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FEE N 7RG B X AR 7 B B Microtus fortis ) ISR B (o0 il JFF L VB VB 1B ) (A0 S o) AL JBURS: 174 [ 2 31 i) 7%
FEM AR AR 7 H B 258 L MEMER2F 40 A 230 8.2 H/%8 B 4H 15 8.4 H/08,C 4 11 %86 H/0EM D 4 9 %8.8 H/ gtk 4 4>
WP R 90d S IO RS B, PR LA SO I R SRR IR A T He A, AR AEAR IR BN B B 414 R T
HE AR A M B 22 A0, LB 41 (A (C.D) MR BURIR 22 BRI &5 IR R B B 2 22 S o S [ 8 2 ), PR 2 BRI
JIFIE B i S 25 25 5, 20 B R U AR 45 DI I8 B 2 0 28 2 5 5 e L) ot e 090 O ok Rl B MG 2 ' IR R 25 R
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Comparison of some internal organs of adult Microtus fortis in different rearing
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Abstract; The internal organs of small mammals show phenotypic plasticity. The relative masses of organs may be affected
by an animal’s growth and development, by breeding and seasonal cycles, or by habitat change. Organ masses might
therefore serve as an indicator of the responses of animals to environmental conditions or to social stress. It is well-known
that population density influences growth, development, breeding, and behavior of rodents but little has been reported about
density-dependent effect on internal organs. The Yangtze vole ( Microtus fortis calamorum) , a small herbivore species on the
beaches of Dongting Lake, in Hunan Province, China, is an important rodent in this region. During the flood season, the
voles escape flooded beaches by migrating across dikes to the surrounding rice fields, where they can cause serious damage
to crops. This study investigated the influence of rearing density (high density as a social stressor) on the internal organs

(heart, lung, liver, spleen, kidney, and adrenal gland) of the Yangize vole. A total of 258 adult voles (sex ratio 1:1)
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were randomly divided into 4 groups and reared at densities of 2, 4, 6 and 8 animals per cage. After 90 days, the masses of
the internal organs were measured and the plasma cortisol concentration was determined by radioimmunoassay. Differences of
organ masses at different densities were analyzed by ANCOVA with carcass mass as the covariate. Two-way ANCOVA
indicated that liver mass was significantly different in both density and pregnancy condition. One-way ANCOVA revealed a
very significant difference in liver mass of pregnant females at density of 4 per cage, while there were no significant
differences in the masses of other internal organs between pregnant and non-pregnant voles. Except for the density-dependent
effect on the liver of pregnant voles, there was no significant effect of density on the masses of any other internal organs, in
either pregnant or non-pregnant voles. Two-way ANCOVA showed significant sex difference in the masses of the spleen and
adrenal glands, and density-dependent of the masses of the lung, spleen and adrenal glands. One-way ANCOVA showed
that mean spleen and adrenal glands mass of males was lower than that of females. One-way ANCOVA also revealed
significant differences among different densities in the masses of the lung and spleen in males, and in the masses of the
spleen and adrenal glands of females. No differences were observed between the sexes, or among different densities, in the
masses of other organs. Although other internal organ masses showed no significant differences among densities, they all
gradually increased with increasing density of population. The plasma cortisol concentration was clearly higher in males than
in females within each density group. Among males, there were significant differences in plasma cortisol concentrations at
different densities, but not in females. Taken together, our observations of density-dependent effect support the concept of
plasticity of internal organs in response to social stress, although population density influenced different organs differentially.

However, further research must be conducted into the effects of density on reproductive characteristics and organ mass.
Key Words: Mictotus fortis; internal organ; density-dependent

YIRS B R A BT RE AP TSR A, L S I SRR B S A A KR E Y B R
B IBIAEEARAL A7 O, AT RO R B N 2B BRAR AR . R, N DE RS B AR A A — e R AR R e 3h
W) T AR A9 A A R 7 I BRI A B AE 2SR, T 1 A s e BR B 5 B A AR AR T LR, Y OR A2 o R
KGN IE s B FE 47 T 00 K WE S, 08t B B ( Rattus losea) Bl e R AR ( Ochotona curzoniae) B IR G R
( Cricetulus migratorius) (o] MG B ( Rattus norvegicus) (10] S5 BRAE AR R AR WS MRS A A 3% 8] | S [R] BR AP A7 A
—EMZESR . EIMIA V2O WA R R 200 RS B S W R T 1 PRIT, 0328 ¥ 4 J D' Jod 400 R T X 4 K
SRR 4 (06 B ( Mesocricetus aurtus ) ™ AR IR A6 I =5 ¥ 3 X5 07 A5 137 22 11 2 B ( Peromyscus maniculatus ) '
DA AT MR 5 N BERR B RS R AR AR OO VR 2 0 ICIE B % B B R GG sh A AR K R
B BT G Re S RO A AR T Y UERS B O R AR ) AR D LB E
O S Y RSN B AG R 0 48 B, il 2 S A PR B, MU S S0 J B e i B 22—, I 55 R A A S
PRACIE S AR T PRI A JIE 2 B U P BB BEAS [) 285 T A5 R B0 T 0 A TR] T A R 3 7 4 224k

AR5 BB ( Microtus fortis ) il X F2 2200 3 B2 — , BRARTIU , R 19 2 Jr H BRI MESE AR H , 45
Ml A P T B AR R Y L BT, B R TR R £, B A AR AR A
PE GERSAT R S B SR O R A A2 R B ) ) DX [ A T ST A R S 5 AT
(A7 B R R B, AT B S5 Y R R 45 5 IR 9 T YR A 0 TR R P o B B A 4% et A5 T R BR P A2
FOSEI o TS [R]85 B2 2R 75 L BROXE A IE 6 B AT S0 R WLAIIE | A SOR 28 AR 3R 25146 ZR 07 FBRUAS [R] %36 138 PN JEE 25
B RANTIESHAT T I (RS [R50 AS 9] 95 B2 04 2R 5 FH RSO sk i s R I VB0 3R B o Ttk J3E A7 17 1
BIIHT,

1 W5

1.1 SRz
A T A9 7R 5 B RRCR A 0 i I e 0 DX T M A AR ) S 0 o AR SR AR A U IR T 43 emx
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32 emx19 em YHDEMEIFR JE H (I3 M T R BURHEL 2 A BRA R A7) | S i s ARl 32 4510 F ARG R DR R gl
A8 SRR ) (P ) S At KBRS ARAE k) il 3R IR BE PR A7 7R 18—22 °C 0GR 12 L. 12 D ARHIK A H
SRR ARBHRIZK B H R I T 4okl
1.2 LRk

258 HARJT B, 73 i 4 DMaFRE A A 21 2 H/%, 3630 %8 (60 H) ;B 4 4 H %, 315 % (60 H) ;C
e R/, 11566 ) ;D48 N/, Iy (72 R AIEMEMER Y, 8 T G R AR A AT R
g, [l —3 BV A 2R O BBk B OR IR R SR 8, St S B A AR, A0 B RUVRL SR 3 S Z 05, FT3
Wy 5 R 2R S ORI AMATE T, KBRS 78 A, 55 15 2032 B TC X 210 A 351 09 4 AR 430 A A 2
20 H 27 H,B 4iiE 21 HOBE25 B, C gk 22 5 o211 H,D ZHkE30 B 23 B

ZRJ7 R TEA ) ) 55 45 BRBR B T W 3% 3 0 A 2 S5 ) A SRR AR O TR < T TORR e, PR A B
(0.1 g) K BK(£1 mm) ZJE M, 7405025 OO IE i FEIE B GUIE BB R AR N g8 M s
U B R IR SEAPERR AR, S B B R LR A R %) B D 4 2 2 2 R K AR 2 SR W IR S
S BV LT RO (R ZE IR (i) ARRAFD) Fri RS 515)£0.001 g, 78250 ], X BRAE T2 wb 7887 19 1
Bk B DL O AH [R] 0 Aol 285 B

M5 Rz Joe e o R ) 3 5 1 G 22 1 5 92 ( RIA ) , AMEKO ELISA i85%) &ty [ Vg # it A4 ) Bl 5 4 BR 2 #]
ik
1.3 Hdlnsab e

FRUR 2 T5 227381 (Two-way ANOVA ) LU EE FI R A S A 1 01 R 8 BE ) 25 57 S 5B (sl {4 )
IS, LI A B Ry bIp A o, PSR R 807 22 73 BT ( Two-way ANCOVA ) LA PN JIE 4% B o 1Y A [) %85 D) R 1
G250 XHARE HRAREE R RS B e, MERE A E AL B PR R R 5 22 43T (One-way ANOVA) X post hoc
P A ] 0 AN [) 45 B2 ) ¢ A o R ] A o0 ) 22 S 5 DA R4 B A P A8 o FH B R 3R 13 O 22 43 T ( One-way
ANCOVA) & post hoc(LSD %) FbAs ARG B B i 0% LR 25 5 7] — %85 BEAS [R) 4 1) 22 ] 178 < o R e {2 o0
Z 5 R HMSTAEAR ¢ K238 (Independent samples t-test) FEATGEIT0HT 5 [R]— 28 FE AN R PR 1) 2 0] A9 PN IR 28 B T,
AR A Ry A Bt FH BRI B 5 2290 BT ( One-way ANCOVA ) Ge i34 [l — b 51 AN (1) %8 38 i) ) i 4K Bz ot st
BRI R J5 22531 (One-way ANOVA) Geit43#r. Fra St o B SPSS 18.0 Seit- R -4 5e hi , i di
EAMERA 2255143 53 F Kolmogorov-Smirnov #5536 Fll Levene A58, SC PN E0HE 24 UL 2408 + A5 112 ( Mean +
SE) 7, P<0.05(RUEKL) RN 2257 B3 .

2 #R

2.1 AN % R AR SR SR R BRI R L

MSTREA ¢ K56 s e B S 2 IR F 7059100 (51.48 £0.91) g F1(64.08+1.07) g, T B I 35 5 T M Bl
(1=8.899,df=196,P<0.01) ; BUH F Jr 22 53t 2 W, M ik BRUAY - X0 AR . 2 AR RN AR S 3547 i 3% 22 % (3R
1), MPIAELEB BRI BEEZET(QF 5= 2.164,P>0.05; 8 :F ;4= 1.240,P > 0.05) , #5045
WA ZAR T ARG REE 2R (R 1) EHERP IR E 2R (LIKTE F 0= 1.532,P>0.05; [k
H L F 0= 1.136,P>0.05) , T £E M B 0 22 55 3 (4K HE . F | )= 5.269,P<0.05; AR . F 5 4y, = 2.979,
P<0.05) (£ 1), PUILH S MR Ry b s i RS B 5 00 A G5 38 LUMEIE oy R EE T
2.2 NI R SR AT M R B DX RS A LA

LA A 5 Ay p AR B B R PRT R Iy 22 40 B e Y (3 2) 5 TR AR L BB I 100 G I | A 5l B R P
T 2550 AR FELH N, B B 228 BRI IR SR 22 R 10 38 25 A0 (A 4. F () = 3.744,P>0.05; B 41:
F( o= 8.130,P<0.05;C 4. F  ,,=0.003,P>0.05;D 4. F , 5, =0.110,P>0.05) , HA44 IERS i 8, 7E 15
ZRMAZE R R EZES A AT TR EKFE(P=0.064) , FEAS[R 2B 4L10], HAT 42 5L I

http ; //www.ecologica.cn



868 JAE = 35 %

T E LT (F = 7.363,P<0.001) , A% MNERE T, Rig 7% Ul A2 B, W 5255

x1 TRFBEFRFHREEMEENEENLEE

Table 1 Comparison of original and last body mass in male and female under different density

i . A3 Group P

Ttem Gender A B C D S el B
Density Gender DdensityxGender

BEARBL Sample sizes 5/¢9 29/27 21/25 22/21 30/23

Pk 3 81.06+2.44 85.61+2.38 86.27+2.66 86.72+2.34] ns <0.001 <0.05

Original body mass/g Q 61.57+1.94 55.83+1.80 55.79£2.21 57.92+1.64

SNy 3 79.68+1.90 81.57+2.70 84.10+3.16 86.51£2.53 <0.05 <0.001 <0.05

Final body mass/g Q 79.1122.73 a 66.00£2.41 b 7333241 a 75.46£2.22 a

IR 8 61.23+1.62 63.82+2.33 65.26+2.61 66.16+2.11 <0.05 <0.001 ns

Carcass mass/g Q 49.1321.87 a 49.46+1.84 a 52.3241.56 a 51.48+0.91 b

FPFBUELIE R bR R 22 (X+SE) Fom, FRARZRRER B, BRI, LU A 3% B 2 A2 B AR, ACOVA 4740 #T; W&tk
Tl P<0.05, ns FREFALE

F2 HREBREEBIAXNANERENLEED

Table 2 Comparison of adult female pregnant condition on internal organ

i HRHS A Gy ’
Ttem Pregnencies A B c b Bl % B
Density Pregnancy DensityxPregnancy

FEARRL Sample sizes PRZ/ A% 23/4 9/16 13/8 15/8

DMETE Heart/g % 0.3323:0.0147  0.3888+0.0512  0.3090£0.0148  0.3392+0.0165 ns ns <0.05
A2 0.3857£0.0848  0.3063+0.0195  0.33280.0182  0.3901:0.0369

JTE Lung/g 2 0.2966+0.0114  0.3768+0.0222  0.34270.0193  0.34640.0180 ns ns =0.05
A 0.3396:0.0159  0.3374x0.0426  0.3150£0.0215  0.3278+0.0258

FFIEEE Liver/g 2 5.0176+0.2685a 4.0722+0.2803b  3.8850£0.1858 b  3.7211+0.3043 b <0.05 <0.05 ns
A% 3.636620.7465  3.0160£0.1728  3.8869£0.3787  3.5367+0.1899

JEAETE Spleen/g 2 0.1418+0.0146  0.2846+0.0384  0.2717+0.0463  0.1551+0.0135 ns ns ns
A% 0.1227£0.0275  0.1971x0.0473  0.2427:0.0780  0.28650.0764

BHET Kidney/s 172 0.6783+0.0184  0.7233£0.0400  0.6805+0.0311  0.6851+0.0133 ns ns ns
A% 0.6587£0.0745  0.5860£0.0217  0.6759+0.0389  0.7013+0.0378

AN H2p@ 0.0044£0.0022  0.0367£0.0072  0.0402£0.0031  0.0419+0.0030 ns ns ns

Adrenal gland/g ~ FF%? 0.0266 0.0277£0.0023  0.0375£0.0059  0.0377+0.0057

ORPHBEUT BRI (X = SE) Fon, FRAMRR ST WF; B R, UR S B PRZ 0] 85 5 5 a5 1A LU (2 A b8 2, )
ANCOVA SETTOMT; BHEMKTH P<0.05, ns FIREFARE; QUARNY'E LIRFEARCH:15, 5, 10, 9; RZEE LIRKARCY:1, 10,5, 3

2.3 IR EE AR E Y U

W BRI PR 52 PR 22 s e B 80 I 8 T R PR 7 L, JH e B A IR 2 A PR 2 B4 R P 24 By G R
BRI 3,

DA F Ry AR A PR R By 2 A 2 A RO B RN S R A O P B 25 S D R R DR A R
JHF R A 1 3 T T 8 25 22 5 (3R 3) o R AR TR g bl A ik B DX 3R PR 7 22 00 B, ZEAS [P 31 ) 254 %85 20
Hh i BB B (0. 2044+ 0. 0154) g 23575 T FRL (0. 0940£0. 0081) g (F | 14y ) = 33.233,P<0.001) , 5 -} &
WA HEFRL(0. 0182+0. 0014) g KT HERL (0. 0357£0.0013) g(F, ,15)= 83.971,P<0.001) , A A B .C.D
L ELA L P R TR (A 41 F | 5y = 19.021,P<0.001;B 4. F | ;5= 7.584,P<0.05;C 41 F, 4, =
13.387,P<0.05;D 4. F | 5,=2.760,P<0.05) , A .B.C.D 28t B F 1 R 5 [R)RF B G A SR A 4.
F (i 50,=8.304,P<0.01;B 41:F , ,5=19.998,P<0.001;C 4. F , , =42.978,P<0.001;D:F, ,; = 38.091,P<
0.001) ,
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AR o Ay A A 0P 3R Wy 22 4 W 2 T AN () 8 JEE i, o MR o P DR A I S 2
B PR R T 7R M 2 S (R 3) o DA Sy AR o Xl Bl A% P JUE 8 P A B DR R W7 2 4307 e LA
P B R O B P[RR b R N [ % R 2 2 e e (MR I P, = 5,655, P<0. 01 IIETE
Fison= 4.645,P<0.01;MER IAEE F o= 3. 111,P<0.05; ' [IREF ;5= 3.026,P<0.05), HAKH
B A AN 5 1] ER R B W 2 S (L LA i R R T T T R R R

%3 AEZENESEMNLE!

Table 3 Comparison of internal organs of M. fortis in different density

S e A5 Group P
Ttem Gender N B C D B H B
Density Gender DdensityxGender
BEAKL Sample sizes 5/9 29/27 21/25 22/21 30/23
OEE Heart/g 8 0.2997+0.0151  0.3296+0.0156  0.3408+0.0162  0.3686+0.0184 ns ns ns
Q 0.3402£0.0171  0.3360£0.0230  0.3181£0.0115  0.3569+0.0170
JTEE Lung/g ) 0.3009£0.0139 2 0.3457+0.0174 ab 0.33580.0144 a  0.42180.0296b  <0.001 ns ns
Q 0.3027£0.0115  0.3373%0.0167  0.3370£0.0151  0.37750.0273
JFAE R @Liver/g 3 3.3105£0.1671  3.4261£0.1292  3.743220.1791  3.7941x0.1336 ns ns ns
Q 3.6366= 0.7465  3.0160+ 0.1728  3.8869= 0.3787  3.5367+ 0.1899
JENEE Spleen/g 8 0.0669+0.0088 a  0.0773+0.0111a  0.0832£0.0060 a  0.1397+0.0228 b <0.05 <0.001 <0.05
Q 0.1389£0.0129 2  0.2286+0.0339 b 0.26070.0402 b  0.2008:0.0300 ab
B IFE Kidney/g 8 0.6453£0.0241  0.7082+0.0425  0.7451£0.0400  0.7484+0.0329 ns ns ns
Q 0.6754£0.0185  0.6354x0.0237  0.6787+0.0237  0.68520.0225
B FRESR 3 0.0158+0.0040  0.0138+0.0010  0.0194£0.0090  0.0182+0.0014 <0.01 <0.001 ns
Adrenal gland/g Q 0.0330£0.0012a  0.0307+0.0029 a  0.03930.0028 ab 0.0408:0.0352 ab

OFPEBMELLF AR ER 2 (XSE) Fom, FRERFFR LR B TR, LUK B A HIXT 28 B 8 A3 BV FH AR IR v 4, I ANCOVA
BT WEMKER P<0.05, ns FRZRALE; OMERIFANE T AREARN 510 4,16,8,8; GUERE LIRS AREASCN 17,1317, 16 M B 1 IR A9 RE
¥k 16,15,15,12

2.4 N [e) %5 RE I VORI 10 R BT A HEA

BRI T 2253 W R BT (3R 4) , [R)— 285 B2 L0 0 3% B Jo Ptk A A ) e i) ) 2 3 Ay T B ( (141, 50+2.26)
ng/mL) KT HER ((48. 7421 15) ng/mL) (A 41 F | 4, = 331.946,P<0.001;B 41 F, ,, = 379.391,P<0. 001 ;
CHL:F | 43 =559.505,P<0.001;D 4. F , 45 =795.631,P<0.001) . [A—PE5ILEE, AN )% BE A0 T A A
F 1 2 B2 SR R B TG B R 25 5 (F (s = 1. 509, P>0. 05) , Ml A i 2 f B A i 25 53 B3 (F s 11, =
46.575,P<0.001) , H A B A AL, C.D AW AR (A-C. F | 5,= 43.461,P<0.001;B-C.F,

= 62.210,P<0.001;A-D:F, ;, = 74.526,P<0.001;B-D:F ;= 103.969,P<0.001) X5 I & ¥ o ik
P A AR —ZL
*4 AEEEREMHERERENLR
Table 4 Comparison of Plamsa Cortisol of M. fortis in different density

il PR 215 Group

Ttem Gender A B C D

FEAEL Sample sizes 579 28/15 26/14 25/19 27/17

L3 R Jo it e 8 126.47+2.97 a 122.04+2.70 a 157.06+3.39 b 161.72+2.80 b

Plamsa Cortisol/ ( ng/mL) Q 46.24+2.46 45.85+1.75 50.64+2.47 51.19+£2.13

RPEBAE LR AR HERZE (X£S E) Fm s FREARIS R 2257 B3 BEMIKF-N P<0.05

3 WSS

HIEZSHE 80T LA R Sh My i) AR BRI RE , R/ ME—E IR B2 1F B LR B IE AR . ARIFPEE T, i T3
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AR IR GG S5 A AN TR AR 8 B s — g AR BRAR AL Iy B AR 0T MR /N B RS R M i 4, A 3
HLREREZ 2R 77 X AN () 28 B A5 AR A P B A0 i B B A R AR D LB R, X AR
R PR BI85 ) AR T L X AR TR) A 38 A ) DA B B e 5 o R T A R O

DAFERIF ST 57 AT AR O T BREIRAAR R /N e [ 2 S b B 2 I A2 E A ) B E I R 25 573X
Ui B A AR I B , FEAMER RN S B T A AR AE 7 T 8 2 B o (g v 8 i D 2 30 e i %2 . 9 AL
SR T I S B ARESE 7 8 AUARTT R (M. f. calamorum ) JIE % (410 25274 16 E AR (5] 4 % 261 18] 14 22
SR GERERICR . A IERF LR FEAR AR BRUE 2K T BOR T 004 B I 4 6] 30 i 5 0 Ji T A oG, JIE
TR H i S AR UMD, RS 2 X TR X b e A BB 25 N L RRE Y IR R ER A 70%
a2 75 UM g/ | JALE I | R T 8 R R L 109% £ 1 S AN T I R R R (ELR 3 5
BEREEE, AA] S AR ST R WA A 2 A mT S i AR O B RO 2R B 0 R B, B 2R Ak S Wkt AR Dy L RUIRF
JUE B IS EICA 2 2 R0, BN T (OGO ISR AN B

AR AR T H RO i A U AR (R S e 2 S (B R RN E  R 2% S 1
(P<0.001) . Horbv MAUREE A B i o 1 3R 30 Ay fl B T ke B, LR B e 4 B 2 — , U i ) 88 T e
W By ZR 8 728 Ak I SRR o v R B, T B F TR R X e D RE R SRR T MEJECR U B R
FR Y AR E A SR A, B N - AL R R A s i - L RS T R L
YLIB 4y, # LR — e S R AR R AR N, X 3R R AR KA 45 SR Christian" 7 I AT K-
53 WA B ATt 2R G 3 ik R AR - b R R SO T S AT A R TR R I R R T A R e ) g i EE R
FEEECE . Andrews 2510 R4 ¥R BL( Lemmus trimucionatus ) st PEARBTST | Al HY B b Ji 5 I 43 Wb vt sh7E 1
AL A TN 20—60 f5, W ARFEAED AR ANE B (Mus musculus ) B MR i Bl 5 R TG 3 & 2R
Ak S I 25 S RIS e 0 TR Ay e e L T LA SR R R, AR DT FH UL
PR L RRAEE S A 25 5 S B R = AR 10 KGR BALB/e-HSF, Knockout /MR (175
SYREAS TR bR — 2, X VLU AN bR S A M s T IR A TR Z R

TEAN RV B FE AR IR] S Mo A s, A0k By f e L el R L I eV B i 22 e B 3 R A
SRAEAN )25 B TA) R AR 8 25 S | (BB AR 1 EL A I 78 B8 1S i ' B S T R i, T D v % B O
B NS B Ha BRI, e/ LS YRR b BRI A I, Zh ) B AN A A TR AR X B
VLA, A4 25 A B TR, AR ) A o A7 R 5 A AR i ) R el O 2R RS IR
SN R % TE A S BN S B AR TEASSE I A R AL W AR AR S A E A B
B Bl 23 TR XA B S 30 hoUR ¢ e I v 2 B 2 b A A EL 0ty AT e A7 R 3R IR R W I, 85 32 13 1Y
A B 1 [R] A S T R AR e, IR LR T BRI B, 2 A A 3 S G i R A

Christian" " DA W 0 2 R RS R 1 TR b oRRE P Ak ] A = Xk R B Sl SR 2 398 o, DAL Xof v IR 28 R
SRR R B T AR R DIRE , NI SE A T I SRR 1 4, K BTRE L L
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