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Abstract
Olfaction is a major sensory element in intraspecies recognition and communication in mice. The
present study investigated scent marking behaviors of males of the highly inbred C57BL/6J (C57)
strain in order to evaluate the ability of these behaviors to provide clear and consistent measures of
social familiarity and response to social signals. C57 males engage in scent marking when placed in
a chamber with a wire mesh partition separating them from a conspecific. Male mice (C57 or outbred
CD-1 mice) showed rapid habituation of scent marking (decreased marking over trials) with repeated
exposure at 24-hr intervals, to a stimulus animal of the C57 or CD-1 strains, or to an empty chamber.
Subsequent exposure to a genetically different novel mouse (CD-1 after CD-1 exposure, or CD-1
after C57 exposure) or to a novel context (different shaped chamber) produced recovery of marking,
while responses to a novel but genetically identical mouse (C57 after C57 exposure) or to the empty
chamber did not. This finding demonstrated that male mice differentiate familiar and novel
conspecifics as expressed by habituation and recovery of scent marking, but neither C57 or CD-1
mice can differentiate new vs. familiar C57 males; likely due to similarities in their odor patterns.
The data also indicate that scent marking can differentiate novel from familiar contexts.
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1. Introduction
The ability to differentiate and respond to individuals has advantages in many social contexts,
enabling animals to adjust their behavior in accord with this information [8,31,33,42]. Among
mammals, including mice, urinary scent plays a significant role in olfactory social signaling
[2,12,34]. Urinary odors are used both to discriminate between individual conspecifics [7,24,
32], and to communicate information such as dominance and health [27,29,35,61]. Scent
marking is also used by males to advertise their male quality to potential mates [26,46], and to
advertise territory ownership [18,25,30]. When territory owners encounter scent from other
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males within their territory, they increase their own rate of scent marking to countermark the
alien scent [27,45], but show no such response to their own scent marks or to these from males
genetically identical to themselves [28,41–42].

The tendency for rodents to investigate conspecifics has long been used as a paradigm to
evaluate social attraction and social memory [17,56–57]. This social investigation paradigm
has been used for a variety of mouse models associated with neurocognitive disorders including
autism [44,58], Fragile X syndrome [38,55] and Rett syndrome [50], as well as studies of the
effects of neuropeptides including oxytocin [21,22] and vasopressin [49]. A habituation-
dishabituation paradigm for social investigation to conspecifics can provide a measure of social
memory [56–57]. In this task, an adult male is allowed to investigate a juvenile or
ovariectomized female that is introduced to its cage. When the stimulus animal is removed and
later re-introduced, subjects display reduced investigation compared to the first encounter
[6]. A three-chamber test modeled on place preference paradigms has been shown to provide
quantitative, replicable, data on investigation of social and nonsocial stimuli, demonstrating
preference for social stimuli, and habituation to individual social stimuli over repeated
exposures [9–10,39–40].

The present experiments aim to assess a complementary approach to analysis of social
behaviors and memory, through scent marking. Conspecific communication in mice involves
both the emission of olfactory social signals (scent marking) and response to such social signals
through additional scent marking, often overmarking the initial scent [2,12,25,34]. The present
experiments of scent marking utilized C57BL/6J (C57) mice, an inbred strain often used as a
background for transgenic mice [15–16,51], in order to facilitate the potential use of this
technique for genetic studies of animal models of neurocognitive disorders. Experiments 1, 2
and 3 investigated scent marking response of adult male mice to inbred (C57) or outbred (CD-1)
mice, and the habituation of this response over repeated exposures. Experiment 4 examined a
potential confound in these studies; scent marking and habituation of marking to an initially
novel context, and recovery of marking to a novel context. Experiment 5 attempted to separate
habituation to a context from habituation to a stimulus mouse, utilizing a paradigm that
evaluated these changes independently.

2. Materials and methods
2.1 Subjects and rearing condition

All protocols and animal handling and treatment were approved by the Institutional Animal
Care and Use Committee at the University of Hawaii. Male C57BL/6J mice bred from stock
obtained from the Jackson Laboratory (Bar Harbor, ME), were used as the subjects. They were
weaned at 4 weeks of age and then housed in same-sex groups (N=3–4), in polypropylene
cages, 26.5 × 17 × 11.5 (H) cm, under 12L:12D cycle (lights on 06:00) in a temperature- (22
±2 °C) and humidity- (60 %) controlled room at the University of Hawaii Laboratory Animal
Services. For 1 week prior to the test, they were singly housed in their home cages. Male outbred
CD-1 mice were obtained from Charles River Laboratories (Wilmington, MA), singly housed
in polypropylene cages for at least 3 week prior to the test. All animals were allowed free access
to food and water in their home cages.

Experiment 1—Fourteen C57 males, 16 weeks of age, were used as the subjects. Fourteen
CD-1 males, 16 weeks of age, were used as the stimulus animals.

Experiment 2—Fourteen CD-1 males, 16 weeks of age, were used as the subjects and also
as the stimulus animals. Fourteen C57 males, 16 weeks of age, were used as the stimulus
animals.
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Experiment 3—Twelve C57 males 15 weeks of age were used as the subjects. Six CD-1
males aged 14 weeks were used as the stimulus animals.

Experiment 4—Twelve C57 males 15 weeks of age were used as the subjects.

Experiment 5—Twelve C57 males 15 weeks of age were used as the subjects. Twelve CD-1
males 16 weeks of age were used as the stimulus animals.

2.2 Apparatus
Testing for scent marking was conducted in a bottomless Polycarbonate cage (46 × 24 × 21
(height) cm), placed upside down on a rough paper (457 × 365 mm, Rough Newsprint paper,
Bienfang) substrate. The test chamber was divided into two equal-sized compartments by a
wire mesh screen, which prevented direct physical contact between animals, but allowed
olfactory, visual, and auditory cues to be received.

In Experiment 4, two different cages were used to provide different contexts. One was the same
rectangular cage that used in other experiments, while the other was a triangle-shaped opaque
plastic cage, 47.4 × 36 × 30.8 × 18 (height) cm, the top of which was covered with clear
Plexiglas and one side of which was delimited by a wire mesh wall.

2.3. Procedure
All test trials were conducted during the light phase of the light/dark cycle under dimly lit
conditions. Twenty min before the beginning of each trial, animals were moved in their home
cage from holding room to the experimental room. Animals were placed in one compartment
of the test chamber, the bottom of which was covered by a fresh sheet of rough paper. At the
end of the 20-minute trial, the animals were returned to their home cage and moved back to
the holding room. Between trials, the apparatus was cleaned with 15% alcohol and dried with
paper towels. Inter-trial intervals were 24 hrs in length. Scent marking was evaluated on each
trial.

Experiment 1—Each of 14 C57 males was confronted with an initially novel CD-1 male, in
an initially novel test chamber, on each of four trials (to permit habituation). On the fifth,
discrimination, trial, a novel CD-1 male was presented as the stimulus.

Experiment 2—Each of 14 CD-1 males was confronted with an initially novel C57 male in
an initially novel situation on four (habituation) trials, with a novel C57 male presented on the
fifth, discrimination, trial, and a novel CD-1 male presented on a sixth trial. After a 3-day
interval, the same 14 CD-1 male subjects were each confronted with an initially novel CD-1
male in the familiar test situation for 3 trials. On the fourth trial in this series, an unfamiliar
CD-1 male was presented.

Experiment 3—C57 males were exposed to an initially novel C57 male on each of four trials.
On the fifth, discrimination, trial, each C57 male was exposed to a novel C57 male. On the
sixth trial, each C57 male was exposed to a novel CD-1 male.

Experiment 4—To evaluate habituation of C57 males to an initially novel context, each C57
male was first placed in the same empty chamber (rectangular or triangle chamber cage,
randomly assigned) on each of four trials. On the fifth trial, they were placed in the unfamiliar
empty chamber (triangle or rectangular cage, as appropriate).

Experiment 5—To differentiate habituation to social stimuli from that to context, each C57
male was first exposed to the empty chamber on five trials, for habituation-indexed context
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learning. On 4 subsequent trials, they were placed in the same chamber but with the same,
initially unfamiliar, CD-1 male, to evaluate habituation-indexed social learning. On trial 10th,
each C57 male was again exposed to the same empty chamber. On trial 11th, the C57 males
were exposed to a novel CD-1 male in this chamber.

Papers were collected at the end of the session each test day, and mouse urine on the paper
substrate was fixed by Ninhydrin spray (LC-NIN-16, Criminal Research Products, LLC) to be
easily quantified. After 24 hours drying, the number of scent marks was measured by
overlapping a transparent grid sheet over the paper and counting the number of grid (10 × 10
mm) containing scent marks (maximum: 552 squares). To eliminate normal micturition
products, pools of urine larger than four square grids that formed a larger quadrant were not
included in the quantification of scent marks. Four squares in a row, however, were included.
The number and total size (squares) of micturition pools and the number of fecal boli were also
counted.

2.4. Statistical analysis
For all experiments, a one-way analysis of variance (ANOVA) with repeated measure was
used to analyze the data. Bonferroni tests were used for post hoc comparisons of scent marks
on specific days: Each successive day vs first day of a sequence with a specific, individual
stimulus; first exposure to a novel stimulus vs last day of exposure to a relevant preceding
stimulus; A probability level of p<.05 was adopted as the level of statistical significance for
all analyses.

3. Results
3.1. Experiment 1 C57 males exposed to CD-1 males

Fig. 1a depicts the mean number of squares with scent marks for C57 males toward an initially
unfamiliar CD-1 male for first 4 trials and then toward a novel CD-1 male on trial 5. ANOVA
found a significant main effect of trials, F(4,52)= 11.859, p<.001. C57 males deposited
substantial marking on the first trial which decreased during 4 exposures to the same CD-1
male, as shown by reduced marking on both trials 3 and 4 compared to trial 1 (Bonferroni test,
p<.05). Following these 4 habituation sessions, the C57 males showed more frequent scent
marking when exposed to a novel CD-1 male, compared to that on the last day of habituation
(p<.05). These data indicate that C57 males showed habituation to the novel CD-1 male and
the novel situation over 4 days of exposure, with recovery of scent marking when an unfamiliar
CD-1 opponent was presented in the same situation.

These habituation and recovery of scent marking effects were not seen for normal micturition
and defecation. Table 1a presents the mean number of squares occupied by urine pools and the
number of fecal boli for C57 males for each trial. ANOVA failed to show significant trial
differences, for C57 males exposed to a CD-1 male: F(4,52)= 1.941, n.s.; and 1.990, n.s., for
pool squares and boli, respectively;

3.2. Experiment 2 CD-1 males exposed to C57 or CD-1 males
Fig. 1b shows the mean number of scent marked squares for CD-1 males exposed to the same
C57 male on the first 4 trials, to a novel C57 male on trial 5 and to a novel CD-1 male on trial
6. ANOVA found a significant main effect of trials, F(5,65)= 9.250, p<.001. CD-1 males
showed substantial scent marking on the first trial, which decreased over trials, as shown by
reduced marking on trial 3 and 4 compared to trial 1 (p<.05). Subsequent exposure to a novel,
different C57 did not produce a change in scent marking, but exposure to a novel CD-1 male
produced increased marking, as compared to the last day of habituation to the single C57 male
(p<.05). These data indicate that CD-1 males showed habituation to the initially novel C57
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male, in an initially novel situation. They did not show recovery of scent marking to a novel
C57 male, but subsequently did increase scent marking to a novel CD-1 male in the same
situation (p<.05).

Fig. 1c shows the mean number of scent marked squares for the same group of CD-1 males
when exposed to an initially novel CD-1 male for 3 trials in the familiar test situation, and then
exposed to an unfamiliar CD-1 male on trial 4. ANOVA found a significant main effect of
trials, F(3,39)= 14.164, p<.001. During the first trial of the stimulus habituation session, CD-1
males deposited substantial marking, with significantly reduced marking on trial 3 compared
to trials 1 and 2 (p<.05). Subsequent exposure to a novel CD-1 male produced significantly
increased marking compared to the last trial of the habituation session (p<.05). These data
indicate that CD-1 males show habituation to an initially novel CD-1 male in a familiarized
situation, with recovery of scent marking to a novel CD-1 male in the same situation.

Normal micturition and defecation did not change over trials (Table 1b,1c) for CD-1 males
exposed to a C57 male: F(5,65)= 1.541, n.s.; and 2.137, n.s., respectively, and for CD-1 males
exposed to a CD-1 male: .F(3,39)= 1.639, n.s.; and 0.215, n.s., respectively.

3.3. Experiment 3 C57 males exposed to C57 males
Fig. 1d presents the mean number of scent marked squares for C57 males exposed to an initially
unfamiliar C57 male in an initially unfamiliar situation on each of 4 habituation trials; to a
novel C57 male on trial 5; and to a novel CD-1 male on trial 6. ANOVA found significant
differences between trials, F(5,55)= 6.664, p<.001. C57 males showed substantial marking to
the unfamiliar C57 male on the first trial, with significantly decreased marking after 4 days of
exposure as indexed by reduced scent marks on trial 4 compared to trial 1 (p<.05). Subsequent
exposure to a novel C57 male did not change scent marking, but exposure to a novel CD-1
male significantly increased marking, as compared to fourth day of habituation (p<.05). These
data indicate that C57 males display habituation to a initially unfamiliar male of the same strain
in an unfamiliar situation, but do not show recovery of marking to a novel C57 male in the
now-familiar test situation. However, they did increase marking to a novel CD-1 male.

Again, normal micturition and defecation did not show habituation or recovery to these stimuli.
Table 1d shows the number of squares with urine pools, and fecal boli. ANOVA failed to find
significant differences between trials, F(5,55)= 1.685, n.s and F(5,55)= 0.563, n.s, respectively,
for pools and boli.

3.4. Experiment 4 Context learning: Habituation and recovery of scent marking to context
Fig. 2 shows the mean number of scent marked squares for C57 males exposed to the same
chamber for 4 trials and subsequently exposed to a different shaped novel chamber on trial 5.
The C57 male subjects showed rapid habituation to the context over 4 trials, as indexed by
reduced marking on trials 3 and 4 compared to trial 1, F(4,44)= 16.307, p<.001. Subsequent
exposure to the novel context induced increased marking, as compared to that seen during the
fourth habituation session (p<.05). Micturition and defecation did not change over trials (Table
2): ANOVA failed to find significant differences between trials, F(4,44)= 0.311, n.s.; and
1.424, n.s., respectively, for squares with urine pools or fecal boli. These findings indicate that
C57 males showed habituation to an initially unfamiliar cage chamber and dishabituation to
an unfamiliar different shaped chamber. It might be noted that such habituation/dishabituation
occurred despite the continued presence of a salient stimulus, the rough paper substrate,
necessary for analysis of scent marks, that likely reduced the novelty of the new situation.
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3.5. Experiment 5 Differentiation of social learning from context learning
Fig. 3 presents the mean scent marked squares in each of 11 trials: 5 trials alone in an initially
novel situation; 4 trials with an initially novel CD-1 male stimulus; one additional trial in the
now-familiarized situation without a stimulus mouse; and a final trial with a novel CD-1 male
stimulus, in the same situation. ANOVA revealed a significant trial effect, F(10,110)=9.234,
p<.0001. C57 males showed decreased scent marking over the first 5 trials, as indexed by
reduced marking on trials 4 and 5 compared to the first trial (p<.05). Subsequent exposure to
the same chamber with an initially unfamiliar CD-1 male produced substantially increased
marking, as compared to the last day of context habituation (p<.05), which also declined over
repeated exposure to the same CD-1 male, as indexed by decreased marking on fourth day
compared to the first day of exposure to the same CD-1 male (p<.05). Subsequent exposure to
the empty chamber did not change scent marking, compared to the last day of exposure to the
chamber alone (Trial 5), but exposure to a novel CD-1 male increased marking, as compared
to the last day of habituation to the single CD-1 (p<.05). These results indicate that C57 males
display independent habituation to context and social stimuli as expressed by scent marking.
Reduced marking to the habituated chamber did not recover following trials with exposure to
a stimulus male in the chamber. Exposure to a novel CD-1 male stimulus in the habituated cage
did produce recovery of marking.

Micturition and defecation, indexed by pooling and number of boli, did not respond to these
habituation and recovery phenomena (Table 3). ANOVA failed to find trial differences in these
measures F(10,110)= 1.761, n.s.; and 1.728, n.s., respectively.

4. Discussion
Major urinary proteins (MUPs), one source of odor complexity in rodents, are a class of non-
volatile polymorphic proteins [31–33], which produce genetically individual scents [33,41–
42]. The major histocompatibility complex (MHC) encodes highly polymorphic glycoproteins
[62–63]. This is another source of variation in the urinary scents produced by a range of animals
including mice [43,63], rats [13,53] and humans [59]. They act through a complex mixture of
volatile and nonvolatile metabolites bound and released by urinary proteins or peptides [52–
54]. Volatiles from urine also vary according to social status, diet, and animals’ bacterial gut
flora [11,48,65], while MUPs and MHC peptides are hard-wired into the genome and stable
throughout the life of the animal [31,53,64].

The present experiments demonstrated that isolated C57 and CD-1 male mice deposited scent
marks in the presence of novel conspecifics (Exp. 1, 2, and 3); C57 males also mark to a novel
context (Exp. 4 and 5: CD-1 mice not tested). Repeated exposure to the same stimulus mouse
in an initially novel chamber (Exp. 1, 2 and 3) or to an initially novel chamber alone (Exp. 4
and 5) produced habituation as indexed by decreased scent marking over trials, and by
significant reductions in scent marking after several trials, compared to the first encounter with
that stimulus. The Exp. 4 and 5 context findings are consistent with reports by Maruniak et al.
[37] of strong habituation of scent marking with repeated exposure to the test chamber alone.
In addition to Exp. 1, 2, and 3, all showing habituation when both the stimulus mouse and the
context were novel, a situation in which the relative effects of stimulus and cue experience are
confounded, Exp. 5 demonstrated that even in a previously habituated context, C57 mice
showed habituation to a CD-1 male. Together with the Exp. 4 and 5 findings of habituation to
the test chamber without a mouse stimulus, this indicates that habituation of scent marking
independently occurs to both chamber context and social stimuli. Habituation of scent marking
to conspecifics has been demonstrated for mice cohabitating for 96 hrs in test cages [37]. The
present results (Exp. 5) are in agreement with this finding, but demonstrate rapid, independent,
habituation to chamber context and to social stimuli.
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When either C57 or CD-1 males were exposed to a different CD-1 stimulus mouse following
habituation to an initial mouse stimulus (Exp. 1, 2 and 3), or to a different chamber following
habituation to an initial chamber (Exp. 4 and 5), they showed increased scent marking. This
increased scent marking was not elicited by change of stimuli per se, since in Exp. 5 exposure
to an empty chamber (trial 10) following repeated exposure to social stimuli (trials from 6 to
9) did not produce increased marking. This suggests that increased marking depends on
recognition of the novelty of the stimulus or situation. Indeed, even following long-term
habituation to the situation and to social stimuli, a novel social stimuli was capable of inducing
a major increase in marking response (Trial 11, Exp. 5).

A particularly interesting finding (Exp. 1 and 2) is that both C57 and CD-1 males failed to
show enhanced marking when exposed to a novel male of the C57 inbred strain following
repeated exposure to an initially novel C57 stimulus. This contrast to the enhanced marking to
a novel CD-1 male after habituation to a CD-1 male is consistent with a view that social
recognition in mice is based on genetic differences in patterns of MUPs and MHC peptides
expressed in mouse urine [31–32,41,62]. Since the genetically determined scent of urine is the
same within males of highly inbred strains [31,41–42], mice cannot recognize a change in
individual C57 males. As this phenomenon is seen with both C57 and CD-1 males, while both
are responsive to new CD-1 stimuli after habituation to a previous CD-1 male, it is clear that
it is not the olfactory apparatus of the C57 or CD-1 male that is compromised, but the olfactory
differentiability of C57 males.

One such method uses a habituation-dishabituation paradigm based on investigatory behaviors
of mice to other conspecifics [60; for rats, 56]. Adult mice will spontaneously investigate
younger (juvenile) mice or ovariectomized females [6]. If the interval between trials of
exposure to a given animal is less than 40 min, mice display habituation [49,57]. One report
using group-housed mice showed long-lasting (at least 7 days) social memory in this paradigm
[36].

An additional set of measures of social preference, social learning and memory involve a three-
chamber test with a central chamber connected to two identical side chambers in which stimuli
can be presented [e.g. 9,39,47]. A strange conspecific (social stimulus) is confined in a small
cage in one chamber of the apparatus, while the other choice chamber can include relevant
comparison stimuli such as an empty cage (a non-conspecific novel object), or a cage
containing a previously encountered conspecific. Appropriate comparisons permit
interpretations of social approach or sociality (conspecific > non-conspecific novel object); or
preference for social novelty (novel conspecific > familiar conspecific). The use of different
stimulus pairs such as own vs other cage bedding or male vs. female, or young vs old
conspecifics can provide information about the olfactory abilities, social habituation,
preference for conspecifics of different ages and sex, etc. of the subject [10,40].

While these tasks have produced extremely valuable information on a host of sociality-related
motivations and behaviors, scent marking takes a different, and complementary, approach.
Scent marking is an important feature of mouse communication, in nature. It includes behaviors
initiated by the focal animal (marking to a novel situation), as well as responses of the focal
animal to scent marks initiated by others, providing a broader view of the interactive nature of
mouse social behaviors. It also demonstrates consistent and significant habituation effects
extending over at least 24 hours (the present intertrial intervals) as well as dishabituation when
scent from a novel mouse is presented. After single housing, subjects also showed scent
marking with habituation/dishabituation to nonsocial stimuli, again extending over 24 hrs,
providing a stable measure of context learning. Although the scent marking response to the
novel context was not as large as that to a novel mouse, this likely reflects the continued
presence of rough paper flooring in the novel context [5,20].

Arakawa et al. Page 7

Behav Brain Res. Author manuscript; available in PMC 2009 June 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



C57 mice are used as a common background strain for knockout mice relevant to disorders
such as autism that include deficits in social communication, social motivation, and amicable
relationships [1,3,15–16,51]. The present study demonstrated that C57 as well as CD-1 mice
display good social recognition as indexed by scent marking behavior. As olfaction is the
primary sensory modality of mice, and mice use scent marks to communicate with conspecifics
[12,19,45], scent marking may provide a particularly relevant situation for evaluation of social
communication in mice, including specific behaviors that may be responsive to factors related
to social psychopathologies [8,23].
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Fig. 1.
The total number of urine marked squares for (a) C57 males exposed to CD-1 males
(experiment 1); (b) CD-1 males exposed to CD-1 or a C57 male (experiment 2); (c) CD-1 males
exposed to CD-1 males (experiment 2); and (d) C57 males (experiment 3). For all experiments,
the initial block of trials involved exposure to an initially novel stimulus male, in an initially
novel situation. All tests with novel males, as marked on graphs, were done in the same, now
familiar, situations as the first block of trials. The inter-trial-interval was 24 hour. Data are
expressed mean ± S.E.M. Significant differences between trials compared to trial 1, *;p<.05,
and to trial 4, #; p<.05 in graph (a), (b), and (d), and to trial 1, *;p<.05, and to trial 3, #; p<.05
in graph (c).
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Fig. 2.
The total number of squares with urine marks in male C57 mice. During first four trials, C57
were exposed to the same empty chamber. On the fifth trial, they were exposed to another
(novel) empty chamber. Inter-trial-interval was 24 hour. Data are expressed as mean ± S.E.M.
Significant differences between trials compared to trial 1, * p<.05, and to trial 4, # p<.05.
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Fig. 3.
The total number of squares with urine marks in male C57BL/6J mice. During first five trials,
C57 were exposed to the empty chamber. For subsequent 4 trials, they were exposed to the
same chamber but with a single CD-1 male. On trial 10, they were exposed to the test chamber
alone again, and then on trial 11, they were exposed to a novel CD-1. Inter-trial-interval was
24 hour. Data are expressed as mean ± S.E.M. Significant differences between trials compared
to trial 1, * p<.05, to trial 6, # p<.05, and to trial 11, $ p<.05.
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Table 2
The numbers of squares with urine pool and fecal boli for C57 males exposed to the chamber alone for each trial in
Experiment 4. Test trial is shown in T5, in which each C57 was placed on a novel different-shaped chamber.

Pool size Fecal boli

T1 11.9(4.0) 3.7(0.7)
T2 8.3(2.3) 3.1(0.6)
T3 8.3(3.5) 2.7(0.6)
T4 7.3(2.9) 2.3(0.5)
T5 7.5(3.9) 2.2(0.6)

Data are means (S.E.M.) (N=12)
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Table 3
The numbers of squares with urine pool and fecal boli for C57 males in Experiment 5. For first 5 trials, C57 were
exposed to the chamber alone and for second 4 trials, they were exposed to a CD-1, and on trial 10 exposed alone again,
and on trial 11 exposed to a novel CD-1.

Pool size Fecal boli

T1 10.4(3.8) 3.2(0.7)
T2 13.9(2.5) 4.3(0.6)
T3 8.3(3.2) 3.3(0.6)
T4 5.4(2.9) 3.0(0.6)
T5 5.6(2.5) 2.5(0.6)
T6 1.8(1.0) 2.8(0.7)
T7 3.1(2.1) 3.8(0.7)
T8 12.8(5.7) 3.3(0.6)
T9 5.8(2.6) 2.5(0.4)
T10 6.3(3.3) 4.5(0.8)
T11 3.5(1.9) 2.9(0.7)

Data are means (S.E.M.) (N=12)
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