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Previous ultrastructural studies using stereological counting 
techniques, based on assumptions regarding shape, size, 
and orientation of synapses, have suggested synaptic re- 
modeling occurred at least 24 hr after one-trial passive 
avoidance training in day-old chicks. The present study es- 
timates the mean synaptic density (N,.,,) in a region of the 
chick forebrain known to be involved in memory formation, 
the intermediate and medial hyperstriatum ventrale (IMHV), 
1 and 24 hr following one-trial passive avoidance training. 
A stereological technique, the “disector,” that makes no 
assumptions about size, shape, and orientation of synapses 
was used in the synaptic analyses. The density of axospi- 
nous synapses increased by approximately 77% at 1 hr 
posttraining in the right IMHV of chicks (M-trained) that 
learned to avoid a bitter-tasting bead, compared to those 
(W-trained controls) that peck a water-coated bead. A mea- 
sure of the postsynaptic density size, the mean projected 
height of synapses (H), was 57% smaller 1 hr posttraining 
in the right IMHV of M-trained chicks. These differences were 
not found at 24 hr posttraining. We suggest that structural 
modification of synapses may be a key part of the processes 
involved in short-term memory formation. 

[Key words: avian learning, memory, synapses, stereolo- 
gy, chick] 

One-day-old chicks readily learn in a single trial to avoid pecking 
at a bead if it is coated with an aversive-tasting substance (Cher- 
kin and Lee-Teng, 1965; Cherkin, 1969). This one-trial passive 
avoidance training task has been used in our laboratory for a 
number of years to study the cellular correlates of memory 
formation (Stewart, 1990, 199 1; Rose, 199 1). Following passive 
avoidance training, autoradiographic studies have shown that 
in chicks that have learned to avoid a methylanthranilate-coated 
chrome bead, there is enhanced incorporation of 2-deoxyglucose 
in two forebrain regions, the intermediate and medial hyper- 
striatum ventrale (IMHV) and lobus parolfactorius (LPO), com- 
pared to control chicks that have pecked a water-coated bead 
(Kossut and Rose, 1984). The IMHV has previously been im- 
plicated as playing a crucial role in filial imprinting (Horn, 1985), 
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and it also shows a variety of electrophysiological, biochemical, 
and morphological changes after passive avoidance training 
(Rose, 199 1; Stewart, 1991). Furthermore, trained chicks that 
have tasted methylanthranilate fail to show electrophysiological 
and morphological differences within the IMHV compared to 
control chicks when rendered amnesic immediately after train- 
ing with subconvulsive electroshock (Mason and Rose, 1988; 
Pate1 et al., 1988). 

Quantitative ultrastructural studies have shown that passive 
avoidance training results in a decrease in the postsynaptic den- 
sity length in the right IMHV and an increase in the number of 
synaptic vesicles per synapse in the left IMHV 24 hr posttraining 
(Stewart et al., 1984). Further experiments in the LPO region 
of chick forebrain have demonstrated a bilateral increase in 
synaptic density after passive avoidance training (Stewart et al., 
1987). Hunter (199 1) and Hunter and Stewart (1992) have shown 
these changes in the LPO occur over an extended time period 
of 24-48 hr posttraining. 

Such changes indicate the potential for very considerable re- 
modeling of neuronal architecture following memory formation. 
Indeed, the idea that synapses are labile structures and may 
show dynamic properties even in adult animals has been re- 
ported in several studies with mammals in vivo. Purves and 
Lichtman (1987) and Purves et al. (1987) have visualized nerve 
cells at different times in living mice and shown that following 
denervation the distribution of synapses on the same neuronal 
cell bodies was almost always different in appearance after rein- 
nervation. In other mammalian models of neural plasticity dif- 
ferences in synapse density have been observed following ex- 
perimental manipulations of the environment in which the 
animals are housed. In the rat visual cortex, 30 d of differential 
rearing (Turner and Greenough, 1985) produces increases in the 
synapse-to-neuron ratio and there are decreases in the density 
of synapses in the neuropil in layer IV of the visual cortex of 
dark-reared, compared to light-exposed, rats (Gabbott and 
Stewart, 1987). Studies on long-term potentiation (LTP), a mod- 
el of synaptic plasticity, show increases in the number of shaft 
and sessile spine synapses 1 O-l 5 min after induction of LTP 
that persist for at least 8 hr (Chang and Greenough, 1984) in 
subfield CA1 of rat hippocampal slices. Desmond and Levy 
(1986) have also found significant increases in the synaptic den- 
sity of concave spine profiles following LTP in the rat hippo- 
campal dentate gyrus. 

Quantitative electron microscopical studies in the CNS have 
used stereological formulas based on assumptions about the size, 
shape, and orientation of synapses to estimate the number of 
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synapses in a volume of tissue (numerical density) from counts 
of synapse profiles on two-dimensional histological sections. 
Such stereological methods are termed model based (Warren, 
1992), one of which assumes synapses to have a simple disk 
shape. However, serial section analysis reveals that synapses 
have a complex shape (De Groot and Vrensen, 1978) that can 
change after training (Vrensen and Nunes-Cardoso, 198 1) and 
exposure to different environmental conditions (Turner and 
Greenough, 1985). Therefore, stereological formulas that are 
model based may give biased estimates of synapse density due 
to unfulfilled assumptions in the model. Furthermore, this bias 
in estimating numerical density may change between experi- 
mental groups. New counting procedures such as the “disector” 
(Sterio, 1984; Gundersen, 1988) make no assumptions about 
the shape of synapses (i.e., they are said to be unbiased) and 
permit a more sensitive means of estimating subtle changes in 
synapse number (Braendgaard and Gundersen, 1986) indepen- 
dent of concurrent shape alterations (De Groot and Bierman, 
1986; Calverley et al., 1988). 

The disector can directly allow estimation of synapses by 
enabling one to count the tops or edges of synapses occurring 
in a volume of brain bounded by two adjacent serial sections 
and hence directly gives the numerical density of synapses. Us- 
ing a simple counting rule, synapses are only recorded if they 
occur in one of the pair of serial sections and not the other. By 
using the disector to estimate the synaptic density an additional 
measure of the size of the postsynaptic density, the mean pro- 
jected height, can be gained with little extra work (Calverley et 
al., 1988). 

The present investigation makes use of the disector method 
to estimate the synaptic density in the IMHV 1 and 24 hr after 
passive avoidance training. In addition the projected mean height 
of the postsynaptic density was also measured. 

A preliminary communication of some of these data has been 
made in abstract form (Doubell and Stewart, 1992). 

Materials and Methods 
Training. Domestic chicks (Gallus domesticus) were hatched in com- 
munal brooders at 37°C. At 1 d of age pairs of birds were taken and 
placed in pens 1 hr before passive avoidance training. Each chick was 
presented with a white pretraining bead three times at 5 min intervals. 
The bead was presented 2-3 cm from the birds beak and the response 
scored as peck or avoid. After a further 10 min chicks were presented 
with a chrome bead coated in either an aversive substance, methylan- 
thranilate (M-trained chicks), or water (W-control chicks), exactly as 
described previously (Stewart et al., 1987). Birds that exhibited a disgust 
response, shaking of head and wiping their beak on the cage floor, after 
M-training, were tested for avoidance of an identical dry chrome bead 
both at 1 and 24 hr later. Similarly, W-trained birds were tested at the 
same time. Birds that gave the correct response on training and testing, 
that is, M-birds that avoided, and W-birds that pecked, were anesthe- 

at random (the nominated section) and the adjacent section became the 
reference section. The first field of view was placed on a conspicuous 
object, for example, a mitochondrion in the top left comer of the nom- 
inated section. Fields were selected at a magnification of 2000x and 
photographed at 6000 x . The same field was then found on the reference 
section and photographed. The two fields represent a disector. Further 
disectors were chosen by moving the microscope stage controls three 
fields to the right and three fields to the bottom. This was continued 
until 20 fields on two pairs of sections had been photographed. Thus, 
a systematic sample of micrographs was produced and enlarged to a 
final magnification of 25,000 x . Unbiased counting frames were placed 
on the micrographs for synaptic counts. The bottom and left boundaries 
of the frame were deemed forbidden lines (Gundersen, 1977). Any 
synapse crossing these lines was excluded from the analysis. Synapses 
were-counted (see Fig. 1) if they were present in the nominated section 
and absent in the reference section (Sterio, 1984). Identification of syn- 
apses was made on the basis of a synaptic density associated with at 
least three synaptic vesicles. Synapses were then classified depending 
on the nature of their postsynaptic density as either symmetrical (pre- 
sumed inhibitory), or asymmetric (presumed excitatory) (Gray 1969). 
Synapses were further classified as shaft or spine depending on the 
postsynaptic target site. Section thickness was measured according to 
the Small “fold” technique (Small, 1968). Each section was scanned to 
find a minimal fold that was then photographed. Reliability of this 
method has previously been confirmed by microinterterometry (Hunter, 
1989). 

Calculation of mean synaptic numerical density (NV ,,.) per pm3 was 
done using the following formula: 

N _ ZQ,. 
Y syn tA ’ 

where ZQ,. is the total number of counted synapse profiles that appear 
only in the nominated section, t is the section thickness, and A is the 
area of the counting frame. 

The area of the counting frame and the separation of the disector 
were corrected for magnification (previously checked with a grating 
replica, 2 160 lines/mm). Separate estimates were made for morpholog- 
ical subtypes of synapses. 

The mean projected synapse height (H,,,), a measure of the size of 
postsynaptic density, was calculated from 

where ZQ,,. is the total number of synapses in the nominated and 
reference fields. 

Estimates of synapse height (H) were made from all the micrographs 
used in the synaptic density study, but synapses were not grouped into 
morphological subtypes. 

All data were loaded on to a VAX mainframe computer and statistical 
analysis was carried out using the Minitab package. Two-way analysis 
of variance using a split-plot design was used to test for differences 
between training and hemisphere. Unpaired Student’s t test was used 
to examine differences between mean synaptic density values and pro- 
jected mean height between M-trained and W-control chicks. 

Results 
tized and perfused. 

Perfusion andfuation. Birds (n = 32, 16 M-trained and 16 W-control) 
were anesthetized deeply with an intraperitoneal injection of sodium 
pentobarbital and then perfused transcardially with 30 ml of0.9% saline 
followed by 150 ml of 2% paraformaldehyde, 2% glutaraldehyde fixa- 
tive, both prewarmed to 37°C. The brains-were removed and placed in 
the same fixative overnight. The following day the IMHVs were dis- 
sected out with the aid of a brain mold (Rose and Csillag, 1985). 

Microscopy. The brain tissue was prepared for electron microscopy 
by postfixing in 1% osmium tetroxide for 1 hr, dehydrating through 
graded alcohols, and embedding in Epon resin. Blocks were hardened 
in an oven at 70°C for 48 hr. One block from each hemisphere was used 
to estimate synapse density. Ultrathin sections of silver interference 
color were cut on an ultramicrotome with a diamond knife and mounted 
on single-slot grids coated with Formvar support film. Pairs of serial 
sections were mounted on the same slot grid. One section was chosen 

Mean numerical density of synapses (N, ,,J 
The overall mean synaptic density in left and right hemispheres 
of trained and control chicks was 0.42/pm3. When this was 
considered in terms of the density of the two major classes of 
synapses (asymmetric and symmetric), 97% were asymmetric 
and only 3% were symmetric. The value for symmetrical syn- 
apses varied very little from this 3% level between control and 
trained chicks. Therefore, the statistical analysis of electron mi- 
crographs from trained and control chicks is presented here only 
for the asymmetric synapse population, However, a further anal- 
ysis of the asymmetric synapse population was made in which 
they were classified as shaft or spine depending on the postsyn- 
aptic target. In this case the numbers of the relative proportions 
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Figure I. Synapses are selected using a three-dimensional probe, the “disector, ” in which micrographs of the same fields of view (A, B) are taken 
from two parallel adjacent ultrathin sections separated by a distance of 68 nm. Synapses are counted (arrows) if they appear within the counting 
frame or if they touch the dashed frame border of A (nominated section) but are absent from field B (reference section) and vice versa, forming a 
second disector. The number of synapses from the two disectors (312, i.e., 1.5) occur in a volume given by the product of the counting frame area 
and distance between the sections. The numerical density of synapses is calculated from N, ryn = Z Q&lfA . 
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Figure 2. Mean numerical density of asymmetrical synapses (spine 
and shaft combined) in the left and right hemispheres IMHV of control 
and trained chicks 1 and 24 hr after passive avoidance training. Error 
bars represent the SEM of eight M-trained and eight W-control chicks. 
There is a 46% increase in asymmetrical synapse density at 1 hr post- 
training between the right hemispheres of M- and W-trained chicks that 
is significant at p < 0.002. 

of the two classes were more even; 54% of the synapses (in 
trained and control chicks combined) are of the asymmetric 
shaft type whereas 46% are asymmetric spine synapses. There- 
fore, the synaptic density estimates presented here also classify 
asymmetric synapses depending on their postsynaptic location, 
that is, whether on spines or on dendritic shafts. 

Asymmetric synaptic density changes following avoidance 
training 
Overall changes. The numerical density of asymmetric spine 
synapses in left and right hemispheres of trained and control 
chicks at 1 and 24 hr posttraining is shown in Figure 2. A split- 
plot ANOVA (examining for training and hemisphere differ- 
ences) shows that there is a significant training effect, an increase 
in synaptic density in M-trained chicks compared to W-control 
birds at 1 hr posttraining (F,,,, = 5.59, p < 0.025). In addition, 
there was a significant hemispheric asymmetry in synaptic den- 
sity (Fl.,4 = 5.16, p < 0.03 1). When left and right hemispheres 
were tested separately for a training effect with a Student’s t test, 
only the right hemisphere showed a significant increase (46%) 
in synaptic density (t = 3.79, df = 14, p < 0.002), whereas in 
the left hemisphere the increase following training (13%) is not 
significant. When the data in Figure 2 at 24 hr posttraining were 
tested by an ANOVA, there were no significant training or hemi- 
sphere differences between M-trained and W-control chicks. 

Changes in asymmetric spine synapses. The data for asym- 
metric spine synaptic density in left and right hemispheres at 1 
and 24 hr posttraining, and in hemispheres of control chicks at 
this time are shown in Figure 3. These demonstrate a pattern 
of results that are essentially similar to those for overall asym- 
metric synapse density in Figure 2. At 1 hr posttraining the 
density of asymmetric spine synapses was significantly increased 
in M-trained chicks compared to W-control chicks at 1 hr (F,,!, 
= 7.65, p < 0.010). This is due to a 77% increase in synapttc 
density in the right hemisphere of trained compared to the right 
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Figure 3. Mean numerical density of asymmetric spine synapses in 
the left and right hemisphere IMHV of control and trained chicks 1 and 
24 hr after passive avoidance training. Error bars represent the SEM of 
eight M-trained and eight W-control chicks. There is a 77% increase in 
asymmetric spine synapse density in the right hemisphere at 1 hr post- 
training in trained compared to control chicks. Differences are significant 
at p < 0.002. 

hemisphere of control birds, and when the differences between 
left and right hemispheres were tested separately for a training 
effect with a Student’s t test only the right hemisphere showed 
a significant increase (t = 3.79, df = 14, p < 0.002). 

Asymmetric shaft density measurements. There was no sig- 
nificant training effect on asymmetric shaft synapse density at 
the 1 hr time point (Fig. 4) (F,,,, = 1.33, NS). However, there 
was a significant hemispheric asymmetry present, with a higher 
shaft synapse density in the right hemispheres compared to the 
left hemisphere of both W-control and M-trained chicks (F, 14 
= 4.46, p < 0.044). No significant differences for asymmetfic 
spine or shaft synapses were found between trained and control 
chicks at 24 hr posttraining. 

Mean projected synaptic height (I-I, J of all synapses in the 
ZMHV 

One hour after avoidance training the M-trained chicks have a 
significantly smaller synaptic height (i.e., size) than W-control 
chicks (Fig. 5) (F,,,, = 9.487, p < 0.005). When tested separately 
only the right hemisphere differences between trained and con- 
trol chicks were significant (approximately 57% smaller in trained 
birds) (t = 2.6, df = 14, p < 0.021). There were no significant 
differences of projected height between M-trained and W-con- 
trol chicks at 24 hr. 

Discussion 
The main findings of the present study are that 1 hr after one- 
trial avoidance learning there is a large and highly significant 
increase in the numerical density of asymmetric spine synapses 
in the right IMHV of trained compared to control birds. In 
addition there is a significant decrease in the size (measured as 
synaptic height) of the synapses measured in the right hemi- 
sphere at this time. The differences between trained and control 
chicks, in both synaptic number and synaptic size, disappear by 
24 hr posttraining. This evidence suggests that during the initial 
phase of memory formation after passive avoidance learning, 
transient structural changes are required involving synapse for- 
mation, but by 24 hr posttraining the transient increase is absent, 
because either synapses have been eliminated or tissue volume 
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Figure 4. Mean numerical density of asymmetric shaft synapses in the 
left and right hemisphere IMHV of control and trained chicks 1 and 24 
hr after passive avoidance training. The effect of training on the nu- 
merical density of asymmetric shaft synapses is not significant. Error 
bars represent the SEM of eight M-trained and eight W-control chicks. 

changes have occurred to alter the measured synaptic density. 
These alternative possibilities are discussed further below. 

Previous experiments demonstrated that metabolic, neuro- 
physiological, and morphological changes occur in the IMHV 
and LPO after passive avoidance training (Rose, 199 1; Stewart 
199 1). They also report differences between the times of in- 
volvement of the IMHV and LPO in recall for the passive avoid- 
ance response. Unilateral petruining lesions of the left IMHV, 
but not right, cause amnesia whereas as early as 1 hr posttraining 
similar lesions have no effect on retention (Patterson et al., 
1990). Bilateral lesions of the LPO only impair memory reten- 
tion when given posttraining and not pretraining (Gilbert et al., 
199 1). The left IMHV is thus involved in memory acquisition, 
and it has been suggested that memory flows from the left to 
the right IMHV, and then bilaterally to the LPO. However, 
contrary to earlier expectations (Patterson and Rose, 1989) the 
IMHV does play a role in memory posttraining because Pat- 
terson and Rose (1992) have shown that, in chicks given bilateral 
IMHV lesions posttraining, the ability for color discrimination 
is lost. Moreover, there is evidence from several pharmacolog- 
ical studies that the right IMHV is important in memory for- 
mation. Intracranial injections of N-nitro-arginine, an inhibitor 
of the synthesis of nitric oxide (a putative retrograde messenger 
involved in maintenance of LTP), causes amnesia for the passive 
avoidance task when injected into either the left or the right 
IMHV (L. C. Holscher and S. P. R. Rose, unpublished obser- 
vations). There appears to be a complex interrelationship be- 
tween the IMHV and the LPO in memory formation and storage 
(Patterson and Rose, 1992) that reflects the fact that represen- 
tations of even the simple association of a bead with an aversive 
taste are based on different classificatory clues that are thus 
multiple and located in widely different brain regions. 

IMHV and LPO show synaptic density increases, mainly con- 
fined to the asymmetric spine synapses in M-trained chicks 
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Figure 5. Mean projected height (i.e., size) of all classes of synapse in 
the left and right hemisphere IMHV 1 and 24 hr after passive avoidance 
training. Error bars represent the SEM of eight M-trained and eight 
W-control chicks. The difference at 1 hr posttraining (a 57% decrease 
in size) between the right hemispheres of M- and W-trained chicks is 
significant at p < 0.02, whereas at 24 hr posttraining this difference has 
been lost. 

compared to W-control chicks following passive avoidance 
training. The present study has shown that the IMHV synapse 
density increases within the first hour after training but is absent 
24 hr posttraining. The absence of synaptic increases at 12 and 
24 hr has also been shown previously by Bradley and Gala1 
(1987) and at 24 hr posttraining by Stewart et al. (1984). It is 
unlikely that such a rapid increase in the synapse density is due 
to a reduction in the volume of the IMHV and therefore prob- 
ably represents an increase in the number of synapses. The loss 
of differences in spine synapse density in the IMHV between 
trained and control groups at the later time of 24 hr posttraining 
may indicate either that spine synapse elimination occurs, or 
that there is change in the volume of the surrounding neuropil 
in the intervening 23 hr such that there is a decrease in synaptic 
density. 

Selective elimination of synapses has been suggested as a 
mechanism for learning by Changeux and Danchin (1976), who 
suggested that synaptogenesis occurs before the acquisition of 
new behaviors and after learning synapse elimination occurs as 
some pathways and synapses are stabilized and preserved at the 
expense of others. However, in the present case the apparent 
transient increase in synaptic number in the right IMHV appears 
to occur as a result of learning and is more likely to be related 
in some way to a short-term aspect of information processing 
in the IMHV, possibly connected with information flow to the 
main memory storage site of the chick forebrain described above, 
the LPO. After this has occurred the apparent increase in syn- 
aptic number disappears either by synapse elimination or due 
to change in neuropil volume. Change in the volume of the 
neuropil could occur via alterations in glial cell size and/or 
capillary volume, as have been reported in the cortex of rats 
raised in enriched compared to impoverished environments 
(Greenough et al., 1990, 1991). But given that no changes in 
volume occur in the LPO (Hunter, 199 1) at the 24 hr time point 
posttraining this would require changes alone in IMHV volume, 
which seems unlikely since the overall volume of the chick 
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forebrain does not change significantly at 24 hr posttraining in 
trained compared to control chicks. However, in the absence of 
measurements of glial cell, blood vasculature, and extracellular 
space of the IMHV 24 hr posttraining, we cannot rule out the 
possibility that such changes contribute at least in part to the 
decline in synaptic number at this time in trained chicks. 

If synaptogenesis has occurred, it is not possible to say whether 
the new synapses formed in trained chicks are consolidated and 
a different set of synapses are eliminated or that newly formed 
synapses are transient. It is interesting to note that the decrease 
in size of the synaptic height occurs concomitantly with the 
increase in synaptic number, which is suggestive of a process of 
splitting of preexisting synapses, as proposed by Greenough 
(1984) and Calverley and Jones (1990). This process is believed 
to occur at synaptic membrane perforations, and although these 
are seldom seen in control or trained chicks synapse, splitting 
may occur at the thinner parts of the synaptic membrane that 
are present. It is interesting that the size of the synapses (as 
measured by synaptic height) is similar in trained and control 
chicks at 24 hr posttraining, indicating either enlargement of 
the smaller synapses seen in trained chicks at 1 hr posttraining, 
or that a portion of the smaller size classes has been eliminated. 

Structural changes at the synaptic connections have been widely 
postulated as a basis for learning and memory (Greenough and 
Bailey, 1988). Changes in synaptic density have been shown to 
occur after extended periods of differential rearing (Turner and 
Greenough, 1985), and after long-term sensitization of Aplysia 
sensory neurons (Bailey and Chen, 1989). Increases in number 
of synapses are assumed to play a role in long-lasting memory 
storage because they occur several or more hours after training, 
a time by which synthetic processes involved in synaptic growth 
or remodeling could have occurred. In the case of synaptic 
changes in Aplysia, Bailey and Chen (1989) have showed these 
to persist for 3 weeks. Our studies reveal that following passive 
avoidance training a new morphological process has occurred 
involving only short-term transient changes in numbers of spine 
synapses. 

While our data are novel, in reporting such a rapid change in 
synaptic density due to learning of a behavioral task, other 
workers have shown that changes in synaptic number can occur 
very quickly after various types of experimental manipulation. 
Studies on hippocampal LTP indicate that synapses can be 
formed and lost within minutes (Chang and Greenough, 1984; 
Desmond and Levy, 1986). Chang and Greenough (1984) showed 
increased numbers of shaft and sessile spine synapses after 1 O- 
15 min that persist for at least 8 hr following LTP in rat hip- 
pocampal CA1 subfield. Neither of these studies (Chang and 
Greenough, 1984; Desmond and Levy, 1986) show any signif- 
icant changes in the total synaptic density, and it is not clear if 
the morphological changes (approximately 7% of the total syn- 
apse population) observed following LTP are responsible for 
the enhancement of the EPSP. The observed changes following 
LTP may represent an interconversion of synaptic types. During 
synapse development it has been suggested that shaft synapses 
are first formed and then converted to spine synapses (Mates 
and Lund, 198 1; Miller and Peters, 198 1). The higher total 
synaptic density in the IMHV of trained versus control birds 
following avoidance learning must represent formation of new 
synapses, although interconversion of shafts to spines synapses 
cannot be ruled out. 

Few studies have reported such rapid changes in synapses 
apart from those following LTP. Since LTP does not involve 

memory formation per se, it is an important question whether 
synapses can form quickly enough to mediate short-term mem- 
ory following learning paradigms. Recently, it has been reported 
that rapid synaptogenesis occurs in the rat occipital cortex 1 hr 
after administration of the glutamate agonist NMDA (Brookes 
et al., 1991). However, the mechanism of any such short-term 
synaptic changes remains unknown. Future experiments should 
help elucidate a possible mechanism for short-term morpho- 
logical changes at synapses and their role in memory formation. 
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