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( Aethrionomys gl areol us)

[1]
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Yl onen  Korpimaki Yl onen , (Mustda nivalis ni-
valis) (Microtus agrestis) (4 el
Esa )

(Microtus oeconomus)
[8]

[9]

[10]

(Vulpes vulpes)

(3870345)
. (1971-) , )
1 2000- 11- 22; 1 2001- 01- 02

[7]

(Mustda eversmonni)
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1
1
1997 4 12
, TPX - CP-
4 (46 cm x 31 cm x 20 cm)
: : ; ( )
, 121 ;. 12D, 20+1
, ( W
=27.4+%3.0g, W =28.5+2.9¢; W =45.7+5.6g, W =45.2+6.80)
4 :
) , 25 ,
2 40 cmx40 cm x40 cm ,
3.5cmx3.5cmx20 cm ;
1 2mn, , (focal samr
pling) , PC- 1501 , ,
40 min
Esa Ronkainen (3.7
: , (mount) (intromisdon) (thrug)
(gjaculatory) ; (genera activity) , : (amicable interac-
tion) ; (invetigating) ,
; (aggresdve behavior) :
(sgif-grooming)
24 h , 10: Q00
: 8 ,
2000 / 15 mn, , - 20 ,
N - 682 Yy (1993 6 5 )
; : [
(mg) / (9]
, (analyds of covariance, ANGOVA)
Whitney-Mann U (one-way

ANOVA) |, t (Qudent' s t) (Pearon s x° with
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Yates s) SPSS10.0
2
2.1
, Whitney-Mann U , (P<0.05 (
1) , , (P<0.05),
(P>0.05) (P<
0.05) , (P<0.01)
1 (Mean + 1SE) Whitney-Mann U
Table 1 Whitney-Mann U tegsfor the frequencies (Mean + SE) of root wole behaviors under slver fox odor
Females Maes
Behaviord varickles Slver fox odor Qontrol P Slver fox odor Gontrol P
88.94+8.76 82.54+4.61 81.18 (7.40 86.38+5.10
Generd activity (17) (17) 0892 (17) (17) 0.182
115.65+25.52  46.29+6.53 1.65+0.87 1.38+0.64
Agyessve behavior (17) () 0038 (17) (1) 0812
22.65%6.19 26.38+3.78 85.71+9.12 70.08 £5.62
Investigting (1) 1) 0.114 (17) (17) 0.394
16.59+4.10 11.29+1.96 15.35+3.88 11.42+1.93
Anicable behavior (1) 1) 0.557 (1) 1) 0.812
4.59+1.65 12.92+1. 35 6.65+1.37 17.13+2.13
Sf-grooming (17) 17) 0.013 17) (17) 0.000
Sanple szes are given in parentheses
1 (
2) , (127.94 9) (P<
0.05) , (2.94 9 ;
, (P>0.05); (347.53 9)
(P<0.01) , (51.94 9 , (P>0.05);
(P<0.01)
, 17 , 12 %, 1.76 =
0.37 ; 17 94 % , 3.71+£0.86 ,
(x¥*=15.32, P<0.001) :

5 , 29%, 14
82%, (x*=7.64, P<0.01)
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2 (9 (Mean+1SE) Whitney-Mann U
Table2  Whitney-Mann U tedsfor the accumulated time (s) (Mean+ 1SE) of root vole behaviors under slver fox odor
Femdes Maes
Behaviord variables =] =]
Slver fox odor Qontrol Slver fox odor Qontrol
2040.24 £61.53  2083.75+40.42 0.563 1805.50+77.19  1750.46+62.21 0.865
Generd activity (17) (17) ' (17) (17) ’
. . 172.94 +42.68 41.54+6.51 0.0%6 2.94+1.63 2.88+1.48 0.973
Agyessive behavior (17) (17) (17) (17)
51.94+15.77 37.96+5.38 347.53+49.33  181.92+28.59
Invedigeting ) ) 0812 ) ) 0009
115.76 £32.57 37.25+9.83 0.6 123.24£33.56 38.00x7.42 0.474
Amicable behavior (17) (17) ' (17) (17) ’
‘ 38.35+17.02 126.21+18.53 0.008 70.94+17.9 168. 63 + 22. 66 0.017
Sf-grooming (17) (17) (17 (17)
Sanple szes are gven in parentheses
2.2
, ( 3 15 min
24 h , , ;
3
Table 3 The dfectsof dlver fox odor on the energy intake of root voles under two treatments
Femdles Maes
Treatments t t
Slver fox odor Gontrol t teg Slver fox odor Qontrol t tegt
10.53£1.79 10.06£1.85 9.9%+17 12.89£1.40
15mn 0.8%8 0.220
Y] U] (6) @)
106.40+£8.15 81.49+9.83 111.28+9.5 123.83+5.47
24h 0.05 0.274
U U ) )
Sanple Szes are gven in parentheses
ANCQOVA ( 4
, (P>0.05)
4
Table 4 ANQCOVA for the find weight with initid weight of root woles as covariaes
F
Surce of variaion AUmd Squares o Mean square F-ratio 9¢. levd
Femdes
Qovariates
Initial weight 635. 45 1 635. 45 36.938 0.000
Main efects
Fnd weight 0.37 1 0.37 0.021 0. 886
Resdua 533.29 31 17.20
Males
Qovariates
Initid weight 953. 02 1 953. 02 40. 962 0. 000
Main dfects
Fina weight 7.06 1 7.06 0.304 0.591
Resdua 697. 98 30 23.26
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2.3
( 5 ANOVA , (8.09 x 1¢F)
(16.70x10%) (F=24.85, o =1, 27, P=0.000) :
(1. 29) (1.95) , (F=11.19, & =1, 30, P=
0.002) : (0. 29) (0.37) (F=3.29, o =

1, 31, P=0.046) , , ,
5 ANOVA (Mean + 1SE)
Table 5 Reproductive parameters and one-way ANOVAs for root voles under slver fox odor (Mean + 1SE)

Reproductive parameters Slver fox odor Qontrol { \ P
(%109 8.09+0.93 16.70 £ 1. 42
Sperm court (19 (15) 2.85 Loz 0.000
4.85+0.39 4.27+0.21
Litter sizes (13) (15) 1.86 1,26 0.183
(mg) 240. 44 +19. 39 262.63+23.95
Litter weight (17) (17) o4 1,m 046
9.48+0.63 11.28+0.70
Tetis index (17) (16) 3.68 1,31 0064
1.29+0.09 1.95+0.17
Epicicymis index (16) (16) e
0.29+0.03 0.37+0.03
Ovary index (17) (16) 3.81 1, 2 0.048
Sanple szes are given in parentheses
(3.09+2.61 ng/ m) (3.68
+84 ng/ m) (t=2.07, & =23, P=0.337>0.05 ,
(1.27£0.22 my/ d) (0.82+0.21 mg/ d) ,
(t=2.05, =27, P=0.013<0.05) ,
3
Searns
Wasser [1.12] ,
) , Exa
(71
; 17 , 16

[7]
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EFFECTS OF SIL VER FOX ODOR
ON BREEDING AND FORAGING OF ROOT VOL ES

WANG Zhenlong*? L IU Jike®
(1 Northwest Plateau Ingtitute d Biology, the Chinese Academy o Sciences, Xining, 810001)
(2 Department d Bidogy, Qufu Normal University, Qufu, 273165)
(3 Cdlege o Life Sdence, Zhgiang University,  Hangzhou, 310012)

Abgract : Predation has long been inplicated as a mgor seective force in the evolution of severa morphologca and
behaviord characteridicsof animals This gudy amsto determine experimentaly how indirect cuesdf mugdids fect
the socid behavior , foraging, reproduction and sexud hormones of root voles ( Micratus oeconomus) . We predict
that delayed breeding and changed meting behavior presented with Slver fox, Mugtila eversmanni predation ri Sk occur
in root voles Further , we discuss the possble utimaete and proximate cause behind delayed breed ng.

We carried out the sudy a Northwes Hateau Inditute of Biology , the Chinese Academy of Science, during
April-December 1997. We caught woles and Slver fox for experiment in the dte o Hailbe Alphine Meadow Eocosysem
Research Sation of Chinese Academy of Science which located northwest Qinghal- Tibet Rateau with (37°29 - 37°45
N, 101°12 - 101°23 E) .

The animd s were housed in clear pladic cages (29 cmx 19 cm x 13 cm) and maintained in a 12 12 h light/
dark photoperiod and in20+1  tenperature.

We carry out 18 days experiments in two main arenas (firg three days) and in breeding cages (15 days there-



dter) dtuated indoors The 40 cm x 40 cm x 40 cm arenas were made of Aexigas

The sudy condded of 34 (17 experimenta and 17 control) experiments with femdle - mde parsd vles We
examined the mating and foraging behavior (the frequency and anount of food eaten in grams) during the fird three
daysd the gudy. Then we trangerred the woles pairs to breeding cages where the breeding experiments continued.
We dfered water , Purina rabbit chow , and carrot to the voles ad libitum throughout the experiment. On the 18th day ,
the voleswere killed and weighted , and the reproductive gage of femdes, the weight of femde ovaries, the litter dze,
the perm count , and the weight of the mde testes and epididymi s were measured.

We gorayed the savdug in the experimenta arenaswith predator odor daily during the gudy. The odor was afil-
tered dilution of urine and fecesof Slver fox. We orayed the cortrol arenas daily with ddilled water.

We observed the pairsin behavior arenasto gudy the efectsof Slver fox odor on the behavior of wles Each be-
havior observation lagted for 40 min. We recorded the following activates (asin Esaand Yl onen, 1995) : generd ac-
tivae, amicable interactions, aggresdive behavior , sf-grooming, invedigating behavior , and copulatory behavior.
We oounted the frequencies and totd time of dl variables

After the behaviord observation period, we renoved each pair from the arenas to breeding cages for foragng
trals o woles We reoorded the anount of Purina rabbit chew in grams  Then the voles were renoved to the breeding
cagesfor 15-day breeding trid.

We found that 82 % paired root voles delayed breeding and sgnificantly lowered the frequency o the generd ac-
tivity , invedtigating , seif-grooming , and copulatory behavior &ter being exposed to Slver fox odor. Gonparing with the
oortrol , the tota time of generd activity in both sexes and amicable behavior of femaes increased under Slver fox
odor. The totd time of atacking behavior and amicable interactions of femdes, sdf-grooming of maes decreased 90
nificantly. The ovary index and litter weight decreased infemdes, whereas in maes the perm count in epididymis de-
creased dgnificartly. The progesterone in the blood serum of femdes were increased sgnificantly under fitch odor.
Key words: Slver fox (Vulpes vulpss) ; Root woles ( Microtus osconomus) ; Reproduction; Foraging; Predation
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