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Defensive behavior of the rat in a shock-prod
situation: Effects of the subject's

location preference

HEIDAR A. MODARESI
University of Washington, Seattle. Washington 98195

Experiment 1 investigated the proposition that rats cover the source of aversive stimulation
with the bedding material available to them and sought to determine whether familiarization
with this material would affect burying. The results indicated that rats are no more likely to
cover an aversive object than they are not to cover it, although they collect a considerable amount
of bedding material in the area surrounding the aversive object. Experiment 2 demonstrated
that the rat's defensive "burying" toward an aversive object is affected by the subject's pre
disposition to displace material toward the front side of the apparatus. Some theoretical com
plexities involved in considering the act of "burying" toward an aversive object as a defensive
behavior are discussed.

A dominant defensive behavior of a rat that is pre
sented with an aversive object (e.g., a shock prod)
appears to be to displace the bedding material avail
able to it toward the aversive object (Pinel & Treit,
1978, 1979; Pinel, Treit, Ladak, & MacLennan, 1980;
Pinel, Treit, & Wilkie, 1980; Terlecki, Pinel, & Treit,
1979; Treit, Pinel, & Terlecki, 1980; Wilkie,
MacLennan, & Pinel, 1979). The defensive behavior
in these situations has been conceptualized as "de
fensive burying" by these authors and has been used
to imply either that the subject covers the aversive
object (e.g., Terlecki et al., 1979; Pinel & Treit, 1979)
or that the subject's behavior is directed toward cover
ing the aversive object (e.g., Pinel & Treit, 1978, 1979;
Terlecki et al., 1979). A methodological considera
tion of these studies, however, indicates that neither
of these implications has clear experimental support.
On the one hand, these investigators have never dem
onstrated that the experimental subject does, in fact,
cover the aversive object. On the other hand, the de
pendent measures used by these investigators would
not even allow the conclusion that the movement of
material ("spraying") is necessarily directed at the
aversive object. The following measures of defensive
"burying" have been used in thesestudies:(1) Duration
of defensive burying (e.g., Pinel & Treit, 1978; Pinel,
Treit, & Terlecki, 1980)-This measure involves mea
surement of the time intervals that the subject spends
moving the bedding material; the direction of spraying
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has never been precisely identified, but rather is nor
mally described in an anecdotal fashion. It is; there
fore, impossible to determine, on the basis of these
articles, whether "burying" refers only to spraying
toward the aversive object, and if so, how the direc
tion of spraying is determined. In a few studies (e.g.,
Pinel & Treit, 1979), spraying toward an aversive
prod was rated by severalobservers, and the interraters
correlation was reported to be nearly perfect. Unfor
tunately, the investigators failed to report whether
the raters were blind to the experimental conditions.
(2) Height of the pile of the bedding material that the
subject presumably accumulates at the prod (e.g.,
Pinel & Treit, 1978; Wilkie et al., 1979)-Again,
this measure is not adequately defined: How far
from the ends or either side of the prod is con
sidered to be "at" the prod? This question is im
portant, since a subject's spraying may be directed at
the special cues that are associated with the location
of the aversive object and not at the prod per se (pinel,
Treit, & Wilkie, 1980). (3) The ratio of the height of
the pile the subject makes with the bedding material
to the pile's distance from the aversive prod (Pinel &
Treit, 1978)-This measure is adopted because it is
presumed to vary inversely with the distance and di
rectly with the amount of spraying toward the prod.
This presumption, however, is not necessarily true,
since a subject may conceivably make considerably
higher piles farther away from the prod.

In light of the above discussion, it is clear that none
of the dependent measures in the above studies could
project an unambiguous picture of what the animal
does when it "buries." In particular, it is very un
clear in these studies whether the subject actually
covers the aversive object. One purpose of the present
studies, therefore, was to determine whether the sub-
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ject would, in fact, cover a source of aversive stimu
lation. A second purpose was to investigate the effects
of familiarizing the subjects in groups to the bedding
material inside the experimental chamber (Pinel's
studies on "defensive burying" routinely employ a
familiarization phase in which the subjects are ex
posed in groups to the bedding material inside the
experimentalchamber). In addition, the present studies
examined the importance of the spatial cues (i.e.,
location of) associated with the aversive object. Spe
cifically, since rats are often placed in the experimental
chamber through the front side and since rats readily
respond to spatial and extra-apparatus cues (Olton &
Isaacson, 1968; Olton & Samuelson, 1976), they may
not be neutral toward the side of the chamber in which
an aversive object is placed. None of the previous
experiments on defensive burying has controlled for
the effects of this variable. One purpose of the present
studies was to investigate the role of this variable.

EXPERIMENT 1

This experiment replicated the basic procedures of
defensive burying experiments as conducted by Pinel
and his associates (e.g., Pinel & Treit, 1978) to deter
mine whether the subjects actually covered an aversive
object. In addition, it investigated the effect on de
fensive spraying of familiarizing the subject in groups
to the bedding material inside the experimental
chamber.

Metbod
Subjects and Apparatus. The subjects were 27 male hooded rats

from the animal colony of the Psychology Department at the
University of Washington. They were 105-163 days old, were
housed in groups of four or five per cage, and had free access to
food and water. The apparatus consisted of a 24x24x 15 em
high clear Plexiglas chamber with a wooden floor. The front wall
was hinged to the adjacent side wall at one end and served as the
door to the apparatus. The floor was divided, by drawing two
perpendicular lines, into four identical 12x 12 em quadrants
front left, front right, back left, and back right (FL, FR, BL, and
BR, respectively). A wooden prod, 1 cm in diameter and 7 em in
length, was mounted inside the chamber through a fitting hole at
the midline of the FL quadrant side wall 5 em above the floor.
The prod was firmly held in place by a set of clamps outside the
chamber. The prod was wrapped with two uninsulated copper
wires, 2 mm apart. The wires were connected to a constant current
shocker that could deliver a shock of 4.5-mA intensity. The exper
iment was conducted under normal fluorescent ceiling light.

Procedure. The basic procedures were similar to those employed
in the defensive burying studies conducted by Pinel and his asso
ciates, and consisted of two consecutive phases. Phase 1 (famil
iarization) consisted of placing the subject inside the chamber for
30 min on 4 consecutive days while shock was disconnected from
the prod. The subjects were assigned randomly to three groups of
nine rats each. These groups differed only in terms of the treatments
they received in Phase I; whether or not they were familiarized
with the bedding material (San-i-ce! bedding material, Paxton
Processing Co., Paxton, Illinois) and whether they were placed
inside the chamber in groups of three or one at a time. The amount
of handling was similar for all subjects, and was confined to trans-

porting the subjects between the home cage and the experimental
chamber during both phases of the experiment. The subjects in the
group-familiar group (GF) were familiarized in groups of three at a
time with the bedding material inside the experimental chamber.
The subjects in the single-familiar group (SF) received identical
treatment, except that they were placed inside the chamber one at a
time. The floor of the chamber for both of these groups was evenly
covered with 400 g of bedding material. A comparison of defensive
behavior in these groups should reveal possible effects of group
manipulation during the familiarization phase. The subjects in the
single-unfamiliar group (SU) were placed inside the chamber one
at a time, with the chamber containing no bedding material. Thus,
the SU group was not familiar with the bedding material. Com
parison of defensive behavior in this group and the SF group should
reveal the effects of familiarization with the bedding material.

In Phase 2 (testing), which began I day after the last session of
Phase 1, the subjects in all three groups were placed singly inside
the experimental chamber, the floor of which was evenly covered
with 400 g of bedding material. The top of the bedding material
was about 2.0 ern below the prod. As soon as a subject made con
tact with the prod wires with both of its front paws, the wires were
electrified for .5 sec. The actual duration of shock received by the
subject, however, varied, depending upon the duration of subject's
contact with the prod wires. The subject was observed throughout
Phase 2 (for IS min following prod shock) from a distance of 2 m
in front of the apparatus, with attempts being made not to disturb
the subject. The following indices of the subject's defensive spray
ing were recorded: the time after shock delivery until the prod was
completely covered; the number of subjects that, at any time during
Phase 2, covered the prod; the weight of the bedding material in
the prod quadrant (i.e., FL) at the end of testing.

Results
Table 1 presents the results of Experiment 1 in

terms of three different, but not necessarily indepen
dent, measures. The first measure, the amount of
bedding material collected in the prod quadrant, was
similar for all three groups. This was confirmed by
the results of a one-way analysis of variance [F(2,24)
< 1]. Subsequent t tests on the data of each group
indicated that the amount of bedding material in the
prod quadrant was significantly greater at the end
than at the start of testing [i.e., more than 100 g)
(all ps < .OS). These results suggest that rats spray and
shove bedding material in the direction of an aversive
object and that these behaviors are not affected by
familiarizing the subjects, in groups or individually,
to the bedding material in the chamber.

Table 1
Indices of Defensive Behavior Toward

a Shock Prod in Different Groups

Group

Dependent Measures SF GF GU

(I) Mean weight- of bedding
material in prod quadrant 147.88 153.44 144.75

(2) Percentage of subjects leaving
prod entirely uncovered 33.33 44.44 33.33

(3) Percentage of subjects Leaving
prod partly covered 22.22 0.00 33.33

*/ngrams.



The remaimng dependent measures in Table 1,
however, suggest that rats do not necessarily cover
the aversive object. Specifically, although the subjects
in all groups sprayed in the direction of the prod quad
rant, as indicated by observation of the subject and
by dependent measure 1 in Table 1, measures 2 and
3 indicate that less than half of the SF or GU subjects
and only slightly more than half of the GF subjects
had the prod covered by the end of testing. The re
maining subjects left the prod either entirely exposed
(measure 2) or partly covered (measure 3). None of
the subjects that left the entire prod uncovered by the
end of testing in any of the groups ever covered the
prod during testing. Because of the small number of
subjects involved, the number of subjects in each
group that covered the prod and the number of those
that left the prod entirely uncovered were subjected
to Kolmogorov-Smirnov test. No significant results
were obtained (all ps < .OS), indicating that there was
no difference, in any group, between the number of
subjects that buried and the number that did not bury
the prod.

The present results indicate that a subject is as likely
to cover an aversive object as it is to leave it entirely
uncovered within the time limit of the present testing
period. Whether or not the subject is familiarized
with the bedding material does not change this con
clusion. Considering the faet that the rats accumulated
a large amount of bedding material in the prod quad
rant (measure 1 in Table I), the present results sug
gest that rats spray and shove bedding material to
ward the general direction of an aversive object, but
do not necessarily cover it. These results are harmo
nious with the recent findings (Pinel, Treit, & Wilkie,
1980) that the rat's burying behavior is controlled by
both the stimulus and the position (spatial) cues of an
aversive object. Specifically, since both the spatial
cues (e.g., location with respect to the extra-apparatus
cues) and the stimulus cues of an aversive object may
elicit burying and thus compete for the amount of
bedding material available, the amount of bedding
material sprayed at the aversive object per se may not
be sufficient to cover it. The bedding material may,
therefore, only be displaced toward the general direc
tion of the aversive object.

EXPERIMENT 2

Pinel, Treit, and Wilkie (1980), as mentioned earlier,
have demonstrated that the rat's burying behavior is
controlled by the stimulus and the spatial (position)
cues of an aversive object. No distinction was made
in these studies between the cues associated with dif
ferent possible locations of the aversive object. That
is, the subjects were assumed to have no initial pref
erence for spraying toward one side or another of the
experimental chamber. In fact, this same assumption
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has been tacitly made in all previous studies of defen
sive spraying, since in none has the location of the
aversive object been considered to be a factor. The
results of a pilot study in the present laboratory, how
ever, suggested that this might not be a tenable as
sumption. Specifically, rats seem to have a strong
predisposition to spray toward the front side of a
chamber. The reason for this preference was not evi
dent, but it was thought to be possibly related to the
experimental procedures of subject handling and
placement inside the chamber through the front side.
The experimenter, in this case, is an intruder, and the
subject may, by blocking the front side of the cham
ber with the bedding material, be warding off the
visual cues associated with him. If the existence of
such a variable were substantiated, then some, if not
all, previous studies on defensive spraying might have
to be reinterpreted, since none of them included an
appropriate control treatment.

Experiment 2 investigated the effects of the location
of a shock prod on the magnitude of the rat's defen
sive spraying. Basically, the present study replicated
the procedures of a standard prod-burying study, as
introduced by Pinel and Treit (1978),except that groups
of subjects were treated differently with respect to
the location of the prod during both phases of the ex
periment. Specifically, during familiarization the
prod was in either the FL or BR quadrant, or in none
of the quadrants and during testing it was in the FL
or BR quadrant. Exposure of subjects to the prod
during familiarization was expected to result in a latent
inhibitory process with respect to the subsequent fear
conditioning to the prod (Lubow, 1973; Lubow &
Siebert, 1969). Defensive spraying in the subjects that
received no habituation to the prod during familiar
ization was expected to reflect the effects of both the
prod and the spatial cues. On the other hand, defensive
spraying in the habituated subjects should, because
of the weakened effects of the prod cues through a
latent inhibitory process, primarily reflect the effects
of spatial cues.

Method
Subjects and Apparatus. Forty-eight male hooded rats, 120-IS9

days old, from the same colony as in Experiment I were used. The
apparatus was the one used in Experiment I.

Procedure. As in Experiment I, the experimental procedures
consisted of two consecutive phases. In Phase 1 (habituation),
the subjects were divided randomly into three groups of 16 rats
each and were placed, in groups of 4, into the apparatus for four
daily 3()...min periods. The floor of the apparatus was evenlycovered
with 400 g of regular grade San-i-cel bedding material. For one of
the three groups, a wooden prod, which was 7 cm long, 1 cm in
diameter, and wire-wrapped with two uninsulated copper wires.
was mounted in the side wall at the midline of the FL quadrant.
For the second group, the prod was located in the corresponding
location of the DRquadrant. The prod was 2 em above the bedding
material. For the third group there was no prod during habituation.
The amount of bedding material the subjects in all three groups
had accumulated in each quadrant by the end of a habituation
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Groups

Ftlllre 1. Meanwelabt of beddlnamaterial In differentquadrants
overall babltuatlon HSllons.

Resultsand Discussion
Figure 1 presents, for each group, the mean weight

of bedding material accumulated at each quadrant
over the entire habituation sessions. Since habituation
took place with groups of four subjects at a time,
individual subject's data could not be determined,
and no statistical analysis could, therefore, be per
formed on these data. A visual impression of the data
in Figure 1 indicates that the trends in the accumu
lated bedding material in the various quadrants are
strikingly similar for all three groups. In all groups,
the amount of bedding material in the front quadrants
exceeded the original amount of 100 g, while the op-

Figure 2. Meanwelgbt of bedding material Indifferentquadrants
at tbe end of testing,for eacbgroup.
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posite was true for the back quadrants. These findings
suggest that rats enter the experimental situation not
as neutral agents, but with a definite predisposition
to displace the bedding material toward the front side
of the apparatus.

Figure 2 presents the results of Experiment 2 in
terms of the mean weight of bedding material that
wasaccumulatedin each quadrant at the end of testing.
These data suggest that the subjects who experienced
a prod shock in the FL quadrant (FLlN, FLlFL, and
FL/BR groups) accumulated a relatively large amount
of bedding material at the prod quadrant, primarily
with the bedding material from the BR quadrant.
The bedding material in the other front quadrant,
FR, was not, in any of these groups, below the orig
inal level of 100 g. With the shock prod in the FL
quadrant, therefore, the habituation condition did
not seem to make any difference in the amount of
accumulated bedding in the prod quadrant.

When the shock prod was located in the BR quad
rant (BR/N, BR/FL, and BR/BR groups), however,
the amount of accumulated bedding material seemed
to depend on the habituation condition. Specifically,
while the BR/N subjects accumulated a substantial
amount of bedding material in the shock prod quad
rant, the BR/FL subjects accumulated only a small
amount of bedding in the prod quadrant and, for the
BR/BR group, the level of bedding material in the
prod quadrant had fallen below its original level.

The amount of bedding material at the shock prod
quadrants was subjected to a 2 x 3 factorial analysis
of variance with shock-prod location (FL and BR
quadrants) and habituation condition (prod at FL or
BR quadrant or no prod) as the factors. This analysis
resulted in significant effects of shock prod location
[F(I,42)=9.79], habituation condition [F(2,42) =6.12],
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period was recorded. The animals were placed inside the chamber
through the front side, a clear Plexiglas door.

In Phase 2 (testing), each of the three groups was subdivided in
two subgroups, and each subgroup received a prod shock in either
the FL or DR quadrant. Thus, there were six groups, FLlN, DR/N,
FLlFL, DR/FL, FLlDR, and DR/DR. The first set of letters in
each group name designates the quadrant in which the subject
experienced a prod shock during testing, and the second set of
letters refers to the location (DR or FL quadrant) or absence (N) of
the prod during habituation. A testing period began with the place
ment of a subject on the bedding material, in the center of the
apparatus, facing away from the prod. As soon as the subject made
contact with the prod with both of its front paws, the wires on the
prod were electrified for .5 sec. The shock intensity was set at
4.5 rnA. The testing period lasted for 15 min after the shock de
livery. During this time the experimenter was absent from the
room and the subject was entirely undisturbed. The amount of
bedding material in each quadrant at the end of testing was mea
sured for each subject.



and the interaction between these factors [F(2,42)
=6.70; all ps < .002]. Since the interaction effect
was significant, Newman-Keuls tests (a =.05) were
conducted on group means. The results of these tests
indicated that the BR/BR group accumulated less
bedding material in the shock prod quadrant than
any of the other groups except the BR/FL group.
The BR/FL group, in turn, collected less bedding
material in the shock prod quadrant than the BR/N
group. No other difference was significant. A t test
on the data of each group tested the null hypothesis
that the amount of bedding material in the shock prod
quadrant was no different from the initial amount of
100 g. The results indicated that the accumulated
bedding material was significantly greater than 100 g
for Groups FLlN, FLlFL, FL/BR, and BR/N, but
not for Group BR/FL. The amount of accumulated
bedding material for the BR/BR group was signif
icantly lower than 100 g (all ps < .05).

The present findings support the contention that
the rat's predisposition to spray toward some spatial
cues in the apparatus may playa considerable role in
the rat's defensive spraying. Although the effect of this
subject variable was not evident in a simple defensive
arrangement, as a comparison between the FL/N and
BR/N groups demonstrates, a more sensitive habit
uation treatment revealed the putative effect. With
the latter procedures, habituation resulted in little or
no accumulation of bedding material toward the shock
prod if it was located at the back wall of the chamber
(i.e., BR/FL and BR/BR groups). However, when
the shock prod was located in a front quadrant, the
subject's tendency to spray toward it masked the in
hibitory effects of habituation (i.e., the FLIFL group
compared with the FLlBR group).

GENERAL DISCUSSION

Pinel and his associates have argued that "rats will
approach a source of aversive stimulation and bury it"
(Pinel & Treit, 1978, p.S), To the extent that these
authors conceive of "burying" as covering the source
of aversive stimulation (e.g., Pinel & Treit, 1979;
Terlecki, Pinel, & Treit, 1979), they are yet to present
an experiment that would specifically corroborate
their hypothesis. Unfortunately, the dependent mea
sures of defensive burying used by these authors do
not clearly reveal the direction in which bedding ma
terial is displaced, or where, in relation to the aversive
object, a pile of bedding is accumulated, or to what
extent the aversive object is covered.

The present results indicate that the contention that
"defensive burying" consists of either spraying to
ward or covering the source of aversive stimulation is
a simplistic view of the rat's defensive behavior. These
results demonstrate that rats do not necessarily cover
an aversive object, although they may spray and shove
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material toward it. They also indicated that the nature
of the defensive reaction of a rat toward an aversive
object is subject to further qualifications, namely,
the subject's behavioral tendencies prior to the ex
perimental treatment.

Thus, the subjects in Experiment 2, who showed
a strong predisposition for spraying toward the front
side of the experimental chamber, were immune to
the inhibitory effects of habituation to the aversive
prod only when, during testing, it was located in the
front side. Located in the back side, the prod shock
elicited no spraying in the habituated subjects. This
finding raises the question of whether spraying to
ward an aversive object is, in fact, defensive. Since
the subject may enter the experimental situation with
a tendency to spray the bedding material, it is entirely
possible that aversive stimulation increases the sub
ject's general drive level and, thereby, potentiates an
already existing behavioral tendency (Hull, 1943;
Kendler, 1945). Whether or not spraying toward an
aversive object is defensive may, therefore, depend
on the function of "unconditioned" spraying in the
subject. Thus, in order to demonstrate that spraying
toward a shock prod is a defensive behavior, rather
than a potentiated tendency other than defense, for
example, play or frustration, it may be necessary to
demonstrate that the initial spraying has a defensive
function. Unfortunately, the function of this response
in the rat's natural behavior repertoire is not known.
On the other hand, one may correctlyargue that spray
ing toward an aversive object may be defensive re
gardless of the function of the initial spraying. In the
present studies, it is likely that the subject's uncondi
tioned spraying toward the front side of the chamber
may have actually been defensive against the experi
menter. The fact that the experimenter handled the
subjects, a treatment that seems to be aversive to rats
(McAllister, McAllister, Hampton, & Scoles, 1980),
and the possibility that the experimenter might have
been seen by the subject through the front side while
moving the subject into and out of the chamber, ren
ders the present suggestion a viable possibility.
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