their pollen is not likely to be picked up
by flower piercers.

Although our primary purpose was to
test SEM analysis for effectiveness, we
were able to make some preliminary ob-
servations. In all samples one pollen spe-
cies was in great predominance (90 to
100 percent), possibly reflecting the flo-
ral species constancy already known in
some hummingbirds’ feeding patterns
). Neotropical nectarivorous bats,
however, are thought not to display
much feeding constancy (3).

The advantage of the high resolution
of SEM is obvious and was recently
shown (§) to distinguish easily between
the pollen of two species of the genus
Crescentia, which were difficult to tell
apart with a light microscope. Also, the
technique previously used to study vec-
tor-borne pollen depended on staining
the pollen grains. Difficulties in inter-
pretation due to differential uptake of
stain by different pollen types was a
complicating factor (/). Since our SEM
technique does not require staining, this
variable is eliminated. Finally, the SEM
is useful since it is simple to carry out
statistical analyses of the bird’s feeding

behavior and pollination efficiency by
scanning the samples even though the
bird may carry seemingly invisible
amounts of pollen. The double-stick tape
loads consistently and completely with
pollen, providing an even, rapidly ana-
lyzable sample of statistically useful size
(1000 to 2000 grains) even when limited
quantities of pollen are present. We hope
that this technique will be useful in stud-
ies of other pollinators, especially those
carrying relatively small amounts of pol-
len.
JEF D. BOEKE
Rockefeller University, New York 10021
FERNANDO 1. ORTI1Z-CRESPO
Departamento de Biologia, Universidad
Catolica del Ecuador, Quito
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Evoked Response Correlate of Symbol and Significate

Abstract. Changing the source and intensity of the auditory signal to six trained
cats responding to meaningful auditory stimuli permits exogenous and endogenous
processes in the auditory evoked potential to be separated. For short-latency exoge-
nous processes, latency and amplitude depend on the parameters of the physical
stimulus. However, the amplitude and shape of longer-latency endogenous process-
es are essentially independent of the location and intensity of the signal source and
seem to be invariant concomitants of the significance of the signal.

In a series of papers (), we have pre-
sented evidence that the evoked poten-
tial (EP) recorded from trained cats is a
composite of exogenous processes re-
flecting afferent sensory input and en-
dogenous processes reflecting central re-
actions to such input. The results of a
wide variety of controls devised to rule
out the possibility that the observed en-
dogenous processes were of unspecific
origin established that they (i) were not a
function of type or level of motivation;
(ii) were observed in a variety of dif-
ferent instrumental tasks; (iii) were elic-
ited by visual, auditory, or direct electri-
cal stimulation of brain structures; (iv)
appeared in the absence of any visible
changes in head or body position or ori-
entation to the stimulus revealed by cin-
egraphic analyses; (v) were not a reflec-
tion of changes in receptor sensitivity or
stimulus intensity; (vi) and were not re-
lated to response bias or the intention to

perform a particular set of motor re-
sponses.

In view of this evidence that endoge-
nous processes could not plausibly be at-
tributed to unspecific factors, we con-
cluded that they probably reflected the
release of neuronal activity representing
the activation of specific memories about
the meaning of the afferent input. How-
ever, reports in the literature indicated
that marked changes in EP waveshapes
in untrained animals could result from
changes in the spatial relationship be-
tween stimuli and exteroceptors (2). Res-
ervations about our interpretation would
not be eliminated merely by our failure
to observe changes in stimulus-receptor
geometry when changes in EP wave-
shape occurred, because our control
methods for such effects might have
been inadequately sensitive. A better an-
swer to such reservations could be ob-
tained by devising an experimental pro-
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cedure in which changes in the spatial
relationship between exteroceptors and
conditioned stimuli with specified mean-
ing were deliberately imposed while we
sought invariant features of the endoge-
nous processes. We now report the re-
sult of such an experiment.

Six cats, each having 34 electrodes
permanently implanted into various
brain regions, were differentially trained
in a series of stages to obtain food in an
L-shaped runway (3). Initially the ani-
mals were trained to make a free operant
response, leave the elevated platform
(start), descend to the runway, and pro-
ceed to the feeder (goal) at the far end of
the L, where a morsel of raw meat was
delivered from an automatic turntable if
the cat stepped up and touched it with its
paw. After learning the free operant re-
sponse (oscillation, back and forth, from
start to goal), the animals were given dis-
crimination training in which food at the
goal became contingent upon the pres-
ence of a positive conditioned stimulus
(CS+)—a click train presented at the
rate of two clicks per second (2 sec™),
the “‘go”” stimulus. After acquiring the
discriminative performance, the animals
were given differential training in which
a negative conditioned stimulus (CS—), a
5 sec™! click train, required the animal to
‘“‘stay’’ on the starting platform. During
both discrimination and differentiation,
the animals were required to return to
the starting platform and sit down before
the next trial began.

Daily sessions of 25 to 50 trials of ran-
domly intermixed CS+ and CS— were
run on weekdays after 24 hours of food
deprivation. Trials were presented at
random intervals averaging 2 minutes.
Animals were fed freely on Saturday.

Evoked potentials (EP’s) were record-
ed on magnetic tape during each session,
and videotape records were made of
each trial. Cross-trial running average
EP’s were obtained by averaging the first
through third, second through fourth,
third through fifth (and so forth) re-
sponses on all CS+ trials resulting in
correct performance.

During training, all stimuli ¢) were de-
livered from loudspeaker 1, mounted be-
hind the cat above the starting platform.
The secondary component structure of
the EP became dramatically altered as
the CS+ acquired significance during
three stages of training that preceded dif-
ferential training (Fig. 1). All data are
from the medial geniculate bodies be-
cause much of our previous data collect-
ed in response to visual rather than audi-
tory stimuli showed that both exogenous
and endogenous representational pro-
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cesses were particularly well manifested
in lateral geniculate body EP’s. These
EP’s can be compared with those in Fig.
2 for cat 4 (after differential training).
The late components of the EP’s are en-
hanced when the CS becomes meaning-
ful (Fig. 1, column 2), and the secondary
component structure changes further as
this meaning becomes more specific
(Fig. 1, column 3, and Fig. 2, cat 4, col-
umn 1).
After attaining 90 percent or better dif-
ferentiation for three successive days,
each animal was subjected to several
days of testing in which 25 to 50 ran-
domly intermixed CS+ and CS- trials
were delivered randomly from either the
usual loudspeaker 1 or an identical loud-
speaker 2, mounted at the far end of the
runway above the feeder. Running aver-
-age EP sequences were computed sepa-
rately for CS+ at each of the two loud-
speaker positions; an average of 92 per-
cent of CS+ trials at speaker 1 and 89
percent of CS+ trials at speaker 2 result-
ed in the appropriate behavior (Fig. 2).
The latency of the primary response
(short latency, sharp component) in-
creased as the animals moved away from
speaker 1 (column 1) and decreased as
they approached speaker 2 (column 2).
Videotape analyses showed this latency
shift to correspond to the distance of the
cat from the CS source. The mean la-
tency shift for the primary response
across the cats, from the start to goal po-
sitions, was 5.4 = 0.3 msec, a close ap-
proximation to the 5.1 msec for the ex-
pected difference in transmission time
through air (under our laboratory condi-
tions) resulting from the cat’s change in
position with respect to the sound
source. Further, the relative intensity of
the CS was about 12:1 when the cats
were near or far from the loudspeaker. If
the average EP at the medial geniculate
body passively reflected only the phys-
ical features of the CS, the size as well as
shape of the average EP’s when the cats
were near the CS source (top of column 1
versus bottom of column 2) should be
similar. Further, EP’s when the cats
were far from the CS source (bottom of
column 1 versus top of column 2) should
be similar to each other but quite dif-
ferent from the EP’s obtained when the
cats are near the CS source. In addition,
the amplitude of the average EP’s when
the cats were at the start position should
be much larger in column 1 than in col-
umn 2. This is not the case. Instead, both
size and shape of the large positive late
components are similar whether the ani-
mal is near or far from the CS source.
This is especially true during the deci-
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Fig. 2. Experimental data for six differentially trained cats. Data from cats 1 to 5 were recorded
from bipolar electrodes implanted in the right medial geniculate bodies; in cat 6, monopolar
electrodes recorded from the left medial geniculate body. For each cat, only the data for the
CS+ are presented (column 1, for each cat). The CS+ was delivered from a loudspeaker behind
the cat’s starting position in the L-maze. The sequence of waves are the same as those in Fig. 1.
The sequence of EP’s from top to bottom spans the cats’ cognitive-behavioral events from CS+
onset through appropriate CS+ interpretation and response execution. (Column 2). The CS+
was delivered from a loudspeaker near the goal position of the maze. The late component wave-
shape during CS+ interpretation, while the animal is on the starting platform, is similar (col-
umns 1 and 2) despite the disparate locations of the loudspeakers with respect to the cat. The
amplitude of the late component when the cat was at the start was larger in column 2 than in
column 1 in some cases, even though the sound source was farther away. (Column 3) Difference
waves obtained by subtracting the waves of the second column from those in the first, after
compensating for EP latency differences resulting from the differences in CS+ transmission
time in air as a function of the gross changes in the animal’s location with respect to the source
loudspeaker (6). Each epoch, 120 msec.
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sion-making period (5), whiie the cats are
still on the starting platform (waves 1 to
4), before they begin their long approach
to the goal.

If we hypothesize that the major dif-
ference between columns 1 and 2 of Fig.
2 will be in exogenous processes (short
latency) reflecting location and intensity
of the physical stimuli, while endoge-
nous processes (longer latency) reflect-
ing the meaning of the repetition rate of
the click will be relatively independent of
CS location and intensity, the difference
waves (column 3) should consist primari-
ly of early components. The later por-
tions of the difference waves should be
relatively flat, indicating that endoge-
nous processes of similar size and shape
were released regardless of the CS
location and consequent intensity dif-
ferences. As expected, the difference
waveshapes consist largely of the early
components with some indications of a
phase reversal as the animals moved past
the midpoint of the runway, results com-
patible with the interpretation that they
reflect the relative intensities of clicks
from speakers 1 and 2. However, the
rather large differences in intensity of the
CS as a function of distance from the
loudspeakers and the gross differences in
CS location imposed in the experimental
design had surprisingly little effect on the
average EP in the medial geniculate bod-
ies as evidenced by the relatively low en-
ergy in the difference waves compared
with the EP’s. The later portions of the

difference waves are approximately flat,
indicating little difference in the endoge-
nous processes under the two stimulus
conditions. Similar phenomena were ob-
served at other central sites, and latency
measurements suggest that the later phe-
nomena seen at the geniculate level re-
sult from propagation of centrifugal
processes.

Further quantitative assessment of the
differential sensitivity of primary (short
latency) and secondary (longer latency)
average EP components to exogenous
and endogenous processes was obtained
by correlating either the early (1- to 10-
msec) or the late (11- to 120-msec) por-
tions of the average EP’s (Fig. 2) ().
Two sequences of correlation coeffi-
cients were computed for each latency
band for each cat.

Sequence 1 was obtained by correlat-
ing EP 1 of the ‘‘speaker-at-start’ trial
with EP N of the ‘‘speaker-at-goal’’ trial,
EP 2 of ‘“‘speaker-at-start’ with EP N-1
of ‘‘speaker-at-goal,”” and so forth. This
sequence corresponds to an increasing
distance between the cats and the cue
source. Since the successive phases of
the decision-making and response-exe-
cution process are systematically coun-
terbalanced across these two sets of
waves, this series of correlation coeffi-
cients reflects the degree to which simi-
lar exogenous processes were evoked
during the two types of trials, independ-
ent of decision making and response exe-
cution (Fig. 3).

Fig. 3. Differential reflection of exogenous and endogenous neural ac-
tivity in the primary and secondary EP components, computed from
medial geniculate recordings (Fig. 2) obtained by correlating either the
early (1 to 10 msec) or the late (11 to 120 msec) portions (6). Two
sequences of correlation coefficients were computed for each com-
ponent. The first sequence counterbalanced the phases of decision-
making and response execution. The second counterbalanced the
cat’s position with respect to the cue source. The waveforms corre-
lated are indicated on the abscissa where the numbers 1 to N are iden-
tical to those on the ordinate of Fig. 2. Thus, four sequential sets of
correlation coefficients were obtained for each cat: early exogenous
(Ex.), early endogenous (End.), late exogenous, and late endogenous.
All coefficients were transformed to z values, averaged across cats to
provide four group mean sequences, then averaged within each se-
quence to provide four sequence means. The differential, exogenous
versus endogenous, assessment was obtained by subtracting the ap-
propriate sequence mean from each value of the indicated mean se-
quence. If the estimate of exogenous activity was the greater, then the
difference was plotted upward (Ex.) on the ordinate. If the estimate of
endogenous activity was the greater, then the difference was plotted
downward (End.) on the ordinate. (A) The early ‘endogenous’ se-
quence mean was subtracted from the values of the early exogenous
mean sequence yoked to the cat’s position relative to the loudspeaker.
Note the differential sensitivity to exogenous activity of the primary
component, particularly when the cats were near the loudspeaker. (B)
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Sequence 2 was obtained by correlat-
ing average EP’s from trials with the
speaker at the start with those from trials
with the speaker at the goal, for waves 1
through N. This sequence corresponds
to successive phases of the decision-
making and response-execution process.
Since the cats’ distance from the cue
source was systematically counterbal-
anced across the two sets of waves, this
series of correlation coefficients reflects
the degree to which similar endogenous
processes were released during the two
different types of trials, independent of
loudspeaker location.

Treatments by trials by subjects’ anal-
yses of variance with a repeated-mea-
sures design using z-transformed corre-
lation coefficients showed the EP pri-
mary components to be significantly
(P < .05) more highly correlated as a
function of loudspeaker distance than
with respect to phases of decision mak-
ing and response execution. Conversely,
the secondary components were signifi-
cantly (P < .05) more highly correlated
as a function of the phases of decision
making and response execution than
with respect to loudspeaker distance.
Correlation coefficients for secondary
components were higher during the deci-
sion-making process than during re-
sponse execution (P < .05) and were al-
so higher when. the cats were near
rather than far from the loudspeaker
P < .05).

In order to better contrast the dif-

Sequence 1 Sequence 2
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The early exogenous sequence mean was subtracted from the early endogenous mean sequence yoked to the cognitive-behavioral performance.
Note that during response execution the estimate of released neural activity reflecting this phase in the primary component was small relative to
the degree of representation of the cat’s distance from the loudspeaker. (C) Subtraction as in (A). Note that even when the cats were next to the
loudspeaker, the magnitude of secondary component activity reflecting that fact was slightly less than the average of activity reflecting the
phases of cognito-behavioral performance; this difference became pronounced as the distance between the cats and the loudspeaker increased.
(D) Subtraction as in (B). Note that during the decision-making phase, the estimate of neural activity representing this phase was substantially
greater than the estimate of activity reflecting the cat’s location relative to the loudspeaker. The dominance of endogenous representation in the
secondary components substantially disappeared with the onset of response execution.
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ferential sensitivity of primary and sec-
ondary EP components to exogenous
and endogenous processes, respectively,
these data are presented as four se-
quences of differences between esti-
mates of the magnitudes of exogenous
and endogenous representations (Fig. 3).
If the influences of these two classes of
process on the average EP components
were not differential, the difference be-
tween coefficients should vary randomly
about zero. However, if the influences
are differential, the particular sensitivity
of a component would be manifested in a
systematic and nonzero difference; the
magnitude of the difference reflects how
selectively the average EP components
reflect exogenous and endogenous influ-
ence, and the sign corresponds to the
particular sensitivity.

The primary component of the EP ap-
pears particularly sensitive to exogenous
representational processes (Fig. 3, A and
B), whereas the secondary components
tend to reflect endogenous processes
(Fig. 3, C and D). Dynamic changes in
the manifestation of these representa-
tions with the cat’s movement relative to
the cue source and with phases of cogni-
tive-behavioral performance are appar-
ent.

Thus, in trained cats responding to
meaningful auditory stimuli, deliberate
change in the location of the auditory sig-
nal permits some separation of exoge-
nous and endogenous processes in the
auditory EP. Short-latency exogenous
processes show a dependence of latency
and amplitude upon parameters of the
physical stimulus, in agreement with the
results of other workers who studied re-
sponses of untrained animals (2). How-
ever, the size and shape of longer-la-
tency endogenous processes are relative-
ly independent of the location or
intensity of the signal source, and they
seem to reflect the significance of the sig-
nal (7). Further, the evidence suggests
that this reflection is dynamic, being
most apparent during the decision-mak-
ing process and relatively less apparent
during response execution, once the ani-
mal begins to traverse the runway. Since
in this paradigm, stimulus significance
can be evaluated only by reference to
past experience with the experimental
cues, we suggest that these endogenous
processes reflect the operation of neural
mechanisms involved in memory recon-
struction.

E. GRASTYAN*
E. R. JouN
F. BARTLETT
Department of Psychiatry,
New York University Medical Center,
New York 10016
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Long-Term Treatment with Lithium Prevents the

Development of Dopamine Receptor Supersensitivity

Abstract. Long-term treatment of rats with haloperidol produced an increased
sensitivity to the locomotor and stereotypic effects of apomorphine. This behavioral

dopaminergic supersensitivity was

accompanied by

increased binding of

[3H]spiroperidol in the striatum. Rats treated concurrently with lithium and haloperi-
dol failed to develop both behavioral sensitivity to apomorphine and increased stria-
tal dopamine receptor binding. The ability of lithium to prevent recurrent manic-
depressive episodes may be related, in part, to its ability to stabilize dopaminergic

receptor sensitivity.

An increased sensitivity to the behav-
ioral effects of drugs that stimulate dopa-
mine receptors is observed after long-
term treatment with neuroleptics (7),
tyrosine hydroxylase inhibitors (2), or
reserpine (2, 3), or after interruption of
dopaminergic transmission by lesions of
the nigrostriatal dopamine pathway ).
Both the supersensitivity induced by
chronically administered neuroleptics (5)
and the nigrostriatal lesions (6) are ac-
companied by an increase in striatal
dopamine receptor sites. This apparent
proliferation of receptors after blockade
of dopaminergic transmission may be
causally related to behavioral super-
sensitivity (5, 6).

Changes in catecholamine receptor

sensitivity may contribute to a number of
human pathological states. Tardive dys-
kinesia may follow or be intensified by
termination of long-term treatment with
antipsychotic neuroleptic drugs, and
may be related to increased dopamine re-
ceptor sensitivity (7). Klawans has pro-
posed that lithium may be efficacious in
preventing the development of tardive
dyskinesia after phenothiazine therapy,
since it blocked the increased stereotypy
induced by apomorphine after chlor-
promazine treatment (8). Oscillations in
catecholamine receptor sensitivity have
also been proposed to be a factor in the
etiology of affective disorders (9), espe-
cially manic-depressive illness (/0).
Since lithium therapy is effective in alle-
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