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We examined developmental changes in the reversal of a learned discrimination in an olfac
tory conditioning paradigm in three experiments. Preweanling rats were exposed to an odor (CS+) 
paired with footshock and a different odor (CS -) that was explicitly unpaired with footshock. 
The rats were then immediately tested for their preference between the CS + and CS - odors. 
In Experiment 1, animals trained at 12 or 18 days of age showed equivalent conditioned aver
sions to the CS +. When the significance of the cues was reversed, the younger animals showed 
rapid reversallearning; that is, their aversion to the original CS+ was displaced by an aversion 
to the original CS-. However, the 18-day-old animals were slower to acquire discrimination rever
saI. In Experiment 2, a similar pattern of results emerged when animals were given separate 
preference tests involving the CS+ versus a novel odor, or the CS- versus a novel odor. In 
Experiment 3, intact 18-day-old rats and 18-day-olds with damage to the septum and fornix showed 
equivalent conditioned aversions to the CS+. In contrast to the intact animals, however, the 
lesioned rats showed rapid reversal ofthe discrimination, which resembled that ofintact 12-day
olds. Thus, there appears to be a dramatic change in reversallearning of conditioned odor aver
sions in rats after the second week of postnatallife. These data are discussed with reference to 
the role of septo-hippocampal maturation in the ontogeny of olfactory learning. 

The study of the neural basis of Iearning and memory 
in developing rats has focused on the septo-hippocampal 
and oifactory systems. Studies of the role of each of these 
systems in leaming have constituted relatively separate lines 
of analysis. In the case of the hippocampus, paralleis have 
been drawn between various developmental trends in a 
wide range of learning and memory tasks that are sensi
tive to hippocampal damage in adults (Altman, Brunner, 
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& Bayer, 1973; Amsel & Stanton, 1980; Douglas, 1975; 
Nadel & Zola-Morgan, 1984). More recently, it has been 
shown that performance on some of these tasks fails to 
develop normally in rats subjected to neonatal hippocam
pal damage (Dyck, Sutherland, & Buday, 1985; Lobaugh, 
Bootin, & Amsel, 1985; Pickens & Stanton, 1988). With 
respect to the olfactory system, it has been shown that 
a single olfactory conditioning trial increases focal 2-
deoxyglucose uptake within the olfactory bulb of 7-day
old rats (Sullivan & Leon, 1987). In addition, studies have 
indicated that Pavlovian conditioning of an odor prefer
ence during the first 18 days of life leads to an enhanced 
glomerular response in the olfactory bulb, which may 
reflect enhanced survival of extemal tufted cells (Leon 
et al., 1987). Odor preferences conditioned by pairing 
odors with oral milk' infusions can be lateralized in the 
6-day-old rat by restricting olfactory stimulation to a sin
gle naris (Kucharski, Johanson, & Hall, 1986). This later
alization appears to reflect the absence of a commissural 
projection from the contralateral olfactory system at this 
age. At 12 days of age, when the olfactory commissural 
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proj~tion is present, lateralized learning disappears in 
the lOtact rat pup but it can be reinstated by sectioning 
the anterior commis sure (Kucharski & Hall, 1988). Fur
ther analysis of this phenomenon suggests that the neural 
changes that underlie this form of olfactory conditioning 
take place in the anterior olfactory nucleus (AON) or at 
a site caudal to the AON (Kucharski & Hall, 1989). 

We are thus beginning to see progress in our under
standing of how limbic and olfactory system maturation 
contributes to the development of various forms of learn
ing. This progress invites an integration of what have, 
so far, been essentially independent lines of inquiry in
volving these different neural systems. Recently, the role 
of the limbic system in olfactory conditioning has been 
studi~ through reversallearning. Tbere have been reports 
of rapid reversal of olfactory discriminations in adult 
animals that have received lesions of the lateral entorhi
na1 cortex (Staubli, Ivy, & Lynch, 1984). Tbe lateral ento
rhinal cortex sends olfactory projections that synapse on 
granule cells of the dentate gyros. Eichenbaum, Fagan, 
& Cohen (1986) have also reported rapid reversal of an 
olfactory discrirnination in animals that received fimbria
fornix lesions; the fimbria-fornix carries extensive choliner
gic projections to the CA3 and dentate gyros areas of 
the hippocampus. These findings suggest that olfactory
discrimination reversal could serve as a useful paradigm 
for studying the interactions between the olfactory and 
limbic systems in the ontogeny of learning. 

To test this idea, we compared reversallearning in 12-
and 18-day-old rat pups. This age comparison was chosen 
because of the extensive amount of neural maturation that 
occurs within the septo-hippocampal system during the 
second and third weeks of postnatallife (Bayer & Altman, 
1974). For example, differentiated dentate granule cells 
increase dramatically during this period. There is also a 
marked increase in limbic levels of choline acetyltrans
ferase and acetylcholine, as weIl as in choline uptake and 
density of muscarinic receptors at this time (Coyle & 
Yamamura, 1976; Hiley, 1976; Kuhar, Birdsall, Burgen, 
& Hulme, 1980; McGeer, Fibiger, & Wickson, 1971). 
Hence, because 12-day-old animals lack a mature limbic
cholinergic system, they may also show the rapid rever
sal that is observed in adult animals with damage of the 
lateral entorhinal cortex or fimbria-fornix. By 18 days of 
age, however, maturation of the septo-hippocampal pro
jection might yield the poor reversal learning that is 
characteristic of normal adults. 

Tbe present study tested this hypothesis with three ex
periments. In Experiment 1, differences between 12- and 
18-day-old rat pups were found in reversal (hut not in ac
quisition) of a discrirninative odor aversion; reversal was 
found at 12 but not at 18 days of age. In Experiment 2 
this effect was replicated, and it was further demonstrated 
that reversal reflected both acquisition of an aversion to 
the former CS + as well as a loss of an aversion to the 
former CS -. In Experiment 3, we found that the failure 
of 18-day-olds to reverse could be prevented by damag
ing the septum and fornix. Animals with lesions (hut not 

sham controls) showed the rapid reversal that is charac
teristic of intact 12-day-olds. 

EXPERIMENT 1 

. In the first experiment, we examined age differences 
10 reversal of an olfactory discrimination. Tbe Pavlovian 
discrimination paradigm chosen for these experiments 
consisted of pairing a CS + odor with footshock and a 
CS - odor with a nonshock period. During the reversal 
phase of the experiment, the significance, or value, of 
the cues was switched for some of the treatment groups 
so that the original CS + was not paired with shock and 
~e orig~ CS - was paired with shock. Following train
lOg, the animals were given a preference test between the 
CS+ and CS- odors. This paradigm was adapted from 
one employed by Kucharski and Spear (1984) and by 
Markiewicz, Kucharski, and Spear (1986). Tbe Pavlovian 
nature of this paradigm requires no response of the animal 
during training; during testing, the animal simply makes 
a choice of spending time in proximity to one of the two 
odors. Minimizing the response requirements ofthe task 
eliminates many of the interpretive problems often asso
ciated with developmental studies (Campbell, 1984). More
over, . such a paradigm is a valid test of earl y leaming, 
as animals as young as 2 days of age can demonstrate 
an olfactory discrimination in a similar two-choice test 
(Gregory & Pfaff, 1973). 

Tbe odors that served as conditioning stimuli, the shock 
intensity used, the number of conditioning trials, and the 
preference-test apparatus were all chosen on the basis of 
our previous experiments (referenced above) and pilot 
studies. Specifically, 12- and 18-day-old rats showed 
equivalent unconditioned preferences for the odorants em
ployed in these studies, and exhibited no change in foot
shock sensitivity during the given developmental period 
(Haroutunian & Campbell, 1979; Kucharski & Spear, 
1984). The number of conditioning trials was chosen to 
equate originallearning; animals ofboth ages have shown 
equivalent acquisition ofthe original discrirnination when 
tested either immediately or 24 h after training (Markie
wicz et al., 1986). 

In additional control studies, we determined that the 
magnitude of the conditioned aversion was enhanced for 
both age groups as the number of conditioning trials was 
increased from that employed in the present study; reduc
ing the number of conditioning trials reduced the strength 
of the conditioned aversion by an equivalent degree for 
both age groups. Tbus, the rates oflearning were equated 
for both age groups, and "ceiling" or "floor" effects 
on learning and retention were unlikely to have influenced 
the results. 

Method 
Subjects. The subjects were 6litters each of 12- and 18-day-old 

offspring of Charles River CD-strain rats mated in our laboratory 
~t Duke ~niversity (00 more than one animal from a Iitter was placed 
In a partlcular treatment group, providing an n of 6 in each group). 
Pregnant females were housed in individual cages (45 x24 x20 cm) 
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containing wood-chip bedding (Ab-Sorb-Dri, Garfield, NJ) . Water 
and Purina Lab ehow pellets were available continuously. Tbe 
colony room was maintained at21 o_24°e (40%-60% relative hu
midity) and was on a 14: 10 1ight:dark cyde. FemaIes were checked 
daily for births at 5:00 p.m.; pups found atthattime were termed 
o days of age. At2 days of age, Iilters were culled to 10 pups each , 
with an equal number of males and females . All subjecls were trained 
and tested during the light phase of the Iight:dark cyde. 

Apparatus and Procedure. The animaIs were given odor
footshock pairings in a (26.5 X 19 x 12.5 cm) Plexiglas apparatus 
divided into three compartments of equal sire. In one compartment, 
the animaIs were exposed to the es+ odorant (paired with foot
shock) and in another they were exposed to the es - odorant 
(without footshock). The middle section served to slow the diffu
sion of odors. For half of the Iitters, the es+ was 3 ce of lemon 
oil (Humco laboratories) and the es- was 3 cc of methyl salicy
late (Fisher Scientific) . The other half of the lilters received methyl 
for the es + and lemon as the es -. The odorants were spread 
evenly on pieces of fur altached to wooden rollers at opposite ends 
of the apparatus. Footshock (.6 mA DC) was delivered by a 
Lafayelte shock generator. All animaIs were given four condition
ing trials. On each trial, the animaI was placed in both the es+ 
and es- compartments for 20 sec (the order of exposure was de
termined by a Latin-square design) . Placement in the first compart
ment was followed immediately by placement in the other com
partment. The rat was removed from the training apparatus during 
the 30-sec intertrial interval. The sequence was then repeated. Foot
shock was administered during seconds 8-10 and 18-20 of each 
20-sec es + exposure. 

Reversal trials were introduced for some of the treatment groups 
60 sec after initial training. Reversal consisted of the substitution 
ofthe original es+ with the original es- and vice versa. AnimaIs 
received either zero, one, or four reversal trials. 

The animaIs received a single 3-min test of preference for methyl 
versus lemon I min after the training or reversal phases ofthe ex
periment. The testing apparatus for preference was a larger ver
sion of the conditioning apparatus, consisting of one section 
(55 X 14 X 15 cm) and a wire mesh floor . This left the animaI free 
to locomote throughout the entire length of the apparatus during 
testing. Tbe time spent on the lemon or methyl side was recorded 
during the 3-min testing period. Tbe criterion for entrance into the 
lemon or methyl side of the apparatus was that the snout be ac ross 
the midline and into that half of the apparatus. AnimaIs of all age 
and treatment groups made a c1ear choice between the odors, and 
typica\ly huddled next to one of the two sources of odorants. It is 
noteworthy that previous studies have revea1ed that animaIs leam 
to avoid a es+ odorant, rather than to prefer a es- odorant (see 
Experiment 2; Serwatka & Spear, 1988). Nonetheless, exposure 
to the es- facilitates the aversion acquired to the es+ (Kucharski, 
Richter, & Spear, 1985; Kucharski & Spear, 1984). 

Results and Discussion 
There were no age differences in originalleaming (zero

reversal condition), but the 124ly-old pups showed more 
rapid reversal of the original discrimination than did the 
18-day-old pups (Figure 1). Although the strength ofthe 
aversion to the original es + was reduced as a function 
of the number of reversal trials for the 184ly-old animals, 
they did not display the strong attenuation and reversal 
of the aversion that was shown by the 124ly-olds after 
four reversal trials. This difference was reflected statisti
cally by an ANOVA, which yielded a reliable interaction 
between age and the number of reversal trials [F(2,25) = 
12.48, p < .01]. Newman-Keuls tests indicated that there 
were no age differences in preference scores after zero 
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Figure I. Mean (± SEM) numbec of seconds spent by subjects 
in tbe three treatment groups of Experiment I ovec the es + dur
ing the preference test at 12 and 18 days of age. Scores represent 
preference for the es + WJed in original acquBtioo training. A score 
of 90 sec indicates DO preference. All groups reeeived acqulsition 
training but differed in the numbec of reversal trials: RO, DO revec
saI trials; RI, one reversal trial; R4, four reversal trials. 

or one reversal trialS. However, after four reversal trials, 
the 124ly-olds showed a greater preference for the origi
nal es+ than did the 18-day-olds (p < .01). For both 
age groups, preference for the original es + increased 
after four reversal trials (p < .01) relative to the zero
and one-reversal groups, which did not differ (p > .05). 

These findings indicate that there were age differences 
in reversallearning of an olfactory discrirnination; youn
ger animals showed more reversal than did older animals. 
This age difference is consistent with our prediction of 
impaired reversal based on known maturational changes 
in the limbic system, and with reports that limbic damage 
facilitates olfactory-reversal learning. 

EXPERIMENT 2 

In the previous experiment, animals were given a prefer
ence test for the original es + and es - odors. Such a 
test is sufficient to demonstrate reversal learning; how
ever, the behavioral processes that underlie this effect 
were not dearly addressed, and several questions remain 
unanswered. For example, in tests of preference for the 
es + versus the es -, it cannot be detennined whether 
there is an acquired aversion to the es +, an acquired 
preference for the es - , or both (Serwatka & Spear, 
1988). More relevant to the present data on reversal is 
the question of whether, for the younger animals, the aver
sion to the original es + is still intact after reversal train
ing but is masked by astronger second aversion acquired 
to the new es + (the previous es - ). The younger pups 
may have actually retained a strong aversion to the original 
es + , an aversion that was not expressed in the preference
test situation because the only alternative to spending time 
in proximity to the original es + was spending time dose 
to the more recent es + . eonversely, the older animals 
may have acquired a robust aversion to the new es + , 
but one that was not expressed in the preference-test 
situation. 
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In the present experiment, animals were given two 
preference tests in an attempt to unravel these possibili
ties. The animals were given a test between the original 
CS + and a novel odor, and a test between the original 
es - and the same novel odor. These separate tests per
mit an assessment of the animals' preference for the es + 
independent of the CS - and vice versa. 

Method 
Subjects. The subjects were 12- and 18-day-old rat pups bred, 

housed, and maintained as described in Experiment I . Twelve-day
old subjects were divided into groups of 12 drawn from 6 litters, 
1 subject per odor condition from each litter; 18-daY-Qld subjects 
were drawn from 5 litters, 1 subject per odor condition from each 
litter. 

Apparatus and Procedure. The details ofthe procedure are the 
same as those described in Experiment 1, with some exceptions. 
Two of the anirnals from each litter received lemon as the original 
es + and methyl as the original es -. The other two received 
methyl as the original es + and lemon as the original es -. One 
pup from each of these pairs received zero reversal trials and the 
other pup from each of these pairs received four reversaJ trials . 
Littermates' scores were averaged across the two odors within the 
zero-reversaJ trial group and the four-reversaJ trial group (preserving 
the number of liners as the unit for statistical analysis, n = 5-6; 
see Denenberg. 1984) to counterbaJance lemon and methyl as either 
the original es + or the original es -. The anirnaJs were then given 
two separate tests (order was counterbalanced between litters) with 
lemon and cedar odors (3 ce, Fisher Scientific), and with methyl 
and cedar. The amount of time spent over lemon or methyl was 
recorded (as in Experiment I) during the 3-min preference test. 

Results and Discussion 
Reversal training was much more effective in attenuat

ing the original aversion for 12-day-olds than for 18-day
olds (Figure 2). This was demonstrated in a reliable inter
action among age, stimulus (CS+ vs. CS-), and the 
number of reversal trials [F(l, 15) = 10.83, p < .01]. 
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Figure 2. Mean (± SEM) number of seconds spent by subjects 
in tbe two treatment gJ'OUPs oe Experiment 2 over tbe es + or es
during separate preference tests tor each stimulus agaiost a novel 
odor (cedar). Data for tbe 12- and 18-day~ds appear in separate 
panels; data for tbe two treatment groups appear witbin eacb panel. 
Scores represent preference for tbe es + used in original acquisi
tion training. A score of 90 sec indicates no preference. 80th groups 
received acquisition training bot differed in tbe number of reversal 
trials: RO, no reversal trials; R4, four reversal trials. 

Newman-Keuls tests indicated that there were no age 
differences (p > .05) in acquisition; for example, there 
were no age differences in the preference scores for the 
CS + or the CS - in the zero-reversal condition. On the 
other hand, after four reversal trials, 12-day-olds spent 
more time over the original CS + and less tirne over the 
original CS- (all ps < .01) than did their 18-day-old 
counterparts. Indeed, the original discrirnination was still 
reliable (p < .01) foUowing reversal at 18 days, whereas 
it was reliably reversed (p < .01) at 12 days of age. 

These findings replicate and extend those of Experi
ment 1. They again indicate, with a different testing 
procedure, that 12-day-olds showed better reversal of an 
olfactory discrirnination than did 18-day-olds. In addition, 
they indicate that this reversal at 12 days of age consisted 
both of a loss of an aversion to the original CS + and of 
an acquisition of an aversion to the original CS -. Con
versely, the absence of reversal at 18 days reflects the 
inability of the reversal procedure to alter the significance 
of both the es + and the CS - for these animals. Thus, 
the age differences in reversal in Experiment 1 probably 
reflect more than just the establishment of strong aver
sions to both stimuli, which then are biased in favor of 
the original CS + at 18 days and the more recent CS + 
at 12 days of age. 

EXPERIMENT 3 

Wehave hypothesized that the enhanced reversal shown 
by the 12-day-01ds may result from limbic system immatu
rity and, specifically, from the limited amount of synap
tic contacts on dentate gyros granule cells arriving from 
the septum at this stage of development. Maturation of 
this input to the hippocampus between 12 and 18 days of 
age could account for the attenuation of reversal in the 
older animals (Bayer & Altman, 1974). In the present ex
periment, therefore, we sought to test this hypothesis by 
comparing acquisition and reversallearning of intact 18-
day-old rats with that of 18-day-olds that received lesions 
to fiber systems that carry infonnation to the granule cells 
of the dentate gyros. As mentioned previously, earlier 
studies have demonstrated rapid reversal of olfactory
discrirnination leaming in adult animals with such lesions 
(Eichenbaum et al., 1986; Kat, Eichenbaum, & Cohen, 
1983; Staubli et al., 1984). We reasoned that 18-day-old 
rats with septo-hippocampal darnage would show the same 
rapid reversallearning that is seen in intact 12-day-olds. 

Method 
Subjects. A total of 36 subjects were drawn from 6 Iitters of 18-

daY-Qld rats. In each litter, 4 subjects received lesions and 2 received 
sham surgery. Half of the subjects in the two groups were assigned 
to the zero-reversaJ and half to the four-reversal conditions. When 
2 subjects from a litter contributed data to a given group, their data 
were averaged (yielding I data pointlgroupllitter). The anirnaJs were 
bred, housed, and maintained as previously described. 

Apparatus and Procedure. The details of the procedure were 
the same as those described for Experiment 1, with some excep
tions. Surgery was perfonned on all subjects in the experimental 
group prior to behavioral training. The performance of sham-
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operated controls was compared to that of animals with septal/fomix 
lesions. 

Surgery. Tbe rats were anesthetized with Metofane (Pitman
Moore). Tbeir heads were shaved and wound areas were asepti
cally prepared. Tbe animals were hand-held. Anesthesia was main
tained from a nose cone as necessary while a midline incision was 
made over bregma. A 2 I-gauge needle was used to make a burr 
hole 2 mm anterior and 1 mm lateral to bregma. Tbe side chosen 
for the hole was evenly distributed among the liners. Transections 
were made with a 27-gauge needle, rounded at the tip. Tbe needle 
was inserted into the burr hole at an angle of 65° from the insertion 
plane of the skull surface, to a depth of 6 mm. Tbe needle was then 
passed laterally in each direction to an angle of 20° from the verti
cal. In rats that received sham lesions, the 27-gauge needle was 
inserted to a depth of 2 mm and was not passed laterally. Follow
ing the lesioning procedure, the animals' wounds were c10sed with 
a drop of Vetbond (3M). Tbe rats were allowed to recover in an 
incubator for 5 h before training and testing. 

HistoIogy. Tbe rats were sacrificed following training and test
ing. Tbeir brains were removed immediately and frozen. Tbe brains 
were later sectioned at 20 microns in the sagittal plane, stained with 
thionin, and mounted. Lesions were characterized with the aid of 
a standard atlas (paxinos & Watson, 1986). 

Results and Discussion 
The effects of septallfomix lesions on olfactory

discrimination leaming and reversal were the same 
whether lemon or methyl served as the CS+; thus, the 
data were averaged across this factor. The lesions did not 
affect acquisition of the discrimination, but dramatically 
facilitated reversalleaming (Figure 3). This was demon
strated statistically by alesion x groups interaction 
[F(1,20) = 13.47, p < .01]. A Newrnan-Keuls analysis 
of this interaction revealed no difference between the sham 
and the lesioned groups following acquisition (zero
reversal group). In both the sham and the lesioned groups, 
preference for the original CS + was higher following re
versal training (p < .01). However, the lesioned animals 
showed a significantly greater preference (p < .01) for 
the original CS + than did the sham-Iesioned controls. 
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Figure 3. Mean (± SEM) nomber of seconds spent by subjects 
in tbe four treatment groups of Experiment 3 over tbe CS + during 
tbe preference test at 18 days of age. Scores represent preference 
for tbe CS + used in original acquisition training. A score of 90 sec 
indicates no preference. All groups received acquisition training but 
differed in tbe nomber of reversal trials: RO, no reversal trials; R4, 
four reversa1 triaIs; SHAM, sbam-Iesioned contro/s; LESION, septall 
fornix-Iesioned animals. 
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Figure 4. Reconstruction of lesions for subjects tbat received 
damage to tbe septom and lornix in Experiment 3. (A) m1dsagittal 
section based on Figure 45 of Paxinos & Watson (1986); (8) more 
lateral section based on Figure 47 (damage indicated on tbis sec
tion was symmetrical witb respect to tbe m1dline). Tbe batcbed 
regions represent damage typical of most animaIs (12 of 18). Tbe 
black regions represent damage common to alI animaIs. (Adapted 
from The rat braln In stenotaxk coordbuJtes, by G. Paxinos and 
C. Watson, 1986. New York: Academk Press. Copyright 1986 by 
Academlc Press. Reprinted by permlssion.) 

These findings are consistent with the view that the at
tenuation of reversalleaming with increasing age reflects 
a .functional maturation of the septo-hippocampal system. 
Damage to this system at 18 days of age produced reversal 
leaming that resembled that shown by intact 12-day-olds. 

Examination and reconstruction of lesions revealed that 
all experimental subjects received extensive damage to 
the lateral septum, medial septum, and fomix (Figure 4). 
Visual inspection of the reconstructions suggested that the 
absolute lesion sizes and the distribution of the lesion sizes 
were approximately equal in both the acquisition and the 
reversal groups. Three animals were found to have le
sions extending ventrally to the anterior commissure, por
tions of the dorsal hypothalamus, and the most rostral por
tion ofthe thalamus. Two subjects were also found to have 
damage that extended to the dorsal portion of the septum 
and the corpus callosum. Learning in these subjects was 
similar to that of other subjects in their group. 

GENERAL DISCUSSION 

The results of these experiments demonstrate more rapid 
reversal of an olfactory discrimination in 12-day-old than 
in 18-day-old rats. This change in reversallearning oc
curs during aperiod of ontogeny that is associated with 
the maturation of the septo-hippocampal projection. Septal 
damage produced rapid reversallearning in 18-day-olds, 
which resembled that of intact 12-day-olds. These find
ings suggest that maturation of the septo-hippocampal sys
tem may account for age differences in olfactory-reversal 
learning. 
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The fmdings of the present study support those of 
Eichenbaum et al. (1986) and ofStaubli et al. (1984), and 
demonstrate that facilitation of olfactory-discrimination 
reversal by limbic system damage is robust across a num
ber of methodological variables. Specifically, Eichenbaum 
et al. employed an appetitive go/no-go discrimination and 
lesions of the fornix, whereas Staubli et al. utilized an 
appetitive two-choice discrimination procedure and lesions 
of the lateral entorhinal cortex. In both studies, instrumen
tal learning contingencies were in effeet and rats were 
trained on several different discriminations before the ef
feets of the lesions were assessed. In contrast, the present 
study employed an aversive Pavlovian conditioning proce
dure, and reversal followed training in only a single dis
crimination problem. In addition, lesions were to the sep
tal area and the subjeets were infant rats rather than adults. 

In spite of the fact that the phenomenon appears robust 
across these variables, it is difficult to find a simple uni
fied explanation for the results of these studies. For ex
ample, Staubli et al. (1984) attributed facilitated rever
sal learning in their study to simple forgetting of the 
original discrimination. They imposed a I-h retention in
terval between the acquisition and reversal phases of their 
experiment, and presented other evidence that the origi
nal discrimination could be forgotten within that amount 
of time. However, such an explanation does not fit read
ily with the findings of the present study, in which there 
was only a l-min delay between the acquisition and rever
sal phases. In addition, it has been shown that olfactory 
discriminations of the kind employed in the present study 
can be retained for at least 24 h (Markiewicz et al., 1986). 
In the Eichenbaum et al. (1986) study, fornix-seetioned 
and control rats showed comparable retention of the previ
ous discrimination at the outset of reversallearning. As 
reversallearning progressed, fornix-sectioned rats showed 
some evidence of a "discrimination learning set" (i.e., 
they behaved as though reversal was merely another dis
crimination in the series of problems), whereas control 
rats behaved as though they had no prior experience with 
olfactory-discrimination problems. This difference was 
attributed to interference from a "declarative" memory 
system in controls that was absent or impaired in fornix
seetioned animals. In the present study, facilitated rever
sal was found in lesioned (and in young) animals after 
training on a single original discrimination. It is unclear 
to us what special role a declarative memory system might 
play in our experimental phenomenon, as the opportunity 
to develop learning sets does not appear to be neeessary 
for the effect. 

Although our data fail to support these other accounts 
of limbic involvement in olfactory-discrimination rever
sal, we do not offer an alternative theory that provides 
a better explanation. In the absence of further experimental 
analysis of the phenomenon, such an explanation would 
be overly speculative and premature. What is clear, 
however, is that damaging inputs to the hippocampal for
mation enhances olfactory-discrimination reversal, and it 
does so under a broad range of conditions. 

Facilitation of discrimination reversal by hippocampal
system damage is paradoxical in that impairments in rever
sal have more commonly been reported (e.g., Berger & 
Orr, 1982; Winocur & Olds, 1978). This paradox has al
ready been discussed at length by Eichenbaum et al. 
(1986, pp. 1882-1883). We can only add that olfaction 
may be a sensory modality that has a unique relation to 
the limbic system (see also Lynch, 1986, p. 58). It is 
noteworthy that in another study of discrimination rever
sal in developing rats, 16-day-olds reversed more read
ily in a T -maze than did 28-day-olds, but only if odor cues 
were added to the spatial dimension of the task (Wigal, 
Kucharski, & Spear, 1984). Thus, rapid reversallearn
ing in immature rat pups and in adults with limbic-system 
damage may be limited to the olfactory sensory modal
ity. The present series of experiments identifies a narrow 
age range for the ontogenetic timing of this change in 
reversallearning. 

The present findings support the view that the develop
ing hippocampal system plays a role in the ontogeny of 
certain forms of learning and memory (Altman et al., 
1973; Amsel & Stanton, 1980; Castro, Paylor, & Rudy, 
1987; Douglas, 1975; Lobaugh et aJ., 1985; Nadel & Zola
Morgan, 1984; Schacter & Moscovitch, 1984). More im
portantly, the present fmdings provide an experimental 
model for examining this role in relation to a type of 
learning-olfactory Pavlovian conditioning-that is itself 
becoming well understood at both the behavioral and neu
rallevels in the developing animal (Hall, 1987; Kucharski 
& Hall, 1988; Leon et al., 1987). Further application of 
this model promises to yield an integrated analysis of the 
interaction between limbic and extralimbic memory sys
tems in the ontogeny of learning. 
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