
Planaria: Memory Transfer through Cannibalism Re 

Abstract. Planaria which have cannibalized untrained planaria e. 
stimuli only, handling only, or previous conditioning, all requ 
fewer trials in a conditioning situation than naive planaria. 

In recent years, studies suggesting 
specific memory transfer through can- 
nibalism in planaria have received a 
great deal of attention. Studies by Mc- 
Connell (1) and others have demon- 
strated that naive planaria which 
have cannibalized other planaria con- 
ditioned in a light-shock situation will 
become conditioned in fewer trials than 
naive controls. In addition, the more 
rapid conditioning is comparable to 
that shown by previously conditioned 
worms. The experiment described here 
was both a replication and elabora- 
tion of McConnell's work and was de- 
signed to investigate more carefully the 
possibility that the results of previous 
studies may be attributed to factors in- 
herent in the experimental procedure, 
such as sensitization to light or shock, 
or the effects of feeding or handling. 

The apparatus consisted of four U- 
shaped plastic troughs 25 cm in length, 
each filled with 10 ml of aged tap 
water. Twenty-five centimeters above 
each trough a bare, 100-watt light bulb 
was suspended. Cardboard partitions 
separated each trough, so that a mini- 
mum amount of light leaked between 
the troughs. Copper electrodes, with di- 
ameters identical to the inside diameter 
of the trough, were implanted in each 
end of the troughs and a 2-ma cur- 

rent was delivered to 
from a student inducl 
by 6 volts, direct cur 
switching console alloy 
menter to deliver the 
quence to any trough 
addition, since it has 
that planaria conditio 
facing the cathode, the 
shock was controlled 
so that the cathode wa 
direction the worm was 

The criterion of conc 
conditioned responses 
secutive trials. All cc 
done with two experir 
Each experimenter 
scored every response 
to agree that a worr 
criterion before it coul 
conditioned. All respon 
according to the critei 
and Cornwell (2). 

Following McConn 
the conditioning sequel 
3 seconds of light an 
shock, with shock adm 
the last second of ligl 
between trials was us 
seconds, though it varic 
had to be gliding for 
ministered. 

Twelve groups of 1 

Table 1. Performance during conditioning trials. Significance is indicated 
Any two means not underscored at any point by any one line are signifi 
the level indicated. ....., 0.01 level; , 0.05 level; and ----- 
Cannibals of group L (planaria exposed to light only); H-ca, cannibals of 
which were handled only); C-ca, cannibals of group C, (planaria whict 
tioned); Cs-2, second day performance of group CO (planaria which had be( 
not cannibalized); S-ca, cannibals of group S (planaria exposed to shock 
nibals of group F (naive, unstimulated planaria); N, naive, unstimulate 
(group N); and I, performance on first day of planaria known to be naive 
C1 and C2). 

L-ca H-ca C1-ca C2-2 S-ca F-ca 1 

Mean trials to criter-ion 
58.0 60.8 67.5 69.9 88.3 90.0 1 

Mean conditioned responses in first 25 trials 
16.9 14.7 13.9 12.7 11.6 10.2 

examined were utilized in the experiment. Of 
these 12 groups, 5 groups were can- 

xposed to photic nibalized, 5 groups were cannibals of 
tire significantly the first 5 groups, and 2 groups were 

neither cannibals nor cannibalized. 
The experiment was run in six blocks 

the electrodes or replications of 2 days each, with 
torium supplied two worms per group. On the first 
rent. A central day of each replication of the experi- 
ved the experi- ment, four worms, later to be divided 
light-shock se- into two groups (groups Ct and C2) 

at any time. In were exposed to the light-shock con- 
been reported ditioning procedure, and conditioned to 

n faster when criterion. A third group (group L) 
polarity of the was exposed to photic stimuli only, and 
at the console a fourth group (group S) to shock 

is always in the only. Each of the planaria in groups 
gliding. L and S was matched with a condi- 
Sitioning was 23 tioned worm in respect to the number 
out of 25 con- of exposures to stimuli, the intervals 
)nditioning was between exposures, and the duration, 
nenters present. and intensity of the stimuli. Thus a 

independently planarian in group L (light only) re- 
and both had ceived the same number, duration, and 

n had reached intensity of exposures to light as a con- 
d be considered ditioned planarian. Planaria in a fifth 
ises were scored group (group H) received handling 
ria of Cornwell only. Whenever it was necessary to 

handle a worm which was being con- 
ell's procedure, ditioned (groups Ci or C2) during the 
nce consisted of procedure (that is, to touch it with 
id 1 second of a paintbrush or squirt it with an eye- 
linistered during dropper of water to stimulate gliding), 
ht. The interval the planarian in group H (handled 
ually 30 to 60 only) with which it was paired was 
ed since a worm treated in the same manner. The 
a trial to be ad- amount of handling required for any 

worm varied considerably as did the 
2 planaria each intervals at which handling was neces- 

sary. On an average, however, han- 
dling was required prior to approxi- 

l by underscoring. mately 10 percent of the trials. 
icantly different at At the end of the first day, the 

0.10 level. L-ca, conditioned planaria were randomly 
group H (planaria d 
i had been condi- divided into groups C2 and C2. The 
en conditioned and planaria in groups L, H, S, and Ci 

only); F-ca, can- were then individually ground up and 
ed, unfed planaria 
and unfed (groups placed in labeled containers. Four 

groups of naive planaria which had 
I been deprived of food for 7 days were 

* ------ ~ placed one in each container, and each 
was allowed to cannibalize the frag- 
mented worm therein. The planaria in 

.............. the remaining conditioned group 
(group C2) were merely placed, whole 
and alive, in individual containers so 

7.6 7.1 that they could be tested again the fol- 
lowing day to determine the number of 
trials required for a previously condi- 
tioned worm to reach criterion. Pla- 
naria in two additional groups were 
also placed in individual containers at 

------_-- _ this point. Group F consisted of naive 
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planaria which were each allowed to 
cannibalize another naive worm, and 
group N consisted of naive planaria 
which remained unfed. 

Twelve hours later, after all worms 
had had plenty of time to feed, a 
third person transferred each worm of 
the seven groups to a new individual 
container, identical with all other con- 
tainers, and coded each so the experi- 
menters had no clues concerning the 
group to which any worm might be- 
long. After this, the experimenters 
then conditioned each worm to cri- 
terion, using the same conditioning 
procedure as before and again inde- 
pendently scoring the responses of each 
worm. The overall percentage of agree- 
ment between experimenters was 96.3 
percent. 

The results of the second day's test- 
ing are presented in Table 1, along 
with the mean for conditioning the 
naive worms on the first day. This lat- 
ter measure is included as a base line. 
Table 1 also presents the results ac- 
cording to two different response mea- 
sures, since both have been used at 
various times by other authors and the 
inclusion of both allows direct com- 
parison to a wider range of studies. 
Since the significance levels between 
the various groups are not identical 
for both measures, interpretation of the 
results may differ slightly, depending 
upon the response measure used. How- 
ever, the order of the means is identi- 
cal for both measures, and therefore 
both measures would seem to support 
the more important conclusions one 
might draw from the data. In either 
case there was no difference between 
the naive planaria conditioned the first 
day (group I) and those naive, unfed 
worms trained on the second day 
(group N), and a Duncan's multiple 
range test indicates that, with either 
response mean, these two groups are 
significantly different, at the 0.10 level 
or beyond, from all other groups, in- 
cluding the group of worms which can- 
nibalized naive worms (group F-ca). 

Based on the measure of the num- 
ber of trials required for the worms 
to reach criterion, there was virtually 
no difference between worms which 

cannibalized handled worms (group H- 
ca), previously conditioned worms 
(group C-ca), or worms exposed to 
light (group L-ca); and no difference 
between groups which cannibalized 
shock-exposed (group S-ca) and naive 
worms (group F-ca). The performance 
of the cannibals of the shock-exposed 
(group S-ca) or the naive groups (N- 
ca) or both were different from the 
performance of the cannibals of the 
previously conditioned (C -ca), han- 
dled (H-ca), and light-exposed (L-ca) 
groups between the .05 and .10 levels, 
depending upon which groups are com- 
pared. These relationships between 
groups do not emerge as clearly when 
the response measure is number of 
conditioned responses in the first 25 
trials, since, when this latter measure 
is used, the means for the groups ap- 
pear more evenly spaced and do not 
seem to cluster into subgroups as with 
the former measure. The very high 
mean number of conditioned responses 
in the first 25 trials for the group 
which cannibalized light-exposed 
worms (group L-ca) reflects the fact 
that the group contained four worms 
which conditioned in only 25 trials on 
the second day, whereas the groups 
which cannibalized handled (H-ca) or 
previously conditioned worms (C-ca) 
each contained only one such "genius" 
worm. 

Both response measures indicate that 
the worms which cannibalized trained 
worms appear to condition more rapid- 
ly than naive worms, a result which 
supports the findings of McConnell and 
others. However, the worms which can- 
nibalized worms of the light-exposed 
group (L-ca) and the handled group 
(H-ca) also conditioned more rapidly 
than naive controls. It is hard to ex- 
plain the more rapid conditioning 
shown by these latter two groups in 
terms of transfer of specific memories. 
In addition, the feeding of the worms 
itself seemed to have some effect, as 
is shown by the more rapid learning 
of those planaria which cannibalized 
naive planaria (group F-ca). The ap- 
parent feeding effect is probably not, 
in itself, however, sufficient to explain 
the greater savings demonstrated by the 

cannibals of handled, light-exposed, 
and previously conditioned groups of 
worms (groups H-ca, L-ca, and C-ca). 
The inclusion of group C2 indicates 
that the more rapid learning shown 
by groups L-ca, H-ca, and Ci-ca is simi- 
lar to the more rapid conditioning one 
would expect for a previously condi- 
tioned worm trained again after 24 
hours. The naive, unfed group (group 
N) included for the second day's test- 
ing serves as a very important check 
on experimenter bias, and the fact that 
the mean for this group was nearly 
identical with the mean for the naive, 
unfed worms conditioned the first day 
(measure I) suggests that the depres- 
sion of means for all other groups was 
probably due to the experimental con- 
ditions, and not due to any possible 
expectations on the part of the experi- 
menters. 

The results do not prove that 
memory transfer through cannibalism 
may not occur. However, they do sug- 
gest that the findings of such experi- 
ments with planaria may perhaps be 
more adequately explained by other 
than the "memory transfer" hypothesis. 
Although presenting alternative theories 
at this time can be done only on 
a highly speculative basis, one may 
wish to explore the possibility that 
changes in nutritional or metabolic fac- 
tors or resulting changes in the degree 
of activation or sensitization may be 
responsible for the reported findings. 
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