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Effects of stress controllability, immunization,
and therapy on the subsequent defeat
of colony intruders

JON L. WILLIAMS and DEAN M. LIERLE
Kenyon College, Gambier, Ohio

Three experiments investigated the influence that various stress-controllability manipulations
had on the defensive behaviors of rats when they were subsequently tested as intruders in previ-
ously established, aggressive colonies of conspecifics. In Experiment 1, naive subjects that had
received a session of 80 shocks in a tube showed an enhanced series of defensive responses and
received more bites than did a group of restrained nonshocked rats as colony intruders 24 h later.
These two measures were also found to be positively correlated within each group. In Experi-
ment 2, a group that was given 80 yoked inescapable shocks, in contrast to a group that had wheel-
turn escape training and a restrained nonshocked control group, displayed more defeat and was
bitten more frequently when tested as intruders on the following day. In Experiment 3, 60 trials
of wheel-turn escape training were given 4 h prior to (i.e., immunization) or after (i.e., therapy)
a session of 60 inescapable tube shocks. During resident-intruder testing 24 h later, both of these
groups showed less defeat and received fewer bites than did an inescapably preshocked group
but did not differ from a restrained nonshocked control group. These findings clearly indicate
that stress controllability alters species-typical defensive responses, and their implications con-

cerning other learned helplessness effects and interpretations are discussed.

To a large degree, an organism’s inability to deal with
a stressor by means of some response is critical in deter-
mining whether behavioral and physiological disturbances
will be subsequently manifested. In rats and mice, uncon-
trollable shock, in contrast to controllable shock, results
in such behavioral changes as deficits in escape perfor-
mance, an inability to form response-outcome associations
involving choice, and reductions in unlearned activity and
exploration (see Maier et al., 1983, for a current review
of this literature). Uncontrollable, as opposed to control-
lable, shock also produces a number of physiological dis-
ruptions, such as an alteration in the availability and utili-
zation of various neurotransmitters (Anisman, Kokkinidis,
& Sklar, 1982; Weiss et al., 1981) and an antinocicep-
tive reaction to pain which interacts with exogenous
morphine analgesia and withdrawal (see Maier et al.,
1983; Williams, Drugan, & Maier, 1984, for relevant
reviews).

Related to the aforementioned alterations in behavior
and physiology, a number of investigators have claimed
that aversive events, along with associated conditioned
and unconditioned stimuli, result in fear as a central
motivational state (e.g., D. C. Blanchard, & R. J. Blan-
chard, 1984a; Bolles, 1972; Fanselow & Lester, 1986).
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Fear is assumed to restrict an animal’s behavior to its
repertoire or hierarchy of species-specific defense reac-
tions (Bolles, 1970) and to suppress the activity of other
motivational systems. A rat may freeze (e.g., Fanselow
& Baackes, 1982), flee (N. E. Miller, 1948), or even bury
the feared stimulus (Pinel & Treit, 1978). The particular
defense response that the rat makes is determined by the
physical dimensions and contextual cues of the test en-
vironment as well as by the experience that the animal
has had in dealing with the specific stressor, or a similar
one, in the past (R. J. Blanchard & D. C. Blanchard,
1981). An important assumption pertaining to this type
of ethological interpretation is that aversive stimulation
is not linked directly to one specific response. Rather, fear
activates a defense or submission system (Adams, 1980),
which facilitates some defensive behaviors while suppress-
ing others.

Of particular relevance to the present series of experi-
ments are findings that indicate that inescapable shock in-
fluences unlearned agonistic behaviors. Several studies
have demonstrated that inescapable shock decreases sub-
sequent shock-elicited fighting between pairs of rats (¢.g.,
Anderson, Crowell, Wikoff, & Lupo, 1980; Maier, An-
derson, & Lieberman, 1972). However, R. J. Blanchard
and his colleagues have argued convincingly that shock-
elicited fighting represents a mixture of shock-elicited
movement and defensive boxing (D. C. Blanchard & R. J.
Blanchard, 1984b). Using a food-competition paradigm,
Rapaport and Maier (1978) found that among rats given
inescapable shock, escapable shock, or restraint without
shock, the rats given inescapable shock were the only ones
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to show a later reduction in dominance. R. J. Blanchard
and D. C. Blanchard (1977) and Williams (1982), how-
ever, have seriously questioned whether this type of task
is a valid measure of agonistic behavior, since it elicits
no specific species-typical aggressive or defensive re-
sponses. These investigators have suggested that the most
useful and informative method for investigating offensive
and defensive response patterns in the rat is the colony-
intruder paradigm. In this situation, attack responses (e.g.,
lateral attack, being on top of a conspecific, biting) are
usually made only by a single dominant-male colony resi-
dent. In contrast, the colony intruder typically displays
a series of defensive responses (e.g., defensive boxing,
lying on its back), which often enables it to protect its
back from being bitten by the alpha resident male (R. J.
Blanchard, Takahashi, & D. C. Blanchard, 1977). What
is important, from an evolutionary perspective, is that the
topographies of these offensive and defensive responses
are also observed in wild rats, and to some degree, in mice
during laboratory and naturalistic resident-intruder en-
counters (R. J. Blanchard & D. C. Blanchard, 1981).

A few studies using a colony-intruder model have
shown that shock, like defeat from a conspecific (Leshner,
1981) or the presence of a predator (R. J. Blanchard,
Kleinschmidt, Flannelly, & D. C. Blanchard, 1984), can
completely abolish offensive attack and increase defen-
sive responding. However, only one colony-intruder study
has specifically examined the effects of shock controlla-
bility on agonistic responses. Williams (1982) demon-
strated that inescapably shocked dominant males later
showed virtually no aggressive, or offensive, behavior and
an increase in defensive responding when they later en-
countered an intruder in their colonies. In contrast, there
was no change in either offensive or defensive behaviors
of alpha rats that had escapable shock or were simply re-
strained without shock. Furthermore, the male partners
(i.e., subordinate colony residents) of the inescapably
shocked alpha animals became more aggressive and less
defensive in response to the decline in dominance of their
alpha partners. These results clearly indicate that ines-
capable shock, but not escapable shock, reduces offen-
sive aggression and increases defense in dominant males.
Such changes were also found to influence the complex
nature of agonistic encounters within the colony, rapidly
resulting in a striking shift in social dominance.

The major objective of the present series of experiments
was to examine the effects of inescapable shock and shock
controllability on isolated animals that were later to be
tested as intruders in aggressive colonies. On the basis
of findings that inescapable shock seems to activate a
defensive mode of responding, it was hypothesized that
such shocks would potentiate the defeat displayed by these
intruders. The primary reason that this research focused
on the behavior of intruders was that their experimental
history, involving conspecific isolation before shock ex-
posure, parallels that of subjects used in most studies deal-
ing with the effects of inescapable shock (e.g., learned
helplessness experiments). Perhaps the previously men-

tioned alterations in behavior and physiology produced
by inescapable shock would also be accompanied or medi-
ated by a fear-defense system involving species-typical
responses. Examining the effects of inescapable shock and
shock controllability on the subsequent defeat of isolated,
cage-housed intruders would provide illuminating evi-
dence regarding this possibility.

EXPERIMENT 1

Assuming that uncontrollable shock enhances fear and
defense, the purpose of this experiment was to ascertain
whether exposure to inescapable shock would potentiate
the degree of defeat shown by such rats when they were
later tested as intruders in colonies known to have aggres-
sive males. The procedural manipulations used to provide
the stressful experience were identical to those employed
by Maier and his colleagues (e.g., Maier, Albin, & Testa,
1973; Maier & Jackson, 1979) in experiments demonstrat-
ing the symptoms of learned helplessness. In short, a
group of stressed rats received a series of brief inescap-
able tailshocks while being restrained in a tube. Compara-
ble restraint experience was given to a control group
which did not receive shocks. On the next day, both
groups were given a few priming shocks in the tube be-
fore being tested as intruders in previously established
colonies with aggressive dominant males. The purpose
of the priming shocks was to reinstate the stress reactions
experienced by the preshocked animals (see Maier et al.,
1973, and Maier, Coon, McDaniel, Jackson, & Grau,
1979, for a more complete rationale for using priming
shocks when behavioral or physiological testing is ad-
ministered 24 h after the preshock treatment). Although
priming shocks were not used by Wiiliams (1982) in as-
sessing the decrease in offensive attack by inescapably
shocked alpha males, such shocks were considered to be
more critical in attempting to enhance defeat in rats that
had had no experience with conspecific fighting. In many
respects, the present subjects had had the same experience
as most subjects in learned helplessness studies which typi-
cally are given priming shocks before testing. The mea-
sures of intruder defeat recorded during the resident-
intruder test, following the priming shocks, were similar
to the defensive behaviors described by R. J. Blanchard
and D. C. Blanchard (1977) and Williams (1982).

Method

Subjects. Sixteen male albino rats of Holizman descent, raised
at Kenyon College and weighing 450-580 g at the time of testing,
served as the intruder subjects. They were maintained ona 12:12 h
reverse light:dark cycle and had food and water continuously avail-
able in their individual home cages. In addition, eight colonies of
older rats of Holtzman descent were used for resident-intruder test-
ing. In a previous study, the colonies had been found to have
dominant male residents that displayed asymptotic levels of aggres-
sive responses (e.g., lateral attacks and biting) during a series of
10 consecutive daily resident-intruder tests. Each of these aggres-
sive colonies contained 1 female and 2 male rats that had been resi-
dents in a particular colony cage for a period of 60-70 days. The
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alpha males in the colonies ranged from 582 to 627 g at the time
of intruder testing. The laboratory area and maintenance conditions
for the aggressive colonies were the same as those used for the in-
truder subjects.

Apparatus. Inescapable shocks and restraint conditions were ad-
ministered to intruder subjects in a Plexiglas tube, 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 at-
tached to the rat’s tail. All shock presentations were electronically
controlled, and the shock tubes were located in a separate room
in which white noise (75 dB SPL) was presented.

The eight aggressive colonies were each housed in 20 X 50 x40 cm
polypropylene tubs with stainless steel wire tops. The floors of the
colony cages were covered with ground corn-cob mash as bedding
material, which was changed periodically but not immediately prior
to or during the colony-intruder tests.

Observations and recordings were made in a sound-attenuated
experimental room. The animals could be seen through the wire
covers of the colony cages. The colony area was illuminated by
a 25-W incandescent red bulb (G.E., 120 V). The intruder animal
was marked with a green marker (Magnum 44) to facilitate iden-
tification. Electronic event timers were used to record the duration
of the various measures of defeat.

Pracedure. The 16 rats later to be tested as intruder rats were
assigned randomly to one of two conditions: preshocked (PS) or
nonshocked (NS) groups. On the 1st day of the experiment, rats
in Group PS were restrained in the tube and given 80 1-mA, 5-sec
inescapable shocks presented on a variable-time schedule with a
mean interval of 60 sec and a range of 30-120 sec. The subjects
in Group NS were merely restrained in the tube for 90 min and
received no shocks.

On the following day, randomly determined pairs of subjects from
each group were scheduled to be intruders in each of the eight ag-
gressive colonies. Immediately before a resident-intruder test, the
subjects in both groups were given five priming shocks via tail elec-
trodes while being restrained in the tube. These shocks, which were
used to reinstate the stress conditions for the preshocked subjects,
were 5 sec in duration and programmed to occur according to the
same variable-time schedule that had been in effect for the
preshocked rats on the previous day. Immediately following the
priming shocks, the subjects were individually tested as intruders
in one of the aggressive colonies. During these tests, the female
rat in the colony was removed and food and water were not avail-
able. For half of the aggressive colonies, their first intruder was
a preshocked subject and, 5 h later, their second intruder was a
nonshocked control subject. The order was reversed for the remain-
ing four colonies. Thus, each colony was tested with a rat from
Group PS as well as with one from Group NS in a counterbalanced
order with a 5-h intertest interval. During each 15-min test, an ex-
perienced observer of agonistic behavior recorded the total defeat
time displayed by the intruder as well as the number of bites it
received. The defeat time score obtained for each intruder was the
total duration that the subject was engaged in either defensive rearing
or lying on its back, often combined with freezing. Bites were
recorded only if they elicited an audible response on the part of
the intruder. Prior checks on the reliability of this scoring system,
using videotapes of tests, have consistently yielded correlations
higher than .90.

Results and Discussion

All the alpha animals defeated the colony intruders, and
no significant differences were observed in either the com-
posite defeat-time scores or the number of bites received
by intruders between the first and the second tests.
Figure 1 presents the mean defeat time and the mean num-
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Figure 1. Mean defeat time (in minutes), or the total duration of
defensive responses (left panel), and the mean number of bites
received (right panel) by subjects tested as intruders in aggressive
colonies. The two treatment conditions, given 24 h earlier, are in-
escapable preshock (Group PS) and restrained no shock (Group NS).

ber of bites received for the two groups of rats. Using
colonies as a blocking variable, a correlated ¢ test revealed
that the rats in Group PS spent more time displaying defeat
behaviors than did the subjects in Groups NS [#(7) = 4.15,
p < .01]. The same type of analysis also indicated that
the intruders in Group PS were bitten significantly more
often by the alpha residents than were the rats in
Group NS [#(7) = 2.39, p < .05]. Within-group Spear-
man correlations for the defeat-time scores versus the
number of bites showed that these measures were posi-
tively correlated for Group NS [r(6) = .79, p < .01] and
for Group PS [r(6) = .59, p < .06].

These data provide clear evidence for the notion that
inescapable shock makes a colony intruder even more
defensive than it would have otherwise been when con-
fronting an alpha resident animal. This finding is consis-
tent with the results of Williams (1982), who found a
decrement in aggression and an increase in defense by
alpha animals that had been inescapably shocked. The fact
that preshocked subjects were found to be more defen-
sive and show submissive postures is also consistent with
various ethological perspectives of the effects of pain and
fear on responding (e.g., D. C. Blanchard, & R. J. Blan-
chard, 1984b; Fanselow & Lester, 1986). However, there
are two related findings in this experiment which are more
difficult to explain. First, why were preshocked animals
bitten more often than nonshocked subjects; and second,
why was there a positive correlation between defensive
responding and the number of bites received by both
groups of intruders? R. Blanchard and D. C. Blanchard
(1981) and others have claimed that defensive behavior
enables intruders or subordinate colony animals to defend
themselves against alpha animals, which direct most of
their bites to the intruder’s back. If these investigators
are correct, an inverse relationship should have been ob-
served between defeat time and the number of bites the
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intruders received. Possibly one of the reasons why these
two measures were found to be positively related in the
present study was that the intruders were socially naive,
having been housed in isolation. Furthermore, the domi-
nant animals in the colonies were selected because of their
previous display of asymptotic levels of aggression. These
animals were very effective in rolling defeated intruders
over and gaining access to their backs. Finally, they were
also capable of provoking freezing intruders to flee,
which, in turn, made it easy for them to bite the intruders’
backs.

EXPERIMENT 2

Experiment 1 demonstrated that prior stress from in-
escapable shock potentiates defensive behaviors and the
number of bites received by these rats when they are
colony intruders 24 h later. Previous research, cited
earlier in this paper, suggests that frequently the psycho-
logical dimension of controllability is a major factor in
mediating the effects of stress. Thus, controllable, or es-
capable, aversive events have little or no consequence
relative to uncontrollable ones. Particularly relevant to
the present study were the findings reported by Williams
(1982) that inescapable shock, in contrast to escapable and
nonshocked treatments, results in decrements in aggres-
sion, increments in defense, and a reduction in the
dominance status of alpha colony males.

The purpose of Experiment 2 was to determine whether
shock controllability would also be a major factor in in-
fluencing the defeat behaviors that a previously isolated
rat would show as a colony intruder. As noted earlier,
this issue is an important one because there are no reported
experiments that have demonstrated that inescapable, but
not escapable, shock can augment defensive behaviors in
previously naive intruders. The technique used to inves-
tigate this issue was the well-known triadic design, in
which one group of subjects received shock escape train-
ing in a wheel-turn box and their yoked partners were
given the same number and duration of inescapable shock
presentations. A third, control, group of animals was re-
strained in the wheel box but not given shock. Finally,
each of the animals was tested as an intruder in one of
the aggressive colonies used in Experiment 1.

Method

Subjects. Twenty-four male albino rats of Holtzman descent,
raised at Kenyon College and weighing 456-582 g, served as in-
truder subjects after receiving various stress treatments. We used
the same eight colonies of older animals that had been used in Ex-
periment 1 again to test for intruder defeat. As before, all colonies
consisted of 1 female and 2 male rats, with one of the males being
consistently aggressive toward intruders. All maintenance and
laboratory conditions in this study were the same as those for Ex-
periment 1.

Apparatus. Shock and restraint conditions were given in three
identical wheel-turn boxes measuring 15.5x12.0x17.0 cm. The
side, front, and rear walls, as well as the top and floor of each box,
were made of Plexiglas. A 64-cm-diam grooved Plexiglas wheel
was located on the front wall and extended 1.5 cm into the cham-

ber. The force required to move the wheel a quarter turn was ap-
proximately 30 g. The rat’s tail extended through a hole in the rear
of each apparatus and was taped to a Plexiglas rod. Unscrambled
shocks were delivered to the rat’s tail via fixed electrodes from
separate constant current Lafayette 82400 shock sources, which were
continuously calibrated. Each wheel-turn box was housed in a sound-
attenuating cubicle equipped with a white-noise speaker, a house-
light, and a ventilating fan. All treatment contingencies were elec-
tronically controlled, and the wheel-turn latencies made during es-
cape training were automatically recorded via an electronic printout
timer.

The housing of the eight colonies used during resident-intruder
tests, as well as all of the various types of equipment involved in
conducting these tests, were identical to those described for Ex-
periment 1.

Procedure. The 24 rats to later be used as intruders were as-
signed randomly to one of three conditions: escapable shock (ES),
inescapable yoked shock (YS), or restrained no shock (R). On the
initial day of the experiment, Group ES subjects received one shock-
escape training session in the wheel-turn box. The session consisted
of 80 trials presented on a variable-time schedule, with a mean in-
terval of 60 sec and a range of 30-120 sec. Shock terminated when
the rat had 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 considered 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, deliv-
ered via tail electrodes, terminated after 30 sec if an escape response
had not occurred. The shock intensity for all rats 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
(Williams, 1982, 1984) had revealed a deterioration of sustained
wheel-turn performance over trials when a response-delay interval
of shock termination was in effect and the shock intensity remained
at 1.0 mA.

The subjects in Group YS received the same number, duration,
and intensity of shocks as did their Group ES partners. Shock be-
gan simultaneously for both subjects and terminated whenever the
partner rat of Group YS made the appropriate wheel-turn response.
Finally, the control subjects in Group R were restrained in the same
wheel-turn boxes for a 90-min period, but they were not given shock
via the tail electrodes.

To determine the effects of the shock conditions on defeat, each
subject was tested as an intruder in one of the eight aggressive colo-
nies. Every aggressive colony encountered one intruder from each
of the three groups. The order in which the subjects in each group
were scheduled to be intruders was partially counterbalanced, and
a 4-h interval separated the three tests in each colony. All experimen-
tal manipulations, observations, and recordings made during the
colony-intruder tests were identical to those described for Ex-
periment 1.

Results and Discussion

All subjects in Group ES learned the wheel-turn escape
response. The mean latency to respond during the last
block of 10 trials was 2.46 sec, a value significantly
shorter than the mean latency of 4.30 sec during the first
block of 10 trials [#(7) = 2.98, p < .01]. Yoked sub-
jects did not turn the wheel by the end of the training
session.

Figure 2 shows the mean defeat time and the mean num-
ber of bites received by the rats in Groups ES, YS, and R.
A randomized-blocks design ANOVA (with colonies as
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Figure 2. Mean defeat time (in minutes), or the total duration of
defensive responses (left panel), and the mean number of bites
received (right panel) by subjects tested as intruders in aggressive
colonies. The three treatment conditions, given 24 h earlier, are
wheel-turn escapable shock (Group ES), inescapable yoked shock
(Group YS), and restrained no shock (Group R).

blocks and groups as the between-subjects factor) indi-
cated that the groups differed significantly in their defeat
time [F(2,14) = 23.90, p < .01]. This overall analysis
also showed that the amount of defeat provoked by the
different colonies, across the treatment groups, did not
differ significantly. Post hoc Newman-Keuls comparisons
indicated that Group YS differed reliably (p < .01) from
the other two groups, which were not significantly differ-
ent from one another. The number of bites received by
the intruders for the various groups, which is also shown
in Figure 2, appears to yield the same pattern of results
as that found for intruder defeat time. Group YS intruders
received more bites than the rats in either Group ES or
Group R. However, a randomized-blocks ANOVA indi-
cated that the differences between the groups were not
statistically significant (p < .15). Thus, it appears that
defensive behaviors, which contributed to an intruder’s
defeat time, were more influenced by the manipulation
of shock controllability than was the number of bites the
animals received.

The above findings are the first to verify the notion that
shock controllability vs. uncontrollability is an important
factor in determining the extent to which animals will
show defensive responding when they later confront dom-
inant animals in an unfamiliar colony situation. Although
all of the rats in each treatment condition showed defeat
as intruders, only the animals receiving yoked-inescap-
able shock showed potentiated defeat. As was the case
for the preshocked animals in Experiment 1, the rats given
yoked shock in this experiment engaged in defensive be-
havior over three quarters of the time they were in the
aggressive colonies. This is in contrast to the subjects in
Groups ES and R, which both spent about a quarter of
the test time displaying defeat behaviors. More impor-
tantly, these findings revealed that prior escapable-shock
experience did not potentiate defeat since the defensive
behavior shown by these animals was comparable to that
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shown by those in the nonshocked, restrained group.
These results clearly parallel the numerous experiments
that have demonstrated that motivational and emotional
deficits occur only when stressors are uncontrollable, as
opposed to when they are controllable (see reviews by
Maier et al., 1983; Maier & Seligman, 1976; Weiss et al.,
1981).

EXPERIMENT 3

Another source of evidence indicating that stress con-
trollability plays a critical role in determining interfer-
ence or learned-helplessness reactions is the research on
‘‘immunization’’ and ‘‘therapy’’ effects. Seligman and
Maier (1967) were the first investigators to report that
dogs that initially received escape-avoidance training in
a shuttlebox followed by inescapable shocks in a harness
continued to escape effectively when returned to the same
shuttlebox for further escape-avoidance testing. Likewise,
Seligman, Rosellini, and Kozak (1975, Experiment 2) im-
munized rats by training them to jump onto an insertable
ledge in a Skinner box. When these animals were exposed
to inescapable shock and tested a day later for escape
responding in the Skinner box, the performance of the
immunized group was comparable to that of the non-
shocked control group.

Since the immunization and test settings were identical
in both of the above studies, these findings cannot be un-
equivocally attributed to the effects of response-outcome
controllability per se. However, Williams and Maier
(1977, Experiment 1) demonstrated a transituation-
immunization effect by giving rats wheel-turn escape
training (i.e., immunization) prior to inescapable shock
in a restraining tube. Later, in a separate test environ-
ment, these rats showed enhanced FR-2 shuttlebox escape
learning relative to a group of subjects that had been
preshocked in the tubes but not given prior wheel-turn
training. Using an identical design, Moye, Coon, Grau,
and Maier (1981, Experiment 2) found that experience
with escapable shock, prior to inescapable tube shock, par-
tially immunized rats from showing long-term analgesic
reaction to radiant heat applied to the tail. This study sug-
gested that cross-stressor immunization is possible. More
recently, Anisman, Irwin, Beauchamp, and Zacharko
(1983) examined immunization effects on mice in the per-
formance of water escape and shock tasks. Exposure to
inescapable shock interfered with performance in both
shock- and water-escape tasks, and such deficits were
prevented when the subjects’ training task was the same
as the test task. However, when a cross-stressor paradigm
was used, the results revealed that there was an asym-
metrical immunization effect. Deficits of water-escape
performance produced by inescapable shock were pre-
vented by prior shock-escape training, whereas the deficits
of shock-escape performance were not eliminated by prior
water-escape training. Apparently, an immunization ef-
fect occurs either when the initial training and subsequent
testing are conducted with the same task or when the ini-
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tial training and the uncontrollable stress session involve
the same aversive stimulus.

One of the questions of interest in Experiment 3 was
whether immunization experience with shock prevents the
augmentation in defeat which we observed following un-
controllable shock in Experiments 1 and 2. More specif-
ically, an immunized group of rats was given the follow-
ing: (1) wheel-turn escape training, (2) a series of
inescapable shocks in tubes 4 h later, and (3) a test for
defeat 24 h later in an aggressive colony after receiving
five priming shocks in the tube. A second objective of
this experiment was to determine whether a therapy proce-
dure could counteract the effect of shock-potentiated
defeat. Williams and Maier (1977, Experiment 2) showed
that inescapably shocked rats, which were given escape
training with a chained-response sequence of leverpress-
ing and jumping onto a platform, did not show deficits
in acquiring a shuttling escape response. Using a similar
design but a different therapy task, Moye et al. (1981,
Experiment 1) demonstrated a transituational and cross-
stressor therapy effect using shock in the first two phases
and later testing for tail-flick analgesia to radiant heat.
As an extension of this area of research, Experiment 3
was designed to demonstrate whether a therapy effect,
counteracting shock-potentiated defeat, would occur for
colony intruders that had had controllable-shock ex-
perience after a session of uncontrollable shock. Thus,
a therapy group of rats was given the following: (1) a se-
ries of inescapable tube shocks, (2) wheel-turn escape
training 4 h later, and (3) a test for defeat 24 h later in
an aggressive colony immediately after a series of prim-
ing shocks.

In addition to the immunization and therapy conditions,
Experiment 3 included two other groups in order to pro-
vide important comparisons. A group of rats was given
a restraint session in the wheel-turn box without shock
and 4 h later inescapable shock in the tubes. Based on the
results of Experiments 1 and 2, this group was expected
to show an increment in defeat 24 h later during colony
tests that were preceded by five priming shocks. In con-
trast, no potentiation of defeat was predicted to occur in
a control group that was merely restrained in the tubes
and wheel-turn boxes, without shock, for two sessions on
one day and tested for defeat in a colony cage on the fol-
lowing day after exposure to five shocks. Previous re-
search done by the present investigator (Williams &
Maier, 1977) found that exposure to inescapable shock
in a wheel-turn box before exposure to inescapable shock
in a restraining tube did not eliminate, but seemed to in-
crease, the size of the helplessness effect in a subsequent
shuttlebox learning task. Therefore, although such a
double-session inescapable shock group might prove to
be interesting, it was not considered necessary in order
to demonstrate the ameliorative effects of immunization
and therapy in the present experiment.

Method
Subjects. Thirty-two male albino rats of Holtzman descent, raised
at Kenyon College and weighing 468-590 g, served as intruder sub-

jects after having immunization, therapy, preshock, or restraint treat-
ments. Because the eight colonies of animals used in the previous
experiments continued to show asymptotic levels of aggression, they
were also used to test for intruder defeat in the present study. All
of the maintenance and laboratory conditions in this study were the
same as those described for Experiment 1.

Apparatus. The immunization and therapy sessions involving
escapable shock took place in the wheel-turn boxes that were em-
ployed in Experiment 2. Inescapable shocks were given in the shock
tubes described for Experiment 1. The shock sources, program-
ming equipment, and the apparatus used during the resident-intruder
test sessions were the same as those described for Experiment 1.

Procedure. The 32 animals to be used as intruder subjects were
assigned randomly to one of four groups: escapable shock followed
by inescapable shock (Group ES-IS), inescapable shock followed
by escapable shock (Group IS-ES), restraint in the wheel-turn box
followed by inescapable shock (Group R-IS), and restraint in the
wheel-turn box followed by restraint in the shock tubes (Group R-R).
All sessions with escapable shock occurred in the wheel-turn box,
and all sessions with inescapable shock took place in the tubes.

On the first day of the experiment, half of the subjects (i.e., the
first flight) in all four groups received the appropriate shock and/or
restraining conditions during two sessions scheduled 4 h apart. The
procedure used during escape training in the wheel-turn box was
the same as that given to Group ES in Experiment 2, except that
the latency of effective escape responses following the onset of the
shock could have been as short as 0.0 sec during the first 20 trials.
Such reflexive responses were permitted in order to facilitate es-
cape learning, particularly in the case of the preshocked therapy
subjects. After Trial 20, only wheel-turn responses with a latency
of longer than .8 sec were effective in terminating shock. As noted
previously, such responses were considered to be instrumental,, non-
reflexive behaviors that provided exposure to shock controllabil-
ity. The procedure employed to provide inescapable tube shock was
the same as that used with Group PS of Experiment 1. All escap-
able and inescapable shock sessions consisted of 60 trials. The
restraint conditions were given for a comparable amount of time
(i.e., 75 min) in either the tube or the wheel-turn box, as indicated
above. Since a similar degree of defeat was observed for Group NS
of Experiment 1 and Group R of Experiment 2, it was concluded
that the possible stress produced by restraint in the tubes and the
wheel-turn boxes was comparable. For this reason, it was not con-
sidered necessary to have an additional inescapably shocked con-
trol group that was matched to the therapy group with respect to
the precise order of the restraint conditions and treatment en-
vironments.

Resident-intruder testing of the subjects was given 24 h after their
session with inescapable shock in the tubes (or the second restraint
session for Group R-R). The procedure used during these tests was
similar to that described for Experiment 1. Each of the eight ag-
gressive colonies encountered 2 new intruders from the four ex-
perimental groups during two successive colony-intruder tests, sepa-
rated by a 5-h intertest interval. On the next day, the remaining
half, or second flight, of the experimental subjects were tested for
two sessions in the wheel-turn boxes and tubes according to the
procedure described above. Twenty-four hours later, they were each
given a resident-intruder test in one of the aggressive colonies.

Results and Discussion

Both the immunized (i.e., Group ES-IS) and the ther-
apy (i.e., Group IS-ES) groups received 60 trials of wheel-
turn escape training. In both of these groups, all the rats
successfully learned to escape from shock in this appara-
tus. For Group ES-IS, the mean wheel-turn latency on
the last block of 10 trials was 2.55 sec, which was sig-
nificantly faster than the mean of 3.25 sec for the first
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block of 10 trials [{(7) = 2.04, p < .05]. Similarly,
Group IS-ES had a mean wheel-turn latency of 1.21 sec
on the last block of trials, which differed significantly from
a mean of 3.46 sec during the first block of escape trials
[«(7) = 4.28, p < .01]. The shorter latency shown by
both of these groups, relative to the wheel-turn perfor-
mance of Group ES of Experiment 2, was due to the fact
that latencies below .8 sec (i.e., reflexive responses) were
effective as escape responses during the first 20 trials in
this experiment.

Figure 3 presents the mean amount of defeat time the
four groups of subjects showed as intruders as well as the
number of times they were bitten during resident-intruder
testing. It appears obvious that the group that had ines-
capable shock and no escape training (i.e., Group R-IS)
displayed more defeat and received more bites than the
rats in the other three groups. A randomized-blocks
ANOVA, with colonies as the blocking variable, showed
a significant effect between groups [F(3,21) = 20.59,
p < .01] and between colonies [F(7,21) = 3.69, p <
.01] in terms of the defeat times or the total duration of
defensive responses. Post hoc testing indicated that Group
R-IS differed significantly (p < .01) from the three other
groups, which did not differ from one another. The same
pattern of statistical results was obtained for analysis done
on the number of bites that the intruders received. The
overall ANOVA showed significant differences between
groups [F(3,21) = 11.46, p < .01] and colonies [F(7,21)
= 4.15, p < .01]; and post hoc tests indicated that the
only significant differences were between Group R-IS and
the other groups.

As was the case in Experiment 1, within-group Spear-
man correlations for defeat-time scores and the number
of bites received by an intruder showed that these mea-
sures were positively related. Significant r values were
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Figure 3. Mean defeat time (in minutes), or the total duration of
defensive responses (left panel), and the mean number of bites re-
ceived (right panel) by subjects tested as intruders in aggressive colo-
nies. The four treatment conditions, given 24 h earlier, are re-
strained-inescapable shock (Group R-IS), escapable shock -inescap-
able shock (Group ES-IS), inescapable shock-escapable shock
(Group IS-ES), and restrained -restrained (Group R-R). These con-
secutive treatment sessions were separated by a 4-h interval.
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found for Group R-IS [r(6) = .70, p < .05], Group ES-IS
[r(6) = .74, p < .05], Group IS-ES [r(6) = .66, p <
.05}, and Group R-R [r(6) = .64, p < .05]. These data
again refute the notion that the defensive behaviors made
by an intruder were effective in reducing the number of
bites such an animal received from an alpha colony
resident.

The group differences, reported earlier, clearly show
that the potentiation of defeat observed in preshocked in-
truders can be prevented and reversed by specific immu-
nization and therapy procedures involving controllable
shock. These findings also suggest that wheel-turn train-
ing is somewhat more effective as an immunization task
than as a therapy procedure. However, the difference be-
tween these conditions (i.e., Group ES-IS and Group IS-
ES) was not found to be statistically reliable. In many
respects, the above findings are consistent with those
reported in previous transituational immunization and
therapy studies involving either behavioral measures of
learning (Williams & Maier, 1977) or sensitivity to pain
(Moye et al., 1981). What is remarkable about these ex-
periments is that the rats in the immunization and ther-
apy conditions typically receive about twice as many shock
presentations as do the subjects in the inescapable-shock
condition (i.e., Group R-IS). Previous research has
demonstrated that double exposure to inescapable shock
has an incremental influence on the size of the helpless-
ness effect (Williams & Maier, 1977). In addition, the
present findings confirm the results of Anisman et al.
(1983), in that controllable shock counteracted the poten-
tial effects of uncontrollable shock, even when the test
situation involved a different stressor. Whereas Anisman
examined the cross-stressor immunization effects between
shock controllability and water-escape during testing, this
experiment documented the existence of both immuniza-
tion and therapy effects between control over shock and
subsequent resident-intruder testing.

GENERAL DISCUSSION

The first objective of the present experiments was to
demonstrate whether prior stress would alter the degree
of defeat, or defensive behavior, a rat displayed when
tested a day later as an intruder in an aggressive colony
of conspecifics. Relative to nonshocked animals, rats with
exposure to inescapable shock showed more defeat and
received more bites from dominant residents during in-
truder tests that were preceded by five priming shocks.The
amount of time engaged in defeat and the number of bites
received by an intruder were shown to be positively cor-
related within each group. The second objective of this
research was to determine whether the controllability of
shock as a stressor was a critical factor in producing aug-
mented defeat during subsequent intruder tests. Shock
controllability was, indeed, found to be important; ines-
capable, but not escapable, shock led to enhanced defeat
relative to the amount by restrained nonshocked intruders.
Finally, experience with escapable shock before or after
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inescapable shock eliminated (i.e., immunized or reverse
therapeutized, respectively) the potentiated defeat
reaction.

Prior studies have indicated that exposure to inescap-
able shock has disruptive effects on agonistic responses.
For example, Williams (1982) reported that a deficit in
aggression and an increment in defensive responding oc-
cur when dominant colony animails receive inescapable
but not escapable shock. Thus, the present experiments
extend these findings by demonstrating that socially iso-
lated, naive intruders also display an increase in defense
when tested in an aggressive colony after exposure to in-
escapable, as opposed to escapable, shock. These find-
ings clearly suggest that one of the primary effects of in-
escapable shock is to alter an animal’s species-typical
behavior such that its dominant mode of responding be-
comes defensive and all other response systems are sup-
pressed. This conceptualization of competing modes of
behavior, or motivational systems, has been suggested by
a number of investigators (e.g., Adams, 1980; D. C.
Blanchard & R.J. Blanchard, 1984a; Fanselow &
Baackes, 1982). Only recently, however, has it been
demonstrated that the controllability versus uncontrolla-
bility of the stressor is critical in producing alterations
in species-typical patterns of behavior (Williams , 1982,
1984). Finally, the present immunization and therapy ex-
periments represent the first published data indicating that
changes in species-typical responses, induced by inescap-
able shock, can be prevented and reversed.

A number of interpretations that have been proposed
to account for the disruptive effects of inescapable shock
do not explain the present results. For example, the
learned-inactivity or competing-response hypothesis (e.g.,
Anderson, Crowell, Cunningham, & Lupo, 1979) re-
quires that shock be given in the stress session and also
in the test situation, but this was not the case in our ex-
periments. Likewise, the effects of shock given 24 h
previously during resident-intruder testing cannot be read-
ily explained by the stress-motor-deficit hypothesis
(Weiss, Glazer, & Pohorecky, 1976), which was based
on experimentation involving a very different set of
parameters. Maier and Seligman (1976) have proposed
a theory of learned helplessness to account for the wide
range of behavioral and physiological disruptions
produced by uncontrollable events. According to this
view, exposure to inescapable, but not escapable, shock
results in deficits in cognitive, motivational, and emotional
or affective processes. The present observation that ines-
capable shock produces a potentiation in defeat when rats
are subsequently tested as intruders is certainly consis-
tent with their notion of shock-induced alterations in emo-
tion (e.g., enhanced passivity). Furthermore, the success-
ful demonstration of immunization and therapy effects
against this hyperdefeat reaction to inescapable shock (Ex-
periment 3) is also in agreement with the predictions of
the learned helplessness theory. It is important to note that
the procedures used in the present series of studies are
very similar to those used by Maier and his colleagues

to produce cognitive and activity deficits and stress-
induced analgesia to nociceptive stimulation (Maier et al.,
1983). This may lead one to speculate about the possibil-
ity that stress-induced analgesia and opioid mechanisms
may mediate shock-potentiated defeat. As a matter of fact,
Moye et al. (1981) have demonstrated immunization and
therapy of long-term opioid analgesia in rats with proce-
dures very similar to that used in Experiment 3. However,
Maier and others (e.g., Maier et al., 1983) claim that re-
cent evidence indicates that no causal relationship can be
inferred between opioid-mediated alterations in pain sen-
sitivity and many of the behavioral disruptions attributed
to learned helplessness (e.g., deficits in shuttlebox or Y-
maze escape learning). Nevertheless, further research ex-
amining opioid manipulations may yield interesting results
concerning shock-potentiated defeat.

A proposed interpretation of the present findings, which
will be referred to as the ‘‘stress-coping-fear-defense’”’
(SCFD) theory, assumes that the lack of coping or con-
trollability over a stressor produces greater fear than does
a controllable stressor. A number of earlier studies, us-
ing the conditioned emotional reaction (CER) procedure
as an index of fear, provide support for this assumption
in that rats that received signaled escapable shocks sub-
sequently showed less suppression to the conditioned
stimulus than did their yoked partners which received the
same amount of inescapable shock (Brennan & Riccio,
1975; Desiderato & Newman, 1971; Osborne, Mattingly,
Redmond, & Osborne, 1975). More recently, Mineka,
Cook, and S. Miller (1984, Experiments 1 and 2) reported
that the defensive response of freezing was a more sensi-
tive measure of fear than the operant CER index. They
also found that signaled escapable shock produced less
freezing than signaled inescapable shock when subjects
were later tested for fear to the CS in a situation other
than the one in which they had been conditioned. An ad-
ditional finding of major theoretical importance was that
their remaining studies confirmed an earlier prediction
(Starr & Mineka, 1977) that control per se was not neces-
sary to produce the lower level of fear shown by the sub-
jects in the escape group (Mineka et al., 1984, Experi-
ments 3 and 4). These results indicated that yoked subjects
receiving a feedback signal at the time their escape part-
ners made a response showed a lower level of fear, com-
parable to that observed in the escape group and signifi-
cantly less than that of a yoked group of subjects that did
not have the feedback stimulus. These findings clearly in-
dicate that the critical aspect of controliable shock is that
the feedback of the escape response has fear-reducing ef-
fects. This research also emphasizes the importance of
looking for classical conditioning mechanisms, as opposed
to instrumental response-reinforcer contingencies, in ac-
counting for the results of most learned helplessness
studies.

However, unlike Mineka’s studies, the procedure used
in our experiments did not have an explicit conditioned
stimulus present during the initial shock phase and again
during the later resident-intruder test phase. Because the
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transfer of fear requires a common CS, we believe that
a variety of inadvertently conditioned stimuli served as
mediators. In addition to the fact that all of our subjects
were primed in the shock tubes just before testing, we
also assume that the presence of the experimenter and the
pervasive odors of stressed conspecifics throughout the
laboratory were responsible for the transfer of fear. Minor
and LoLordo (1984) have previously suggested that such
cues might be capable of functioning as mediators in previ-
ous learned helplessness experiments.

The second important assumption of the SCFD theory
is that high levels of fear activate defense and submis-
sion systems (Adams, 1980), which in turn result in the
display of species-typical defensive behaviors. Rats react
to innate danger stimuli such as cats, dorsal tactile stimu-
lation, and odors of stressed conspecifics with a variety
of defensive behaviors (Fanselow & Lester, 1986). Fan-
selow and Sigmundi (1986) have recently found that con-
ditioned stimuli that have a history of association with
nociceptive events (e.g., electric shock) can also cause
an increase in defensive responses. With regard to the
present experiments, the SCFD theory predicts that the
presence of stress odors and other cues associated with
a high level of fear during exposure to inescapable, but
not escapable, shock results in an increase in defense when
subjects are tested as intruders in aggressive colonies.

Although the SCFD formulation accounts for the results
of Experiments 1 and 2, additional assumptions must be
made in attempting to explain the ameliorative effects of
the immunization and therapy procedures used in Experi-
ment 3. Volpicelli, Ulm, Altenor, and Seligman (1983)
have reported that escapable shock, relative to inescap-
able and no-shock conditions, prolonged responding dur-
ing later testing with a series of inescapable shocks. A
similar proactive interference effect, which is indepen-
dent of the classical conditioning of fear, may have dis-
rupted the learning that shocks were uncontrollable when
our immunized subjects (i.e., Group ES-IS) were later
given inescapable shock in the tubes. If this were the case,
the fear conditioned to the transituational cues (e.g., stress
odors), from the shock tubes to the colonies, would have
been less, and subsequent defeat as a colony intruder
would not have been enhanced. Similarly, retroactive in-
terference with the recall of the inescapable-shock treat-
ment by later wheel-turn escape training may have been
the reason for the lack of potentiated defeat shown by the
therapy subjects (e.g., Group IS-ES).

In conclusion, the SCFD theory was postulated to ac-
count for the differences in intruder defeat produced by
escapable versus inescapable shock. Presumably, the in-
creased defeat reaction resulting from inescapable shock
is a function of a greater degree of fear conditioning to
transituational cues. The feedback inherent in making the
escape response for subjects with a controllable stressor
serves to reduce fear by means of conditioned inhibition
or relief from fear. In addition, the immunization and ther-
apy effects that were found are assumed to be the result
of the negative proactive and retroactive transfer effects
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concerning the learning about or recall of, respectively,
the actual uncontrollability of inescapable shock. Although
these findings and our theoretical formulations emphasize
the interrelationships among shock controllability, the
predictability of shock termination, conditioned stress
cues, fear, and defensive behavior, further experimenta-
tion is necessary to examine the precise nature of these
complex interactions.
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