Avoidance “Conditioning”
in Paramecia

Learning is usually assumed to be a
property of multicellular organisms with
central neural axes (beginning, in phy-
logeny, with the flatworm). However,
Gelber (I) has reported that the one-
celled paramecium can be “trained” to
approach a platinum wire that has been
associated with food. Jensen (2), on the
other hand, concludes that the behavior
in question may be explained in terms of
uncontrolled changes in the water me-
dium in which the paramecia are ob-
served. The question at issue, therefore,
is whether it is the paramecium or its
environment that has been “conditioned.”

The same issue was involved in a
series of studies conducted in the 1930’s
on the ability of paramecia to benefit
from experience in what might be termed
an avoidance conditioning experiment.
Bramstedt (3) studied paramecia in a
half-light, half-dark, water-filled well.
When the lighted half was heated and
the dark half was cooled by external
means, the paramecia tended to remain
in the cool side. When the temperature
of the two halves of the well was equal-
ized, the animals continued to avoid the
lighted, previously heated side. Bram-
stedt thus claimed to have demonstrated
conditioning of the avoiding response to
the stimulus of light, which does not or-
dinarily elicit this response. Grabowski
(4), who repeated and extended Bram-
stedt’s work, ran tests of animals under
three conditions: a control for differ-
ential response to light, the light-heat
“conditioning” situation, and a control
for heat-induced changes in the water
medium. Like Bramstedt, he reported
light alone an ineffective stimulus to
elicit avoidance. During “conditioning,”
Grabowski’s animals avoided light when
it was paired with heat and, for almost
an hour after temperature equalization,
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spent considerably more time in the dark.
In the heat-induced—change control con-
dition, however, water which had been
“conditioned” before the introduction of
animals produced the same effect—para-
mecia avoided the previously heated side,
although they had had no opportunity
to form an association between light and
heat. On the basis of the latter finding,
Grabowski concluded that the “condi-
tioning” in paramecia was an artifact of
the technique: Paramecia avoided the
previously heated side because it had a
lower concentration of oxygen.

The investigation (5) described in this
report was designed to provide other con-
trols indicated in the Bramstedt-Gra-
bowksi experiments which would aid in
specifying the conditions under which the
behavioral modification occurs. The first
stage of this investigation was the repli-
cation of the three sets of experimental
conditions described by Grabowski.

Thirty-four Paramecium aurelia (see
Table 1) were observed individually in a
half-lighted, half-darkened well-slide con-
taining a well 17 mm in diameter by 3
mm in depth. The medium in which the
animals were observed consisted of fil-
tered wheat infusion. Six animals (light-
control group) were observed for 10
minutes in the unheated infusion-filled
well as controls for a differential response
to light; 14 (“conditioning” group) were
observed for at least 15 minutes after
they had been subjected to a “condition-
ing” period of at least 40 minutes during
which the lighted half of the well was
heated and the darkened half was cooled
from below, a gradient of from 80° to
105°F across the well being thus pro-
vided; 14 (O, control group) were ob-
served for at least 15 minutes after they
had been placed in an infusion-filled well
in which the lighted half had previously
been heated and the darkened half had
been cooled for at least 40 minutes. The
latter animals were placed in the well
immediately after equalization of the
temperature. The scores for several ani-
mals which remained motionless for all
or most of the observation period have
not been included.

During the “conditioning” procedure,
all of the 14 animals avoided the heated
side of the well, spending an average of
only 2 minutes, 52 seconds (the range
was from 1 minute, 9 seconds to 4 min-
utes, 39 seconds) out of the at least 40

minute “conditioning” period in the
heated side. The average number of en-
trances into the heated side was 19.5
(range 8 to 40). Table 1 presents the
mean proportion of time spent in the
lighted side of the well by the animals
in the various conditions. The mean pro-
portions of time spent in the light by
Grabowski’s animals under similar con-
ditions (calculated from Grabowski’s
data) are included for purposes of com-
parison. The data for the light-control
group in each case are based on 10 min-
utes of observation; all other propor-
tions are based on 15 minutes of ob-
servation. Table 2 presents the results of
a weighted-mean-square analysis of vari-
ance (6) of the data of our study and of
that of Grabowski.

The analysis of variance indicated that
there was significant variance between
experiments, between conditions, and,
due to the interaction, between experi-
ments and conditions (all at p < .001).
The Dunnett ¢ test (7) was used to make
comparisons between the “conditioning”
mean of our experiment and the other
means. Neither of the control means of
our experiment nor the light-control
mean in Grabowski’s experiment differed
significantly from the “conditioning”
mean in our experiment. The Scheflé test
(8) was used for comparisons between
means not involving the “conditioning”
mean of our experiment. Although the

Table 1. Mean proportions of time spent
in the light by Paramecium aurelia in the
several conditions of the experiment dis-
cussed in this report and of that of Gra-
bowski.

Experimental group

Trem  pieht O.  “Condi-
control  control tioning”
Katz and Mirsky
Time in
light (%)  0.47 0.45 0.40
N 6 14 14
Grabowski
Time in
light (%)  0.46 0.14 0.10
N 19 4 8

Table 2. Analysis of variance of the data
of the experiment discussed in this report
and of that of Grabowski.

Sou.rce of df Mean F
variance square
Between experi-
ments 1 0.5292 70.56*%
Between con-
ditions 2 0.2414  32.19*%
Interaction of ex-
periments X con-
ditions 2 0.1227 16.36*
Error 59  0.0075
Total 64
* p < .001.
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light-control means of the two experi-
ments do not differ, both the “condi-
tioning” mean and the O, control mean
in the Grabowski experiment are signifi-
cantly lower (p < .01) than the corre-
sponding means of our experiment. Al-
though there was no significant difference
between the O, control and the condi-
tioning mean in the Grabowski experi-
ment, both of these differed significantly
(p < .01) from the light-control mean.

These comparisons demonstrate clearly
that it was not possible to replicate the
findings of Grabowski, except with re-
spect to the proportion of time spent by
the paramecia in the light in the light-
control condition. Contrary to the results
of Grabowski, neither conditioning the
paramecia nor conditioning the water in
our experiment produced any modifica-
tion in the tendency of the animals to
spend roughly equal amounts of time in
the dark and light.

Some incidental observations made
during the “conditioning” procedure may
help to account for the difference in re-
sults. When the well was being differ-
entially heated and cooled, a powerful
convection current invariably accom-
panied the gradient in temperature—a
current so powerful, in fact, that it often
appeared to sweep an animal into the
heated side of the well. The presence of
the convection current under the condi-
tions of our experiment would seem to
rule out the possibility of there being an
appreciable difference in oxygen concen-
tration between the two sides of the 17
mm well in either the “conditioning” or
the light-control situations. This is con-
sistent with the finding of no significant
difference among conditions in our ex-
periment. If it is assumed that Grabowski
was somehow able to avoid the presence
of the convection current in his smaller
10 mm well (he makes no mention of
convection), then the results of our study
may be interpreted as supporting Gra-
bowski’s interpretation of the response
modification of the paramecium in terms
of environmental modification.

The results of our study and of those
of Grabowski and of Jensen indicate
that there has been no unequivocal dem-
onstration of conditioning in paramecia,
in either the food-approach or the heat-
avoidance situations. Apparently, when-
ever the “learning” situation has been
arranged so as to preclude the possibility
of permanent or relatively permanent
changes in the environment of the para-
mecium, then subsequent behavioral
modifications have not been observed.
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Fall of the Sputnik I Rocket

There has been considerable interest
in the matter of determining the prob-
able point of impact of artificial satel-
lites (). We are conducting a study of
the behavior of satellites as they reenter
the atmosphere during the final phase
of their lifetimes, and in this connection
we have examined the data on satellite
1957 Alpha 1, the carrier rocket which
accompanied Sputnik I.

Our calculations lead us to the con-
clusion that 1957 Alpha 1 fell on 1 De-
cember 1957 at 0846 G.M.T., approxi-
mately 8 hours after the last radar
observation made on it in the United
States. We place the probable point of
impact at latitude 45°N, longitude
106°E, in Outer Mongolia. The result
of our investigation is shown in Fig. 1,
which represents the trajectory of 1957
Alpha 1 during its final pass over the
Northern Hemisphere. The probable im-
pact point is marked by a circle in Fig.
1, and the uncertainty in the impact
point by heavy lines to either side of this
circle.

The analysis is based on several ob-
servations of the altitude of the satellite
during the last five days of its lifetime.
These altitudes were deduced from radar
observations of 1957 Alpha 1 obtained
by: (i) the Lincoln Laboratory (2) on
27 November at 2153 G.M.T., 29 No-
vember at 2137 G.M.T., and 30 Novem-
ber at 1944 G.M.T. and 2114 GM.T.;
(ii) the Stanford Research Institute (3)
on 1 December at 0011 G.M.T.; and
(iii) the staff of the Royal Radar Estab-
lishment (RRE) (4) at Malvern, Eng-
land, on 1 December at 0828 G.M.T.

The altitudes obtained from these
radar sightings are indicated in Fig. 2.
Figure 2 also shows the calculated alti-
tudes, determined by us from a numer-
ical integration of the satellite equations
of motion, starting with orbital data pro-
vided by the Smithsonian Astrophysical
Observatory for the date of 11 Novem-
ber 1957. The calculated altitudes in
Fig. 2 are seen to be in good agreement

with the observed altitudes for all passes.

The penultimate measurement shown
in Fig. 2 was taken on the Stanford radar
during the final pass of the satellite over
the United States. The last datum in
Fig. 2 is that of the RRE radar at Mal-
vern, obtained, as already noted, at 0828
G.M.T. It is interesting to note that even
if both of these data are omitted, the
comparison of the remaining observa-
tions with our calculated altitudes indi-
cates that the satellite could not have
fallen during its last pass over the con-
tinental United States, nor in fact for
several passes thereafter. For if we as-
sume the last pass in the lifetime of the
satellite to be that in which it crossed
the western United States, the calculated
altitudes then fall on the dashed curve
of Fig. 2. The differences between this
curve and the data are well outside the
probable errors for the observations. In
our view, Fig. 2 provides conclusive evi-
dence that the satellite continued on for
approximately 8 hours beyond the pass
over the west coast of the United States.

The last datum point in Fig. 2 is an
altitude of 71 miles, obtained by the
RRE radar. This observation is critical
for the unambiguous determination of
the impact point. An altitude as low as
71 miles indicates that at the time of the
passage over Malvern the rocket had
entered on the final dive of its reentry
into the atmosphere. The detailed nu-
merical integrations then indicate that
the rocket continued on past Malvern
for 64° in the plane of the orbit before
striking the earth. This figure of 64° is
subject to an uncertainty of *15°, cor-
responding to the probable error in the
altitude of the RRE observations, and
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Fig. 1. Polar projection of the Northern
Hemisphere showing the trajectory of
satellite 1957 Alpha 1 during its final
pass. The calculated impact point is in-
dicated by a circle at latitude 45°N, longi-
tude 106°E. The probable error in the
impact point due to uncertainties in (i)
the altitude over Malvern, England, and
(ii) the drag coefficient is indicated with
heavy lines to either side of this circle.
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