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Abgract : In this paper inorder to assessthe dfect o st asde to smdl mammd populations, one year field sudy usng mark and
recgpture method was performed in st addefiddsin Sdavaux , Chevroux and Montbrdloz in wegern Switzerland There are 3 e
cieswere reguarly caught in the st addes: the common wole (Microtus arvalis) , the white toothed shrew ( Crocidura russula) ,
and the wood mouse ( Apodemus sylvaticus) . The common vole was the nogt numerous species in the three sat addefidds Ropu
lation 9ze of comnon woles was different between the sat asgde, but fluctuations in anima numbers were amilar , showing a rapid
increase as cover and food abundance increased in the set asdes during late goring , leading to peak in midsummer The age gruc
ture dffered between males and females, nog individuds cagptured during this sudy are adults and subadults There were nore
subadult males than femae and more aduit females than males (x* =44.09, o =10, P<0.001, N=203). There was a S¢f
nificant dfference in body mass between the sexes among comnon wles, maeswere sgnificantly heavier than femdes (t-test unr
equa variances: t=5.011, o = 162, P<0.05, N=213). The s ratio was very dfferent for the different nmonths, femdes
being more frequently cagptured than maes and there was no dmilarity between the set asdes The home range Sze o connon
voles lied between 350 and 400 nf ; the individua's move only short digtances and there were ro sigrificant differences between

mdes and femdes
Key words: 9mal mammds; Gomnon wole (Microtus arvalis) ; Population dructure; Set asde
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The gudy of population dynamics and population 1996; Zgda and Nesvadbova, 2000) . Generdly, the
dructure characterigics are one of inportant partsof small better the habitat qudity , the greater the levels of immi-
mamma populaion emlogy. The dgnificance of habitat gration, abundance, survival , recruitment, length of
characterigics dfecting population dynamics of gdl breeding season , and body massof small mamma's (Rog-
mammas has been <udied intendvely ( Howerdew, ers and Grman, 1995). Food availahility is presumed to
1985; Rogers and Gorman, 1995; Deattre & al. , be the primary factor afecting sral mamma population
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dynamics (Wilon e a., 1993; Montgomery and
Dowie, 1993; Francois, 1997) .

For the pas severd decades increased farming interr
sty has resulted in a decrease infauna and flord divers-
ty in agricuturd areas (Dudli, 1997; Barone and
Frank , 2003) . There d < has been alossof natura habi-
tas with the intendfication of agricultura practices
(Nentwig, 2003; Fank, 2003; Dudli and Obrig,
2003). The inportance of agricultural areas for the corr
srvation of biodiverdty is increasngy recognized in mog
European countries

St adde is a European Union agriculturd practice
that was introduced in 1988 to reduce surplus arable
crops The primary am of this scheme is to reduce food
production rather than to promote environmental manage
ment. Thus land may return to agricultural production as
part of the set adde rotation, or a the end of a st asde
period (Rogers and Grman, 1995; Milton e al. ,
1997). St addes have been progresdvely introduced into
the Swiss agricultural landscape over the lag decade St
addes are linear habitats containing 20 - 25 herbivorous
gecies, wn indde or dong the edge of fidds Sat
adgdes are vauable conpensation areas, as they are ot
only an aesthetic enrichment of the landscape, but conr
nect semi-naturd habitats (Lys and Nentwig, 1992;
Frank and Nentwig, 1995; Frank , 1998). St addes d-
P dffer food reources, over-wintering dtes and refuges
for many arthropod groups Thus, st adde land can be
bendicid to severd fauna groups, including mammds
(Baumann, 1996; Briner, 2002) . Farmers, however ,
are oconcerned about negative dfectsfrom digpersa of pes
oecies into adjacent crop fidds

The gecid characteridics of set asde areas could
dfect populaion dynamics, populaion gructure and e
cies digribution of gmdl mammals The amsaf thiswork
were to sudy (1) ecies conpostion of sval mammd's
in st adde areas; (2) population dendty and dynamics
o each Pecies; (3) novementsof individuals within the
area and outsde of it.

1 Maerid and Methods

1.1 Sudy area

This research was carried out from July, 2003 to
June, 2004 on st adde areasin Sdlavaux , Chevroux and
Montbrelloz, 60 km wes of Bern. The dtitude of the
qudy dtes varied between 439 m and 499 m and the dze
of dudy areawere 2.55 ha, 4.5haand 6.7 ha. The st
addes were slected to lie in the same climate zone pro-
viding dmilar dte condition in termsof atitude , mean an
nual rairfal and temperature. St asde has to be main-
tainedfor a leag two, maximum d9x years In the three
st addes of dudy al 25 own plant Pecies were ob-

served , the sat addes were dominated by the sown Fago
pyrum esculentum , Leucanthemum vulgare, Trifolium re-
pen in Sdavaux, Dipsacus fullonum, Tanacetum wul-
gare, and Reeda lutea in Chevroux, Seuls Achillea
milléddium , Dipsacus fullonum in Montbrelloz.

1.2 Method

1.2.1 Trapping

Srall mammal s were caught usng 7.7 cmx 7.7 cm
x 25.5 cm Sherman and 25 cm X 6.5 cm % 8. 5 cm Long
worth lives trgps  In each location, 2 grids of 64 trgps
(32 Longnorth and 32 Sherman) were placed in the mid
de o the st addefidd. Thefirg grid was a square of 8
x 8 squares (areaof 1 600 nT) and the second one a re-
ctange of 4 x 16 squares (areaof 1 600 nf). The dis
tance between trapswas 5 m and the trgp types dternated
(Long worth- Sherman) . Traps were placed in the morning
around 8: 00 am and oollected 16: 30 pm and checked
4 - 5timesper day a 2hr intervas Each trgp was bait-
ed with a smdl amount of carrot, cheese and mixed
seeds; hay was provided as bedding meterid. A gven
place was vidted ever 3 weeks Fom December , 2003 to
February , 2004 trapping was conducted only one day (in
order to awid excessve trgp nortality during cold westhr
e) ; from July to November , 2003 and from March to
June, 2004 the trgps were |eft open overnight and were
a o checked regularly the seoond day. Upon capture, in
order to manipulate the animd's, nore easly we anaeshe-
tized them with Halothane liquid. Each anima was examr
ined to identify species, gender, and age (i.e. , adult,
subadult , juvenile) . Fecies, body mass, sx, breeding
oondition , ear tag number and tragp position were recorded
before releasng at the point of cgpture. Age classes were
defined acoording to body mass (juvenile<10g, 10g <
subadults<20 g, adults>20 g (Baumann, 1996 ; Bri-
ner, 2002) . Home ranges were caculated according to
the Minimum Gonvex Polygpn method (MCP)  (Mohr ,
1947 ; Worton , 1987) .
1.2.2 Daaandyss

Population abundance was edimated for each grid
usng the Minimum Numbers Alive (MNA)  (Krebs,
1966, 1999). It was not possble to use the nore ophis
ticated Jolly-Seber nodd , because recgptures between
nonths were  low. PRopulation dendty, expressed as
number of animals per hectare, was caculated from the
MNA edimates on each grid To conpare wle hody
weight and body length between the different st asde,
tted (unequal variance) was pefformed. To compare
vole body mass during the year , Kruska-Wadlis tes was
pefformed uding Smdat program A Mann-Whitney U-
teg was used to conpare home range length in both sexes
Because of the linear shape of the st addes, we chose
home range length rather than its area For home range

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



256 Acta Theridogica Sinica 25

length , only wvoles trapped in at leas two different trgps
during two or nore cgpture periods were cond dered.

2 Resalts

2.1 ecies conpogtion of smal mammalsin st adde
areas

In totd we recorded 1 206 individua s representing 6
Peciesin the area, three ecies were regularly caught in
the st addes: the common wle ( Micratus arvalis) , the
white-toothed shrev ( Crocidura russula) , and the wood
mouse ( Apodemus sylvaticus) . One additionad ecies,
the fosorid form of the water vole (Anicda terretris ter-
restris) , was a o observed indde the set addes, but only
accidentaly captured due to its subterraneous activity.

The comnon Eurasan nole ( Talpa europaea) , was ob-
<erved on a rough grazing ind de the wood and occurred on
the grassy fidld margins a the edge of the fores , but was
never observed indde the st addes The bank wle ( Cle-
thrionomy glaredus) was trapped only at the edge of the
fores. Acoording to the tota number of individuds,
1051 (87.14%) were comnon wles, 93 (7.71%)
were white-toothed shrews, 56 (4.64 %) were wood
mice, 3 (0.24%) were Anicda terretris terrestris,
1 (0.082 %) was Talpa europaea, and 2 (0. 165 %)
were Clethrionomy glaredus. The comnon wole was the
nog numerous ecies in the three st adde fidds The
numbers of different ecies in three different st asdes
were shown in table 1.

Table 1 Small mammal species composition , captured number and captured rate in three different st asdesarea

SHavaux Chevroux Montbrelloz Totdl

E] 9 E 9 =] 9 e+ d

Number of trgp 6144 6144 6144 18432
M. arvalis 435 (7.08) 396 (6.44) 97 (1.58) 85 (1.38) 25 (0.41) 13 (0.21) 1051 (5.7)
A. sylvaticus 15 (0.24) 9 (0.15) 6 (0.09) 13 (0.21) 7 (0.12) 6 (0.09) 56 (0.30)
C. russula 61 (0.99) 32 (0.52) 93 (0.50)
Anicd a terretris terrestris 2 (0.03) 1 (0.016) 3 (0.016)
Talpa europaea 1 (0.016) 1 (0. 005)
Qethrionomy glared us 2 (0.03) 2 (0.01)
Totd _number of animdls 451 (7.34) 405 (6.59) 168 (2.73) 130 (2.12) 33 (0.53) 19 (0.31) 1206 (6.54)

Gommon white-toothed shrews were caught only in
the st addes throughout the year and digplayed dmilar
seaond fluctuations in numbers, as did the common
wle. Although dendties of the white-toothed shrew were
postively corrdated with dendties of common woles (r =
0.88; P<0.001; N=12) (Fg.1)
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2.2 Population gructure and parameters of comnon wole
in st agdes

We found the common wole to be the nog abundant
gecies in the three st adde fidds and, athough there
was o dgnificant difference in body length between sexes

among common woles (t-test: t=1.443, o = 183, P
> 0.9, N =190) , femdes were dgnificantly heavier
than males (t-tet: t =2.473, o =183, P<0.05, N
=190). K, however , only adult and non-gravid individ-
uals were cormpared , there was a tendency for males to be
heavier than females (Mann-Whitmey- U test , U =464,
P=0.106 5, N =70) and dgnificantly longer than fe-
maes (Mann-Whitney-U test, U =374, P<0.01, N
=70). Body mass changed during the year with a tenr
dency for animas to be heavier in summer than in winter ,
but there was no sgnificance difference in body mass over
the year ( Kruskad-Wadlistes; H = 18.025, P =
0.107 1, N=327). Length and body masswere correl at-
ed (r=0.855, P<0.001, N=192) , but variability
was 9 great within age groups, that it was not possble to
edimate age of an individua age from the two parameters
or to congruct a time ecific life table.

The maximum time-gan between the firg and las
capture was 189 daysfor femaes and only 94 days males
Females were a o captured nore often than mae (U =
6045, P< 0.001, N=190; Fg. 2).

The s=x ratio did not differ sgnificantly from1 1 in
the different gtrips, athough there were noticeable fluctu
ations (x’-oontingency test , st asde A: X =3.44, o
=11, 0.99> P> 0.975, N=78; =t adde B: x’ =
13.79, d =11, P>0.25, N=76; st adde C: x° =
12.825, & =11, P>0.1, N=122) (Fg.3). The
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oondgency of the sex ratio during the year was tesed and 20 1 Wjuvenile
reveded no departure from a 1 1 ratio for al nonth con- 1 - Male O Subadult
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The age dructure differed between maes and fe TV F S
males There were nore subadult maes than femaes and Tine (onth)
nore adult females than males (X’ =44.09, & =10, P
<0.001, N=236) (Fig-4). Fig.4 Changein the age ructure of the two genders during the year.

The age dructure of population varied during the The numbers are totdls (MNA)

year , with numbers of subadults and juveniles increasng

during spring , reaching a maximum in midsummer (Fg. 20- CJActive females
5) . ] N Active males
. . . —~@—Subadult
The number of juveniles correlated with the number 1 e Juveniles

o activefemdes (r= 0.894, P<0. 0001,N = 12) ,
the number of subadults corrdated with the number of
previoudy activefemales (r= 0.893, P = 0.002,N =
12) and the number of sexudly active femaes correlated
grongy with the number of sexudly active males (r =
0.99, P<0.0001, N=12) (Fg. 6).

Although population dze varied over the year , comr

Number of animals

non wles were equally abundant in the three st addes " Jul. Aug. Sept, Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.

(¥ =54.25, & =33, P<0.01). The comnon wle Tine (Honth)

was by far the dominant pecies, Croddura russula was Fig 5 Sexudly activity and number of ceptured off pring of comnon
alsnfarly abu@ant , but was restricted to field margns wlesin st adde 1- 3 sowing a correlation between increase in sexud
Mounds of Anicola terrestris and Talpa europaea were pr- adtivity and number of off pring capture

esnt , but none was caught. The annua populion dy-
namics for Micratus arvalisare shown on the Fg. 7.
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Fig.7 The annua population dynamicsfor Micratus arvalis (Ani-
mel numbers per 150 n?)  (Minimum number dive)

Population densty of comnon woles was lowest in
ring, with an increase begnning at the end of May , fol-

lowed by a decline to an interim low at the begnning of
Augud. Population dendty increased again until Novenr
ber and then declined to a low in winter.

Home ranges were calculated according to the Mini-
mum Convex Rolygon method (MCP) (Mohr, 1947:
Worton , 1987) . Gommon voles moved only svall diganc
esindgde the st asde grid. The home range 9ze of males
was 350 nt and have 400 nffor femadles There were o
sgnificant differences between maes’ and females’
home range in either year (U-tes, P>0.05).

3 Discusson

Three small mammal Pecies were regularly caught in
the st addes: the common wle, and the white toothed
shrew, and the wood nouse. Gonnon woles were nore
abundant at Sdavaux and Chevroux than in Montbrelloz
st addes Whitetoothed shrews were only caught at
Chevroux. Acoording to Tattersall et al. , (2000) , Rog-
ers and Grman (1995) and Howerdew (1985) the wood
nouse is a nore comon Pecies in st addes than the
comon wole, but inour gudy the comnon vole was cap-
tured nore frequently than the wood nouse (Rogers and
Grman, 1995; Hlenbroek , 1998; Tattersdl , 2000) .
This is dmilar to the results of Hlenbroek & al.
(1998) . Shrews need ground cover and are frequently live
trapped in st asdes But , even as cover increased during
ring and summer , shrews were never caught insde the
crop fiddds Shrews mainly feed on vertebrates, and may
have a controlling efect on comnon wvole populétions in
st addes (Qurndl , 1995) . That shrews were regricted
to st asdes may be the reault of better food availahility in
st addes and difficulties in burrowing Whenever ob-
served , shrews gppeared to be making use of burrows of
the common wole. Wood mice d 9 dgpend on the presence
o gound cover (Delattre, 1992) . That wood mice were
never trgpped in st asdes may be because food avail-
ability ; fleshy fruits and seeds and leaves of woody pler
ns, islow in sat addes (Jaoob and Brown , 2000) .

Population dendties and fluctuations of sral manr
mals were dmilar between the three st adde areas Bri-
ner (2002) and Baumann (1996) reported that in wild-
flower gtrips the dendty of comnmon woles was minimal in
ring, and thefirg increase in numbers began at the end
of May ; dter a decline to a brief low at the begnning of
Augug , the population grew again until November , fol-
lowed by a decline in winter (Baumann, 1996 ; Briner ,
2002) . A review of regond gudies of the common vole
has shown that population fluctuations and outbreaks are
closly corrdated to land use pattern; thus, landscgpe
conpostion determines comnon wole population diffuson
and population dynamics (Jacob and Brown , 2000) . Our
results agree with the above reports  The activity rhythm
o comnon wle semed to be dmilar in the three st
addes, with animals active day and night. Previous re-
search indicated comnon wles that inhabit fields and
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meadows , are active day and night because of the need to
consume food throughout the day and night. Alternative-
ly, variation in feeding times of ecific predators may re-
sult in rocturna or diurna activity, depending upon
which predators are present in the area (Halle and Lehr
mann , 1987 ; Jacob, 2003 ; Jacob and Henpd , 2003) .
Our observation of the activity pattern of the comnon wole
in the SAlavaux very smilar to above hypothess, comnon
wole very active in day; but comnon wole activity in the
Chevroux and Mortbrelloz was dissmilar; we only cap-
tured the animal at night. We assumed that this might be
related to factors like predation risk , vegetation cover or
food availahility.

The =X ratio of comnon wle in our gudy dteswas
dmilar to that described by Adamczewska (1981) , Ad
amczewska and Nabaglo (1977) , Baumann (1996) and
Briner (2002) . Although there were differences in the
proportion of males and females in gven st asdes, over-
al we caught more females than males Thiswas d 0 re-
ported by Baumann (1996) , who studied comnon wole
populaions in weed grips Differences in the age sruc
ture of two genders may have been related to differentia
digersa. The grester proportion of subadult maes may
be explained by earlier sexud meturity of females or by
emigration of young females into adjacent parts of the st
adgdesor into crop fields The observation that nore adult
females than maleswere cgptured may be because sexually
meture male off pring are not tolerated by their nothers
and mug digperse. Hence, digpersers would nmogly con
s¢ of subadult females and sexualy meture mdes The
difference in sx ratio at a certain age could therefore be a
result of digpersa of young femaes, which plays a crucia
role in the digribution and abundance of small mammdl.

Home range d9ze of smdl mammals varies depending
on landscape characterigtics and food availability (Jacob ,
2003). Jacob (2003) used the radio-telemetry to study
the home range of comnon woles in cultivated land. He
reported that mean home range Sze was rot different be
tween males (202 nf) and femdes (196 nt) ; Briner
(2002) reported that comnon woles showed only sl
home ranges, with a median sze of 125 nf  (Minimum
convex polygon method , MCP) and 60 m’ ( Kernel methr
od) , the maximum home range length in wildflower gtrips
was between 37. 5 and 52 m. Baumann (1996) found that
comnon voles noved only srdl distances insde the drips
and the observed length of homerange was 40.01 m.
Mackin- Rogal ska (1981) found that home range size of
connon voles was 145 nt in dfafa and pasure (Agrell
et a. ,1992). Inour gudy, because of the very low re-
capture rate of comnon woles in set addes, we were not
able to conpare home range dzes between maes and fe-
males, but acoording to the novements of afew animds,
we oould egimate the home range of comnon wlesin S
lavaux and Chevroux. We found that the mean home range
size of comnon voleswas between 250 and 400 nf , which

are in agreement with the results of Baumann (1996) and
Briner (2002) . We sugges that food resources and pre-
dation risk are key factorsfor determining the home range
gze of comnon wlesin st adde areas

Body szeis corrdated with many ecologicaly inpor-
tant parameters including population dendty (Cotgreave
and Sockley , 1994; Zeng & al. , 1996a; Mahlaba and
Perrin, 2003) , survival , predation (Harestad and Bunr
nell, 1979; Zeng e a. , 1996b) , home range sze;
body dze varies within gecies of srdl mammds mainly
due to variations in body mass Jacob (2003) studied
comnmon wle body weight dynamics in agro-ecosysems
and found that body massfluctuated on al plots seaondly
with higher anplitudes for mdes than females In our
dudy, we found dmilar reaults, there was a sgnificant
difference in body mass between the sexes anmong comnon
voles during dl cgpture periods in set asdes, with maes
being heavier than femdes (t-tes unequa variances:
t=5.011,d =162, P<0.05, N=213).
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