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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 
(1-4). Females of H. zea have been 
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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 1.1( 0.4 to 1.9) 1.0( 0.1 to 1.56) 
(Z)-9-Hexadecenal 1.7 ( 1.1 to 2.4) 1.3( 0.3 to 2.34) 
(Z)-1 1-Hexadecenal 92.4 (89.8 to 95.7) 81.4 (76.8 to 91.1) 
Hexadecanal 4.4( 1.8to 7.1) 9.5( 3.0to 19.0) 
(Z)-9-Tetradecenal 2.0( 0.7 to 3.1) 
Tetradecanal 1.6( 0.7 to 2.7) 
(Z)-ll-Hexadecen-l-ol 3.2( 0.9to 4.5) 
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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). 

Males per trap per night 
Stimulus in trap 

H. zea H. virescens 

Test 1 
115.5 Lg of (Z)-ll-hexadecenal 0.3 b 0 
133.6 jug of mixture A* 11.7 a 0 
Heliothis zea (four females) 12.0 a 0 

Test 2 
115.5 ,ug of (Z)-ll-hexadecenal + 0 7.8 c 

6.9 /g of (Z)-9-tetradecenal 
151.8 ug of mixture B* 0 38.1 a 
Heliothis virescens (four females) 0 21.7 b 

*Mixture A consisted of 2.6 ,ug of (Z)-7-hexadecenal, 4.5 t/g of (Z)-9-hexadecenal, 11.0 tug of hexadecanal, 
and 115.5 /g of (Z)- 1-hexadecenal. Mixture B contained the same chemicals plus 6.9 ,ug of (Z)-9-tetradecen- 
al, 2.3 ug of tetradecanal, and 9.0 /xg of (Z)- 11-hexadecen-l-ol. 
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shown to produce (Z)-ll-hexadecenal (1, 
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)-l 1-hexadecenal (2, 3), but in this spe- 
cies a small amount of (Z)-9-tetradecenal 
is also produced. The binary mixture 
[(Z)- 1-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. 

In H. zea and H. virescens, female sex 
pheromones are secreted by glandular 
cells situated in the intersegmental mem- 
brane (5) 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 qtalitatively from H. zea washes 
in that they contained components 5 to 7 
(Fig. IB). These components proved to 
be (Z)-9-tetradecenal, tetradecanal, and 
(Z)- 1-hexadecen-l-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)-l 1-hexadecenal 
(about 10 to 20 ng per female). Field 
bioassays (10) subsequently showed that 
the trace compounds we detected in the 

U) 
cu 

0 

u) 
U) 

I 

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)-l 1-hex- 
adecenal; 4, hexadecanal; 5, (Z)-9-tetra- 
decenal; 6, tetradecanal; and 7, (Z)-1!- 
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)-ll-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)-l 1-hexadecen- -ol (Fig. 1, 
components 5 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)-ll-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)-l 1-hexadecenal, make for ef- 
fective male attractants for both species. 
In case ofH. virescens, the new lure is at 
least five times more effective than the 
one previously available. 
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system and a flame ionization detector. Apolar 
(SP2100) and polar (SP1000) 60 m by 0.25 m (in- 
side diameter) glass open tubular capillary col- 
umns were used. Conditions of the chromatog- 
raphy were: helium flow 2 cm3/min at 120?C; in 
jector, 225?C; injector purge, 1.1 minute after in- 
jection; and temperature programmed 120?C at 
injection and held for 2 minutes followed by 
heating at 30?C per minute to 180?C (SP 1000) 
column) or 200?C (SP2 100 column). 

8. Combined glass open tubular capillary chroma- 
tography-mass spectrometry (GOTC-MS) stud- 
ies of washings of the ovipositor from H. zea 
and H. virescens were conducted with a Finni- 
gan model 4000 mass spectrometer equipped 
with Finnigan model 6110 data system. Heptane- 
soluble components were also epoxidized and 
studied by GOTC-MS to establish the position 
of unsaturation in the carbon chain of the olefin- 
ic compounds. The geometry of the olefins was 
determined by capillary chromatography reten- 
tion data (J. A. Klun et al., in preparation; J. A. 
Klun et al., J. Chem. Ecol., in press). 

9. All Z olefinic compounds, except (Z)-9-hex- 
adecenal, were prepared by the reaction of lith- 
ium acetylides with tetrahydropyranyl ethers 
of halohydrins in tetrahydrofuran-hexamethyl- 
phosphorotriamide [M. Schwarz and R. M. Wa- 
ters, Synthesis 10, 567 (1972)]; hydrogenation to 
the Z olefin followed the method of C. A. Brown 
and V. K. Ahuja [J. Org. Chem. 38, 2226 
(1973)], and oxidation of the resulting olefinic al- 
cohols to aldehydes was by the method of R. W. 
Ratcliffe [Org. Synth. 55, 84 (1976)]. (Z)-9-Hex- 
adecenal was prepared by reduction of methyl 
palmitoleate (Tridom Chemicals Inc., Haup- 
pauge, N.Y. 11787) with LiAlH4 and subsequent 
oxidation to the aldehyde. Hexadecanal was 
prepared by oxidation of hexadecan-l-ol (Al- 
drich Chemical Co., Inc., Milwaukee, Wis. 53233) 
and tetradecanal was purchased from Aldrich 
Chemical Co., Inc. The compounds were purified 
first by high-pressure liquid chromatography on 
AgNO3-impregnated silica or silica, with toluene 
as eluent, and subsequent gas-liquid chromatog- 
raphy showed purity > 99 percent. 

10. Field tests were conducted in cotton fields near 
Tifton, Ga. Insect traps were baited nightly with 
cotton dental rolls (test 1) or cigarette filters (test 
2) that were freshly treated with heptane solu- 
tion containing test chemicals plus 5 jig 2,6- 
bis(l,1-dimethylethyl)-4-methylphenol, as anti- 
oxidant. Virgin females (5) used in the tests were 
24 to 72 hours old. In test 1, three wind-vane- 
type insect traps [U.S. Dep. Agri. ARS-S- 
173 (1978)] were used. The test was conducted 
in a complete randomized-block design. Treat- 
ment locations in the field were randomized 
nightly, and the test was replicated over six 
consecutive nights. In test 2, three electric grid 
traps [U.S. Dep. Agri. ARS-S42-3-1, (1963)] 
were used. The test was conducted over 25 
nights, and treatment locations in the field 
were randomized every 5 days. 
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and W. D. Perkins for supply of insects; T. Kiss, 
American Agricultural Industries, Inc., Chi- 
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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. 
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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 (1-3). 

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 (1, 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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