
drills barnacles or mussels (19). The dor- 
sal varix, however, would not contribute 
to this stability and would tend to make 
the animal more sensitive to water move- 
ment. It is also quite possible that the 
varix arrangement of C. foliatum repre- 
sents a combined response to several 
factors, of which fish predation is only 
one. 

A linking of form with function is the 
closest approximation of adaptive signif- 
icance that one can achieve for species 
whose evolutionary history is not pre- 
cisely known. The correlated occurrence 
of C. foliatum's unique falling behavior 
with a known source and specific type of 
mortality strongly suggests an adaptive 
response. 

ALLISON R. PALMER 
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Auditory Evoked Potentials as Probes of 

Hemispheric Differences in Cognitive Processing 

Abstract. The amplitude of auditory evoked potentials recorded from the cerebral 
hemispheres to pairs of task-irrelevant tones was related to differential hemispheric 
engagement in ongoing cognitive activity (for example, verbal versus musical). The 
hemisphere hypothesized to be most engaged in the ongoing cognitive task, as com- 
pared to the unengaged hemisphere, produced a greater potential difference between 
the temporal and reference electrode to the second of the tone pairs. These findings 
are related to "fast habituation" and "recovery cycle." 

Evidence from clinical and behavioral 
studies has indicated that, for the major- 
ity of right-handed people, the left hemi- 
sphere plays the more active role in the 
processing of analytical (for example, 
linguistic) information, and the right 
hemisphere plays the more active role in 
holistic (for example, spatial and musi- 
cal) information processing (1). Re- 
cently, attempts have been made to 
study this lateralization of brain function 
in intact subjects by using neurophysio- 
logical techniques such as the electroen- 
cephalogram (EEG) and evoked poten- 
tial (2-5). Although these investigations 
have tended to support the clinical-be- 
havioral observations, the results have 
not been overwhelmingly convincing and 
many have been criticized for their meth- 
odological shortcomings (6). For ex- 
ample, Galambos et al. (7, p. 282) con- 
cluded, "The interhemispheric electro- 
physiological differences reported to 
date, however, are so tiny as to be barely 
believable. Hence, either the evoked re- 
sponse method is virtually blind to the 
crucial events we believe must be there, 
or the hemispheric differences are barely 
present in the conditions under which 
the measurements are currently being 
made. " 

In previous auditory evoked potential 
(AEP) studies of cerebral lateralization, 
AEP's were elicited directly by relevant 
speech or nonspeech stimuli (2, 3, 6, 7). 
Further, most previous studies had little 

control over the subject's level of arous- 
al or his involvement in the task. For ex- 
ample, subjects may have been told to 
simply listen to the incoming stimuli 
(2,4). 

We now report a study in which we 
have successfully assessed lateralization 
of brain function by using the AEP as a 
"probe" of ongoing cognitive processing 
of information. We were able to obtain 
reliable AEP changes that were related 
to the subject's mode of ongoing cogni- 
tive processing by using pairs of task-ir- 
relevant auditory tone pips superim- 
posed on linguistic and musical auditory 
information presented to the subject. We 
were also able to confirm independently 
each subject's involvement in the task to 
assure us of his or her continuous cogni- 
tive processing of the information pre- 
sented during the recording period. 

The use of tone pairs allowed us to in- 
vestigate hemispheric AEP differences in 
what has been described by Callaway (8) 
as "fast habituation." Essentially, fast 
habituation is defined as a reduction in 
AEP amplitude that occurs when less 
than 10 seconds elapses between pairs of 
stimuli; it is generalized to AEP com- 
ponents from 100 to 300 msec, shows re- 
sponse decrements from 30 to 80 percent 
or more of maximum depending on the 
interstimulus interval, shows less decre- 
ment to stimuli that are relevant to a task 
the subject is performing or to stimuli the 
subiect cannot qnticinAte. is a form of 
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learning, and is probably independent of 
peripheral control. Other investigators 
have referred to this phenomenon as 
" recovery cycle" (9). The choice of 
terms often reflects investigator bias. 
Use of the term "habituation" reflects 
a behavioral bias, whereas "recovery 
cycle" reflects a more physiological bias 
(8, 9). In our study, we hypothesized that 
if a hemisphere can be engaged by the 
processing requirements of a task, it will 
produce a pattern of fast habituation or 
recovery to pairs of "probe" stimuli dif- 
ferent from that of the relatively unen- 
gaged hemisphere. 

The subjects were five female and sev- 
en male right-handed (10) volunteers be- 
tween the ages of 21 and 28 years with no 
known neurological or hearing deficits. 
The AEP's to pairs of irrelevant tone 
pips between T4-Cz and T3-C, (11) were 
recorded for each subject under two ex- 
perimental conditions and one baseline 
condition (12). Each condition consisted 
of four 3-minute segments separated by a 
30-second rest period. Conditions were 
separated by 5-minute rest periods. The 
AEP's were recorded separately for tone 
1 and tone 2 of the pairs of tone pips. For 
each of the three conditions, the AEP 
was the result of averaging the responses 
to 80 stimuli (20 pairs for each of the four 
segments). 

For the baseline condition, four 3-min- 
ute segments of taped white noise along 
with randomly occurring clicks were pre- 
sented to the subjects over stereophonic 
headphones. For each segment, 20 pairs 
of 600-hertz, 100-msec tone pips (with an 
interstimulus interval of 2 seconds and 
an interpair interval of 6 seconds) were 
superimposed on the white noise and 
clicks (13). The subject was instructed to 
relax with eyes closed, ignore the tone 
pips, and indicate that he or she heard 
the random clicks in the white noise by 
simultaneously pressing two micro- 
switches with the index fingers of both 
hands. The presentation of the tone pips 
started 10 to 15 seconds after the task 
was begun in order to allow the subject 
to become adequately involved in the 
task before presenting the "probe" stim- 
uli. 

For the left-hemispheric or verbal con- 
dition, subjects were presented with four 
verbal passages. The passages were se- 
lected for their analytical content and 
their lack of imagery (14). Each subject 
was required to identify specified "key" 
words in each of the four passages, and 
to press the microswitches as described 
for the baseline condition each time a 
key word in the passage was heard. Sub- 
jects were informed of the key word be- 
fore the start of each passage; they were 

also instructed to attend to the content of 
the passage and to be prepared to answer 
written questions pertaining to the con- 
tent at the end of each passage. 

For the right-hemispheric or music 
condition, subjects were presented with 
four musical selections. Before each se- 
lection, subjects were presented with a 
simple melody or musical theme, which 
was part of the selection. Each subject 
was required to identify this theme when 
it occurred in the musical selection by 
pressing the microswitches. 

The subject's scores on the written 
questions, as well as his performance in 
identification of the key words in the ver- 

Right (T4-Cz) Left (T3-Cz) 

Baseline 

Tone 1 

stimulus 1 
On 

P2 

Tone 2 Pi 

N2 15 av 
Ni 

Verbal 

Tone 1 

360 msec 

Tone 2 

t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
15 A?v 

Music 

Tone 1 

Tone 2 

Fig. 1. Auditory evoked potentials to pairs of 
tone pips for baseline, verbal, and music con- 
ditions recorded from homologous right- and 
left-hemisphere locations in a normal female 
adult. The vertical arrows indicate stimulus 
onset. The peak at the beginning of the tracing 
(before the stimulus onset) is the calibration 
signal. Peaks 1, 2, and 3, as defined in the 
text, refer respectively to the negative-going 
peak from P1 to N1, the positive-going peak 
from N1 to P2, and the negative-going peak 
from P2 to N2. Positivity at C, with respect to 
T4 or T3 is up. 

bal passages and themes in the musical 
selections, were used as indices of his in- 
volvement in the cognitive tasks present- 
ed. Data were evaluated only for those 
subjects showing greater than chance 
performance across the experimental 
conditions. 

There were approximately eight 
clicks, key words, and musical themes 
that occurred during each 3-minute task 
segment of baseline, verbal, and music 
conditions, respectively. Thus, the num- 
ber of required button presses was 
equated across each task. The baseline 
condition was always presented first, 
and the verbal and music conditions 
were counterbalanced for order across 
subjects. 

Three reliable AEP peaks were identi- 
fied for each subject. The mean latencies 
and standard deviations in milliseconds 
for these peaks across all conditions for 
all subjects were: peak 1 (negative-go- 
ing) latency = 106.5 [standard deviation 
(S.D.)= 11.3]; peak 2 (positive-going) 
latency= 195.1 (S.D. - 23.6); peak 3 
(negative-going) latency = 304.3 (S.D. 
= 35.4). The AEP's for one subject 
across baseline, verbal, and music condi- 
tions are illustrated in Fig. 1. 

Amplitude scores for each peak were 
obtained by computing the peak-to- 
trough or trough-to-peak distance in mil- 
limeters and, on the basis of the calibra- 
tion signal, converting this distance to 
microvolts. In addition, an overall ampli- 
tude measure was obtained by summing 
the amplitudes across all three AEP 
peaks. 

A condition-by-tone-by-hemisphere 
analysis of variance was done on the 
overall amplitude score. The results 
yielded a significant condition effect [F 
(2, 22) = 62.1, P < .001], tone effect [F 
(1, I 1) = 49. 1, P < .001], condition-by- 
tone effect [F (2, 22) = 10.4, P < .001], 
condition-by-hemisphere effect [F (2, 
22) = 4.2, P < .03], and condition-by- 
tone-by-hemisphere effect IF (2, 22) = 

4.7, P < .02]. The Duncan multiple 
range test (15) was used to more closely 
evaluate these effects. This analysis in- 
dicated that (i) left-hemisphere bipolar 
AEP's were significantly greater in am- 
plitude than right-hemisphere bipolar 
AEP's during the verbal condition and 
(ii) right-hemisphere AEP's were higher 
in amplitude than left during the music 
condition (Fig. 2A) (16). These dif- 
ferences were more pronounced for the 
AEP's to tone 2 of each pair (P < .01 
verbal, and P < .005 music). The base- 
line condition showed no such laterality 
effect. In addition, there was an overall 
decrease in AEP amplitude from tone 1 
to tone 2. The most dramatic amnlitiide 
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decrement (P < .001) occurred for the 
baseline condition, with the right and left 
hemispheres showing virtually identical 
responses. For the verbal condition, 
there was no significant decrement in 
AEP amplitude for the left hemisphere, 
whereas the right hemisphere showed a 
significant decrement from tone 1 to tone 
2 (P < .001). The music condition 
showed a decrement from tone 1 to tone 
2 for both hemispheres, with the right 
producing less of a decrement than the 
left (P < .01 right, 12 percent decre- 
ment; P < .001 left, 16 percent decre- 
ment). 

In order to examine more closely the 
contribution of each AEP peak to this 
amplitude laterality effect, condition-by- 
tone-by-hemisphere analyses of variance 
were also done separately for each AEP 
peak. The results of these analyses and 
the paired comparisons (Duncan) in- 
dicated that although the relationships 
described for the overall amplitude 
measure held for each peak individually, 
the most potent effect was seen for peak 
3 and was again most pronounced for the 
second tone (Fig. 2B). Again, there were 
no hemispheric differences in AEP am- 
plitude during the baseline condition. 
The left hemispheric tone 2 bipolar AEP 
was significantly higher in amplitude 
than the right for the verbal condition 
(P < .005); whereas the right was signifi- 
cantly higher than the left for the music 
condition for both tone 1 and tone 2 
(P < .005). Again, as for the overall 
measure, there was a marked decrement 
in AEP amplitude between tone 1 and 
tone 2 in the baseline condition 
(P < .001), with no significant difference 
between the hemispheres. The verbal 
and music conditions produced hemi- 
spheric differences in the AEP amplitude 
decrement from tone 1 to tone 2. During 
the verbal condition, the left hemisphere 
showed no significant amplitude decre- 
ment between the two tones, whereas 
the right hemisphere showed a dec- 
rement from tone I to tone 2 (P < .005). 
In the mtusic condition, the right hemi- 
sphere showed virtually no amplitude 
decrement, while the decrement for the 
left hemisphere was not significant 
(P < .20). 

The results of the analyses indicated 
that the left hemisphere responded with 
higher bipolar AEP amplitude than the 
right to task-irrelevant tone pips present- 
ed while subjects were processing verbal 
information. The right hemisphere re- 
sponded with higher bipolar AE P ampli- 
tude than the left when subjects were 
processing music. This effect was most 
pronounced for the second of the paired 
tones. In addition, the decrement in the 

A Peaks 1 + 2 + 3 B Peak 3 
52 15 

Fig. 2. Right- and left- 14 
hemisphere AEP ampli- 
tudes in microvolts to pairs R Baseline 

of tone pips for baseline, > R B L Baseline 
verbal, and music condi- L 40 Baseline 
tions. Each data point is L Verbal 

the me'an of the averaged , 36 1\ 
E AEP's to 80 stimuli for < ---L Verbal \R Verbal 

each of 12 subjects. (A) Re- 32 10 
suits for the overall ampli- R Verbal - - - - _R_Music 

tude measure. (13) Results 28 R Music R 
for N300. 24 - - -' L Music 8 --- L Music 

Tone 1 Tone 2 Tone 1 Tone 2 

bipolar response from the first to the sec- 
ond tone occurred to a lesser degree 
from the hemisphere hypothesized to be 
most engaged in processing the incoming 
information. 

It is important to note that the ob- 
tained AEP's reflect voltage differences 
between T3 and CZ and T4 and C, elec- 
trodes, and that the Cz site produces the 
higher-amplitude response to auditory 
stimuli. Therefore, a higher AEP ampli- 
tude recorded from one hemisphere in- 
dicates a greater potential difference be- 
tween the temporal electrode of that 
hemisphere and the Cz reference. Thus, 
a higher-amplitude left-hemisphere AEP 
during the verbal condition is probably a 
result of a lower-amplitude response at 
the T3 recording site compared with the 
T4 site. Conversely, a higher-amplitude 
right-hemisphere response during the 
music condition probably indicates a 
lower-amplitude response at the T4 site 
compared with the T3 site. 

The results appear to be due, in part, 
to hemispheric differences in fast habit- 
uation or recovery cycle as a function of 
task demands. In the engaged hemi- 
sphere, there may be fewer neurons 
available to respond to the "probe" 
stimuli; thus, a low-amplitude response 
at the engaged recording site occurs and 
results in a higher-amplitude bipolar 
AEP compared with that obtained for the 
unengaged hemisphere. These active 
neurons in the engaged hemisphere may 
also be more refractory to the second 
member of the tone pair; hence the bipo- 
lar response to tone 2 from that hemi- 
sphere remains relatively large com- 
pared with that of the less engaged hemi- 
sphere. 

Another possible explanation for the 
obtained asymmetries to tone 2 is that 
engaging a hemisphere by a particular 
task may make that hemisphere more re- 
ceptive to all incoming (auditory) stimuli 
and, thus, better able to anticipate the 
sequential relationship between the irrel- 
evant tone pairs. This would produce 

less orienting to the tone pairs by the en- 
gaged hemisphere and would result in a 
higher bipolar AEP for tone 2 for the en- 
gaged hemisphere than for the unen- 
gaged hemisphere. This explanation ap- 
pears to be consistent with Kinsboume's 
activation hypothesis (17). 

These findings lend further support to 
previous clinical-behavioral studies and 
to the hypothesis that the cerebral hemi- 
spheres may at times have the ability to 
function and respond independently of 
one another (18). It appears that the 
"two-tone probe technique" is sensitive 
to differential engagement of the cerebral 
hemispheres in ongoing information 
processing, and it thus offers a promising 
approach for studying cerebral later- 
aiization in humans. 
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Sympatric Speciation Based on Allelic Changes at Three Loci: 

Evidence from Natural Populations in Two Habitats 

Abstract. Allelic changes at three loci largely explain Chrysopa downesi's sympat- 
ric speciation from a Chrysopa carnea-4ike ancestor. Disruptive selection first pro- 
duced a stable polymorphism based on a single pair of alleles that adapted individ- 
uals to two habitats, and second, it established seasonal asynchrony in reproduction 
through allelic substitutions at two loci. 

A central problem in evolutionary bi- 
ology concerns the amount and type of 
genetic change and the procession of 
events that produce independent evolu- 
tionary units-species. Genetic diver- 
gence of geographically isolated popu- 
lations (allopatric speciation) is generally 
accepted as the primary mode of speci- 
ation in bisexual animals (1). In contrast, 
the concept of speciation through the ac- 
tion of disruptive selection on an inter- 
breeding population (sympatric speci- 
ation) remains an area of considerable 
controversy. In the selection experi- 
ments around which the modem theory 
of sympatric speciation was built, the 

physiological and genetic basis for the 
reproductive isolation produced in the 
laboratory is unknown, and the artificial 
forces of disruptive selection are not re- 
lated to field conditions (2). Therefore, 
these experiments have provided rela- 
tively limited insight into the question of 
sympatric speciation in natural popu- 
lations. 

As a testable hypothesis, Maynard 
Smith (3) offered a general theoretical 
model for sympatric speciation through 
disruptive selection. This model's attrac- 
tiveness resides in its simplicity-a few, 
simple genetic changes underlie the pro- 
posed process of speciation. Until now, 

the most convincing field and laboratory 
evidence for this model has come from 
monophagous insects in which simple 
genetic changes produce divergent host 
races that lead to new species (4). In- 
deed, it has been suggested that sympat- 
ric speciation through disruptive selec- 
tion is restricted to host-specific, phy- 
tophagous or parasitic animals (5). In 
contrast, we report experimental evi- 
dence herein that disruptive selection 
can act through habitat differences in the 
speciation of non-host-specific animals. 
In our example, a single gene difference 
underlies a divergence in habitat associa- 
tion, and allelic substitutions at two loci 
underlie the subsequent evolution of an 
effective reproductive barrier. This 
study illustrates that Maynard Smith's 
theoretical model for sympatric speci- 
ation, rather than being restricted to 
monophagous or parasitic species, has 
broad application among bisexual ani- 
mals. 

Our experimental animals were the 
sibling species Chrysopa carnea Ste- 
phens and Chrysopa downesi Banks (In- 
secta: Neuroptera: Chrysopidae), which 
occur sympatrically in northeastern 
United States. They share many impor- 
tant features in their biology; for ex- 
ample, the larvae of both species prey on 
a variety of soft-bodied arthropods, and 
the adults feed on honeydew and pollen 
and have similar dietary requirements 
for reproduction (6). Under laboratory 
conditions these species hybridize and 
produce fully viable and fertile F1 and F2 
offspring. However, in nature the two 
species are reproductively isolated 
through differences in habitats and in 
seasonal periods of reproduction (7). 

The species C. carnea, which is multi- 
voltine (producing several generations 
each summer), occurs mainly in grassy 
areas and meadows during its annual re- 
productive period (late spring to the end 
of summer). At this time the pale green 
adults are cryptically colored against a 
background of light green foliage. At the 
end of summer, when reproduction 
ceases, the adults enter reproductive dia- 
pause and move to the senescent foliage 
of deciduous trees. This movement by 
the C. carnea adults is accompanied by a 
change in color, from light green to red- 
dish-brown, thus maintaining the adults' 
camouflage in their overwintering site. In 
contrast to C. carnea, C. downesi is a 
univoltine, early-spring breeder, and it is 
restricted to conifers throughout the 
year. The very dark green color of C. 
downesi adults camouflages them in their 
coniferous habitat during both reproduc- 
tion and diapause. 
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