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Influence of conspecific stress odors and
shock controllability on conditioned
defensive burying

JON L. WILLIAMS
Kenyon College, Gambier, Ohio

In Experiment 1, rats received a session of 80 inescapable tail shocks or no shocks while re-
strained in a tube. During tests of conditioned defensive burying 24 h later, the bedding of the
chamber contained odors from either stressed or nonstressed conspecific donor rats. Following
a single prod shock, subjects that had had prior shocks or that were tested with the stress odors
spent significantly less time burying the prod, made smaller piles of bedding, and displayed more
freezing behavior. The combination of prior shock and stress odors during later testing enhanced
these effects. In Experiment 2, a yoked group of rats that was given inescapable shocks, in con-
trast to a group that had wheel-turn escape training and one that was restrained but not shocked,
later showed significantly less burying and more freezing when tested for defensive burying with
stress odors present. In both experiments the duration of burying and the heights of piles were
positively correlated, and both of these measures were negatively correlated with freezing. The
demonstrated capacity of unconditioned stress odors to mediate different degrees of fear, depend-
ing upon the controllability of prior shock, is related to other studies of learned helplessness,
and the predominance of freezing over burying is discussed in terms of various types of defensive
strategies, stimulus-control processes, and the author’s stress-coping-fear-defense (SCFD) theory.

The debilitating behavioral and physiological conse-
quences of uncontrollable stress have been the focus of
much research and theoretical interest. In rats and mice,
inescapable shock has been found to interfere with sub-
sequent escape learning (e.g., Anisman, Suissa, & Sklar,
1980), appetitive instrumental learning (e.g., Rosellini,
1978), and various unlearned behaviors, such as general
activity (e.g., Drugan & Mater, 1982), exploration (¢.g.,
Bruto & Anisman, 1983), and maternal responses (Wil-
liams, 1984). Furthermore, inescapable shock has been
shown to alter a variety of neurotransmitters (e.g., Weiss
et al., 1981) and to produce both opioid and nonopioid
pain analgesia (e.g., Maier et al., 1983). These disrup-
tions in behavior and physiology have frequently been re-
ferred to as *‘learned helplessness effects,’” because they
do not follow exposure to equivalent amounts of escap-
able shock and thus are a product of the uncontrollability
of the stressor.

Of particular relevance to the present set of experiments
are findings that indicate that inescapable, as opposed to
escapable, shock has pronounced effects on various types
of species-typical agonistic behaviors. Williams (1982)
demonstrated that dominant male colony rats given in-
escapable shock showed virtually no aggression or offen-
sive behavior and an increase in defensive responding
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when tested later with naive conspecific intruders. In con-
trast, this abrupt shift in the occurrence of offensive and
defensive behaviors was not observed in dominant colony
residents that had been previously exposed to wheel-turn
escapable shock. More recently, Williams and Lierle
(1986, Experiment 2), using a similar combination of
escape-yoked shock and later resident-intruder testing,
reported that rats receiving inescapable shock displayed
an enhanced series of defensive responses (e.g., freez-
ing, rearing, lying on the back) when tested as intruders
in colonies known to have aggressive male residents. A
subsequent experiment (Williams & Lierle, 1986, Experi-
ment 3) further demonstrated the importance of the psy-
chological dimension of stress controllability by show-
ing that this potentiation of intruder defense could be
prevented or reversed by having a session of escapable
shock occur before or after, respectively, the inescapable-
shock session. We interpreted these changes in species-
typical responses as support for my stress-coping-fear-
defense (SCFD) theory. Briefly, this theory assumes that
exposure to escapable shock, as opposed to inescapable
shock, produces less overall fear conditioning of contex-
tual cues (e.g., stress odors, the experimenter). Presuma-
bly, this difference in contextual fear conditioning is the
result of the “‘safety-signal’” properties of the feedback
inherent in performing the escape response (Mineka,
Cook, & Miller, 1984; Overmier, Murison, Skoglund,
& Ursin, 1985). The differential levels of fear for sub-
jects receiving escapable versus yoked-inescapable shock
are also presumed to influence their subsequent agonistic
behavior because of the inadvertent presence of a num-
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ber of transituational conditioned stimuli (e.g., stress
odors) during testing (Minor & LoLordo, 1984). Finally,
on the basis of my previous research and that of others
(e.g., D. C. Blanchard & R. J. Blanchard, 1984; Fan-
selow & Baackes, 1982), I postulate in this theory that
the presence of conditioned stress cues during testing
results in the animal’s performing a variety of defensive
behaviors, to the exclusion of other responses.

In order to further test the major assumptions of the
SCFD theory, in the present experiments I examined the
possible influence of inescapable shock, conspecific stress
odors, and shock controllability on another type of defen-
sive behavior—conditioned defensive burying. Pinel and
his colleagues (Pinel & Treit, 1978, 1979, 1981; Terlecki,
Pinel, & Treit, 1979) reported that when suitable bedding
material is available, rats bury a localized source of aver-
sive stimulation, such as a wall prod from which they have
received a single electric shock. These studies also estab-
lished that the temporal and spatial contiguity between the
prod and the shock results in the prod’s becoming a fear-
eliciting stimulus. Subsequent testing with the prod in a
chamber to which the subject has been habituated has been
shown to activate a reliable sequence of defensive re-
sponses: initial freezing in locations away from the prod,
followed by a series of approach-withdrawal movements
and, finally, the partial or complete burying of the prod
(see Pinel & Wilkie, 1983, for a review of this literature).

The defensive-burying paradigm seemed ideal for ex-
amining the possible unconditioned, as well as condi-
tioned, fear reactions elicited by conspecific stress odors
alone or in combination with previous exposure to escap-
able or inescapable shock. Would inescapable shock
and/or the presence of conspecific urine and feces odors
from stressed donors in the test bedding facilitate or sup-
press the defensive burying of a prod that was the source
of a single shock? I speculated that because the burying
of the prod represents an active form of avoidance be-
havior, the sustained performance of this response would
be disrupted by the defensive behavior of freezing for
animals experiencing intense fear. Previous studies have
reported that fear, elicited by novel stimulation (Ober-
dieck & Cheney, 1982) or the presence of a cat (Fanselow
& Lester, in press), produces freezing and interferes with
the manipulation of bedding material. The present experi-
ments should provide a sensitive technique for examin-
ing the relationship between freezing and burying by hav-
ing stress odors present in the actual bedding. Under these
conditions, the putative defensive response of burying re-
quires that the animal manipulate the feared stimulus with
its forepaws for an extensive period if it is to cover the
prod. This procedure should also be interesting in terms
of studying the conflict between the fear of a localized
source (i.e., the shock prod) and the fear of very salient
unconditioned stress odors, which might also produce
varying degrees of conditioned fear, depending on the or-
ganism’s specific stress history (i.e., escapable shock, in-
escapable shock, or no shock). More specifically, Experi-
ment 1 was designed to examine the possible effects of

preshock, stress odors, and their interaction on defensive
burying and freezing, whereas Experiment 2 focused on
whether the controllability versus uncontrollability of
stress influenced these defensive responses.

EXPERIMENT 1

Rats innately recognize certain stimuli and react to them
with defensive behavior. Such stimuli include cats (e.g.,
R. J. Blanchard, Fukunaga, & D. C. Blanchard, 1976),
human experimenters (R. J. Blanchard, Flannelly, &
D. C. Blanchard, 1986), and dominant conspecifics (e.g.,
Williams, 1982). Even without the infliction of pain or
tactile contact, rats spend a significant portion of their time
freezing when confined in the vicinity of these threaten-
ing stimuli. Likewise, stress odors released by con-
specifics are important behavioral controlling stimuli dur-
ing encounters with predators or conspecifics (Brown,
1979). For some time it has been known that rats can dis-
criminate the odors of stressed conspecifics from those
of nonstressed conspecifics (Valenta & Rigby, 1968). The
presence of these stress odors has been shown to inter-
fere with the acquisition of one-way shock avoidance
learning (Dua & Dobson, 1974). One objective of the
present experiment was to determine whether the presence
of conspecific stress odors would enhance freezing and
interfere with conditioned defensive burying following
prod shock. Therefore, one group of rats had conspecific
stress odors present in their bedding and another group
was exposed to familiar odors of nonstressed conspecifics
during tests of burying and freezing.

The SCFD theory and the findings of Minor and
LoLordo (1984) suggest that conspecific stress odors
present at the time of inescapable shock mediate a vari-
ety of previously described learned helplessness effects
by enhancing defensive behavior (e.g., freezing) and sup-
pressing the performance of other learned responses and
species-typical patterns of behavior. Therefore, a second
objective of this experiment was to directly test this criti-
cal assumption by giving half of the subjects in the stress-
odor and nonstress-odor groups a series of inescapable
shocks, and the other half no shocks, 24 h prior to the
test of prod burying. More specifically, the initial stress
session involved preshocking groups of rats simultane-
ously in plastic restraining tubes, while the nonshocked
controls were restrained in similar tubes located in a
separate room. I hypothesized that the preshocked sub-
jects would later show less defensive burying and more
freezing, particularly when conspecific stress odors were
present in the bedding.

Method

Subjects. Thirty-two male albino rats of Holtzman descent,
weighing 370-450 g at the time of testing, served as subjects. They
were maintained on a 12:12-h reverse light:dark cycle and had food
and water continuously available in their individual home cages.
They were tested during the dark phase.

Apparatus. Inescapable shocks and restraint conditions were ad-
ministered to the preshocked groups of subjects in a Plexiglas tube
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28 cm in length and 7 cm in diameter. The rat’s tail was taped to
a thin Plexiglas rod that extended from the rear of the tube. Shocks
were delivered from a Lafayette 82400 shock source through two
electrodes attached to the rat’s tail. All shock presentations were
electronically controlled. The shock tubes and the nonshock re-
straining tubes were located in separate rooms, so that the unshocked
rats were not exposed to the stress odors produced by the shocked
rats; white noise (75 dB SPL) was presented in both rooms.

Conspecific stress-odor material was obtained from rat donors
shocked in a BRS/LVE shuttlebox, which was 45 X20x20 c¢m with
the metal divider removed. This shuttlebox was housed in a sound-
attenuating chamber in which a 75-dB SPL noise was presented.
On the floor of the shuttlebox, beneath the grids, ground corncob
mash served as bedding to absorb feces and urine odors. Inescap-
able scrambled grid shocks were delivered from a Lafayette 82400
shock source, which was electronically controlled. The shuttlebox
was located in the same experimental room as the previously
described preshock tubes.

The test chamber for defensive burying consisted of a metal colony
cage, 36 X36 X41 cm; the opening was on the top, which was com-
pletely covered by a piece of Plexiglas. On one side of the test cham-
ber, a wooden dowel 13 mm in diameter, wrapped with two uninsu-
lated wires, protruded 6.5 cm into the test chamber. This prod was
mounted 2 cm above a 6.5-cm layer of commercial bedding material
made of ground corncobs. Shock presentations through this prod
were controlled manually, and were delivered from a Lafayette
82400 shock source. The bedding material was sifted to remove
any long stringy pieces that might interfere with burying behavior
or pile measurements. The chamber was placed inside a larger
sound-attenuating chamber, which was illuminated by a 4-W 120-v
incandescent light bulb centered above the test chamber. The outer
chamber was ventilated by a small fan, and white noise (85 dB SPL)
was presented by means of a speaker located on the ceiling. The
rats were observed through a small window covered with red film,
which was in the ceiling of the outer chamber. There was a large
light difference between the test chamber and the outside room area,
which remained dark. This experimental room was separated from
the preshock and restraining tube areas by a 30-m hallway.

Procedure. All rats were handled and habituated to the test cham-
ber according to the following procedure. On Day 1, they were
habituated to the chamber in groups of 4; on Days 2 and 3, they
were habituated in pairs; and on Day 4, they were habituated in-
dividually. All habituation periods were 30 min. On Day 5, the rats
were assigned randomly to one of two conditions (ns=16): preshock
(PS) or nonshock (NS). PS rats were individually restrained, in
groups of 4, in the tubes and given 80 1-mA, 5-sec inescapable
shocks presented on a random-time schedule with a mean intershock
interval of 60 sec and a range of 30-120 sec. The NS subjects were
restrained for 90 min in separate tubes located in another room,
but they received no shocks.

On the following day, 5 odor-donor rats of the same strain, sex,
and age as the experimental animals were individually given 5 1-mA,
5-sec inescapable shocks presented according to the previously
described random-time schedule. The bedding material beneath the
grid floor of the shuttlebox, which contained the feces and urine
of the donors, was collected. For half of the rats in the PS and NS
groups, the soiled bedding from stressed conspecifics was distributed
evenly over the surface of the familiar bedding in the defensive-
burying test chamber. For the remaining subjects, bedding from
the home cage trays (i.e., odors from nonstressed conspecifics) was
spread evenly over the familiar bedding of the test chamber. Thus,
a factorial design consisting of the following four groups was
created: preshocked and later tested with stress odors (PS/SO),
preshocked and tested with no stress odors (PS/NSO), nonshocked
and tested with stress odors (NS/SO), and nonshocked and tested
with no stress odors (NS/NSO). The order in which the SO and
NSO subjects were tested for burying was counterbalanced.
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At the start of the test session, the rat was placed in the center
of the experimental chamber, facing the prod, and the Plexiglas
lid and door to the outside chamber were secured. When the rat
placed both of its forepaws on the prod, a 120-V ac, 6.5-mA shock
was initiated by the experimenter; the shock was terminated by the
subject’s withdrawal. The rat’s behavioral reaction to the shock was
scored according to the 5-point scale devised by Gray, Terlecki,
Treit, and Pinel (1981). The categories from 0-4, respectively, are
no discernible reaction, startle but no immediate withdrawal, star-
tle and withdrawal to the far end of the chamber, jumping followed
by rapid withdrawal, and a reflexive leap to the far end of the
chamber.

The shock signaled the initiation of the 20-min test session dur-
ing which the durations of freezing and of burying behaviors were
recorded. Freezing behavior was scored when the rat showed an
immobilized, crouched posture. Burying behavior was scored when
the rat was oriented toward the prod and sprayed bedding material
at it with rapid pushing of the forepaws. As has been the practice
(Pinel & Treit, 1978), the duration-of-burying score for each sub-
ject was simply the cumulative duration of these bursts of directed
spraying. A cumulative freezing score was calculated for each rat
in a similar manner. The responses of the rats during prod-shock
conditioning and later testing were recorded by an experienced ob-
server by means of a chart recorder. Previous videotaped observa-
tion sessions had been conducted to ascertain that interreliability
of scoring exceeded .95. At the end of each test session, the height
of the highest pile of bedding material within 5 cm of the prod was
measured. Then the chamber was thoroughly cleaned with an in-
dustrial vacuum and all surfaces were washed with a 5% solution
of ammonium hydroxide.

Results and Discussion

The duration-of-burying and height-of-piles scores for
the four groups are presented in Figure 1. As both of these
measures show, prior shock exposure as well as the
presence of conspecific stress odors suppressed defensive
burying. Furthermore, this suppression was considerably
enhanced in the PS/SO condition.

A two-way analysis of variance on the duration of bury-
ing data confirmed that preshocked rats buried less than
did nonshocked rats [F(1,28) = 37.43, p < .001], and
that stress odors also reduced burying behavior [F(1,28)
= 66.05, p < .001]. The shock X stress odor interac-
tion was not found to be significant. A Newman-Keuls
post hoc test indicated that both of the preshocked groups
(Groups PS/NSO and PS/SO) differed significantly
(p < .01) from their respective nonshocked groups
(Groups -NS/NSO and NS/SO). A separate analysis of
variance indicated a similar pattern with regard to the
height-of-piles data. Exposure to preshock [F(1,28) =
26.11, p < .001] and stress odors [F(1,28) = 53.33,
p < .001] reduced the height of piles, and the interac-
tion of the two factors was not significant. A Newman-
Keuls test revealed that Group PS/NSO differed from
Group NS/NSO at the .05 level, and Group PS/SO
differed from the remaining groups at the .01 level. Fi-
nally, within-group Spearman correlations for duration
of burying versus height of the piles showed that these
measures were positively correlated for Group NS/NSO
[r(6) = .79, p < .01], Group PS/NSO [r(6) = .85,
p < .01], Group NS/SO [r = .49, p < .08], and Group
PS/SO [r(6) = .84, p < .01].
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Figure 1. Mean duration of burying (in seconds) of a shock prod (left panel) and mean height
(in centimeters) of piles of bedding material (right panel) for subjects given preshock (PS) or no
shock (NS) 24 h prior to a session of conditioned defensive burying with conspecific stress odors
(SO) or no stress odors (NSO) present in the bedding material.

Figure 2 illustrates the duration of freezing behavior
observed in each of the four conditions. These findings
show effects opposite those previously described for bury-
ing duration and height of piles. A two-way analysis of
variance indicated that enhanced freezing was displayed
by preshocked rats [F(1,28) = 60.61, p < .001] and rats
tested with stress odors [F(1,28) = 50.01, p < .001].
The interaction between these two main effects was also
found to be significant [F(1,28) = 9.27, p < .01]. A
Newman-Keuls post hoc test established that Group
PS/NSO showed more freezing than did Group NS/NSO
at the .01 level. Group PS/SO was also found to differ
significantly from all of the other groups at the .001 level.
Thus, a powerful synergistic effect was seen in terms of
freezing when rats were given shocks 1 day before they
were exposed to stress odors in their test environment.
Within-group Spearman correlations for the duration-of-
freezing scores versus the defensive-burying and height-
of-piles scores were all significantly negative at the .05
level or less, with rs(6) ranging from —.65 to —.97.

The cited differences in defensive burying, heights of
the piles produced, and freezing behavior do not appear
to be the result of any systematic differences among the
groups in terms of their unconditioned reactions to the
prod shock. A two-way analysis of variance of the obser-
vational ratings made of the rats’ reactions to the shock
failed to disclose statistically significant effects.

These findings illustrate the robustness of the condi-
tioned defensive burying phenomena (e.g., Pinel & Treit,
1978) for rats that were not exposed to stress stimuli. By
means of this paradigm, it was also revealed that con-
specific stress odors from shocked donor animals were
capable of producing freezing and disrupting burying be-
havior. These results provide support for the notion that

freezing is a very prevalent response during tests of defen-
sive burying (Moser & Tait, 1983). The fact that con-
specific odors from stressed, as opposed to nonstressed,
rats produce freezing is consistent with the previously
reported findings that rats can make such a discrimina-
tion (Valenta & Rigby, 1968) and that stress odors can
interfere with the performance of learned responses (Dua
& Dobson, 1974).
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Figure 2. Mean duration of freezing (in seconds) by subjects given
preshock (PS) or no shock (NS) 24 h prior to a session of conditioned
defensive burying with conspecific stress edors (SO) or no stress odors
(NSO) present in the bedding material.
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Exposure to shock was found to decrease defensive
burying and increase freezing when subjects were later
tested in the presence or absence of stress odors. The ef-
fects of preshock in the absence of stress odors may have
occurred because of a number of transituational uncon-
ditioned stimuli, such as the presentation of electric shock
or experimenter handling cues. However, the potentia-
tion of the alterations in freezing and burying by the com-
bination of shock and stress odors is thought to be the
result of the classical conditioning of these contextual
odors. Thus, the odors from stressed conspecifics for the
preshocked rats (i.e., Group PS/SO) may have elicited
an unconditioned as well as a conditioned fear reaction
during testing. Finally, Minor and LoLordo (1984) have
previously shown that odors associated with shock are
very effective mediators of fear in subsequent tests con-
ducted in a different environment.

EXPERIMENT 2

Experiment 1 demonstrated that stress from a prior
shock session potentiated defensive freezing and interfered
with defensive burying, particularly when rats were ex-
posed to conspecific stress odors during testing 24 h later.
The previously cited learned helplessness research and the
SCFD theory suggest that the psychological dimension
of controllability is a major factor in determining the ef-
fects of stress. Thus, controllable, or escapable, aversive
events, as opposed to uncontrollable ones, have little or
no consequence. Particularly relevant to the present study
are my earlier findings that inescapable shock, in con-
trast to escapable and nonshocked treatment, resulted in
increments in defense in dominant colony males (Wil-
liams, 1982) and in isolated colony intruders (Williams
& Lierle, 1986) during subsequent resident-intruder
testing.

The purpose of Experiment 2 was to investigate whether
shock controllability would influence burying and freez-
ing behaviors during later tests of conditioned defensive
burying with conspecific stress odors present in the bed-
ding material. The procedure used was the well-known
triadic design, in which the rats in one group were given
escape training in a wheel-turn box, and the rats in the
second group were yoked to escape partners so that the
two groups received exactly the same number and dura-
tion of shocks. The rats in the third group were restrained
in the wheel box but were not given shock. Each of the
rats in the three groups was tested 24 h later, using the
prod-shock procedure described in Experiment 1 for
Groups NS/SO and PS/SO.

Method

Subjects. Twenty-four male albino rats of Holtzman descent,
raised at Kenyon College and weighing 410-452 g, served as sub-
jects. All maintenance and laboratory conditions in this experiment
were the same as those for Experiment 1.

Apparatus. Shock and restraint conditions were administered in
three identical Plexiglas wheel-turn boxes measuring
15.5%12.0x17 cm. A 64-cm-diam grooved Plexiglas wheel was
located on the front wall and extended 1.5 cm into the chamber.
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Each rat’s tail extended through a hole in the rear of each appara-
tus and was taped to a Plexiglas rod. Unscrambled shocks were
delivered to the tails of some of the rats through fixed electrodes
from a constant-current Lafayette 82400 shock source. Each wheel-
turn box was housed in a sound-attenuating chamber equipped with
a white-noise speaker, a houselight, and a ventilating fan. All treat-
ment contingencies were electronically controlled, and the wheel-
turn latencies made during escape training were automatically
recorded by an electric printout timer.

The conditioned-defensive-burying boxes and the shuttlebox ap-
paratus used to obtain stress-odor bedding from donor rats were
identical to those used in Experiment 1.

Procedure. All subjects were handled and habituated to the
defensive-burying chamber using a procedure similar to that of Ex-
periment 1. On Days 1 and 2, they were habituated to the chamber
in groups of 3 for 30 min, and on Days 3 and 4 they were habitu-
ated individually for 30 min.

On Day 5, the rats were assigned randomly to one of three con-
ditions: escapable shock (E), yoked-inescapable shock (Y), or re-
strained/no shock (R). Each subject was tested individually in a
wheel-turn box. Group E subjects received 80 trials of escape train-
ing on a random-time schedule with a mean interval of 60 sec and
a range of 30-120 sec. Shock terminated when the rat completed
a one-quarter turn of the wheel beyond .8 sec following the onset
of shock. Wheel turns during the first .8 sec of shock were con-
sidered to be unlearned shock-elicited responses, which would not
function as an effective coping response (see Maier & Jackson, 1977,
for a more complete description of the rationale for this procedure).
All of these short-latency responses were programmed to have no
consequence. Shock presentations, delivered via tail electrodes, ter-
minated after 30 sec if an escape response had not occurred. The
shock intensity for all rats in Groups E and Y was begun at .8 mA
and then increased to 1.0 mA on Trial 20, to 1.3 mA on Trial 40,
and to 1.6 mA on Trial 60. This was done because previous studies
{e.g., Williams, 1982, 1984) had revealed a deterioration of sus-
tained wheel-turn escape performance if the intensity of the shock
was not increased in this manner over the course of the session.
The yoked design ensured that the subjects in Group Y received
the same number, duration, and intensity of shocks as did their
Group E partners. Shock began simultaneously for both subjects
and terminated whenever the partner rat in Group E made the ap-
propriate wheel-turn response. The control subjects in Group R were
restrained in the same wheel-turn boxes for a 90-min period, but
received no shock.

The procedures used to obtain stress-odor bedding from donor
conspecifics and to assess burying and freezing were the same as
those used in Experiment 1.

Results and Discussion

All of the rats in Group E learned to escape from shock
by turning the wheel. The mean latency to respond dur-
ing the final block of 10 trials was 2.42 sec, which was
significantly shorter than the mean latency of 4.98 sec dur-
ing the first block of 10 trials [t(7) = 3.75, p < .01].
By the final block of 10 trials, none of the Group Y rats
turned the wheel.

Figure 3 presents the mean duration of burying, height
of piles, and duration of freezing for Groups E, Y, and
R. A one-way analysis of variance indicated that the three
groups differed significantly in duration of burying be-
havior [F(2,21) = 6.73, p < .01]. Newman-Keuls post
hoc comparisons showed that Group Y differed signifi-
cantly (p < .1) from the other two groups. A similar pat-
tern of results was found for the three groups in terms
of height of the bedding piles that were measured at the
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end of the test session. Again, a one-way analysis of vari-
ance revealed that the groups differed significantly
[F(2,21) = 12.29, p < .01]. A Newman-Keuls test in-
dicated that Group Y differed significantly from both
Group E (p < .05) and Group R (p < .01), and that
Group E differed significantly from Group R (p < .05).
Together, these two measures clearly demonstrate that
defensive burying was suppressed significantly more by
prior exposure to inescapable-yoked shock than by escap-
able shock. Spearman correlations indicated that these two
measures of defensive burying were positively related
within each of the groups. Significant r values were found
for Group E [r(6) = .68, p < .05] and Group R [r(6)
= .98, p < .01], with Group Y [r(6) = .54] approach-
ing a significant value at the .05 level.

The durations of freezing during tests of burying for *

the three groups are also shown in Figure 3. The find-
ings for freezing behavior are opposite those for bury-
ing, with Group Y showing more defensive freezing. This
observation was confirmed statistically by a one-way anal-
ysis of variance showing a significant effect between
groups [F(2,21) = 10.71, p < .01], and by post hoc tests
revealing that Group Y differed significantly (ps < .01)
from the remaining two groups, which did not differ from
each other. As was the case in Experiment 1, within-group
Spearman correlations for the freezing scores versus the
duration-of-burying and height-of-piles scores were all
significantly (p < .01) negative, with r values ranging
from —.83 to —.89. Finally, the ratings of the uncondi-
tioned reactions to prod shock revealed no significant
differences between the groups, suggesting that the be-
havioral differences noted previously were not the result
of differential pain sensitivity.

The results of this experiment are the first in the litera-
ture to verify the notion that shock controllability versus
uncontrollability is an important factor in determining the
extent to which rats show burying and freezing during
later tests of conditioned defensive burying. Although it
must be assumed that all of the rats in this study showed
some suppression in burying and an increase in freezing
as unconditioned reactions to the presence of conspecific
stress odors during testing, this factor obviously did not
preclude the possibility of finding significant differences
among the three groups. In fact, the results of this ex-
periment, in conjunction with the synergistic effect of
preshock and stress odors seen in Experiment 1, suggest
that stress odors may have functioned as powerful condi-
tioned fear stimuli. The degree of contextual fear elicited
by such odors appears to have been far greater in the case
of inescapable than escapable shock. Finally, this fear was
found to produce opposite effects in two dissimilar types
of defensive behaviors (i.e., less burying and more freez-
ing) when subjects were reexposed to the stress odors in
the test environment.

GENERAL DISCUSSION

The conditioned defensive burying paradigm served as
a very useful and sensitive technique for measuring the
effects of both conditioned and unconditioned fear stimuli
by means of an active (i.e., burying) as well as a passive
(i.e., freezing) form of defensive responding. Consistent
with previously reported studies on the behavioral effects
produced by conspecific stress odors (e.g., Dua & Dob-
son, 1974; Mackay-Sim & Laing, 1981), the presence of
such odors in the test bedding was found to interfere sig-
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Figure 3. Mean duration of burying (left panel), height of piles (middle panel), and
duration of freezing (right panel) for groups of subjects given escapable shock

(Group E) or yoked inescapable shock

(Group Y) or restrained without shock

(Group R) during a session of conditioned defensive burying given 24 h later with
conspecific stress odors present in the bedding material.
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nificantly with burying and to enhance freezing. The same
pattern of responses was observed when subjects had been
exposed to a series of inescapable shocks 24 h before tests
of conditioned burying and freezing. Furthermore, the
combination of preshock and later testing with the stress
odors in the bedding resulted in the virtual elimination
of burying and a striking increase in freezing. Finally,
Experiment 2 demonstrated that the disruption in bury-
ing and the increment in freezing for rats tested in the
presence of stress odors occurred only for subjects given
prior experience with inescapable, as opposed to escap-
able, shock. Therefore, stress controllability was clearly
a major factor in modifying these responses, and this
research depicts another instance of learned helplessness,
using a novel paradigm that permits the simultaneous ex-
amination of two species-typical defensive behaviors.

Maier and his colleagues (see Maier et al., 1983, for
a review) have shown that exposure to inescapable shock,
using preshock and triadic procedures similar to those em-
ployed in the present experiments, produces an opioid-
mediated analgesia reaction during tail-flick tests 24 h af-
ter the stress session. However, these researchers have
repeatedly noted that a long-term analgesic reaction re-
quires that the subjects be given priming shocks immedi-
ately before the nociceptive test session. When these prim-
ing shocks are not given, there appears to be no evidence
of an antinociceptive reaction, even though subjects may
have had a session of inescapable shocks on the previous
day. Because priming shocks were not given in the present
study and no significant differences in the unconditioned
reactions to prod shock were found among the groups,
it is difficult to attribute the reduction in burying to an
attenuation of the pain produced by the prod shock.
Finally, the possibility that the prod did not become a con-
ditioned stimulus as a result of an associative-blocking
effect produced by the contextual odors does not seem
to account for these findings, because the rats spent most
of their time freezing in one of the two corners of the
chamber farthest from the prod, indicating that it had be-
come a conditioned fear stimulus.

The SCFD theory (Williams & Lierle, 1986) considers
all examples of learned helplessness to be the result of
the classical conditioning of contextual fear, which is as-
sumed to be greater for organisms that have experienced
an uncontrollable, rather than controllable, stressor. A
number of earlier studies provide support for this assump-
tion (e.g., Desiderato & Newman, 1971; F. Osborne,
Mattingly, Redmond, & J. Osborne, 1975). Mineka et al.
(1984, Experiments 1 and 2) reported that the defensive
response of freezing was not only a sensitive index of fear,
but that signaled escapable shock produced less freezing
than did signaled inescapable shock when subjects were
subsequently tested for freezing to the CS in a situation
that differed from the one in which they were conditioned.
The mechanism responsible for this differential fear con-
ditioning was attributed to the ‘‘safety-signal’’ or fear-
reducing effects involved in the feedback from making
the escape response. Support for this assumption was
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found in later experiments that indicated that yoked rats
receiving a feedback signal at the time their escape part-
ners made a response showed a lower level of fear, com-
parable to that found in an escape group and significantly
less than that of a yoked group of subjects that did not
have the feedback stimulus (Mineka et al., 1984, Experi-
ments 3 and 4). In a similar vein, Overmier et al. (1985)
more recently demonstrated that providing rats with safety
signals during Pavlovian conditioning resulted in proactive
protection against restraint ulceration, similar to that
provided by escape responses.

As mentioned, prior exposure to shock enhanced freez-
ing and interfered with defensive burying when stress
odors were not present during prod testing. These reac-
tions may have been the result of some type of nonasso-
ciative transfer of fear (e.g., sensitization due to handling).
In addition, the increased freezing and decreased bury-
ing found for nonshocked rats tested with stress odors was
probably the result of the unconditioned fear elicited by
these odors (e.g., Dua & Dobson, 1974). However, the
synergistic influence of the combination of preshock and
the presence of stress odors can best be explained in terms
of the SCFD theory. According to this interpretation, the
stress odors from conspecifics should have become con-
ditioned fear stimuli during the subject’s exposure to in-
escapable, but not escapable, shock. Thus, when similar
stress odors were present during subsequent testing, these
odors are assumed to have elicited an unconditioned as
well as a conditioned fear reaction. More research is ob-
viously needed to determine the exact stimulus-control
properties of these stress odors and the precise response
interactions involved in this type of potentiation.

An important question concerning the present findings
is why freezing, as opposed to burying, occurred as a
result of prior exposure to shock and/or the presence of
conspecific stress odors. The discriminative stimulus that
controlled burying behavior in these studies was obviously
the localized CS prod that was paired with shock. In con-
trast, freezing is assumed to have been instigated and
maintained by the fear odors that were present through-
out the bedding of the test chamber. The fact that enhanced
freezing occurred in the presence of these odors is con-
sistent with numerous studies showing that freezing is the
dominant conditioned response to static, inescapable en-
vironmental or contextual cues paired with aversive
stimuli (e.g., D. C. Blanchard & R. J. Blanchard, 1969;
Fanselow & Baackes, 1982). The stimulus control and
conditioned fear response associated with the stress odors
are assumed to be greater than those associated with the
prod for several reasons. First, such odors were undoubt-
edly very salient, because they are innately recognized
by rats as fear stimuli (Fanselow, 1985). Second, as a non-
localized source of fear throughout the bedding manipu-
landum, these odors should suppress burying and produce
a nondirectional form of defense (i.e., freezing). Finally,
it is assumed that 80 trials of prior inescapable shock, in
contrast to the single and very brief prod shock, would
enable the stress odors to elicit a much stronger condi-
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tioned fear reaction for preshocked subjects. Thus, the
predominance of freezing by some groups in these ex-
periments suggests that there were differentially condi-
tioned, competing sources of stimulus control in the test
situation. Although this interpretation does not preclude
the possibility of a hierarchical organization of species-
specific defense reactions {Bolles, 1970), such a concept
seems somewhat superfluous in explaining these findings.

Even though prod burying functions as a defensive be-
havior in terms of removing a potentially dangerous stimu-
lus, I question whether burying should be classified as
a form of ‘‘defense’’ in terms of an ethological perspec-
tive. For example, there are no reports of rats’ burying
as a defensive response to a dominant conspecific or a
threatening predator. Furthermore, the results of the
present experiments show that fear suppresses, rather than
activates, burying. Finally, contrary to Pinel (e.g., Pinel
& Treit, 1978), these data are consistent with the find-
ings of Moser and Tait (1983) and Modaresi (1983) in
that they suggest that burying seems to occur only after
freezing to the prod shock has completely ceased. One
interpretation of this phenomenon is that the rats are at-
tempting to escape from the prod by burrowing. Peacock
and Wong (1982) found that burrowing, which is known
to be a highly effective defensive response in the rat, was
performed by more rats than was burying during tests with
prod shock. Another possibility is that burying in this sit-
uation may actually be a nest-maintenance response.
Although this may seem to be an inappropriate postshock
behavior, it may be an example of a displacement activity
in response to the frustration produced by the continued
presence of the prod,; it could also be a schedule-induced,
adjunctive response that occurs in the absence of a rein-
forcer (see Fanselow, Sigmundi, & Williams, 1987, for
further discussion of this issue).

In conclusion, the complex alterations of learned and
unlearned species-typical behaviors as a result of fear in-
duced by stress uncontrollability are undoubtedly medi-
ated by a variety of associative, perceptual, ethological,
and neurophysiological processes. The present findings
clearly indicate that the defensive-burying paradigm is an
excellent technique for assessing the degree of fear elicited
by contextual cues such as stress odors. At the same time,
this research suggests that the classification of burying
as a species-specific defense reaction requires systematic
reexamination.
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