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Abgtract We studied the behaviora and endocrine reponses of the fosorid scia rodent , mole vole Ellobius tal pinus
Pall. , to intrusonsof strangersinto burrow sysems that were occupied by intact families. Both in reproductive and norr
reproductive seans, al intruders disppeared from the burrow systems of resdents within two days of introduction,
whereas 4 of 7 individuasintroduced into enpty burrows remained there at least for two days. Introduction of strangers
led to the concentration of resdentsat thepoint of redlease and to an increase of plasma corticosterone in both resdents and
intruders. During the breeding season, introduction of strangers was a acconpanied by an increase of plasma testos
terone of resdentson the day of introduction. Thus, smulation of intruson of strargers demonstrated the efficient socia
fence of resdent mole voles that seems to be an inmportant mechanism of stabilization of dze and structure of mole vole
families. Encountersof resdents and intruders resulted in activation of physologicd mechanismsof sress, epecidly dur-
ing the breeding seaon [ Acta Zoologica Sinica 50 (1) : 19- 26, 2004].
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Kinship and familiarity of individuasplay an es man and Holmes, 1985; Fenning and Sherman,
sentia role in establishing the socia structure of ani- 1995) . Agonigtic reaction to introduction of unfamil-
mal populations. Socia units in many species consst iar consgecifics seems to be an important mechanism
of geneticaly related individuas (Jarvis, 1981 ; Sher- of both regulation of the locad densty (Charnov and
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Finerty, 1980; Hestbeck, 1982, 1988) and beha
viora defense against paradtes that could be brought
by newcomers (Loehle, 1995; Lewis, 1998;
Moshkin et a. , 2000) . Indeed, ocia islation can
provide protection from nove infections, on one
hand, but kin breeding as an inevitable consequence
of ilation often resultsin a substantia declinein fit-
ness due to inbreeding (Shields, 1982; Fletcher and
Michener, 1986; Jarvis et a., 1994). Moreover ,
aggresson towards the intruders could be detrimental
for both resgdents and intruders due to stress and/ or
injuries.

Among vertebrates, the highest degrees of -
cidity are known in fosria rodents (Jarvis et d. ,
1994) . In ome of these gecies breeding is restricted
to one female and one to three maes (Jarvis, 1981) .
Socidity, as the consequence of high risk of disper-
gon, leads to the high degree of kinship between
oolony members (Reeve et d. , 1990). The sHf-re-
straint model (Snowdon, 1996) proposed that in-
breeding avoidance is one of the main reasons of re
productive suppresson in cooperatively breeding ani-
mals. In damardand molerats, Cryptomys
damarensis, presence of non-related partner seems to
be an essentid condition for succesful reproduction
(Bennet et d. , 1996; Clarke et a. 2001). Evenin
the naked mole rat , Heterocephal us glaber , a ecies
with extremely low digperson (O’ Rian et 4.,
1996) , preference of unfamiliar mates has been de-
<cribed (Clarke and Faulkes, 1999) . On the other
hand, in laboratory conditions this ecies is highly
xenophobic to foreign congecifics: reddents attacked
unfamiliar animals immediately ater their introduc
tion (Lacey and Sherman, 1991; O’ Rian and Jarvis,
1997) . In another colonia fosoria rodent , the mole
vole, Ellobius talpinus, digperdon in nature is a
common phenomenon , egecialy in the young-of-the
year cohort (up to the 70 %) , but only few immi-
grants (less than 10 %) become members of unfamil-
iar colonies and take part in reproduction ( Evdoki-
mov , 1997, 2001). This ecies occupies a wide
range of steppe and forest steppe landscapes from
Eastern Europe to centra Ada and has rather stabile
Lcia units, i.e. , families. Each family has discrete
burrow sysem and condsted of 2 - 15 individuas.
Among them there are severa mature males, but only
one reproductively active female ( Evdokimov and
Pozmogova, 1993; Evdokimov, 2001) . Experimen-
tal studies of mole voles in the laboratory reveded a
low level of intragecies aggresson. Encounters of
two or of 9x unfamiliar mole volesled to only few ag-
onigic interactions ( Bolshakov et a., 1989;
Moshkinet a. , 1991). In contragt to terresria ro-
dents, encounters induced weak stress regponses as
assesxd by theincrease of plasma corticosterone (Bol-

shakov et a., 1989). In another experiment we
placed two unfamiliar groups (each group cond sted of
individualsfrom the same family) of four mole voles
for 48 hours in different parts of three connected
cages where a centra cage was divided by a screen.
Remova of the screen led to an aggregation of the
voles in a common group with no sgns of aggresson
(Petrovski , unpublished data) . These data are not
necessarily indicative of the nature of agonistic reac
tionsof mole voles towardsforeign congecificsin na
ture; behaviora regponses to strangersin an unfamil-
iar laboratory environment may differ from those oc-
curring under natural conditions.

In order to eucidate the role of familiar condi-
tions, which include habitua gpace and odor , in res-
dent regponse to intruders we smulated intruson of
strangers in the burrow systems that were occupied
by mole vole families. Snce only one point of a given
burrow system was used for introduction, we propose
that concentration of resdents around this hole can
reflect the behaviora regponse to intrusons. Al we
predict the changes of plasma corticosterone and
testosterone to be indicators of stress reaction of both
resdents and intruders.

1 Materids and methods

1.1 Area, trapping and sampling

We studied mole volesin field conditionsin Au
gust 17 - 25, 1996 and in April 19- 26, 1997. The
examined population occupied the North-Eastern
boundary of the gpecies range - 54°36 N, 82°43 E
(Novosihirsk region, Russa) . Acoording to literature
( Evdokimov and Pozmogova, 1993; Evdokimov,
2001) and our unpublished data, in northern popular
tions mole voles reproduce in late winter and ring.
Summer and fall is the period of active food storage.
Thus, our two experiments included both reproduc-
tive (April) and nonrreproductive (August) periods
in the annual cycle of mole voles.

Snce each family occupies an ilated burrow
system that is eadly detected visuadly by the hills of
il dragged out on the surface ( Evdokimov, 2001) ,
we oconddered individuas cgptured in a burrow as
members of the same family. Distance between stud-
ied families was no less than 200 m. Lig of family
groups, number of trgpped individuas and family
structures are presented in Table 1. For ethica rea
ns and in adherence to* Rules of Scientific Experi-
ments Conduction” gpproved by the decree of the Pre-
ddium of Russan Academy of Sciencesfrom 2.04. 80
No. 12 000 - 496, we minimized the number of
trapped animas to samples size just sufficient for the
robust statistics. We trgpped animals s multaneoudy
in4- 6families with live'trgps that were constructed
by B. A. Golov for trgpping of mole voles ( Golov,
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1954) . It condstsof sted grings with 30-mm diame-
ter (close to diameter of mole vole tunnel) and 200 -

250 mm length. One end of gringisclosed and other
end haswire door that open inone direction indde the
gring. We inserted trgos up to 150 - 200 mm into
mole vole tunnels at 3 or 4 points of the burrow sys
tem, where recent burrowing activity had been de
tected by fresh hills of sil. The construction of the
tragp alows recognizing immediately the act of capture
by appearance of afresh il in the trgp and the sound
of gnawing. Additionally we ingected the trgps each
4 min but there were no occasons of undetectable
captures. Trapping sessons lasted from 15:00 h to
20:30 h loca time. Trapped individuas (both maes
and femaes) were removed immediately for collection
of a blood sample. We collected blood samples (about
300 1) in heparinized capillary via puncture of the
retroorbital snus. Inorder to limit the effect of han-
ding on the hormone oconcentrations we Pent less
than 2 min for blood sampling. In rodents, rise of
blood glucocorticoids was recorded only 3 - 5 min &f-
ter beginning of stressimpact (Kiohisaet a. , 1977;

Table 1 Sructure of the familiesand protocol o the experiment

Kugler et d., 1988). Blood samples were cen
trifuged (3 000 r/ min, 15 min) and plasma was col-
lected in small plagtic vid's (Eppendorf ) and storedin
- 20 until anayds. After collection of blood sam-
ples we weighted al the anima's, individually marked
them by toe dlipping, detected sex and (if possble)
reproductive status of the individual. In reproductive
sean we conddered pregnant or lactated females to
be reproductively active and distinguished mature and
non-mature males by anal-genital distance. In nonre-
productive period testes mass of maes dramatically
decreases ( Evdokimov, 2001) 9 mature and immar
ture males become undistinguished. We placed indi-
vidua's captured in the same family in a common cage
(plastic bax 50 cm % 30 cm x 25 cm) with the pieces
of turf and carrot. After thefinishing of the trapping
sesson we released them at the points they were cap-
tured in given sesdon, in the case of the intrudersin
second trapping sesson (see below) ¥in the burrow
of the novel family. Then we covered the open hole
by the piece of turf.

Family Season of Number of animals Surce of
trapping Initia Removed Released intruders

1 August 1996 7(4+3) 7 0
10A Same above 20(13+7) 15 7 (4+3) 1
10B Same above 24(11+13) 0 10(7+3) 10A
11 Same above 11(7+4) 7 0
12 Same above 11(8+3) 0 7(4+3) 11
7A April 1997 13(7+1+1+4) 10 0
7B Same above 14(7+0+1+6) 0 10(6+1+1+2) TA
13A Same above 12(6+0+1+5) 6 0
13B Same above 6(3+0+1+2) 6 0
14A Same above 7(3+0+2+2) 0 6(3+0+1+2) 13B
14B Same above 12(9+0+1+2) 0 6(3+0+1+2) 13A

Datain breakers means mdes+femaesin August and mature maes+ immature maes + mature femaes + immature femaes in April.“ Source of in-

truders’ means the colony where the intruders were removed.

1.2 Introduction of strangers

We trapped mole voles in three successve «s
sons with 1-day intervas. In the firgd sesson we
treated individuals at al the families under the stan-
dard protocol , described above. Before the second
sesson we randomly chose haf of the families to be
used as intruders. For intruders a second trgpping
sesion was begun at 11:00. Trapped animas were
caged with individua sfrom the same family until 14 :
30 when they were introduced in one of the rest (res-
dent) families. For releadng of intruders we opened a
tunnel at the point nearby the geometrica center of
the burrow system of reddents. Only one point in
each resdent burrow sysem colony was used for re-

leasng of the intruders. We measured the distances
from the point of introduction to the pointsof capture
of the reddents as an indicator of the behaviord re-
gonse of reddents to intruders. The number of in
truders released into the same burrow system varied
from 6 to 10 depending on the sze of the resdent
colony. We a0 tried to introduce a Smilar proportion
of malesand femaesand to release at least one mature
femalein reproductive condition (Table 1). In red-
dent colonies we began the second trgpping sesson at
15:00 and treated under the standard protocol al the
captured individua sincluding intruders (regardless of
the way of recapture) . After the end of the trapping
sesson we released them at the points of their trgp-
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pingin this sesson. In the third sesson we trgpped
mole voles only in resdent colonies and treated them
under standard protocol. Inthe August 1996 , we ad-
ditionally captured seven individuas in family 1 and
introduced them in the empty burrows of the family
10A two days ater the remova of mgority of the res
idents. In thisfamily we performed two trapping s
ries, one and two days &ter release of intruders. We
additionaly ingected families of resdents treated in
August 1996 by means of 1-day trapping sessonsin
October 1996 and in April 1997.
1.3 Seroid asaay

The concentrations of corticosterone and testos
terone in blood plasma were measured by radioim-
munoassay usng Sgma antibodies (Rabbit Anti-Cor-
ticosterone and Rabbit Anti- Testosterone) and Amer-
sham labeled hormones ([1, 2,6, 7-H®]-Corticos:
terone and [1,2,6,7-H3]- Testosterone) . Excluding
extraction analyss was made acoording to manufac-
ture’ singruction. A uniform procedure of extraction
preceded radioimmunoassay: 3 ml ethyl ether was
added to glass tubes containing 30 - 50M | plasma and
vortexed. Then we removed 2 ml extracts, trans
ferred to new tubes, dried at 55 under vacuum,
and added 100M | of phosphate buffer (pH =7.0).
Extraction yield checked for every st of assay usng
3H labeled steroids varied from 85 % to 95 %. Sens-
tivitiesof the assay determined from 95 % confidence
limit of zero standards were 30 pg/ tube for corticos
terone and 5 pg/ tube for testosterone. To determine
paralelism, we constructed afive-point , two-fold di-
lution series of plasma samples in phogphate buffer
and compared them with standard curve of each
gsteroid. There were no dgnificant differences be-
tween dope of standard curve and dope of line gener-
ated by plasma samples of assayed mole voles. As
males and females showed no differences in corticos
terone concentrations we analyzed them together.
Testosterone concentrations we measured in maes
only.
1.4 Satigtical analysis

Snce oconcentrations of oorticosterone showed
asymmetrical distribution, we normalized the data by
extraction of square roots. Efectsof the trgoping ses
son, x and san of the year on hormone concerr
trations we egimated by Two-way and three-way
ANOVA. We do caculated Two-way ANOVA for
the study of the influence of trgoping sesson and sea
non the disance from the point of introduction to
the points of capture of the resdents. We used L SD
test for multiple comparison of means. Comparions
of the same index in different seaons (April vs Au
gust series) we performed by Student t-test. Snce
the testosterone titersin ome individual s were below

the level of detection, for the comparion of these da
ta we used non-parametric tests: Kruskal-Wallistest ,
Mann-Whitney test and rank order Spearman corrda
tion. Differencesin the trgpping probabilities we esti-
mated by Yates correctedX 2 To exdlude the efect of
circadian fluctuations of physologica parameters, we
compared data of hormones with the time of the day
as covariance.

2 Results

2.1 Probability and spatial distribution of recap-
tures

We calculated trgpping probability as ratio of the
individuas cgptured in a given sesson to the number
of dl individuas cagptured in the family during the en-
tire three sessons. In resdent families trapping prob-
ability was 40% - 70% in both fal and sring
(Fig-1). In August 1996 during the first day of re-
lease (sesdon ) we re-captured only two of 17 inr
truders and one of them was cgptured above ground
one hour &ter the introduction into burrow system of
the family 10B. Infamily 12 one intruder jumped out
from the hole near the point of introduction immedi-
ately ater it’ s opening before setting of a livetrap.
Two days ater introduction (sesson ) , one more
intruder was cgptured on the area of family 12 in his
own ilated burrow , which had no a connection with
the burrow system of the reddents. When we trgpped
the resdent families two months later (in October
1996) we did not re-capture any newcomers. In April
1997 there were no dgns of burrowing activity in
family 10b. In family 12, however, among three
marked individual's we captured one former intruder
(Table 2) . Among 7 individuas released in the emp-
ty burrow system of family 10A , &ter the removing
of the mgority of the dwellers, we re-captured 4 indi-
viduasin the two successve trgpping series. Thisre
capture rate was dgnificantly higher in comparion
with the re-cepture rate of mole voles intruded into
occupied burrow system ( Yates correctedX 2-3.89:;
P<0.05).

In April 1997 on the first day of introduction
(sesdon ) we recaptured 11 of 22 (50 %) intrud
ers Among them, nine intruders were trgoped in
resdent burrow systems; one was captured on the
surface, and one in a new burrow , which did not
connect with the resdent burrow system. Intruder
males and females were re-captured in the same pro-
portion as released , but none of the mature females
was re-cgptured. Re-capture rate on the day of intro-
duction was dgnificantly higher for the intruders in
April than in August (Fig.1, Yates corrected) ? =
7.88; P<0.005). Two daysafter introduction (ses
don ) we re-captured only one intruder (Fig.1).
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Fig.1 Trapping probability of residentsand intruders in the colonies of release

For resdents, caculated as percentage of individuas captured in a given sesson to dl resdents captured in the colony , for intruders, as per-
centage of individuas re-captured ater introduction. Here andin Fgs 3 and 4, cdosed bars denote resdents, open bars denote intruders. As
terisksindicate sgnificant differences between the respective vauesin resdents and intruders (Student t-test, P<0.05).

Table 2 Number of individuals captured in the resident’ sfamilies two and eight month after introduction of the strangers

Family 10B Family 12
Trapping series
Resdents Intruders Nonmarked Resdents Intruders Non-marked
October 1996 9 0 1 5 0 0
April 1997 0 0 0 2 1 4

Invagon of intruders led to the crowding of the
resdents at the point of introduction (Fig.2). Two-
way ANOVA (trapping sesson and seaon asfactors)
reveded statigticaly dgnificant effects of both factors
and their interaction on the distance from the point of
introduction to the points of cgpture of the resdents
(F=10.73, P< 0.0001 for trgpping sesson; F =
5.45, P<0.05 for ssan and F =12.32, P<
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Fig.2 Digances (Mean *

Distance (m)

0. 00001 for interaction of the factors . The average
distance in both seasons was minima (6.0+1.5 m)
on the day of rdlease (sesson ), in comparion
with sesson , performed two days before (12.0
2.4 m) and sesdon , performed two days &ter re-
leae of the intruders (14.0 + 1.8 m; P < 0.05,
L SD-test) .

40 1 April 1997

W
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Trapping series

Series |

SE) from the points of the captures of the residents to the points of intruder releasing

Here and in Fig. 3 bars with different |etters are sgnificantly different (L SD-test, P <0. 05)

2.2 Pasma corticoster one and testoster one

To study the effectsof seaon, sex and trgpping
ssson on plasma corticosterone in mole voles we
treated al the data collected in sesson |, and data of
resdentscollected in sesssons and by Three-way
ANOVA. Seaon and sx did not afect individua
values of plasma corticosterone (F = 3.21, P =

0.08and F =0.82, P=0.36, regectively) , but
trapping sesson did (F=4.78, P<0.01).

Taken together the dataof both seaonsand sex-
es we showed that concentration of corticosterone Sg-
nificantly increased on the day of introduction (ses
don , mean = 71.48 £4.39 ng/ ml) in compari-
N with concentration of corticosterone two days be-
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Plasma corticosterone (Mean + SE) in mole voles before and after release of the intruders

Data for maes and femaes are combined. One3/way ANOVA reveded a sgnificant efect of the day of trgoping on corticosterone concentra

tions.

fore releasng (sesson , mean = 47.02 3. 28 ng/
ml; P<0.05, L Stest) (Fig.3).

We could oollect only 8 blood samplesin intrud-
ers trapped on the day of release in April 1997. Cornr
centration of plasma corticosterone in intruders
(89.05 £ 12. 79 ng/ ml) was sgnificantly higher than
in resdents (64.60 + 5.44 ng/ ml) trapped on the
same day (t=2.09, P<0.05).

In August , concentration of plasma testosterone
in males was below the threshold of detection. In
April (reproductive seaon) , concentration of testos
terone exceeded undetectable level in 65. 1 % of samr
ples (Fig.-4). Trapping sesdon dfected sgnificantly
on plasma testosterone in resdent males ( Kruskal-
Wallistet, H=6.5; P<0.05). Insesson it was
dggnificantly ( P < 0.05; MannWhitney test) lower
than in sesdon (0.075 £ 0.041 ng/ ml and 0. 184
+ 0.037 ng/ ml regpectively) . Plasma concentration
of testosterone did not correlate sgnificantly with

concentration of corticosterone (rs= - 0.24, P =
0.16).
0.3 7
E .
%‘/’ 0.2 4
2
e
3
Z 0.1 ‘
: |
0 -4
Series | Series 11, Series I,  Series I
residents intruders
Trapping series
Fig.4 Plasma tesosterone (Mean £ SE) concentrations

in mole vole males before and after release of the intruders
in April

Asterisk indicates sgnificant differences between day of introduction
and pre-rdeasing day ( P<0. 05, Mann-Whitney test) .

3 Discusson

Socia sructure of the mole vole population was
dmilar to those described by Evdokimov (2001) .
Typicdly , afamily group conssted of one-two dozens
of individua soccupying common burrow system. Sex
ratio was biased to males (Table 1) . Most families,
with two exceptions, had one reproduced femae.
The emigration rate in mole voles is relatively high,
but only few immigrants succeed in joining a strange
family (Evdokimov, 1997, 2001). But, asin other
oolonial rodents (Clarke and Faulkes, 1999; Clarke
et ad., 2001) , mole vole immigrants had more
chances to take part in reproduction in comparion
with resdents (Evdokimov , 1997, 2001) . In labora
tory conditions probability of succesful reproduction
in pairs formed from unrelated partners was higher
than in pairs formed from individua s from the same
family (Evdokimov, pers. com.). Nevertheess, in
native families absence of newocomers does not prevent
reproduction. As in naked mole rat (Jarvis, 1981;
Jarviset a. , 1994) death of the' queen” leadsto the
maturation of one of the related femaes. High
longevity of mole voles (up to 6 years) provides an
opportunity for the mgority of the resdent colony
members to take part in reproduction ( Evdokimov ,
1997, 2001) .

Data of our field experiments show that , in con-
trast to the relatively constant re-capture rate in res-
dents, mole voles experimentally tranderred into an
unfamiliar family digplayed a dramatic reductionin re-
capture probability two days after release (sesson

). Capturesof intruderson the surface and in new
burrowed tunnesindicated that at least ome of them
abandoned the burrows in which they were released.
Both the concentration of reddents around the points
of release and the high rate of re-cagpturesof mole vole
intrudersin resdent-free burrows (family 10A) sug
gedtsthat intruders, regardess of the sex and repro-
ductive status, were banished by resdents rather than
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voluntarily abandoning unfamiliar burrow systems.
This concluson isin contradiction to the direct obser-
vation of the behaviora regponse to strangers that we
studied under laboratory conditions. Encounters of
the unfamiliar congecificsin a neutrd arenaor co-us
ing area by previoudy ilated family groups of mole
voles did not provoke an agonistic reaction (Petrovs
ki , unpublished data) . Discrepancy of field and labo-
ratory studies indicated that familiar conditions,
which include habitual gace and odor , are important
factors regarding the behaviora regponse of mole voles
to intruding strangers. Naked mole rats kept in labo-
ratory dmilarly diglayed strong aggresson towards
intruders (Lacey and Sherman, 1991; O’ Rian and
Jarvis, 1997) . Introduction of laboratory- maintained
mole voles into the home cages of other families
(Novikov et a. , unpublished data) as provoked
sharply aggressve reaction of resdents. It seems that
long-term caging in artificial burrow sysemsis suffi-
cient for amulation of the environmenta conditions
that are necessary for* norma” behaviord regponse to
intruders.

In both seans, invadon of strangers induced a
stress reaction in reddent mole voles. In August con-
centration of plasma corticosterone increased on the
day of release (sesson ) and declined two dayslater
(sesdon ) to aleve recorded before release (sesson

). In April , however , plasma corticosterone sSg-
nificantly exceeded basal level two days ater release
of strangers. Seana differences in the recovery of
adrenocortical activity were accompanied by a differ-
ent rate of the intruder banishment. Snce in August
the percentage of the re-trapped intruders dramatical-
ly declined on the day of release, we can propose that
most of them were banished within thefirst hours &-
ter rdlease. In April , reddents gpent more time ban-
ishing strangers. Recapture rates of intruders on the
day of release were dmilar to those of resdents and
were dgnificantly higher in comparion to recapture
rates of intrudersin August. Acoording to the April
data, intruder mole voles d< were stressed on the
day of release. In contrast to a uniform adrenocortical
reponse to Lcid stresvors, plasma testosterone could
increase or decrease in stresful conditions. Direction
of androgen regpponse to ciad corflicts is hierarchy
dependent (Sgpolski , 1982; Huhman et d. , 1991) .
In our study we have found a diff erent androgen reac-
tion to ocia stimuli in the paradigm resdent ¥in-
truder. During breeding seaon (April 1997) plasma
testosterone increased in resdent maleson the day of
release, but it did not change in intruders.

In naked mole rats urinary cortisol and testos
terone strongly correlated with socid rank. Snce
dominant femaesof this gecies are aggresive, stress
of subordinate femaesis conddered an essential factor

in reproductive suppresson (Clarke and Faulkes,

1997, 1998) . However there is no relationship be-

tween femae reproductive status and urinary testos

terone or cortisol in colonies of damaraland mole rats
with low aggressve rate (Clarke et a., 2001).

Thus, there is a correlation between sociad rank and
hormonal statusin fosorid rodent with high leve of

both intra and intercolonial aggresson, but not in

nonaggressve ecies. We have no direct observa

tionson aggresdve conflicts in mole voles in nature,

but in our study we have found a different androgen

reaction to ocia stimuli in the paradigm resdent ¥
intruder. During breeding season (April 1997) plas

ma testosterone increased in res dent maleson the day

of release, but it did not change in intruders.

In concluson, smulation of invason of strangers
demonstrated the eficient social fence of reddent
mole voles. Thisphenomenon seems not to bein con-
tradiction with the demands of inbreeding avoidance.
Success ul immigration in nature may depend of the
stability of the family, increasing when the family
dze is decreased. Disgppearance of the ome members
of colony 12 during the winter of 1996 - 1997 seems
to be a reaon of success ul introduction of oneformer
intruder 6 month &ter its release. Thus, the agonis
tic reaction towards strangers could be an important
mechanism of dabilization of dze and sructure of
mole vole families. At the same time encounters of
resdents and intruders result in activation of physo-
logica mechanisms of stress, egecialy during the
breeding season.
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