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Context Fear Learning in the Absence of the Hippocampus
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1

Lesions of the rodent hippocampus invariably abolish context fear memories formed in the recent past but do not always prevent new
learning. To better understand this discrepancy, we thoroughly examined the acquisition of context fear in rats with pretraining excitotoxic lesions of the dorsal hippocampus. In the first experiment, animals received a shock immediately after placement in the context or
after variable delays. Immediate shock produced no context fear learning in lesioned rats or controls. In contrast, delayed shock produced
robust context fear learning in both groups. The absence of fear with immediate shock occurs because animals need time to form a
representation of the context before shock is presented. The fact that it occurs in both sham and lesioned rats suggests that they learn
about the context in a similar manner. However, despite learning about the context in the delay condition, lesioned rats did not acquire
as much fear as controls. The second experiment showed that this lesion-induced deficit could be overcome by increasing the number of
conditioning trials. Lesioned animals learned normally after multiple shocks, regardless of freezing level or trial spacing. The last
experiment showed that animals with complete hippocampus lesions could also learn about the context, although the same lesions
produced devastating retrograde amnesia. These results demonstrate that alternative systems can acquire context fear but do so less
efficiently than the hippocampus.
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Introduction
The hippocampus is essential for the acquisition and retrieval of
specific types of information. In rats, posttraining lesions of this
structure severely impair recently but not remotely acquired context fear. These same lesions do not affect conditional fear acquired by discrete cues (Kim and Fanselow, 1992; Anagnostaras
et al., 1999). Humans with hippocampus damage also show selective memory impairments. Recently acquired declarative
memories cannot be recalled, although nondeclarative information remains intact. These similarities suggest that context fear
conditioning may be a useful model of hippocampus function
and declarative memory formation in humans (Squire, 1992;
Fanselow, 2000; Rudy et al., 2002).
Although the human and animal literatures are mostly consistent, some differences exist. For example, lesions of the rodent
hippocampus do not produce reliable anterograde amnesia for
context fear (Maren et al., 1997; Frankland et al., 1998; Cho et al.,
1999). Amnesia can be induced, however, with drug infusions or
genetic manipulations that target the hippocampus. Antagonists
of NMDA and acetylcholine receptors or blockers of protein synthesis severely impair the acquisition of context fear (Gale et al.,
2001; Sanders and Fanselow, 2003; Matus-Amat et al., 2004).
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stricted to the hippocampus (Rampon et al., 2000). These data
suggest that the hippocampus is normally involved in context
conditioning but is not necessary for learning to occur.
The standard explanation for the absence of pretraining lesion
effects is that alternative systems compensate when the hippocampus is damaged. By acquiring context fear, these systems
prevent the occurrence of anterograde amnesia. However, unlike
the spatial maps acquired by the hippocampus, compensatory
systems are thought to learn about simple, elemental cues (Maren
et al., 1997; Frankland et al., 1998; Gerlai, 1998; Fanselow, 2000;
Anagnostaras et al., 2001; Matus-Amat et al., 2004). The idea that
lesioned animals use an elemental learning strategy is widely accepted, although it has never been directly tested. Therefore, our
first experiment examined the way in which animals with hippocampus lesions learn about the context.
Previous experiments have shown that little to no learning
occurs when shock is presented immediately after animals are
placed in the context. This is known as the immediate shock
deficit. Increasing the amount of context exposure before shock
alleviates this deficit (Fanselow, 1986, 1990; Wiltgen et al., 2001;
Frankland et al., 2004). This occurs because a minimum amount
of processing time is necessary to form a representation or map of
the environment (Fanselow, 1986; Wilson and McNaughton,
1993; Frank et al., 2004). In contrast, increasing the amount of
exposure to discrete elemental cues tends to reduce the amount of
conditioning (Kamin, 1965; Lubow, 1973). Consequently, this
dissociation provides a way to test the content of learning in
animals with hippocampus lesions. If they learn about the context, then increasing the amount of exposure before shock should
enhance conditioning. If they learn about elemental cues, then
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conditioning should deteriorate as the amount of exposure is
increased. The first experiment tested this idea.
Studies of spatial memory have shown that the hippocampus
is particularly important for single-trial learning (Steele and
Morris, 1999; Nakazawa et al., 2003). Consistent with this finding, hippocampus damage often slows the rate of learning but
does not prevent animals from acquiring new spatial information
across trials (Hannesson and Skelton, 1998; de Hoz et al., 2005).
In our second experiment, we determined whether this was also
true for context fear conditioning by varying the number of conditioning trials. We equated performance in this experiment by
controlling the amount of space between trials. In our last experiment, we examined context fear learning in rats with complete
lesions of the hippocampus.

Materials and Methods
Subjects

The subjects were 370 adult male (experiments 1 and 2) and female
(experiment 3) Long–Evans rats (300 –350 g) purchased from Harlan
(Indianapolis, IN). The rats were maintained on a 12 h light/dark cycle
(lights on 7:00 A.M.) in the Herbert L. Washington Vivarium in the
Psychology Department at University of California, Los Angeles (Los
Angeles, CA). Animals were individually housed 1 week before surgery
and handled daily. All rats had access to food and tap water ad libitum. All
procedures were performed during the light phase of the cycle.

Surgery
Dorsal hippocampus lesions. Male rats were randomly assigned to receive
a lesion of the hippocampus or sham surgery. Animals were anesthetized
with sodium pentobarbital (65 mg/kg) and mounted in a stereotaxic
apparatus (David Kopf Instruments, Tujunga, CA). The scalp of each
animal was incised and retracted, and the skull was adjusted to place
bregma and lambda in the same horizontal plane. Small burr holes were
drilled at the appropriate injection sites. A 10 l Hamilton syringe was
mounted in an infusion pump (Harvard Apparatus, South Natick, MA)
and connected to the injection cannula (28 gauge; Small Parts, Miami
Lakes, FL) with polyethylene tubing (Fisher Scientific, Springfield, NJ).
Lesions were made in the first two experiments by infusing NMDA (0.4
l; 20 mg/ml; Sigma, St. Louis, MO) dissolved in 100 mM PBS, pH 7.4
(Sigma) at each site over a 4 min period. The drug was allowed to diffuse
for 2 min after each infusion. Infusions were made at four sites (two
anterior and two posterior). The two anterior dorsal hippocampus (DH)
infusions were made at the following coordinates: 2.8 mm posterior to
bregma, ⫾1.6 mm lateral to bregma, and 4.3 mm ventral from skull
surface. The two posterior DH infusions were made at the following
coordinates: 4.2 mm posterior to bregma, ⫾2.6 mm lateral to bregma,
and 4.0 mm ventral from skull surface. Sham surgery involved similar
treatment without cannula placement or drug infusion.
Complete hippocampus lesions. Complete lesions were made in female
rats by infusing ibotenic acid (0.1 l; 10 mg/ml; 0.1 l/min; Sigma) into
12 bilateral sites. The coordinates were ⫺2.1, ⫺3.0, ⫺3.0, ⫺3.9, ⫺3.9,
⫺4.6, ⫺4.6, ⫺4.6, ⫺5.3, ⫺5.3, ⫺5.3, ⫺5.3 mm posterior to bregma,
⫾1.0, ⫾3.0, ⫾1.4, ⫾3.7, ⫾2.6, ⫾4.6, ⫾4.1, ⫾4.1, ⫾4.3, ⫾5.1, ⫾5.1,
⫾5.1 mm lateral to bregma, and ⫺3.0, ⫺2.7, ⫺2.9, ⫺2.7, ⫺2.8, ⫺6.5,
⫺7.2, ⫺3.5, ⫺3.9, ⫺6.1, ⫺5.3, ⫺4.5 mm ventral from the skull surface.
The drug was allowed to diffuse for 1 min after each infusion.

Apparatus
Training and testing were performed in four identical observation chambers (28 ⫻ 21 ⫻ 22 cm; Lafayette Instruments, North Lafayette, IN). A
video camera was positioned in front of the chambers to allow the subjects’ behavior to be observed and recorded by an experimenter in an
adjacent room. The floor of each chamber consisted of 18 stainless steel
rods (4 mm diameter) spaced 1.5 cm apart (center-to-center). The rods
were wired to a shock generator and scrambler (Med Associates, St. Albans, VT) for the delivery of footshock. The chambers were cleaned with
a 5% ammonium hydroxide solution, and pans containing a thin film of
the same solution were placed underneath the grid floors. Background
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noise (60 dB, A-scale) was supplied by a fan positioned underneath the
video camera.

Procedure
In experiment 1, sham and DH-lesioned rats were randomly assigned to
one of five groups. Each group received a single shock after one of the
following placement-to-shock intervals (PSIs): 12, 24, 48, 192, or 340 s.
The sample sizes for the sham groups were 12 s (n ⫽ 18), 24 s (n ⫽ 17),
48 s (n ⫽ 26), 192 s (n ⫽ 20), and 340 s (n ⫽ 17). The sample sizes for the
lesion groups were 12 s (n ⫽ 18), 24 s (n ⫽ 18), 48 s (n ⫽ 26), 192 s (n ⫽
18), and 340 s (n ⫽ 17). On the conditioning day, rats were transferred
from the vivarium into the experimental room. The rats were then were
placed into the conditioning chambers in groups of four. Footshock (1.5
mA, 2 s) was delivered simultaneously to all rats after the specified
placement-to-shock interval had elapsed. Thirty seconds after shock presentation, the rats were removed from the conditioning chambers and
returned to their home cages. Twenty-four hours after the conditioning
session, the rats were returned to the context for an 8 min test. Freezing
behavior, a defensive posture defined as the absence of motion except
that necessitated by breathing, was assessed during the test using a timesampling procedure. Each rat was scored for freezing every 8 s, yielding a
total of 64 observations for each subject during the context test. All scores
were transformed into a percentage freezing score by dividing the number of freezing observations by the total number of observations made
during the test and multiplying by 100.
In experiment 2, sham and DH-lesioned rats were randomly assigned
to one of four groups. Two groups were trained with a single conditioning shock delivered at 48 or 340 s after placement into the context. The
sham group sample sizes were 48 s (n ⫽ 20) and 340 s (n ⫽ 17). The lesion
group sample sizes were 48 s (n ⫽ 20) and 340 s (n ⫽ 17). The other two
groups were trained with three conditioning shocks equally spaced
throughout a 48 or 340 s training session. The sham group sample sizes
were 48 s (n ⫽ 17) and 340 s (n ⫽ 17). The lesion group sample sizes were
48 s (n ⫽ 17) and 340 s (n ⫽ 16). Other than these differences, training
and testing were identical to experiment 1. Shock reactivity was also
scored during the 2 s shock and an equivalent baseline period (Godsil et
al., 1997).
In experiment 3, intact animals were trained with 10 conditioning
trials (2 min placement-to-shock interval, 1 mA, 2 s shock, 1 min between shocks). Complete lesions of the hippocampus (n ⫽ 11) or sham
surgeries (n ⫽ 23) were performed the following day. After recovery (14
d), the animals received an 8 min context test. The next day, the same
animals were trained with five conditioning trials (2 min placement-toshock interval, 1 mA, 2 s shock 1 min between shocks). Fourteen days
later, they received an 8 min context test.

Histology
Histological verification of the lesion locations was performed at the end
of behavioral testing. Rats were perfused transcardially with 0.9% saline,
followed by 10% formalin. After extraction from the skull, the brains
were postfixed in 10% formalin/30% sucrose until sectioning. Coronal
sections (50 m thick, taken every 150 m) were cut on a cryostat
(⫺16°C) and mounted on glass microscope slides. After drying, the sections were stained with 0.25% thionin to identify neuronal cell bodies.
Lesions were verified by visual inspection of the stained sections reconstructed on the rat brain atlas (Paxinos and Watson, 1998). After complete hippocampus lesions, the coronal sections of each brain were digitized. Nearly identical planes were identified between lesion and
comparable sham rats, and then five to seven traces of total cortical area
were made in NIH Image. Animals that had any remaining ventral hippocampus tissue or ⬎35% loss of total cortical area were excluded from
data analyses.

Data analysis
For the context test period, the freezing scores were transformed into a
percentage freezing score, as described above. These scores were then
analyzed using an ANOVA. Post hoc tests were performed using Fisher’s
PLSD test. Statistically significant differences are reported when p ⬍ 0.05.
All data are represented as means ⫾ SEM.
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Results
Excitotoxic lesions damage the dorsal hippocampus
A photomicrograph of a representative DH lesion is shown in
Figure 1. Similar to previous reports from our laboratory (Maren
et al., 1997; Quinn et al., 2002), NMDA infusions caused complete bilateral destruction of the DH, including neurons in the
dentate gyrus, CA3, and CA1. Damage was restricted to the dorsal
two-thirds of the hippocampus. Extrahippocampal damage was
observed in some animals but was confined to overlying neocortical areas. A previous study from our laboratory showed that
damage to these regions does not impair fear conditioning (Kim
and Fanselow, 1992).
Lesioned animals benefit from context exposure but remain
impaired after a single trial
During training, sham and DH-lesioned animals received shock
after a specified amount of time in the context. Figure 2 A shows
freezing levels during the context test for animals trained with an
immediate shock (12 s) and those trained with a delayed shock
(340 s). Immediate shock produced little or no context fear in
sham and lesioned animals (F ⬍ 1). In contrast, when shock was
delayed, the amount of fear increased substantially in both shams
(F(1,33) ⫽ 330.93; p ⬍ 0.05) and animals with DH lesions (F(1,33) ⫽
38.47; p ⬍ 0.05). Previous studies have argued that this behavioral result reflects the time needed to form a spatial or contextual
representation of the environment (Fanselow, 1986, 1990; Frankland et al., 2004). The fact that rats with DH lesions show this
effect suggests that they also learn about the context.
Figure 2 B shows freezing levels during the context test for
sham and DH-lesioned animals trained at five different PSIs.
Both sham (F(4,93) ⫽ 31.2; p ⬍ 0.05) and lesioned (F(4,92) ⫽ 16.2;
p ⬍ 0.05) animals exhibited systematic increases in freezing as the
PSI was extended. This result clearly demonstrates that lesioned
animals do not exhibit reduced freezing at longer exposure intervals as would be expected if they learned about a discrete elemental cue (Kamin, 1965; Lubow, 1973; Mackintosh, 1983). However, rats with DH lesions did freeze significantly less than sham
animals (F(1,185) ⫽ 16.15; p ⬍ 0.05), and this impairment did not
vary with the PSI (F(4,185) ⫽ 2.29; p ⬎ 0.05). Together, these
results suggest that the DH is not required to learn about the
context, although the amount of conditioning is reduced when it
is removed.
Previous reports have shown that multiple-trial context conditioning is not affected by pretraining DH lesions (Maren et al.,
1997). Therefore, trial number may be the critical factor controlling anterograde amnesia for context fear after hippocampus lesions. We examined this idea in our second experiment. To control the level of context fear across groups, we manipulated both
the amount of context exposure and the number of conditioning
trials.
Multiple-trial learning is normal in animals with
hippocampus lesions
Context fear for sham and DH-lesioned animals trained with one
shock (48 or 340 s of context exposure) is illustrated on the left
side of Figure 3. The data from rats receiving three shocks (48 or
340 s of context exposure) are shown on the right side of Figure 3.
As expected, freezing was enhanced by increasing the amount of
context exposure (F(1,133) ⫽ 27.37; p ⬍ 0.05) or the number of
shocks (F(1,133) ⫽ 13.71; p ⬍ 0.05). Similar to experiment 1, rats
with DH lesions showed significantly less context fear after a
single shock (F(1,72) ⫽ 10.51; p ⬍ 0.05) delivered at 48 s or 340 s

Figure 1. Photomicrographs showing thionin-stained coronal brain sections after excitotoxic lesions of the dorsal hippocampus. From top to bottom, the sections are ⫺0.80, ⫺1.60,
⫺2.60, ⫺3.60, ⫺4.60, and ⫺6.0 mm posterior to bregma.
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Figure 4. Mean ⫾ SEM percentage freezing during each minute of the context test for sham
and DH-lesioned animals. A, Freezing time course for animals receiving a single shock during
training. B, Freezing time course for animals receiving three shocks during training.

Figure 5. Mean ⫾ SEM velocity (in centimeters per second) for sham and DH-lesioned
animals during the 2 s shock and an equivalent baseline period. A, Velocity for animals receiving
a single shock. B, Velocity for animals receiving three shocks.
Figure 2. Mean ⫾ SEM percentage freezing during the context test for sham and DHlesioned animals. A, Freezing levels for animals that received an immediate or delayed shock. B,
Freezing levels for animals that received shock 12, 24, 48, 192, or 340 s after placement in the
context during training. *p ⬍ 0.05, significant group difference.

Figure 3. Mean ⫾ SEM percentage freezing during the context test for sham and DHlesioned animals. Separate groups of animals received one or three shocks during a 48 or 340 s
training session. *p ⬍ 0.05, significant group difference.

(F ⬍ 1). In contrast, DH-lesioned animals exhibited normal
freezing levels after three shocks (F ⬍ 1). This was true whether
the shocks were delivered during a 48 or 340 s session (F ⬍ 1).
This profile was confirmed by a significant trial ⫻ surgery interaction (F(1,133) ⫽ 3.91; p ⫽ 0.05). Similar to experiment 1, the
effect of context exposure on conditioning was the same for sham
and lesioned animals (F ⬍ 1).
To determine whether DH lesions altered the timing of the
freezing response during the test, we examined the minute-byminute data. Figure 4 A illustrates freezing during the context test
for animals that received one training trial. Figure 4 B shows the

same data from the three trial groups. The data are collapsed
across exposure time because the amount of context exposure (48
or 340 s) did not interact with the freezing time course (F ⬍ 1).
Figure 4 A shows that the time course of the freezing response was
not different between lesions and shams (F ⬍ 1), although lesioned animals froze at a lower level. Figure 4 B illustrates that the
freezing time course (F ⬍ 1) was also the same for DH-lesioned
and sham animals receiving multiple trials.
To ensure that DH lesions did not affect shock reactivity, we
examined each animal’s velocity (activity burst) during shock
and an equivalent baseline period. Velocity was measured because we found it to be the most sensitive aspect of shock reactivity (Godsil et al., 1997). Data from the one trial groups is shown in
Figure 5A. There was a significant increase in velocity during the
shock (F(1,72) ⫽ 584.52; p ⬍ 0.05) that was equivalent for sham
and lesioned animals (F ⬍ 1). This demonstrates that changes in
shock reactivity are not responsible for the decreased context
freezing observed in DH-lesioned animals after a single conditioning trial. Figure 5B shows data from the three trial groups.
Once again, there was a significant increase in velocity during the
shock (F(1,65) ⫽ 737.38; p ⬍ 0.05) that was equivalent in sham and
lesioned animals (F ⬍ 1). Across trials, there was a significant
decrease in velocity (F(2,130) ⫽ 20.42; p ⬍ 0.05) that was also
similar in sham and DH-lesioned rats (F(2,130) ⫽ 1.11; p ⬎ 0.05).
This reduction is caused by a conditioned analgesic response that
develops across trials and reduces the impact of shock (Fanselow,
1984).
These results suggest that the hippocampus is necessary for
normal single-trial context conditioning. In contrast, lesioned
animals learn to the same level as controls when multiple trials are
used. This dissociation cannot be attributed to differences in performance levels. As seen in Figure 3, sham performance was
equivalent after one shock delivered at 340 s or three shocks
delivered at 48 s (F ⬍ 1), yet lesioned animals were impaired only
in the single-trial condition. Therefore, anterograde amnesia for
context fear is reliably observed when a single-trial conditioning
procedure is used.
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Our laboratory has demonstrated previously that DH lesions
produce robust retrograde amnesia for context fear in rats given
considerable amounts of training (10 –15 trials) (Kim and
Fanselow, 1992; Anagnostaras et al., 1999). This is substantially
more training than that used in the previous experiment to overcome anterograde amnesia. This suggests that intact animals
completely rely on the hippocampus to acquire context fear, even
during intensive training. In lesioned animals, these same training procedures engage alternative learning systems. These alternative systems are assumed to be extrahippocampal. However,
the lesions made in the current experiments, as in much of the
work on context fear, spared the caudal and ventral portions of
the hippocampus. Animals may have used these spared portions
to acquire context fear. We examined this possibility in our last
experiment by training animals with complete hippocampus
lesions.
Complete lesions damage the dorsal and
ventral hippocampus
A photomicrograph of a representative complete hippocampus
lesion is shown in Figure 6. These excitotoxic lesions caused complete bilateral destruction of the dorsal and ventral hippocampus,
including neurons in the dentate gyrus, CA3, and CA1. The data
from three animals with substantial cortical shrinkage (⬎35%
reduction in total area) were excluded from all analyses. Five
additional animals with minimal remaining hippocampal tissue
were also excluded. We did this to ensure that any learning we
observed was not mediated by residual hippocampus tissue.
Therefore, all of the lesioned rats in this experiment had no detectable hippocampus.
Complete hippocampus lesions produce retrograde but not
anterograde amnesia
Animals were first trained using an intensive conditioning procedure (10 trials) and 1 d later were given excitotoxic lesions of
the hippocampus. As expected, lesioned animals showed severe
retrograde amnesia for context fear (F(1,32) ⫽ 37.2; p ⬍ 0.05) (Fig.
7). These same animals were then retrained using a moderate
conditioning procedure (five trials). Similar to the results of our
second experiment, lesioned animals showed normal levels of
context conditioning (F ⬍ 1) (Fig. 7). Because the lesions in this
experiment were complete, the results suggest that an alternative
learning system is able to compensate in the absence of the hippocampus. The fact that the same lesions abolished context fear
when made after intense training suggests that this alternative
system does not learn when the hippocampus is functional. We
should note, however, that some studies have found impaired
acquisition of context fear after complete hippocampus lesions
(Richmond et al., 1999; Kjelstrup et al., 2002). Procedural differences between these studies and the current experiment may be
responsible for this difference. Future studies will be needed to
address this issue. Nonetheless, it is abundantly clear from our
data that animals with complete hippocampus lesions remain
capable of acquiring context fear.

Discussion
In humans, the ability to form new declarative memories and
recall those created in the recent past depends on the integrity of
the hippocampus (Squire, 1992). Context fear memories in rodents show a similar dependence on this structure (Kim and
Fanselow, 1992). Lesions of the rodent hippocampus produce
robust retrograde amnesia for context fear. As in humans, the
amnesia is temporally graded and does not extend to context

Figure 6. Photomicrographs showing thionin-stained coronal brain sections after excitotoxic lesions of the dorsal and ventral hippocampus (left) or sham surgery (right). From top to bottom, the
sections are ⫺0.30, ⫺1.80, ⫺3.0, ⫺4.0, ⫺4.50, and ⫺4.60 mm posterior to bregma.
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Figure 7. Mean ⫾ SEM percentage freezing during the context test after posttraining
(Retro) or pretraining (Antero) lesions of the hippocampus. Lesions made 1 d after intense
training produced robust retrograde amnesia for context fear. Anterograde amnesia was not
observed after moderate retraining. *p ⬍ 0.05, significant group difference.

memories formed in the remote past (Anagnostaras et al., 1999).
However, in contrast to the human literature, the ability to form
new context fear memories is sometimes spared in lesioned animals (Maren et al., 1997; Cho et al., 1999). The current set of
experiments addressed this discrepancy by demonstrating that
context fear memories formed during a single learning trial always require the hippocampus. The use of multiple learning trials
can overcome this deficit. These results are consistent with studies of spatial memory that show single-trial learning is particularly sensitive to hippocampus disruption (Steele and Morris,
1999; Nakazawa et al., 2003).
The current results fit particularly well with the computational model of O’Reilly and Rudy (2001). This model states that
the hippocampus and neocortex work in concert to rapidly acquire detailed information and gradually extract generalities
from these acquired experiences. The hippocampus is specialized
for rapid learning about stimulus configurations in the environment based on its connectivity and propensity for robust changes
in plasticity (McClelland et al., 1995; O’Reilly and Rudy, 2001). In
contrast, the neocortex uses a slow learning rate, which allows it
to extract information about generalities or statistical regularities
that occur over multiple experiences (Racine et al., 1995). If animals with hippocampus damage acquire context information using areas of the neocortex, then this model predicts our results
well. As a result of a reduced learning rate, lesioned animals
should be most severely impaired after a single learning trial.
However, multiple trials should provide the opportunity for the
slow learning neocortical system to catch up and eventually reach
the same level of performance. This is exactly what we observed.
Therefore, we suggest that areas of the neocortex may mediate
context fear learning in the absence of the hippocampus. Future
studies will be needed to test this idea directly.
Despite learning at a slower rate, the first experiment suggests
that animals with hippocampus damage are still able to learn
about the context. Increases in the amount of context exposure
before shock continued to enhance conditioning in these animals. Previous studies have shown that this enhancement is
unique to contextual stimuli; discrete elemental cues tend to produce less conditioning the longer they are presented before an
unconditional stimulus (Kamin, 1965; Lubow, 1973; Mackintosh, 1983; Fanselow, 1990). Fanselow (1986) argued that context
conditioning requires more time because animals form a configural (i.e., Gestalt) representation of the environment that becomes associated with shock. Consistent with this idea, preexpo-
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sure to the training context eliminates the gradual increases in
context conditioning (Fanselow, 1990). These behavioral results
are also consistent with electrophysiological studies that demonstrate that place cell formation in the hippocampus requires several minutes of context exposure (Frank et al., 2004).
Our evidence that animals with hippocampus lesions acquire
a representation of the context is at odds with current ideas suggesting that these animals learn about discrete elemental cues
(Maren et al., 1997; Frankland et al., 1998; Gerlai, 1998; Fanselow,
2000; Anagnostaras et al., 2001; Matus-Amat et al., 2004). Elemental theories of context learning are based primarily on the
fact that lesioned animals have difficulty discriminating between
similar environments. For example, Frankland et al. (1998)
found that pretraining lesions of the hippocampus impaired the
ability of mice to discriminate between a shocked and nonshocked context. Based on this result, they argued that animals
with hippocampus lesions must learn about a salient feature
present in each environment, which makes it difficult to distinguish between them. In contrast, normal animals were argued to
form unique context representations, which allowed them to discriminate easily.
There are two problems with this argument. First, elemental
learning theories do not necessarily predict impaired context discrimination. Reduced discrimination requires that animals attend to a common cue present in both contexts. If animals learn
about a different element in each environment, then discrimination is trivial. Second, configural learning strategies do not necessarily enhance context discrimination. For example, animals
may form configural representations of each environment that
contain many of the same individual features. In this case, the
overlapping cues will tend to activate the same configural representation (i.e., pattern completion), making discrimination quite
difficult. For these reasons, we do not think that reduced context
discrimination can be taken as direct evidence for elemental
learning.
If rats with hippocampus lesions can form representations of
the environment, as our first experiment suggests, then reduced
discrimination may result from overlapping context representations. Electrophysiological recording studies are consistent with
this idea. Place cells, found in the hippocampus and cortex, fire
when an animal is in a particular spatial location (O’Keefe and
Nadel, 1978). In the CA1 region of the dorsal hippocampus, these
cells have very sharp, high-resolution spatial fields. The fields are
also unique and show virtually no overlap, even between similar
environments (Sharp, 1999; Frank et al., 2000). In contrast, place
cells in the perirhinal, postrhinal, and entorhinal cortex have
much larger spatial fields and often show the same firing pattern
in different environments (Sharp, 1999; Frank et al., 2000; Fyhn
et al., 2004). Therefore, animals with hippocampus lesions may
use spatial information from brain regions that have less precise
maps of the environment. Large overlap in the place fields formed
by these regions would make discrimination between similar environments difficult, as is observed in lesioned animals. Interestingly, this prediction is also made by the computational model of
O’Reilly and Rudy (2001). They argue that areas of the neocortex
have large overlapping representations that allow them to extract
statistical probabilities or generalities. In contrast, the hippocampus has sparse nonoverlapping representations that allow the encoding of unique details of specific events. Therefore, this model
also predicts an increase in context generalization as a result of
hippocampus damage.
The fact that animals with hippocampus lesions do not learn
normally after context preexposure is also taken as evidence for
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elemental learning in lesioned animals. Rudy et al. (2002) showed
that preexposure rescues the immediate shock deficit in normal
animals but not those with hippocampus lesions. The authors
claimed that this occurred because lesioned rats did not have a
representation of the context that could be activated after preexposure. However, as we argued in this paper, the observance of a
deficit at short intervals is itself evidence that lesioned animals
form a representation of the context. Animals using an elemental
strategy should learn perfectly well under these conditions (Kamin, 1965; Fanselow, 1990). In addition, the lesioned animals in
the experiment of Rudy (2002) did benefit from preexposure,
although they remained impaired relative to sham controls. This
is analogous to the results of our first experiment; lesioned animals were impaired after a single conditioning trial but continued
to benefit from context exposure.
In conclusion, our data suggest that the brain is capable of
supporting context fear conditioning by two learning mechanisms, one that depends on the hippocampus and one that does
not. Both systems show better learning with more exposure to the
context (Fig. 2), and they show similar temporal expression patterns for fear behavior (Fig. 4). However, context learning is
clearly more efficient when the hippocampus is intact. A similar
profile is observed after lesions of the amygdala. Rats with amygdala damage show impaired fear learning that can be alleviated by
overtraining (Maren, 1999; Gale et al., 2004). These rats, however, require significantly more training (75 trials) to acquire
normal levels of fear than do rats with hippocampus lesions.
Although context learning is less efficient in animals with hippocampus lesions, conditioning does proceed remarkably well.
This contrasts with studies of retrograde amnesia in which posttraining hippocampus lesions produce severe deficits even when
a substantial amount of context exposure and many conditioning
trials are given (Kim and Fanselow, 1992). This anterograde/retrograde difference suggests that the hippocampus normally prevents context learning in other systems (Wiltgen and Fanselow,
2003; Rudy et al., 2004). Results from other hippocampusdependent tasks support this idea (Solomon et al., 1983; McDonald and White, 1993). Inhibition of alternative learning systems by the hippocampus also explains why anterograde amnesia
can be induced by pharmacologic and genetic techniques. These
manipulations typically affect plasticity in the hippocampus but
not its ability to inhibit or compete with other structures. As a
result, hippocampal plasticity and compensation by other structures are impaired. In contrast, if the hippocampus is damaged or
inactivated, then compensatory structures are not inhibited and
animals are able to learn (Matus-Amat et al., 2004). Studying the
interactions between the hippocampus and other learning systems may help us determine why certain brain structures play
dominant roles in some learning tasks and not others.
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