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Abdract: The irfluence of gerilized mae on the copuaory behavior and reproduction of Brandt s vole was sudied by usng the
method of surgica derilization. It was showed o irfluence of male surgica derilization on the copulatory behavior of Brandt s
wole. Mating timeswith intact metes and litter sze of femde Brandf s volesin mae gerilized groups decreased cormpared with the
oortrol groups. The results supported the hypothed sof competitively reproductive interference of gerilized mae. Thus, derilization

can be a viable method to control voles.
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1 Q958. 1 A

Because of many problems and dde efects asociated
with other traditional control methods, usng gerilization
to control peg animalsis gaining atention and favor for its
longlaging dfect, sfety, humanism and dight popula
tion to environment'™ . Control by ocontraception was firg
proposed by Knipling”®' and substantiated greatly dte-
ward*® . This method has been © far goplied to the
house mouse (Mus musculws) | the European rabhbit
(Oryctolagus cuniculus) ™!, the brushrtail possum ( Tric-
hosurus vulpecula) ™ and the rat-like hamster ( Cricetulus

: 1000 - 1050 (2004) 03 - 0242 - 06

triton) ™! and met with various levels of success Chanr
bers et a'® **'found that surgical erilization could result
in 67 % irfertility anong femaes and thus succesfully re-
duce the population sze and growth rate in a oorfined
population of house mouse. This method seemsto be nore
successul when it is used to control and reduce the BEur
rope rabbit population (80 %) ™' and the brushtail pos
sumin New Zedand (75%) ™. Zhang e a'™ conr
pared the efects, between inposed gerility usng surgica
operation and culling , on the reproduction and population
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gze d the ra-like hamder in enclosures and found that
fertility control can achieve a smilar result as snple cull-
ing, and gerility of both sexes were nore dfective in re-
ducing reproductively of hamgers Shi et a™ developed
a nodd to invedigeate the dfectiveness of fertility control
in Brandt' swle (Microtus brandti) and found that fertili-
ty control is not nore dfective than letha control a the
same time with the same bait uptake. However , when gp-
plied in autumn , fertility control is better than lethal con-
trol in reducing the number of the woles in the following
ring, summer and autumn. Degite these worthy at-
tenpts with promisng dfects, these sudies have been fo-
cusng on the irfluence of surgca gerilization on the pop-
ulation groath and fecundity® ™. The irfluence of surg-
ca derilization on ocia behavior , epecialy mating be
havior , of the sudied animalsis dill krown a little. This
overdght can be dgnificant because gerilized animal s can
pose a drong irfluence on rormd animas due to mate
conpetition. Thiswould lower the reproductive success of
normal individua's in population and reduce the popule
tion gze. This behaviora interference efect induced by
derilized individua s has been observed in numerous e
cies such as gray kangaroo ( Macropus giganteus) ™ |
white tailed deer (Odacaileus virginianus) ™' | dk ( Cer-
vus daphus) ™ and plateau pika ( Ochotona curzoni-
ae) ", For this, Zhang™® proposes to use conpetitively
reproductive interference” to characterize the dfect of
derilized individuds on norma individuas No sudy,
however , has © far been conducted to examine the level
and dgnificance of this behaviord intefference due to
mete competition.

Brandt ' s wle is conddered a ped, inhabiting in
deppes from Baikd area in Rusia, Mongolia, to Inner
Mongpliain Chind™ ™. This ecies may bring severe
damages to local livedock husbandry and it is known as a
host and vector of several pathogens™ . To control the
vole population, chemica poions are traditiondly used.
Because of numerous undesrable dde dfects asociated
with chemica control , recently a good armount of attention
has been paid to fertility control as an aternative methr
od®'. However , much has yet to be known before this
method can be routindly used to dfectively ocontrol the

peg wole population.

In this sudy , we focused on the behavioral agpect of
males dter surgcd gerilization. Pecificaly , we examr
ined whether male surgica gerilization could irfluence the
meting behavior and reproduction of Brandt' s wle and as-
sesxd the level of competitively reproductive interference
from gerilized individua s on rormdl individuds

1 MATERIAL AND METHODS

All experimenta woles were from the off pring of a
wild population caught during July to Augugt in 2000.
They were reared separately in plagic boxes (28.5 cm x
17.2 cmx 15. 8 cm) in the laboratory with access to food
and water ad libitum. The photoperiod was st a 160
8D, and light began at 05 00. Dim red light shone at dl
times The tenperature was maintained at 25+1 . Only
meture and hedthy individuds were sdected for the ex
periment. Individuas were sdected based on the degree
o tedis descendance and the open condition of the vag-
na. This ensured that both males and femal es were mature
and that females were in egrus and receptive. Maes and
females were premated, and only those individuds that
showed mounting and receptivity were slected for use
The individuals sdlected to mate were from different lin-
eages and thus not closdly related.

Surgery was performed as follows Frd, animds
were aneshestized (with Pentobarbitd sodium (2 g) +
Bharol (16 m) + 0.9 % Nad lution (34 m) a the
dose of 0.15 m per 100 gramsdf body weight) by intrap-
eritioneal injection. Next , the abdomen of the male voles
were shaved and swabbed with iowone, followed by a
gl incison (20 mm) through the skin and muscle
layers in the middle of the abdomen to gain access to the
germ ducts  For tuba ligation , the ducts were krotted at
the place near the tedis by derile cotton thread. After
tuba ligation , the muscle layer and the skin incidon were
ditched with the derile cotton thread and swabbed with
iodine lution. For animals undergoing the shamroperar
tion, al sepswere the same as those with the experimen-
tal anima's, except that the tubes were ot krotted.

We conducted two experiments  In BExperiment |, we
selected 50 healthy meture males and 40 femaes subject

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



244 Acta Theridogica Sinica 24

to three treatments: group |, one male paired with onefe-
mae (1 ¢:1 ¢); gow II, two males paired with one
femde (2 ¢:1 ¢) and grow IIl, two males paired with
two femdles (2 9: 2 ¢2). In Bxperiment |, we sdlected
30 surgicaly derilized mdes, 20 intact males and 40 fe-
males for three trestments: group IV , one Serilized male
pairedwithonefemde (1 ¢ * : 1 ¢); gow V, one
derilized made and one intact male paired with one femde
(2 * 11 2) and gouw VI, one gerilized male and
one intact male paired with two femdles (2 & * : 2 ¢2).
(¢ * means there exigs one derilized mde in this
gowp) . Each goup had 10 individuds for dl the dx
groups in this gudy.

We made an observation box by placing two plagdic
boxes (each 37 cm x 27 cm x 17 cm) together with a
hole (diameter 15 cm) in the joined sdes A piece of
trangparent gass was used to cover the box to prevent the
excape of the animals After each observation, the box
wasfirg rinsed out usng water and then wiped out with
aoohol to renove resddua odors Observations were
recorded through a kinesoope nonitor , and observetion
time et a an hour by following Dewsbury”' . The fur of
each individud was cut digdinctively for individua identi-
fication.

A mating seriesin the wle includes mounting , penis
ingertion, pevic thruging and gaculaion. We oolleted
the following data about mating behavior : (a) mating fre-
guency (MF) , referring to the number of copulations that
occurred within one hour, (b) mating duration (MD) ,
referring to the length of each copulation in seconds, (c)
mating intervd (MI) , referring to the time between two
oonsecutive copulations in seconds, and (d) thrug fre-
quency (TF) , referring to the number of pelvic thrugt per
second during a copulation in male. For dl data, we did
not diginguish whether the wole copulated with the same
or different mates

The rormdity of the data collected was tested by us
ing a one-saple Kolmogprov- Smirnov ted. Then, inde
pendent sarples t-tet (when digtribution of data was
norma) or Mann-Whitney tes (digtribution of data was
unknown) was used acoordingly for andyzing the sgnifi-
cance in the difference between each two-treatment group.

Wilcoxon paired-sanple sgned ranks tes was used for
samples with paired data. Chi- square tes was used to tes
if pregnancy rate was related to meting frequency. The
dgnificance leve for al tegswas st atd = 0. 05.

2 RESUWLTS

Because of the dmilar treatment, the following
groups form naturd pairs for conparing copulatory behav
ior of Brandt' s wle: groups | and IV, goups Il and V
and grouwps 11l and VI, between experiments | and 1.
Gonpared with group |, malesin group IV denondrated a
higher thrugting frequency (t = 4.254, o =18, P=
0.000< 0.05) , but no difference was found in mating
frequency (mde: t=0.365, o = 18, P= 0.719; fe-
mde: t=0.365, & =18, P=0.719) , mating duration
(mde:t=0.351, & =18, P=0.730; femde: t =
0.351, o =18, P=0.730) and mating intervd (mde:
t = 0.647, o =18, P= 0.526; femde: t = 0.647,
d = 18, P=0.527) in both maes and femdes (Fig. 1
A) . Qonpared with grouwp 11, the thruding frequency of
malesin gow V decreased dgnificantly (t =2.638, o
=30, P= 0.013 < 0.05), but no difference was
found in mating frequency (male: t= 0.887, o = 38,
P= 0.381; ferde: t =0.826, o = 18, P =
0. 420) , mating duration (male:t = 0.581, & =30, P
= 0.565; femde: t=0.01, o = 17, P=0.999) in
both male and femde, and in mating interval (t=1.12,
d= 28, P= 0.272) in mde. Femdes in gow V
ghortened its meting interval sgnificantly (t=2.934, o
=17, P=0.009 < 0.05) (Fig 1B). Compared with
growp |11, males and femdes in group VI showed ro dif-
ference in mating frequency (t=0.208, o =38, P=
0.836; t= 0.202, o = 38, P=0.841) , meting durar
tion (t=1.742, & =32, P=0.091; t=1.459,d =
30, P= 0.155) and mating interval (t=0.690, o =
30, P=0.49; t =1.133, o =25, P=0.268) ,
whereas the thruging frequency of mdesin group VI was
lowered (t=4.466, o =32, P=0.00 < 0.05) (Fg
10).

The difference in copulatory behavior between geril-
ized and intact malesin group V and group VI wasfurther
andyzed by usng Wilcoxon paired-sample sgned ranks
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ted. Resuts (Fig.2) showed that there was no difference
in copulatory behavior between surgcaly gerilize and inr
tact males in both growps V and VI (for group V : mating
frequency: Z2=0.46, P = 0.65; mating duration: Z =
0.56,P = 0.58; thruging frequency: Zz=0.70, P =
0.48; mating intervd : Z =0.00, P =1.00. For goup
VI: mating frequency: Z2=0.19, P=0.86; mating du-
ration: Z =1.12, P = 0.26; thruging frequency: Z =
0.42,P=0.67; mating intervd : Z=0.00, P= 1.00) .
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Fg 1 Irfluence of mde surgca gerilization on the copulatory behavior of
Brandt' s wole between the paired groups in experiment | and exeriment 1.
A:gow |- gow IV; B: gow Il - gowp V; C: gow Il - gowp VI.
MF: Mating frequency; MD: Mating duration; TF: Thrugding frequency;
MI: Maing interval. The value if MI has been converted from secondsto min-
utes for convenience of draning. Sgnificant differences are indicated: * P <
0.05; ¢ * meansthere exigsone derilized male in this group.

OSterilized male
Intact male

Value of parameters

FHg 2 Qonparioonsd copulatory behavior of surgca serilized meesand inr
tact meles regectivey in gowp V and gowp VI. MF: Mating frequency ;
MD : Maing duration; TF: Thruding frequency; MI: Maing intervd. The
vaueif MI has been converted from seconds to minutes for convenience of
drani ng.

Vdid mating of femades was ddined as the mating
with intact males In experiment |, al meatingswere valid
meting for femades, while in eperiment 1l , only those
that happened between femdes and intact males were va-
id meting for femaes The reproduction success was mear
sured by litter sze (LS) in each group. Conpared with
experiments Il and |, our results (Fig. 3) showed that fe-
males in group IV had no valid mating and itslitter 9zeis
zero. Gonmpared with group 11, valid mating frequency (t
=0.99, o =18, P=0.34) , mating duration (t =
0.36, & =15, P=0.72) and nating interva (t =
0.26, o =14, P=0.80) of femde in goup V dl de
creazed but not sgnificantly , but the litter Sze decreased
dgnificantly ingoup V (t=2.638, o =28, P=0.013
<0.05) (Independent sarples t-teg) . Conpared with
grow 11, vaid meting frequency of femde in group VI
decreased sgnificantly (t=2.17, & =38,P=0.036 <
0.05) , whereas the vaid mating duration increased re-
markably (t =3.025, & =27, P = 0.005<0.05).
However , o difference was found in the valid meting in-
tervd (t=0.051, & =22, P=0.96) or in the litter
dze in gowp VI (MannrWhitney U = 1.132,
P=0.258). Our results do showed the pregnancy rate
was much lower when the vaid mating frequency of fe-
males was five or |less that when it was nore than five (x°
=25.771, d =1, P=0.00<0.05,Fg 4).
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Fg 3 Qonpaions of vdid mating and reproduction success of femde
Brandt’ s voles between the paired groups in experiment 11 and experiment 1.
I:gouw |- gowp IV; Il: gouw Il- gowp V; Il group 111 - gowp VI.
MF: Mating frequency ; MD: Mating duraion; MI: Mating intervd ; LS:
Litter 9ze. The vaue if MI has been converted from seconds to minutes for
oonvenience of draning. Sgnificant dfferences are indicated: * P <0. 05.
90% :
80%
70%
60% -

50%
40%

Pregnancy rate

Fg 4 Qorrdationd vaid meting timesd femele Brandt' s vole and pregnan-
cy rae. MF: matingfrequency. Sgnificant differencesare indicated: * P <
0.05

3 DISCUSSIONS

Influence of gderilization on the socid behavior was
reported in ome animals  For ingance , the derilized fer
male white-tailed deer noved nore actively than the nor-
mal female™ and the serilized plateau pika shows rmore
amicable behavior and less agrogtic behavior'™ . No in
fluence of derilization, however , was found in the ©cia
behavior such as foragng, grooming, reging and noving
in gray kangaroo™' and dk™. S derilization may have
different dfect on different animal. Our sudy showed that
male surgical gerilization had no dgnificant irfluence on
the meting ability of mae Brandt s wle, and the geril-
ized males could cormpete for mati ng opportunitieswith irr
tact males and thus decreased the valid mating and repro-
duction success of female Brandt ' s woles. Therefore , the
competitively reproductive interference of erilized indiv-
iduds® seemsto be subgtantial in this ecies For this
reaon , the method of male surgica gerilization has the

potential to be used dfectively in fertility ocontrol of
Brandf s wle. It is, however, gill difficult to eplan
why thruging frequency of males decreased in goup V
and grouwp VI when conpared regpectively with maes in
group Il and group 11, but increased in group IV oont
pared with malesin group |. If the reason for the increase
in thruging frequency in group IV wasonly a meting cont
pensgtion, how can we explain the decrease in thruging
frequency in group V and VI ? Perhaps it was irnfluenced
by surgery on male Brandt' swles Thus, further sudy is
needed to clarify thisissue. The difficulty incurred here in
the explanation may be due to lack of longterm observa
tion &ter the animal s were derilized in our sudy. In the
rat-like hamger , Zhang e a'®* had a long-term obser-
vation and found that the body growth rate of derilized fe-
males is fager than intact fenmdes or gderilized males
Body weight influences the satus of animals, and thus
may irfluence the mating success™ . Thus, longrterm
gudy is necessary to clarify the dfect of gerilization.

In any caxe, based on our results, the derilized
males not only conpeted for resources such as food and
Yace, they a0 conpeted for mating opportunities with
normal males in the same population. In natura condi-
tions , when the population dendty is high, the interaction
frequency of males and females increases and thus, meat-
ing cormpetition ad o intendfies Therdore , if a good nunr
ber of gerilized individua s are added into a population , it
is expected to see that the population sze will decrease in
the ensuing year due to numerous invalid matings
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