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Hfects o Locally Environmental War ming on Root Vae Population in Win-

ter
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4

Abdract : To gudy posible efectsdf locd warming on root wole ( Microtus ceconomus) popul ations during wirter , we compared
populaions of root voles in experimentaly-warmed sites (using open top chambers, TOCs) and control stes Bxperimentd stesin-
duded experimentally-warmed meadow (BAWM) , control meadow (QM) , experimentaly-warmed shrub (EWS) , and control shrub
(C9 . Ropudion dendtieson EWM and EWSwere sgnificantly higher than their repective controls (CK and CS) . We found o
dgnificant difference in the sex ratio between BWSand CS (P > 0.05) . We found ro sgnificart differences (P > 0.05) for
any experimenta paiwise conpari onsd gpparent subd sence rate , mean body mass, or population age sructure. We documented
individua root voles that had d persed or migrated from controls to localy-warmed stes. Our results sugged thet dthough loca
environmenta warmi ng produced a dgnificant increase of winter root vole population dendties, it had little efect on sex ratio , sur-
viva rate, average body mass or population age sructure. We sugpect that root voles digersed or migrated from control areas to
localy-warmed dtes.

Key words: Qoba warming; Loca environmenta warming; Root wole ( Microtus ceconomus) ; Operrtop chamber ; Population

characterigics; Winter
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(Welther e al. , 2002) , '
(Barnosky et al. , 2003; Qun et
al. , 2005) 1
(P and Senssth, 1998; Tracy, (37°29 3749 N, 101°12 101°33 E)
1992; Arft e al. , 1999; Brown e al. , 1999; Crik , -17 (11
and Sarks, 1999; Cronin e al., 2001; IPCC, 4 ) ,
2001; Amm, 2001; Wather e al. , 2002) - 15 -20 -37.1
(Qotton, (Zheo
2003 ; Parmesan and Yohe, 2003; Root et al. , 2003; and Zhou, 1999) ,
Williams & al. , 2003 ; Meynecke, 2004; Parmesan
and Gdbraith , 2004) , , 2
(Microevol ution) , , 4
(30mx30m) , , 2
(Rice and Emery , 2003 ; Levitan and BEges, 2005) > ( experimentally-warmed
, meacow , BAWM) ; (control meadow , CM) ;

1 3 3

(Golonize) ; ,
(Barmosky et al. , 2003) ,
(un et al. , 2005; , 2004)
, ( Microtus
0ECONOMLES) ,
(
, 1991; , 1994; ,
1994 ; , 1996 ; , 1999)
(1986) (2002)
ST] (2005) , ,
Jarodav ,

(Karaseva et al. , 1957)
(top open chambers, TOCs)
(un et al. , 2005;
2000 12 2001 4

, 2004) ,

(experimentaly-warmed shrub, EWS)
(control shrub, CS

60 70 m
) BAMV BWS
8 TOCs (1), ,
(un e al. , 2005; , 2004) ,
TOCs 2 ( 16 m ),
it
o o o North
o O o O
o © o
@] (@] O O O @]

( , )
Fg. 1 The mep o TOCs didributed in experimenta plot (Left: ex-
perimentaly-warmed meadow plot; Right: experimentaly-warmed
shrub plot)
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, 4 , ( 3, B, BWS CS ,
16 8 10m 3
1 , : 10 30 15 30 ;
, 3 5 (F = 324, P <0.001)
, (£0.19) , BAW av (F =
, 18.98, P <0.01) ; , BWS
, (F = 16.67, P <
Schnabel , 0. 05)
( , 1992; , 2002) ; BW  BEWS
(F =092, P>0.05, Qv
; (F =591,
Ni+1 / Ni
( ) :
(1982) ,
3 (<£23.5¢9) (> 16 g, <
23.59) (< 169
(One-Way ANOVA) 2 2000 2001 ToCs
TOCair: TOC ; CKar:
TOC @il : TOC ; CK il :

- (One-sanple t-teg)

, a
) v BwW
o
3
3.1 TOCs
( 2,
1.3 (aun &
al. , 2005; , 2004)
25 cm )
(T ) 25 cm
(T  »m) 18 (P<001,
25 cm
(T ) 0.54 (P > 0.05 , T >
T 2m > T
3.2
Schnabel (1,

Fg.2 The tenrperature of ar and il indde and outsde of open top
oontainer TOCs in winter 2000 and 2001.

TOC ar: ar tenperaure in TOC; CKair: ar temperature in control ;
TOC @il : il tenperature in TOC; CK il : il tenperature in corr

trol
150 —e—EWM
—_ %‘ —e—A:MS
--&--EW
LEw il
x g% Al
® T 60
g
g3 3 —
& B T e——
e 0 F=t ) = L E
12 2 3 4
A# Month
3
BWM : ; OM: ; EWS:
Cs:

Fg 3 Root wole populaion dendties anmong different trestmentsinwin-
ter. BAWM: Bxperimentaly-warmed meadow; CM: Qontrol meadow;
BEWS: Boerimentdly-warmed shrub: CS: Qontrol shrub

3.3
av )

BW v BWS CS
) (F =18, P>00),
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( 4 BAWM  BANS (F =3.76, P > 0.05)
1 Schnabe
Table 1 Edimated root wole populaion densdties cacuated by the Schnabel method
BW EWS cs
Index 12 2 3 4 2 3 4 2 3 4
Dec. Feb. Mar. Feb. Feb. Mar. Feb. Feb. Mar. Feb.
N 11 12 10 4 9 7 5 10 5 4
95 % 9-13 11-14 9-12 3-5 8-1 6-9 3-15 9-12 4-8 4-5
95 % corfidence interva
é@l o 1IN 0.00688 0.00531 0.00822 O0.02454 0.00956  0.01988  0.06280 0.00825  0.03668  0.02108
" 4 6 6 4 8 10 4 6 8 5
BWM : ; Bws: ; CS:

E\M\/I E)goerirremdly-vv’amed Warm'ng meadow ; EWS Bxperimentaly-warming shrub; CS: Gontrol shrub

1 - & -EWS
40
g 35
£330 e
n 25 T
20 el -
# 15 - —=-
2 3 4
A4} Month
4 EWS CS
EWS: ;. CS:

Fg 4 Sexud ratio anong root wolesin EWS and CSin winter.
EWS: Boerimentdly-warmed shrub; CS: ontrol shrub

BfER
Subsistent ratio
g

[
-0

BWM
Cs:
Fg 5 Apparent subsdence rate among root woles in different treet-

3.4 mentsin winter. BEWM :  Berimentaly-warmed meacow; CM: Gon-
trol meadow; EWS: Bxperimentaly-warmed shrub; CS: Gontrol shrub
5 , B"WMm a
(F =13.4, P >0.05, BWS CS 3.5
(F=3.67, P > 0.05) , BAMM BWS CS
) ( 2 , EWS CS
(BWM  BEWS) (v © ,
(F =557, P > (F=125, P> 0.05
0. 05) B BEWS BAWM BEWS (F=012, P
(F=12,P>009,; av > 0.05 BMWM  EWS
CS (F = 16, P > 0.05) (F =732, P<0.05
2 (£ ) (9@
Table 2 Mean body mass of among root voles from different plots and nonths (+ D) (g)
Time B BEWS Cs
2000 10  Oct. 2000 25.25+ 4.48 22.89+ 4.43 21.05+ 2.92
2000 12 Dec. 2000 21.10+ 4.48 / /
2001 Feb. 2001 19.50+ 2.43 19.19+ 2.36 19.00+ 2.71
2001 Mar. 2001 21.89+ 2.82 20.59+ 4.72 20.05+ 3.74
2001 Apr. 2001 22.63+ 4.50 24.34+ 4.10 21.27+ 2.51
BAM : . EWS: . CS:

BWM: Bperimentaly-warmed meacow; EWS: Bxperimentaly-warmed shrub; CS: Gortrol shrub
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t , BAW  BEWS BEWS CS
(O , 0 21.28 £ 1.34 g, 21.37 £ 2.66 g, 20.11 +
(t = 23.265, P < 0.001, BAWM; t = 1.14¢ 10 3.979g, 1.52g, 0.94 g,
23.265, P < 0.001, BWS; t = 23.265, P < 10 15.7% 6.6%
0.001, C9 2 , 10 , 4.5%
, 12 ) ) )
2 ) , 3 9 10
) , B"W
3 (9
Table 3 Body massdf three individuas root voles (g)
Mark ro. Sex 9 Spt. 10 Oct. 12 Dec. 2 Feb 3 Ma. 4 Apr.
94 No. A4 Mde 20.5 23.0 22.0 22.0 2.7 28.8
1 No. 1 Fendle 21.4 19.5 / 17.6 14.7 21.5
5 No. 5 Mde / 20.3 / 18.9 23.0 26.4
3.6 BAMW  BWS
) (F =140, P >0.05) 3
) ) > 70 %
( 4) One-way (BWM, 0.979 + 0.042; BEWS, 0.852 + 0.17; CS,
ANOVA , Cs EWS 0.739+ 0.067) , Cs
(F =115, P >0.05),
4
Table 4 Age dructures o root wolesin different sStes during wintersin 2000 and 2001
BEWM EWS Cs
Time
Aduit Subadult Juvenile Aduit SQubaduit Juvenile Aduit Subadult Juvenile
2000 12 Dec. 2000 0.18 0.82 0 / / / / / /
2001 2  Feb. 2001 0.083 0.833 0.083 0 0.889 0.111 0 0.8 0.2
2001 3 Mar. 2001 0.333 0. 667 0 0.333 0.333 0.333 0 0.8 0.2
2001 4  Apr. 2001 0.5 0.5 0 0.4 0.6 0 0.5 0.25 0.25
BWM : . BEWS: ; CS:
BEWM : Bperimentd warming meacow; EWS: Berimentd warming shrub; CS: Gontrol shrub
3.7 /
2000 10 12 2001 4
) BWM EWS 4.1
BMW
2 (83 , - 94 ), BEWS (Anderson and Hanson , 1974) (1986)
1 (&4 ) (CK (2002) ,
cs BW  EWS
(1981) (Mus mus-

culusL.) , —
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) (BWMm BEWS)
, (v
(1966) ) ,
(12 ) :
, TOCs BMM BWS , )
oM CS 62 g/mt (Klein
unpublished data) , , TOCs
( , 2004) , ,
5000 nf ,
(P < 0.05 , (Tagt ,
, 1966) |,
4.3
(Fmm, 2001) , )
(Fuller, 1969; Merritt, 1984; Zegers and Merrittt ,
1989) (Fuller,
, 1969 ; Merritt, 1984; Fed and White, 1989;
(Tag , 1966 , 1982) , , 1990) , (M. pennsylani-
Ccus) (M. montanus)
1) 0 2) ‘% ( Clethrionomys rutilus) Gerad (1999)
30 % 50 %
, , ) Brown Kurzius (1987)
) Smith (1998)
] y %’ll-
4.2 leta ( Neotoma albigula)
Koontz (2001) , 1989
1 1996 , Sevilleta 2 3

(A uttorrbrock and laon , 1986)
BWM BEWS

( Dipodomys merriami)

(un & al. , 2005) ,

3
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4.4

(1983)

1972

10

1974

11

73 %, ,

(Barnosky et al. , 2003)

Anderson M, Hanson L. 1974. Ropulation regulation in smell rodents some
hypotheses  Fauna Flora (Sock, H) , 69: 113 - 126.

Arft AM, Waker MD, Qurevitchd, e a. 1999. Regonsesd tundrapla
ntsto experimenta warming: metarandysds of the Internationa Tundra
Bxperiment. Ecological Monographs, 69 (4) : 491 - 551.

Barrosky A D, Hady EA, Bel CJ. 2003. Mammdian reqponse to goba
warning on varied tenpord scles J Mamm, 84 (2) : 354 - 368.

BromnJ L, Li S, Bhagabati N. 1999. Long-term trend toward earlier breed-
ing in an American hird: A regponse to gobd warming ? Proc Natl Acad
So USA, 96: 5565 - 5569.

Churctfild S 1981. Water and fat contents of British shrews and their role
in ssaond changesin body weight. J d Zod (London) , 194: 165 -
173.

Quttorrbrock T H , laon G R 1986. S ratio varigtion in menmals
Quart Rev Bid , 61: 339 - 341

Goun SJ, Hodkinon | D, Webb N R, Block W, BdeJ S, Srathdee A
T, Worland M R, Wooley C. 1996. Hfect of experimentd temrperature
devation on high-arctic il microarthropod populations Pdar Bid ,
16: 147 - 153.

(otton P A. 2003. Avian migration pherology and goba climete change.
Proc Natl Acad Sd USA , 100: 12219 - 12222.

Qik H P, Sarks T H. 1999. Qimete change related to eggrlaying trends
Nature, 399: 423.

Conin TW, Cddwdl RL, Marshdl J. 2001. Increasng shrub abundance
inthe Arctic. Nature, 411: 546 - 547.

Feig¢ D D, White R G. 1989. Terredrid mammdAsin oold. In: WangL CH
ed. Advances in conparaive and environmenta physology. 327 -
354.

Fuller W A. 1969. Changesin numbersdf three eciesdof srall rodents near
Geat Javelake, NWT, Canada, 1964 - 1967, and their Sgnificance
for generd population theory. Ann Zod Fenn, 6: 113 - 144.

Intergovernmental Panel on dimete Change (IPCC) . 2001. dimete change
2001: Third assessrent report of the intergovernmental panel on dimate
change IPCC (WG & ). Cambridge, Qeeat Britain: Cambridge
Universty Press

Karasva EV , Narkga EV , Berngein A D. 1957. The Microtus oscono-
mus inhabiting the neighbourhood of lake Nero in Yarodav Oregion. Bull
Maosk Isp Prir Otd Bid , 62: 3,5 - 8.

Koontz TL , Shepherd UL , Marshdl D. 2001. The efectsof climete change
on Merriam' s kangaroo rat , Dipodomys merriami. Journal o Arid Enr
vironments , 49: 581 - 591.

Levitan M, Bges WJ. 2005. dimete change and recent genetic flux in pop-
ulations of Drosophila robusa. BMC BEvd Bid , 5 (1) : 4.

Merritt J F. 1984. Winter eology of svell mammds Sec. Publ. Amer.
Sc. Mamm.

Meynecke J O. 2004. Hfectsdf goba climete change on geographic di stribu-
tionsd vertebrates in North Queendand. Ecdlogical Moddling, 174:



268

25

347 - 357.

Parmesan C, Yohe G 2003. A dobdly ooherent fingerprint of climete
change inpacts across naturd sytems.  Nature, 421: 37 - 42.
Parmesan C, Gbraith H. 2004. Observed Inpactsdf Goba dimete Change
inthe U. S Pew Center on Qoba Qimete Change, Arlingion, Virgn-

ia, 67.

Fmm SL. 2001. Entrepreneurid insects Nature, 411: 531 - 532.

Pog E, Sensth N C. 1998. dimete variahility, plant pherology , and
rorthern ungulates  Ecology , 80 (4) : 1322 - 1339.

Rice KJ, Bmery N C. 2003. Managng microevolution: redoration in the
face of gobd change. Front Ecd Emviron, 1: 469 - 478.

Root TL , Piced T, Hdl KR, Shneider SH, Rosenaneig C, PoundsJ A.
2003. Fingerprintsof goba warming on wild animels and plants  Na-
ture, 421: 57 - 60.

Srith F A, Browning H, Shepherd U L. 1998. The irfluence of dinmete
change on the body mass of woodrats Neotoma in an arid regon of New
Mexioo, USA. Ecography , 21: 140- 148.

n P, Zheo X Q, KenJ A, We W H. 2005. Locd warming about 1. 3
in dpine meadow has o efect on root vole ( Microtus ceconomus) pop-
ulation during winter. Pdlish Journal o Ecdogy, 50: 123 - 127.

Tag J. 1966. The root wle, Microtus oeconomus (Pallas) asan inhabitant of
saondly flooded land. Ann Zod Fenn, 3: 127 - 171.

Tracy C R. 1992. Emlogcd regponses o animdsto dinee. In: Peters R
L, Lovgoy T Eeds QGobd Warming and Biologca Diversty. New Ha
ven: Yde Universty Press. 171- 179.

Wdther GR, Pog E, Gonvey P, Merzd A, Parmesan C, Beebee TJ C,
FromentinJ M, Hoegh- Qidberg O, Barlein F. 2002. Eologica re
gonses to recent cimate change. Nature, 416: 389 - 395.

Williams SE, Botho E E, Fox S 2003. dimate change in Augrdian tropi-
cdrairforeds: an inpending environmental catatrophe. Proc Roy Soc
London, B (Bid Sd) , 270: 1887 - 1892.

Zegers D A, Merrittt J F. 1988. Adgptationsof  Peromyscus for winter surviv-
d in an Appdachian nontane fored. J Mamm, 69: 515 - 523.
Zheo X Q, Zhou X M. 1999. Emologcd bass of apine meadow ecosygem
management in Tibet: Haibei Alpine Meadow Eocosydem Research Sa

tion. Ambio, 28 (8) : 642 - 647.

Zuercher GL , Danid D. 1999. Roby and Eric A. Rexdad. Seaond chang

esin body mass, compostion, and organsof rorthern red-baked wolesin

Interior Alaska. J Mamm, 80 (2) : 443 - 459.

, 14 (3): 209

L 24 (1) :

, . 1990.
(NST)
, 10 (1) : 40 - 53.
) ) , . 1994.
- 216.
) ) , , . 2002.
, 22 (4) : 318 - 320.
) ) , , , . 2004.
42 - 47.
. 1992.
, , . 1982.
(2): 219 - 231
, , . 1994.
, 14 (2) : 117 - 129.
, , . 1999.
, 19 (3): 376 - 382
) ) , . 1981
0
,4:69 - 93
, , . 1983.
,3(1):50 - 62
, , . 1986.
,5:8 - 90
, , . 1996.
, 318 - 324.
) ) ) , , . 1991
, 11 (4): 270 - 278.
. 1966. ,
,18 (1) : 8 - 20.
) ) , . 1982
,1: 195 - 207.



