
in the region of the maximum activity 
is probably the most important contri- 
bution of this study. This positivity is a 
stimulus-related cochlear response that 
is confined to a limited spatial extent 
of the inner ear, and which is an inde- 
pendent response from the familiar CM 
and DIF-SP components which appear 
as voltages across the organ of Corti. 
The positive AVE-SP component is the 
polarization of an entire segment of 
the cochlea. Since the only electrical 
connection between the membranous 
cochlea and the rest of the body is 
through the internal auditory meatus, 
via the eighth nerve and blood vessels 
(11), it can be conjectured that the 
positive AVE component can serve as a 
hyperpolarizing electrical agent acting 
on the dendrites that originate in the 
region of maximum positivity. The 
source of this positive AVE response is 
not yet identified with certainty. This 
response is possibly due to a voltage 
drop caused by longitudinal current flow 
within the cochlea between regions of 
strong and weak excitation. 
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frequency. In this situation the CM's from 
the two electrodes are virtually identical in 
magnitude but opposite in phase; there is 
balance. Note, however, that the SP magni- 
tudes are not the same; the SP from the ST 
is considerably greater than that from the SV. 
This indicates the presence of a "common- 
mode" d-c potential, the very item of inter- 
est in this communication that is labeled as 
the AVE component. 
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A recurring question concerns the 
relative heritability of general IQ. One 
position is that IQ can be altered by 
certain environmental factors, such as 
programs of enrichment (1). The op- 
posite position suggests that the genetic 
component of IQ is so significant that 
it is unrealistic to hope that enrichment 
programs will be able to change IQ 
very much, particularly for relatively 
normal children (2). 

The issue is exemplified by two sets 
of apparently contradictory findings: 
(i) the IQ's of severely deprived young- 
sters can be raised by certain programs 
of stimulation and compensatory edu- 
cation (1, 3); but (ii) the correlation 
between the IQ scores of pairs of in- 
dividuals increases dramatically and 
consistently with the degree of their 
genetic, as opposed to their environ- 
mental, relationship (2, 4). 

Part of this controversy may be re- 
solved by distinguishing between the 
general level of IQ as reflected in an 
IQ score assessed at a single age and 
the sequential pattern of IQ change that 
might occur over age. It is likely that 
many normal children display substan- 
tial changes in IQ during childhood and 
that these shifts over age constitute 
meaningful and reliable trends (5). 
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to be contradictory to the findings of I. 
Tasaki and C. Fernandez [J. Neurophysiol. 
15, 497 (1952)] that the electrical spread in 
the cochlea from turn to turn is negligible. 
Actually there is no contradiction. Tasaki and 
Fernmndez obtained their attenuation figure of 
6 db/mm from differential electrode record- 
ings; in other words, this attenuation constant 
would apply for our DIF component. When 
not using differential electrodes, one observes 
much less attenuation of electrical potentials, 
probably of the order of 1 to 2 db/mm (6). 
This latter figure is applicable for the AVE 
component. Thus, it is quite reasonable to as- 
sume that the negative AVE component is a 
response that results from current spread from 
active remote regions. That this is so can be 
highlighted by the prominence of this re- 
sponse in regions and at frequencies where no 
local traveling wave activity exists, that is, 
in the higher cochlear turns at high frequen- 
cies. 

11. G. von Beke6sy, J. Acoust. Soc. Amer. 23, 
18 (1951). 

12. Supported by NIH grants. 
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Since much of the current emphasis on 
compensatory education programs is 
concerned with changing IQ, it would 
be valuable to determine if such pat- 
terns possess as much heritability as the 
general level of IQ. 

Most of the evidence for the genetic 
basis of intelligence has been deter- 
mined with single-age (or at least sep- 
arate-age) correlations between genet- 
ically related individuals. These data 
demonstrate the heritability of the gen- 
eral level of IQ, but they do not demon- 
strate the heritability of IQ changes 
over age. Even if these methods suggest 
that the genetic contribution to the gen- 
eral level of IQ is substantial, meaning- 
ful changes in IQ over age are still pos- 
sible (as produced by enrichment pro- 
grams, for example). 

In this paper I report an examina- 
tion of the relative heritability of the 
general level of IQ as opposed to the 
pattern of IQ change over age. This 
issue was addressed by a comparison of 
the similarity of patterns of IQ change 
over age among siblings and among 
parent-child combinations with the sim- 
ilarity of patterns for unrelated subjects 
matched for year of birth and parental 
educational level. These comparisons 
were made first when both the general 
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Intelligence Quotient Pattern over Age: Comparisons 
among Siblings and Parent-Child Pairs 

Abstract. Comparisons between sibling and parent-child pairs with unrelated 
control pairs matched for year of birth and parental education were made to 
determine the relative heritability of the general level of intelligence quotient as 
opposed to that of the sequential pattern of IQ change over age (3 to 12 years). 
There was greater similarity among related siblings relative to matched controls 
for general level than for pattern of IQ over age. Relationships between the IQ's 
of children and that of their parents as children were not consistent across age. 
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level of IQ and the pattern over age 
were allowed to operate and then when 
the general level was extracted and only 
the pattern of change over age was al- 
lowed to operate. 

For the sibling comparisons, subjects 
were drawn from the Fels Longitudinal 
Study [see (6) for a description 
of the sample] in which tests of 
general intelligence had been adminis- 
tered (predominantly by the same ex- 
aminer) every 6 months from 3 to 6 
years of age, then every year through 
age 12. As a group, these children have 
above average intelligence (Binet mean 
of 117, varying somewhat with age) 
but average variability at any given age 
(standard deviation, s -=16.9). 

Those children having at least one 
sibling in the Fels study and no more 
than two consecutive tests missing be- 
tween 3 and 12 years of age were 
selected for analysis. Within this group 
all subjects were paired with each of 
their siblings (7) to produce 18 male- 
male pairs (13 families), 28 female- 
female pairs (19 families), and 54 
male-female pairs (30 families). 

An unrelated pair of subjects was 
matched with each sibling combination 
in the following manner. If A and B 
constituted a sibling pair, then the 
corresponding unrelated control pair, 
A-C, was determined such that A was 
arbitrarily chosen from the two choices 
of A and B, and C was unrelated to 
either A or B but matched with B with 
respect to sex, year of birth, and aver- 
age parent educational level (midparent 
education level) on the basis of the 
seven-point educational scale of the 
Hollingshead two-factor index of social 
position. The B and C matches differed 
by an average of .59 parental educa- 
tion points (s = .51) and 15.89 months 
between birthdays (s = 14.37), and 
these figures were characteristic of each 
of the three sex groupings as well. The 
average difference in age between pairs 
was 52.9 months (s = 42.6) for siblings 
and 49.5 months (s =45.3) for unre- 
lated control pairs. 

In order to eliminate general group 
trends in IQ over age and to permit the 
use of subjects who had been given a 
few IQ tests other than the Stanford- 
Binet test (8), standard scores were 
computed for each subject from the 
mean and standard deviation for all 
children in the Fels population on that 
test at that age (average N = 151). In 
order to minimize the influence of a 
particular test administration and to 
handle missing data (8), individual IQ 
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curves were smoothed by the "moving 
mean" technique in which the scores at 
each set of three adjacent ages were 
averaged. Each subject then had 11 
smoothed standardized IQ scores based 
upon his performance between 3 and 
12 years of age. 

Similarity in pattern of IQ change 
over age was assessed by the Cronbach 
and Gleser technique (9) of first taking 
the square root of the sum of squared 
deviations between corresponding points 
along these smoothed curves for any 
pair of subjects. Such a procedure al- 
lows differences in the general level of 
IQ (that is, overall mean IQ) to oper- 
ate in addition to differences in the 
sequential pattern of IQ inflections over 
age. Thus, because sibling IQ's at a 
given age are known to correlate ap- 
proximately .49 (2, 4), greater sim- 
ilarity should be observed for siblings 
than for unrelated children. In contrast, 
when each subject's smoothed scores 
are taken as deviations about his own 
mean of 11 values and then the square 
root of the sum of the squared devia- 
tions between corresponding points is 
computed for each pair of curves, the 
general level of IQ is eliminated and 
only fluctuations in pattern are reflected 
in such an index. If the pattern of IQ 
change over age, regardless of general 
level, has heritability, then siblings 
should be more similar than unrelated 
children on this measure as well. 

The criteria for selecting parent-child 
pairs and the techniques of analysis of 
the resulting data were the same as 
those used for siblings. A total of 13 
father-son (9 families), 11 mother- 
daughter (9 families), and 11 cross- 
sexed parent-child pairs (10 families) 
qualified for analysis. Each child was 
matched with a nonrelated subject from 
these groups on the basis of sex, year 
of birth, and midparent educational 
background. Thus, for each related 
parent-child combination, the control 
pair consisted of the same parent 
coupled with an unrelated child who 
was matched with the parent's own 
child. The mean parental educational 
difference between matched children was 
.58 (s = .64) points, and the mean age 
difference was 14.86 (s = 8.96) months. 

The parent-child comparisons were 
between the IQ's of the parent as a 
child assessed between 3 and 12 years 
of age and the IQ's of their child as- 
sessed years later when the child was 3 
to 12 years of age. As in the case for 
siblings, the pattern of same-age parent- 
child IQ's was compared for similarity 

with matched control pairs when the 
general level of IQ was allowed to op- 
erate and when only pattern over age 
exclusive of general level was involved. 

Initial analyses of variance on the 
sibling data failed to, indicate that the 
difference between related and unre- 
lated pairs interacted with sex (inter- 
action for three sex groups: F= 1.63, 
d.f. 2/97; interaction for male versus 
female pairs only: F= 2.47, d.f. = 
1/44). Consequently, the data were 
combined across sex grouping and are 
presented in Table 1. Sibling IQ's were 
more similar than matched unrelated 
controls when the general level of IQ 
was allowed to operate (P < .0001), a 
result that reflects the common finding 
that sibling IQ's correlate approximately 
.49 (2, 4). In contrast, when the gen- 
eral level of IQ was extracted, there 
was no more similarity in the pattern 
of inflections of IQ over age for siblings 
than for matched unrelated children 
(10). 

Since the means and variances of 
the similarity scores were different 
when the general level was considered 
than when it was extracted, these two 
distributions were separately standard- 
ized and an analysis of variance was 
performed to determine if the differ- 
ence in similarity between sibling and 
control pairs was greater when general 
level was operative than when it was 
not. The significant interaction (F 
4.92, d.f. = 1/99, P- .03) between re- 
lated-unrelated groups and similarity 
measure implied that sibling similarity 
was greater for general level plus pat- 
tern than for the pattern of IQ change 
alone. 

For the parent-child comparisons, 
neither analysis (with or without gen- 
eral level) revealed a significant effect 
and there was no significant difference 
between the two analyses. Although the 
number of parent-child pairs was fewer 
than the number of sibling pairs (35 
versus 100), the difference in similarity 
scores when general level was operative 
between related and unrelated pairs was 
2.7 times as large for siblings as for 
parent-child pairs. These parents and 
their children apparently do not evi- 
dence a great deal of similarity in gen- 
eral IQ level or in IQ pattern over age 
relative to matched unrelated controls. 

The fact that parent-child pairs were 
not significantly more similar to one 
another than unrelated controls, even 
when the general level of IQ was op- 
erative (even though the data are in 
the predicted direction), seems to con- 
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Table 1. Mean square root of the sum of squared deviations for sibling and parent-child 
groups. 

Pairings General level Pattern 
~~Pairinmgs______ + pattern alone 

Siblings (N = 100) 2.23 1.27 
Unrelated 3.04 1.40 

t (P) 4.36 (P<.0001) .98 

Parent-child (N = 35) 2.91 1.43 
Unrelated 3.22 1.47 

t .88 .31 

tradict the well-known finding that the 
correlation between the IQ's of parents 
and their children is approximately .50 
(2, 4). However, this figure typically 
represents the correlation between adult 
parent and young child. In contrast, the 
analysis presented here is sensitive to 
parent-child similarity when the IQ's of 
both parent and child are measured at 
the same chronological age during de- 
velopment (that is, parent at age 3 
correlated with his or her child at age 
3). Table 2 presents the simple corre- 
lations between smoothed IQ at each 
age for the sibling and parent-child 
pairs used in the above analyses. The 
siblings show a constant correlation (r) 
over all ages, and the median coeffi- 

cient of .55 is very close to the com- 
parable figure of .49 reported by others 
(2, 4). In contrast, the parent-child 
correlations were lower than those for 
siblings at each of the 11 ages ex- 
amined, having a median r = .29 (11). 
This relatively low value may account 
for the failure in this study to obtain a 
significant degree of relative similarity 
between parents and their children even 
when general level was included, and is 
probably caused by the fact that there 
are many more years separating same- 
age assessments for parent-child than 
for sibling pairs. 

The fact that siblings displayed great- 
er similarity in general level of IQ than 
in the pattern of inflections over age 

might have been expected if IQ does 
not change very much during childhood. 
For example, if there were a precise 
level of mental performance for each 
individual which is constant over age, 
subtracting a subject's mean IQ from 
each of his scores might leave only a 
"pattern" of random error. One would 
not expect to find sibling or parent- 
child similarity in this unsystematic 
"error" variation over age. However, if 
it can be shown that substantial age 
trends in IQ do occur within individ- 
uals, then the IQ pattern over age ex- 
clusive of general level is not simply 
random variation and may represent 
important changes in mental ability. 

The data presented above for sibling 
and parent-child pairs involved 136 
subjects. The 11 scores for each indi- 
vidual were subjected to Ferguson's 
nonparametric trend analysis (12) to 
detect monotonic, bitonic, and tritonic 
IQ patterns. Eighty-nine of 136 indi- 
viduals (65 percent) displayed a signifi- 
cant (.05 level) basic trend (49 mono- 
tonic, 19 bitonic, and 22 tritonic) in 
IQ over age. Although the 11 scores of 
any individual will correspond to some 
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pattern (for example, the trivial case 
of a tenth degree polynomial), these 
data suggest that a rather large per- 
centage of subjects display relatively 
simple (monotonic, bitonic, or tritonic) 
trends. 

For the sibling analyses reported 
above, one member of 84 percent of 
the related pairs and both members of 
46 percent of the pairs had significant 
trends as defined above. For the parent- 
child analyses, one member of 100 per- 
cent of the pairs and both members of 
57 percent of the pairs had significant 
trends. Since there were no group 
trends because scores standardized 
(mean-= 0; standard deviation = 1) on 
this sample within each age were em- 
ployed, it is unlikely that these individ- 
ual patterns represent a simple effect 
of repeated testing. Consequently, it 
would appear that removing the mean 
IQ does not leave a residual of mere 
random error in a sizable proportion of 
the pairings, and that the form of such 
IQ patterns over age does not appear 
to be shared by siblings or parents. 

The following figures provide a no- 
tion of the extent of IQ change over 
age reflected in these patterns: the 
average individual range of smoothed 
standardized scores for each of the 136 
subjects was .94 standard deviation 
units or approximately 16 IQ points 
(range of change: 5 to 36 IQ points). 
These figures are somewhat conserva- 
tive since extreme values were mini- 
mized by the use, of the smoothed 
scores which represent a mean of three 
IQ determinations (mean range of raw 
IQ scores = 24 points). 

To illustrate the effects described 
above, Figs. 1 and 2 present the IQ 
trends for the least, median, and most 
related sibling, parent-child, and non- 
related control pairs. These are not 
matched pairs, but rather the median 
and extremes of each distribution, re- 
lated and nonrelated. The graphs illus- 
trate that sizable changes in IQ can 
occur over age and that trends of re- 
lated individuals do not possess obvi- 
ously greater similarity than those of 
unrelated pairs. 

Figures 1 and 2 also illustrate in part 
that the inflections in the IQ patterns 
of siblings were not simply displaced 
from one another by the number of 
months separating the birthdays of the 
siblings. If pattern similarity were 
greater when same-year (contempora- 
neous rather than same-age) compari- 
sons are considered, one would expect 
a negative correlation between the IQ 
dissimilarity score and the number of 
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Table 2. Correlations at different ages between smoothed IQ's for siblings and parent-child 
pair. Siblings: P<.001 for all r's; parent-child: r. 5 = .28; r.01 = .39. 

Age at test administration (months) 
Pairings 

42 48 54 60 66 74 84 96 108 120 132 

Siblings (N = 100) .54 .50 .51 .39 .52 .59 .63 .57 .57 .58 .55 
Parent-child (N - 35) .36 .29 .27 .19 .43 .45 .50 .35 .28 .21 .17 

months separating the birthdays of the 
siblings. The correlations were nonsig- 
nificant and opposite in sign from this 
expectancy (r = .11 with general level; 
r = .07 without general level), which 
suggests that IQ patterns were not more 
similar for closely spaced than for 
widely spaced siblings. Visual inspec- 
tion of the graphs by two independent 
observers also indicated that patterns 
did not appear to be more similar when 
siblings were matched at contempora- 
neous ages than when they were 
matched at the same chronological age. 

Taken together, these data suggest 
that relatively simple trends in IQ over 

age occur in a large number of normal 
children. Furthermore, although the 

general level of IQ appears to show 
heritability, the pattern of IQ change 
over age possesses far less heritability 
(if any at all); a firm conclusion must 
be substantialted with larger samples 
and with pairs of individuals having 
greater genetic relationship (for ex- 
ample, twins). 

Siblings (and parent-child pairs) 
share some environmental elements 
(for example, general atmosphere of 
intellectual encouragement) as well as 

genes in common. However, whatever 
the factors that determine IQ change 
over age, apparently they are not sim- 
ply the general family intellectual cli- 
mate available to each sibling. Rather, 
one might speculate that the salient 
variables are relatively more specific 
events and intellectual circumstances 
which quite possibly interact with age, 
personality, social, and motivational 
factors. Perhaps designers of enrich- 
ment programs might look to these 
areas when developing their curricula. 

These results and those of others 
(2, 4) suggest that the genetic heritage 
of middle-class normal children par- 
tially governs the general segment of 
the total IQ dimension within which 
an individual is likely to function. In 
contrast, other factors, not purely gen- 
etic in origin and possibly involving 
complex environmental-personality-so- 
cial interactions, determine meaningful 
fluctuations in mental performance over 
age within that general range. Further- 
more, these data illustrate that evidence 

for the genetic basis of a trait (such as 
intelligence), which is grounded in the 
correlation between genetically related 
individuals, does not necessarily imply 
that the trait is immutable to change. 
This statistical fact plus the observa- 
tions that shifts in IQ (i) are often 
substantial, (ii) characterize a sizable 
proportion of normal children, and (iii) 
may not possess as much heritability as 
general level of IQ should be consid- 
ered in discussions of the rationale and 
theoretical potential of enrichment pro- 
grams. 

ROBERT B. MCCALL 

Department of Psychology, 
Fels Research Institute, 
Yellow Springs, Ohio 45387 
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Neuromuscular Synapse: Stochastic Properties 
of Spontaneous Release of Transmitter 

Abstract. The spontaneous quantal release of transmitter from the motor nerve 
endings is a random process which follows the Poisson theorem; the liberation of 
each quantum is independent of the release of previous quanta. Increase in the 
extracellular calcium concentration produces a statistical interdependence in the 
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each quantum is independent of the release of previous quanta. Increase in the 
extracellular calcium concentration produces a statistical interdependence in the 
release of the spontaneously appearing packages. 

Transmitter is liberated at the neuro- resulting 
muscular junction and at neuronal tion has 
synapses as multimolecular packages or ter relea 
quanta (1). There are two main fac- records 
tors that determine the rate of appear- tion the 
ance of these quanta: (i) the membrane longer f 
potential of the presynaptic terminal 1). Tak 
(2) and (ii) the calcium ion concen- a measi 
tration in the external medium (3). the expc 
When an action potential reaches the predicte( 
motor nerve endings, several hundred can see I 
quanta are released within a millisecond in the 
giving rise to an end plate potential about b 
(EPP), and thus transfer of the elec- concentr 
trical information across the neuro- 
muscular synapse is obtained. At rest, 
the rate of liberation is approximately distributie 
one quantum per second. Our report expected 
deals with some of the statistical fea- tion N-: 

total num tures of these spontaneously occurring tftalple 
quanta and with the effect of calcium and a is 
ions on them (4). sample. I 

The experiments were performed in trations o 
vitro on the sartorius neuromuscular sample is 
preparation of the frog Rana ridibunda. ber of M 

centration 
Conventional methods of intracellular concentrat 
recording were employed (5). The MEPP 

spontaneous activity (miniature end in sample 
plate potential-MEPP) was first re- (x) 
corded in normal ionic environment Nc 
(standard Ringer solution composition: 
116 mM NaCI, 2.0 mM KCl, and 1.8 
mM CaC12). The results (Table 1) 2 
show that the discharge is random in 3 
nature and fits the Poisson theorem 
(6). Thereafter, while the microelec- 0 
trode was still lodged in the same fiber, 1 
the calcium concentration of the med- 
ium was elevated to 15 mmole/liter 4 
[by isotonic substitution for NaCl; the 
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g decrease in sodium concentra- 
; a very little effect on transmit- 
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s containing x number of MEPP's, 
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Af calcium a equals 0.0956. Each 
a 20-msec period. The total num- 

EPP's for the normal calcium con- 
is 1187; for the high calcium 

tion it is 998. 

N. 

Observed Expected 

irmal calcium concentration 
(1.8 mmole/liter) 

45388 45393.02 
1167 1157.07 

10 14.77 
0 0.12 

ligh calcium concentration 
(15.0 mmole/liter) 

9601 9486.40 
735 906.64 
65 43.53 
21 1.39 
10 0.03 
6 0.00064 
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mM Ca2+ is 1.6, showing a fair fit 
between the experimental and predicted 
values; the x2 for 15 mM Ca2+ is 
56424, demonstrating the extreme poor 
fit to the Poisson distribution. Similar 
changes in the pattern of spontaneous 
release were obtained in ten additional 
experiments. The observed change in 
the pattern of release was reversible. 

The stochastic features of the spon- 
taneous release were further analyzed 
by the autocorrelation method. If the 
intervals between successive MEPP's 
are independent of one another, one 
would expect to obtain no correlation 
in a long series of intervals. However, 
if the appearance on one MEPP facili- 
tates the appearance of the next MEPP 
or if a common cause increases the 
basis frequency of MEPP's occasion- 
ally, then a positive correlation among 
the intervals is expected. On the other 
hand, if the appearance of one MEPP 
inhibits the appearance of the next, a 
negative correlation is expected. In 
practice, the analysis of the experi- 
mental results was carried out as fol- 
lows: first, the mean frequency of the 
MEPP's (f) was calculated; then the 
frequency of the MEPP's in a given 
time interval after each event (ft) was 
estimated by the autocorrelation meth- 
od. For a process of independent re- 
lease one would expect that the relative 
frequency, given by the ratio (ft/f) is 
unity for all time intervals. If a release 
of a quantum facilitates the appearance 
of the next quantum, the relative fre- 
quency will be greater than one, 
whereas if the release of a quantum 
inhibits the appearance of the next one, 
the relative frequency will be less than 
one. Figure 1A shows that under nor- 
mal conditions (standard Ringer solu- 
tion, 1.8 mM Ca2+), the spontaneous 
release of transmitter is an independent 
process in the statistical sense; the ap- 
pearance of a MEPP does not affect at 
all the probability of release of the 
successive quantum. At high external 
concentrations of calcium, the statistical 
behavior of the discharge is completely 
different; the relative frequency is sig- 
nificantly different from one (Fig. 1B). 
For example, in the 20-msec period af- 
ter any given MEPP the probability of 
release is about five times larger than the 
basic probability. This enhanced prob- 
ability of release decays slowly and 
reaches the basic value only after sev- 

mM Ca2+ is 1.6, showing a fair fit 
between the experimental and predicted 
values; the x2 for 15 mM Ca2+ is 
56424, demonstrating the extreme poor 
fit to the Poisson distribution. Similar 
changes in the pattern of spontaneous 
release were obtained in ten additional 
experiments. The observed change in 
the pattern of release was reversible. 

The stochastic features of the spon- 
taneous release were further analyzed 
by the autocorrelation method. If the 
intervals between successive MEPP's 
are independent of one another, one 
would expect to obtain no correlation 
in a long series of intervals. However, 
if the appearance on one MEPP facili- 
tates the appearance of the next MEPP 
or if a common cause increases the 
basis frequency of MEPP's occasion- 
ally, then a positive correlation among 
the intervals is expected. On the other 
hand, if the appearance of one MEPP 
inhibits the appearance of the next, a 
negative correlation is expected. In 
practice, the analysis of the experi- 
mental results was carried out as fol- 
lows: first, the mean frequency of the 
MEPP's (f) was calculated; then the 
frequency of the MEPP's in a given 
time interval after each event (ft) was 
estimated by the autocorrelation meth- 
od. For a process of independent re- 
lease one would expect that the relative 
frequency, given by the ratio (ft/f) is 
unity for all time intervals. If a release 
of a quantum facilitates the appearance 
of the next quantum, the relative fre- 
quency will be greater than one, 
whereas if the release of a quantum 
inhibits the appearance of the next one, 
the relative frequency will be less than 
one. Figure 1A shows that under nor- 
mal conditions (standard Ringer solu- 
tion, 1.8 mM Ca2+), the spontaneous 
release of transmitter is an independent 
process in the statistical sense; the ap- 
pearance of a MEPP does not affect at 
all the probability of release of the 
successive quantum. At high external 
concentrations of calcium, the statistical 
behavior of the discharge is completely 
different; the relative frequency is sig- 
nificantly different from one (Fig. 1B). 
For example, in the 20-msec period af- 
ter any given MEPP the probability of 
release is about five times larger than the 
basic probability. This enhanced prob- 
ability of release decays slowly and 
reaches the basic value only after sev- 
eral seconds. The statistical interde- 
pendence between successive events ex- 
plains the departure from a Poissonian 
process demonstrated in Table 1; if the 
probability of occurrence of a MEPP is 
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