assimilated was derived from the at-
mosphere.

The results of the balance data agree
with these findings. The net absorption
of lead was 25 pg/day. Mean urinary
excretion of lead was 38 ug/day and
loss of lead from hair, nails, and sweat
was approximately 4 pug/day. Thus,
total lead output exceeded dietary in-
take by 17 wg/day, which presumably
came from the atmosphere. This value is
in general agreement with that derived
from the analysis of the isotopic blood
data. This is also consistent with a
value of about 16 ug/day calculated
from the measured indoor concentra-
tions of aerosol lead (about 2 wg/m?)
and reported values for absorption
rates of inhaled lead (7). The subject
smoked eight cigarettes per day of a
brand which contained 0.9 ug per cig-
arette, about one-fourth the amount in
the average American brand. From
previous reports (8) we estimate that
this subject absorbed about 1 ug/day
from tobacco; the remainder of the ab-
sorbed aerosol component is presumed
to come from the exhaust of leaded
gasoline (9).

When the subject ingested the low-
lead diet without supplemental lead,
the absorption rate of dietary lead did
not change. The lead excreted daily in
the urine and the blood lead concentra-
tion each decreased in proportion to the
change in the total amount of lead as-
sirhilated (Fig. 2), and the ratio (Ay,)
of lead excreted daily in the urine to
blood lead remained constant. When
the subject was fed an uncontrolled

hospital diet and smoked cigarettes at
will (days 160 to 220), the lead con-
centration in the blood, urine, and
feces increased to approximately the
values before the study (Fig. 2). Thus,
over this small range in exposure, no
homeostatic mechanisms for maintain-
ing lead concentrations in the blood
were seen.

MICHAEL B. RABINOWITZ

GEORGE W. WETHERILL
Institute of Geophysics and
Department of Planetary and Space
Science, University of California,
Los Angeles 90024

JoeL D. KorPLE

Medical and Research Services,
Veterans Administration, Wadsworth
Hospital Center, and Department of
Medicine, School of Medicine,
University of California, Los Angeles

References and Notes

1. R. Kehoe, Roy. Inst. Pub. Health Hyg. J.
24, 1 (1961).
2. J. Hursh and T. Mercer, J. Appl. Physiol.
28, 268 (1970).
3. M. Rabinowitz and G. Wetherill,
Sci. Technol. 6, 705 (1972).
J. Kopple and J. Coburn, Medicine, in press.
. D. Barltrop and A. Smith, Experientia 217,
92 (1971).
6. H. Schroeder and 1. Tipton, Arch. Environ.
Health 17, 965 (1968).
. K. Nozaki, Ind. Health 4, 118 (1966).
. D. Szadkowski, H. Schultze, K. Schaller,

Environ.

S

0 2

G. Lehnert, Arch. Hyg. Bakteriol. 153, 1
(1969).

9. T. Chow and M. Johnstone, Science 147, 502
(1965).

10. We thank D. Mulcare, R. Adachi, H. Dennin,
J. Lee, and the nursing staff of the metabolic
unit of Wadsworth Hospital Center for tech-
nical assistance; and the volunteer for his
efforts and cooperation. Supported in part
by NSF grant GI-38339. J.D.K. is a clinical
investigator for the Veterans Administration.

12 June 1973 ]

Temperature Sensitive Programming of the Silkmoth
Flight Clock: A Mechanism for Adapting to the Seasons

Abstract. When males of the silkmoth Antheraea pernyi were exposed to 12°C
during adult development and then tested for flight activity at 25°C, the time of
the onset of the activity was advanced to the early part of the night. This change
in the time of activity was stable and persisted through the life of the moth.
Females showed a corresponding shift in the time of sex pheromone release when

they were treated in the same fashion.

The behavior of the wild silkmoths is
a striking example of temporal coordi-
nation between the sexes (/). These in-
sects have developed an elaborate sys-
tem of chemical communication which
brings the partners together from dis-
tances of over a mile. During a specific
portion of the day or of the night the
female assumes a “calling” posture and
releases pheromone. This behavior coin-
cides with the time of male flight ac-
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tivity (2), and the coincidence of female
pheromone release with male flight ac-
tivity increases the probability that a
male will encounter the odor plume
from a female and that attraction
and copulation will occur. We here
report that the time of flight activity
is not rigidly programmed, but it
varies in a way that is related to the
temperature of the environment during
the development of the moth. This

temperature sensitivity presumably al-
lows the species to adjust its activity
to anticipate seasonal fluctuations in
daily temperature patterns.

Chilled pupae of the oak silkmoth,
Antheraea pernyi, were exposed to a
photoperiod consisting of 16 hours light
and 8 hours dark (LD 16:8) at
25°C to terminate diapause. When adult
development began 3 to 4 days later,
groups of animals were exposed for
various times to a LD 16 :8 cycle
at 12°C. The remainder of develop-
ment occurred at 25°C. Shortly before
emergence the moths were placed in
activity-monitoring devices (3) with a
photoperiod of LD 16 : 8 at 25°C.

The environmental temperature dur-
ing the development of adult moths had
a marked effect on the subsequent time
of flight of male moths. Male A. pernyi
exposed to temperatures of 25°C
throughout development had a single
peak of intense flight activity (Fig. 1).
Flight began an average of 5.3 hours
after lights off and ended abruptly with
lights on. Males that were exposed to
temperatures of 12°C during develop-
ment and which were subsequently
tested at 25°C began flying 1.3 hours
after lights off. Their activity was very
dispersed and there was intermittent
flight through most of the night. Flight
often ceased prior to lights on. This
shift in the onset of activity was rela-
tively stable: through the 7- to 10-day
life-span of the adult there was only a
slight drift in the time of flight initia-
tion. '

In an attempt to define a stage in de-
velopment which was important in the
determination of the timing of flight
activity, the 20 days of adult develop-
ment were arbitrarily divided into three
equal portions (4) and groups of A.
pernyi were exposed to all combinations
of temperatures of 25°C and 12°C dur-
ing these three time periods. No single
developmental period was solely respon-
sible for the resetting of the clock
(Table 1). None of these treatments re-
sulted in as prominent a shift in the
time of the initiation of flight activity as
that observed when the moths were ex-
posed to temperatures of 12°C through-
out development.

When the moths were exposed to the
lower temperature during two of the
developmental periods, the responses
were more pronounced. Exposure to
12°C during the last two-thirds of de-
velopment was almost as effective as
exposure to 12°C throughout develop-
ment. The temperature . experienced
through day 7 of development was
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Table 1. The effect of developmental temperature on the subsequent time of flight activity of

male Antheraea pernyi moths.

duri ];jemplerature oC Time of Change in

Group Moths uring development (°C) flight time of -
(No.) First Second Last onset* onsett
third third third (hours) (hours)

1 10 25 25 25 53+1.1

2 5 12 25 25 45+ 09 — 0.8
3 9 25 12 25 3.4+09 — 1.9
4 5 25 25 12 2.8 +0.6 — 2.5
S 9 12 12 25 . 2.6 0.8 — 2.7
6 9 12 25 12 29=+09 —24
7 8 25 12 12 19 += 0.6 — 3.4
8 10 12 12 12 13+06 — 4.0

* PData from second, third, and fourth days after emergence for each moth are included; measured

as hours after lights off in a LD 16 : 8 photoperiod at 25°C (mean == standard deviation).

to 25°C controls,

of minimal consequence. The results of
these temperature pulse experiments
show that there is a broad develop-
mental period during which the flight
clock can be influenced by tempera-
ture. A short exposure to low tempera-
tures has little impact, but prolonged
exposure over a number of days results
in a progressive advance in the time
of flight activity.

The effect of developmental tempera-
ture on the phase of the flight rhythm is
not due to transient perturbations
caused by the temperature shift from
12° to 25°C. When A. pernyi males are
subjected to a 6-hour shift in the
photoperiod cycle, the new steady-state
rhythm is characteristically attained
within one cycle. One would similarly
expect that transient effects of a tem-
perature shift would likewise subside
within one or two cycles. Moreover, in
the 12°C group individuals were re-

T Relative

turned to 25°C at the beginning, mid-
dle, and end of the 16-hour photophase.
The time of transfer (and, thus, of the
temperature step) had no effect on the
subsequent time of flight beyond a
transient effect seen on the first day
after the switch.

The response of A. pernyi males to
constant darkness is variable, but, under
these conditions, some individuals show
a free-running rhythm of flight activity
during their life-span (5). Thus, this be-
havior is controlled by an endogenous
circadian clock. The effects of tempera-
ture on circadian rthythms are well
documented (6). This is the first report
that environmental temperature during
development can alter the phase of a
rhythm and that this change will con-
tinue long after the temperature stimu-
lus is removed. The mechanism with
which the change in phase occurs is un-
known. One possible hypothesis is that

Fig. 1. Event recorder

records of the activity

of six male Antheraea

pernyi moths which

e ]
24 06 I‘E i8 24
TIME
A e -
:
B -
— :
N ,
C 5 “a
— - T ~v

. were exposed to a LD

16 : 8 photoperiod

regimen at 25°C. Each

moth lived for ap-

proximately 1 week

after emergence. (A

to C) Individuals that

had experienced 25°C

throughout develop-

ment; (D to F) indi-

viduals that had expe-

rienced 12°C through-

out development.

‘‘‘‘‘
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the change in phase is an indirect result
of a permanent alteration in the free-
running period of the activity clock.
There are a number of examples of
temperature influencing the period of a
free-running rhythm (6). However, in
most cases low temperatures have a
slight lengthening effect on the period
(6). Under photoperiod conditions this
lengthening would then produce a delay
in the entrained rhythm (7)—exactly
the opposite result from that reported
here. It therefore appears more likely
that the temperature acts directly either
by changing the coupling between the
circadian clock and flight behavior or
by triggering flight activity at a differ-
ent time in the circadian cycle.

The dependence of flight time on
developmental temperature apparently
allows A. pernyi males to better adjust
to seasonal changes in temperature. In
another, large, wild silkmoth, Hyalo-
phora cecropia, the metabolic energy
necessary for flight increases by 50 per-
cent when the ambient temperature is
lowered from 25° to 18°C (8). Since
the adult moth has a limited energy
store, the lower temperature reduces
the amount of time that the animal can
spend in flight (8). These restrictions un-
doubtedly also hold for 4. pernyi. In-
dividuals that emerge in the late spring
from overwintering pupae would, there-
fore, have a much reduced flight ca-
pacity if activity were delayed until 6
hours after dusk [the coldest part of the
night (9)]. However, the cool spring
temperatures during development would
act to advance the onset of flight to
shortly after dusk—a warmer and thus
energetically more favorable part of the
night. Males would then be allowed
more flight time and, consequently,
would have a greater chance of finding
a female before the night temperatures
becanie too restrictive.

This interpretation seems reasonable
because low temperature treatments had
no significant effect on the time of
flight of the female. Females reared at
25°C began flight activity at 0.2 = 0.2
hours after lights off (32 days of activity
from eight moths), whereas females
reared at 12°C started activity at 0.3 ==
0.2 hours after lights off (32 days of
activity from eight moths). This result
was expected because female 4. pernyi
normally fly during the warm time of
dusk. However, the cool developmental
temperatures did alter the time of
pheromone release. Under continuous
exposure to 25°C calling behavior
begins approximately 6 hours after
lights off (2, 10). When females de-
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veloped at 12°C, the onset of calling
behavior was advanced to 1.9+ 0.9
hours after lights off (21 days of data
from six females) (/). Pheromone re-
lease in the female is shifted so that it
coincides with the flight time of simi-
larly treated males. Thus, temporal co-
ordination between the sexes is pre-
served because both partners respond
in a complementary fashion to chang-
ing environmental temperatures.
JAMES W. TRUMAN*
Biological Laboratories,
Harvard University,
Cambridge, Massachusetts 02138
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Human Visual Ecology and Orientation Anisotropies in Acuity

Abstract. The visual environment of Cree Indians from the east coast of James
Bay, Quebec, is different from that of city-raised Euro-Canadians. So also are
their corresponding orientation anisotropies in visual acuity. A Euro-Canadian
sample exhibited the usual higher resolution for vertically and horizontally ori-
ented gratings as compared with obliqué orientations, while a Cree Indian sample
did not. The most parsimonious explanation of these acuity differences is that
orientation-specific detectors in humans are tuned by the early visual environ-

ment.

Human visual acuity varies with
stimulus orientation, being highest for
lines oriented horizontally and verti-
cally and poorest for lines oriented
45° to the left and right of vertical
(I, 2). Furthermore, this orientation
anisotropy is not produced by asym-
metries in the dioptrics of the eye (3),
and the neural origin of this effect is
proximal to the origin of the electro-
retinogram (2).

Selective early visual experience of
cats alters not only the perceptual but
also the physiological responses of the
visual system (4). Kittens raised in a
visual environment consisting solely of
vertical or horizontal stripes are func-
tionally blind to orthogonally oriented
contours, and no neurons in their visu-
al cortices appear to be tuned to this
orientation. That similar effects result
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from partial visual deprivation in hu-
mans has been suggested by studies
.(5) demonstrating that certain astig-
matic subjects, after perfect optical
correction, still exhibit a marked im-
pairment in the resolution of contours
in the plane of their astigmatism.

We present evidence here that the
orientation anisotropy in visual acuity
might also be the result of differential
early visual experience. A sample of
Euro-Canadians raised in a “carpen-
tered” (6) environment, with its pre-
ponderance of vertical and horizontal
contours, showed the usual anisotropic
acuity pattern, while a Cree Indian
sample raised in a traditional setting
that presents a more heterogeneous
array of contour orientations did not
exhibit this effect.

The Euro-Canadian sample consisted

of 20 university students (10 male and
10 female) from Kingston, Ontario.
All subjects in this group were raised
in and around typical North American
houses and buildings, which provide a
visual environment with a marked pre-
dominance of vertical and horizontal
contours. The Cree sample consisted
of 16 people (10 male and 6 female)
from Wemindji, a small Indian village
on the east coast of James Bay in
northwest Quebec (79° longitude, 53°
latitude). These subjects had all been
raised in traditional housing, which
alternated between a summer cook tent
or meechwop (Fig. 1) and a winter
lodge or matoocan (7). These struc-
tures, both internally and externally,
present contours in virtually all orien-
tations. Similarly, the taiga, consisting
of coniferous trees, presents contours
in many orientations. There are many
horizontal and vertical contours in this
environment (horizon, tree trunks, and
so forth), but they do not predominate
as they do in the carpentered environ-
ment. Cross-cultural data indicate that
the spatial-perceptual abilities of both
groups are high and comparable (8),
and that both the Cree and English
languages are rich in orientation-
specific terms.

To measure orientation anisotropies
in visual acuity, we constructed an
apparatus that permitted a grating pat-
tern to be rotated to various orienta-
tions. This device was constructed of
Plexiglas and consisted of a white disk
10.5 cm in diameter surrounded by a
black annulus 15.5 cm in outside
diameter. The central disk was covered
with a clear plastic sheet on which
was printed a grid of black stripes
0.15 mm wide, with a spatial fre-
quency of 15.75 line/cm (Letratone
LT 70). A bolt mechanism with ap-
propriately positioned holes permitted
the experimenter to rotate and lock the
grating pattern into either the hori-
zontal, vertical, or left or right oblique
orientations. The apparatus, mounted
on a black wooden stand, was kept
perpendicular to the surface of the
table on which it was placed. To elimi-
nate the need for verbal responses, we
constructed a simple response indi-
cator, which consisted of a white disk
10 cm in diameter with a black pointer
mounted in the center and the four
stimulus orientations marked at the
circumference.

Subjects were seated in turn at one
end of a 3.7-m table and instructed in
their mother tongue how to respond to
the stimuli. They were told to turn the
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