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Abstract : Many behaviora experiments compared monogamous gecies with polygamous one in mi-
crotine rodents show that the mating systems are asociated with mate choice among individuds, and
a mgor component determining nature of the sexua sdection is familiarity between maes and fe-
males. Thelong and short-term effectsof familiarity on both sexes mate choicesof root voles ( Mi-
crotus osconomus) was examined by three kinds of laboratory experiments. They were mate prefer-
ence of the experimentd root volesfor the familiar versus the unfamiliar , thepartner versus the un-
familiar and the partner versus the familiar simulus ones. Familiarity was established by housng a
male with an unrelated female in aplastic breeding cage for 8 h each day until they were found to
diglay sexud behaviors. Partnership referred as the rationship between a par of male and femae
having bred at least one litter of off ring. During a 30 min trid , two stimulus voles were tethered
in two choice chambersof a Y-shgped maze repectively , while the experimentd vole was alowed to
enter ether of the two choice chambersfrom the centra arena. The experimentd vole was soored for
duration and frequency of vidt, scid-investigation, copulatory behavior , aggresson and amiability
with each stimulus vole. Behaviora corrparion between the two stimulus voles was achieved by a
Wilcoxon matchedpairs test. The results showed that the femaespreferred the familiar rather than
unfamiliar males, thepartner rather than unfamiliar males, thepartner rather than familiar malesin
the ocia behaviors except for copulatory behavior with no sgnificant level. However , the maes
made no a preference for the familiar versus the nove femdes, nor thepartner versus the nove fe
males. Thes data suggested that femae preference for familiar maes and maes having no mate
choice between familiar and strange females may be proximate behaviora processes underlying traits
in mating system of root voles. Thus, female mating monogamoudy and mae non-monogamoudy
can be explained by the hypotheds that the mating system could be polygynousin root voles.
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Snce the clasic paper on mating system was firstly issued by Emlen and Ori ng“] ,
many documents have shown that the mating system isthe outcome of cia behaviora inter-
actions among intragecific individuals which results in maximum reproductive effort!?. In
rodents, species of microtine are elegant animas examined the relationship between mate
choice and mating system.

Many experiments compared among different microtine ecies have proved that mate
choices among individual's are asociated with mating system of population® 1. To establish
relationship between mating sysems and individua behaviors concerns many factorsof which
familiarity is an important one'® . For example, female and male both preferred the far
miliar opposte sex to the unfamiliar in mate choice in monogamous prairie voles ( Microtus
ochrogaster) , did femae and male both not 9 in non- monogamous montane voles (M. mon-
tanus) '8, And It has been proved that effect of familiarity on socia interactionsin volesisof
long-term and short-term!® 2!

Many previous studies focused on comparion between monogamy and polygamy vole
ecies, i. e. , the prairie vole and montane vole!®*® 61 the prairie vole, pine vole (M.
pinetorum) and meadow vole ( M. pennsylvanicus)®?’ %1 Asit is known now, the
prairie vole, and pine vole is clarified as monogamous vole ecies, while the montane vole
and meadow vole as promiscuousonest®* 1. Polygamous species are the vast mgority of mi-
crotine, and can be divided into two categories: polygyny and promiscuity. However , study
on direct comparion in mate choice between polygynous and promi scuous vole gecies has not
been reported yet. The reproductive strategy and fitness are different greatly between polyg-
yny and promiscuity , 0 the comparion in mate choices between the polygynous and promis
cuous vole geciesis sgnificant and necessary.

The mating system of root vole ( Microtus ceconomus) population in Qinghai- Tibet
Plateau might be polygamy based on the home range study[23]. The populationsin tundrain
west of Canada was polygynous derived from field data®*!. Thus, the goal of present study
was to invegtigate the mating system of root volesfrom the pergective of behaviora experi-
ments. The effectsof familiarity on mate choice of root voles were anayzed by three kinds of
laboratory testsof experimental animals preferencesfor thefamiliar vs. unfamiliar , thepart-
ner vs. unfamiliar , and the partner vs. familiar stimulus animals.

1 MATERIAL AND METHODS

Root voles were cgptured in the dte of Haibei Alpine Meadow Ecosystem Research Star
tion of Chines Academy of Scienceswhich islocated northwest of Qinghai- Tibet Plateau with
(37729 37°45 N, 101°12 101°23 E). The animaswerefrom the F1/ F3 generation of
breeding colonies, 3 6 monthsof age, individualy housed in clear plastic cages (29 cm x 19
cmx 13 cm) with free access to Purina rabbit chow , carrot and water. The animals were
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maintained in a 14 10 h light/ dark photoperiod with light on at 1 900 h andin 22 24
temperature.

The Y-shaped maze was used in this study for behaviora observation!*®'*®!. It conssted
of one neutra box (45 cm x 30 cm x 30 cm) and two choice chambers (30 cm x 30 cm x 30
cm) . The choice chambers were attached with runway tubers (25 cm length and 7 cm dianr
eter) connecting them to the neutral chamber. Two stimulus voles were tethered in the two
choice chambers regectively 0 that they were not able to vist other chambers, while the ex-
perimental vole released from the neutral chamber wasfree either of the two choice chambers
through the runway tubers.

Mde and femae dhlings were housed separately ater weaning. The sexual maturity
was detected by scrotal or abdominal testisin males, and genital opening, closure of pubic
symphysis and size of teatsin females® "1, All experimenta animals were sexualy experi-
enced and females were made access to estrus naturaly without artificia injection of estradiol
benzoate and progesterone.

The experimenta and stimulus voles were introduced into Y-shgped maze for 1 h day for
2 consecutive days prior to the behavioral test. On the test day, the experimenta vole was
placed in the neutra chamber and the two oljects were tethered in the two choice chambers
regectively for 10 minutes. Following this acclimation interva , the experimenta vole was
alowed to move fredly in the maze. The behavior of experimenta vole was recorded during
30 min test tria. Behavioral compari®on between two stimulus animals was achieved by a
Wilcoxon matchedpairs test.

An experimental vole was scored for the number and duration (in seconds) of vidt to -
ther of two tethered stimulus voles. In addition, duration and number of social behaviora
patterns were recorded including of investigation (approach and sniffing / licking within 1
cmof the object’ sface, body , or anogenita region with the subject’s snout) , coquetry (a-
lowance of a male object sniffing / licking her own genital region, or posture with her hip in
facade of the male to induce him mounting by afemae subject) , courtship (a male subject
diglaying a circle-approach posture with estrouscry and try to sniff /lick and mount afemae
object) , copulation, aggresson (attack or/ and flight) and amiability (lying sde/ over , mu
tual grooming, grooming) . Copulatory behavior in voles condsts of three primary events:
mount (of Smilar topography to a mount involved in a actual sexua behavior without vaginal
penetration) , intromissons (mount with insertion and intravaginal thrusting) and ejaculation
(mounts with insertion and gperm tranger) , which occur in organized series with each series
terminated by an gaculation!®**!. According to our observation to root voles, we regarded
three primary events of copulatory behavior as two states: mount (without intromisson by
male , or female making smilar act to male s mount) or mount by (female being mounted by
male , lordoss copulation (femae keeping the* lordoss’ posture accepting male s mount
with intromisdon, gaculation) . Any test in which there was no vist nor socia behaviorsin
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cluding of copulatory behavior within 15 min was eiminate from samples.

2 RESULTS

2.1 Experiment 1

The present experiment was conducted to invested to investigate whether root voles dis
played sociosexua preference for the familiar versus unfamiliar mates.

Twelve experimental femaes with 12 familiar and 12 unfamiliar stimulus males or 11
experimental males with 11 familiar and 11 unfamiliar stimulusfemales were used in thepre-
fent experiment repectivey. A mae experimenta vole and an unrelated female were housed
together in a plagic breeding cage (46 cm x 31 cm x 20 cm) for 8 h (at 1 900) each day to
egtablished familiarity. The houd ng was stopped as oon as they were found to digplay sexua

behaviors. Then, the tria started.
Table 1 Choice of familiar and unfamiliar males by female root voles in experiment 1
(Mean * SE duration per 30 min period, in seconds)

Behaviors Familiar Unfamiliar Wilcoxn Behaviors Familiar Unfamiliar Wilcoxn
maes maes Test maes maes Test
Vidt 890.5+79.2 329.8+51.5 oo Mount by 1.8+1.3 0.2+0.2 ns
Invedtigation 229.2+31.3 131.4+28.9 * Lordoss 25.5+14.5 7.4+7.4 ns
Coquetry 11.5+6.1 0.5+0.5 * Aggresson 3.6+£2.2 23.4+7.3 *
Mount 0.1+0.1 0.0+0.0 ns Amiability 157.9+43.5 0.2+0.2 *ox

* P<0.05; ** P < 0.001; ns: no ggnificance; Sample sze: n = 12

Table 2 Choice of familiar and unfamiliar females by male root voles in experiment 1
(Mean * SE duration per 30 min period, in seconds)

Behaviors Familiar Unfamiliar Wilcoxn Behaviors Familiar Unfamiliar Wilcoxn
femaes femdes Test femdes femades Test
Vigt 610.8+47.7 601.4+34.4 ns Copulation 1.7+x1.7 0.0+0.0 ns
Invedtigation  135.9+21.3 189.5+23.0 ns Aggresson 6.4+3.5 26.9+5.1 *
Courtship 37.9+12.1 71.6+20.2 * Amiability 64.3+26.9 10.4+9.8 *
Mount 4.5+3.5 0.0%£0.0 ns

* P < 0.05; ns: no dgnificance; Sample sze: n = 11

Results of preference for the familiar versus unfamiliar males by female root voles are
summarized in Table 1. Female root voles vidted , ocially investigated , coquetted and ami-
ably interacted with the familiar males more than with the unfamiliar males and aggressed the
familiar males lesser than the unfamiliar maes dgnificantly in duration. While male root
voles did not display a sgnificant preference for the familiar or unfamiliar femalesin duration
of vidt , investigation and copulatory behaviors (Table 2) . Although they interacted by sg-
nificantly more aggresson with unfamiliar females than with familiar females, maes courted
sgnificantly more time to unfamiliar females than to familiar femaes. Males showed dgnifi-
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cantly more amiability to familiar females than to unfamiliar females, however , the duration
of amiability spent with familiar females by maes was less compared to that with familiar
males by females (Table 1, Table 2) . { These results suggested that males were short of a
mate choice between the familiar and unfamiliar females} .
2.2 Experiment 2

In the present experiment , we aimed to investigate the behaviora preference for the
partner versus unfamiliar maes or females by femae or mae root voles, regectively.
Twelve experimentd femaes with 12 partner and 12 unfamiliar stimulus malesor 11 experi-
menta maes with 11 partner and 11 unfamiliar stimulusfemales were involved in the present
experiment , repectively. Partnership stood for the relationship between a male and afemae
having bred at least one litter prior to the test. The tests were conducted during 12 24 h & -

ter parturition.
Table 3 Choice of partner and unfamiliar males by female root voles in experiment 2

(Mean = SE duration per 30 min period, in seconds)

Behaviors Partner Unfamiliar ~ Wilooxn Behaviors Partner Unfamiliar ~ Wilcoxn
males maes Test meles meles Test
Vidt 861.1+98.9 216.5+45.0 * ok Mount by 3.4%1.7 0.3%0.2 Cs
Invegtigation  212.0+51.0 75.6+12.8 * ox Lordoss 59.1+26.1 15.7+10.6 ns
Coquetry 25.1+12.7 1.0%0.7 *o* Aggresson 19.5+12.0 13.6+3.1 ns
Mount 4.1+4.0 0.0%£0.0 ns Amiability 191.4+104.3 1.6*1.6 *ox

* * P<0.01; ns: no dgnificance; Cs: dose to dgnificance; Sample 9ze: n=12

Table 4 Choice of partner and unfamiliar females by male root voles in experiment 2

(Mean * SE duration per 30 min period, in seconds)

Behaviors Partner Unfamiliar Wilcoxn Behaviors Partner Unfamiliar ~ Wilcoxn
maes maes Test maes maes Test
Vidt 562.5+114.8 620.7+107.7 ns Copulation 4.6+4.6 27.3+16.2 ns

Investigation 119.5+28.8 177.6+28. 4 ns Aggresson 13.8+5.7 21.8%5.6 ns
Courtship 23.3+13.8 49.5+24.2 ns Amiability 83.6+33.2 21.0%19.2 ns

Mount 3.0+£2.0 6.2+4.5 ns
ns: no dgnificance; Sample sze: n = 11

Results of preference for partner or unfamiliar males by female root voles are given in
Table 3. Femaes diplayed a Sgnificant preference for the partner malesin duration of vigt ,
investigation , coquetry , and amiable interaction. They sgpent more time in receiving mount
from the partner maes than from the unfamiliar males with close to dgnificance. They d
gent more time in mount and lordos s to the partner males than to the unfamiliar males, but
not dgnificant. There was no a dgnificant difference between the partner and unfamiliar
malesin duration of aggresson interacted with each of them by females in the experiment ,
because the females aggressve level to the partner males was creasng ater parturition ac-
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cording our observations. While maes did not exhibit a 9gnificant preference for the partner
versus unfamiliar femaes in duration of vist, investigation, courtship , copulatory behavior
and aggresson (Table 4) .

2.3 Experiment 3

In the two above experiments, long- and short-term effects of familiarity on intersexual
mate choicesin root voles were examined. These results showed that familiarity affected only
on the mate choice of thefemaes. In the present experiment , we intended to test ocia-be
haviora preference for the partner versus familiar males by female root voles 9 as to detect
effect of familiarity on fidelity of femae partners.

Fourteen experimenta femaes with 14 partner and 14 unfamiliar ssimulus maesin this
experiment. In the breeding cage of apair of afemae and a male which bred at least one lit-
ter before, a sexualy experienced mae was housed in a wire mesh box (20 cm x 6 cm x 6
cm) from the pair for 8 h each day aggregating 48 h until at the day of parturition. The male
was familiarized with the pair one another and moved out to put aonein a new cage 2 h be-

fore test. The tests were conducted during 12 24 h ater parturition.
Table 5 Choice of partner and familiar males by female root voles in experiment 3
(Mean * SE duration per 30 min period, in seconds)

Behaviors Partner Unfamiliar Wilcoxn Behaviors Partner Unfamiliar Wilcoxn
males maes Test meles meles Test
Vidt 759.6+90.6 439.2+65.3 * Mount by 0.3%0.3 0.0£0.0 ns
Investigation 161.7+29.6 185.1+27.8 ns Lordoss 6.1+£6.1 0.0+£0.0 ns
Coquetry 8.4+4.3 2.6%+1.4 ns Aggresson 3.4%+1.2 23.4%5.5 *o*
Mount 0.2+0.2 0.0%£0.0 ns Amiability 256.3+78.1 27.0%+17.0 *o*

* P<0.05; ** P <0.01; ns: no ggnificance; Sample sze: n = 14

Thefemaes visted their partner males dgnificantly more, aggressed sgnificantly less
than the familiar males (Table 5). The femaes ds gent sgnificantly more time visting
and interacting amiably with , and less time aggressng to their partners than with the famil-

iars.
3 DISCUSSION

3.1 Mate choice and mating system

In this study , female root voles did not sgnificant preference of copulatory behaviorsfor
the familiar or partner males versus the unfamiliar males without dgnificance, but they pre-
ferred familiar males to unfamiliar malesin other social behaviors (Table 1, 3). Moreover ,
Femaespreferred partner males to familiar males in the other socia behaviors ( Table 5) .
Without respect to copulatory behaviors for testing females access to natura estrus and the
short test duration , femaes were exposed to have a mate preference for the familiar or part-
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ner malesin generd. These data suggested female root voles tended to mate monogamoudy.
On theother hand , male root voles had no mate choice both between familiar and unfamiliar ,
partner and familiar females (Table 2, 4) , suggesting that males tend to mate polygynoudy.

Mate choice among intersexual individuas can be reflect the character of mating sysem of
vole ecies and may be proximate behavioral process underlying traitsin mating system 57!
Our laboratory results, female mating monogamoudy and male polygynoudy can be explained
by the hypothessthat the mating system of root volesispolygyny. Our findings were conss
tent with Lambin et a. who suggested that the root vole s mating system is polygyny ac-
cording to the home range study in Canada s western Arctic!?’!. Sacing system of root voles
isdiverdty resulting in flexibility of its mating system. In Europe populations of the root
vole, Tast found that adult females were of territoriality with forming cluster and male were
territorial [?8]. Ostfeld consdered the root vole studied by Tast asa species with territorial fe-
males'?®?! while Cockburn as a gecies with materna cluster and territorid male*®!. In
60s and 80s of thiscentury , Rusian and Polish studieson root volesfound the two contrary
results®!!. In uthern Norway populations of the root vole, severa reproductive femaes
share the same home range!®?!. Qiwicz found that the prevailing pattern of space usein Fol-
ish populations was mutually exclusve territories of femaes and extensve overlgpping home
range of mael*!. In Qi nghai- Tibet Plateau meadow population of the root vole, there was
no overlgpping home range among adult females, but atiad overlap among maes and be-
tween mae and female! ™. But recently we found root voles were characterized as maternal
clugtersin this area (unpublished) . Although these findings are different , the root vole has
two gatial patterns: maternal cluster , and territorial female. The gatia behavioral plastici-
ty of volesis responsible to habitat fragmentation and kinship!®? %!, S, the prevailing pa
tia system of root volesis maternal cluster and male territorial overlgpping with severa fe-
males. It is said that the prevailing mating system of root volesispolygyny.

On the other hand , operationa sex ratio is an important factor on variation of the mat-
ing system. In natural populationsof polygamous Peromyscus leucopus, the atid relation
ship between maes and females changes with the breeding status of femaes and with maes
asmciating of femalesonly in estrusor close to estrus®®!. According to the fact that females
mate polyandroudy and males polygynoudy , and the operational sx ratio is not male biased
nor female-biased in the natural populations, Xiaet d. have inferred that the geciesisonly
consdered to be promiscuity based on genetic evidence!®!.

We can discuss the two findingsof satid system of the root voles based of our laborato-
ry results and with regard to operational sex ratio in natural populations. The operation sex
ratio involves in mating chance and is subject to local demography. In the Canada s western
Arctic population , there was female-biased operationa sex ratio (female/ male = 2) %1, In
the limited and patchy habitats, maeswhich have a tendency to mate polygynoudy easly ac-
cess to more than one of estrusfemaes. Contrary , severa femaes which have a tendency to
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mate monogamoudy have to share one male and to adust their own female atia relation-
ship to form the materna clusters. In the Qinghai- Tibet Plateau meadow population, there
was equal of operationa sex ratio (femae/ mae=1) (231 "|n this natural condition, we con
dder that males which have a tendency to mate polygynoudy must compete to access to many
egrusfemaes and have to adust their gatid reationship to femaes according of chance of
mating. S, It is no wonder that adult males overlgoped a little much in home range each
other. Recently, we found the root voles became female biased operational sex ratio in
patchy habitatsin this area (unpublished) . Based upon the fact that females mate monogar
moudy and maes mate polygynoudy inour laboratory study , and the operational sex ratio is
female-biased in the natura populations, we should inferred that the root volesisonly con-
sdered to be polygynous.
3.2 HEfect of familiarity on mate choice in polygamy

In mating behavior , intersexua familiarity makes a difference between unfamiliar and
familiar individua§®!. Many documents have showed that familiarity is one of criteria to
compare monogamy to polygamy in microtine with respect to laboratory studym. For exanr
ple, femae prairie voles ( M. ochrogaster) of monogamy , showed a preference of familiar to
unfamiliar malesin mate choice as well as males did, while female and mae meadow voles
(M. pennsylvanicus) of promiscuity both had no this smilar preference!®! | like montane

voles (M. montanus) [*%

. Because effect of familiarity on mate choice of polygynous voles
has been not studied previoudy!®”! | it seems to be the prevailing idea that only do femae
monogamous voles have the preference for familiar males in mate choice, but not femae
polygamous voles.

However , our resultson mate choice of root voles showed females preferred familiar to
unfamiliar males and preferred partner to familiar males in polygynous voles (Table 1, 3,
5) . It suggested that effect of familiarity on mate choice of females was short- and long-term
in polygynous voles. So, familiarity should be a same criterion to distinguish between polyg-

yny and promiscuity as between polygamy and monogamy in mate choice of microtine.

ACKNOWL EDGEMENT We thank YIN Feng, ZHANGLIi, for the helpful suggestions
on desgn of thisresearch. We are grateful to L 1U Jike, SU Jianping, L IU Dingzhen, for
help in the project , ZHOU Xingming for permisson of usng facilitiesin field, WAN G De-
huaand JIAN G Yongjin for generous supply with equipment in laboratory. We gppreciate
the discusson fromJ. Qiwicz with ZHAO Ygun on the paper.

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



295

[1]

[2]

[3]
[4]

[5]

(6]

[7]

(8l

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

REFERENCE

Emlen ST, OringL W. Ecology , sexud sdlection and evolution of mating system [J]. Science, 1977, 197: 215
223.
Davis N B. Mating systems. In: KrebsJ R, Davis N B eds. Behaviourd Ecology : An evolutionary gpproach [C].
Blackwdl , London, 1991. 263 294.
Dewsbury D A. Diversty and adaptation in rodent copulatory behaviour [J]. Science, 1975, 190: 947 954.
Dewsbury D A. The comparative psychology. In: Leger D W ed. Nebraska Symposum on Movation [C]. New
York: Academic Press, 1988. 35: 1 50.
Dewsbury D A. Theindividud attributes generate contrasting degree of socidity involes. In: Tamarin R H, Ostfed
RS, Pugh S R, Budska G eds. Socidsysems and population cycle in voles [ C]. Birkhauser, Verlag, Basa
Switzerland, 1990. 1 9.
Wolff J O. Behavior. In: Tamarin R H ed. Biology of New World Microtus [C]. Spec Publ Amer Soc Mamm,
1985. 340 372.
Sdo A L, Dewsbury D A. Three experiments on mate choice in meadow voles ( Microtus pennsylvanicus) [J]. J
Comp Psychol , 1995, 109 (1) : 42 46.
Shapriro L E, Augtin D, Ward S, Dewsbury D A. Familiarity and mate choice in two pecies of voles ( Microtus
ochrogaster and M. montanus) [J]. Anim Behav, 1986, 34: 90 97.

Ferkin M H. The efect of familiarity on socid interactionsin meadow voles, Microtus pennsylvanicus: alaboratory
and fidd study [J]. Anim Behav, 1988, 36: 1816 1822.

Ylonen H, PuseniusJ, ViitdaJ. Impact of kinship and familiarity on the annua socid organization and population
dynamicsof Clethrionomys and Microtus voles [J]. Ann Zool Fennici, 1995 , 32: 225 232.

Fortier GM, Erskine M S, Tamarin R H. Femade familiarity influencesodor preferences and plasm estradiol levels
in the meadow vole, Microtus pennsylvanicus [J]. Physiol Behav, 1996, 59 (1) : 205 208.

YIN Feng, FANGJiming. Mate choicein Brandt svoles ( Microtus brandti) [J]. Acta Zoological Sinica, 1998,
44 (2) : 162 169.

Shapriro L E, Dewsbury D A. Mae dominance, female choice and mae copulatory behavior in two speciesof voles
( Microtus ochrogaster and M. montanus) [J]. Behav Ecol Scciol , 1986, 18: 267 274.

Shapriro L E, Dewsbury D A. Differencesin dfiliative behavior , pair bonding, and vagind cytology in two species
of vole ( Microtus ochrogaster) and M. montanus) [J]. J Comp Psychol , 1990, 104 (3) : 268 274.
Ferguson B, Fuentes SM , Sawrey D K, Dewsbury D A. Made preferences for unmated versus mated femaesin
two species of voles ( Microtus ochrogaster and M. montanus) [J]. J Comp Psychol , 1986, 100 (3) : 243
247.

PerceJ D, Dewsury D A. Femde preference or unmated versus mated maes in two secies of voles ( Microtus
ochrogaster and Microtus montanus) [J]. J Comp Psychol , 1991, 105 (3) : 165 171.

Wiloon S. The devdopment of socid behavior between sblings and norrshblings of the voles Microtus ochrogaster
and Microtus pennsylvanicus [J]. Anim Behav, 1982, 30: 426 437.

McGuireL , Novak M. A comparisonof materna behavior in the meadow vole ( Microtus pennsylvanicus) , prairie
vole (M. ochrogaster) and pine vole (M. pinetorum) [J]. Anim Behav, 1984, 32: 1132 1141.

Oliveras D, Novak M. A comparion of paterna behavior in the meadow vole, Microtus pennsylvanicus, the pine
vole, M. pinetorum and the prairie vole, M. ochrogaster [J]. Anim Behav, 1986, 34: 519 526.

PierceJ D Jr, Ferguoon B, Dewsbury D A. Congecific preferences in prairie voles ( Microtus ochrogaster) and
meadow voles (M. pennsylvanicus) [J]. Bulletin of the Psychonomic Society, 1989, 27: 267 270.

Heske EJ, Ostfdd R S. Sexua dimorphism in dze, rdative sze of testes and mating syssemsin North American

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



296 19

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

voles [J]. J. Mamm, 1990 , 71 (4): 510 519.

Osfdd R S, Heske EJ. Sexud dimorphism and mating sysemin voles [J]. J Mamm, 1993, 74 (1) : 230
233.

SUN Ruyong, ZHANG Shengwu. Sudy on home range of root voles, Microtus ceconomus [J]. Acta Theriologi-
cal Sinica, 1982, 2 (2) : 219 231.

Lambin X, KrebsCJ, Soott B. Spacing sysem of tundra vole ( Microtus oeconomus) during the breeding seasonin
Canada s western Arctic [J]. CanJ Zool , 1992, 70: 2068 2072.

Webster D G, Williams M H, Dewsbury D A. Femde regulation of choice in the copulatory behavior of montane
voles ( Microtus montanus) [J]. J Comp Psychol , 1982, 96: 661 667.

Facemire C F, Batzil GO. Suppresson of growth and reproduction by socid factorsin microtine rodents: Test of
two hypotheses [J]. J Mamm, 1983 , 64 (1) : 152 156.

L IANGJierong, ZENGJinxiang, WANG Zuwang, HAN Yongca. The growth and development in root vole,
Microtus ceconomus. Acta Biologicd Plateau Snica [C]. Lanzhou: Gansu People Press, 1985. 1: 195 201.
Tagt J. The root vole, Microtus ceconomus (Pdlas) asan inhabitant of seasonaly flooded land [J]. Ann Zool Fen-
nici , 1966, 3: 127 171.

Ostfdd R S. Limiting resources and territoridity in microtine rodents [J]. Am Nat, 1985, 126: 1 15.
Cockburn A. Socid Behavior in Huctuating Populations [M]. London: Croom helm, 1988.

diwiczJ. Sace usein the root vole: basc patterns and variability [J]. Ecography, 1997, 20: 383 389.

Ims R A, RostadJ, Wegge P. Predicting gpace use regponsesto habitat fragmentation: can voles Microtus oecono-
mus serve as an experimenta model sysem (EMS) for capercallie grouse Tetrao urogllusin bored forest [J] ?Biol
Conserv, 1993, 62: 536 550.

Ims RA. Satid cumping of sexualy receptive femdes induces gpace sharing among voles [J]. Nature, 1988 ,
335: 541 543.

Ims R A. Kinship and origin effects on dispersd and gace sharing in Clethrionomys rufocanus [J]. Ecology,
1989, 70: 607 618.

Lambin X, KrebsCJ. Irfluenceof femde relatednesson the demography of Townsend s vole population in spring
[3]. 3 Anim Ecol , 1993, 62: 536 550.

AarsJ, Andreassen H P, Ims R A. Root voles ( Microtus ceconomus) : Litter sex ratio variation in fragmented
habitat [J]. J Anim Ecol , 1995, 64, 459 472.

Johannesen E, Ims R A. Modédling surviva rates: Habitat fragmentation and destruction in root vole experi menta
populations [J]. Ecology, 1996, 77 (4) : 1196 1209.

Bjorngad O N, Andreassen H P, Ims R A. Hfectsof habitat patchiness and connectivity on the atia ecology of
the root vole Microtus oeconomus [J]. J Anim Ecol , 1998, 67: 127 140.

Xia X, Millar J S. Genetic evidence of promiscuity in Peromyscus leucopus [J]. Behav Ecol Sociobiol , 1991,
28: 171 178.

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



4 : 297

( , 100875)
3 5 ,
, 1 ( )
8h 8d ; 1 Y 30 min ,
Wilcoxon T , ,
( 319 )
[1] , , ) , . [31.
( ), 1997, 34 (64) : 64 70.
[2] , , , , . [J1. , 1997, 16 (3):
133 135.
[3] , , , . [A].
[cl. : , 1994, 221 225.
[4] , , ) , , . [A].
[cl. : , 1994, 164 172.
[5] , , , , , ,
[J]. , 1996, 2 (4) : 383 388.
[6] , , , , . [31. , 1997, 16
(1): 31 33.
( , , 623006 )

L1 Desheng ZHANG Hemin CHEN Meng ZHANG Guiquan
WAN G Pengyan ( China Research and Conservation Center of Giant
Panda, Wolong Nature Reserve, Sichuan Province, 623006)

( )
XIONG Yan (Sichuan Agricultural U niversity)

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



