the spatial orga-
nization of the two modalities. This was
accomplished by first mapping the con-
tralateral visual fields of one to four single
cells, or a multiunit group, in each of 85
electrode penetrations. The center of the
group of receptive fields of each pene-
tration was then used as the visual “‘refer-
ence point” to which the lower layer tactile
receptive fields of that penetration were re-
ferred (Fig. 1).

In those penetrations in which the visual
reference points were near the area cen-
tralis, tactile receptive fields were centered
toward the midline of the face, near the
nose. This is illustrated in the example of a
reconstructed electrode penetration in Fig.
1. As the visual fields moved away from
the area centralis, tactile fields also moved
away from the nose in corresponding di-
rections; for instance, penetrations in
which visual reference points were immedi-
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Fig. 1. Visual and somatic receptive fields in a
single electrode penetration through the rostral
portion of the left superior colliculus. The
schematic drawing at upper right illustrates the
penetration; S.G.S., stratum griseum super-
ficiale; S.0., stratum opticum; S.G.1., stratum
griseum intermediale; S.P., stratum profundum.
At X a multiunit visual receptive field was
mapped and its location is shown in the diagram
of visual space at upper left; T, temporal; N, na-
sal. The somatic receptive fields of nine single
units recorded within or below the stratum gri-
seum intermediale, in this penetration, are illus-
trated in the figurine maps and numbered to cor-
respond to positions along the needle track
(lower left) indicating cell location, L, marking
lesions. All the somatic cells except 2 and 4
[deep receptors in the neck (®)] were activated
by low threshold tactile stimuli on the face. Re-
ceptive fields 8 and 9 were excited by the high
velocity displacement of one or two vibrissae
(©). In the 85 penetrations, a systematic rela-
tionship between upper layer visual and lower
layer somatic receptive fields was observed. The
parafoveal receptive fields of this penetration
were represented above somatic receptive fields
on the face.

ately superior to the area centralis were
also those penetrations in which somatic
receptive fields were located on the supe-
rior aspect of the head (crown). As the vi-
sual space sampled moved laterally (tem-
porally), somatic fields moved laterally to
the side of the head, neck, and shoulder.
Visual reference points in ventrolateral (in-
ferior temporal) space were in penetrations
in which the forelimb was represented, and
the most extreme portion of inferior tem-
poral visual space that could be sampled
corresponded to the forepaw (the forepaw
can be viewed as the ventrolateral extreme
of the body when the animal is standing or
in a crouching position). The superior tem-
poral area of visual space corresponded to
hindlimb representation. Thus, the vis-
uotopic-somatotopic relationship can be
best viewed if the nose is pictured as super-
imposed on the area centralis and the
limbs are seen radiating from this point at
acute angles (Fig. 2).

There was a corresponding distortion of
visual and body space in terms of the
amount of superior colliculus tissue de-
voted to representing a given region. The
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disproportionately large area of colliculus
devoted to the area centralis and para-
foveal region (approximately the anterior
half) and the inferior temporal visual space
(approximately the posterolateral quarter)
(13) constituted the area devoted to face,
head, and forelimb. Thus, the somatic or-
ganization was not only discrete and topo-
graphic, but seemed to follow the design of
the upper layer visual cells; which can also
be conceived of as superimposed upon the
lower layer cells representing the body
(Fig. 2).

Presumably, the visuotopic organization
of the superior colliculus is important for
visual orienting and following behavior,
with the magnified foveal representation in
the colliculus providing for a zone of en-
hanced visual acuity. The parallel soma-
totopic organization, which also follows
the distortion characteristics of the vis-
uotopy, is consistent with a functional par-
allel. The magnified representation and
small receptive fields of neurons represent-
ing the face and forelimb maximize tactile
resolution in those zones of the skin em-
ployed for exploration, and for seizing and
manipulating prey.

A number of specific’ visual response
properties have been described as charac-
teristic of superior colliculus cells. These
properties indicate that these cells repre-
sent a select population and distinguish
them from cells of the geniculocortical sys-
tem. Activation is induced best, or only, by
moving visual stimuli in superior colliculus
cells (15-17); transient responses occur
even in response to maintained stimuli
(18); cells have larger receptive fields (/5-
17, 19); and many cells show response at-
tenuation (habituation) following repeated
stimulus presentations at low interstimulus
intervals (15, 17). Tactile cells were also
strikingly similar to visual cells in these re-
spects. They too represented a select popu-
lation of the somatic afferent system by (i)
being activated only by moving stimuli and
displaying only transient responses even to
maintained stimuli; (ii) possessing many
large receptive fields (although there were
numerous exceptions); and (iii) showing a
marked tendency for habituation to a vari-
ety of tactile stimuli. These common orga-
nizational and neuronal response features
are consistent with the hypothesis that the
superior colliculus provides a means of uti-
lizing information relevant to tracking be-
havior from at least two sensory modali-
ties. The significant overlap of modalities
(visual, somatic, and acoustic) in the inter-
mediate layers provides a basis for modal-
ity interaction, and in a population of
bimodal colliculus cells it has been shown
that the area around the head in which an
acoustic stimulus is effective is spatially

Fig. 2. Diagrammatic schema of the visuotopic-
somatotopic relationship. The circular diagram
represents visual space with the horizontal and
vertical meridians subdivided at 20° intervals; T,
temporal; V, nasal. Contralateral visual space is
represented in the superior colliculus via con-
tralateral (nasal hemiretina) and ipsilateral
(temporal hemiretina) projections. This repre-
sentation extends 10° or more across the vertical
meridian (12, 13). A map of the body super-
imposed upon visual space was reconstructed
from 85 electrode penetrations. The designation
(for receptive fields) of a given contralateral
body sector was placed in the appropriate posi-
tion in the diagram of visual space, on the basis
of the location of upper layer visual receptive
fields found in the same penetrations as a given
body segment. The few discrete somatic recep-
tive fields found on the proximal body were usu-
ally in penetrations in which visual receptive
fields were within 15° of, and usually inferior to,
the horizontal meridian, extending from ap-
proximately 10° to 60° temporally. The repre-
sentation of a portion of the face extends across
the vertical meridian, as did the parafoveal vi-
sual representation to which it corresponded.
The size of the lettering relates to the extent of
the representation.

coincident with the visual receptive field
(12).

Since stimuli can often transmit infor-
mation over different sensory channels si-
multaneously, the colliculus may serve as a
means of extracting the most salient sen-
sory cues that indicate stimulus location,
regardless of specific modality, and of al-
lowing the organism to make correspond-
ing adjustments in its orientation. One of
the unique features of the colliculus may be
this representation of several sensory mo-
dalities, topographically coincident and all
involved in a common objective. Thus, a
single map of directions around the animal
exists across sensory modalities, and non-
visual representations may deserve equal
attention with visual for a balanced assess-
ment of superior colliculus function.

BARRY E. STEIN*
BRAULIO MAGALHAES-CASTRO'
LAWRENCE KRUGER
Department of Anatomy, School of
Medicine, University of California,
Los Angeles 90024
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Sentence Perception as an Interactive Parallel Process

Abstract. The restoration of disrupted words to their original form in a sentence shad-
owing task is dependent upon semantic and syntactic context variables, thus demonstrat-
ing an on-line interaction between the structural and the lexical and phonetic levels of

sentence processing.

A normal spoken sentence can be char-
acterized by at least four levels of descrip-
tion—phonetic, lexical, syntactic, and se-
mantic. How do the listener’s analyses at
these different levels interact during his
processing of the sentence?

This report presents evidence that sen-
tence perception is most plausibly modeled
as a fully interactive parallel process: that
each word, as it is heard in the context of
normal discourse, is immediately entered
into the processing system at all levels of
description, and is simultaneously ana-
lyzed at all these levels in the light of what-
ever information is available at each level
at that point in the processing of the sen-
tence. This is in direct contrast to the view
that the direction of information flow in
sentence perception is primarily serial, so
that, whatever the later interactions be-
tween levels, the initial input to any higher
level consists of at least a preliminary anal-
ysis conducted just at a lower level (/).

The present experiment directly tests the
parallel model by combining two levels of
anomaly in a sentence shadowing task. The
shadowing paradigm, in which the subject
repeats back speech as he hears it, provides
an on-line response measure of the infor-
mation available to the listener during
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processing. The first level of anomaly—the
disruption of semantic and syntactic con-
straints—tests for the availability of
higher-order information. The second level
of anomaly, by disrupting the lexical integ-
rity of individual words in the sentence,
tests for the interaction of this higher-or-
der information with the lower-level, lexi-
cal and phonetic analysis of the sentence.
The stimulus materials were constructed
from a pool of 120 pairs of normal sen-
tences. The second sentence in each pair
contained a trisyllabic target-word. These
120 sentences were randomly assigned to

three Context groups of 40 pairs each. The -

target-words in the Normal group were left
unchanged. In the Semantic group the tar-
get-words were replaced by new words that
were semantically anomalous—for ex-
ample: “The new peace terms have been
announced. They call for the unconditional
universe of all the enemy forces.” In the
Syntactic group, the new words were syn-
tactically anomalous as well—for example:
“He thinks she won’t get the letter. He’s
afraid he forgot to put a stamp on the al/-
ready before he went to post it.”” These
Context Disruptions constituted the first
level of anomaly.

The 40 sentences in each Context group

were then randomly assigned to four sub-
groups of ten sentences each. In one sub-
group (labeled 0) in each Context group
the target-word was left unchanged; in the
other three (labeled 1, 2, and 3, respec-
tively) the first, second, or third syllable of
the target-word was changed so as to make
it into a nonsense word. These Word Dis-
ruptions constituted the second level of
anomaly, thus producing 12 combinations
of Word and Context Disruptions, which
ranged from Normal, (no contextual or
lexical disruption of the target-word) to
Syntactic, (the third syllable disrupted in a
semantically and syntactically anomalous
target-word).

The purpose of this interweaving of
Word and Context disruption was to ex-
amine the effects of context on ““word res-
toration” (that is, the restoration of dis-
rupted words to their original form). If the
interaction between higher and lower levels
of analysis takes place (serially) only after
the initial phonetic and lexical identifica-
tion of the word, then restoration of dis-
rupted words should be equally frequent in
all Context conditions. The shadower
would have no basis, in his initial repeti-
tion, for rejecting contextually anomalous
restorations. However, if immediate iden-
tification does interact on-line with the se-
mantic and syntactic context, then it be-
comes possible for context variables to de-
termine word restoration frequency.

The use of the shadowing task makes
possible the accurate temporal location of
any interaction effects. The shadower’s
repetition latency, measured from the on-
set of a word in the input to the onset of
that word in his output, specifies precisely
how much of the material he could have
heard before initiating his response. In this
experiment 13 shadowers were used, with
mean normal shadowing latencies ranging
from 250 to 750 msec (2). The perform-
ance of the closer shadowers is central to
the interactive parallel hypothesis. At a
shadowing latency of 250 msec, their repe-
tition of the target-words is initiated when
only the first syllable could have been
heard. Thus any context effects would be
restricted to the initial processing of the in-
coming word.

The 120 stimulus sentences were re-
corded in random order at a rate of 160
words per minute, with a 3-second break
between sentences. The subjects heard the
sentences in a single session, and were in-
structed to shadow them as naturally as
possible, while maintaining their normal
shadowing distances.

Two types of restoration were distin-
guished in the error analysis. The critical
errors are the Word Restoration (WR) er-
rors, which are the restoration of disrupted
words to their original lexical form—for
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