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Abstract: The abilities to discriminate and recognize individuals’ odors of mandarin voles ( Microtus mandarinus ) and reed voles
(M. fostis) were investigated in present study using behavioral paradigm. Mandarin voles and reed voles were exposed to conspe-
cific individual substrates for one hour, and after 15 min, 30 min and 60 min intervals, durations of investigating behavior such as
visiting, sniffing and digging to this familiar substrate and another novel substrate were recorded in different groups of voles, each
group were tested at just one interval. It was found that voles exposed to conspecific heterosexual substrates preferred to familiar
substrates at different lengths of time after exposure. In the other hand, voles exposed to homosexual substrates preferred to the
novel odor at different lengths of time. The mandarin voles exposed to homosexual substrates showed significant preferences for nov-
el substrates at 60 min intervals after exposures. But reed voles did not show obvious preference to homosexual substrates exposed
to them after 60 min interval. Female voles showed more significant preferences to different substrates than did male voles at 60
min intervals after exposure, The present results indicate that different species and different sexes of voles showed different pattems
of olfactory recognition and memory. This difference may be because of their different social organizations, ecologies and life histo-
1y strategies in different species.
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A number of studies have found that odor cues play ing avoidance and juvenile dispersal from the natal area
an important role in a variety of social activities in mam- (Johnston, 1993; Maslak and Gouat, 2002) . Several
mals, including kin recognition, mate selection, inbreed- researchers have also found that lesions of the olfactory
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bulbs impair basic recognition responses in male rats
(Bluthe et al., 1990; Popik et ¢l., 1991). The abili-
ty to discriminate, recognize and remember odor cues is
very important in the social lives of rodents ( Halpin,
1980; Ferkin, 2001) . So the olfaction is the primary
signal for social recognition in rodents. But the mecha-
nisms of individual recognition, including the signals
used, the sensory and perceptual mechanisms involved are
not very clear (Halpin, 1986; Johnston, 1993).

Although little attention has been focused on sex dif-
ferences in the leaming abilities, some researchers have
reported that male mice outperform females on spatial and
nonspatial tests of leaming and memory (Berger-Sweeney
et al., 1995; Mishima et al., 1986). Bluthe and Da-
ntzer (1990) have suggested that females have far lower
levels of baseline investigatory behavior, but they retain
recognition responses significantly longer than males. It is
also found that olfactory recognition is different in differ-
ent strains (Mihalick et al., 2000). Previous study re-
vealed that female prairie voles mated preferentially and
spent more time with the familiar males; but montane
voles showed no preference ( Shapiro et al., 1986). This
same result was also found in mandarin vole and root vole
(Zhao et al., 2002). We do not know whether the dif-
ference is caused by their abilities of discrimination or by
their memories of two species with different mating sys-
tem.

Several paradigms have been used to measure social
recognition and memory (Sawyer et al., 1984). Because
mice or rats have the natural tendency to intensely investi-
gate novel individuals, when an unfamiliar conspecific is
introduced for the first time into the home cage of an adult
male rat or mouse, the resident male vigorously investi-
gates the novel individual. If the novel animal is removed
and then reintroduced to the same resident male a short
time later, it will receive far less investigation during the
second meeting. Based on this simple observation, it is
possible to use changes in the duration of investigation
during repeated pairings with the same stimulus amimal as
an index of memory for that individual. The repeated pre-
sentation of the same individual can prolong the duration
of the memory ( Sawyer et al., 1984) . In the other

hand, if a resident male is exposed to either urine or
soiled bedding from a stimulus animal prior to testing,
there is a significantly reduced level of initial investiga-
tion, indicating that the resident male has already formed
a memory for that individual signature scent ( Ferguson et
al., 2002). Using these paradigms, memory and recog-
nition of scent signature have been investigated in various
studies ( Johnston, 1993; Poellinger et al., 2001;
Maslak and Gouat, 2002; Baum and Kevere, 2002) .
Some researchers found a sexual difference of the capacity
to detect and investigate urinary odors in mice (Baum and
Keveme, 2002). This method also has been used to ex-
plore odor discrimination ability in neonates (Fletcher and
Wilson, 2001).

Several researchers have reported that two closely re-
lated microtine rodents, monogamous prairie voles ( Mi-
crotus ochrogaster) and promiscuous montane voles ( M.
montanus) have different life strategies, neuroanatomies
and social behaviors such as social preference, pair bond-
ing and so on (Wang et al., 1997; Liu etal., 2001).
It is found that mandarin vole is monogamous and reed
vole is referred to be promiscuous according to reproduc-
tion characteristics and sexual dimorphism (Tai et al.,
2001a; 2001b). Recent study found that vomeronasal or-
gan and accessory olfactory bulb were different in these
two species also (Tai et al., 2003). Mandarin voles and
reed voles should have different social behaviors. We hy-
pothesize that these two species must have different pat-
terns of recognition and memory of social cues. Abilities
of remembering and recognition of individual odors of two
species were compared for the first time in the present
study using behavior paradigms described above.

1 Materials and methods

The mandarin voles and reed voles used in the ex-
periments came from an outbred colony reared in the Col-
lege of Life Sciences, Shaanxi Normal University in Xi’
an, The Peoples Republic of China. The colony of man-
darin voles was established in 1997 with wild captured an-
imals from Lingbao City, Henan Province. The reed voles
were captured from Qingtongxia City, Ningxia Hui Auton-
omous Region. The animals were maintained in clear
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plastic cages (40 cm x 28 em x 50 ¢m) . The breeding
colonys were held at a photoperiod of 12L: 12D and tem-
perature of 18 — 20 C . Hardwood shavings and cotton
batting were provided as substrate and bedding. Rabbit
chow (Lab. Anim. Center, Xi’an Medical University),
carrot and malt we re available ad libitum.

The paradigms used to measure odor recognition were
as follows: a vole was exposed to a novel vole’s substrate
for 60 minutes, 15 minutes later (or 30 minutes, 60 min-
utes later) , the vole was simultaneously exposed to both
the familiar substrate and another novel vole’ s substrate
and durations of olfactory investigation to these two sub-
strates were recorded and compared ( Ferguson et al.,
2002) . In each species, six groups of voles were divided
according to different sex and different separate intervals
(15 minutes, 30 minutes or 60 minutes) . The different
groups of voles were exposed to substrates of novel indi-
viduals for one hour (to become familiar with substra-
tes)‘. Then the voles were taken away and put in their
nests for different lengths of time (15 minutes, 30 min-
utes or 60 minutes intervals) . After these 15 minute, 30
minute or 60 minute intervals, the different groups of

voles were put into a plywood rectangle box (60 c¢m x 20

cm x 33 cm) which was divided into three equal-size
compartments. Voles were free to move between them.
Substrate which was exposed to tested vole previously
(familiar substrate) and another novel substrate were put
into the two end compartments simultaneously. The dura-
tions of visiting the two compartments with different indi-
vidual substrates were recorded. Durations of investigating
behaviors were recorded including sniffing ( Snout ap-
proached about 1 cm of substrate), digging and licking
substrate within 10 min. Any test in which there was no
visit nor investigating behaviors within 10 min was elimi-
nated from samples.

Wilcoxon matched pair test was used to compare be-
haviors of subject voles in the two choice chambers.

2 Result

2.1 Investigating behaviors of mandarin voles to familiar
and novel substrate at different intervals

When female mandarin voles were exposed to female
substrates for one hour (as familiar substrate) and after
15 min, 30 min and 60 min intervals, the three groups of
voles spent significantly more time investigating another
novel substrate than the familiar substrate (Table 1) .

Table 1 Comparison between durations of investigating homosexual familiar substrate and

novel substrate at different intervals after exposure in mandarin voles

Intervals after exposure 15 min (n=12) 30 min (n=13) 60 min (n=12)
Female investigating visiting familiar substrate 116.83 + 114.28 268.00 = 149.62 42.50 £20.10
substrate of female strange substrate 502.17244.53" 474.00 + 358.69 " 792.00 £ 123.04* *

sniffing familiar substrate 71.83 +38.86 32.67+10.07 19.50 +7.58
strange substrate 94.33 + 57,34” 85.00+77.31" 79.00 £ 39,60
digging familiar substrate 40.83 + 36.69 54.00+40.15 14.50 £ 10.51
strange subsirate 50.00 +24.41" 152.33+135.34" 111.00+21.62™ *
Male investigating visiting familiar substrate 167.00 + 87.16 164.00 £ 70.27 154.00 £ 33.06
substrate of male strange substrate 452.75+282.17" 439.40 + 313.35" 463.50 £195.30"
sniffing familiar substrate 50.25 +18.30 66.60+54.77 58.50 +48.45
strange substrate 94.00+65.43" 97.40+85.13" 128.50+86.45"
digging familiar substrate 17.00+ 14.17 16.80+ 10.35 45.75 £ 10.46
strange substrate 41.00+21.84" 23.80 +22.90 11.00 + 8.08
*: P<0.05; * . P<0.01

When male mandarin voles were exposed to a male
substrates for one hour, after 15 min, 30 min and 60 min
intervals, three groups of voles exhibited the same behav-
ioral patterns as the fermales exposed to familiar and

strange female substrates (Table 1).
When female mandarin voles were exposed to male
substrates for one hour and were taken away for 15 min,

30 min and 60 min intervals, the three groups spent sig-
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nificantly longer time visiting, sniffing and digging famil-
iar substrates than to novel substrates (Table 2).

and digging these familiar substrates than novel sub-
strates. But male mandarin vole did not show any signifi-
cant preference for familiar or novel substrate after 60
minute intervals ( Table 2).

Two male mandarin voles groups, being exposed to
female substrates for one hour, after 15 min or 30 min in-

tervals, spent significantly longer time visiting, sniffing

Table 2 Comparison between durations of investigating heterosexuals familiar and novel substrate

at different intervals after exposure in mandarin voles

Intervals after exposure 15 min (n=12) 30 min (n=13) 60 min (n=12)
Female investigating visiting familiar substrate 519.00 + 126.09 549.60 + 239.93 397.00 + 154.15
substrate of male strange substrate 172.00+ 43.24~ 120.40+22.65" 122.50 £59.51*

sniffing familiar substrate 47.50+23.54 66.20 + 46.85 84.50£24.75
strange substrate 34.50+18.79" 34.40+31.42" 54.50+4.95
digging familiar substrate 100.00 £ 62.23 37.80+12.87 0.00+0.00
strange substrate 44.00+32.53" 24.40+13.89" 2.50x1.54
Male investigating visiting familiar substrate 473.00 £ 243.24 387.50 + 283.55 338.00 +221.32
substrate of female strange subsirale 219.00+ 126.09* 175.50 + 170.41 " 226.00 + 152.43
sniffing familiar substrate 54.50x28.79 67.50+12.02 67.00 + 32.52
strange substrale 27.50+13.54" 42.50+30.41" 58.00 + 28.57
digging familiar substrate 100.00 £ 62.23 51.00£22.12 0.00 +0.00
strange substrate 44.00+32.53" 46.50 £23.03 0.00+0.00

*: P<0.05; * 1 P<0.01

2.2 Investigating behaviors of reed voles to familiar and
novel substrate at different intervals

Female reed voles exposed to female substrates for
one hour spent significantly longer time visiting, sniffing
and digging novel substrate than familiar substrate after 15
min and 30 min intervals. The female reed vole groups
did not show significant preference for familiar substrates
after 60 min intervals {Table 3).

Table 3 Comparison between durations of investigating familiar homosexual substrate and strange

Male reed voles, exposed to male individual sub-
strates for one hour, showed significant preference for the
novel substrates after 15 min intervals. They spent longer
time visiting the novel substrates, but they did not show
obvious difference between visiting or digging familiar
substrates and novel substrates after 60 min interval (Ta-

ble 3).

substrate at different intervals after exposure in reed voles

Intervals after exposure 15 min (n=12) 30 min (n=13) 60 min (n=12)
Female investigating visiting familiar substrate 244 .00 £ 45.07 72.33+64.78 236.50 + 161.33
fomale” s substrate strange substrate 422.50 £ 36.06" 636.00 + 286.20" 308.50 + 236.28

sniffing familiar substrate 40.50 +17.28 36.67 +14.26 54.00+28.49
strange substrate 90.00+£21.62" 67.33+43.89" 64.00+40.71
digging familiar substrate 30.00+22.43 13.67 £ 12.66 30.50+13.13
strange substrate 48.50 + 28.59" 53.00+41.22" 101.50 £ 29.40°
Male investigating visiting familiar substrate 232.50 £ 59.71 235.40+ 84.52 195.60 + 67.28
male’ s substrate strange substrate 325.50 £ 182.86" 407.60 + 166.97" 301.20+ 213.92
sniffing familiar substrate 30.67 £23.80 20.80 £ 8.62 87.40+41.80
strange substrate 68.33+40.18" 32.60x11.66 69.60 £ 59.52
digging familiar substrate 28.17+3.83 12.40+ 3.51 21.80+11.64
strange substrate 26.67+4.92 9.60+7.63 20.80+9.64

*: P<0.05; * x: P<0.01
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Female reed voles exposed to male substrates for one
hour, after 15 min, 30 min and 60 min intervals showed
significant preference to familiar substrates (Table 4) .

Male reed voles exposed to female individual sub-
strates spend significantly longer time visiting, sniffing fa-

miliar substrates at 15 min and 30 min intervals after ex-
posure. But at 60 min intervals, male did not exhibit any

significant preference to familiar and novel substrates (Ta-
ble 4).

Table 4 Comparison between duration of investigating heterosexual familiar substrate and novel substrate
at different intervals after exposure in reed vole

Intervals after exposure 15 min (n=12) 30 min (n=13) 60 min (n=12)
Female investigating visiting familiar substrate 297.00 + 88.91 536.00 + 151.32 495.00 + 42.43
male’ s substrate strange substrate 144.00 + 82.43 284.50 + 117.08* 223,00 + 63.64°

sniffing familiar substrate 74.50 + 51.82 105.00 + 22.63 134.00 + 32.53
strange substrate 36.50+27.58* 65.50 +14.85" 30.50+10.61"
digging familiar substrate 18.50+ 10.16 74.50 +25.56 112.50 £+43.13
strange substrale 26.50+7.48* 40.00+36.77" 36.00+29.70"
Male investigating visiting familiar substrate 317.72+223.56 339.17+65.74 278.00+42.43
female’ s substrate strange substrale 144.00 + 82.43" 238.00+35.86" 234.00 + 63.64
sniffing familiar substrate 56.50+ 37.58 89.00 + 68.45 114.00 + 54.67
strange substrate 34.50+11.82" 56.00 + 23.29* 92.45+61.71
digging familiar substrate 18.50+6.16 24.00£12.75 53.45+37.34
strange substrate 26.50+7.48 15.23 + 13.67 42,76 £ 34.53

*: P<0.05; *» x; P<0.01

3 Discussion

The data reported here suggests that mandarin voles
were able to discriminate novel substrates from familiar
ones successfully over intervals that ranged from 15 to 60
min. Reed voles discriminated novel substrates successful-
ly only over intervals from 15 to 30 min. Discrimination of
individually distinctive odors at different intervals between
trials and different species was observed first time in pr-
esent study. Previous studies of other species have shown
that discrimination of individually distinctive odors oc-
curred at interval of few seconds apart in rats (Brown et
al., 1987), a few minutes apart in gerbils ( Halpin,
1974), 1 day apart in dogs, wolves and sugar gliders
( Schultze-Westrum, 1969; Brown and Johnston,
1983); 1 second to 10 days in hamster (Johnston, 1993)
or even 4 weeks apart in guinea pigs (Beauchamp and
Wellington, 1984). These inconsistent results can be ex-
plained by assuming that different experiments of various
species may exhibit different social recognition. This short
term test of recognition (roughly 60 min) in present exper-
iment may be only one form of social memory. Recognition

of mates and kin involve memories that last days, weeks,
or even months and may involve cognitive and neural sys-
tems distinct from those required for short-term social rec-
ognition (Ferguson et al., 2002).

The mandarin voles exposed to homosexual substrates
showed significant preference for familiar substrates at 60
min intervals after exposure, but reed voles did not show
obvious preference to homosexual substrates exposed to
them 60 min ago. These results hypothesized that manda-
rin vole may have the better recognition ability than reed
vole. This may be because mandarin voles and reed voles
have different mating systems. The social behaviors of the
former are more meticulous than those of the latter. This
adds evidence to previous hypotheses that social interac-
tions of monogamous species are more meticulous than
those of polygamous species. Shapiro e al. (1986) found
that each vole species has a unique number and pattemn of
sources of sexually distinct scents. They also established
that the greater the numbers of sources of scents for signal-
ing opposite-sex conspecifics, the greater the numbers of
encounters those individuals within that species have with

opposite-sex conspecifics. The montane vole, a semisocial
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species, has six sources of scents, which is intermediate
between the numbers found in the meadow vole ( Microtus
pennsylvanicus ) , an asocial species, and the prairie vole
( Microtus ochrogaster), a social species. These results
suggest that the numbers, pattems, and locations of sexu-
ally distinct scents are positively associated with the fre-
quencies with which individuals encounter the scent marks
of neighboring conspecifics. These two species have differ-
ent neuroanatomical distribution of vasopressin V sub (1a)
receptors which are related with social organization and so-
cial recognition (Young et al., 1999). Another interpre-
tation may be that different species have different tempera-
ments. This phenomenon had been found in a comparison
of leamning and memory performance between squirrel mon-
keys and common marmosets (Matthias and Karin, 1998) .
The third possibility may be because the dependence on
olfactory cues is different in mandarin voles and reed
voles. Mandarin voles have the habit of living under
ground and might be more prepared to rely on olfactory
cues than the reed voles.

It is possible that female voles showed more signifi-
cant preference to different substrates than male voles at 60
min intervals after exposure. This result may imply that fe-
male voles have better abilities to discriminate, recognize,
and remember individual odors. Our result may be consis-
tent with study on root voles (Zhao et al ., 1999) . Fe-
male root voles showed significant preference for familiar
rather than novel male, the partner rather than unfamiliar
males, the partner rather than familiar males in the social
behaviors. But the males made no preference for the famil-
iar versus the novel females, or the partner versus the nov-
el females. Our results may also add evidence to the hy-
pothesis that the ability to detect and investigate volatile
urinary odors is sexually different in mice (Baum and Kev-
ern, 2002). Baum and Keverne (2002) have found that
females were able to show habituation/dishabituation re-
sponses to 1:40 and 1:80 urine/water dilution while males
only showed response to the dilutions of 1:1 to 1:20. The
dramatic sex differences in recognition described above
may be consistent with the sexually dimorphic and exquis-
itely sensitive olfactory pathway to the effects of gonadal
steroids ( Dantzer, 1998) . However, the results of the

present studies are contrary to hypothesis in recent studies
that male mice outperform females on olfactory discrimina-
tion leaming (Mihalick et al., 2000). This may be be-
cause of different species and different scent sources. The
scents in mice discrimination are nonsocial odors such as
cinnamon and nutmeg which are unrelated with individual
recognition and social behaviors ( Mihalick et al.,
2000). But scent in present experiment comes from sub-
strates of voles which contain a great deal of specific infor-
mation conceming gender, social status and reproductive
state.

Preferences for familiar and novel odors by mandarin
voles and reed voles exposed to heterosexual substrates are
different from those by voles exposed to homosexual sub-
strates. Voles exposed for heterosexual substrates preferred
for familiar substrates at different intervals after exposure.
In the other hand, voles exposed to homosexual substrates
preferred to the novel odor at different intervals. We have
not found sound interpretation on this inconsistency by far.

Some researchers suggest that one must be careful in
interpreting any experiment concerming memory, because
the behavior exhibited is not a direct measure of memory;
the performance observed is influenced by memory but may
also be influenced by other factors (Johnston, 1993) .
The choice of stimulus animal is most critical among the
factors (Felguson et al., 2002) . Intact males and fe-
males do bring about increased levels of aggression and
sexual behavior in the test subjects. Because juvenile
males provided relatively neutral stimulus value and ovari-
ectomized females make excellent stimulus animals and can
be used repeatedly over weeks or even months, they have
been used in several experiments. Qur results also indicate
that the behavioral paradigms in the present paper may be
useful for investigating recognition for individual scent sig-
natures and the ability to recognize familiar versus novel
individual scents using substrates as stimulus.

Using this behavioral paradigm, our findings support
the hypothesis that the different vole species and different
genders may have different social recognition abilities. It is
likely that social organization, sexual behavior, ecology
and life history strategy may affect the social recognition.
Future research can explore what specific signal used in
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social recognition, sensory, perceptual mechanism and

neurvendocrine bases involved.
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