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Abstract: We studied the effects of maternal stress induced by high density on an offspring sex organ index by experimen—
tally altering population densities of root voles ( Microtus oeconomus) in field enclosures. High-and low-density enclosed
parental populations were established, from which we obtained offspring that were used to establish two low-density offspring
populations , respectively, which consisted of 6 F1 voles of each sex originating from either high— or low-density parental
populations , and a high-density offspring population, which consisted of 30 F1 voles of each sex from high-density parental
populations. The remaining F1 individuals were transferred to cages in the laboratory. Adults of the high-density parental
populations had higher corticosterone levels, an indication of physiological stress, than did those of the low-density parental
populations. F1 voles from low-density parental populations, when in low-density F1 populations, displayed a greater sex
organ index than did F1 voles from high-density parental populations in high-density F1 populations, but the corticosterone
level was inverse. The sex organ index and corticosterone level did not differ between the F1 individuals from both low-and
high-density parental populations, when in low—density F1 populations. In laboratory, a significant difference in testicle in—
dex was not observed between F1 offspring from high-density and low-density parental populations. The results suggest that

maternal stress alone induced by high density, did not affect the sex organ index of their offspring, but prenatally stressed
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offspring displayed a reduced sex organ index when they were exposed to high density during the breeding period.

Key words: Corticosterone; Maternal density; Root vole ( Microtus oeconomus) ; Sex organ index

FER R ¥ ( Maternal stress) BiA: BN B ( Pre—
natal stress) 248 &8 R UE G (8] BT 28 I3 1) 7 35 %o
JEARE R . EHEMAE NG S REIE A9 22 ( Braastad
1998 ; Bellinger et al. , 2008) , £} A& #1101 3&
B R E SRR A G, i H O T B AT iR R
B B, BERR A A TG LR IE R B A &
WG 5 bR G R PR 5T 1Y 8 4 45 R, Beckerman 4§
(2002) #8F 1XAE 75 s % BE AR 2R 8 /Y i 12 3L
(Memory effect) FRA IR A A 76 LN ( Delayed
life-history effects) , AN S 5| AL IR ¥ M 2 B il 24
(Delayed density dependence) M X%# [N ¥ (Beck—
erman et al. , 2002) , FBJE T 8RB R AR U Bh B0R
T 63 554 ( Hornfeldt, 1994 ; Ostfeld and Can-
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AETC BR i M Hb 4 2] B S H 9K 36 5 b ( Braastad,
1998; Wolff, 2003) , &4 K1k, AR 2] KT/
Ul R/ RS R/ b S ARE Y E NN VA GO R R AW Y

ARSI

TEERIVEREFENGI, EhbmzLshy
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X BEHH N AR AR B EEAEH], HE AL
AT R W AR A BEIR ZS KA B E ) (Ashman et
al. , 1974; John et al. , 1976) , AR5 H & 1EK
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AT AR FLAREY 5 RS2 U da 8, ki 52 mm HL 3
FERETT o MAGEIZAR B, ASBIESE LI R T 1 R 9
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AHFFE T 2008 454 H 25 HE 10 A 27 HAEH
B Rk 2 g v b o 9 o ) A 25 2R 40 R o o L X E AT
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FEAE A A P B A SRR O E BFE (Found-
er) . T 2008 4 3 H e EFRF 7 B b o 7€ 7L f A=
AR G0 A Hb DR R84 iR 300 Ay H, BERE
132 HfEfk (394K 31.52 £0.39 g) A1 132 H
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2008 474 F va) fE BB P ST % R AL 9% R B
TRFEE . i AR R ZE A R AG 2, 1 18] B2 4F ) AR ) 2%
TR R A 22 3 R DA (ZEokiEAE, 19915
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FhEE; BEMLIESE 2 DAL, BAFEREA 6 Xt 54k
AR, ST AR BE R AR R 45 IR A) A AR
B LB EESR (Fo.m=1.352, P =0.243), &
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1~ 2 ANFEPEAS A, 8 P LUK S B8 R AR 18k 5 41
PR TR R ROK, WL BRI IR R IR DL i
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() b Bt 3 P 2 BE S I 7L s 2 &5 1 2 3 (Animal
Care and Use Committee, 1998) ., 7E 4°C5:1F T, LI
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FLRSZE I an o 1) B HT Bz 5 IR Bt 44 4. 98 47 1)
96 fLA;2) BALH 4l n A 25 wL Fr#EM (0, 5,
15, 30, 60, 120, 240 nmol/L) =% £ &, F fin A
100 wLAGEAR B2 AR 33 ) 552 IR 4130 s, £ 20°C ~
25%C &A% F 60 min;4) R ALK BRI
THUER N 3 WK ;5) BEFL I A200 wL i W, %%
RAI10 s, FHE LS min;6) BEFLINA100 pLZ Ik
W, % 5% 18 2130 s, 15 min N 16450 nm &b 352 W61 .
A 5 19 R EUE R0, 7 nmol /L, PN 25 Fidl (8] 2%
SNTF 5% F1 7% |
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AFR 43R F1ARAS AR WSk B f5 AR EE IRAT 4
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HEm e 4 AR, e R R T T O 5
K, Mo 25T, B8R AT In e, 7
TR E X T EZ e, AN B E, RH
Tukey J7 ik iE4T Z 5 R 38T, JIr A B4 Ak 2 3 7
SPSS10.0 it 47, W EFM KN 0.05, Hfi%
N BE £ hRfEiR

2 #R
2.1 FRRFREEAERE A AR AL B S F1ACAY I3 K7
Jo i 2 AR Ak

R 2T a5 AR W, 5 B B
T 1 I B T A 5 ik dd 2 v TR B R AR R A
B (F, , =10.961, P = 0.003), MitE@#EE ©
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Fig. 1 Plasma corticosterone concentration of founders of matemal popu—
lations with high and low density for root voles. Nested ANOVA showed a
significant effect of density on corticosterone level of founders ( F, )¢ =
10.961, P = 0.003 ). The numbers above the bars in the figure indica—

ted sample sizes.
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Fig.2  Plasma corticosterone concentration of F1 voles of different off-
spring populations for root voles. Nested ANOVA showed a significant
effect of density on corticosterone level of F1 voles (F].46 =4.173, P =

0.022). The numbers above the bars in the figure indicate sample sizes.

Bars sharing the same letters are statistically equivalent at the 0. 05 signif-
icance level using the Tukey method for pairwise multiple comparisons.

LL = low density F1 generation populations, whose founders were from
low-density parental populations; HL = low density F1 generation popula—
tions, whose founders were from high-density parental populations; HH
= high density F1 generation populations, whose founders were from

high-density parental populations.

FEPEFAR A, B AR AL BEXT F1OAR A 52 48 B0F
WEWW (F,, = 8.447, P = 0.003, K 3B).
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Fig.3 Uterus index (A) and testicle index (B) of F1 voles in different

S Testicle index(mg/g)

offspring populations of root voles. The numbers above the bars in the fig—
ure indicate sample sizes. Bars sharing the same letters are statistically e—
quivalent at the 0. 05 significance level using the Tukey method for pair—
wise multiple comparisons. Abbreviations for offspring populations are as

in Fig. 2.
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AW EYIRS LN IRL Sl R A

BEG R BOS 4C 258 /8 7 19 52 ) W] e 5 AT R B
VA T 28 73 B9 7 VAR DR ) P BT L 7 DR R B R 7 YRR i) 4
WEA K (Braastad, 1998) , —LERF TR B, HE{E
NP RE B E FRAL TR A ZSE 8 /1 (Politch and Her-
renkohl, 1984 ; Fride et al. , 1985; Llorente et al. ,
2002; Kaiser and Sachser, 2005), {H Gotz %
(2008 ) X EEUR K B WF 58 A B, AR AN 2 h (1Y
FERERDIUS , AR AR AR AR ) 5 X B A OF
& XS TEAR Y, &BAARE, #HR
BRI BE + AU B AL B2 5 AR B + 1
AR A B R F1 eSS B IR B L e =
TE S0 28 Ab ey ) 3 PR R 2R A1 56 4 A [m) 1 15 20
T, A TANE] R R A R R 19 F1ACS2 ALTE B
TEIRBM IR L, XU, 7EI00 HOE A ER
L = I B DRSS % AT SO O B AV e
BRBBRALW, X—85RA SRR 5 i 2
— AN, R 1Y R R R R Y RN T S 2
F1 A& B 8T %

TEABEE h, AR S i i H %2 40 ~
60 d, MR HFZH#C I AV B B (Bian
et al. , 2005) , {HJE, BRRWHE + TAURE L
PRAH SRR B + F AR B B b FE A  F1 AR
R IR 22 RS R Ui i, AR & M AT
(7 i v o B 2 g o AR S B kK B TR
XA RES H RS RS A ¢, #E B RS G
wshrrh, MEYEAIAF A S BEOE R — R A K
( Philopatric) 1993; Lambin, 1994 ;
Wolff et al. , 1994) , HEtEah{F 58 B R fE— 2,
AR A 2 NFHE Ry B 25 (Krebs et al.
1976) , i HAT 354 % R W/ AR X 23 (8147 A7 #00k
B2 (Charnov and Finerty, 1980) , Mappes 4§
(1995) XFBKEY ( Clethrionomys glareolus) HJ W 5%
W, B TARRGA R Z 0] 4 25 25 [ AT Ry 3 5
U, PEBR R BRI AR HATE TR — 8 IX A
R, HEIRE P A W B REAR, ]k
K, R+ AR E A B4, B
F1 ARG 7 7 ACRDRE AT B2 5 T B 1 2% B3
5o, Hl TARGARE X 25 MAT h A0, RH

(Ims et al.
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Bl A A 15 5 %5 B A B 58 vh ] BB 7 AR LR
B, PR, HPERS B R WA 2 B,

TE AR S 3 JH S, AR A A R
AR HE AL, M, % B R RS Ry 4
PR, HASEAT AR AR RO R R AR
ARAk T M 2 PR R S AR R S M IO R A vy %
FPFEAN A = A2 V3 /2 W ( Christian, 1980; Boonstra
and Boag, 1992) , AR EH, BIKFHEE + 7L
o AL B iy BN A Y B 5T TR K ST B A
R + FACAR S B AL BE A S A i RE 3A
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R M B % & (Fride et al. , 1986; Henry et
, 1994; McCormick et al. , 1995; Weinstock,
1997; Braastad, 1998 ), Chung % (2005) X &R
AN N e YR QiR T e L I O R LNV
ARAE AR B5F 3 it o 12 P SR 4 0 3 f5, H: HPA il
i S Re it — 2% AL, FFH CRH, ACTH K-F
LB bR Y R T RO T A 3 A Ab BREHAS
TS (AT U AT AR B A i fan 7 9 Ak B, A=
T A IO7 Y G st o 7 385 Ak 3 % A i A 7 98
ARAE A B A it I Rz Ak 3L ) i WS AR, AR
PO AR ER TR MENNE, rTolEA AN
Sy R GRS, A W B AR T AR AR
I 7 VIR AR RE T, T I A AR S B — 1 B AR 3
FrANBEIR BN (Chung et al. , 2005), FEARBFFR
e, BHEAREE + TS HE A AW FL AU
N (R A R AW ) i E R S S N R G N
B, X T RE R R RE A N ORI TN R AR 2
[ 80, SRR AR, B
A T R RE R AR AR A T R, T S
HAES B BT

TR B i A B, AS B0 R R AT BRI %
JE+ AR B AL B Y S, — S BF A R R
B, HAEREAR A 1A 4 T 08 P 1 ORI,
W E AR SRR, Flhn, Bian % (2005) FFAR
P RS 1 2 8 T R 20 d e, SR
TREC R F AR, B A %W IHE, IR H R
( Lasiopodomys brandtii) =2 LY A BT F B (2
RAESE, 2003) , SRTT, T RER N6 740 HPA
i s st Diae A K B A2 M ( Weinstock , 1997 ;
Chung et al. , 2005) , A SCHEWr, RN I + 7=)f5
J7 O AR LAY PR A B O S R T A A
B 5 Y B —

gi bk, TEAR M AT, B RRR

al.

PR 255 F1 AR PSR B KT, (HAZ TN
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