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Kin Recognition in Cross-fostered Colonies of Root
Voles ( Microtus oeconomus ) : Male Response to
Urine Odor of Female Siblings
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Abstract: The laboratory population was founded by the cross-fostering method. In order to investigate mechanisms
of kin recognition by odor cues. we observed the hehavioral responses of adult male root voles ( Microtus oeconomus } to
urine odors from females, which include non-siblings reared together (NSRT). non-siblings reared apart (NSRA), and
siblings reared apart (SRA). The results showed that there are no significant differences in male vole body weight between
siblings reared together and SRA during different developmental periods {age 2 — 70 days). Approach latency by males
was significantly longer in response to NSRT than NSRA, whereas visiting time and sniff time by males were significantly
shorter in response to NSRT than NSRA opposite-sex conspecifics. The behavioral responses of males to urine odors from
SRA and NSRA had no relationship with the degree of genetic relatedness. In conclusion, male root voles 80 days in age
can discriminate between familiar and unfamiliar non-kin by urine cues. but such males cannot discriminate between unfa-
miliar kin and non-kin. We conclude that male voles use an odor association mechanism for sibling recognition.
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. A ONRRYMRIZERB AN, REEX. ¥
AL, BCABEEE LA AC [R]85 5 T 1y 28 4R (L
FIEIS R HE (Hepper, 1991; Pusey & Wolf, 1996;
Sherman et al, 1997). Hepper (1991},
al (1997), Tai et al (2000, 2002) #I Zhao et al
(2002a, b) XS IR B BIHAT T A0
BE, ORI, %4 K 2 BRI R S RE FIL
HRGRZ BHH T

HAt, A X ERE I A JL# KRR
(Barnard, 1990; Holmes & Sherman, 1982; Mateo,
2003; Waldman et al, 1988), Jf 15 3 K &5
BIAESE (Mateo, 2003; Mateo & Johnston, 2000a,
b, 2003), [EAF, A BRIRE A ZFHFRNRIK
(van der Jeugd, 2002)- ZE—FF, S50, RIZh
YRR HAE R E KN B B S (B (55 (Flan Sk
W) #17%E RS (Holmes & Sherman, 1982) .
EoM, HAEBEEX, M aREL A SRR
FHATHRBE R, ERBRFERETS (nE R
&), SPREHMANERRE, BHEARED
&, BB MEX S 3TFH (Mateo & Johnston, 2000a,
b, 2003; R Zhao et al, 2002b). 5 =FF, KA
PR, RSt BRARE T, hi¥iRes A B 80
AERBARD, AEIEE S RAL S HARS R
BN, RAIICACHFE AT EEMRA S A &
EHEBIPAERENE, Hit, 5505809 B9 R IL T
A, R KR R A RIEA KR (Holmes &
Sherman, 1982; Sherman et al, 1997; 75 Zhao et
al, 2002b). FH A, ZFE47 A HF RG] (recognition
alleles), RPN BEH AT RBUG S H9%RE, WH
oA~ B E S TR, MR BT RAMES
7 M& (Holmes & Sherman, 1982: Waldman et al,
1988) . ZIRFHLEIHE RGBS 1Z AT, HARXFH
BT IRGE S W IRE LR DRMIE, 2R,
WHPMEATTREIR RUFEHE (Mateo, 2003).

W B (Microtus oeconomus) W9 EJBIRA
WEFA kL, AT AW TAERY], MEFEARH BAE
RYEAEM (Zhao et al, 1999, 2002a, b). /&
KR, MHEER (MEKD)  (Zhao et al, 2003)
PAT BB BB AT 3 [aaE, R AT ARSI R S R 2
FRWEFRIUAF AT R A (Sun et al,
2005). ARTA, 2 BC AR BLRE 7 YL S P R A e

PRAEPR, HIE MR B A HLELE B4, H AT A

Fi%)
2 o

Sherman et

BTH, AR, RINUSEREESERE
( Potentilla fruticosa ) TEM S ash iR 1 B OS2 50 3
Y, HCECANTR K e HAE E R STR S BER  A
WY R, DA HEEAR U S R R IR R
BRAYAT AR, PATR I HEPEAR H BRS04 R
RR SRR

1 #MRAFE

1.1 SBHMAFESLXEL LK

P AE R A [ 2 e e g R ) A
R (37°29° ~ 37°45'N, 101°12" ~ 101°
23') MLy S e 5 fa) M S SEHE AN, Vb R A
YRR 55 R 9 S W) 3R 5 N LR B AE . AR T R4 1A
20 H&HE ey, MEdE R SR 10 KI5, ARMERES
Wi, ALKLULLRAETN F1~ F3 RRE
(80 Hify) AEHsh#. hPiasefE 40 x 28 x 15
em W RSN, LUEE TR B R EIRY, LI
LR EA, RN, B2 RPOREE (L
FEHR Y SRR A R AR B LLE BB B
N, YL EE A 08: 30, EiRERE22+2 C
(FRIEACH PGB A7), JLRAH 14L: 10D
(s B TFERAR), SR EARANLRR
[] .

KX EHFEK: Hk, HEHFHAEFR 36 h
W, BRI EART 6 h, LEELRMM
BT AT RA R, R R R
Woacmty (BEHTE, SELZIEEIMEL
fFRIELED , RIEH 2 R4l i 70 5 5 8 2% J7 1R 37
FEN; FHEMTESNT SR Lok B HOR, AR
il R FRACER ARk, AT LA D R R AR AR
ATIE AR BT R . TEF FRATFHACHR 2 min J5 71
¥R BB, XFEMIER T R EIER M (non-
sibling reared together, NSRT). 5F#9EF M (non-
sibling reared apart, NSRA) FI55 & [l (siblings
reared apart, SRA) 3 R MK, ZENIHITE LT
LHGEYFT 30 min PN, A RIFLEX FHRIFAF L
AT, W ENBCGE SR, KHRARERE, RE
B ESEAE HEM EYFS BIREREOR. LR
RBITAKE RPN ATHMNH K E AT RER
M, [AlAt, L T H5A8 XARE X AT R F
Bi, ERTIRTE 4R (20 HiR) FH (Bhatsh
fHAE BRI MENFRE, MEPEER
70 Hit & s HIE R (MPIEIRBEREEER
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FIR/N, Liang et al, 1982), RERYME L E
FFEME, BERO0.01 g. NE 2 BE, RI\ET
SMAEFEASRAS], AW R, ARSI
PR SR (KX ELRHRIEET) AR
M (A BLBWEFRF) EE, %
HEATACRRIR I S5 . 5 B A TR) M () ) 4 L g ok s
Wiz B FEEATEEN, RIFAR TP
RIS L 56

A LI BAE BRI — K E R FE,

<

LA 3k G HoAth SR 256 15 B AR I T4
1.2 LB
FTHMERNEFE (K1), HEASEHY
AR, HARIK/NEREFFIP LA (30 x
30x30 em) AWM, HlEANEEE (K 20 om,
HA27em) AHIE. LAMITEHIRX, Pk
BT RUEHMAVBEER, £ RERS
Yo, DASESRILGEA 1A 3 4 0 37 & R 1E Ry SRR TR
SEE S AT LALE S f8 A BRI AR 22 (8] A B 5T

B 1y BT R A
Fig. 1 The sketch map of behavior choice case
1. H937%8 Neutral box; 2. BME Transparent tube; 3. S BRPEFS Odorant boxe

1.3 LR
1.3.1 AWRENHE 23RBS FHT
NSRT. SRA #1 NSRA BB, LASH BB Ko
TR AR R4S b, 1RISR5E A T2 M LU
FIR. PRSI EBIERIGE, EEETHM
Figrll (E12 8 em) WIRGIFRIESSFRIIAP S . O
PRAERIBRFTEERE , PRAHEMET ) A 30 m.
ik e R A X SLR f ATRER M, A SE 5
Se AR R BRI 1R,
1.3.2 SCBFEF  AR¥E Liang et al (1982) HIBFAR
FBEATHNEL, BEAREBRMERAH BN 48 d,
MERLTE ST d B IR BIMER, BRI, HEUCLR YN
Hi%¥ 0 80 At BT A SLARAEAT A MR Wit
17, HEH, BEMERCRE SHFEF -, WK
B ZE/E 09: 00—21: 00, S5¢:JAMAMM M. &k,
B SR AL R RE B A ARBRIRA, B
N5 m; REREWNERHLBESER PR, X
AR BEEARBERASKRBE F R, #E2
m; BEITHMIT, BAERIY, ERHFH, 10
m [G 45K . F Sony Handeam TRV650 B3 E{%
HLRBRLACR LRI . E S m N, ZRIANPE
REMEASBRTER, MBUHIZERE; R
B NFFELE R 3 m JRBUE AR . LK
LS, BELRMPHERNIE, F 75% FEEE%E
MEFE, JFRRBEFE KWL, REHTIHRERE 30

m, VUBRESMARI THLRM T RER IR, Ak
QM RN LA, A LR IEREEE
AR FE#T. AXRITHEREEHRS L
Sun et al (2004),

1.4 BiBLEMEIT S

U N TE SRR B BUAE A BRI, L
2 HiEm R E AR e R E, 45838 i
FIEFRM S RAMAENER. N2 HIRE 70
Hig, ABCXTHEARDY ¢ B3 (paired sample t-test)
ZRIR LB () 1 ) i e LR M MR B Ay 22 5%, LA
B RE 38 XA E R REEAR B B AR K & i AT BERE R
FEEERUIE + SRHEIRFR . 4 P <0.05 0, A
NEREE.

Bre R fARw LRSI AT B LA A8
S, G ARAT e % 5 4T 8k i THE OB-
SERVER BASIC 5.0 (Noldus Information Technology
bv. Netherlands) #ATE{LALH, BEIRHRA %
AT AR RN . FREE ] LA UK S 0408 S
4, Riaiz RgEitH R4 42 SPSS11.0 #7414 -
BABTE KS KK (One-Sample Kolmogorov-
Smirnov Test) f3e¥BM >R, RITAEHEN 5
R AR ES A, BUBIES B0 BEAK K
(Mann-Whitney U-test) & Lb3ESE5 ¥t A E) < Bk
AR ER, P<0.05ANZEREE,
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2 MRER
2.1 FREZEMBRERBSRERMEENE
7

BOXSHEARR) + IR, EXXIEE LK.
FERRSFRARRZ AR LTHEE R . BT
SYEAE, MR RAREE RGO EGRS
BEZES (K2), RE. 7630 B, [FidFHH
[l Ao 1 L S BRI A s 30—70 Hild. IRl S[n] AR
AT L R SRR, (2 2 a2 R A ks
BEKF.

2.2 MERITHEME NSRT 71 NSRA #9717 4916 Kz

SERAH, A HER X METE NSRA 17 7E 9] 5
U (F1). HXT NSRT M3 iR IR &K T3
NSRA HEEBARM (P <0.05), X NSRT #iji]q]

32 4

30 £+0 M H[FH Siblings reared together
2y £ WM RHLFIHT Siblings reared apart
26 -

A E Body weight (g)
—_— e = = P N D
PR O S N R

<

I T S N R VA S

[T S R SN W
R

6 &8 10 12 14 16 1R
H it Age in days
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Fit ] 1R FRESE (] AR 4 /0 F X NSRA #17 [n] B[]
(P <0.05) FIRERETE] (P <0.05), THAET0)45
KA mR b, ZHZRWERIFABE (P>
0.05).
2.3 HERITHEE SRA 1 NSRA RI1T 24 e L
Mann-Whitney #5308, fEHE BRI . Vi
WK . Uil B E] . RRERAIIR DL B RRER B () 1T A 4
b, Z“EZENESHRBIBBEKTE (P>
0.05), HERXTHEM: SRA #1 NSRA WS RA 78
BREE (£2).

3 i

xR A RO, BRABGE SRR RE ) 2R
HHAHEZI PR . KEWRIEN, EREIRHIATLL
I 15 0 4 W ) 25 47 24 FUBC 18 £ 4 ( Hepper, 1991;

B 560 |5 55] 51p |5 K 4 8

60 65 70

B2 W REENE RIS 5 5 50 R T AT RT3 e 9 R

Fig. 2 Difference in body weight between male siblings reared together and siblings reared

apart during different developmental periods in root voles

R NBEIS 3 Rek, B EF AHEAEE (The broken line stands for the boundary of weanmg, the

number in the figure mdicates the sample size ) -

®1 BERNBMELEEFENREIERBOTAMEE - CFHE « FRER)

Tab. 1 Behavioral responses to females of non-siblings reared together and apart by male voles* (mean + SE)

fih Iei] 4[] iy 23 Su Z-MH P-4

Variable Non-siblings reared together ~ Non-siblings reared apart Z-Value P-Value

TR R Approach Latency (s/10 m) 112.51 £34.19 40.33+24.32 -2.075 0.038
AIERIK Visit frequency (No/10 m) 16 00 3. 14 12 89 £2.80 -0.752 0.452
P BE] Visit duration (/10 m) 322 55+28.26 402.96 + 27.51 -1.987 0.047
WELERAT K Sniff frequency (No/10 m) 4.56+0.67 10.00£1.95 -1.876 0.061
PRI (] Sniff duration (s/10 m) 775+ 1.41 34.71+11.86 -2.340 0.019

* Mann-Whitney #7538 (Mano-Whitney U-test), n = 10.
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Tab. 2 Behavioral responses to females of siblings and non-siblings reared apart by male voles* (mean + SE)
frh 5 BLHIM 5 HIERR Z-18 r-ff

- Variable Siblings reared apart “on-siblings reared apart Z-Value P-Value
Viam:{f B Approach Latency (+/10 m) 13,415 04 10 33+24.32 -0 227 0 821
Vi In %K Visit Frequenev (No/10 m) 13.10+2 22 12 89+2.80 -0 076 0.940
Piful B ] Visit Duration {410 ) 449.68 + 26 07 402.96 £ 27.51 -0 832 0.4006
ILERSITIA Sniff Frequency (No/10 m) 1100=+1 77 10 00+1.95 -0 683 0.495
MRS I8} Sniff Duration (s/10 m) 47.54+£21 58 34.71+£11.86 -0.265 0 791

Mann-W hitney F25 (Mann-Whitney ['-test), n =10

1997). AR EN, 4 L8N
BlSEgh, AEIERUER X RE B R A T
20 (lsles et al, 2001; Zhao et at. 2002a, b)
3.1 XXRABLHMNEHRBRAEREMNZM

TR EED, ASFIRA: 35 S 55T RE S W 2 0
14 (Birkhead et al, 1999; de Kogel, 1997) Jf
H. MEEEHEZRNE TR ET R R, LR
f5E 5 (Desai & Hales, 1997). iAW KM, 7
MEEERE, 8K KENEHESHMEER
ROHEEIFETA (Mousseau & Fox, 1998). ARLE 4,
WA S U B 42 1 S BUR RS A 1 R A
(K 2R (BaE) ek Zs, SRR F &R
G EER S R RN EEF LR ELER (K
2) X EUIAC IR E 45 AR R A KL
A BN, SR ORER, EARHEEEE
1P EH R EARTHEESK.
3.2 HEMSEBERE

AR T BEIT AN EEZRE, RiZsiY
A AENE A S0 AT AR = R, AT DAHERT BN
YIHYUSACHI B (Tai et al, 2001; Zhang et al, 2002;
Zhao et al, 2000, 2002a, b). Ffilid =M IEX
AH L TR EH B R AR AS (] iy AR P B R L
AT e BRI . S F 45— T 2 M TR 1 20 R ) B
(Zhao et al, 2002a, b, 2003). ALELER K,
AT HE RUBE S 1L B4 NSRT A1 NSRA (W 4(k, 3
A TR R B B AR TR (D), X
T, A R RE T  SBR AR AR (M
NSRT) FER{idiZ, HMRHICICBAR 588 Ak
RULL AT, B0 A S A TE 28 1 1Y NSRT M Y1E R
PEL B . o #F NSRA 4R RE AR A (K, B, xd
NSRT Fj NSRA SRECEAA AN 09 17 4 85, & al 6
L IO A2 I RELA) A7 G, TRl bR, A R X
[ R B A RIL TR w] R Ay 2/ AR

Shetman et al,

IR A IR 75 5 3 BUR) R A 4 e 7y o3 B
Hit, HXTER AR IS HRSIRE S7 . HXF
HAscir - HmEE W, AR EAH, B
GAA, HEEEY 8EH (Ims, 1990; Lambin,
1994) . XA RAIHTFE A B, 173 g AR T L0
%ﬁﬁﬁfﬁﬂ@%ﬁﬁﬂﬁﬁ%ﬁﬂﬁﬁ%ﬂ
(Gundersen & Anderassen, 1998), {17+ EF ¥
Be i SR AERREE MM E IPUE, ik
IHECE AR H BT R T BT B E (RRRK
B—F), Bl SRR REBE LEAE
AR, B, AEESRRICE, BEBTME
FIRTH S FrEBME X R, B A LENEHR

A MBI G0 0 3 BT
3.3 RERXERESERBIEE

Bateson (1978) i F EEM L, ¥k
ERRVIRSTI prik =3 Ty b L LR S PPl Ei i
[UBEFIB I R B KA P A AT
s RAEE THERKNEE (Penn et al, 2002),
PP B R BT R N A, T
ﬂ%ﬁ%%ﬁi&%’l\ﬁx (Isles et al, 2001). FE
HAHAEMR 51K (major histocompatibility com-
plex, mm)ﬂﬁmﬁz*ﬁ JURR BT AR B A A
FrE L7 RS 5 ERZ HZ W (Penn & Potts,
1998a; Blennan, 2004), WHFERM, MEERARER
MHC AR R ELEBEAER (Potts et al, 1991),
omi, FATMUERME AR EES, AHRK
BE, MHC ARUEFECHY (MHC - disassortative ) P BD {8
TRIF B AR BE R B FoisE, XRW, BkiE
BRI A ZH 8 5 MHC K8, mE&idiZh
FEAFEMASHE (Penn & Potts, 1998b). A1
SR A, HERATHENE SRA I NSRA “UR1T R
Wy, FFAHAERFEER (R2), KWERKIAG
YRBLRATH B SR, X PuM, BEER
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i [ B SR B BIL ) 9 A K T JE R RL DT A
3.4 FRIAMNNBHAAR

AXFERBIENWILH C LRI T 2 M HRE
(Barnard, 1990; Mateo, 2003). BN K L8 A BT
EXFEET SR P EIRIEN FERH W B
REUC P fdk A R AL B, & 8 R
( Mesocricetus auratus ) S WRBRIC LI 327K 3 @ R 51
SELLH B AR FRRIPCAE (Todrank et al, 1998),
Wi E B (M. montanus) XX H 4 L.
FERNZEEILA ARG HAE, AR LR
(Berger et al. 1997). HAZEFE AV EL & K
PR R SIS R L A, SRR S KW
P 2B AR LTI 2 DG G )58 ol 3R 5
R B (MR A A BB R 8 (Sherman et al,
1997),

REFSIWRU, A 8 5 L% AR
(Sherman et al, 1997), 2R, X KZEPFRIA,
A TUSERAS e i 58 HoA 2 17 0 AAC (3 2 P iy B ok 2
BHEERG, 0H, BEIERYT BRRNEFE,
HNAREAZ EELE BRI A0
#) (Faulkes & Bennett, 2001; Ferkin et ai, 1992),
HRE, A AFEMAREN (Hoogland, 1995;
Potts et al, 1991; Pusey & Wolf, 1996). [Hit. i#
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