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Abstract
The present study investigated urinary scent marking behavior in male C57BL/6J (C57) mice as
olfactory social signaling. In Experiment 1, when compared scent marking toward adult males, C57
males showed substantial scent marking toward CD-1 males and even toward the odor alone of CD-1
males, but not toward C57 males. Experiment 2 explored scent marking in C57 males of different
ages to males and females, and juveniles and adults of the same strain. C57 males deposited more
marks than control conditions only toward an adult C57 female when tested at 100 days of age, but
not at 60 days of age. Development of urine marking behavior was investigated in C57 males at the
ages of 30, 60, 90, and 120 days in Experiment 3. When tested alone (control) or confronted with a
C57 male, C57 males showed diminished scent marks throughout development. Compared to
controls, marking toward a CD-1 male increased after the age of 60 days, while marks toward an
adult female showed significant increases after the age of 90 days. This difference in scent marking
depending on the sex of the stimulus animal is likely to be associated with development of sexual
behavior, in which males need to set up territories against other males prior to advertising to females.
Although highly inbred strains have similar odor components, C57 males are able to detect and
deposit urine marks after puberty as social communication depending on age, sex, and genetic
differences in the opponents.
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1. Introduction
Mice show urinary scent marking behavior, which functions in social communication
[25-26], including individual recognition [10], assessment of dominance [28,32-33], and
determination of reproductive condition of potential mates [5,43]. Mice are territorial [1,15],
and urine marking serves to indicate territorial boundaries. Dominant male mice make more
urine marks, whereas subordinate males urinate in fewer locations of a novel environment
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[17,27]. Scent marking may also be used by males to signal females to advertise males' quality
[43] and a primer for reproduction [12].

Environmental factors, such as food type, bacterial gut flora, and social status induce changes
in volatile odors emitted by animals [54,61]. The major histocompatibility complex (MHC)
peptides influences the volatile and nonvolatile scents produced by mice [60-61]. Another
source of odor complexity in rodents resides in a class of proteins, termed major urinary
proteins (MUPs) [8,29], that bind and release small nonvolatile pheromones [4]. MHC peptides
and MUPs remain fixed for life [8,61], which provide each individual with an identity signature.
Urinary MUPs are expressed at high concentrations by adult mice of both sexes [8,51], although
males invest more than females in both urine marks [27] and MUP production [8]. Individuals
of highly inbred strains have the identical MHC peptides and MUP patterns, which are likely
to be essential in allowing mice to distinguish another mouse's urine mark from their own
[29,47], and thus are unable to discriminate between each others' urinary odors when kept under
identical conditions [36,46,59]. Based on the genetic differences in odor from urine or body,
dominant male mice increase their scent marking in the vicinity of scent marks from other
males to countermark the scent, but show no such response to their own scent marks or to these
from adult males genetically identical to themselves [27,46-47]. As olfaction is the primary
sensory modality of mice and mice use scent marks to communication with conspecifics [13],
scent marking provides a specific behavioral test for the social communication in mice [20,
24,46].

Mouse models involving with gene-manipulations may provide a useful research tool to
advance the investigation of genes associated with specific neurodevelopmental
communication disorders such as autism [3,19,31,62] and attention deficit hyperactivity
disorder [57]. As specific behavioral or physiological parameters of a background strain may
influence the expression or the salience of genetic manipulation effects [e.g. 16,21,37,42], an
understanding of these parameters is important in interpreting such manipulations. C57BL/6J
(C57) inbred mice were used for sequencing the mouse genome [21,58], and have served as
background for a number of genetic manipulations [e.g. 14,16,23,55]. C57 mice can detect
scent marks from opposite-sex conspecifics and then deposit marks as countermarks [20].
However, as inbred male mice cannot either discriminate between same-sex individuals of
same inbred strain or assess familiarity with other same strain conspecifics [6,46], it is
important to understand how social/cognitive aspects including sex, development, and genetic
differences may influence on urinary scent marking behavior in inbred C57 mice for genome
study on human behavioral/communication disorder.

In Experiment 1, urine marking behavior in male C57 mice toward adult males was explored.
Frequencies of urine marks toward an adult male of same strain, or a different outbred strain
and their odors alone were compared. In Experiment 2, sex and developmental effects of
exposure to C57 males and females on urine marking to same-strain stimuli were investigated:
Male C57 mice aged 60 and 100 days old were confronted by male and female, juvenile and
adult mice of the same strain. These developmental features were expanded in experiment 3,
which evaluated urine marking toward same-age males or adult females of the same strain, as
well as adult males of an outbred strain, for male C57 mice aged 30, 60, 90, and 120 days old.

2. Materials and methods
2.1. Animals

Animals were maintained in accordance with the Guide for the Care and Use of Laboratory
Animals [NIH, 1996]. All protocols and animal handling and treatment were approved by the
Institutional Anial Care and Use Committee at the University of Hawaii.
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C57BL/6J mice were bred from stock obtained from the Jackson Laboratory (Bar Harbor, ME).
All subjects were weaned at 23-26 days of age, and then housed, in groups of 2-3 same sex
animals, in standard 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. They were housed in pairs of same sex animals for 1
week prior to the test. CD-1 males were obtained from Charles River Laboratories
(Wilmington, MA). They were housed individually in polypropylene cages at least for 1 week
prior to the test. All animals were allowed free access to food and water in their home cages.

2.1.1. Experiment 1—Twelve male C57 mice (25-30g) 14-18 weeks of age were used as
the subjects. Six male outbred CD-1 mice 12 weeks of age were used as stimulus animals.

2.1.2. Experiment 2—Twenty four male C57 mice were used as the subjects, half of which
was assigned to each group tested at 60 or 100 days of age. Twelve female C57 mice 12-14
weeks of age (20-24 g), and twenty four C57 mice 30 days of age (male 12, female 12) were
used as the stimulus animals.

2.1.3. Experiment 3—Forty eight male C57 mice were used as the subjects. They were
divided into four groups (N=12 in each group), aged 30, 60, 90, and 120 days on the first test
day. Twelve female C57 mice 12-13 weeks of age and twelve CD-1 outbred male mice 13
weeks of age were used as the stimulus animals.

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

2.3. Procedure
All test trials were conducted during the light phase of the light/dark cycle under dim light
conditions. Twenty min before the beginning of the test, subjects were moved from the holding
room to the experiment room in their homecages. Subjects were placed in one compartment
of the test chamber cage for 20 min. Behaviors were recorded using an over-head video camera.
Between trials, the entire apparatus was cleaned with 15% alcohol and dried with paper towels,
and the paper substrate was changed.

Mouse urine was fixed by Ninhydrin spray (LC-NIN-16, Criminal Research Products, LLC).
After 24 hours drying, the number of urine marks was measured by placing a transparent grid
sheet over the substrate paper and counting the number of grids (each 10 × 10 mm) containing
urine marks (maximum: 552 squares). Pools of urine larger than four square grids that formed
a larger quadrant were not included in this count. Four squares in a row, however, were
included. Total number of squares with urine marks was counted. The number of urine marks
was also separately counted by each near and far side of the marked area from the cage of
stimulus animals (each maximum: 226 squares). The total size (# of squares) of pools and the
number of feces were recorded.

The order of the trials with different stimuli in each Experiment was counterbalanced in a Latin
Square design. Inter-trial-interval was 24 hrs in all experiments. In experiment 1, animals were
tested with four stimuli: Single (S: no stimulus animal); C57 (novel adult C57 male stimulus);
CD-1 (novel adult CD1 male); and CD-1 odor (fresh urine marks of an adult CD1 male on the
stimulus side of the cage). In experiment 2, each male C57 mouse aged 60 or 100 days old was
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exposed singly (S); or with an adult male (AM), an adult female (AF), a juvenile male (JM),
or juvenile female (JF) of the C57 strain. In experiment 3, subjects at 30, 60, 90, or 120 days
old were tested singly (S), or with a same-aged male (C57m), an adult C57 female (C57f), or
an adult CD-1 male (CD1m).

2.4. Statistical analysis
For experiment 1, data were analyzed by a one-way analysis of variance (ANOVA) with a
within-subject stimulus factor (S, C57, CD1, or CD1 odor). For experiment 2, two-way
ANOVAs with a between-subject factor of age (60 or 100 days of age) and within-subject
stimulus factor (S, AM, AF, JM, or JF) were conducted. For experiment 3, two-way ANOVAs
with the between-subjects factor of age (30, 60, 90, or 120 days of age) and the within-subject
stimulus factor (S, C57m, C57f, or CD1m) were used. Post hoc comparisons used the
Bonferroni test for within-subject factors and the Tukey's HSD test for between-subject factors.
A probability level of p<.05 was adopted as the level of statistical significance for all analyses.

3. Results
3.1. Experiment 1

The total number of squares with urine marks for each stimulus group is presented in Fig. 1.
A one-way ANOVA conducted on these scores showed a significant difference between groups
[F(3,44)= 7.125, p<.001]. When exposed to CD-1 males or their odor alone, C57 males
displayed higher number of urine marks than when exposed singly or to C57 males. There were
no significant differences between tests without stimuli, and those involving C57 male stimuli.

The number of squares with urine marks in the near and far sides of floor of marked cage from
stimulus animals for each stimulus group is shown in Table 1. A one-way ANOVA conducted
on these scores of each side showed a significant difference between groups for near and far
sides [F(3,44)= 8.211, p<.001; 5.820, p<.01, respectively]. These results had a similar tendency
to the scores of whole marked area; in the near side, C57 males showed higher number of
marking when confronted with CD-1 males and CD-1 odor alone, than when exposed singly
or to C57 males. In the far side, C57 males exposed to CD-1 males displayed higher urine
marks than that exposed singly or to C57 males.

A one-way ANOVA conducted on the total squares that contained pools of urine did not find
significant differences between groups (Table 1). The total number of feces for each group
(Table 1), did not differ significantly between groups.

3.2. Experiment 2
Fig. 2 depicts the total number of squares with urine marks for each group in Experiment 2. A
two-way ANOVA conducted on age (2) x stimulus (5) scores found significant main effects
of age [F(1,22) =6.559, p<.05] and stimulus [F(4,88)= 7.240, p<.01]. The interaction between
age and stimulus was also significant [F(4,88)= 3.110, p<.05]. Subsequent analysis of age
effects indicated only one significant difference; that 100 day-old males made more urine marks
to females than did 60 day-old males. At 100 days of age, male mice exposed to an adult female
made more urine marks than those exposed to no stimulus or to an adult male.

The number of squares with urine marks in each near and far side of the cage for each group
is presented in Table 2. A two-way ANOVA conducted on the scores in the near side of marked
cage found significant main effects of age [F(1,22)= 9.206, p<.01] and stimulus [F(4,88)=
6.940, p<.001]. The interaction between age and stimulus for the near side was also significant
[F(4,88)= 3.656, p<.01]. Subsequent analysis indicated a similar tendency to the scores of total
urine marks; in the near side, while C57 mice aged 60 days did not show any differences
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depending on the opponents, C57 mice aged 100 days displayed higher level of marking toward
adult C57 females compared to these exposed singly or to adult C57 males. In the far side, a
two-way ANOVA showed significant main effects of stimulus [F(4,88)= 6.04, p<.001], but
not of age [F(1,22)= 2.992, n.s.]. The interaction between age and stimulus for the scores of
far side area was not significant [F(4,88)= 1.717, n.s.]. Thus C57 males showed higher number
of urine marks when confronted with adult C57 females compared with those when exposed
singly or to adult C57 males, regardless of their age.

Table 2 presents the total squares that contained pools of urine and the total number of feces
for each group. A two-way ANOVA conducted on these scores of each index did not show
any significant main effects or interaction between age and stimulus.

3.3. Experiment 3
Fig. 3 presents the total number of squares with urine marks for each group of male C57BL/
6Js aged 30, 60, 90, and 120 days. A two-way ANOVA conducted on age (4) x stimulus (4)
scores showed significant main effects of age [F(3,44) =6.341, p<.01] and stimulus [F(3,132)
= 12.884, p<.01]. The interaction between age and stimulus was also significant [F(9,132)=
5.397, p<.01]. At 60, 90, and 120 days of age, males deposited more urine marks to the CD-1
male than either those placed singly or exposed to a C57 male. At 90 and 120 days of age,
males made more urine marks to an adult female than those without a stimulus, or those exposed
to a C57 male. At 120 days of age, they showed tendency (but not significant, p=.061) for
more urine marks to the female than to the CD-1 male. Urine marking to the female was higher
at 120 days than at either 30 or 60 days of age. Marking to the CD-1 male stimulus was higher
at 90 or 120 days than at 30 days.

The number of squares that C57 males deposited urine marking in each side of marked area
for each group is presented in Table 3. A two-way ANOVA conducted on these scores in the
near side area found significant main effects of age [F(3,44)= 6.314, p<.001] and stimulus [F
(3,132)= 14.819, p<.001]. The interaction between age and stimulus was also significant [F
(9,132)= 6.291, p<.001]. Subsequent post-hoc analysis for the scores in the near side area found
a similar tendency to these of total scent marks; In the near side of marked area, at 60 days of
age, urine marking toward the CD-1 male was higher than all other conditions, while at 90 and
120 days of age, those toward a CD-1 male and an adult female were higher than either those
without a stimulus or those exposed to a C57 male. Additionally, at 120 days of age, marking
to an adult female was higher than those to a CD-1 male. Urine marking toward a CD-1 male
was higher at 60, 90, or 120 days than at 30 days. Marking to an adult female stimulus was
higher at 90 or 120 days than at either 30 or 60 days. A two-way ANOVA conducted on the
scores in the far side of marked area found significant main effects of age [F(3,44)= 5.467,
p<.01] and stimulus [F(3,132)= 7.786, p<.001]. The interaction between them was also
significant [F(9,132)= 3.260, p<.01]. Subsequent post hoc analysis for the scores in far side
area indicated similar tendency to these for the total number of urine marks; at 60 and 90 days
of age, urine marking toward a CD-1 male was higher than those without a stimulus. At 120
days of age, urine marking toward either a C57 male or an adult female was higher than those
without stimulus animals, and additionally marking to an adult female was higher than those
exposed to a C57 male. When exposed to a CD-1 male, urine marking was higher at 60, 90 or
120 days than at 30 days. When exposed to an adult female, marking was higher at 120 days
than at 30 days.

Table 3 shows the total squares that contained pools of urine and the number of feces for each
group in Experiment 3. A two-way ANOVA conducted on these scores did not show any
significant main effects and interaction between age and stimulus.
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4. Discussion
Urinary scent marking in a novel environment and to other males are important components
of dominance advertisement among male mice and have a strong influence on their aggressive
interactions [28,44]. Males can indicate their domination of an area by scent marking and
ensuring that their scent marks are the freshest in that area as countermarks [53]. In the present
study, findings of substantial marking by C57 males exposed to adult CD-1 males (experiments
1 and 3) or CD-1 male urine odors alone (experiment 1), or to C57 females (experiment 2 and
3), in a unmarked situation provide validation for the protocol used to elicit scent marking. The
same findings indicate that, although C57 males have been shown to make reduced scent marks
in comparison to the C3H/He strain [22], and learn simple odor discrimination less readily than
DBA/2J mice [41] they are clearly capable of responding to such stimuli in a typical mouse
pattern, i.e. by marking as a response to sexual and genetic differences. C57 males made no
more scent marks when confronted with a male mouse of the same, inbred, C57 strain, than to
the identical situation without any mouse present (experiments 1, 2, and 3). This lack of
marking failed to change over development (30 to 120 days of age), and regardless of the age
(juvenile or adult) of the conspecific male stimulus of same strain. This absent of urine marks
toward juvenile or adult males of same strain may reflect that mice of highly inbred strains
have the same urine odor, ascribable to the same MHC and MUP patterns through the life
[29,47,61].

In the present experiments, C57 males were housed with same-sex littermates from weaning,
a factor that might be involved in their lack of responsivity to other male conspecifics. As the
number of scent marks can be predictors of both aggression scores and social dominance status
in mice [18], it is possible that subordinate members of these male groups might have shown
marked suppression of scent marks, as do subordinate males generally [17]. However, if group-
housing of these animals had produced strong dominant relationships, with dominant males
showing normal scent marking, while subordinates did not under situation including confronted
with a CD-1 male, a pattern of intermediate levels of marking and high variability should have
been obtained. Results from experiments 1, 2 and 3 are consistent in showing no evidence
whatever of such a pattern in response to the C57 adult male stimulus groups. An additional
consideration is that, when housed with same-sex littermates from weaning, male mice do not
show either serious aggressive fighting or apparent dominant-subordinate relationships among
cage mates [2,7,38]. This also argues against a view that subordination-induced suppression
of scent marking is responsible for the present findings of no significant increase in C57 male
marking to conspecific males. Thus, during testing the strange male conspecific stimulus, with
an odor that is similar to or even indistinguishable from, that of the familiar cage/litter mate,
should elicit less urine marking [47].

Findings that wild male mice aged 55-60 days [39] and adult CF-1 male mice [40] deposited
similar amounts of scent marks toward male and female conspecifics, suggesting that the
magnitude of marking may not be determined by the sex of the opponent. Indeed, the present
finding (experiment 2) of no difference in scent marking toward any of the stimuli presented
for 60 day old C57 males is partly congruent with this report. However, C57 mice can
discriminate between volatile chemosignals in urine from male and female conspecifics when
tested in a Y-maze [10], and male C57BL/6 mice can discriminate between urinary odors from
estrous versus ovariectomized females [50] or non-estrous females [35] of the same strain.
These findings indicate that even inbred strains can discriminate sex and estrous condition from
urinary odor, consonant with the present findings of a clear spike in scent marking toward
conspecific females in C57 males at 100 (experiment 2) or 90 and 120 (experiment 3) days of
age. A previous research has shown that male mice deposit scent marks at high levels to females
at all points in the estrous cycle [48], suggesting that the estrous cycle of female stimuli should
not affect the amount of scent marking in males. Therefore, in the present experiments, the
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status of the estrous cycle of the female stimuli was not monitored, and as the mouse estrous
cycle is about 4 days in length, these females were undoubtedly used as stimuli while in both
estrous and non-estrous, as they were used in tests that extended over 5 successive days in
experiment 2 and 4 successive days in experiment 3. These procedures should offset the estrous
effect.

A particularly intriguing finding (experiment 3) is that of clear developmental differences for
scent marks to adult CD-1 males vs adult C57 females. Compared to marks to male C57 stimuli,
scent marks to adult CD-1 males increased sharply between 30 and 60 days, remaining stable
thereafter, while marks to adult females remained low at 60 days, but increased at 90 days,
increasing further (i.e. significantly higher than to either controls or conspecific, and higher
tendency than to CD-1 males) at 120 days. This developmental difference may be related to
possible differences in the chemical signatures to adult male and female mice. Mouse urinary
odor may contain specific information concerning the species, sex, and individual identity of
the owner [11,30,61]. For example, female odor induced increased approaches by dominant
males but not subordinates, while odors of dominant males were avoided by both dominant
and subordinate males [33]. This sex difference in response to urinary odors occurs after
puberty, a time when urine excretion increases in males, with staged activation of androgen-
dependent endocrine system [30,51], which modulates male-specific marking [34,56]. Thus
male-specific marking should emerge after puberty, as was found here for responses to the
CD-1 male (experiment 3).

However, male marking to the presence of an adult female was delayed in onset compared to
marking to an adult CD-1 male. A possible functional explanation for this difference may be
related to findings that the presence of an adult female strongly elicits aggression in male mice,
even those that have lived amicably together prior to the appearance of the female [49]. Thus,
even though 60 days is well above the period when copulation begins in male mice [45], this
suggests that scent marking of an unknown area containing a female may be a particularly
dangerous undertaking for a young and small, albeit sexually mature, male. Scent is functional
signaling to males to avoid territory [25] and to females to advertise males' quality [53]. This
indicates that the developmental timing of scent marking to males and females odors may
reflect the necessary of males to establish and defend territories against other males prior to
advertising to females.

Odor discrimination and subsequent deposition of urine marks have an ethologically important
role in social communication among conspecifics [29,47,52]. C57 mice are a highly inbred
strain, indicating they possess the same chemosignals in their urine associated with MUP and
MHC peptides [29,47]. This should act to prevent C57 males from discriminating odors of
male mice of the same inbred strain, regardless of their age. However, C57 males did display
discriminative deposition of urine marks toward outbred CD-1 males and toward adult C57
females. This ability is important because C57 mice have been a background strain for many
genetic manipulations in mice [9,16,23,37]; especially for animal models of social
communication disorders such as autism [14,21,31]. The present findings suggest that urine
marking in C57 males may be sufficiently responsive to subject age and stimulus gender and
genetic factors as to provide a highly sensitive paradigm of social behavior that includes both
social signaling and communication factors.
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Fig. 1.
Total number of squares with urine marks for C57 males (N=12) during 20 min exposed singly
(S), or with a C57 male (C57), a CD-1 male (CD1), or odor of CD-1 male (OD1 odor). Data
are expressed as mean (± S.E.M.). * indicates significant differences between groups compared
to Group S, p<.05.
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Fig. 2.
Total number of squares with urine marks for C57 males aged 60 days (left panel) and 100
days (right panel) (each N=12) during 20 min exposure singly (S), or with an adult C57 male
(AM), an adult C57 female (AF), a juvenile C57 male (JM), or a juvenile C57 female (JF).
Data are expressed as mean (± S.E.M.). * indicates significant differences between groups
compared to Group S, p<.05.
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Fig. 3.
Total number of squares with urine marks for C57 males aged 30, 60, 90, and 120 days (each
N=12) during 20 min exposure singly (S), or with a C57 male (C57m), with an adult C57
female (C57f), or an adult CD-1 male (CD1m). Data are expressed as mean (± S.E.M.). *
indicates significant differences between groups compared to Group S, p<.05.
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Table 1
The numbers of squares with scent marks in each side of marked cage and squares with urine pool and feces toward
each opponent for male C57 mice in Experiment 1.

Scent marks Pool size Fecal boli
Near side Far side

S  6.50 (1.68)  5.17 (1.33) 23.25 (7.08) 3.58 (0.56)
C57  8.33 (2.00)  3.17 (0.81) 18.83 (5.47) 2.58 (0.65)
CD1 32.25 (4.61)* 22.67 (3.40)* 11.00 (4.43) 4.92 (0.79)
CD1 odor 40.58 (11.22)* 23.92 (8.11) 15.83 (4.25) 4.58 (0.75)

Data are means (S.E.M.). Post hoc significant differences between condition of opponents compared to S

*
p < .05.
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Table 2
The numbers of squares with scent marks in each side of marked cage and squares
with urine pool and feces toward each opponent for male C57 mice aged 60 or 100
days in Experiment 2

Scent marks Pool size Fecal boli
Near side Far side

60 days of age
 S  9.50 (2.90) 4.17 (1.36) 15.75 (4.06) 3.33 (0.50)
 AM  8.00 (2.68) 2.42 (1.02)  9.25 (3.21) 4.42 (0.59)
 AF 14.92 (5.05) 9.92 (4.04)* 20.00 (4.51) 6.17 (0.44)
 JM 10.25 (4.40) 5.58 (2.32) 12.00 (5.62) 3.42 (0.84)
 JF 16.67 (6.06) 9.08 (3.13) 14.67 (4.03) 3.17 (0.56)
100 days of age
 S  7.92 (1.60)  3.25 (0.71) 14.42 (4.05) 4.91 (0.66)
 AM 11.58 (2.50)  3.75 (0.98) 24.75 (6.08) 4.25 (0.54)
 AF 53.17 (10.01)* 26.00 (7.64)* 13.00 (4.00) 4.75 (0.86)
 JM 28.92 (7.74) 13.09 (3.52) 16.08 (4.57) 4.75 (0.58)
 JF 34.42 (8.75) 15.08 (5.80) 18.75 (6.66) 4.67 (0.78)

Data are means (S.E.M.). Post hoc significant differences between condition of opponents compared to S

*
p < .05.
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Table 3
The numbers of squares with scent marks in each side of marked cage and squares
with urine pool and feces toward each opponents for male C57 mice in Experiment
3.

Scent marks Pool size Fecal boli
Near side Far side

30 days of Age
 S  9.67 (2.65)  3.83 (1.09) 21.92 (4.10) 6.50 (0.85)
 C57m  9.33 (3.32)  2.83 (0.67) 11.75 (4.19) 5.67 (0.97)
 C57f  6.58 (2.61)  1.33 (0.70)  5.25 (2.89) 5.50 (0.76)
 CD1m  9.08 (2.39)  3.17 (1.16)  4.67 (2.53) 5.00 (0.49)
60 days of age
 S  5.67 (2.70)  3.25 (1.08)  2.75 (1.93) 3.50 (0.67)
 C57m 12.50 (3.30)  5.58 (1.40) 15.25 (4.92) 3.83 (0.63)
 C57f  6.50 (3.94)  4.67 (1.82)  1.17 (2.55) 5.00 (0.66)
 CD1m 30.42 (6.60)*# 18.08 (6.83)*#  7.25 (2.98) 2.25 (0.47)
90 days of age
 S  9.00 (2.76)  5.17 (1.41)  7.67 (2.32) 4.83 (0.63)
 C57m 14.17 (3.95)  8.92 (3.32) 22.08 (5.81) 4.67 (0.89)
 C57f 37.83 (6.71)*# 15.67 (2.67)  7.5 (2.55) 4.92 (0.88)
 CD1m 31.00 (5.36)*# 18.50 (4.69)*#  9.08 (3.27) 4.17 (0.47)
120 days of age
 S 10.83 (2.63)  5.42 (1.61) 14.42 (4.66) 5.17 (0.72)
 C57m 14.83 (3.41)  7.25 (1.94) 13.67 (4.36) 1.92 (0.68)
 C57f 59.75 (14.05)*# 32.75 (9.46)*# 10.17 (5.02) 4.25 (0.66)
 CD1m 33.50 (5.77)*# 18.17 (4.33)*#  7.58 (4.15) 2.50 (0.50)

Data are means (S.E.M.). Significant post hoc differences between conditions of opponents compared to S

For pool size and fecal boli, there no significant differences between conditions of opponents or age of testing.

*
p < .05, and between ages compared to 30 days

#
p < .05.
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