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SR A B /KK, TR REIE /K, ik & FA 2 X, JF R ZELLE s & IR SR AR 77, 408 0.37 m/s.
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Abstract: Species of Microtus fortis, are always associated with rivers, flooded areas and wetland, and it is
considered a good swimmer. To understand the adaptability of M. fortis to the aquatic movement, we
observed and tested their swimming behavior, waterproof property of fur and ability in the laboratory and got
the following results: M. fortis was able to swim on the water and underwater, but mainly swimed on the
surface (Fig. 1), their swimming speed was about 0.37 m/s. The propulsion in water was maximized through a
drag-based paddling motion. Their fur was waterproof that not only providing buoyancy, but also supporting
they swimming longer time. They could swim as long as 5 h at 20 ‘C in this study. The waterproof quality of
their fur was better in females than in males (P < 0.05), therefore female owned a bettter swimming ability (P

< 0.05, Fig. 3). The long-term swimming ability of the vole is mainly determined by its fur waterproof
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performance (P < 0.01, R? = 0.682, Table 3). At the same time, the resistance of fur to water had a negative

correlation with their age and weight (P < 0.01, R? = 0.805, Table 3). These results indicated M. fortis has

well-waterproof fur and excellent long-term swimming ability. This species has evaluated adaptation to the

aquatic movement.

Key words: Microtus fortis; Aquatic movement; Waterproof property of fur; Swimming behavior; Long-term

swimming ability

R, RZHILS =ik, (HHE
1T RETENARMIE, 8H 53 r ALk
RS AR A 0% 3 AR S T N %, i
R ) Ul L 0 40 T £ R 25088 5 Ui UK e S0 i
DA 3 7 7K AR PR 25 A 1T H A0 87 288 2R ) )
VK RE AT 55, v FE R AP P A 288 U] 22 4
ANSxiifik (Dagg et al. 1972, Fish 2001).

K FAREL AT 20 15, X FEOH
FLENYILE K g B I B B A fili B, 1
NI FLEN ) S AR Y B S R BRI, FEZK & 3
A A T W U2 Y 4 5 e AU~ A8 A AR I
W8 (Liwanag 2008), X7RHLE T i%2KEE
(7K A 3 R — AN ey DRI /N AR L 304
T e /KBRS (Fish 2001). [FI, €
AT 3 AR EE L B BAE A = AN Tk
JR (Johansen 1962, Fish 1994, Fish et al. 2002),
1H K2 5 57 7K 1 e 2 i 2 HGAE 7K o (RIS ] 38 i
PR, SEGALZYEREAE JIRE K (Fish
2000, Liwanag 2008, Kvadsheim et al. 2010),
DAL it /N B L 30 47 32 AR K T AN AE RS R 7K
w3k 4T 8K I A) ¥ 95 3 ( Liwanag 2008,
Liwanag et al. 2012).

7 H B (Microtus fortis) J&— P13k
KARZ 15 em, RE AR 150 g (19N FL5)
Yy, HARZIEHWIAEE OFF R 2008), MjiX
KA EAAESE RERKTAREE, DL
PR, BRI K AR I8 Bl 3E B 4R 7 FH SRR 4B
G L EE (RIEES 1996, ZHEEE
1997, ZEPEEE 2008). HLAR AR 7 F B B 1l i
R UK RE 19, ) 44 7K FE 7RIV R AR CRA
BZEEE 200620, {HEIAR WAHSCHTFEHIE . A3
VEZ AT AN SR AR K LU e A A BB

i T 1Y) Jr8 B2 S 7RO B KA R 2L 3 4 DL ) 7K
A IB B BERFE, B4R T R S H R
KA IZ B 75 THI R 2 B HE A 2

NTRMT X DTN 1 R, 2 BN L3 )
IKAEIZ BN IE R 577 (Dagg et al. 1972,
Fish 1994, Giannoni et al. 2001, Santori et al.
2008, Helena et al. 2009), JVKHF 7T W% K ]
W ARTT H B BIKAT 9. BRI PERERIK
I IA] VK RE /), SRk LN B A B m K A ie ahid
SLAELHRIEK RE T B, BA T R HAEIZ BT
TG b A 58 (R 7K AR 3 B AR 0

1 M5k

1.1 RV RHE

SEEBG FH 2R 5 R Bl AR LR 2 B T A AR M
AT FCRTER AL, iR W DX I M SRR 1
FE BB ER. LI R MR TR x
5 x BN 37 cm x 27 cm x 17 cm I RMAIFR
gerf, mPELAK B HEEH, JtH 121 1 12D,
o WAL, BOAXCEEE, T 20 HiEgHS
MBGERR FEE P R . Akl BT R 4 S A
AR ft, HAKBEARBEREE, KHKANEX
K, FAFRIREELRFFAE 18 ~22 C.

SIEHG FH R AR 1 B A A B AL IR
B, MERER 10 R, JLih 20 Ko SCERIFAR RN
PR REENL G, S5 3% g 5 078 — S5 .
1.2 LRI

ST, B U R AR B E T (20 £
2) CHAT ML=, B E/D 3 d,
DLIE B SE6 IR . SZI6 I R RSk, R
HAP RN KR A 20 °C CRIEIZ R R MG E 5
BEKZEFTKIRVE B E ) FIZKERN 40 em 1)K
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x TE X {54200 cm x 25 cm x 50 cm [ B FEHL
RS, RN 2R AR e
(BN R BRKE, 2 a1kl R Ak sk, I
TRIACHT AU RE 770 35 43 1K B HE I ik PR o
ARG, W SLIG S50, 7 th IF I & H A%
H, K. BRMERKS, BEHETKFEM
#K, HE ISR H R AP RS W
1.3 fatrlllE

131 WKATAKINEE S/ LS Y
WKAT NWESC (Dagg et al. 1972, Fish 1994,
Giannoni et al. 2001, Santori et al. 2008, Helena
et al. 2009) [H)SE0 TR WE 2R T7 H IR BT vKAT
Mo FSEWT, B MK, LI )5 E
o F AR MBI T R B BL R LA T AT AR
e (1) Jrikiy B RS, W B HRA K
TORIARE: (2) WrikiES, Py R G,
f UM, (3) REAWKITHN, HH
RS KN RIS A2 ST 8K G BB VIR
AR AR AR KIS DU SR S A s (4D kAT A
MEEEAT J9s (5D Al AR vK T, & 3
FER R KR i i A ELA, T EBR DA
32 ARG LY (fineness ratio, FR). ZN#7E
KIS Bl B R R A AR FE AR N 4.5
(Blake 1983, Fish 1994), ik Rk (14
JE VAR BRI i A, U350 B HE B AT AR 1R 7K AR
18 By 1 R P B

132 JkEENE 2 Santori % (2008)
SERTT, AR DT BRI KR Y 40 em K
x %5 x 4200 cm x 25 cm x 50 cm [RIBIEHT
WPk I AR, G B R S L v B 2k 4
JevkoEEd 100 em H AR fi il GLEE ¢ B B, TH 5L
Wbk TR

133 KEMIKERNZE S Fish (1994).
Giannoni 5§ (2001). Santori % (2008) 524
Jrik, MAKZRT7 H B B KPERE . 1ZSkIR ik
vt B K, AR UK A5 3 min.
5 min. 10 min A1 20 min B FH M JEA) B IF
SLHIFRE (RLERAEAR 2 [R]— S5 53 76 [ i A7
BAEND, K N FRAGA4 23 1) 5 SEER T UR I 4

T SRRV VK I AR B AR, DAAS B8 B AR X 2
I [8] B B R B ROK &, TRoKE S HARERE
o EERI A B K2 (water absorption rate,
WARD: K4 & I [A] B N 3G I Bz BB 7K 28 73l
B LIS [R] (B R, 57 281 3K S i [8] B PN )13
FEBWKHEZR (growth rate) . B AKHR /N
Je G it A e DK ST TR) 3G I S RIS, 1R %
B U BB KRS, R MR 7
BRI RN, )2 B B I 8] P 1248 1k B
1R BWOKEMN, HBIKERAR R, RZ
DUERALR o
134 KEH#EKEAKNE S Fish
(1994) . Giannoni %5 (2001 ). Santori 55 (2008)
(R SREG T, IR 2R T H BRI B Ok A
E7EM a7 W W 127 S R 81 1
NIKHFFEETEDK, RN G eRERE . %
SCHG— ELRRSE, BB R H I vk PR MRS
AKARIEAN G G 2 TE vk sy, ) s ae 45
SEIG AR M B TRAZIC S, THE B R
(RIAR SR B K o 7 S H0 AR A 1 B K 0 PR R 488
IFIA] SRR O B, LA [H]
TEVK T RE TR .
14 Silkabr

SIS EHE S E £ FRiEiR(Mean + SE)
Kon. FTAEARES E AT, fIERA
(Kolmogorov-Simirnov test) 175 Z& 55 A 56
( Levene tests ) o K A L [K & 77 £ 7 #r
(One-way ANOVA) FIMZFEA t K556 L% 4y
A AN R ] R MR R AR R A TRk K
AR BWOK ZMAFEdR: A Pearson AHIKS>
AFr G 5 0 1 B )9 Uk PR B K B K 5 LUK
AR BIROK R AR E , R, BKAMEREK
FHERIAIR R R KIEHAR o fikas, RH
Lo 77 25 M ik B S B WK 2k I K 5
HAMREKHE, VAo 207 B BRIk RE 71 5 H
FERIKE. HEd, HE, Ak, BEKAEL
KK FR . Guit 4 B £E SPSS for Windows V20.0
B R, RANERT, BEMEKTA
0.05.
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2.1 FI7HBIFKAT AR

TEME IR SIS g, R AR J7 R
A 5k < B3GR B AARRRAE . ISk
(R R0 LT 35 4.25 + 0.06, oIS 25
(t=0.577, P>0.05), ARIRSZL AR T7 H R AN
REIE LR 1.

AR5 R R BRI Rk, HEETEK.
PR SESE A 3 R BRI K 7 Ik, PR
K44 s, FAREZELN0.82 mis. KA
FKEE LR R, L DY A B A 79 0 2 5 B [ s
K, SHAEKE FERJVFEE T SRIET
Ji RO A BT R, AR K R
EILT KT

AR5 B BRIV I B AR 4 N 5 KT PAT
SRS FE KT, SkEERIMARKE, 1—
R ANKT, SEREEHKI, 78 B H,
HAERE OGS, B f R R PR H (B D
AR5 H RAEAK R Tirikigshsh, & Re K[
VR AR K EARFEAS . W] 4 E B

K1 ORI HBAMERAE

IKVERERLUFIN, SRBLHIE RN, R Bk
P LE 5K AT » B BERUKE K,
H BRI JE B = AN FRE T B A K T
Hsh, AR B s, S A
R HL R AN [R) 28 KT B9AT 4

AR 7 B R R K R 3 EON M A 50 (dog
paddle), HIEH ATRAERIAT T, LLR A I
ZERIK T IR A AT K 27 1A
SR FRIF KIS BN B A% A 2 AR o
HRRE I P bk Tt B S5 0 T 4 2 R P DY
A2 R 7K BRI Rl 7K

AR5 BRI DK K s A L A w7 s /)
St BoRsh IR B AR e B S
YEDE3 R . AE2h % B Be LR R A 13 IRUs
PRS- NP ot 8 R )
Hom R e G, NS K ER B, et
FRE AR AR, 2 ] S T IR X
PR A B H A e RIK, DA AMER .

RJ7 R R, WK JEAS AR i
JIRIR, ABFEGF vk I R ] fE AT o AL i
YR, CLR S R IR DK A0 75 17 o A8 LA ek

CPEME + frifEiR)

Table 1 Physical characteristics of Microtus fortis (Mean + SE)

P (EZN Bt (D fRE (g K (mm) JERK (mm) FK (mm)
Gender Sample size Age Body weight Body length Hindfoot length Tail length
Mt Female 10 118.40 +33.34 48.41 £2.06 113.70 £ 1.92 24.00 + 0.00 5250+ 1.15
TfEdE Male 10 151.50 + 80.84 75.93 £2.98 124.50 £ 12.69 25.00£0.15 59.60 + 1.90
P - 0.247 0.001 0.411 0.001 0.005

B 1 Ry HERIFKITH

Fig. 1 The swimming behavior of Microtus fortis
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T Dk B 1) RN 2 I 2 [ IS 7K~ T ok 3 37
SRR, 78S MERRGE S I, T
LA KT AR IR T Ik, K2 i
RIKMEE S BT s s i i, 34T
R AT IK e ), HLRTEARE BN AT L T LE
Felel . 7877 H R PRI i U Uk I 7 BE A BT AR A
RiFHHeE (4 1s WERD. B2, RITHER
XHIE Bl KT 1) BAT AR i e 2 4
PRl AR K i sh i B B L sh P A2 2l

CEAR
2.2 ZR75 H Rk Be A1 B Bl vk i B B2 B B
KRR

TEARSEIG AT, AR5 B BRI vk o 2 2
7037 m/s, NEAMRZER (t=0.129, P>
0.05). fE£ 20 C/AKIEFM T, ZRITHREAT
$121'5 h DL BB KR )] (R 2). (HE
KAk R h AN ZS (1=2.309, P<
0.05), MEPEAMATEUK I LU IEME K29 2.71 h
(£2),

fE 20 CKIRmFAF T, ZR77 H BRIk N 5
EEA—EMBKME,  EMEEAMA R B
PEAME B BB KRS I (3R 2).

7E 20 min FIUEKET [ Y, 28757 HEI B
BRFEEROK, (HIHMK IR Z IR RS FEC (B
200 o, BEMEAMAR) B B IR AKGE R B AR
PERR, PHHKZ) 0.13%/min, HE 10 min 2
JaH R BKERE N 0 (B 2), XEWEL
I} B LA TR K o 78 KR 1A 3 vk S 56 o
INRIGR PR Rk 5 h BUE, HBEBRK
BIKRAREREM 4%, HEHR KL
TR — B THIRES . 28 BB, KRT7
HH R ) B2 B B Bk HL AT K (R AR R AT

FAhs TR J7 H RAE K K K S
8, WUk 20 min “FIYHHE 18 ¥i, WD TAREH,
FN0 b P AN A I R B K R R R, AR
WKAZ, HFEK 10 min B H & E)LFE Ok
WK, X S 80K 20 min B R BIROK R
1M EE 10 min B APEMS 72902 (R 2), XHF
FHHE 10 min £ 20 min Z [B B 7 BROKER
214 -0.02 (K2,

2.3 ZR7J7 H RIFVKRE 77 B U K B B2 BB
KRS HAMERHME R R R R

ZRT7 H BR B B R R A B PRI
& 10 min B CAMR/NHOILFAFLAL (F
2), R 10 min 2 J5 B B KZ O 4 BRI
H BRI R B B K PERE S . #UEHE 20 min
(1) B B 7K 26 5 LK B A1 AR REAE 3R 47 A1
Koo

R H BRI OEE S HE . AE., /&
Koo BAKF 20 min B (1) 57 B K B A B A M
KM (R 3D,

A5 H RRIFK 20 min 5, HEBERKRE
HHE. AE. BEKMEEK S A IEAM
(£3), H, ZEPUKKSHHAKAHRK
PIFHRME (P<0.01), MHRRECH 0.865. [F]H
IINTEE R, BRI H R Rk E A7
TEMGEZE TEFHR R R, y = 0.062x; + 0.099%; -
9.007, xi FKnHIE, xo RonikE, vy RREE
K#, R?=0.805, P<0.01. MEFGFEH
WATEH, R J7 BRI K M RERE 5 LA
4 R A7 438 T T PG

ARJ7H BB K S HEE . AE, &
K BB ERKERE BA AN (R 3),
Horp, WK K5 BB K R B BOR IIA R

R2 FHEREEBRAKEMPFIKEK CHIME £ FRfER

Table 2 The water absorption rate and total swimming time of Microtus fortis (Mean + SE)

P B BBIUKHE Water absorption rate (%) WEKHRE (m/s)  BREKEE ()
Gender Sample size 3 min 5 min 10 min 20 min Swimming speed Swimming time
I Female 10 1.95£0.16 2.72+031 2.83+0.39 2.63+0.49 0.38+0.02 8.43+0.13
itk Male 10 4.12+0.99 6.08 + 1.54 7.17+7.77 8.55+2.08 0.36+0.01 5.72+0.95
P - 0.044 0.046 0.028 0.013 0.489 0.033
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o 207 —a— Mt Female
E 15l —a— Tk Male
8 1.0}
% ost *\\\ﬁ\\\\L~
%
0.0 A ‘ —

B 3 5 10 20

051

At E] Time (min)

B2 FR77 H RMERE A B2 B R A FE 0 LL
Fig. 2 The fur water absorption growth rate of

Microtus fortis

P (P<0.01), FHXFRECHN - 0.826. [EIH5HT
gERRE, KIS K5 R B IROK R AFTEN
SBERTAHERXR (y=-0.384x+9.077, x £
INEERKE, y RN, R*=0.682,
P <0.01), MR HATEH R HRK
IS} [E) 73K 6 775 AR Wbk 1) B B K R K &
BONEY], JaFE, AR5 H R R ERK
PERERRAK, JLREME I VI K AR, KB 1) 3
KR SRS (3R 3).

gx BRIk, 7R 77 H VKIS R R B K P
Ae 5 HARR AR E X RECNEY), R AMA
HRRO L 7 BB K M RER 2 s[RI 3L i BB
IKPERE X5 KT [k RE 1B &Y, BB
I BB A UK )R]k B R

3 W
3.1 FIJ7HB/KAIZINIE R ERHE

e KA R L B 708 B AR T A T vk
BHNAE, WERFEE SR B A IR A
i E6E (Liwanag 2008). /K Wi S50 4 )&
wEA B, TR K TR, W B R
(Ondatra zibethicus) I 5KFFf5, FoTHAR Y
I 55%, nI AR InHESN 777 4 (Fish 1984,
2001). WA, ZR77 H BTG E BRI DY,
AL HL U J 1 i Kl 7B 5 0 i Ao o DA SR B e
RICHERE 7, 1) A 4 ] B0 0 B i S O
INFFEAEIBR S . AL, TEK A I —
BA WD RARRE 7 735 5 N B Ak % 1F - (Fish
2001). Z5 75 HH BRI Pk I B AR i 4 B B A 20 M
425, ik T RN B AR TR ARE 4.5
(Blake 1983, Fish 1994), % HJH K ik
I, BARTEAR AL AT Gk ) 2, af
N B N1 A= 2 Naate ] ElA P <3 G Y 8
AIBF IR
3.2 FRITHBRIHKITH

WERFINN, SUKNSIRER 2
Wik (Daggetal. 1972, Fish 2001), {HIX—f%
RARE, HEhz BRI MIgiE, &
IR T HEKAT N R R A RRIE FHEE 2

R 3 FRI7HBRAMERAE S 3 B BPOK R R iR IR K R

Table 3 The correlation between physical characteristics of Microtus fortis and water absorption rate,

total swimming time

3 EDKOE B BB KEE TFIkI &
s Swimming speed (m/s) Water absorption rate (%) Swimming time (h)
Variable
r P r P r P
Hif% Age (d) -0.270 0.250 0.865 0.001 -0.677 0.001
A & Body weight (g) - 0.242 0.304 0.684 0.001 - 0.550 0.012
A+ Body length (mm) -0.163 0.491 0.427 0.060 - 0.471 0.036
J2K Tail length (mm) - 0.309 0.185 0.542 0.014 - 0.451 0.046
J& /&K Hindfoot length (mm) -0.139 0.559 0.447 0.048 - 0.263 0.263
S B 7K 2 Water absorption rate -0.217 0.357 - 0.826 0.001
vk i# F Swimming speed -0.217 0.357 0.280 0.232
Pk Swimming time 0.280 0.232 - 0.826 0.001
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BRI o ASSEIG BT 700 R 245 7 R AE R
BIAPEE P BENLE R, Bl ek, =
REDGH G K, EREIENEER G,
staeliEvk, HARAMRIHEKAT AR IFEAR—
o RIULASLIGIE SR 7 B BROR AR B2 Tk,
TEUKAT R H AR

IKATERAEIF Sy, KA L3l PiE 5 A FH AL
TG IR RE B 2 YR 80 B L R AR Rz s
ORI EM (Fish 1994, 2016), {HEhWIEK
WIS B1) B e BRI P e R, s BRI
ALK 2 EEAKTER N H S E, 3R
BRER T S (KR BRI, DL
S a8 Tk W AN S Bl R R AR K R TR
/N, DU VAR 72 8 (Liwanag et al. 2012).
T /N KA LB 2 K AP L 30 470 R it A
R 2L 300 U R B R A A7 7 R R 1), 24K
SR BRI R BT N ZE AR
7% 71 (Johansen 1962, Dagga et al. 1972, Fish
1993), {H R BZES)ZE 52K KRR, #1553)
WITEZK NI VKIS AN g H g i)3% 77 (Fish 2000,
Kvadsheim et al. 2010, [R] Ty 2 7K 476 1 et A 0l 2L,
AR EAE KT AN J2 7K A s Bl AR G R
f{JIFIE] (Fish 2001, Fish et al. 2002, Liwanag
2008) . ABFFLRI], ARJ7H IR 3 ALK
WKIE) o

/N e L Bh ) 3 DL ) SR vk OR 3=
(Fish 2001, {H BRI RI/K & HA0d % BA =
M2, KRR RIS S R
Bl J R FC A A i bk i 4 E SRR T
— BB T E A A KA N B FLEN ) — i R R
F— X A B A BRI, AT 28 4 DY i [
IR 7K P2 A 38 s AK S T AR B T4 (Dagg
et al. 1972, Fish 1993, 2000). ZAEH{ESLL
& AT A6 2R J7 RO AT NI S R B,
Tk KK LS LR, LR R
LERIKRE, X] e B S K A IE ) IE M
R IR kIR, (Hrfge A
A REMIIER, DA A B2 & KK =2k
(R, X AE KA N AL sh P 24 B

RiE (Fish 1982a).

2 KA /N B L S A A ) Rk R DY R
RI7K I R I8 W] 43 3 20 o BB Sk E B
B¢ (Fish 1984, Webb 1988, Fish 2000), fEZf
1B B, BRI 0 AR sk T R o
AR, DRSS ERHIH D2, mrEs) itk
B, LB AT I AR D B AR, DA
WD YY), e DR, WIS L
FEAE TR FLBE, I EKTIT S, H ARG N
55%, AR HIE InHESN 77748 (Fish 1984,
200100 AHFFEFRE, AR5 H EIEIK P RI7K
AR B R KN FLah ) — 8, K
Hn] B RS B, U H K AR IS B B AR B

/NI L BN TE W K I B R A A B A
() o 0 R 7K AR S R R 26 v PR T 7K T ek BT £
RGBT RFE AT, TR FE KIS 3 N B 4R
KPBH 77 (Webb 1988, Fish 1993), ifi/KA=i& M
T B2 AR /N B FLBh W e W] i B oK &/
T YRR H B AR RE S IR EF KT, TR
B BRRBE T SR ETE R, B R IR T LS
K —5E M FER K, DISEInHEKE, M
F7, FEKIE B P g IR TG, B
JE ISR Sk 2EEAERN, JUTReE
KK AERFAE K PR, A RER S (Dagg
et al. 1972, Fish 1993). ASZIGKRIL, ZJ7H
B — MR FF AT B AR 35, T4 H B Bk =
B, FEA G H AN FLEh A — R B Ak
PA— 52 B A BN KA, TR B A 5 3
SR BRNIK T, DUAMERE T, M HFX
T WK BN, SR H AT S 1 S AR J5 250
iR ORAF B AR S OK T PAT, XA A E oR
WARIE o
3.3 Z77 H RIEvk R 71 K H U vk B i B2 BB
TR RE

BNNTE K T K N i GRS &, [
RAEIKTH Lk &= AR IR B Ay, S R e )
BIRFH IR, i GK 2 3 m (g IRAE KT
HEENIA 6 m/s BOHE TE L, T AR KT VK
P T By KAV BEZ] 2 m/s (Fish 1993, Law et
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al. 2010). /NUHFLEHY) B UK K N,
B TR SR BN, 2 R B KR
LKA (Lutra lutra) 4 fF0 BEF Bk AR B 23 7 7K
JiFvk (Williams 1989, Fish 1994). ASHH AR
75 H AR AREUN, SFEIAF] 150 mm, BT 5
52 BB IR se i, HJE K R 2
0.37 m/s, MIRK T2 280 mm K i
(Nectomys squamipes), FrE 7K vk (133 5

“F 11X 0.45 m/s (Giannoni et al. 2001, Santori
et al. 2008). ZRJj H BN AT KIEIK, 1E#(E
B AN SAR GORE P R AR R A I 2 B BE N
AKHTEIK A, HIHAE K T s J L B AR /K T
AR 2 A

NI FLANAE /K T 32 3 R A QT 1A
TRFFARIE 2 R, — AR K AT
KI5 5h (Fish et al. 2002, Liwanag 2008 );
[ I 3X SR B AE K 2 AR S L B B AR e
GRS REP RS ZREE ), MEER
Bl 7K I ()45 R L 2 32 B K s B2, TRAROKRR
il 1 iZRYAE K S B ] (Fish 1982b,
Lode 1999, Liwanag 2008, Helena et al. 2009).
AR, 7€ 20 CKRIERZMT, ZKH
A2 5 h UL KR KRR 7T, 1
FLMEEAMAR P X kI K T EF T 8 h LA
Xzt T 24 N B L BN R K S
K CF%1 0.2 h, HREARILZ) 0.8 h) (Fish
1979, Giannoni et al. 1994, 2001, Nicolas et al.
2006, Santori et al. 2008, Helena et al. 2009),
3.4 JEVKE I BRIk RE

AN AL BN WAE K b T SR EE B B L2
BB E ARG Z AN D )RR (Sokolov
1962, Fish 1994, Fish et al. 2002), HItEKL
B3 7K 1 e B4 5 e /N TR L s A R Ui Dk e L
5K RE 0 H BRSSPI — ek N Y
R 7L B P E Tk NS 1) 2 B MR K A Dy 1 e 3G
VKBE IR FE A5 2 — (Hickman et al. 1986,
Fish 2001, Giannoni et al. 2001, Nicolas et al.
2006, Santori et al. 2008). =7k /NI L 5]
Yt it B AT B K VEREDUBRIK BB, TRt /)N 24

W FLEN ) — e B B OB K PR RE L2, TEik BE
TR A (Fish et al. 2001,
Liwanag et al. 2012), #1/KE1ES ( Neomys
fodiens) L% Fili i 2 BAT 17 7K 1% BE B8 47 1)
B BANEAENFIKEE /) (Helena et al. 2009) .
KWL, RI7H BREA B KR 5T 1 B2
B, WPk 5 min J5 L BROKELA 4%, H¥F
IKMGEN Yk B8 (Nectomys) [ N. rattus £ N.
squamipes (1) Bz BB/ HEREAH Y (Santori et al.
2008), HZR 75 H ERMEVEAN A 1) Bz B B7 7K 14 REAR
FAR S, JEPK 20 min S5 R B K B AL & 1A
H ) 2.6%.0 TTXAFERT KPR I B, RERS
AR5 H BRAE 7K Pl shR A 2 8 AL RS i R
73, UASCKIE D AEHR, AR K iE )
FR AT RIS TE) AR R I, 3% W] e L E A AR AR
i FR A I TR ik BE 0 B S B o
3.5 ZRJ7 H R UK AR A B U Tk i B B B B
K RE S HAMERHE IR R R

Wilber (1958) 15 i /NG A SR AK 5
KNG HAMS [0k RE ) £ AAHOG, Bl e —2
WA R FFIZAM A (Hickman et al. 1986,
Giannoni et al. 1993), {Hf 5 Giannoni %§
(1994, 2001) {EBFFEA[F )& 1 3 H S B8 B
(KB DUk B I R, BRARIXLERR I R 2
ARG R 2 25, M EAT A [a Ik Ae
WAREZER, #FK Microtus (Terricola)
gerbei HIMREARH /I, (HIHACHS [A]3F Uk RE ) 40
BA IR, R E . ARy N
R 2L 3N B T 3k R 0 5 55 FR) 4 s v 3 A7
Rtk — P T UE

AT, ZRT7 B BRI UK N I R R BT K
PEfE 5 HACIS [ VK RE UM 2 2 IEAROG, A
HoARE 5 f BBk v R LA I TR] ik e /) &2 4
FHIR, X5 Z AT I KB 745 RAHRT (Hickman
et al. 1986, Giannoni et al. 2001, Fish 2001,
Nicolas et al. 2006, Santori et al. 2008, Liwanag
et al. 2012), {HIJRRIARTTH RHHER S KE
By 7K i 0K I Ta] Vi Kk g 0 B AT 2 U R
Mo ARJ7H RERE, R — b AR
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KIAE R (A ZESE 2006b), 31X 1] B A2 4 H Al
SRS e 5 FLUE VK IR B T B 7K P R R K N ) i Uk
GEWARTE AV ) 7S P (= B Ny o2 e N N
CEUS K PR A R LT 1, QAN Rl
JE R E R A T R AN & B /N T A
(B ZE45 2006b), HASLI 7877 H BRUMETE
IR MR B AN A A OC 1, [R UG A 8 N4 B
5 A ()i vk 58 S K BB K ERERI R R T
A B S8 3 TR E

AN, ZRTHEEFR, N ALY
B BB 7KV B AR I () Uk B 775 AN R 14 31
Jok (Dagg et al. 1972, Giannoni et al. 1994,
2001, Nicolas et al. 2006, Santori et al. 2008,
Helena et al. 2009). MiASZIGEEREH, KAy
HH SR AN AE KIS TR i VK B8 7 7 TS A& 7 H
Bl KPR R T Th #R A7 AE PR 22 57, HLAX W7 1 B8
5 HARE RN 6 2 AAAHIE, 1028 J7 B EROEPE A
L ARBYES L RN, R E AR S5 A
AP IR MM OR, X AT B A A AN SR
S ZE SR R . R, AR R ik R AN
B EBBIK R RS SR B RR, MR
— BT

Zi b, RuHEEZ—MEAREERLKE
BENER, FEK T ERIE B e I A
VKRE TR /INBYR FLBh A, 3 X e I g Y A 45
HOR S KA B B 2 X

Z2 ¥ X W
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