
difference when pattern alone was con- 
sidered). 

11. The median correlation of .29 between the 
IQ's of same-aged parents and their children 
is somewhat lower than the figure of .56 
reported for the same kind of comparison by 
C. Burt [Brit. J. Psychol. 57, 137 (1966)] and 
E. W. Reed and S. C. Reed [Mental Retarda- 
tion: A Family Study (Saunders, Philadelphia, 
1965)]. The age of the subjects at testing is 
not clear in Burt's report but testing oc- 
curred during their early school years (as 
was true for Reed and Reed), an age when 
the coefficients presented in this report are 
highest. In the data presented here the low 
parent-child correlations relative to those for 
siblings may derive from the fact that more 
non-Stanford-Binet assessments were present in 
the parent-child than in the sibling protocols. 
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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 

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 
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-: 
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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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(15.0 mmole/liter) 
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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- 
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probability of occurrence of a MEPP is 

SCIENCE, VOL. 170 

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 

SCIENCE, VOL. 170 



increased after any given event, then 
there are expected to be more multiple 
events in some samples than the predic- 
tions of the Poisson theorem. 

The origin of the MEPP is not yet 
completely understood. The change in 
the statistical pattern of release brought 
about by changing the extracellular 
calcium concentration suggests that a 
main determinant of the probability is 
the state of the presynaptic membrane, 
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which can be modified by calcium ions. 
Our experiments illustrate that under 

normal conditions a spontaneous syn- 
aptic event is independent of the pre- 
ceding one. When the extracellular 
concentration of calcium is increased 
this independence no longer occurs. 
Thus, by changing the concentration of 
calcium one can transform the spon- 
taneous release from one pattern of 
statistical behavior to another, from a 
Poissonian to a non-Poissonian random 
discharge. 
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We, too, have experienced a similar 
- difficulty in the determination of pro- 

tein in the presence of HEPES (N-2- 
-_1,.L.. w.i._ L hydroxyethylpiperazine-N'-2-ethane sul- 

0 1 2 3 4 5 fonic acid) (1). Our resolution of the 
Time after MEPP (sec) problem was to measure the protein by 

a modified version of the microbiuret 
method (2), scaled down in volume 
such that the color developed from 0.4 
ml of protein solution, when mixed 
with 0.2 ml of reagent, could be de- 
termined in silica microcells (0.5 ml). 

; - - Any interference due to salt crystalliza- 
-?* tion that might arise with buffers of 

high ionic strength is easily overcome 
a;ji by clarifying the mixed solutions in a 

bench centrifuge before measurement. 
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The method was unaffected by the pres- 
ence of HEPES, is relatively nonspe- 
cific for the type of protein, and more- 
over produces a linear standard curve, 
with sensitivity not much less than with 
the Lowry procedure. 
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Ricklefs (1) proposes a model to ac- 
count for "clutch size in birds" which 
seems hardly applicable to birds as a 

___ t _____ _ class. The model can be applied com- 
2 3 4 5 fortably only to those birds which feed 
fter MEPP (sec) their nestlings on animal food, and 

luency of MEPP's fol- more specifically to those which feed 
dEPP. The frequency altricial young on motile prey. Pigeons 
estimated in successive (Columbidae) produce animal food 
ter each MEPP and from their own crops. Brood parasites 

frequency (see text). 
ration of calcium (1.8 do not feed their young at all. Young 
high concentration of precocial birds feed themselves, many 
le/liter). on vegetable matter. That apparent 
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cavil aside for the moment, it is worth 
while to consider the logical structure 
underlying the hypothesis, and the con- 
sequences logically to be expected from 
it. 

One is immediately struck by the 
erection of an "adaptive system" which 
adjusts the strategies of foraging be- 
havior among predatory birds to the 
productivity of their prey. As what 
seem to be his only examples of anal- 
ogous "systems of predator-prey adap- 
tation of diverse species" Ricklefs cites 
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