
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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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. 
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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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same cage stand. To decrease possible 
intermingling of their odors, one set of 
cages was suspended from the top shelf; 
the other set hung three rows down. 
For a given bar-pressing rat, positions 
of the stimulus-rat cages were alter- 
nated in successive sessions. 

Six animals deprived of food (3) were 
placed on a variable-interval, 1-minute 
(VI-1) schedule (4) for 3-second access 
to .08 ml of 20 percent sucrose solu- 
tion. When rates of bar pressing became 
steady, discriminative punishment train- 
ing was superimposed on the VI-1 
schedule. Under discriminative punish- 
ment, every other bar press in the pres- 
ence of U-air delivered sucrose solu- 
tion, but every response in S-air pro- 
duced a 0.3-second shock of 0.25 ma 
sent through a scrambler to the grid 
floor. Discrimination should lead to a 
higher probability of bar pressing in 
U-air than in S-air. 

A standard procedure was followed 
for introducing all stimulus air samples 
and measuring response to them. As 
soon as the animal resumed responding 
after a reinforcement, an air sample 
was introduced. Timing of the latency 
of the next bar press began at the mo- 
ment delivery of the air sample was 
complete. Also initiated then was de- 
livery of either sucrose or shock conse- 
quences to responses emitted within 
the following 10-second test period. 
During this period, the compartment 
fan was off, and an extra light was on. 
The change in both light and fan noise 

Table 1. Latency (seconds) of bar pressing in 
presence of unstressed (U) and stressed (S) 
air during final 20 paired trials. 

Meanl Standard 
nRat deviation Rat *___ __ __ 

U S U S 

Y-5 1.49 8.20 0.25 11.34 2.67 
W-5 1.38 11.24 1.73 12.72 3.55 
Y-6 1.84 5.26 2.24 6.11 2.38 
W-9 1.18 9.51 1.72 11.16 3.39 
X-8 2.08 8.22 1.88 8.82 3.02 

* All P < .01, d.f. 19, t based on correlated 
data. Binomial probabilities of obtained number 
of reversals and nonreversals of the predicted 
order (S-air latency> U-air latency) were .09, 
.003, .05, .0000009, and .003, respectively. 

was intended to alert the animals to 
onset and termination of the test period; 
disconnection of the fan also slowed 
exhaust of stimulus air from the com- 
partment. 

In discrimination training sessions, 
30-ml U-air samples were introduced 
until the latency of the first response 
was under 2 seconds and the animal's 
rate of bar pressing between samples 
was steady. At this point we made an 
irrevocable decision to introduce an 
S-air sample after a specified number 
of additional U-air samples, either 1 or 
2. The criterion of discrimination was 
the difference between latency of re- 

sponse to S-air and that to the preced- 
ing U-air. If we were to avoid bias we 
needed to schedule S-air trails without 

foreknowledge of latency on the pre- 
ceding U-air trial. 

Air from stressed rats was intro- 

Fig. 1. Experimental arrangement for comparing the effects of odors from unstressed 
and stressed rats on an ongoing bar-press response. Against a background of pure 
air passed over a rat confined in the desiccator, odors tested were introduced from 
the stimulus delivery syringe. All measurements are in centimeters. 
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duced under stimulus circumstances 
identical to those when U-air was in- 
troduced. Responses following its intro- 
duction, however, produced shock rather 
than presentation of food. After the 
10-second response-contingent punish- 
ment period, the system of air-sample 
delivery was purged with room air. The 
next S-air sample was not introduced 
until the latency of response to a U-air 
sample was again under 2 seconds. An 

average of five U-air samples followed 
each S-air sample; a median of seven 

paired samples of U-air and S-air was 
presented during each 45-minute ses- 
sion. One rat was discarded early be- 
cause of apparatus malfunction. The 
other five animals were given from 68 
to 123 (median 82) S-air samples over 
a period of 8 to 14 days. 

Discrimination between the odors 
was formally tested during the last 20 

pairs of U-air and S-air presentations. 
The latency of the first bar press after 
introduction of S-air was substracted 
from the latency to the immediately 
preceding U-air sample, yielding 20 
differences in latency for each animal. 
Latency was used rather than response 
rate during the test period because rate 
was confounded by reinforcement or 

punishment. The average latency (sec- 
onds) in U-air was 1.59; in S-air, 8.49. 
All animals had longer (P < .01) mean 
latencies after S-air than after U-air 
(Table 1). The larger standard devia- 
tions of the latency after presentation 
of S-air mainly reflect extremely long 
latencies (to 54.2 seconds) that occa- 

sionally occurred after delivery of S-air 
and never after U-air. Binomial proba- 
bilities computed for each animal cor- 
roborate t-test results. 

The behavior of the animals during 
training became progressively more di- 
rected toward the odor source. As train- 

ing proceeded, the rats almost invariably 
sniffed at the odor source when an air 

sample was introduced. With S-air they 
then either stopped responding abrupt- 
ly, vacillated, or backed away to the 
far end of the compartment. Such a 

pattern was not characteristic of re- 

sponse to the identically introduced 
U-air. 

There was no evidence that the dis- 
crimination found here was based sim- 

ply on odors unique to individual rats 
(5). From three to six different stressed 
animals and from four to eight different 
unstressed animals served in mixed 
order as stimulus sources for each of 
the last 20 trials. In addition, two ani- 
mals which had just provided U-air, 
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were then stressed for the first time. 
Differences in latency to the air from 
the same rat when stressed and un- 
stressed were comparable to differences 
found when one rat was stressed and 
another unstressed. This observation 
would also suggest that the discrimi- 
nable odor did not derive from a 
chronic stress state, but arose immedi- 

ately from a given stressing. 
Neither can the discrimination be 

reasonably attributed to greater famili- 

arity with odors of the unstressed rats 
as a group. Air sampled from un- 
stressed animals not previously used did 
not produce the long latencies associ- 
ated with S-air. The possibility that a 
cue might derive from the living cages 
from which the stimulus air was sam- 

pled, was tested by placing U- and S- 
stimulus rats in completely new cages 
for 30 of the 100 test trials. Results 
were indistinguishable from those ob- 
tained when air samples were taken 
from the living cages. 

The major finding of this paper that 
rats can respond differentially to odors 
of stressed and unstressed rats suggests 
the need for instituting experimental 
controls in those studies in which odor 
from a stressed animal might affect be- 
havior of nearby animals. Previously 
such controls were not thought neces- 

sary. We are presently seeking to locate 
the odor source in the animal's body 
to assist us in determining whether the 
material has pheromonal activity and 
in its eventual chemical analysis. 

JOHN G. VALENTA 

MARILYN K. RIGBY 

Departments of Chemistry and 

Psychology, Rockhurst College, 
Kansas City, Missouri 64110 
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Preliminary Surveyor V results (1) 
indicate that the mechanical properties 
of the lunar surface material at the 

Surveyor V landing site are generally 
similar to those determined for the Sur- 

veyor I site. The static bearing capac- 
ity, however, was reported to be "some- 
what lower" than the range of values 

reported previously. It is to this state- 
ment that the authors direct their com- 
ments. 

An important difference between the 

Surveyor I and V landings is that the 
former took place on a virtually flat 
surface [1.7? ? 0.5? (2)], whereas the 
latter was on a crater slope of approxi- 
mately 20 degrees. Although there are 
a number of theories concerning the 

stability of slopes and foundations em- 
bedded in a slope, to our knowledge 

45 + 0, 
45- 0/2 
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the bearing strength of a slope loaded 
over a finite area on the surface has 
not been treated theoretically. Our the- 
ory (3) is based on the Prandtl theory 
of plastic equilibrium. Figure 1 shows 
the three shear zones which, according 
to Prandtl's theory, exist at failure in 
an ideal soil in contact with a smooth 

footing on a level surface. 
The following expression for the ulti- 

mate bearing capacity of a level soil 
loaded over a finite area has been de- 

veloped from the Prandtl solution by 
Terzaghi (4): 

1 
qu = KicN + -K2ylbN +- K3y2tNq (1) 

2 

where qu is the ultimate bearing 
strength; K1,K2,K3, the footing geom- 
etry coefficients; c, the value of unit 
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Fig. 2. Assumed shear zone geometry for sloping surface. 
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