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Fig. 2. Superimposed oscilloscope recordings showing the differential effects of cryo- 
genic blockade of the inferior thalamic peduncle (ITP) on recruiting (top) and aug- 
menting (bottom) responses. These recordings were all taken from the same locally 
anesthetized cat preparation immobilized by gallamine triethiodide (Flaxedil). Recruiting 
responses elicited by stimulation of the animal's left nucleus centrum medianum (cm) 
were recorded contralaterally on the right anterior sigmoid gyrus (AS) and are shown 
in the upper row of traces. Augmenting responses elicited by stimulation of the right 
nucleus ventralis lateralis (vl) were recorded at the same site as the recruiting re- 
sponses and are shown in the lower row of traces. The effect of reversible cryogenic 
blockade is shown by the responses during precooling (PRE-); cooling of ITP (COOL 
10?C), 3 minutes after the onset of cooling; and postcooling (POST-), 3 minutes after 
the cessation of cooling. Calibrations: 200 ,tv and 20 msec -= 5 mm. 
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duncle (ITP), which is located just me- 
dial to the internal capsule in the rostral 
forebrain area, completely abolishes re- 
cruiting responses but does not affect 
augmenting responses (2) mediated by 
fibers in the adjacent part of the internal 
capsule (10) which are less than 3 mm 
lateral to the ITP. Thus, the blocking 
effects of subcortical cooling are limited 
to tissue within a few millimeters of the 
cryoprobe tip when its temperature is 
10?C. When the temperature of the 
cryoprobe tip was lowered to 0?C, aug- 
menting responses were partially re- 
duced in amplitude, suggesting that 
cooling had begun to spread to the in- 
ternal capsule. 

These physiological results, which are 
in agreement with the results of other 
investigators, based upon temperature 
measurements within the brain, show 
that subcortical cooling produces limit- 
ed blockade of neural tissue restricted 
to the vicinity of the cryoprobe. By ad- 
justment of the temperature of the cryo- 
probe tip, the volumetric size of the 
blocked tissue can be regulated. With 
0?C cooling, which produces completely 
reversible effects, the region of func- 
tional blockade tends to be a spheroid 
of about 3 mm radius around the cryo- 
probe tip. 

In freely moving animals with chron- 
ically implanted electrodes and cryo- 
probes, the effects of cooling upon 
behavioral and electrophysiological re- 
sponses have been studied concurrently 
(2). Blockade of the thalamo-orbito- 
cortical system by cooling at ITP not 
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only blocked the electrocortical activity 
mediated by this system but it also dis- 
rupted learned behavioral tasks; cessa- 
tion of cooling of ITP restored electro- 
cortical and behavioral activities to pre- 
cooling levels within approximately 3 
minutes. 

Thus the applicability and effective- 
ness of this cryogenic cooling system 
recommends it for a variety of studies 
where reversible functional blockade of 
neural structures and pathways is de- 
sired in either acute, or unrestrained, 
chronic animal preparations. 

JAMES E. SKINNER 

DONALD B. LINDSLEY 

Departments of Psychology and 
Physiology, University of 
California, Los Angeles 90024 
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Alarm Pheromone in the Earthworm 
Lumbricus terrestris 

Abstract. Noxious stimulation of the 
earthworm Lumbricus terrestris elicits 
secretion of a mucus that is aversive to 
other members of the species, as well 
as to the stimulated animal when it is 
encountered later. This alarm phero- 
mone is not readily soluble in water 
and retains its aversive properties for 
at least several months if not disturbed. 
Its influence may be responsible for 
some features of the data on instru- 
mental learning in earthworms. 

The earthworm Lumbricus terrestris 
secretes a mucus apparently from seg- 
ments over the full length of its body. 
It has been suggested that this mucus 
acts as a lubricant when the animal 
moves through its burrow and, by 
binding soil particles together, prevents 
the burrow walls from collapsing. It 
also has been noted that the mucus 
probably acts "as a buffer system out- 
side the body since it is secreted in 
large amounts when the animal is 
immersed in a noxious stimulant such 
as acid" (1, p. 46). 

We have observed that handling, 
pinching, and severing the worm, as 
well as stimulating it with electric shock, 
results in a copious secretion of mucus. 
Furthermore, we have found that, un- 
like the effect of the mucus secreted 
by an undisturbed worm, the mucus 
produced in response to such noxious 
stimulation is highly aversive to other 
members of the species. Thus, the sub- 
stance has the properties of an alarm 
pheromone (2). 

The present report describes two ex- 
periments that demonstrate the aversive 
properties of the mucus secreted in re- 
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stance has the properties of an alarm 
pheromone (2). 

The present report describes two ex- 
periments that demonstrate the aversive 
properties of the mucus secreted in re- 
sponse to electric shock. In both ex- 
periments, worms were exposed to 
Plexiglas plates (7.5 by 7.5 cm) that 
had been treated in three different ways: 
(i) plates on which mucus had been 
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secreted by a worm repeatedly stimu- 
lated with electric shock (the shock 
plates); (ii) those on which worms- 
had been allowed to crawl without 
being exposed to electric shock (the 
nonshock plates); and (iii) clean plates 
on which no worm had crawled (the 
control plates). Two days before their 
use in an experiment, all plates were 
cleaned by scrubbing them with surgi- 
cal gauze under hot tap water and then 
rubbing them dry. They were kept 
at room temperature [72? to 75?F 
(22? to 24?C)] under a dust cover 
after they were cleaned. 

Worms obtained from a local sup- 
plier of bait were group-housed in 
waxed cardboard containers on boiled 

newsprint bedding and kept in a dark- 
ened refrigerator at 40? to 45?F 
(4? to 7?C), except where otherwise 
noted. The day before an experiment, 
animals weighing from 3.5 to 7.5 g 
were removed from the group contain- 
ers and transferred individually to cov- 
ered 3-oz. (88-ml) polyethylene cups. 
Those to be used as subjects were re- 
turned to the refrigerator with some 
bedding material in their cups and 
were not disturbed again until the ex- 
periment the following day. The others, 
to be used for tracking the plates, were 
cleaned of all visible bedding material 
by allowing them to crawl over a sheet 
of clean wet newsprint before being slid 
into clean polyethylene cups without 
bedding. An effort was made to dis- 
turb these animals as little as possible 
in the process of cleaning, and they 
were left in the refrigerator for at 
least 1 hour before being used to track 
the plates. 

A plate randomly selected for the 
shock condition was positioned within 
a frame, and a worm, also selected at 
random from those cleaned beforehand, 
was transferred to the plate by slowly 
inverting the cup. A plastic cylinder, 
10.5 cm in diameter and 10 cm high, 
was then positioned around the plate 
to confine the worm, and the inverted 
cup was removed. For the next 3 min- 
utes the animal was given a shock of 
approximately 1-second duration every 
5 seconds by touching it simultaneously 
with a pair of electrodes connected to 
an Applegate stimulator set for a shock 
intensity of 0.15 ma. At the end of the 
3 minutes the cylinder was lifted and 
the worm was allowed to crawl off the 
plate. In each case, worms receiving 
the shock left a viscous deposit of 
mucus that turned white when it dried 
on the plate. 

Plates and corresponding worms ran- 
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Fig. 1. Mean escape speed as a function 
of treatment of the stimulus plates. 

domly assigned to the nonshock con- 
dition were treated in exactly the same 
way as those assigned to the shock con- 
dition, except that the worms were never 
shocked or touched with electrodes. 
Control plates were left undisturbed 
until the day of the experiment. In ex- 
periment 1, 12 subjects randomly as- 
signed to each condition were trans- 
ferred from the polyethylene cups to 
1-oz. paper cups 1 to 5 hours before 
testing. For each trial, a paper cup 
containing a worm was placed upright 
in a holder below which one of the 
stimulus plates was positioned. Sur- 
rounding the stimulus plate was a large 
clean sheet of waxed freezer paper. The 
cup-holder was attached to a long rod 
that passed through a small hole in an 
opaque screen. An experimenter sit- 
ting behind the screen slowly inverted 
the cup by rotating the rod and caused 
the worm to slide about 2.5 cm onto 
the plate. The worms were never 
touched during the trials, they were 
exposed to the treatments in a random- 
ized sequence, and the experimenter 
inverting the cups was kept blind with 
regard to the sequence. Illumination 
came from a 7-watt red bulb 1 m above 
the stimulus plate. The latency from 
the worm's first contact with the plate 
to the movement of its entire body from 
the plate to the waxed paper was re- 
corded by a second experimenter. 

The escape latencies were trans- 
formed into escape speeds [1000/la- 
tency (in seconds)] in order to normal- 
ize the distributions and equate variances 
for an analysis of variance. The analy- 
sis yielded an F-ratio of 8.22 (d.f. 
2/33; P < .005). The mean escape 
speeds for the three groups are shown 
in Fig. 1. Worms escaped significantly 
faster from the plates on which other 
worms had been shocked than from 

clean plates or from plates on which 
worms had been allowed to crawl with- 
out shock. Escape speeds for the latter 
two conditions did not differ signifi- 
cantly. 

In experiment 2, 24 worms were ex- 
posed in a two-choice situation to shock 
plates paired either with nonshock 
plates or with clean control plates. The 
apparatus was in the basic form of a 
T-maze. A transparent Plexiglas tube, 
20 cm long and having an inner diam- 
eter of 1 cm, formed the stem. Both 
the floor and far wall of each end arm 
of the T consisted of a Plexiglas plate 
treated on the day before the experi- 
ment in the same way as those described 
for experiment 1. An opaque screen 
was positioned between the starting end 
of the stem and the stimulus plates. 
The experimenter introducing the worm 
into the stem was kept blind with re- 
gard to the arrangement of conditions 
on any trial. For 12 subjects the shock 
plates were paired with nonshock plates 
and for 12 subjects they were paired 
with control plates. For half the sub- 
jects in each case the shock plates were 
on the left and for the other half they 
were on the right. Illumination during 
experiment 2 came from fluorescent 
ceiling fixtures. Stimulus plates and stem 
sections were used for only one subject 
before they were scrubbed with gauze 
under hot water, dried, and allowed 
to return to room temperature. 

To begin each trial, the anterior end 
of a worm was inserted into the stem 
by hand and, after the worm was re- 
leased, a pair of, flexible leads, 1.2 cm 
apart, was applied lightly to the dorsal 
surface of the worm about 2.5 cm from 
its tail. In order to provide a controlled 
stimulus for movement toward the 
choice point, a shock of 0.15 ma and 
0.75-second duration was passed 
through the worm between these leads 
when the worm's prostomium reached 
a point 5 cm from the starting end of 
the stem. The experimenter holding the 
shock leads on the subjects was also 
kept blind with respect to the conditions 
of the trial. Two other experimenters 
observed the subject when it emerged 
from the tube and recorded which end 
arm it crossed. Crossing an end arm 
was defined by the worm's prostomium 
reaching beyond the far edge of the 
stimulus plates. 

None of the 24 worms crossed the 
end arm on which a worm previously 
had been shocked. Fourteen subjects 
crossed the alternate end arm-six out 
of 12 when it consisted of nonshock 
plates and eight out of 12 when it con- 
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sisted of control plates. The remaining 
ten subjects either backed into the stem 
after emerging one or more times and 
remained there until the predetermined 
3-minute cutoff time for a trial was 
reached or, after reaching the choice 
point, backed completely out of the 

apparatus through the starting end of 
the stem. In each of these ten instances 
the subject's prostomium had made 
contact at least once with a part of the 
shock plate. The probability that of the 
14 subjects that did cross an end arm 
none would cross the shock side on 
the basis of chance is less than .001 
(binomial test). 

The surface on which the substance 
is secreted does not appear, within some 
limits at least, to be critical to its effec- 
tiveness. We have seen it act effectively 
on aluminum, stainless steel, paper, and 
soil, as well as on Plexiglas. However, 
the substance is most effective when dry, 
and thus when it is deposited on a dry 
surface. It is not readily soluble in cold 
water. A tracked surface immersed in 
cold water appears to lose little, if any, 
of its effectiveness after it has been 
allowed to dry. Also with regard to 
the persistence of its effects, we have 
found an undisturbed deposit of the 
substance apparently as potent more 
than 3 months after secretion as it was 
a few hours after secretion and even 
more potent than when still wet im- 

mediately after it had been secreted. 
This is in marked contrast to the rela- 
tively short effective duration of phero- 
mones released by insects in the air or 
by fishes in water (2). 

Effects of the alarm pheromone may 
be responsible for certain features of 
the data on instrumental learning in 
earthworms. Strong negative reactions 
to unidentified stimuli in a T-maze 
commonly have been observed when 
electric shock has been used to punish 
incorrect responses (3). Our findings 
suggest that these may be responses to 
deposits of the alarm pheromone left 
in the maze on previous trials and either 
spread or only partially removed by the 
procedures used for cleaning the ap- 
paratus (4). The effect that such de- 
posits would have on choice data would 
depend upon the cleaning procedure 
used and upon whether shock was ap- 
plied on the same side of the maze for 
all subjects or was varied; even if it 
was varied, it would depend upon 
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eral trials in a row or was tested in ro- 
tation with other subjects. Different 
combinations of these conditions could 
lead to either rapid appearance, slow 
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and irregular appearance, or no appear- 
ance of data that would be interpreted 
as evidence of learning. 

In any case, our data show that with- 
out any opportunity for learning an 
earthworm can display a tendency to 
avoid an area where an aversive event 
previously has occurred. As a result, 
firm conclusions regarding whether 
earthworms can learn a maze response, 
or at the least, what the characteristics 
of the learning process are, should await 
a test under conditions in which the 
effects of the alarm pheromone un- 
equivocally have been eliminated. 

ROBERT H. RESSLER 
ROBERT B. CIALDINI 
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SUZANNE M. KLEIST 

Department of Psychology, University 
of Wisconsin-Milwaukee, Milwaukee 
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Although alarm pheromones have 
been identified in a number of species 
(1), their presence in mammals is yet 
to be established. For a substance to 
serve in intraspecific communication, 
it must first be capable of discrimina- 
tion from other similar odors; however, 
the fact that it is distinguishable in an 
experimental situation does not imply 
that it serves any function in the nor- 
mal life of the organism. Our study 
was designed to determine if male 
albino rats will discriminate between 
air from the vicinities of stressed (S-air) 
and unstressed rats (U-air) by interrupt- 
ing an ongoing bar press when S-air 
is presented. 

Six 80-day-old Sprague-Dawley rats 
were trained to press a bar in an 
animal compartment (Lehigh Valley) 
whose normal air intake had been 
closed. Air (U.S.P. grade) passed at a 
measured rate of 600 ml/min from a 
cylinder, over an unstressed rat isolated 
in a Pyrex desiccator, and then through 
a delivery tube leading through the bot- 
tom of the animal compartment. What- 
ever might be common to the odor of 
all rats was thereby part of the com- 
partment atmosphere; whatever differ- 
ences test air samples introduce would 
thereby be accentuated. Test samples 
of air were introduced into the delivery 
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tube from a 50-ml syringe (Fig. 1). 
A weight-driven device (not shown) 
emptied the syringe at a flow rate 
matching that of the air cylinder. 

Stimulus air was sampled from the 
vicinity of animals in individual living 
cages from which food pellets and 
water bottles had been removed. Poly- 
ethylene sheet, secured by magnets to 
the sides and back of the cage, sheathed 
each cage to within 2 cm of the top. 
Any excrement remained on the sheet- 
ing just under the wire-mesh bottom 
of the cage. Thirty-millimeter samples 
of air were taken by insertion of a 9- 
cm needle to its full length through the 
sheeting into the center front of the 
cage immediately under the cage bot- 
tom. Three different syringes were used 
in mixed order for sampling U-air ob- 
tained from undisturbed rats, and an- 
other set of three for sampling S-air, 
drawn from the cage of a rat which had 
just received several 1-ma shocks with 
a probe to the flanks. Emission of two 
or three typical "alarm cries" (2) was 
the criterion of stress. 

Animals for a given session were 
brought in their living cages from the 
colony housing room into the training 
room. To keep stressed and unstressed 
animals in equivalent locations in the 
room, we suspended all cages in the 
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Discrimination of the Odor of Stressed Rats 

Abstract. Albino rats can reliably distinguish between the odors of stressed 
and unstressed rats. Five animals learned to interrupt an ongoing response when 
air from the cages of stressed rats was introduced into the test compartment, and 
to continue responding when air from unstressed rats was introduced. The dis- 
crimination does not seem to depend on recognition of odors of individual rats. 
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