
lengel. Thus maximum mean lesion 
scores were 1.3 in animals vaccinated 
with the alum-phosphate vaccine formu- 
lation and 0.9 in the alum-hydroxide for- 
mulation, compared to a maximum mean 
score of 3.3 for control animals (Table 1 j. 
Studies comparing different formulations 
and dosages of gD-lt are needed to de- 
termine whether the high level of protec- 
tion achieved with CFA can be duplicat- 
ed with an adjuvant acceptable for par- 
enteral administration in humans. 

Our results demonstrate that the clini- 
cal manifestations of primary genital 
HSV-2 infection can be significantly re- 
duced by vaccination with recombinant 
gD-lt. It is not known whether these 
preparations were completely effective 
in preventing virus replication in the 
protected animals. Further studies will 
be required to determine whether vacci- 
nation against HSV with gD-lt prevents 
latent infection bv the viruses or whether 
this type of vaccination merely diminish- 
es the clinical symptoms of HSV infec- 
tion. However, it is clear that a single 
HSV-I-derived glycoprotein can pro- 
vide protection from the clinical symp- 
toms of genital HSV-2 infection in the 
guinea pig when administered in con- 
junction with a potent adjuvant. Other 
studies will be necessary to determine 
whether HSV-2 gD or other HSV glyco- 
proteins affect the potency of this vac- 
cine. These considerations notwith- 
standing, we believe that our data justify 
further consideration of gD-lt as a sub- 
unit vaccine for prevention of HSV-1 
and HSV-2 infections in humans. 
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How Bees Remember Flower Shapes 

Abstract. Bees are able to learn to distinguish between powers with different 
shapes or patterns. Some studies have suggested that bees remember only isolated 
features such as spatial frequency and line angles, rather than the photographic 
search images that are characteristic of vertebrates. New data indicate that this 
presumptive vertebrate-invertebrate dichotomy is false; bees can store power 
patterns as a low-resolution eidetic image or photograph. 

One of the most interesting questions 
regarding learning is how information is 
processed and stored. Animals do not 
remember everything about a food 
source, for example, but focus on a 
particular and characteristic subset of 
cues. In many species, the same animal 
will concentrate on different constella- 
tions of cues in different behavioral con- 
texts (1). A honey bee, for instance, can 
learn and remember a pattern of polar- 
ized light that it has seen in the sky and 
use the pattern in subsequent orientar 
tion, but the bee cannot learn the same 
pattern when it is offered as a cue for a 
food source (2). Animals frequently dis- 
play strong spontaneous preferences 
within a sensory modality. Honey bees, 
for instance, prefer to land on and learn 
to recognize most quickly violet-colored 
food sources (2). Storage of what is 
remembered is not free of such biases. 
Honey bees store information about food 
sources in time-linked sets and must 
forget everything about a flower in order 
to learn a single change-that is, if only a 
flower's odor is altered, the bee must 
relearn its color, shape, and other char- 
acteristics even though these have not 
changed (3). 

How honey bees remember a flower's 
shape-its outline and the pattern of 

colors on its petals is not known. Hertz 
(4) concluded that the bees' spontaneous 
preference for highly dissected patterns 
(shapes with a high ratio of edge to area, 
or high spatial frequency) was so great 
that only the crudest sort of learned 
discrimination was possible. Later, in- 
vestigators (5)  found that shape learning 
could be much more subtle, but conclud- 
ed that spatial frequency and other, yet 
undefined and less important, character- 
istics were remembered rather than a 
photograph-like (eidetic) image. This is 
an attractive model: great neural econo- 
my is achieved (3),  and the learning, 
which may resemble alpha-conditioning, 
can be rapid and reliable (1). However, 
Wehner (6 ) ,  who showed that bees could 
learn the angle of a set of parallel lines on 
a vertical food source, initially conclud- 
ed that an eidetic image was involved but 
later said that the bees might instead 
have been remembering the parameter of 
line angle as an isolated feature. 

The main argument in favor of the 
proposal that bees remember a set of 
isolated features such as spatial frequen- 
cy and line angle is their inability to 
generalize. Hence, bees that have been 
trained to feed on a black triangle do not 
select a triangular-shaped checkerboard 
pattern over, for instance, a square 
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checkerboard pattern o f  the same area. 
This is not, however, an entirely compel- 
ling argument since even an eidetic im- 
age is likely to be highly colored by 
sensory processing. It could be, for ex- 
ample, that bees do remember eidetic 
images and that edges are the strongest 
feature stored in that picture. Hence, 
alteration o f  edge patterns to create a 
more general shape may be interpreted 
quite differently by bees and by human 
beings (3). It is also possible that bees 
could rely on "part figures" as rats do; 
although able to remember patterns pho- 
tographically when necessary, rats will 
instead sometimes focus on one or more 
simple but diagnostic features when this 
strategy will work (1). The report o f  
Collett and Cartwright (7) that bees prob- 
ably store eidetic images of  landmarks 
adds a certain plausibility to the possibil- 
ity that bees remember shapes "photo- 
graphically. ' ' 

The essential difference between the 
isolated-feature or parameter hypothesis 
and the eidetic image or picture hypothe- 
sis is that only a picture necessarily 
preserves the spatial relation between 
components in the flower. I designed 
experiments to try to distinguish be- 
tween these two alternatives. 

Individually marked foragers from a 
hive o f  Apis mellifera ligustica were 

trained to a testing apparatus consisting 
of  a green box that could rotate. Each of  
the four vertical faces of  a box had two 
artificial flowers with different patterns: 
either flat disks 6.4 cm in diameter or 
funnels 6.4 cm in diameter and 5.0 cm 
deep. Only one face o f  the box was 
available to the foragers at a time. Dur- 
ing training, one pattern (S+)  provided 
1.5M unscented sucrose solution from a 
reservoir in the neck and the other (S - )  
had none. On one face o f  the box, S+ 
was on the right and S- on the left; on a 
second face, S+ was on the left and S- 
on the right. By rotating the box, S+ was 
on the left during half o f  the training 
visits and on the right during the other 
half. Bees made ten training visits before 
testing began. For testing, the third and 
fourth faces were used, where both the 
S+ and S- patterns were without food. 
In half the tests, S+ was on the same side 
as the S+ on which the foragers were last 
reinforced, and in the other half it was on 
the opposite side (8). Bees were tested 
singly and allowed to make five choices 
(9 ) ;  then the apparatus was rotated to a 
training side and the forager was allowed 
to land and feed on the S+ pattern. 
Another five choices were recorded on 
the next visit, and so on until the bee had 
either made 25 choices or, after 10, 15, or 
20 choices, the bee had shown a strong 

preference (binomial test, P < 0.01) for 
the S+ pattern (10). 

As Fig. 1 shows, bees under these 
conditions were able to learn to distin- 
guish between a variety o f  patterns that 
differed primarily or exclusively in the 
spatial relations among the elements. 
Consider the patterns at the upper left in 
Fig. 1 ( A , ) ,  for example: both S+ and S- 
have the same spatial frequency; both 
have equal areas o f  blue and yellow; 
both have equal lengths o f  vertical, blue- 
on-left and yellow-on-right boundaries, 
horizontal blue-on-top and yellow-on- 
bottom boundaries, and so on. Never- 
theless, bees quickly and reliably learned 
to distinguish S+ from SF; the somewhat 
unlikely possibility that no learning had 
taken place and the bees were simply 
displaying a strong spontaneous prefer- 
ence can be ruled out by the complemen- 
tary experiment ( A 2 ,  Fig. 1 )  in which S+ 
and S- were reversed. Perhaps the bees 
could distinguish S+ from S- without 
relying on an eidetic image by including 
among their memorized parameters the 
characteristics o f  the edges between the 
"flower" and the green background col- 
or. This possibility can be ruled out on 
the basis o f  experiments C ,  D, E ,  F, and 
G (Fig. 1); in each case, the features of  
the flower and background boundaries 
are identical between S+ and S-.  

A 2  B 2 c 2 D 2  E 2  F 2  G 2 H 2 ' 2  J 2 K2 

Blue . Yellow 

Fig. 1. Bees were trained to a pattern offering 1.5M sucrose (indicated by "+"I ten times. During testing, bees were offered two unrewarded 
patterns and their choices recorded: N, number of bees tested; n ,  number of choices. Except for experiments H,  I, J ,  and K ,  all bees individually 
displayed a preference significant at the 0.01 level or better. In experiment H, all bees individually displayed preference significant at 0.02 or 
better. The results of all bees tested were pooled; pooling appears justified because variance between individuals was small and because when 
sample sizes between bees were not equal, the pooled results are weighted toward the less accurate individuals and so underestimate the true 
average. The significance of the pooled results of each test are shown. The results of experiment K are not significant at P < 0.05. Patterns used 
in experiments C,  D, E, F,  and G were on discs; the rest were on funnels. The lightly shaded squares in the center of the patterns used in experi- 
ments F and G were painted green, the same color as the background. 
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These data suggest that the bees were 
remembering the spatial relationships of 
the elements in each pattern. This alter- 
native is consistent with the results of 
experiments HI and Hz, in which bees 
had essentially the same degree of diEi- 
culty learning to distinguish two pairs of 
spatially complex patterns, even though 
prominent parameters of the HI pair 
(vertical and horizontal versus diagonal 
boundaries) were quite different, where- 
as in H2 they were the same. The diEi- - - 
culty that bees experience by learning to 
distinguish spatially complex patterns is 
not likely to be a consequence of their 
poor visual resolution: measurements 
from the distance at which bees appear 
to "study" and choose between the pat- 
terns in these experiments indicate that a 
minimum of 50 ommatidia in each eye 
would be directed at each segment of the 
most complex pattern (J) that bees were 
able to learn; even for patterns that bees 
cannot distinguish after 25 trials (those in 
experiment K, for instance), half that 
number would be involved. More likely, 
perhaps, is that the limiting factor is the 
resolution of the eidetic storage in the 
bee's brain. 

JAMES L. GOULD 
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blossoms), inspected both flowers by hovering 
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10. The effect of an early stopping rule like the one 
used here in experiments A through G is to 
increase the overall chance of a false positive. 
By means of a 20-million event Monte Carlo 
simulation, I determined that the net effect was 
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The summed probabilities in all the experiments 
are based on the assumption, usual to work on 
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bee learning, that each landing is an independent 
choice. The validity of this assum tion was 
tested in two ways. First, four of tKe experi- 
ments (B2, Hz, I l r  and JI) were repeated w~th  a 
testing protocol allowing bees to land only once 
on each return. The data from these tests were 
compared to the data obtained from the blocks- 
of-five protocol used here; no diierence was 
noticeable. (For experiment B2, the summed 
single-visit-protocol data were 58 S+/2 S- ver- 
sus 56 S+/4 S- for the five-block-protocol data; 
for Hz the results were 79 S+/21 S- versus 79 
S+/21 S-; for II the results were 77 S+D3 S- 
versus 74 S+/26 S-; for JI  the results were 62 S+/ 
38 S- versus 65 S+/35 S-.) Second, I compared 
the choice patterns within and between blocks 
of test for all 22 experiments reported here as 
well as for 66 similar experiments. I asked 

whether sequential choices of the same pattern 
within a block were either more or less common 
than would be expected on the basis of the 
overall choice ratio, whether the first choice in 
each block was more or less likely to be correct 
than the second, third, fourth, or Wh, and 
whether within-block variance was either larger 
or smaller than between-block variance. Each of 
these comparisons indicated that choices within 
a block were indistinguishable for cholces on 
separate visits, and thus can be treated as essen- 
tially independent. 
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Regional Myocardial Substrate Uptake in Hypertensive Rats: 
A Quantitative Autoradiographic Measurement 

Abstract. Severe hypertension causes global and regional changes in myocardial 
perfusion and substrate utilization. Regional perfusion and fatty acid utilization were 
evaluated by dual-tracer autoradiography in normotensive and hypertensive rats of 
the Dahl strain. The regional distributions of pet$usion and fatty acid utilization were 
homogeneous in normotensive rats. Severe hypertension was associated with a 
homogeneous pattern of regional perfusion, but fatty acid utilization was focally 
decreased in the free wall of the lefi ventricle. The decrease in fatty acid uptake was 
associated with a concomitant increase in glucose utilization. These findings suggest 
that severe hypertension is associated with uniform myocardial perfusion and focal 
alterations in the substrates used for the pet$ormance of myocardial work. 

Increased myocardial work caused by 
severe hypertension leads initially to 
myocardial hypertrophy and, if untreat- 
ed, to heart failure (1). Although the 
hypertrophic myocardium has a propor- 
tional increase in myocardial perfusion, 
capillary density is decreased and the 
myocardial perfusion reserve is abnor- 
mal (2, 3). The energy requirements of 
the normal heart in the basal state are 
usually met by catabolism of free fatty 
acids (4), with minimal contributions by 
lactate and glucose. The substrates used 
to provide energy during persistent in- 
creased myocardial work, such as occurs 
in prolonged hypertension or aortic ste- 
nosis, are less well defined. When the 
left ventricle is called upon to perform 
increased pressure work, the myocardi- 
um may not respond uniformly. In this 
circumstance, the effects on endocardi- 

um versus epicardium and on the free 
wall versus the septum of the left ventri- 
cle may differ (5, 6). We investigated the 
possibility that persistent increases in 
pressure work are associated with alter- 
ations in the catabolism of metabolic 
substrates in hypertensive rats. Using 
quantitative dual-tracer autoradiogra- 
phy, we evaluated the regional distribu- 
tion of glucose and free fatty acid ana- 
logs and correlated the results with 
changes in regional perfusion. 

The Dahl strain of rats, derived from 
common Sprague-Dawley ancestors, 
have differing genetic predispositions to 
experimental hypertension (7). Original- 
ly, genetic separation was achieved on 
the basis of divergent blood pressure 
responses to ingested salt (NaC1). The 
hypertension-prone animals develop fa- 
tal hypertension from salt intakes to 
which hypertension-resistant animals re- 
spond mildly, if at all. Rats used in our 
study were weaned when they were 3 
weeks old. Normotensive rats received 

i t  0.4 percent NaCl and hypertensive rats 
8 ,  received 8 percent NaCl by weight in 

their food for 5 weeks. At age 11 weeks, 
the blood pressure of the rats was mea- 
sured by tail cuff; the animals were 

Fig. 1. ~ual-tracer autoradiograph of a select- weighed; and the regional myocardial 
ed midventricular slice of myocardium from a utilization of substrate was determined. ~ -.-- .- -~ - - 

hypertensive rat given injections of thallium- l-he mean systolic blood piessure of the 
201 (TI) and 2-deoxyglucose (2-DG) labeled 
with carbon-14. The thallium dishbution is rats was 209 * l3 mmHg, 
uniform, whereas glucose uptake is increased and their mean body weight was 228 
in the endocardium. $ 11 g. Normotensive rats had a mean 
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