smoke (Fig. 2) show that the vertical
component is frequently more significant
close to the ground where large temper-
ature differences and low wind speeds
predominate. At higher levels the hori-
zontal component accounts for most of
the air movement as entrainment, in-
creased wind speeds, and a shift to ther-
mal stability interact to reduce the verti-
cal flow.

If relatively small vertical temperature
gradients impart directionality to air
movement, then a behavioral response
which does not occur under vertically
isothermal conditions (that is, subthresh-
old pheromone concentrations) ought to
be elicited in males downwind in a tem-
perature gradient. In isothermal (neutral)
conditions the Periplaneta americana
sex pheromone did not elicit searching in
males (I1); no courtship responses were
observed. However, when temperature
was made to decrease with height, and
the pheromone was introduced below
the males, their locomotion increased
significantly (z-test, P < .01), and the
complete courtship sequence was elicit-
ed (12). Clearly, the thermal gradient
imparts a new directionality to the air-
flow. The 360° emission angle of Fickian
diffusion decreases to a narrow vertical
plume in the direction of the males.
Hence, more molecules per unit volume
of air impinge on the male antennae, and
threshold concentrations are more likely
to be reached (13).

Silverman and Bell (/4) found that P.
americana males tethered on a vertical
surface showed gravitational responses
to sex pheromone delivered perpendicu-
larly to the vertical surface. Air without
pheromone caused the males to run up,
whereas air currents with sex phero-
mones caused them to run down. These
data are consistent with my convective
model for volatile pheromones.

In conclusion, the vertical distribution
data, predictable nocturnal micromete-
orological profiles, pheromone disper-
sion models, male orientation behavior,
and laboratory experiments suggest that
intraspecific height stratification in these
species of cockroaches is a mechanism
that enhances the efficiency of the mate-
finding process.

CoBY ScHAL
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Suprachiasmatic Stimulation Phase Shifts

Rodent Circadian Rhythms

Abstract. The integrity of the suprachiasmatic nuclei (SCN) of the hypothalamus
is essential to the expression of normal circadian rhythms in rodents. Electrical
stimulation of the SCN caused phase shifts and period changes in the freerunning
feeding rhythms of rats and activity rhythms of hamsters. The phase response curve

for SCN stimulation appears to parallel that for light pulses.

These findings

strengthen the hypothesis derived from lesion studies that the SCN are the dominant
light-entrained oscillators in the rodent circadian system.

Circadian rhythms synchronized to
the solar day are a pervasive feature of
mammalian physiology and behavior (I).
Until recently little was known about the
mechanisms responsible for either en-
dogenous generation or environmental
synchronization (entrainment) of these
rhythms.

A significant advance was the identifi-
cation of the hypothalamic suprachias-
matic nuclei (SCN) as structures critical
to the generation and entrainment of
mammalian circadian rhythms (2). Abla-
tion of the SCN results in the disruption
of a variety of behavioral, physiological,
and endocrine rhythms in rodents (3).
These observations generated the hy-

pothesis that the SCN act as a pacemak-
er in the mammalian circadian system.
The observation of circadian rhythms in
spontaneous electrical and metabolic ac-
tivity in SCN neurons (¢) is consistent
with this hypothesis.

A pacemaker in a circadian system
should regulate both phase and period of
circadian oscillations; the available data
do not establish that the SCN serve this
function. The strongest support for this
hypothesis would be provided by evi-
dence that manipulation of spontaneous
SCN neural activity modifies these fea-
tures of circadian rhythms. The first evi-
dence for such a mechanism was the
finding that infusion of carbachol near
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Fig. 1. (A) Record of feeding activity in a blinded rat that received electrical stimulation in the
suprachiasmatic nuclei at the time indicated by the black rectangle on day 41. The density of the
record reflects the intensity of feeding. Stimulation late in the subjective night (active phase)
produced a phase advance of the rhythm. The 24-hour record is double-plotted to permit
visualization of the freerunning rhythm. (B to D) Wheel-running activity records of blinded
hamsters that received electrical stimulation in the suprachiasmatic area on the days indicated
by arrows and at the times shown by filled circles. Stimulation produced phase delays or
advances or failed to shift the rhythm depending on the circadian phase of stimulation.

the SCN causes a phase shift in the
circadian rhythm of pineal serotonin-N-
acetyltransferase activity (5). We report
that electrical stimulation of the SCN
systematically alters phase and period of
circadian behavioral rhythms in rats and
hamsters. This evidence provides direct
support for a pacemaking function for
the mammalian SCN.

We recorded the freerunning feeding
rhythms of bilaterally enucleated rats for
a minimum baseline period of 4 weeks
(6). We then anesthetized each rat and
implanted into its brain a stainless steel
monopolar electrode in or near the SCN,
and, with the rat under anesthesia, ap-
plied current for 20 to 60 seconds at two
to four closely placed sites (7).

Stimulation in or near the SCN gener-
ally disrupted feeding for several days,
whereas anesthesia alone or accompa-
nied by sham stimulation did not sig-
nificantly affect any aspect of feeding
rhythms. Of nine rats receiving SCN
stimulation, two showed a slight short-
ening of the subsequent freerunning
rhythm.

During the subjective day (inactive
phase) SCN stimulation in two rats did
not shift the feeding rhythm; similar
stimulation delivered to five rats during
the late subjective night (active phase)
caused significant phase advances of the
rhythms (Figs. 1a and 2) (8). Stimulation
applied to two rats during the early sub-
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jective night caused only small phase
delays (Fig. 2). Stimulation of the re-
gions caudal or lateral to the SCN
changed neither period nor phase in spite
of the fact that stimulation was applied
during the late subjective night.

In another study (9), bipolar stainless

Advance &)

Phase shift (hours)

Delay (-)

0 4 8 12 16 20 24
Circadian time
Fig. 2. The amplitude and direction of phase
shifts of circadian rhythms produced by elec-
trical stimulation of the suprachiasmatic area
in hamsters (@) and rats (A) plotted against
the circadian phase of stimulation. Similar
plots of the shifts produced by 10-minute light
pulses given to hamsters in constant darkness
(O) are shown for comparison. The light-pulse
data and the fitted phase response curve are
replotted from DeCoursey (13).

steel electrodes aimed at the SCN (/0)
were permanently implanted into the
brain. Each hamster was housed in a
Plexiglas cage equipped to record wheel-
running activity while the hamster was
tethered by a lead attached to the elec-
trode and to an overhead commutator.
When an individual’s activity rhythm
had stabilized, we delivered electrical
stimulation for 10 minutes without han-
dling or disturbing the animal (/7). The
hamster’s behavior was usually ob-
served and recorded both during stimula-
tion and for 5 minutes before and after
stimulation. Changes in period or phase
of the activity rhythm were assessed by
eye-fitting lines to activity onsets for 10-
day periods before and after the treat-
ment day.

Stimulation delivered through elec-
trodes in the suprachiasmatic region pro-
duced both delays and advances of the
activity rhythm, depending on the circa-
dian phase of stimulation (Fig. 1, b—d).
Changes in period often accompanied
phase shifts (Fig. 1d; stimulation 3, Fig.
1b). Stimulation at sites remote from the
SCN failed to produce phase shifts (12).

Stimulation during the early subjective
night produced phase delays while stim-
ulation during the late subjective night
elicited phase advances. In one hamster
(Fig. 1b) stimulation in the late subjec-
tive night produced large phase advances
(stimulations 1 and 3), stimulation in the
early subjective night produced only pe-
riod lengthening (stimulation 2) or a
small phase delay (stimulation 5), and
stimulation during the subjective day had
little or no effect (stimulation 4).

Brief light exposure of intact animals
housed in darkness produces systematic
phase shifts of circadian oscillators (13,
14). The direction and amplitude of shift
plotted against the time of light expo-
sure, as determined for hamsters by De-
Coursey (13) is shown in Fig. 2, along
with the results of our studies. While it
would be premature to plot such a phase-
response curve for electrical stimulation,
the timing of delays and advances is
consistent with the light-pulse phase-re-
sponse curve. More data are needed to
establish whether this curve reflects the
convergence of light information on the
suprachiasmatic region.

The transients observed during some
phase shifts (Fig. 1, b and c¢), may reflect
either a failure to stimulate all oscillators
in the SCN or the gradual resynchroniza-
tion of remote oscillators to those that
were shifted by the stimulation. The rela-
tive difficulty in producing phase delays
in both species is unexplained. No corre-
lation was observed in hamsters between
the effectiveness of stimulation in pro-
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ducing phase shifts and behavioral
changes during stimulation.

The large stimulation field presumably
generated by the electrodes used in the
hamster study do not permit localization
of the effects of stimulation to the SCN.
However, the similar effects produced
by stimulation within the SCN of rats
strengthens the conclusion that changes
in neural activity within the SCN medi-
ate the observed effects of stimulation in
both species.

These findings are consistent with the
hypothesis that neural activity in the
SCN regulates phase and period of ro-
dent circadian rhythms. There is, how-
ever, substantial evidence for the exis-
tence of circadian oscillators outside the
SCN (I5). Therefore, the SCN may func-
tion as a pacemaker by generating a
circadian rhythm of neural activity that
is entrained by photic input and which
regulates the activity of other oscillators
in the circadian system.
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Accommodative Defocus Does Not Limit Development of

Acuity in Infant Macaca nemestrina Monkeys

Abstract. In an experiment with ten macaque monkeys (Macaca nemestrina), a
combination of photorefraction and corneal reflex photography was used to measure
simultaneously the plane of focus and direction of gaze while they were presented
with fixation targets. The monkeys ranged in age from 2 days to 10 weeks. Some of
the infants that were less than 1 month old failed to change accommodation to
targets at any distance, whereas others showed limited accommodative abilities. The
magnitude of the accommodative response of infants older than 4 weeks appeared to
be adultlike. Infant monkey's visual acuity improves dramatically after 4 weeks.
These results, which show that the improvement in spatial resolution cannot be
accounted for by increased accommodative accuracy, parallel those obtained from
human infants where accommodative competence is attained by about 4 months of

age.

Visual resolution, or acuity, is poorer
in infants than in adults (1), but it is not
known to what extent the improvements
in acuity with age are due to changes in
the optics or in neural processing. Ex-
periments to determine this issue are
often potentially invasive and not feasi-
ble with humans. Infant macaque mon-
keys (Macaca nemestrina) are useful for
studying mechanisms of human visual
development (2), and we now present
results obtained from this animal model.

Previous work has shown that the op-
tical quality of the infant monkey eye, as
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assessed by the line spread function for
well-focused images, is not responsible
for its poor resolution (3). However, if
infants are unable to accommodate prop-
erly to bring targets into sharp focus at
the retina, the poor resolution might be
due to optical defocus. We have mea-
sured accommodative defocus and our
results demonstrate that infants over 4
weeks of age accommodate similarly to
adults. Therefore, the improvements in
spatial resolution after 4 weeks of age
cannot be accounted for on the basis of
improvements in accommodative accu-

Fig. 1. Accommodation in infant monkeys.
The abscissa shows the fixation target plane
specified in diopters (1/target distance in me-
ters). The ordinate is the fixation plane of the
monkey, also specified in diopters. Zero on
the ordinate indicates that the animal is fixat-
ed at optical infinity. Positive values indicate
that fixation is closer than optical infinity;
negative values indicate fixation beyond opti-
cal infinity. The dotted line indicates the per-
formance we would expect from an animal
with perfect accommodation. Data points fall-
ing above this line indicate that the animal is
fixating in front of the target, whereas data
points below this line indicate fixation beyond

the target. Data are shown for three separate animals aged 6 months (stars), 3 weeks (squares),
and 2 weeks (circles). Solid lines through the symbols are least-squares linear regression lines.
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