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Ontogenetic differences in expressed fear of
context following aversive conditioning

PHILIPP J. KRAEMER, CHRISTOPHER K. RANDALL, and TIMOTHY J. CARBARY
University of Kentucky, Lexington, Kentucky

A conditioned-emotional-response procedure was used to compare acquired fear of a light con-
ditioned stimulus and the conditioning context in 17-, 21-, and 60-day-old rats. Separate groups
at each age received either light and shock paired, light and shock unpaired, shock alone, or neither
light nor shock before testing 24 h later. Differences in learned context fear, measured on the
basis of group differences in baseline activity prior to presentation of the light, appeared in 17-
and 21-day-old rats but not in adult rats. Activity also declined significantly over the baseline
intervals at the two younger ages among all groups that received shock; activity levels in adults
did not change over the baseline intervals. Although all three ages expressed conditioned fear
of the light, indexed as a decrement in activity during the light relative to the no-light baseline
period, adults also exhibited pseudoconditioning and sensitization. These results are discussed
in terms of possible ontogenetic differences in context learning.

The purpose of this study was to examine conditioning
of context fear in preweanling (17-day-old), weanling (21-
day-old), and adult (60- to 90-day-old) rats given differ-
ent types of experience with a light conditioned stimulus
(CS) and a footshock unconditioned stimulus (US). Dif-
ferent groups at each age received light and shock paired
(Group L+S), light and shock unpaired (Group L/S), shock
alone (Group S), or neither light nor shock (Group N)
before testing. A 3-min test period was divided into three
1-min intervals, with activity recorded separately during
each interval by an ultrasonic motion detector. The light
appeared throughout Interval 3, and no programmed stim-
uli were presented during the first two intervals.

Behavior during Intervals 1 and 2 provides an index
of baseline activity, which should differ across groups in
accord with the degree of context fear induced by the var-
ious light-shock arrangements (Baker & Mercier, 1982).
Some recent pilot data suggested that important changes
in activity may also occur over the first two baseline inter-
vals and that these changes are perhaps influenced by age
and training experience.

METHOD

Subjects

Subjects were Sprague-Dawley-derived rats purchased from a local
distributor. There were 56 preweanlings (17 days old) taken from five
different litters, 56 weanlings (21 days old) taken from six different lit-
ters, and 48 adults (60-90 days old). The subjects were housed either
individually in stainless steel hanging cages (adults) or in opaque plas-
tic maternity cages with both parents present (preweanlings and wean-
lings). The animals were located in the same climate-controlled vivar-
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ium, which operated on a 16:8-h light:dark cycle. Conditioning and
testing occurred during the light phase of the cycle. Each subject had
free access to food and water throughout the experiment.

Apparatus

The test box was housed in an animal isolation chamber equipped with
a ceiling-mounted 7.5-W lamp, which served as the CS. An ultrasonic
motion detector (see Moye & Rudy, 1985) was mounted on the front
wall of the isolation chamber, opposite to the wall containing a ventila-
tion fan. The motion detector consisted of a circular transmitter and
receiver, each 2.4 cm in diameter, which were mounted 10 cm above
the chamber floor and spaced 5 cm apart. Motion-induced air-current
disturbances were detected as frequency discrepancies by the receiver
and initiated closure of an electromechanical relay. Each relay closure
defined one activity count.

The chamber floor was a 36-cm Plexiglas frame that contained stain-
less steel rods .6 cm in diameter and spaced |1 cm apart for the adults
or .3 cm in diameter and spaced .5 cm apart for the two younger ages.
The grid floor was placed on the floor of the isolation chamber, cen-
tered under the ceiling light. The grids were attached to a Lafayette
Instruments scrambled shock generator (Model 82404-SS). Fresh pine
shavings were placed underneath the grids.

A floorless Plexiglas box, painted flat gray, was placed directly on
the grids. It measured 36 cm (length) X 25 cm (width) X 25 cm (height)
and was equipped with two holes in the front wall that allowed the trans-
mitter and receiver of the activity monitor to extend slightly inside the
box. The box was covered by a transparent Plexiglas lid. A three-<chamber
gray Plexiglas partition was placed inside the box during the condition-
ing phase of the experiment. This unit divided the test box into three
equal-size chambers, each measuring 24 cm (length) X 11 cm (width) x
25 cm (height). All stimulus events and response recording were con-
trolled by a Commodore 64 computer and a Lafayette Instruments inter-
face (Model 1195-02).

Procedure

The subjects at each age were randomly assigned to four groups (n =
14 for preweanlings and weanlings, n = 12 for adults). For Groups
L+S and L/S, the CS was a 15-sec presentation of the ceiling light. For
Groups L+S, L/S, and S, the US was a 0.75-sec, 1-mA scrambled foot-
shock. The subjects were conditioned in groups of 3 but tested individ-
ually. Conditioning involved 12 presentations of the US, separated by
a variable-time (VT) 120-sec intertrial interval. For Group L+S, each
US presentation was immediately preceded by the light CS. For
Group L/S, CSs and USs were explicitly unpaired. No CSs were pre-
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sented to Group S. The subjects in Group N remained in the home cage
and were not handled prior to testing.

Testing occurred approximately 24 h after conditioning. Each sub-
ject received a 3-min test session, divided into three 1-min intervals.
The light was presented throughout Interval 3, and no programmed stim-
uli appeared during Intervals 1 and 2.

RESULTS

Baseline Performance

Mean activity counts for each group at each age during
Interval 1 appear in Table 1. All statistical tests were evalu-
ated at a .05 level of significance. Group differences ap-
peared among preweanlings [F(3,52) = 2.82] and wean-
lings [F(3,52) = 3.63, p < .01] but not among adults
[F(3,44) = .89]. Individual group comparisons (Newman-
Keuls test, Keppel, 1991) revealed that preweanlings in
Group S displayed significantly fewer activity counts than
did those in Group N, but none of the remaining group
differences at this age reached significance. Among the
weanlings, activity counts of Group L+S were signifi-
cantly higher than were those of Groups L/S and S; none
of the remaining differences in activity counts reached
significance.

Test Performance

To make functional comparisons across the three ages,
we analyzed mean activity counts for each of the three test
intervals. Separate analyses were performed for each group
at each age. Mean activity counts for all groups at each
of the three ages appear in Figure 1. It can be seen that
for the subjects in Group L+S, significant changes in ac-
tivity appeared across the three test intervals in prewean-
lings [F(2,26) = 14.1], weanlings [F(2,26) = 53.4], and
adults [F(2,22) = 18.6]. Individual group comparisons
further indicated that preweanlings and weanlings both
showed the same continuous decline in activity over the
test session; mean activity counts differed significantly
between Intervals 1 and 2, Intervals 2 and 3, and Inter-
vals 1 and 3. In contrast, activity counts in adults differed
significantly only between Intervals 2 and 3.

Activity changed significantly over the test session for
Group L/S among preweanlings [F(2,26) = 10.7], wean-
lings [F(2,26) = 27.4], and adults [F(2,22) = 22.3]. The
preweanlings and weanlings again displayed the same pat-
tern: a significant drop in activity counts between Inter-
vals 1 and 2 and between Intervals 1 and 3 but not be-
tween Intervals 2 and 3. The Group L/S adults behaved
much like Group L+S adults: they showed a significant
decrement in activity between Intervals 2 and 3 but not
between Intervals 1 and 2.
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Figure 1. Mean activity counts for preweanlings, weanlings, and
adults in Group L+S (square), Group L/S (triangle), Group S (+),
and Group N (X). A light conditioned stimulus appeared through-
out Interval 3 but not during Intervals 1 or 2.

Activity counts for Group S also declined significantly
across the test session in preweanlings [F(2,26) = 5.6],
weanlings [F(2,26) = 43.2], and adults [F(2,22) = 5.7].
Preweanlings showed a significant decrement in activity
counts only between Intervals 1 and 3, whereas weanlings
showed a significant decrement in activity counts between
Intervals 1 and 2 and between Intervals 1 and 3 but not
between Intervals 2 and 3. In contrast, the adults showed
no significant change in activity counts between Intervals
1 and 2 but did show a significant change between Inter-
vals 2 and 3.

For Group N, weanlings were the only age group that
showed a significant difference in activity counts across
the test session [F(2,26) = 3.74]. This difference resulted
from a significant difference in activity counts between
Intervals 1 and 3.

DISCUSSION

Baker and Mercier (1982) have shown that baseline performance fol-
lowing a conditioned-emotional-response (CER) procedure can provide
a valuable index of context learning in aduits. They reported that con-
text-shock associations can be detected as between-group differences
in baseline behavior. The current results show that the same measure
can be used with younger rats and that context fear produced by an aver-
sive CER procedure may be even more robust in 17- and 21-day-old
rats than in adults.

Ontogenetic differences in acquired context fear can be inferred from
two aspects of the present findings. First, activity counts during Inter-

Table 1
Mean Activity Counts During Interval 1 for Preweanlings, Weanlings,
and Adults in Experiment 1

Group L+S Group L/S Group S Group N
Age M SE M SE M SE M SE
Preweanling 68.8 8.6 60.1 6.0 46.4 7.2 79.9 9.5
Weanling 94.4 9.1 64.3 9.0 62.4 7.7 100.2 6.3
Adult 95.8 9.5 76.2 11.0 90.8 14.2 88.4 9.2




val 1 were found to differ across training conditions in preweanlings
and weanlings but not in adults. Group S preweanlings displayed sig-
nificantly less activity during Interval 1 than did Group N preweanlings,
a finding consistent with the expectation that shock alone produces the
strongest context fear; in the shock-alone condition, there is no other
stimulus to compete with the context for associative strength.

The same conclusion, however, does not fit the performance of the
weanlings; at this age, the activity counts of the Group S weanlings were
not significantly different from those of the Group N weanlings. There
was, however, an indication that whatever the degree of context fear
acquired by the weanlings, that degree was substantially reduced when
shocks were signaled; activity counts during Interval 1 were significantly
greater in Group L+S weanlings than in either Group S or Group L/S
weanlings. Perhaps in Group L+S, the light served as a reliable signal
for shock, which consequently reduced the degree of fear that would
otherwise have accrued to the context.

A second indication of an ontogenetic difference in learned context
fear is found in the nature of the changes in activity that occurred be-
tween the two baseline intervals (Intervals 1 and 2). None of the adult
groups changed activity significantly across Intervals 1 and 2, but wean-
lings that were shocked (Groups L+S, L/S, and S) displayed a signifi-
cant decrement in activity from Interval 1 to 2, and preweanlings in
Groups L+S and L/S showed the same effect. This developmental trend
can again be explained in terms of ontogenetic differences in context
learning. The younger rats may have formed stronger associations be-
tween the test context and shock than did the adults, and this learning
may have been gradually expressed as the test session continued.

The absence of between-group differences during Interval 1 and the
absence of a change in activity between Intervals 1 and 2 among adults
contrasts with the data from the two younger ages. One interpretation
of these differences is that the adults did not acquire as strong a fear
of context as did the weanlings and preweanlings. This conclusion is
compatible with evidence that younger rats may be more inclined than
adults to process contextual information (Lariviere, Chen, & Spear, 1990;
Solheim, Hensler, & Spear, 1980). We do not suggest, however, that
context fear would not develop in adults under different parameters.
We also cannot exclude the possibility that aduits acquired context-fear
associations but failed to express that learning. Thus, our conclusion
is that with the current procedure and parameters, we obtained evidence
of learned context fear in preweanlings and weanlings but not in adults.

The final aspect of these results that needs to be discussed concerns
the degree of nonassociative fear expressed by adults. Although the per-
formance of Group L+S is consistent with an associative account of ac-
quired fear, the performance of adults in Groups L/S and S is not. The
latter two groups were never exposed to contiguous pairings of light
and shock. Consequently, the traditional interpretation of these effects
would be that Group L/S displayed pseudoconditioning and Group S
displayed sensitization. Pseudoconditioning and sensitization have typi-
cally been regarded as nonassociative learning phenomena and are often
the basis for rejecting cases of putative learned fear (LoLordo, 1979).
Conditioned excitation in adults has sometimes appeared, however, with
randomized presentations of CSs and USs (Ayres, Benedict, & Witcher,
1975; Benedict & Ayres, 1972; Kremer, 1971, 1974). More recently,
Papini and Bitterman (1990) strongly criticized the contingency assump-
tion, and they argued that there is no convincing evidence that a corre-
lation between a CS and a US is either necessary or sufficient to produce
conditioned excitation.

The conditioning parameters used in Experiment 1 may be especially
likely to induce conditioned excitation in the absence of a CS-US cor-
relation. There were few trials, the interstimulus interval was relatively
short, and the duration of the training session was brief. These condi-
tions may make it particularly difficult for the subject to detect the sig-
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naling properties of the light. What the subject may learn, instead, is
that particular events that occur within the same temporal band are
related. In Experiment 1, light and shock occurred within the same time
span, as defined by session length, which may have induced adults in
Group L/S to identify the light as an fear-evoking stimulus.

The sensitization effect shown by adults, however, indicates that the
mere occurrence of shock was sufficient to evoke substantial fear of
a novel light. Although sensitization could be dismissed as an unfortunate
experimental artifact, we prefer to consider the possibility that it may
provide important insights into the learning process, especially with re-
spect to ontogeny. For example, only adults showed a significant sen-
sitization effect, as indicated by the significant decline in activity counts
shown by Group S between Intervals 2 and 3. Although this response
tendency may reflect genuine fear of the light itself, it is also possible
that the light had some indirect effect on adult behavior. The light was
not only a punctate stimulus, but it also provided more intense illumi-
nation of the test context. Perhaps weak context-shock associations that
were established in adults were more effectively activated by the im-
proved illumination provided by the test light. Thus, the reduction in
activity expressed by adults in Group S might actually reflect height-
ened fear of a more salient context.
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