light break was placed between 15
and 16 hours after the beginning of
the main light component (Zeitgeber
time 15 to 16), and the second when
placed at Zt 21 to 23. According to
Pittendrigh and Minis (7), the first
peak represents the position of the sub-
strate maximum (or the critical day-
length). When the light break is placed
later in the light-dark cycle a phase-
jump occurs, until at Zt 21 to 23 the
light break serves to phase-set the sub-
strate thythm so that its peak now co-
incides with the end of the main light
component, and diapause is again
eliminated.

When this experiment was repeated
with the addition of a 4-hour period at
2°C at the beginning of the main light
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Fig. 1. Effect of 1-hour light breaks
(night interruptions) on the inhibition of
diapause production by females of Nasonia
vitripennis in a light-dark cycle of LD
14:10 (data given are for the 10-hour
dark period). The first peak of inhibition
moved to the right by 2 hours when chill-
ing was applied for the first 4 hours of
the light component. Each point represents
the mean age at the “switch” from devel-
oping to diapause larvae for about 20
females; vertical lines, plus or minus twice
the standard error. Solid line, in LD 14:10
without chilling; dashed line, in LD 14:10
with chilling at 2°C for 4 hours after
lights-on.
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period, the first peak of inhibition, al-
though depressed, was observed to have
moved further into the “night” by 2
hours (to Zt 17 to 18) (Fig. 1) (12).
This is assumed to be because the sub-
strate rhythm is now forced to oscil-
late within the 20 hours available at
suitable temperature (Zt 4 to 24), but
its shape remains symmetrical. In other
words, the substrate rhythm now has
a period of 20 hours and reaches its
peak at Zt 17 to 18 instead of at
Zt 15 to 16.

This result is interesting for two rea-
sons. (i) It provides an explanation for
the results summarized in Table 1.
For instance, if a similar period of
chilling had occurred at the beginning
of the main light period in an LD
cycle of 16:8, the 2-hour shift in the
substrate maximum to the right would
have resulted in the conversion of a
long daylength to a short one. (ii) This
result provides circumstantial evidence
for the participation of a circadian
rhythm in insect photoperiodism, since
chilling in the light affects the position
of the first peak in a way that can
be predicted from Pittendrigh and
Minis’ (7) “co-incidence model.” If an
interval timer, which measures the

duration of the dark component only,
was involved, chilling in the light would
not have had such an effect.

D. S. SAUNDERS
Department of Zoology, University of
Edinburgh, Edinburgh, Scotland
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Synaptic Loci on Parietal Cortical Neurons:

Terminations of Corpus Callosum Fibers

Abstract. Dendpritic spines disappear when the synaptic terminals impinging on
them are destroyed. Terminal synaptic sites of axonal projections can be mapped
by interrupting the afferent system and then comparing the density of dendrite
spines in the suspected recipient area with controls. The corpus callosum was
sectioned in five rabbits at birth. When the rabbits were 30 days old, the loss of
dendrite spines was limited to the oblique branches of apical dendrites in the

parietal cortex.

It has been well established by means
of both light microscopy (I-3) and elec-
tron microscopy (4-6) that the den-
dritic spine or thorn is an essential
part of the postsynaptic membrane
of most neurons. Gray showed that the
spine receives a special class of pre-
synaptic terminals [Gray, synaptic
type I (4)], while Colonnier’s study
indicates that spines are resorbed if the
presynaptic terminals are lost (7). We
have reported (8) that after interrup-
tion of the visual afferent system (enu-
cleation, lateral geniculate lesion),
there is moderate to marked loss of
spines along the central third of the
apical shafts of pyramids in the visual

cortex. The present report deals with
results of interruption of another cor-
tical afferent system, the callosal pro-
jection.

The corpus callosum was sectioned
in five newborn rabbits in the follow-
ing manner. Under light ether anes-
thesia, a curved cutting needle threaded
with 2-0 silk was forced through the
skull just to the right of the midline
between the eyes and swept deep and
posteriorly in such a way as to emerge
just anterior to the posterior fontanelle.
The course taken by the suture ma-
terial was parallel to and to the right
of the sagittal suture and below the
corpus callosum. The suture was then
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tightened while gentle counterpressure
on the curvature of the skull was main-
tained. Preparations stained according
to the methods of Nissl and Weil
showed that, with this procedure, the
corpus callosum is severed with only
slight damage to the underlying thal-
amus and overlying cortex. The test
animals and their littermate controls
were killed at 30 days. A block of
cortical tissue (2 by 3 mm) was re-
moved from the left hemisphere, just
anterior to the most anterior portion
of the lateral sagittal sulcus, which
is within the parietal area of cortex
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(9). The tissue was prepared for study
by the rapid Golgi method with the use
of osmic acid-potassium dichromate
fixation for 4 to 6 days; this was fol-
lowed by impregnation with silver ni-
trate (0.75 percent) for 24 hours (8).

As a result of the section of the
corpus callosum, there was a massive
loss of fibers within the white sub-
stance. This loss extended to the
white matter beneath the area where
the counts were performed. (Coding
the slides has not been used as a tech-
nique for achieving a blind study, be-
cause during the search for countable
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Fig. 1. Diagrammatic and graphic representations of the effect of section of corpus
callosum on pyramids in parietal cortex. Parts B and C were drawn from Golgi
impregnations of parietal cortex in littermates. Part B represents a cell from the
normal control and includes the heavily spined apical shaft (stations 7, 2, and 3);
the somewhat less heavily spined oblique branches (stations 4, B, and C); the sparsely
spined basilar branches (stations D, E, and F) and apical arches (station 4), and
the unspined initial segment of apical dendrite (station 0). Part C represents a cell
from an animal with section of corpus callosum. There is a marked loss of spines
on the oblique branches. Graphs A, D, and E contrast spine counts in control (filled

circles) and callosum-sectioned (filled triangles) animals

along apical dendrites,

oblique branches, and basal dendrites, respectively. Brackets indicate area of =1

standard deviation.
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pyramids, the investigator would ob-
serve this loss of fibers, noticeable in
part by chains of osmophilic degenera-
tion granules, and. realize -that the sec-

. tion was from an experimental animal.)

To reduce the possibility of biased
selection of pyramids for spine count-
ing, the slides were first scanned at
low magnification for completely im-
pregnated pyramids. The criterion
for selection was completely stained
basilar, oblique, and apical dendrites
that gradually tapered to their end-
ings without abrupt termination. This
selection was completed before the
slides were observed at a magnifica-
tion sufficient to estimate spine densi-
ties. Ten pyramids were studied in
each of the control and experimental
animals. Exact counts were made at a
number of stations along the entire
basilar and apical dendrite trees of
each neuron (see Fig. 1B). In addi-
tion, a much larger group of pyramids
in both categories were studied with
the use of qualitative techniques to esti-
mate the degree of spine loss, if any.
The dendritic spine is characterized
by a round terminal attached to a nar-
row root which results in a club-shaped
outline approximately 2.5 p long. Al-
though numerous artifacts may occur
in Golgi preparations, none resemble
the distinct structure or have the same
location as dendrite spines. The shape,
size, and distribution of these spines
have been confirmed by a number of
workers (4-7) with the use of the
methylene-blue technique of Ehrlich
(1) and with electron micrography.

Thick sections (100 p) were exam-
ined at a magnification of 600. The
density of spines on pyramids was esti-
mated in the following manner. The
apical dendrite was marked off in quar-
ters and the oblique branches and basal
dendrites in thirds (Fig. 1B). All the
spines with a 25-4 segment were
counted, and the spine frequency per
linear micron was calculated.

Study of the soma-dendrite complex
of pyramids in animals whose corpus
callosum was sectioned immediately
after birth revealed two findings: (i)
shortening of many of the oblique
branches by a factor of about 30 per-
cent, and (ii) loss of approximately
one-third of the spines along these
branches (Fig. 1C). All other por-
tions of the dendritic complex ap-
peared unchanged.

Normally, apical dendrites have
spine densities of 0.75 spines per

SCIENCE, VOL. 156



‘micron; oblique branches and subpial
arches, 0.40; and basal branches, 0.30.
Figure 1 graphically represents these
values averaged at each counting sta-
tion (filled circles in parts A, D, and
E). It also shows the values for pyra-
mids taken from rabbits with operative
interruption of the corpus callosum
at birth (filled triangles in parts A,
D, and E). The difference in the
means of the spine densities along
the oblique branches of the apical
dendrite are significant (P < .02) on
the Student #-test. Along the apical
dendrite itself and the basal dendrites,
the same test was not significant. Thus,
the spine density is reduced along the
oblique branches (Fig. 1D) by section
of the corpus callosum.

The rigorous limitation of changes
in the spine count to the oblique
branches of apical shafts strongly sug-
gests that the callosal afferent system,
coming largely from the homotopic lo-
cus in contralateral cortex, terminates
on these branches. The fact that spine
loss is partial suggests that other af-
ferent systems may also synapse along
these oblique elements.

These data, in conjunction with our
previous findings which relate the ter-
minals of the visual afferent (geniculo-
calcarine) radiation to the central
third of the apical shafts of pyramids
(8), emphasize the topographical spec-
ificity of presynaptic terminals along
the postsynaptic surface of cortical
neurons.

ALBERT GLOBUS
ARNOLD B. SCHEIBEL
Department of Anatomy and
Brain Research Institute,
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Behavioral Compensation with Monocular Vision

Abstract. If an object is arranged so that when viewed monocularly it appears
centered in an aperture it is displaced from the position in which it appears
binocularly centered. Before and after viewing the responding right hand with
the left eye through a small aperture, observers were required manually to in-
dicate a point in line with the center without visual guidance. Apparent displace-
ment of the limb due to monocular viewing resulted in a change in the direction
of responding. This change in response direction (termed behavioral compensa-
tion) is similar to that which occurs when the spatial properties of stimulation

are modified with an optical system.

When light from an object is re-
fracted through a prism before enter-
ing the eye, the object’s apparent posi-
tion is changed. Manual pointing or
reaching responses directed at the ob-
ject during such spatial transformation
change in direction and this change per-
sists if, after the transformation period,
responses are made without visual (or
auditory) guidance (/). Because of the
possible significance of these findings
for theories of space perception and per-
ceptual-motor coordination these com-
pensatory changes have been extensive-
ly investigated and alternative explana-
tions have been proposed (2).

In experiments involving visual trans-
formations a common procedure for in-
dexing and measuring the effects is to
compare responses made without visual
guidance before and after an exposure
period in which the limb is viewed
through an optical system. The effect
of the intervening optics is to alter the
apparent position of the limb so that
there is discordant information from
the visual and kinesthetic systems. So
far all experiments have involved an
optical, usually prismatic, system be-
tween eye and viewed object. The pur-
pose of the experiment we report was
to show that similar compensatory
changes occur with monocular parallax:
a change in the apparent location of
an object with change in the eye used
to view it. As far as we know changes
in responding attributable to monocular
vision have not been reported previous-
ly.

The viewing arrangement is shown
in Fig. 1. If an observer views his
hand resting on the surface OP through
an aperture XZ with the right eye R,
then, in order to appear centered in
the aperture at Y, the hand must be
placed at P. If, however, the right eye
is occluded and the hand is viewed
with the left eye L, then, to appear cen-
tered, the hand must be moved from
P to O. This is an instance of paral-
lax: a change in the direction of an

object resulting from a change in the
observer’s viewing position. In this case
the change in position is consequent
upon which eye is used to view and is
referred to as monocular parallax.

If with this viewing arrangement an
observer is required to respond fre-
quently by marking a point on OP so
that it appears in line with the center of
the aperture, changes would be expected
to occur in consequence of the new
visual-kinesthetic relationship, as hap-
pens with an optically modified rela-
tionship. If visually guided centering
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Fig. 1. Monocular viewing system used
in experiment. For an object on the sur-
face OP to be seen with the left eye (L)
as centered (Y) in aperture XZ it must
be located at O.
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