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Abstract

Scent marking and over-marking are important forms of communication between the sexes for
many terrestrial mammals. Over the course of three experiments, we determined whether the
amount of time individuals investigate the scent marks of opposite-sex conspecifics is affected by
four days of olfactory experience with those conspecifics. In experiment 1, female meadow voles,
Microtus pennsylvanicus, spent more time investigating the scent mark of the novel male
conspecific than that of the familiar male donor, whereas male voles spent similar amounts of time
investigating the scent mark of the familiar female and a novel female conspecific. In experiment
2, voles were exposed to a mixed-sex over-mark in which subjects did not have four days of
olfactory experience with either the top-scent donor or the bottom-scent donor. During the test
phase, male and female voles spent more time investigating the scent mark of the opposite-sex
conspecific that provided the top-scent mark than that of a novel, opposite-sex conspecific. Male
and female voles spent similar amounts of time investigating the scent mark of the bottom-scent
donor and that of a novel opposite-sex conspecific. In experiment 3, voles were exposed to a
mixed-sex over-mark that contained the scent mark of an opposite-sex conspecific with which
they had four days of olfactory experience. During the test phase, male voles spent more time
investigating the mark of the familiar, top-scent female than the scent mark of a novel female
donor but spent similar amounts of time investigating the mark of the familiar, bottom-scent
female and that of a novel female donor. In contrast, female voles spent more time investigating
the mark of a novel male donor than that of either the familiar, top-scent male or that of the
familiar, bottom-scent male. The sex differences in the responses of voles to scent marks and
mixed-sex over-marks are discussed in relation to the natural history and non-monogamous
mating system of meadow voles.
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Introduction

Not all social interactions have to be directly witnessed by individuals in order for those
individuals to learn information about the participants (Kappeler 1998; Valone 2007; Amy
& Leboucher 2009). When animals encounter over-marks, overlapping scent marks of two
different conspecifics, they can learn various identifying features about the top-scent donor
and the bottom-scent donor (Johnston et al. 1994; Ferkin et al. 1999; Johnston 2003).
Individuals will typically encounter over-marks of two same-sex conspecifics in areas that
are visited or contested by rival conspecifics (Ferkin & Pierce 2007). Studies on golden
hamsters, pygmy lorises, and voles have reported on the responses of individuals to same-
sex over-marks. The studies on voles and hamsters shared similar methods to examine the
response of conspecifics to over-marks involving an exposure phase followed by a test phase
(Johnston et al. 1994, 1995, 19974, b; Ferkin et al. 1999; Woodward et al. 1999; Fisher et al.
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2003). For example, during the exposure phase, subject voles were presented with an over-
mark containing the scent marks of two same-sex conspecifics. After exposure to the over-
mark, the subjects were presented simultaneously with the scent mark of the donor that
provided the top-scent mark and the scent mark of the donor that provided the bottom-scent
mark during the exposure phase; the two scent marks were separate, distinct, and not
overlapping. During the test phase, voles spent more time investigating the mark of the top-
scent donor than the bottom-scent donor (Johnston et al. 19973, b; Ferkin et al. 1999).
Further experiments on voles and hamsters have shown that the top-scent mark did not mask
the bottom-scent mark (Woodward et al. 1999, 2000; Johnston 2003; Pierce et al. 2007).

Terrestrial mammals may also encounter the overlapping scent marks of a same-sex
conspecific and an opposite-sex conspecific (Hurst 1990; Ferkin et al. 2004; Ferkin 2010).
However, little is known about how conspecifics respond to these mixed-sex over-marks,
and whether individuals exposed to mixed-sex over-marks later spend more time
investigating the mark of the top-scent donor than the mark of the bottom-scent donor. A
study on meadow voles, Microtus pennsylvanicus, found that after exposure to a mixed-sex
over-mark, individuals spent more time investigating the scent mark of the opposite-sex
donor than that of the same-sex donor. The preference for the mark of the opposite-sex
conspecific was independent of whether that donor was previously the top- or bottom-scent
mark of the over-mark (Woodward et al. 2000). This finding led to the speculation that
mixed-sex over-marks may be a signal associated with finding a mate (Ferkin & Pierce
2007).

For many terrestrial mammals, the home ranges of opposite-sex conspecifics overlap
(Madison 1980a; Swihart & Slade 1989; Erlinge et al. 1990). Consequently, individuals may
have olfactory experience with the scent marks of neighboring opposite-sex conspecifics and
become familiar with them. It has been well established that familiarity affects interactions
and preferences between same- and opposite-sex conspecifics (Bekoff 1981; Kareem &
Barnard 1982; Blaustein et al. 1987; Ferkin 1992; Cheetham et al. 2008). Prairie voles, a
socially monogamous species, displayed partner preferences for familiar opposite-sex
conspecifics over novel opposite-sex conspecifics. In contrast, montane voles and meadow
voles, two non-monogamous species, showed partner preferences for novel opposite-sex
conspecifics over familiar opposite-sex conspecifics (Ferguson et al. 1986; Shapiro et al.
1986; Williams et al. 1992; Salo & Dewsbury 1995; Ricankova et al. 2007). It is not clear if
these partner preferences predict the responses non-monogamous voles may display when
they encounter scent marks and over-marks of familiar opposite-sex conspecifics.

The present study had three goals. The first goal was to test the hypothesis that olfactory
experience with a scent donor affects how opposite-sex conspecifics respond to their scent
marks. The second goal was to test the hypothesis that animals respond differently to the
scent marks of opposite-sex conspecifics when these marks are encountered separately or
when they are first encountered as over-marks and then separately. The third goal was to test
the hypothesis that four days of olfactory experience with an opposite-sex conspecific
affects how a meadow vole responds to its scent mark after it is first encountered as part of a
mixed-sex over-mark. We tested these hypotheses by first exposing voles to the scent marks
or over-marks of a familiar, opposite-sex donor, and later testing them for their responses to
the simultaneous presentation of the scent mark of that donor and the scent mark of a novel,
opposite-sex conspecific.

We used meadow voles as the model species for testing this hypothesis. In nature, male and
female voles have overlapping home ranges, and male voles may enter the territories of and
encounter the scent marks of multiple females (Madison 1980a). Male and female meadow

voles mate with multiple individuals (Madison 1980b; Boonstra et al. 1993). However, male
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and female voles have limited interactions with one another (Dewsbury 1990) and
individuals may or may not have olfactory experience with the scent marks of nearby
opposite-sex conspecifics.

General Materials and Methods

Animals

We used meadow voles that were descendants of those captured in Pennsylvania, Kentucky,
and Ohio, USA. Every 18-24 months, the voles in the colony were mated with captured
free-living voles. In this study, meadow voles were born and raised under a long
photoperiod (14:10 h, L: D, lights on at 0700h CST). All voles were weaned between 19-21
days of age, housed with littermates until 33-36 days of age, and thereafter housed singly in
clear plastic cages (18 x 12.5 x 10 cm). Cages contained cotton nesting material, water, and
food (Harlan Teklad Rodent Diet, #8640, Madison, WI, USA). Meadow voles were housed
in the animal facility at the University of Memphis. Female meadow voles are induced
ovulators and do not undergo regular estrus cycles (Milligan 1982; Keller 1985). Adult
female voles born and reared in long photoperiod are sexually receptive (Meek & Lee 1993).
Long-photoperiod meadow voles respond preferentially to the scent marks of opposite-sex
conspecifics (Ferkin & Johnston 1995; Ferkin et al. 2004). Voles used in this study were 3-7
mo-old, sexually mature, but not sexually experienced. All testing was carried out between
0900 and 1200 h CST.

Experiment 1— Do meadow voles spend different amounts of time investigating the scent
mark of a familiar opposite-sex conspecific compared to that of a novel opposite-sex
conspecific?

Olfactory Experience

In this study, we used methods detailed by Ferkin (1988) to allow voles to gain olfactory
experience with a particular opposite-sex conspecific. On day 1, all cotton nesting material
was removed from the cages of the scent donors and replaced with fresh cotton. The cotton
nesting material remained in each cage approximately 24 h. On day 2, this cotton nesting
material was traded with the cotton belonging to an opposite-sex conspecific. On day 3, the
traded cotton was discarded and replaced with fresh cotton. The procedure was repeated
until the voles' cotton had been traded with their selected partners' cotton four times. On day
9, voles selected as subjects were tested.

Experimental Design

In this experiment, 30 male and 30 female voles (subjects) were allowed four days of
olfactory experience with an opposite-sex conspecific. After they gained olfactory
experience, these subjects were given an opportunity to investigate either: (a) the scent
marks of an opposite-sex conspecific with which they had four days of olfactory experience
and a novel, opposite-sex conspecific (n = 15 male subjects and n = 15 female subjects), or
(b) the scent marks of two novel, opposite-sex conspecifics (n = 15 male subjects and n = 15
female subjects); these subjects also had four days of olfactory experience with an opposite-
sex conspecific, but were tested with the scent marks of two novel, opposite-sex
conspecifics. All subjects underwent a single preference test with a unique pair of scent
donors. The novel scent donors were individuals with which the investigating voles had no
prior olfactory experience.

We followed the methods for measuring the amount of time voles investigated the scent
marks of conspecifics employed by Ferkin and Johnston (1995). Briefly, we presented voles
with a glass slide (2.5 x 7.6 cm) that contained the feces scent marks of two opposite-sex
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conspecifics. Feces scent marks are sexually discriminable, deposited by voles when they
scent mark and over-mark, and found in their nesting material (Ferkin & Johnston 1995;
Ferkin et al. 2004). We divided the glass slide into three equal sections (each 2.5 cm in
length); one end section contained the feces scent mark of a particular opposite-sex scent
donor, and the other end section contained the feces scent mark of another opposite-sex
scent donor. The middle section of the slide contained no scent marks. To deposit the scent
marks on the slide, we dragged one or two fresh fecal boli from one scent donor across the
left-end section of a clean glass microscope slide and one or two fecal boli from the other
scent donor across the right-end section of the same slide. One min separated the deposition
of the scent marks of the two donors on the slide. The placement of a particular donor's scent
mark on the left or right side of the slide was random. The scent marks were roughly the
same size, approximately 1.2 cm x 0.3 cm (I x w). After both scent marks were placed on
the slide, we waited 5 min before we suspended the slide in the home cage of the subject.
We recorded for 5 min the amount of time that male and female subjects licked or sniffed
(the subject's nose came within 2 cm) each scent mark on the slide (Ferkin & Johnston
1995). The observer was blind to the position of the donors' scent marks on the slide. Each
test slide was used once and then discarded.

To be included in the data analysis, subjects had to have investigated the scent marks of both
donors and spent more time investigating the scent marks of the two donors than they did
investigating the clean portion of the slide (Ferkin & Johnston 1995). No subjects were
excluded from the data analysis in this and subsequent experiments.

To analyze the data, we used a two-way analysis of variance (ANOVA) where the main
factors were sex of the subject and sex of the donors. To do so, we created two continuous
variables (Pierce et al. 2007). One variable was the quotient of the amount of time voles
spent investigating the scent mark of the vole with which they had four days of olfactory
experience (X) divided by the time they spent investigating the scent mark of the novel vole
(Y1) plus the mark of the vole with which they had four days of olfactory experience (X).
The resulting formula would be X/Y1+X. The other variable was the quotient of the amount
of time voles spent investigating the scent mark of the novel vole 1 or novel vole 2 divided
by the time they spent investigating the scent marks of the novel vole 1 plus the time they
spent investigating the scent marks of novel vole 2. The resulting formula would be Y,/
Y1+Y5,. We performed post hoc multiple pairwise comparisons using the Holm-Sidak
method to determine if differences existed between males and females in the amount of time
they spent investigating the scent marks of the two scent donors. Statistically significant
differences were accepted at p < 0.05. Kolmogorov-Smirnov tests indicated that the data
were not normally distributed. Thus, the data were arcsine square root transformed for
statistical analysis (SigmaPlot 11.0). The non-transformed data are presented in figure 1.

Experiment 2— After exposure to a mixed-sex over-mark, do meadow voles differ in the
amount of time that they spend investigating the scent mark of the opposite-sex conspecific
that provided the top- or bottom-scent mark compared to that of a novel opposite-sex
conspecific?

Experimental Design

Our experimental design involved two phases, the exposure phase and the test phase, both of
which took place in the subjects' home cages. This exposure-testing procedure matches the
one used by Woodward et al. (2000). Specifically, we determined the amount of time that
voles spent investigating the opposite-sex donor that provided top- or bottom-scent mark
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compared to the time voles spent investigating the scent mark of a novel, opposite-sex
donor.

Exposure phase

Test Phase

During the exposure phase of this experiment, 30 male and 30 female subjects were
presented with a mixed-sex over-mark; subject voles had no prior olfactory experience with
the donors of the mixed-sex over-mark. Fifteen male and 15 female voles were exposed to a
mixed sex over-mark in which the top-scent donor was an opposite-sex conspecific and the
bottom-scent donor was a same-sex conspecific. The remaining 15 male and 15 female
subjects were exposed to an over-mark in which the top-scent donor was a same-sex
conspecific and the bottom-scent donor was an opposite-sex conspecific.

We used the feces scent mark of an opposite-sex conspecific and that of a same-sex
conspecific to create the mixed-sex over-mark. To do so, we collected fresh fecal boli from
each scent donor before each exposure. One or two fecal boli from a scent donor were
dragged across the center of a glass microscope slide (2.5 x 7.6 cm). Five min later, a similar
amount of the feces from another donor was dragged over the top of the previously
deposited scent mark, such that the two marks overlapped, and the resulting configuration
was a “+” shape. Each feces scent mark was approximately 0.4-0.5 cm in length and 0.1-0.2
cm in width. Thus, we were able to control for the size of the scent marks (Ferkin et al.

1999; Woodward et al. 2000).

Five min after the second scent mark was placed on the slide, the slide was placed into the
subject's home cage against the wall opposite the subject's nest. The slide was suspended 2
cm above the substrate by a clean metal clip and hook. Subjects were exposed to this slide
for 5 min. This slide was placed in the cage of only one subject and then discarded after the
exposure phase was completed; the exposure slide was not used during the test phase. In all
observations, the observer was blind to the identity of the top- and bottom-scent mark
donors.

The test phase began 5 min after completion of the 5-min exposure phase and followed the
methods used in previous over-marking studies (Ferkin et al. 1999; Woodward et al. 2000).
We presented the 30 male and 30 female subjects used in the exposure phase of this
experiment with a glass slide (2.5 x 7.6 cm) that contained the feces scent marks of the
opposite-sex conspecific that provided the top- or bottom-scent mark during the exposure
phase on one edge of the slide and on the other edge the scent mark of a novel, opposite-sex
donor. The middle section of the slide contained no scent marks. Thus, 15 male and 15
female subjects were given a choice between the scent mark of a novel opposite-sex
conspecific and the scent mark of the opposite-sex conspecific that provided the top-scent
mark. The remaining 15 male and 15 female subjects were given a choice between the scent
mark of a novel opposite-sex donor and the scent mark of the opposite-sex conspecific that
provided the bottom-scent mark.

To deposit the scent marks on the slide, we dragged one or two fresh fecal boli from one
scent donor across the left side of a clean glass microscope slide and one or two fecal boli
from the other scent donor across the right side of the same slide (Ferkin et al. 1999). One
min separated the deposition of the scent marks of the two donors on the slide. The
placement of a particular donor's scent mark on the left or right side of the slide was random.
The scent marks were roughly the same size, approximately 1.2 cm x 0.3 cm (I x w). After
both scent marks were placed on the slide, we waited 5 min before we suspended the slide in
the home cage of the subject. For 5 min, we recorded the amount of time that male and
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female subjects licked or sniffed (the subject's nose came within 2 cm) each scent mark on
the slide (Ferkin et al. 1999; Woodward et al. 1999, 2000). The observer was blind to the
left-side or right-side position of the donors' scent marks on the slide. Each test slide was
used once and then discarded. Subjects investigated the exposure slide for an average of
58.6 +15.2s.

The data were analyzed by using a two-way ANOVA with the main factors as sex of the
subject and type of over-mark. Post hoc multiple pairwise comparisons used the Holm-Sidak
method. We also created a continuous variable, which was the quotient of the amount of
time voles spent investigating the scent mark of the opposite-sex conspecific that was part of
the over-mark (the top- or bottom-scent donor) divided (/) by the time they spent
investigating the scent mark of the novel vole plus (+) the time voles spent investigating the
scent mark of the top- or bottom-scent donor. Kolmogorov-Smirnov tests indicated that the
data were not normally distributed. Thus, the data were arcsine square root transformed for
statistical analysis (SigmaPlot 11.0). The non-transformed data are presented in figure 2.

Experiment 3— After exposure to a mixed-sex over-mark, do meadow voles differ in the
amount of time that they spend investigating the scent mark of a familiar opposite-sex
conspecific that provided the top- or bottom-scent mark compared to that of a novel
opposite-sex conspecific?

Exposure Phase

Test Phase

Statistics

The experimental design of experiment 3 is identical to the exposure-testing procedure used
in experiment 2 with one notable exception. During the exposure phase, 30 male and 30
female subjects were presented with a mixed-sex over-mark with which they had four days
of olfactory experience with the opposite-sex donor of that over-mark; the subjects had no
prior olfactory experience with the same-sex conspecific donor of the over-mark. Thus, 15
of these male subjects and 15 of these female subjects were presented with a slide containing
a mixed sex over-mark in which the familiar opposite-sex conspecific was the top-scent
donor. The remaining 15 male and 15 female subjects were exposed to a mixed-sex over-
mark in which the familiar opposite-sex conspecific was the bottom-scent donor. Subjects
investigated the exposure slide for an average of 105.1 + 9.8 s.

The test phase began 5 min after completion of the exposure phase and was nearly identical
to the test phase detailed in experiment 2 with these notable exceptions. We presented the 30
male and 30 female subjects used in the exposure phase of this experiment with a glass slide
that contained the feces scent marks of the familiar opposite-sex conspecific that provided
the top-scent mark or the bottom-scent mark during the exposure phase on one edge of the
slide and on the other edge the scent mark of a novel opposite-sex donor. The middle section
of the slide contained no scent marks. During the 5-min test, we recorded the amount of time
that 15 of these male subjects and 15 of these female subjects investigated the scent mark of
a novel, opposite-sex conspecific and the scent mark of the familiar, top-scent donor. We
also recorded the amount of time that the remaining 15 male and 15 female subjects spent
investigating the scent mark of a novel donor and the scent mark of the familiar, bottom-
scent donor.

The data were analyzed with a 2 x 2 factorial design ANOVA and post hoc multiple
pairwise comparisons using the Holm-Sidak method. The main effects were sex of subject
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and scent mark pairing during the test phase (opposite-sex, top-scent donor vs. novel,
opposite-sex donor and opposite-sex, bottom-scent donor vs. novel, opposite-sex donor). We
also created a continuous variable, which was the quotient of the amount of time voles spent
investigating the scent mark of the opposite-sex conspecific that was part of the over-mark
(the familiar top- or bottom-scent donor) divided (/) by the time they spent investigating the
scent mark of the novel vole plus (+) the time voles spent investigating the scent mark of the
top- or bottom-scent donor. Kolmogorov-Smirnov tests indicated that the data were not
normally distributed. Thus, the data were arcsine square root transformed for statistical
analysis (SigmaPlot 11.0). The non-transformed data are presented in the figure 3.

Experiment 1

The amount of time that subjects spent investigating the scent marks of two opposite-sex
conspecifics was affected by the sex of the subject (F1 59 = 6.23, p = 0.0154) and their
familiarity with the scent donors (F1 59 = 8.55, p = 0.005). There was a significant
interaction between sex of the subject and the familiarity of the scent donor (F1 59 = 4.07, p
= 0. 0482). Post hoc comparisons revealed that female voles spent more time investigating
the scent mark of a novel male than the scent mark of a familiar male (Holm-Sidak method,
p < 0.05; Fig. 1). In contrast, male voles spent similar amounts of time investigating the
scent mark of a familiar female and the scent mark of a novel female (p > 0.05; Fig. 1). Male
and female voles spent similar amounts of time investigating the scent marks of two novel,
opposite-sex conspecifics (both comparisons, p > 0.05; Fig. 1). Subjects spent 1.3 + 0.8 s
investigating the clean, middle section of the slide.

Experiment 2

The amount of time that subjects spent investigating the scent mark of an opposite-sex donor
from the exposure phase and the scent mark of a novel opposite-sex conspecific was not
affected by the sex of the subject (Fy 59 = 0.874, p > 0.354), but was affected by the type of
mixed-sex over-mark that voles had encountered during the exposure phase (F1, 59 = 12.18,
p = 0.001). There was no significant interaction between the main effects (F; 59 = 0.211,p =
0.647). During the test phase, male and female subjects spent more time investigating the
mark of the opposite-sex conspecific that provided the top-scent mark during the exposure
phase than the mark of the novel opposite-sex conspecific (Holm-Sidak method, both
comparisons p < 0.05; Fig. 2). However, male and female voles spent similar amounts of
time investigating the mark of a novel opposite-sex conspecific and the mark of the
opposite-sex conspecific that provided the bottom-scent mark during the exposure phase
(both comparisons, p > 0.05; Fig. 2). Subjects spent 1.7 + 0.5 s investigating the clean,
middle section of the test slide.

Experiment 3

The amount of time that voles spent investigating the scent mark of the opposite-sex donor
from the exposure phase (the vole with which they had four days of olfactory experience)
and the scent mark of a novel opposite-sex conspecific was affected by the sex of the subject
(F1, 59 = 7.41, p = 0.008) and the type of over-mark they were exposed to during the
exposure phase (F1, 59 = 8.33, p = 0.005). There was a significant interaction between the
main effects (F; 59 = 6.84, p = 0.011). During the test phase, male voles spent more time
investigating the mark of the familiar, top-scent female than the scent mark of a novel
female (Holm-Sidak method, p < 0.05; Fig. 3). However, male voles spent similar amounts
of time investigating the mark of the familiar, bottom-scent female and the scent mark of a
novel female (p > 0.05; Fig. 3). In contrast, during the test phase, female voles spent more
time investigating the mark of a novel male than that of either the familiar, top-scent male or
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that of the familiar, bottom-scent male (both comparisons, p < 0.05; Fig. 3). Subjects spent
1.4 + 0.6 s investigating the clean, middle section of the test slide.

Discussion

One goal of this study was to test the hypothesis that olfactory experience with a scent donor
affects how opposite-sex conspecifics respond to that donor's scent marks. In experiment 1,
meadow voles were exposed simultaneously to the scent marks of an opposite-sex
conspecific with which they had olfactory experience and scent marks of a novel opposite-
sex conspecific. Female voles preferred the scent marks of the novel male donor to those of
the male donor with which they had olfactory experience, the familiar male. Female
meadow and montane voles have also expressed a partner preference for a novel male over a
familiar male conspecific (Ferguson et al. 1986; Shapiro et al. 1986). Male meadow voles,
however, showed no preference between the scent marks of a novel female and those of a
familiar female donor. Male meadow and montane voles, however, displayed a partner
preference for a novel female conspecific over a familiar female conspecific (Ferguson et al.
1986; Shapiro et al. 1986). Olfactory experience with a scent donor was shown to have
mixed effects on scent marking in previously marked areas by mice and river otters (Gilder
& Slater 1978; Rostain et al. 2004; Arakawa et al. 2008), but its affects on scent marking in
voles are not known. The number of agonistic and amicable behaviors displayed during
encounters between male and female meadow voles was also not affected by familiarity
between opposite-sex conspecifics (Ferkin 1988). Collectively, these observations suggest
that familiarity with an opposite-sex conspecific has different effects on the behavior of
male and female meadow voles.

Another goal of the present experiments was to test the hypothesis that animals respond
differently to the scent marks of two opposite-sex conspecifics when their marks were
encountered separately than when their marks were first encountered as over-marks and then
separately. In experiment 2, we exposed voles to mixed-sex over-marks in which they had
no prior olfactory experience with either the top- or bottom-scent donors. After exposure to
the over-mark, voles spent more time investigating the scent mark of the opposite-sex
conspecific that provided the top-scent mark than the scent mark of a novel opposite-sex
conspecific that did not provide a scent mark during the exposure phase. Our results
augment those obtained by Woodward et al. (2000), who found that after encountering a
mixed-sex over-mark, prairie voles and meadow voles later preferred the scent mark of the
opposite-sex donor to that of the same-sex donor, independent of whether the opposite-sex
donor was encountered first as the top-scent donor or the bottom-scent mark in the over-
mark. Interestingly, we found that male and female voles showed no preference between the
mark of the bottom-scent donor and the mark of an opposite-sex conspecific donor that was
not part of the over-mark. Thus, the position of the opposite-sex donor's mark in the mixed-
sex over-mark determines how conspecifics will respond to its scent mark relative to the
scent mark of a novel, opposite-sex conspecific. The results of experiments 1 and 2
demonstrated that voles respond differently to scent marks encountered first as part of an
over-mark and scent marks not previously encountered as part of an over-mark. It is likely
that over-marks provide information about the scent donors that scent marks encountered
separately do not provide (Hurst & Beynon 2004). Such additional information may allow
individuals to assess simultaneously two scent donors (Johnston et al. 1994; Rich & Hurst
1998) and identify possible associations between the top-scent donors and bottom-scent
donors (Woodward et al. 2000; Ferkin & Pierce 2007).

The final goal of our study was to test the hypothesis that four days of olfactory experience
with an opposite-sex conspecific affects how meadow voles respond to a mixed-sex over-
mark. We tested this hypothesis in experiment 3. Briefly, voles were first exposed to the
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scent mark of a familiar, opposite-sex conspecific as part of a mixed-sex over-mark. Later,
during the test phase, we measured the amount of time voles investigated the scent mark of
the familiar, opposite-sex donor and that of a novel opposite-sex conspecific. Sex
differences existed in how male and female voles responded to over-marks containing the
scent marks of familiar, opposite-sex donors. During the test phase, male voles spent more
time investigating the scent mark of the familiar female donor than the scent mark of a novel
female donor. It is possible that males may be spending more time with the familiar female
donor because she was the top-scent donor in the mixed-sex over-mark and not because of
any value that she may have gained by being familiar to that male. Being the top-scent
female of a mixed-sex over-mark may provide a signal to males that she is seeking mates
(Woodward 2000). Thus, she may somehow be more attractive to investigating males
because of her prior association with the bottom-scent male (Dugatkin 1992). However,
after exposure to a mixed-sex over-mark in which the familiar female was the bottom-scent
donor, males spent similar amounts of time investigating the mark of the novel female and
that of the familiar female.

Likewise, after exposure to a mixed-sex over-mark, males that were not familiar with the
bottom-scent female spent similar amounts of time investigating her scent mark and that of a
novel female donor (Woodward et al. 2000; this study). Males behave as if the scent marks
of females that are bottom-scent donors are similar to those of novel female donors in their
attractivity. Thus, familiarity with the bottom-scent female did not alter a male meadow
vole's response to her scent mark relative to that of a novel female. It is interesting that
males do not prefer the scent mark of a novel female donor to that of the bottom-scent donor
as the novel scent donor was not associated with another male. The bottom position in the
over-mark may signal to males that she has already found a mate because of her association
with the top-scent male (Gibson et al. 1991; Woodward et al. 2000). Alternatively, by not
being part of a mixed-sex over-mark, and as a result not being associated with the scent
mark of a male, the novel female donor's scent mark could indicate that she may or may not
have mated with another male. In any case, male voles may not respond favorably to the
scent marks of the bottom-scent female because he is attempting to reduce competition with
the top-scent male, who may have mated the bottom-scent female (Woodward et al. 1999;
delBarco-Trillo & Ferkin 2004).

Male and female meadow voles appear to have a memory for the scent marks of familiar,
opposite-sex conspecifics. Yet, female meadow voles differed from male voles in their
response to mixed-sex over-marks containing the scent marks of a familiar, opposite-sex
conspecific. During experiment 3, female voles spent more time during the test phase
investigating the mark of the novel male donor than the scent mark of the familiar male
conspecific, independent of whether he was the top- or bottom-scent donor. Female voles
may not respond preferentially to a familiar male if his scent mark was part of an over-mark
with the scent mark of another female (Woodward et al. 2000; Ferkin & Pierce 2007), which
may make that male less attractive to a female seeking a mate (Gibson et al. 1991). The
preference for the novel male over the familiar male found in experiment 3 also matched
that of female voles in experiment 1, in which subjects were not exposed first to a mixed-sex
over-mark. The preference for a novel male is similar to the partner preference found among
females in other non-monogamous species (Ferguson et al. 1986; Shapiro et al. 1986;
Cheetham et al. 2008). It is also possible that by preferring novel males to familiar males,
female voles may be encouraging sperm competition between males (delBarco-Trillo &
Ferkin 2004), increasing paternity confusion (Waser & DeWoody 2006), or avoiding
repeated copulations with the same partners (Tregenza & Hosken 2005; lvy et al. 2005;
LaDage & Ferkin 2006). It is interesting, however, that in experiment 2, we found that if
female voles were exposed to a mixed-sex over-mark in which they were not familiar with
the opposite-sex donor, they later spent more time investigating the scent mark of the male if
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he was the top-scent donor compared to that of a novel male donor. This finding suggests
that the brief 5-min encounter with a male's scent mark during the exposure phase was not
sufficient for the female to become familiar with that male. Our results suggest that female
voles are likely to show differences in investigation times depending on their familiarity
with the male’s scent mark. If, as in experiment 2, females are not familiar with a male’s
scent mark, they respond preferentially to the top-scent male.
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Figure 1.

The amount of time (mean + sem) that male and female meadow voles spent investigating
the scent mark of an opposite-sex conspecific with which they had four days of olfactory
experience (olf exp) and that of a novel, opposite-sex conspecific as well as the time they
spent investigating the scent marks of two different novel, opposite-sex conspecifics. The
scent marks used in the pairings were encountered separately and were not part of a mixed-
sex over-mark. * indicates a statistical difference in investigation time between scent-mark
pairings (p < 0.05; multiple paired comparisons, Holm-Sidak Method).
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Figure 2.

The amount of time (mean + sem) that male and female meadow voles spent investigating
the scent mark of the top-scent, opposite-sex donor of the mixed-sex over-mark and that of a
novel, opposite-sex conspecific as well as the time they spent investigating the bottom-scent,
opposite-sex donor of a mixed-sex over-mark and that of a novel, opposite-sex conspecific.
* indicates a statistical difference in investigation time between scent-mark pairings (p <
0.05; multiple paired comparisons, Holm-Sidak Method).
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Figure 3.

The amount of time (mean + sem) that male and female meadow voles spent investigating
the scent mark of the opposite-sex, top-scent donor of a mixed-sex over-mark with which
they had four days of olfactory experience and that of a novel, opposite-sex conspecific as
well as the time they spent investigating the scent mark of the opposite-sex, bottom-scent
donor of a mixed-sex over-mark and that of a novel, opposite-sex conspecific. * indicates a
statistical difference in investigation time between scent mark pairings (p < 0.05; multiple
paired comparisons, Holm-Sidak Method).
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