w

NS

N

18.

20.

21.

22.

References and Notes

. E. Aserinsky and N. Kleitman, Science 118, 273
(1953); W. Dement and N. Kleitman, Electroen-
cephalogr. Clin. Neurophysiol. 9, 673 (1957).

. The term ultradian is used to refer to oscillations
with frequencies greater than one per day (peri-
ods shorter than 24 hours) [F. Halberg, Int. J.
Chronobiol. 1, 31 (1973)].

. A. Rechtschaffen and A. Kales, Eds., A Manual
of Standardized Terminology, Techniques and
Scoring System for Sleep Stages of Human Sub-
jects (Public Health Service, Government Print-
ing Office, Washington, D.C., 1968).

. N. Kleitman, Sleep and Wakefulness (Univ. of
Chicago Press, Chicago, 1963); in Sleep: Physi-
ology and Pathology, A. Kales, Ed. (Lippincott,
Philadelphia, 1967).

. D. Kripke, in Advances in Sleep Research, E.
Weitzman, Ed. (Spectrum, New York, 1974);
M. Sterman and T. Hoppenbrouwers, in Brain
Development and Behavior, M. Sterman, D.
McGinty, A. Adimolfi, Eds. (Academic Press,
New York, 1971).

. M. Jouvet, Arch. Ital. Biol. 111, 564 (1973); L.

Van Valen, Biol. Psychol. 15, 19 (1973).

. R. Broughton, Can. Psychol. Rev. 16, 217
(1975).

. A. Rechtschaffen, in The Psychophysiology of
Thinking, F. McGuigan and R. Schoonover,
Eds. (Academic Press, New York, 1973).

. L. Goldstein, N. Stoltzfun, J. Gardocki,
Physiol. Behav. 8, 811 (1972).
. S. Friedman, Am. Psychoanal. Q. 15, 317

(1967); D. Kripke, Psychosom. Med. 34, 221
(1972); 1. Oswald, J. Merrington, H. Lewis, Na-
ture (London) 225, 959 (1970).

. P. Lavie, C. Levy, F. Collidge, Physiol. Psy-
chol. 3, 144 (1975).

. W. Orr and H. Hoffman, IEEE Trans. Biomed.

Eng. BME-21, 130 (1974).

. W. Orr, H. Hoffman, F. Hegge, Aerosp. Med.

45, 995 (1974).

. D. Kripke and D. Sonnenschein, in The Stream

of Consciousness, K. Pope and J. Singer, Eds.
(Plenum, New York, 1978).

. K. Destrooper and R. Broughton, Psycho-

physiology 6, 231 (1969); G. G. Globus, in The
Sleeping Brain, M. Chase, Ed. (Brain Informa-
tion Service/Brain Research Institute, Universi-
ty of California, Los Angeles, 1972), pp. 211-
213; P. Lavie, Physiol. Psychol. 2, 107 (1974).

. J. Bogen, Bull. Los Angeles Neurol. Soc. 34,
135 (1969); S. Dimond and J. Beaumont, Eds.
Hemisphere Function in the Human Brain
(Wiley, New York, 1974).

. G. Cohen, Percept. Psychophys. 11, 139 (1972);

M. Gross, ibid. 12, 357 (1972); G. Geffen, J.
Bradshaw, N. Nettleton, J. Exp. Psychol. 95, 25
(1972).

In our initial test of this hypothesis (presented at
the Annual Meeting of the Canadian Psychologi-
cal Association, Vancouver, B.C., 8 to 10 June
1977) latencies to discrete presentation of the
letter and pattern pairs were collected under
computer control. The results from a single sub-
ject who was tested in four 8-hour sessions were
consistent with those reported here.

. Subjects recorded any thoughts they had at the
end of each 15-minute period.

All analyses were performed on a PDP-11 com-
puter with software provided by DEC (Sparta)
or written by R.K.

In one method (rank test) the power spectra val-
ues (root power) for each subject were ranked in
order of increasing values from 1 to 16. For each
period, a mean rank across the eight subjects
was computed. Mean ranks above 12.3 are larg-
er than one would expect by chance at the .01
level (one-tailed test). In the second method
(randomization test) 500 random orderings of
each subject’s scores for each task were sub-
jected to Fourier analysis. For each subject,
task, and period, the mean root power and stan-
dard deviation of root power of the random se-
quences were used to determine the probability
of obtaining, by chance, a root power as large or
larger than that actually observed. The probabil-
ities for each task and period were combined
across subjects according to a method devel-
oped by R. A. Fisher [see W. Wallis, Econo-
metrika 10, 229 (1942) for a discussion] to deter-
mine for the group as a whole which periods had
consistently larger peaks than would be ex-
pected by chance at the .01 level.

For each subject, the phase difference between
the approximately 96-minute oscillations in spa-
tial and verbal performance is represented on
the circumference of the unit circle. Each of
these points was treated as the end of a vector
from the center, and their averaged vector sum
(arrow in Fig. 1C) was computed. In this case,
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the length exceeds that required for significance
at the .01 level (inner circle of Fig. 1C) [J.
Greenwood and D. Durand, Ann. Math. Stat.
26, 233 (1955)]1.

23. For each subject, the phase of the oscillations in
the difference scores (verbal minus spatial per-
formance) was used to determine the amount
and direction of shift, which was then applied to
both tasks. A three-point smooth, 0.25G —
1) + 0.5¢) + 0.25(G + 1), was used to eliminate
high-frequency oscillations and noise. Over-
hanging points (those contributed by fewer than
eight subjects) have been dropped from Fig. 1D.

24. Complete verification of the proposal outlined
by Broughton (7) requires the demonstration
that these daytime oscillations in performance
reflect changes in hemispheric functioning and
that they bear an appropriate phase relation to
the alternation between REM and NREM stages
of sleep.
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Trace Chemicals: The Essence of Sexual Communication

Systems in Heliothis Species

Abstract. Analysis of heptane-soluble compounds from ovipositors of Heliothis
zea and Heliothis virescens shows that both species produce relatively large
amounts of (Z)-11-hexadecenal, with traces of (Z)-9-hexadecenal, (Z)-7-hex-
adecenal, and hexadecanal. Heliothis virescens females differ from Heliothis zea in
that they also produce trace amounts of tetradecanal, (Z7)-9-tetradecenal, and (Z)-11-
hexadecen-1-ol. In both species, trace compounds are essential to pheromonal activ-

ity and specificity of chemical signals.

The moths of Heliothis zea (Boddie)
and H. virescens (F.) are among the most
devastating pest insects of American ag-
riculture. The species infest a wide range
of crops, including cotton, corn, soy-
beans, sorghum, peanuts, tobacco, to-
matoes, cabbage, and lettuce. We report
the identification of trace chemicals that

heretofore have gone undetected in fe-
males of these pests and show that the
newly discovered compounds are essen-
tial elements in the chemical signaling
systems of these species.

The sex pheromones of H. zea and H.
virescens have been studied by others
(I4). Females of H. zea have been

Table 1. Percentage composition of heptane washes from seven Heliothis zea and six H. vires-
cens female ovipositors determined by capillary chromatographic analysis. Mean values and the
range (in parentheses) of analytical values are shown.

X percentage (range)

Component

H.zea

H.virescens

(Z)-7-Hexadecenal
(Z)-9-Hexadecenal
(Z)-11-Hexadecenal
Hexadecanal
(Z)-9-Tetradecenal
Tetradecanal
(Z)-11-Hexadecen-1-ol

1.1( 0.4t0 1.9
1.7( 1.1to 2.4)
92.4(89.81t095.7)
4.4(18t0 7.1)

1.0( 0.1to 1.56)
1.3(03to 2.34)
81.4(76.8t091.1)
9.5( 3.0t019.0)
20(0.7to0 3.1
1.6 ( 0.7to 2.7)
32(09to0 4.5

Table 2. Responses of male Heliothis zea and H. virescens to synthetic compounds and to virgin
females of the respective species (8). Means followed by the same letter are not statistically
different from each other according to Duncan’s multiple range test (P = .05).

Stimulus in trap

Males per trap per night

H. zea H.virescens

Test 1
115.5 ug of (Z)-11-hexadecenal 03b 0
133.6 ug of mixture A* 11.7a 0
Heliothis zea (four females) 12.0a 0

Test 2
115.5 ug of (Z)-11-hexadecenal + 0 7.8¢c

6.9 ug of (Z)-9-tetradecenal

151.8 ug of mixture B* 0 38.1a
Heliothis virescens (four females) 0 21.7b

*Mixture A consisted of 2.6 ug of (Z)-7-hexadecenal, 4.5 ug of (Z)-9-hexadecenal, 11.0 ug of hexadecanal,
and 115.5 ug of (Z)-11-hexadecenal. Mixture B contained the same chemicals plus 6.9 ug of (Z)-9-tetradecen-
al, 2.3 ug of tetradecanal, and 9.0 ug of (Z)-11-hexadecen-1-ol.
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shown to produce (Z)-11-hexadecenal (/,
2), but this compound lacks the biologi-
cal activity characteristic of an insect
pheromone and does not lure males to
traps. Female H. virescens also produce
(Z)-11-hexadecenal 2, 3), but in this spe-
cies a small amount of (Z)-9-tetradecenal
is also produced. The binary mixture
[(Z)-11-hexadecenal and (Z)-9-tetradec-
enal, 16:1] was sufficiently attractive to
be useful as a trap lure, but male respon-
siveness to the 16:1 synthetic mixture
was not always equivalent to the respon-
siveness to crude solvent extracts of vir-
gin females (3). Tumlinson et al. there-
fore speculated (3) that additional com-
ponents might be produced by H.
- virescens females.

InH. zea and H. virescens , female sex
pheromones are secreted by glandular
cells situated in the intersegmental mem-
brane (§) between the eighth and ninth
abdominal segments that make up the
ovipositor. The ovipositor is usually tele-
scoped into the seventh abdominal seg-
ment. However, when the female emits
pheromone, the ovipositor is extended,
and male-attractive chemicals evaporate
from its surface.

~We analyzed the heptane washes of
single ovipositors (6) for volatile com-
ponents by glass open-tubular capillary
chromatography (7). Repetitive analyses
of washes from individual H. zea and H.
virescens showed that the material from
females of each species had reproducible
but distinct chromatographic profiles
(Fig. 1, A and B). Although quantitative
variations between individual females
were observed, four chromatographic
components were consistently detected
in washes from H. zea and seven com-
ponents were found in those from H. vi-
rescens. The retention times of com-
ponents 1 to 4 (Fig. 1), which were de-
tected in both species, were coincident
with the retention times of authentic (Z)-
7-hexadecenal, (Z)-9-hexadecenal, (Z)-
11-hexadecenal, and hexadecanal, re-
spectively, on both polar and nonpolar
capillary columns. The mass spectra (8)
of the respective components were also
identical to those of the authentic sam-
ples (9). Heptane washes of H. virescens
differed qtialitatively from H. zea washes
in that they contained components 5 to 7
(Fig. 1B). These components proved to
be (Z)-9-tetradecenal, tetradecanal, and
(Z)-11-hexadecen-1-ol, respectively, ac-
cording to chromatographic and mass
spectral characterization 8). The data in
Table 1 show that there was considerable
intraspecific quantitative variation in the
composition of the wash components
from one female to another.
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The most abundant component of hep-
tane washes of both H. zea and H. vires-
cens ovipositors was (Z)-11-hexadecenal
(about 10 to 20 ng per female). Field
bioassays (/0) subsequently showed that
the trace compounds we detected in the

Response

10 30 50

) Time (minutes)
Fig. 1. Gas chromatograms of heptane wash-
ings of ovipositors of individual female He-
liothis. zea (A) and H. virescens (B). Chro-
matograms [60 m by 0.25 mm (inside di-
ameter) SP 2100 glass open-tubular capillary
column] of the washes from respective spe-
cies are displayed as mirror images to accen-
tuate the qualitative differences. 1, (Z)-7-hex-
adecenal; 2, (Z)-9-hexadecenal; 3, (Z)-11-hex-
adecenal; 4, hexadecanal; 5, (Z)-9-tetra-
decenal; 6, tetradecanal; and 7, (£)-11-
hexadecen-1-ol. The major chromatographic
component 3 was always well off printer-plot-
ter scale. Other unnumbered trace chromato-
graphic peaks in (A) and (B) are unknowns
that did not appear with regularity in washes
from all females.

respective insects are essential to the
chemical signaling systems of the two
species (Table 2). (Z)-11-Hexadecenal by
itself was ineffective as a lure for males
of either insect, and a mixture of (Z)-9-
tetradecenal and (Z£)-11-hexadecenal was
only weakly attractive to H. virescens
males.

In contrast, when the full chemical
complements identified from the H. zea
and H. virescens females were deployed
in traps, male responses equaled or ex-
ceeded those elicited by virgin females of
the respective species. The males were
specifically attracted only to the synthet-
ic mixture that was representative of
their own species, even though both spe-
cies were present in the fields. Inasmuch
as washes from the H. virescens oviposi-
tor differ from those of H. zea by the
presence of (Z)-9-tetradecenal, tetrade-
canal, and (Z)-11-hexadecen-1-ol (Fig. 1,
components § to 7), the observed speci-
ficity of pheromonal signals must result
from the presence of one or more of
these three compounds. We do not fully
understand the ethological roles of all
compounds produced by H. zea and H.
virescens females; however, indications
are that (Z)-11-hexadecenal, (Z)-9-hex-
adecenal, (Z)-7-hexadecenal, and hex-
adecanal (Fig. 1, components 1 to 4) rep-
resent a congeneric biochemical theme.
Whether other species of Heliothis also
reflect this theme and which compounds
in the set might have pheromonal func-
tion in one species but not in another re-
main to be determined.

No effective synthetic male lure has
been available for monitoring H. zea
populations. However, appropriate com-
binations of the trace compounds that we
identified from H. zea and H. virescens
with the principal pheromone com-
ponent, (Z)-11-hexadecenal, make for ef-
fective male attractants for both species.
In case of H. virescens, the new lure is at
least five times more effective than the
one previously available.
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Development of the Capacity for Tactile

Information Transfer Between Hemispheres in Normal Children

Abstract. The hypothesis of less direct interaction between hemispheres in young
children was supported by a behavioral test. Fabric samples were compared with
either the same hand (same hemisphere) or with opposite hands (between hemi-
spheres). Crossed. errors were a significantly larger proportion of total errors in 3-

year-olds than in 5-year-olds.

Interaction between the two halves of
the brain is mediated in part by the neo-
cortical commissures. Developmental
studies may offer a key to understanding
hemispheric cooperation and conflict be-
cause the corpus callosum and other
commissures are not completely formed
at birth and mature very slowly. In very
young children, therefore, there may be
little communication between the hemi-
spheres; they may each function rela-
tively independently as in adult ‘‘split-
brain’’ patients who have had the con-
nections surgically severed (/-3).

The sequence of myelination in a given
pathway has been taken as an index of
the sequence of functional maturity. The
corpus callosum is one of the last sys-
tems to begin and to complete myelina-
tion. In humans, myelination of the cor-
pus callosum does not begin until the end
of the first year; it is reported to be sub-
stantially advanced by age 4 and contin-
ues. to increase to age 10 and beyond 4,
5). Thus, the principal anatomical sub-
strate for interhemispheric integration
develops only slowly over the first dec-
ade of life. Recent electrophysiological
evidence also supports this view (6).

Different functional components in the
neocortical commissures may myelinate
at different times, some callosal func-
tions being fully established while others
are still completely undeveloped. It is
therefore important to test the behavior
of young children and establish which as-
pects of hemispheric integration are
functionally mature at different ages.

Since each hemisphere receives sen-
sory input primarily from one side of the
body or one visual half-field, an impor-
tant commissural function is the simple
transfer of sensory information between
hemispheres, which makes possible a
world picture integrated across the mid-
line. For example, an inability to per-
form crossed tactile matching has been
demonstrated as an enduring effect of
surgical disconnection of the commis-
sures (I, 7). We have investigated the de-
velopment of commissural transfer in
young children with a simple texture dis-
crimination test. Tactile matching with
the same hand (same hemisphere) and
between hands (between hemispheres)
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was compared in 3- and 5-year-olds. We
predicted that the 3-year-olds would
show more frequent errors in the crossed
condition than in the uncrossed, and that
5-year-olds would show less if any dif-
ference between crossed and uncrossed
errors. ‘

Fifteen 3-year-old and 15 5-year-old
right-handed girls (8) were tested. Ap-
proximately half of each age group was
black and half white. The children were
drawn from several San Francisco nur-
sery schools including a working-class
day-care center and an upper-middle-
class private school. Handedness was
assessed by asking the child to demon-
strate the use of a pencil, spoon, comb,
hammer, toothbrush; to pick up a coin;
and to throw a ball. Right-handed re-
sponses were required on at least five of
the seven items, and had to include right-
handed use of the pencil. Screening in-
formation was gathered from parents and
teachers; children who did not speak
English at home or who had neurologi-
cal, cognitive, or emotional problems
were disqualified.

In testing very young children it is im-
portant to ensure that they understand
and can comply with the demands of the
task. We therefore developed screening
and training procedures for the 3-year-
olds to be certain that they had devel-
oped the concept of ‘‘same’ and ‘‘dif-
ferent”” and that they could and would
use these verbal responses reliably (9).

Cotton-filled pillows approximately 2
inches square were covered with fabrics
of various textures—linen, denim, ray-
on, rough wool, and so forth—and di-
vided into sets of four different pillows
each. In one set, each fabric was quite
different from the others (‘‘easy’’), in
one set they were quite similar (**diffi-
cult’’), and the other two sets were ‘‘me-
dium easy’” and ‘‘medium difficult.”

In order to eliminate ceiling effects, we
tested each child to find a set of fabrics
which, for her, elicited 15 to 30 percent
errors in the uncrossed condition. This
procedure left room to observe an excess
of crossed errors (maximum = 50 per-
cent). Thus, different materials were
used for different children.

At the beginning of each tactile testing
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