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The purpose of this comment is to alert 
readers to the inconclusiveness of all 
reports of conditioning in the horseshoe 
crab, Limulus polyphemus, to date 
(Makous, 1969; Smith & Baker, 1960; 
Wasserman & Patton, 1969), two ofwhich 
appeared recently in this Journal. The basic 
paradigm consists of presenting light (the 
CS) for 10 sec, the last second of which 
coincides with shock (the US). Wasserman 
and Patton omitted the shock if the animal 
responded during the CS, which permits 
the label of avoidance conditioning to be 
attached to their procedure. 

Subtetanie shock or any other noxious 
stimulus, as weIl as many novel stimuli, 
elicit a down ward movement of the tail 
that orients the animal in a position that 
facilitates burrowing into the mud at the 
bottom of the waters Limulus inhabits. 
The use of these downward movements of 
the tail for burrowing and ultimate 
concealment was described a century aga 
iJi a delightful paper on the natural history 
of Limulus by the Rev. Lockwood (1870). 
These down ward movements can be 
detected during conditioning experiments 
by use of a special harness described by 
Wasserman and Patton, by isometrie force 
transducers, by electrical potentials 
generated in the muscles attached to the 
tail, and, if the animal is not held down too 
rigidly, by direct visual observation. Shock 
and other noxious stimuli may elicit, in 
addition, general struggling movements 
that involve the tail in movements in all 
possible directions; and tetanie shock, such 
as was used by Wasserman and Patton and 
perhaps by Smith and Baker, alters the 
response in ways that depend upon the 
parameters of the shock and how it is 
applied. 

Wasserman and Patton have reported, in 
an unpublished paper sent to me in 
response to an earlier draft of this 
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comment, that some naive animals reliably 
make down ward movements of the tail in 
response to an overhead light such as serves 
as the CS in these conditioning 
experimeJits. Because of the function of 
these movements in burrowing, these 
unconditioned responses to light can be 
considered part of a negative phototropic 
response. Both positive and negative 
phototropisms have frequently been 
reported in Limulus (Cole, 1922, 1923; 
Loeb, 1893; Makous, 1969; Northrup & 
Loeb, 1923; von Campenhausen, 1967; 
Waterman, 1953; Wolf & Zerrahn-Wolf, 
1937), and there is evidence that shock 
increases the strength of the phototropism 
(Makous, 1969). 

The response to be conditioned in all 
these experiments, then, is a natural part of 
the animal's escape reaction that may be 
potentiated by shock. Wasserman and 
Patt on pointed out, in their unpublished 
paper, that Smith and Baker's 
demonstration of conditioning is not 
conclusive, because their controls do not 
completely eliminate the possibility of 
pseudoconditioning. Wasserman and 
Patton's report is not conclusive, for it was 
a preliminary report containing no controls 
against pseudoconditioning at all. Further, 
their attempts to extinguish the response 
failed, and their US, which passed a current 
500 times that necessary to elicit a 
response, is likely to have sensitized th e 
phototropic response. The last report to be 
discussed (Makous, 1969) consisted of four 
parts. The first part, in which operant 
conditioning was attempted, showed no 
conditioning. The second part was a pilot 
experiment that included an exact 
replication of Smith and Baker's 
experiment, but its results are inconclusive, 
for only two animals were used, and there 
were no controls against 
pseudoconditioning. The The third part 
included the appropriate controls against 
pseudoconditioning (see Rescorla, 1967), 
in which the control group received as 
many presentations of the CS and US as 

the conditioned groups but at random 
times with respect to one another; but no 
conditioning could be demonstrated in this 
experiment. In the last part, which 
consisted of avoidance conditioning in a 
situation similar to a shuttlebox, 
conditioning occurred in the sense that the 
animals avoided shock often enough over a 
very large number of trials that 
explanations based on chance were 
extremely unlikely, and the experiment 
was designed so that phototropisrns could 
not account for the avoidances. But the 
proportion of trials on which the animals 
responded appropriately was so small (less 
than 2%) that the results are difficult to 
interpret. 

Thus, in spite of Wasserman & Patton's 
recent paper (1969), a conclusive 
demonstration of conditioning in Limulus 
is stilliacking, and Smith & Baker's (1960) 
report remains as the most convincing 
demonstration to date. 
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