
Jessica Serra and Raymond Nowak 

∗ Corresponding author: Dr Jessica Serra. Email: serra_j@ymail.com 

 

1 

NEONATAL LEARNING OF ENVIRONMENTAL ODORS IN NEWBORN 
RABBITS: DYNAMIC, PLASTICITY AND ROBUSTESS 

 
Dr Jessica Serra* and Dr Raymond Nowak 

 

Equipe Comportement, Neurobiologie, Adaptation, UMR6175-INRA-Université de 
Tours-Haras Nationaux, Unité de Physiologie de la Reproduction et des Comportements, 
37380 Nouzilly, France. 
 
 

ABSTRACT 
 

The environment of rabbit pups in the first two weeks after birth is limited to the 
nest and its contents. Olfactory characteristics of the nest are discriminated by pups (in 
comparison to an alien nest) as early as the first day after birth and can be experimentally 
modified in order to evaluate their learning capacities.  

In this chapter we provide evidence that rabbit pups are sensitive to changes in 
environmental natal odors and that they can learn new olfactory information. Some of 
these learning processes are presented. 

In a first study, we examined the possibility that changes in environmental odors –
by adding artificial odorants- induce a shift in pups’ neonatal preferences. Nest materials 
were odorized with thyme on the second day post-partum. Pups were tested for olfactory 
preferences 24h later. The odorization procedure led to specific attraction towards thyme 
in comparison to a novel artificial odor. This was observed whether thyme odor was 
presented on its own or in association with nest materials. Thyme-exposed pups preferred 
a thyme-odorized nest than a non-odorized nest, whether these were their own or alien 
nests. In addition, thyme-exposed rabbits did no longer discriminate between their own 
and an alien nest if both were non-odorized. The development of a preference towards 
thyme odor or thyme-odorized nests cannot be explained by a masking effect of 
biological odors by thyme itself since naïve pups did prefer their own odorized nest to an 
alien odorized nest. Two-day-old rabbit pups can therefore learn and memorize new 
odors added to their nest and these new olfactory preferences induce either amnesia for or 
a lack of interest in previously learned odors. 

Even though artificial odorants have proven to be successful tools to study the 
mechanisms of early learning in mammal neonates, it still is an approximation of how 
newborns really learn a complex blend of biological odors. In a second study, learning 
abilities of two-day-old rabbit pups towards new environmental biological odors were 
analysed by transferring them into a nest built by an alien doe. Learning of the new nest 
odors was easily established with a maximum orientation response 24h after the start of 
the transfer. Learning the characteristics of the new nest did not induce amnesia for the 
original nest but rather a loss of interest. The preference towards the natal nest can be re-
established after reexposing the pups to it for only 1h, duration that is too short to trigger 
novel learning mechanisms. 

In conclusion, modifying the environmental olfactory chemosphere induce 
gradual preferences for these new odors by newborn rabbits while at the same time it 
leads to a lack of interest in previously learned odors. 
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FIRST PART: EARLY OLFACTORY MEMORY OF ENVIRONMENTAL 
ARTIFICIAL ODORS IN RABBIT PUPS 

 
 

INTRODUCTION 
 
 

During the first weeks after birth, in complete contrast to precocial species, 
altricial pups are confined within a nest or a den. These are often a central place for the 
exchange of information between mother and young, between a pup and its siblings and 
between the nest materials and the pups, thus providing a myriad of environmental odors 
that can be potentially memorized by newborns. Despite their immature motor skills, 
altricial pups are remarkably able to explore a two-choice test arena and express 
preferences for familiar olfactory cues from their natal environment. Rat pups (Rattus 
norvegicus) orient preferentially towards their own nest compared to an alien nest at 12 
days of age but apparently not before (Carr et al. 1979; Gregory and Pfaff, 1971). 
Although 7- to 8-day-old hamster pups do not prefer their home-cage odor to the one of 
another mother or litter, they do orient significantly more toward their home cage odor 
when it is compared to that of a male or a non-pregnant adult female (Devor and 
Schneider, 1974). To our knowledge, the only report of early discrimination of familiar 
cues was provided by Freeman and Rosenblatt (1978) who showed that 8-day-old kittens 
oriented successfully towards their own cages in comparison to a strange mother’s cage. 
Recently, Serra and Nowak (2008) demonstrated that newborn rabbits were able to 
discriminate their own from an alien nest the day after they were born showing that 
preferences for natal place could establish much earlier than previously thought. Yet, in 
regards to the important number of altricial mammalian species, there is still a scarcity of 
information on early preferences towards nest materials or natal site and the mechanisms 
modulating olfactory learning within the nest. Results found by Serra and Nowak (2008) 
make rabbit pups particularly suitable to investigate characteristics of early olfactory 
memory. 

Among structures built by altricial mammals, the nest built by the rabbit doe has 
an exceptional architecture. Under natural conditions, it results from a sophisticated 
combination of plant materials and maternal hair (Deutsch, 1957; Casteel, 1966). It is a 
complex olfactory chemosphere, combining odors emanating from the local environment 
(plant/grass chosen by the mother), from the mother (maternal hair, uterine secretions left 
after birth, fecal pellets, and maybe glandular secretion), and from the siblings 
themselves (body odors, fecal pellets, urine). The olfactory characteristic of the nest is far 
from being stable over time: at the end of each nursing episode the doe leaves a few fecal 
pellets in the nest (Hudson and Distel, 1982) which will be eaten by pups during the 
second week after birth (Hudson et al., 1996); the olfactory nature of the pellets will 
depend on the food eaten by the mother. In parallel, nesting materials (plant and maternal 
hair) will be consumed by pups (Hudson et al., 1996) providing new odorants through the 
wastes produced by the litter. Finally, it is likely that the olfactory cues emanating from 
the siblings’ and the mother’s body will change according to their developmental stage 
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and that, under natural condition, the mother’s ventrum is contaminated with odors from 
the environment she explored before entering the nest, providing external olfactory cues 
to her pups. This suggests that the nest is a changing chemosphere. How do pups adapt to 
these modifications and integrate new olfactory information into their ecological niche? 

The recent demonstrations that one-day-old pups can recognize familiar cues from 
their nest (Serra and Nowak, 2008) led us to examine the mechanism through which 
olfactory learning could take place within the nest. We assessed the pups’ reactions to a 
novel environmental odor added into their nest on Day 2 in order to investigate their 
ability to integrate new information into their natal environment. More specifically, in the 
first set of experiments we investigated the learning capacities of artificial odorants added 
into their nest. In the second set of experiments we examined the consequences of recent 
olfactory learning on previous olfactory acquisitions memorized in the same context, 
testing plasticity of early memory. 
 

GENERAL METHODS 
 
Breeding and housing conditions 

Thirty breeding does of White New Zealand strain (Station “BioAgresseurs, Santé 
et Environnement”, INRA, Nouzilly, France and ITAVI) were kept under a 13:11 hour 
light: dark cycle (light on at 7.00 a.m.) while ambient temperature was maintained at 
20°C. Water and food pellets (Huttepain Bouix, Piace, France) were provided ad libitum. 
All the animals were maintained in individual cages (70 x 46 and 60 cm high). A nest box 
(46 x 14 cm and 24 cm high) containing wood shavings as bedding was inserted into the 
cage three days prior to parturition. 
 
 
Odorization Procedure 

The odorant was essential thyme oil diluted at 10% in a vegetable oil. The 
odorization procedure consisted in adding uniformly 1ml of the odorant solution, evenly 
spread over the nest with a micropipette, on the 2nd day after birth (D2). The tests were 
performed 24 hours later (D3). In Experiment 1 essential cinnamon oil diluted in 
vegetable oil at 1% was used as an unfamiliar odor. Both concentrations were chosen 
after a preliminary study showed that they were neither attractive nor aversive for naïve 
pups. 
 
Testing procedure 
 
Odorants and test apparatus 

The test apparatus was a rectangular PVC box (42 X 32 cm and 15 cm high) divided in 
two by a median wall. A platform made of a double layer of wire mesh (mesh size: 1 
mm2) spaced 1 cm apart covered the top part of the box. Nine-centimeter high PVC walls 
were added onto the sides of the platform and delimited the testing arena (42 X 32 cm). 
The tests consisted of a choice between either two odorants: thyme and cinnamon or 
between two nest samples. In the first case, 2 ml of the odorants were evenly spread over 
a sheet of absorbent paper so that each olfactory stimulus was in contact with the 
platform while the double layer of wire mesh prevented the tested pups from having 
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direct contact with it. In the second case, two samples of nests were collected and put in 
Petri dishes (9.5 x 9.5 cm). Each chamber of the experimental box contained three Petri 
dishes of each sample of nest (Fig. 1). The Petri dishes were installed so that the samples 
were in contact with the platform while the double layer of wire mesh prevented the 
tested pups from having direct contact with the stimuli. The median wall of the box 
avoided mixing of air and blending of odors between the two stimuli and constituted the 
midline separating the two compartments of the testing arena.  

 

 
Figure 1: Test apparatus, presentation of two samples of nest put in three Petri dishes in 
each chamber. 
 
 
Subjects and tests monitoring 

Pups were deprived of nursing from the beginning of the odorization procedure by 
closing the entrance of the nest box until the time of the test. This standardized 
motivational state of pups in the two-choice test (Coureaud et al., 2001). Each pup was 
tested once only on Day 3. To limit litter effects, one or two subjects of a same litter at 
the most contributing to each group. The remaining pups were not used. At the beginning 
of a test, the pup was placed in the testing arena lengthwise just on the midline separating 
the two chambers. The test started once the pup was released. The cumulative time spent 
on each side of the testing arena was recorded during a 5-min test by observers blind to 
what pup was being tested. A pup was considered to be in a specific half of the arena 
once its whole head was over the midline separating the two chambers. After each test, in 
order to remove any olfactory traces left by the previous pups, the box and the wire mesh 
were washed with pure water, 95% ethyl alcohol then, water again and finally dried. In 
addition, the sheet of absorbent paper was changed after each test and the arena was 
rotated 180° every four trials. 

Each test was carried out under ambient temperature (20°C) since preliminary 
studies had shown that subjects tested under heated conditions (35°C) fell rapidly asleep. 
The pup was immediately put back into its nest with its litter mates at the end of the test. 
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The nest box was opened once all the pups were tested so that the mother could feed her 
young. 

 
Statistical Analyses 

The behavior of individual pups was quantified by measuring the total time spent on 
either side of the medial line of the testing arena. To assess whether the data sets from 
each experiment followed a normal distribution, they were submitted to a Lilliefors test. 
In all cases, normal distribution was assumed. As their performance did not differ 
significantly from a normal distribution, parametric statistical tests were used to compare 
behavior among groups and results are presented as means. The group means of the time 
spent by pups above thyme odor were submitted to one-sample t tests. We tested this 
variable “time” against the null hypothesis (hypothesized mean = 150s) which represents 
no preference or random choice. Therefore when the performance of a given group 
differed statistically from random, it indicated a preference in favor of the stimulus over 
which pups spent more time. P-values less than 0.05 were considered as statistically 
significant. 

 
Ethical Note 

Pups were deprived of nursing from the beginning of the odorization procedure 
until the time of the test. Although this practice was used uniquely for experimental 
purposes, this did not disturb the animals. Rabbit does are known to nurse their young on 
a daily basis even under farming conditions (Hudson & Distel 1989). Once the nest boxes 
were opened the does readily entered to nurse their litter and all the pups ingested milk. 
This was visible by looking at their distended stomach. We checked whether the pups 
were huddling together at the end of a test day; this was always the case.  
 
 
EXPERIMENT 1: PREFERENCE TO A NOVEL ODOR AND SPECIFICITY OF 

THE LEARNING PROCESS 
 

To determine whether thyme-exposed animals can develop a preference for the 
odor they were exposed to in the nest, we compared the reaction of two groups of pups: a 
naïve group which had never been in contact with any artificial odor and a thyme-
odorized group. Three comparisons were made: (i) cinnamon vs. control stimulus; (ii) 
thyme vs. control stimulus; (iii) thyme vs. cinnamon. When an odorant was used, 2ml of 
the solution was evenly spread on a sheet of absorbent paper. The control stimulus was a 
clean sheet of absorbent paper. 

The naïve group spent a rather similar amount of time over cinnamon (136.3 ± 
52.4s) and the control stimulus (163.7 ± 52.4s) (One sample t test: t19=-1.170, P=0.257; 
Fig.2), over thyme (151 ± 64.1s) and the control stimulus (149 ± 64.1s) (One sample t 
test: t19=0.066, P=0.948; Fig.2), and over thyme (165 ± 54.4s) and cinnamon (135 ± 
54.4s) (One sample t test: t19=-1.232, P=0.233; Fig.2). In contrast, the thyme-exposed 
group stayed significantly longer over the control stimulus (189.2 ± 65.4s) than over 
cinnamon (110.9 ± 65.4s) (One sample t test: t19=-2.676, P=0.015; Fig.2) and preferred 
thyme (204.3 ± 49.4s) to the control stimulus (95.7 ± 49.4s) (One sample t test: 
t19=4.915, P<0.0001; Fig.2). Furthermore, thyme-exposed pups oriented for significantly 
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longer towards thyme (234.2 ± 51.8s) than towards cinnamon (65.8 ± 51.8s) (One sample 
t test: t19=-7.268, P<0.0001; Fig.2). 
 

 
Figure 2: Mean orientation time of naïve pups and thyme-exposed pups over the 
following paired stimuli: Cinnamon (C) vs. Control stimulus (ø); Thyme (T) vs. Control 
stimulus (ø); Cinnamon (C) vs. Thyme (T). The horizontal dashed line at 150s indicates 
the 0 (random) level of pup orientation; we assessed the difference between the durations 
that pups stayed over either stimulus against this 0 level using one-sample t tests. NS=not 
significant, *P<0.05, ***P<0.001, error bars indicate standard error of mean. 
 
 

EXPERIMENT 2: INTEGRATION OF A NOVEL ODOR INTO THE NEST 
CHEMOSPHERE AND CONSEQUENCES ON PREVIOUS MEMORY 

 
Experiment 1 showed that (i) there is no spontaneous attraction or aversion for 

thyme or cinnamon odorants and (ii) that odorization of the nest with thyme led to a 
specific preference for the familiar odorant and an aversion for a novel odor. Experiment 
2 aimed at evaluating to what extend adding a novel odor such as thyme on D2 could 
affect the preference that pups have acquired for their biological nest on D1 (first 
memory). All the pups tested were submitted to the odorization procedure described in 
the general methods and were tested on D3. The stimuli were odorized or non-odorized 
nests: fresh nest materials were usually collected just before a test began. A 
representative sample containing maternal hair, uterine secretions, wood shavings and 
occasionally faecal pellets was put in Petri dishes (9.5 x 9.5 cm). Each chamber of the 
experimental box contained three Petri dishes. The nest materials were used for a 
maximum of 4 tests and were returned into the nest box once all the tests were finished. 

 
 

Experiment 2a: Preference for thyme-odorized nest materials 
 

Experiment 1 showed that pups exposed to thyme for 24h were clearly attracted to 
it and that the preference was specific to that odor. We were interested in finding out 
whether the preference for the nest remained stable or was influenced by new olfactory 
experiences. 
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-Olfactory preference for own odorized nest 
 
Experimental group 

Pups had the choice between their own thyme-odorized and their own non-
odorized nest. The non-odorized nest was collected on D2 prior to the odorization 
procedure and kept in a sealed bag at room temperature while the odorized nest was 
collected just before the test. The pups spent significantly more time over the thyme-
odorized compartment (191 ± 31.2s) than over the non-odorized compartment (109 ± 
31.2s) (One sample t test: t19=5.871, P<0.0001; Fig.3). Obviously, the non-odorized nest 
is no longer attractive once pups have been familiarized with thyme for 24h. Nonetheless, 
because one nest was collected 24h and stored in sealed bags before testing and the other 
one just before the test began we cannot exclude that the preferential orientation of the 
pups reflects a change in the general olfactory characteristics of the two samples rather 
than just an attraction to thyme. 
 
Control group 

To ensure that the above result was not biased by a change in the olfactory 
characteristics of the nest materials between D2 and D3 due to a difference in the storage 
procedure we repeated the tests with two samples of nest collected on D2. One sample 
was odorized with thyme and put in a sealed bag. The other one was not odorized and 
kept under the same conditions. On D3, pups explored significantly more their own 
odorized nest (198.7 ± 47.1s) than their own non-odorized nest (101.4 ± 47.1s) (One 
sample t test: t19=4.621, P=0.0002; Fig.3). Their choice did not differ from the 
experimental group above. Thus the orientation of the pups towards their thyme-odorized 
nest suggests the development of a preference for the new olfactory characteristics of the 
nest at the expense of the previous one: the first olfactory memory was affected by the 
second one. 

 
Figure 3: Mean orientation time of thyme-exposed pups over the following paired 
stimuli: Own Odorized nest collected just before testing (OO) vs. Own Non-odorized nest 
collected 24h before testing, prior to the odorization procedure (ON 24h); Own Odorized 
nest collected 24h before testing, prior to the odorization procedure (OO 24h) vs. Own 
Non-odorized nest collected 24h before testing, prior to the odorization procedure (ON 
24h). The horizontal dashed line at 150s indicates the 0 (random) level of pup 
orientation; we assessed the difference between the durations that pups stayed over either 
stimulus against this 0 level using one-sample t tests. ***P<0.001, error bars indicate 
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standard error of mean.  
 
-Olfactory preference for alien odorized nests 
 
Experimental group 

Pups had the choice between two alien nests, one being thyme-odorized the other 
one not. Thyme-exposed pups explored the compartment containing the odorized nest 
(186 ± 52s) significantly more than the compartment containing the non-odorized nest 
(114 ± 52s) (One sample t test: t19=3.095, P=0.006; Fig.4). 
 
Control group 

A control group of thyme-exposed pups was tested with two samples of the same 
alien nests without adding any thyme odor. Under this condition, no specific attraction 
was displayed towards one of the two nests (nest 1: 147.6 ± 58.9s; nest 2: 152.4 ± 58.9s; 
One sample t test: t11=-0.142, P=0.889; Fig.4). Whereas no pups chose between the two 
samples of unscented alien nest, adding an artificial odor to an alien nest induced the 
expression of a preference to the scented alien nest. The expression of a preference for 
thyme remains even when pups have the choice between two alien nests. 

 
Figure 4: Mean orientation time of thyme-exposed pups over the following paired stimuli: 
Alien Odorized nest (AO) vs. Alien Non-odorized nest (AN); Alien Non-odorized nest 1 
(AN 1) vs. Alien Non-odorized nest 2 (AN 2). The horizontal dashed line at 150s indicates 
the 0 (random) level of pup orientation; we assessed the difference between the durations 
that pups stayed over either stimulus against this 0 level using one-sample t tests. NS=not 
significant, **P<0.01, error bars indicate standard error of mean. 
 
 

Experiment 2b: Prevalence of thyme over nest intrinsic cues 
 

Thyme-exposed pups orient to this odor when presented on its own or in 
combination with nest materials. This suggests that thyme has a stronger hedonic value 
than the biological odors of the nest. Because pups prefer their own nest to an alien one 
under natural condition (Serra and Nowak, 2008), the present experiment examined the 
choice made by pups in a more conflicting situation: between their own non-odorized 
nest and an alien thyme-odorized nest. Both samples were collected 24 hours before 



Jessica Serra and Raymond Nowak 

∗ Corresponding author: Dr Jessica Serra. Email: serra_j@ymail.com 

 

9 

testing and kept in sealed bags. Pups oriented for significantly longer over the alien 
odorized nest (201.3 ± 39s) than over their own non-odorized nest (98.7 ± 39s) (One 
sample t test: t11=-4.552, P<0.001; Fig.5). This result confirms the attractiveness of alien 
odorized nests and suggests a prevalence of the hedonic value of the artificial odor over 
the intrinsic cues of the nest. 
 

 
Figure 5: Mean orientation time of thyme-exposed pups over their Own Non-odorized 
nest collected 24h before testing, prior to the odorization procedure (ON 24h) vs. Alien 
Odorized nest collected 24h before testing (AO 24h). The horizontal dashed line at 150s 
indicates the 0 (random) level of pup orientation; we assessed the difference between the 
durations that pups stayed over either stimulus against this 0 level using one-sample t 
tests. ***P<0.001, error bars indicate standard error of mean. 
 
EXPERIMENT 3: NATURE OF THE PREVALENCE OF THYME OVER NEST 

INTRINSIC OLFACTORY CUES 
 

The prevalence of thyme odor over intrinsic olfactory cues of the nest generated 
three hypotheses: (i) once pups are familiarized with thyme, natural individual nest odors 
become aversive, (ii) natural nest odors are masked by the presence of thyme odor and 
cannot be detected in the choice test, (iii) learning a new odor induces a shift in 
preference and a loss of interest for natal nest. These three hypotheses were tested in the 
following experiments. 
 

Experiment 3a. Aversion for natural nest odors induced by exposition to 
Thyme 

 
Compared to an empty compartment, nest materials whether own or alien are 

attractive to naïve pups (Serra and Nowak, 2008). To test the first hypothesis, thyme-
exposed pups were given the choice between an empty compartment and a non-odorized 
nest, either own or alien, collected and kept in a sealed bag (for 24hours) until the time of 
the test. During the choice test, pups spent more time over their own non-odorized nest 
(206.7 ± 61.7s) than over the empty compartment (93.3 ± 61.7s) (One sample t test: 
t9=2.908, P=0.017; Fig.6) and also over an alien non-odorized nest (219 ± 31s) than over 
the empty compartment (81 ±31s) (One sample t test: t9=7.038, P<0.0001; Fig.6). The 
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odorization procedure processed within the nest did not induce any aversion for natural 
nest odors. 

 
 
Figure 6: Mean orientation time of thyme-exposed pups over their Own Non-odorized nest 
collected 24h before testing, prior to the odorization procedure (ON 24h) vs. Empty 
Compartment (ø); Alien Non-odorized nest collected 24h before testing, prior to the 
odorization procedure (AN 24h) vs. Empty compartment (ø). The horizontal dashed line at 
150s indicates the 0 (random) level of pup orientation; we assessed the difference between 
the durations that pups stayed over either stimulus against this 0 level using one-sample t 
tests. *P<0.05, ***P<0.001, error bars indicate standard error of mean. 
 

Experiment 3b. Masking of natural nest odors by thyme 
 

It is always possible that the concentration of thyme used in the present 
experiment was too important and masked the natural odors emanating from the nest. To 
test this hypothesis, naïve and thyme-exposed pups were given the choice between their 
own odorized nest and an alien odorized nest. Naïve pups oriented for significantly longer 
over their own odorized nest (187.4 ± 56.5s) than over the alien odorized nest (112.7 ± 
56.5s) (One sample t test: t19=2.957, P=0.008; Fig.7). In contrast thyme-exposed pups 
did not make a choice between the two nests (own odorized nest: 161.9 ± 52.6s; alien 
odorized nest: 138.1 ± 52.6s; One sample t test: t19=1.008, P=0.326; Fig.7). 
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Figure 7: Mean orientation time of naïve and thyme-exposed pups over their Own 
odorized nest (OO) vs. Alien Odorized nest (AO). The horizontal dashed line at 150s 
indicates the 0 (random) level of pup orientation; we assessed the difference between the 
durations that pups stayed over either stimulus against this 0 level using one-sample t 
tests. NS=not significant, **P<0.01, error bars indicate standard error of mean. 
 

Naïve pups were able to detect and discriminate their own nest, despite the 
presence of thyme demonstrating that thyme did not mask the intrinsic olfactory cues of 
the nest. Therefore the lack of choice in thyme-exposed pups does not reflect a masking 
effect of thyme but more likely the inability to identify the intrinsic olfactory cues of 
their own nest. Could this shift in preference reflect a real loss of interest for the natal 
nest? 
 

Experiment 3c. Loss of interest for the natal nest induced by thyme 
exposure 

 
To test the third hypothesis, naïve and thyme-exposed pups had the choice 

between their own non-odorized nest and an alien non-odorized nest (both nests were 
collected 24hours before testing and kept in sealed bags). Naïve pups spent significantly 
more time over their own nest (192.1 ± 27s) than over the alien nest (107.9 ± 27s) (One 
sample t test: t19=6.972, P<0.0001; Fig.8). This was not the case for thyme-exposed 
pups (own non-odorized nest: 137.9 ± 42s; alien non-odorized nest: 162.1 ± 42s; One 
sample t test: t19=-1.287, P=0.214; Fig.8). Unlike naïve pups, thyme-exposed pups did 
not show a preference for their own non-odorized nest. This suggests that there is a real 
loss of interest for natal nest. 
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Figure 8: Mean orientation time of naïve and thyme-exposed pups over their Own Non-
odorized nest collected 24h before testing (ON 24h) vs. Alien Non-odorized nest collected 
24h before testing (AN 24h). The horizontal dashed line at 150s indicates the 0 (random) 
level of pup orientation; we assessed the difference between the durations that pups stayed 
over either stimulus against this 0 level using one-sample t tests. NS=not significant, 
***P<0.001, error bars indicate standard error of mean. 
 

CONCLUSION 
 

Three major facts emerged from the present study (i) Exposure to a novel odor in 
the nest induces a specific attraction to that odor; (ii) the preference for the artificial odor 
dominates over that for familiar olfactory cues emanating from their own nest; (iii) the 
new olfactory preference induces a complete loss of interest for their own natal nest. 
 
Change of responsiveness to an odor added to the nest 

Two-day-old rabbit pups exposed to a novel odor (thyme) in the nest orient to 
and maintain contact with that odor when tested in the two-choice test device. When 
encountered for the first time in the choice test, neither thyme nor cinnamon induced 
neophobia. The change of responsiveness for thyme, from a lack of interest to approach 
behavior after exposure to that odor was accompanied at the same time by an unusual 
change of responsiveness to the novel cinnamon odor: thyme-exposed pups clearly 
avoided cinnamon which was not the case prior to exposure (Experiment 1). Although 
this may appear strange at first sight, the change of responsiveness towards cinnamon 
was obtained on a second occasion (data not shown) suggesting that the choice made by 
pups was not artefactual. Although we do not have any logical explanation for the 
difference of responsiveness towards cinnamon between naïve and thyme-exposed pups, 
it is clear that the change of response is specific to the odor added to the nest and not to 
any strong, novel odors encountered in the two-choice test. 
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Prevalence of the added odor to nest biological odors 

The preference for thyme was not only displayed when the odor was presented 
on its own (Experiment 1), it was also shown in association with nest materials 
(Experiments 2a and 2b). The hypothesis of a change in the intrinsic olfactory 
characteristics of the nest due to the storage procedure prior their use in the test can be 
excluded since the preference for own scented nest was the same whether the samples had 
been collected 24h or immediately before testing. In addition, thyme-exposed pups also 
preferred an alien thyme-scented to an alien unscented nest. More surprisingly, they 
preferred an alien thyme-scented nest to their own unscented nest (Experiment 2b). 
Therefore not only was the olfactory preference specifically guided by the presence of 
thyme but our results also suggest that thyme was a more potent attractant than the nest 
materials. In itself, such result is rather intriguing since naïve pups can discriminate their 
own from an alien nest demonstrating that they both differ in their olfactory 
characteristics (Serra and Nowak, 2008). On the other hand, Serra and Nowak (2008) have 
shown that in a two-choice test naïve pups orient and maintain contact with an alien nest 
when pitted to an empty compartment. The attractiveness of a nest is thus determined 
both by an olfactory signature and by more generic odors characteristics of the species 
having secondary attractive properties. The fact that thyme-exposed pups were attracted 
to their own as well as to an alien scented nest suggests that pups did not associate thyme 
with the olfactory signature of their own nest. Instead they seem to have combined the 
novel thyme odor with generic olfactory characteristics of the nest. Other explanations 
would be that exposure to thyme has wiped out the hedonic value of their own nest or 
induced aversion to it, has masked the intrinsic odors of the nest, or has induced a 
complete loss of interest for intrinsic odors of the nest. The set of comparisons in 
Experiment 3 was aimed at clarifying this point. The fact that thyme-exposed pups 
developed an aversion towards cinnamon in Experiment 1 led to hypothesize that they 
could have also developed an aversion towards their unscented nest. The preference for 
the unscented nest when pitted to an empty compartment by thyme-exposed pups ruled 
out this possibility. The lack of discrimination between scented and unscented own nest 
by thyme-exposed pups cannot be due to a masking effect of the artificial odorant either 
since under similar testing conditions, naïve pups can detect the location of their own nest 
without any problem. Rather, the results from Experiment 3c suggest that after being 
exposed to thyme for 24h, the formation of a new olfactory memory wipes out previous 
preferences. 

 
Preference for thyme: a true learning process 

The altered response to thyme does not occur as a result of mere exposure since 
we induced true changes in their olfactory preferences. The most convincing argument is 
the fact that pups are not just attracted to their own scented nest which was the familiar 
chemosphere in which they stayed for 24h. Instead they displayed a preference for 
thyme whether it was disconnected from their own nest or in association with an alien 
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nest. Should we have induced a response to mere exposure, their choice would have been 
specific to their own scented nest, whatever the experimental condition encountered. Our 
results enrich our knowledge of the conditions facilitating the development of olfactory 
preferences in rabbit pups.  

What types of reinforcers could facilitate this learning process? The mechanisms 
leading to olfactory learning in rabbit pups have often been associated with the mother 
and reinforcers associated with the nursing-suckling interaction. One-day-old rabbit pups 
can be conditioned during the first nursing period to respond with nipple-search behavior 
to artificial odors laid on the mother’s ventrum. They are thus able to rapidly associate 
odors (conditioned stimulus) with nursing (unconditioned stimulus) (Hudson, 1985; 
Hudson et al., 2002; Kindermann et al., 1994). Among the components of suckling, 
sucking is described as a major reinforcer (Hudson et al., 2002) and 2-methylbut-2-enal, 
the mammary pheromone (milk constituent), acts as a primary reinforcer in olfactory 
learning as well (Coureaud et al., 2006). In all of these cases, there is a temporal 
contiguity between the odor (conditioned stimulus CS) and the nursing episode -or its 
components- (unconditioned stimulus US). In a study by Coureaud et al. (2006), even a 
temporal dissociation as short as 1s between CS and US is sufficient to prevent the 
development of an olfactory conditioned response. In our conditions, closing the entrance 
just before the odorization procedure prevented nursing. So the artificial odor was not 
presented concomitantly with nursing but rather with a long delay. This temporal 
discontinuity would exclude the role of nursing as a potential reinforcer in our 
experiment. Nevertheless, more recently, Serra et al. (2009) demonstrated in two-day-old 
rabbit pups, that a discontinuity between nursing and odor presentation could enhance 
olfactory memory, when nursing takes place 30 min before odor presentation. Post-oral 
effects can facilitate olfactory learning and this olfactory memory is observable until at 
least 22 hours after odor exposure. This might explain the learning of the thyme odor 
added to the nest in our experiment. 

This, indeed, does not exclude the intervention of other potent reinforcers found 
amongst the chemo-physical characteristics of the nest itself. A procedure pairing a novel 
odor with thermotactile stimulation induces a conditioned preference for that odor in rats 
and mice (Sullivan and Hall, 1988; Bouslama et al., 2005). In addition, Kinderman et al. 
(1991) have shown that olfactory leaning was affected by ambient temperatures 
encountered immediately after the conditioning procedure: hypothermia led to amnesia. 
An influence of ambient temperature on olfactory learning was found in rat pups as well 
(Johanson and Hall, 1982). Thus, the thermotactile stimulation generated by body 
contacts with siblings might have been reinforcing in the learning of the thyme odor. A 
last possibility is that the new odor was learned in association with familiar biological 
odors from the nest leading to a conditioned preference, as described in the rat (Duveau 
and Godinot, 1988). 

These findings are important because they demonstrate for the first time that 
rabbit pups can learn new odors encountered in their nest and provide a framework in 
which to examine the mechanisms leading to such early olfactory learning. We are capable 
as well of testing how specifically early learning can influence later behavior. Like in other 
species (rat: Moore et al., 1996; Shah et al., 2002), the plasticity of olfactory memory 
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observed in the present study may serve several important biological functions. Because 
neonatal pups respond strongly to olfactory stimulation, odors encountered within the 
nest may have important saliency for them as already shown for later ingestive behavior 
(Bilkó et al., 1994; Hudson and Altbäcker, 1992; Altbäcker et al., 1995) or for preferences 
for conspecifics (Montigny et al., 2007). 
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SECOND PART: EARLY OLFACTORY MEMORY OF 
ENVIRONMENTAL BIOLOGICAL ODORS IN RABBIT PUPS 

 
 

INTRODUCTION 
 

As demonstrated in the first part of this chapter, newborn rabbits are remarkably 
able to learn new artificial environmental odors added to their nest. Although artificial 
odorants have proven to be successful tools for developmental psychobiologists to study 
the mechanism of early learning in neonates (rat: Brake, 1981; Johanson and Hall, 1982; 
human baby: Delaunay-El Allam et al., 2006), it still is an approximation of how they 
really learn or react to biological odors in a more naturalistic context. The experiment by 
Patris et al. (2004) is a good example. In their two-choice tests, pups did not discriminate 
their mother from an alien doe unless the females’ ventrum contrasted with two different 
articifial odorants, one of them having been encountered by the pups during the previous 
nursing episode. This led the authors to conclude wrongly that pup could not discriminate 
their mother’s odor since in fact, they do. Serra and Nowak (2008) have shown it as long 
as the experimental conditions exclude supra-individual attractants. The same criticism 
can be made towards our own work (first part of this chapter). Using thyme as an 
odorant added into their nest, pups oriented specifically towards it 24h later. The 
preference to the artificial environmental odor was so clearly established that thyme-
exposed pups were no longer attracted to their own unscented nest. Can this phenomenon 
reflect learning mechanisms taking place in the nest under natural conditions or did it 
result from the fact that pups were familiarized with a simple odorant (thyme essence), 
highly concentrated, easy to learn and memorize? 

Very few studies took an interest in learning and memory of natural odors in 
rabbits. The work by Mykytowycz and Ward (1970) studying the reactions of nestlings 
of the wild rabbit when exposed to female odors is the only one that we are aware of. It 
does support the idea of postnatal learning of natural odors. Furthermore, we have shown 
that one-day-old rabbit pups preferred clearly the smell of their own nest to an alien nest 
(Serra and Nowak, 2008). The aim of the present work was to demonstrate that newborn 
rabbit pups can learn new environmental biological odors through nest materials. 

Investigating the reaction of the pups towards their own nest appeared to be 
difficult to achieve because of contamination with prenatal elements at parturition: 
amniotic fluids, fetal membranes, and placental fragments that had not been ingested by 
the mother. Therefore studying postnatal learning of nest odors required another 
methodology: the transfer of pups from their natal nest into an alien nest containing 
resident pups (named adoptive nest). A series of experiments was designed to study the 
development of a preference for the adoptive nest and to verify if learning novel natural 
odors would interfere with previous olfactory memory for the natal nest, as it was the 
case when an artificial odor was learned. The experiments addressed the following 
questions: how long does it take for a newborn pup (i) to develop a preference for the 



Jessica Serra and Raymond Nowak 

∗ Corresponding author: Dr Jessica Serra. Email: serra_j@ymail.com 

 

19 

adoptive nest in comparison to an alien nest? (ii) to prefer the adoptive nest to the natal 
nest? (iii) to loose interest in the natal nest? (iv) what is really learned? (v) is the natal 
nest odor forgotten? 
 

GENERAL METHODS 
 
Breeding and housing conditions 

Dams and sires were of White New Zealand breed (ITAVI, France). They were 
kept under a 13:11 hour light:dark cycle (light on at 7.00 a.m.) while ambient temperature 
was maintained at 20°C. Water and food pellets (Huttepain Bouix, Piace, France) were 
provided ad libitum.  All the animals were maintained in individual cages (70 x 46 and 60 
cm high). A nest box (46 x 14 cm and 24 cm high) containing wood shavings as bedding 
was inserted into the cage three days prior to parturition. 
 
Transfer of pups into an “adoptive” nest 

Nursing was controlled from the day of birth onwards in order to have the pups in 
the same nutritional state at the start of the transfer procedure. The entrance of the nest 
box was kept closed except for a daily 7min-period which mimicked the natural nursing 
rhythm of the species. Six pups from the same litter (selected only from litters having at 
least 12 pups) were transferred into an adoptive nest on the 2nd day after birth. They 
remained in it until the preference for the different nests was tested. At the end of the 
tests, all the pups were returned to their original nest. 
 
Two-choice test Apparatus 

The preference for nest odors was investigated with the use of the same 
rectangular PVC box (42 X 32 cm and 15 cm high) as the one described in the first part 
of this chapter. A sample of a specific nest was collected, dispatched into three Petri 
dishes (9.5 x 9.5 cm), and then put in one of the chamber of the box. The two chambers 
contained materials from two different nests.  
 
Experimental groups 

The pups were tested either 1, 6, 18 or 24 hours after being transferred into an 
adoptive nest. Among the six siblings transferred, two pups were tested in the comparison 
adoptive nest vs. alien nest (N=10 pups per group), two in the comparison adoptive nest 
vs. natal nest (N=10 pups per group) and the last two in the comparison natal nest vs. 
alien nest (N=10 pups per group). Pups were allocated at random to one of the time 
groups. 
 
Test Procedure, Statistical Analyses 

Test procedure and statistical analyses were the same that described in the first 
part of this chapter.  
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EXPERIMENT 1. PREFERENCE FOR THE ADOPTIVE NEST OVER AN 
ALIEN NEST 

 
One hour after being transferred, two-day-old pups showed a tendency to prefer 

their adoptive nest (179.1 ± 43.9s) when compared to an alien nest (120.9 ± 43.9s) (One 
sample t test: t9=2.098, P=0.065; Fig.1). They stayed significantly longer over their 
adoptive nest than over the alien nest 6 hours (adoptive nest: 204.7 ± 39 s; alien nest: 
95.3± 39s; One sample t test: t9=4.439, P=0.002; Fig.1), 18 hours (adoptive nest: 190.6 ± 
40.9 s; alien nest: 109.4 ± 40.9 s; One sample t test: t9=3.136, P=0.012; Fig.1) and 24 
hours after being transferred (adoptive nest: 223.3 ± 47.8 s; alien nest: 76.7± 47.8s; One 
sample t test: t8=4.599, P=0.002; Fig.1). Two-day-old pups are thus able to learn the 
olfactory properties of a new nest and to develop a preference for it in comparison to an 
alien nest within six hours. 

 
Figure 1: Mean orientation time of two-day-old pups over their adoptive nest versus an 
alien nest at various times after being transferred into their new nest. The horizontal 
dashed line at 150s indicates the 0 (random) level of pup orientation; we assessed the 
difference between the durations that pups stayed over either stimulus against this 0 level 
using one-sample t tests. t=0.05<P<0.1, *P<0.05, **P<0.01, error bars indicate 
standard error of mean. 
 
 

EXPERIMENT 2. PREFERENCE FOR THE ADOPTIVE NEST OVER THE 
NATAL NEST 

 
One hour after the transfer procedure, the amount of time spent by two-day-old 

pups over their adoptive nest did not differ significantly from random (adoptive nest: 
146.6 ± 44.4 s; natal nest: 153.4 ± 44.4 s; One sample t test: t9=-2.242, P=0.814; Fig.2). 
A similar result was observed after six hours (adoptive nest: 172.6 ± 40.4 s; natal nest: 
127.4 ± 40.4 s; One sample t test: t9=1.767, P=0.111; Fig.2). Eighteen hours after being 
transferred, pups oriented for significantly longer over their adoptive nest (adoptive nest: 
174.9 ± 32.4 s; natal nest: 125.1± 32.4 s; One sample t test: t9=2.428, P=0.038; Fig.2). 
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This preference was maintained after 24 hours of adoption procedure (adoptive nest: 
220.6 ± 31.2 s; natal nest: 79.4± 31.2 s; One sample t test: t9=7.155, P<0.0001; Fig.2). It 
is concluded that two-day-old pups develop a preference for their adoptive nest in 
comparison to their natal nest within 18 hours. 
 

 
Figure 2: Mean orientation time of two-day-old pups over their adoptive nest versus their 
natal nest at various times after being transferred into their new nest. The horizontal 
dashed line at 150s indicates the 0 (random) level of pup orientation; we assessed the 
difference between the durations that pups stayed over either stimulus against this 0 level 
using one-sample t tests. NS=not significant, *P<0.05, ***P<0.001, error bars indicate 
standard error of mean. 
 

EXPERIMENT 3. PREFERENCE FOR THE NATAL NEST OVER AN ALIEN 
NEST 

 
One hour after being transferred, pups still oriented for longer toward the side of 

the arena located above their natal nest (natal nest: 209.9 ± 45.3 s; alien nest: 90.1 ± 45.3 
s; One sample t test: t9=4.183, P=0.002; Fig.3). No significant difference appeared after 
six hours (natal nest: 154.8 ± 54.7 s; alien nest: 145.2 ± 54.7 s; One sample t test: 
t9=0.278, P=0.788; Fig.3), 18 hours (natal nest: 158.8 ± 30.9 s; alien nest: 141.2 ± 30.9 s; 
One sample t test: t9=0.900, P=0.391; Fig.3), and 24 hours (natal nest: 161.6 ± 44.4 s; 
alien nest: 138.4 ± 44.4 s; One sample t test: t9=0.826, P=0.430; Fig.3). The preference 
for the natal nest over an alien nest seems to vanish six hours after the pups are 
transferred into the adoptive nest. 
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Figure 3: Mean orientation time of two-day-old pups over their natal nest versus an alien 
nest at various times after being transferred into their new nest. The horizontal dashed 
line at 150s indicates the 0 (random) level of pup orientation; we assessed the difference 
between the durations that pups stayed over either stimulus against this 0 level using one-
sample t tests. NS=not significant, **P<0.01, error bars indicate standard error of mean 
 

EXPERIMENT 4. NATURE OF THE OLFACTORY CUES LEARNED 
 

In Experiment 1 we transferred a litter of 6 pups into an adoptive nest. Therefore 
the preference established within 6 hours could well reflect an attraction to a blend of 
odors made of two olfactory sources: the adoptive nest with its resident pups, and the 
group of six siblings. Experiment 4 assessed the potential role of the odors brought by the 
6 pups transferred in the expression of a preference for the adoptive nest. 
 
Methods 

The procedure used was the same as in Experiment 1 except that the groups of 6 
pups remained in the adoptive nest only for 6 hours. They were then tested for their 
ability to discriminate between a sample of the adoptive nest collected before transferring 
them into it (void of their own odor), and an alien nest. 
 
Results 

The amount of time spent by two-day-old pups over the adoptive nest collected 
before the pups’ transfer did not differ significantly from random (adoptive nest: 166.3 ± 
52.8 s; alien nest: 133.7 ± 52.8 s; One sample t test: t9=0.976, P=0.355; Fig.4). Therefore 
the pups did not display a preference for the olfactory signature of their adoptive nest. 
The results from Experiment 1 suggest that they learn a chemosphere/blend made of their 
own litter odor and the odor of the adoptive nest. 
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Figure 4: Mean orientation time of two-day-old pups over their adoptive nest collected 
before transferring the pups into it versus an alien nest. The test was performed 6 hours 
after adoption. The horizontal dashed line at 150s indicates the 0 (random) level of pup 
orientation; we assessed the difference between the durations that pups stayed over either 
stimulus against this 0 level using one-sample t tests. NS=not significant, error bars 
indicate standard error of mean. 
 
 

EXPERIMENT 5. FORGETTING PAST MEMORIES OR DIFFICULTIES TO 
RETRIEVE THEM? 

 
After being transferred into an adoptive nest, the preference for the natal nest 

vanishes progressively. Within 6 hours pups do no longer orient towards it in comparison 
to an alien nest (Experiment 3) while at the same time they develop a preference for the 
adoptive nest over their natal nest (Experiment 2). Experiment 5 was designed to clarify 
if this change in preference meant that the pups forgot the olfactory cues of their natal 
nest or if they had difficulties in retrieving the information. Experiments 1 and 2 have 
shown that one hour of contact with the adoptive nest was not sufficient to induce a clear 
preference for it. This duration was therefore chosen as a second exposure session. 
Should the natal odor be forgotten 24 hours after the adoption procedure, a reexposure of 
one hour to it would not influence the choice of the pups. On the other hand, if the natal 
odor is not forgotten, a re-exposure of one hour might help reactivate previous olfactory 
memory and is likely to re-establish a preference for it. The control procedure consisted 
in transferring pups into another alien nest, as we hypothesize that 1 hour of contact is not 
enough to trigger a preference for this novel stimulus. 
 
Methods 

The procedure was the same as in Experiment 1, except that the groups of 6 pups 
remained in the adoptive nest only for 24 hours. Then, they were transferred for 1 hour 
either into their natal nest (experimental group) or into an alien nest (control group), 
which will be named “familiar alien nest”. Both groups were then tested for their ability 
to discriminate between the nest they were accustomed to for an hour (natal or familiar 
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alien) and an unfamiliar alien nest. 
 
Results 

After spending one hour in their natal nest, three-day-old pups submitted to a two-
choice test stayed significantly longer over it than over the alien nest (natal nest: 185.6 ± 
31 s; alien nest: 114.4 ± 31 s; One sample t test: t9=3.632, P=0.006; Fig.5). In contrast, in 
pups transferred into an alien nest for one hour, the amount of time spent over the 
familiar and unfamiliar alien nest did not differ (familiar alien nest: 147 ± 56.6 s; 
unfamiliar alien nest: 153 ± 56.6 s; One sample t test: t9=-0.168, P=0.871; Fig.5). 
Therefore the lack of preference for the natal nest observed 24 hours after transferring the 
pups into an adoptive nest was not due to complete amnesia. A short re-exposure to the 
natal nest reactivates previous olfactory memory. 

 
 
Figure 5: Mean orientation time of three-day-old pups over their natal nest or a familiar 
alien nest versus an unfamiliar alien nest. The procedure consisted in transferring two-
day-old pups from their natal nest into an adoptive nest for 24 hours and then put them 
for 1 hour either in their natal nest or in an alien nest (familiar alien nest). The 
horizontal dashed line at 150s indicates the 0 (random) level of pup orientation; we 
assessed the difference between the durations that pups stayed over either stimulus 
against this 0 level using one-sample t tests. **P<0.01, NS=not significant, error bars 
indicate standard error of mean. 
 

CONCLUSION 
 

Experiment 1 gave evidence that two-day-old pups can develop a preference for 
the adoptive nest versus an alien nest with a dynamics reaching its peak 24 hours after 
adoption. Postnatal learning of natural nest odors is thus possible in a short delay. 
Experiment 2 showed that in a more conflicting situation (adoptive nest versus natal 
nest), the preference for the adoptive nest did not establish as rapidly as when it was 
compared to an alien nest (Experiment 1). Whereas adoptive nest was preferred to an 
alien nest as early as 6 hours after adoption, it was preferred to the natal nest only 18 
hours after adoption. This suggests that the hedonic value of the natal nest remains 
similar to one of the adoptive nest for at least 6 hours and competes with it in the two-
choice test. Experiment 3 aimed at evaluating the persistence of the preference towards 
the natal nest by comparing it to an alien nest. Results demonstrated that the preference 
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for the natal nest remained 1 hour after adoption and then vanished quickly since it was 
no longer expressed after 6 hours. This suggests that learning of the adoptive nest odor 
progressively induced a loss of interest for the natal nest odor. This phenomenon supports 
results from the first part of this chapter, in which learning of a new artificial odor led to 
amnesia or lack of interest for natural odors from the nest. These three experiments 
confirm the memory plasticity in newborn rabbits described by other authors (Hudson, 
1985; Coureaud et al., 2006). However, if the pups can display preferences to distinct 
nest odorants (natal and adoptive nests), it is quite intriguing that past olfactory memories 
do not last for long, as expressed in our two-choice test. In all cases, the preference for 
natal nest odors (in the present work as well in the first part of this chapter) vanishes 24 
hours after experiencing a new olfactory chemosphere. This apparently contrasts with the 
ability of pups of the same age to encode for two distinct artificial odorants when learned 
in association with the mammary pheromone in a conditioning paradigm (Coureaud et al., 
2006). While new pheromone-induced learning does not imply a loss of interest for 
previous olfactory memory, the reverse is observed with natural odors encountered in the 
nest. Experiments 1, 2 and 3 of the present work highlight the fantastic plasticity of the 
rabbit pups’ memory and suggest that the processing of olfactory information over time 
varies according to the learning context (nest versus mammary pheromone) or to the 
olfactory stimuli (artificial versus natural). 

A question naturally emerged from this set of experiments: what is the nature of 
the olfactory cues learned during the adoption procedure? Experiment 4 examined the 
potential role of odors brought by the 6 pups when transferred in the adoptive nest. It 
showed that transferred pups learned a chemosphere made of the adoptive nest odor 
mixed with their own litter odor. Thus, in the two-choice test it is a mixture generated by 
two odor sources (a mosaic made of odors from the transferred pups and the adoptive 
nest) that is identified and chosen, and not just the intrinsic characteristics of the new nest 
they stayed in. This suggests that new odors encountered within the adoptive nest are 
progressively associated with known existing odors and that it is this new olfactory 
mosaic which becomes relevant to pups. 

However, if the mosaic hypothesis can explain the development of a preference 
for the adoptive nest, it does not explain the loss of interest for the natal nest. We do not 
know if the olfactory characteristic of the natal nest is likely to evolve once the 6 pups 
were removed out of it. If it does, then the loss of interest for the natal nest in 
Experiments 2 and 3 would reflect a mismatch between the olfactory mosaic that the 
transferred pups had learned before the adoption procedure and the one that is presented 
during the choice test. By contrast, if the olfactory mosaic of the natal nest did not 
evolved significantly, then the loss of interest for it after adoption suggests that pups have 
“forgotten” it or have difficulties in retrieving the information. Experiment 5 was 
designed to answer this point. Twenty-four hours after the adoption procedure, 
retransferring the pups into their natal nest for 1 h only was sufficient to re-establish a 
preference for it. One hour of contact in an alien nest was without effect. This result leads 
to several conclusions: 
1) The orientation towards the natal nest is not due to a new learning process since 
transferring pups into an alien nest for 1h is not sufficient to establish a new preference; 
2) The loss of interest for the natal nest in Experiments 2 and 3 was not due to complete 
amnesia of previous olfactory information, as we were able to re-establish former 
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preferences, but to a difficulty in retrieving it; 
3) If the odor of the natal nest has changed between the removal of the 6 pups and testing, 
then the choice made by the transferred pups was not guided by a fixed olfactory mosaic 
memorized prior the adoption procedure but by some intrinsic characteristics of the nest 
that are stable over time; 
4) As a consequence, the shift of interest in the nests presented during the choice tests in 
Experiments 1-3 reflects true mechanisms of memory formation and loss and not just 
reactions to changes in the olfactory mosaic of the natal nest. 

The mechanisms responsible for the formation of successive olfactory preferences 
are unknown. However, it is not excluded that in Experiment 5, the phenomenon 
observed results from an unlearning process: information acquired during a 2nd training 
session weakens the information acquired during the 1st training session (Delacour, 
1987). The importance of the unlearning process increases with the degree of familiarity 
between the information acquired. Thus, in contrast to the experiments by Coureaud et al. 
(2006) in which the stimuli used were two simple odorants differing totally in their 
molecular structure, the natal nest and the adoption nest shared a degree of olfactory 
similarity represented by the odor of the 6 transferred pups as well as supra-individual 
olfactory cues of the nest that are also attractive (Serra and Nowak, 2008). This 
hypothesis may explain why pups do not learn two nest odors sequentially while they can 
do so when two artificial odorants are presented in association with the mammary 
pheromone. It would also justify why in the first part of this chapter pups that were 
familiarized with thyme in their nest did no longer prefer their unscented natal nest. 

Under natural conditions the memory plasticity would help the newborn adapt to 
olfactory changes of its nest over with time. Fecal pellets left by mother in the nest at the 
end of each nursing, consumption of nest materials (plant and maternal hair) by pups 
(Hudson et al., 1996) and changes in body odors of the litter would all contribute to it. 
This adaptive behavior makes the young open to any new olfactory stimulus encountered 
in the nest by progressively integrating it into the familiar chemosphere. Despite these 
changes, the nest will retain its attractive value. Through these changes, the nest will 
provide all the stimulations necessary to prepare the young to face future challenges. 
 

ACKNOWLEDGMENTS 
 

We thank G. Ferreira, L. Mirabito, S. Lavillatte, G. Vénier for their help. This 
study was funded by a PhD grant from French Ministry of Research. 
 

REFERENCES 
 
 
Brake, S.C. 1981. Suckling infant rats learn a preference for a novel olfactory stimulus 
paired with milk delivery. Science, 211, 506-508. 
 
Coureaud, G., Moncomble, A.S., Montigny, D., Dewas, M., Perrier, G. & Schaal, B. 
2006. A pheromone that rapidly promotes learning in the newborn. Current Biology, 16, 
1956-1961. 
 



Jessica Serra and Raymond Nowak 

∗ Corresponding author: Dr Jessica Serra. Email: serra_j@ymail.com 

 

27 

Delacour, J. 1987. Apprentissage et mémoire, une approche neurobiologique. Paris: 
Masson. 
 
Delaunay-El Allam, M., Marlier, L. & Schaal, B. 2006. Learning at the breast: preference 
formation for an artificial scent and its attraction against the odor of maternal milk. 
Infant Behavior and Development, 29, 308-321. 
 
Hudson, R. 1985. Do newborns rabbits learn the odor stimuli releasing nipple-search 
behavior? Developmental Psychobiology, 18, 575-585. 
 
Hudson, R., Schaal, B., Bilkó, A. & Altbäcker, V. 1996. Just three minutes a day: the 
behaviour of young rabbits viewed in the context of limited maternal care. 6th World 
Rabbit Congress, 2, 395-403. 
 
Johanson, I. B. & Hall, W. G. 1982. Appetitive conditioning in neonatal rats: conditioned 
orientation to a novel odor. Developmental Psychobiology, 15, 379-397. 
 
Mykytowycz, R. & Ward, M. 1970. Some reactions of nestlings of the wild rabbit, 
Oryctolagus cuniculus (L.) when exposed to natural rabbit odours. Forma et functio, 4, 
137-148. 
 
Patris, B., Schaal, B. & Coureaud, G. 2004. Social preferences of rabbit pups toward 
lactating individuals are induced by olfactory learning. Developmental Psychobiology, 
45, 280. 
 
Serra, J. & Nowak, R. 2008. Olfactory preference for own mother and litter in one-day-
old rabbits and its impairment by thermotaxis. Developmental psychobiology, 50, 542-
543. 
 
 
 


