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RE BTSRRI EYREAEREET, URIF R GEE S R B RS 570 R0 &, UBIF HR BB RZ MK Ty
e R R FkF W RE R EARES AP RENREKE, RRRERNR S SRS ZE, FEHBRX
B G ATEREY BB MRS A HABMEFEERE ML ALREBE. RENHEETHMEY (- P,
-F) MEREES REAEM RS KRS EE MR A FRERY. Kb AR EMmEy
(-P,+F) FiEE. -P, ~-FRBRATGHEEMMEY (+P, + F) R, BHES0E A G0 H 019 0 86 380 > B3 > 36
BLEATBHEETHMEY (+P, - F) B, BHRHEMELO DB > B K> WM. SOCEMRBERER
AW B GRS MARE ., Hp, -P, + FRBER + P, + F BV K > B8 > WM, + P, - F R BV B30 > 1
K> BRI, T - P, - FFBECh BB 0 B sl > Wl > K. BERALAEMBREAREEY S KT HERS
MEEEOHEEA R, TAEHBREHNBT SR ES I 3XFANIHNEHBEELEEERNRBENRMEMLR
FOHERS Chiny ZHF HBEFNN—ZGRIETHRENOS SRR BETBEANTYXERMN FHRHT N
HE AIRERAMBESTHESINEENBET.

XA WEFH T IS HE R 18 B8 B Microtus oeconomus )
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Analysis on aggressive levels and behavior polymorphism of root voles in seasonal

fluctuating populations under the interaction between predation and food availability
NIE Hai-Yan"?, LIU Ji-Ke"" , SU Jian-Ping’, BIAN Jiang-Hui' (1. College of Life Science, Zhejiang University, Hangzhou 310012,
Chinas 2. Life Science and Technology College, Central South Forestry University, Changsha 410004, China; 3. Northwest Plaseau Institute of Biology, Chinese
Academy of Sciences , Xining 810001, China).Acta Ecologica Sinica ,2006,26(7) :2139 ~ 2147.

Abstract : The relationship between aggression level and fluctuating phase of population density of root voles, Microtus oeconomus ,
was studied under different predation and food treatments, predator-access and food supplemented { + P, + F), predator-excluded
and food supplemented ( — P, + F), predator-excluded and non-supplemented ( - P, - F), and predator-access and non-
supplemented ( + P, - F). The aggressive behaviors observed in the study were threat, attack, chase, wrestle and retreat. The
sum of the accounts of three aggressive behaviors, threat, attack and chase, was defined as aggressive account, which stood for
aggression level of the population. The individuals that showed active threat, attack, and chase behavior were defined as
aggressive individuals .

The results showed that the proportions of aggressive individuals were variable during different fluctuating phases in the four
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populations. The proportions of aggressive individuals during increase and peak phases were significantly higher than those in
decline phase under all treatments except that of females under — P, - F treatment. During the whole fluctuating periods, the
average counts of threat, attack and wrestle in every trapping session under all treatments were all significantly positively correlated
with population density. In general, experimental data from all root vole populations were consistent with what was predicted by
Chitty’ s polymorphic behavior hypothesis . The experimental results testified our specific hypothesis: aggressive behavior selection,
which was mediated by the interaction of predation and food availability as external factors, was the main internal regulating factor
in seasonal fluctuating populations of arvicoline rodents.

Key words: aggressive behavior; behavior polymorphism; predation; food; root vole; Microtus ceconomus

TEARF BB, MR B Bt (aggressiveness) R ZERE FIIRHM —KZMITH >, SR
B (fluctuating population) , 25 [A]17 4 ) 45 B 7 238 33 B R AT BB IR B A 25 0 Chity™ @ & Krebs! 09 £ 755
17 RBBCA R, 7 Fi B B FE I 30 89 3% K 3 (increase phase, IP) K # 1% (peak phase, PP) WL HE &
(aggressive genotype ) ™M , B I 31 i) 1 25 FE A (low phase, LP) & T A (decline phase, DP) I3t #IETy i ¥ 5
5 &4 (non-aggressive genotype) ™M& , IREIZEMBH EH KN EH AR BRI M MO LABRTHERE, &
BRPAREY, H TRHEE MO RRIEEAATER MA TS RN ERERE, A EAER
RN, SR ERERE MEEERERERBAMARE ",

AT, BEE N M EEERINRMANFEER . 7E— DMK 8] 5 2 847 4 (agonistic behavior) i E
w7 H B A G O 3 ) 09 38 18 B B ( Microtus ochrogaster ) '™ (B JFUH B (M . pennsylvanicus )™ | il & e
( Clethrionomys gapperi)"'™ W &t H B (M . townsendii ) I BE SHAFEEY b X Krebs'™ % B, % 1 M B % B )8 FH B
B ERSK P EEIGER M,

EUNEZAGREENREERTFWRR R FEHREIH AR ESESHBESNBTHEAX,
LS BEHREANEH KIS THEEW EREANER MERERFE MU HEELSY
BER™ ., HILEER, MR RS E, HEERRBE R kB R %% S BN R AR 5 Eh
PR EHEER .

SR , 7E M T, AX Hofmann A1 Getz™' 4R 4% 3 I8 Y B, P B J5R FEY R % 30 P B8 R 1 0% 0 B 389 g Ak e o5 7K 7 i
AR, A0 T Chitty 81T R %,

EHENEYREERAKMET Desy £ FEHE™ FWHMAXFH UK Ne # Lk BWET
B ERAMRE R (M. oeconomus) 4 R b ¥ Fp B HE 14 1 B 3 %X (aggressive count) , T BN ) #b B BE 80 &
BESHEALHKPFRHEXXR, BRERMHBARESHEESREKEREHEE,

ERRHEASSEYRAXEAAMBEBMBESAYTREORRHE KRBT 4 M EHHHE—
BHRANSHEERAERER T INEE, ARG FEAES ENENER™, B TEITIRIER
RITH BB ANTVG N EEES, E], 4 M ERERMERERER G K ESHBEESINEER
FENXR, ABEHENRYREERLGT, MEETABEEHTITARE BH B TREER
W MBAREFHEMRYXEEAN RN (mediated) WHHEE RSB HRAABETHEINTE
WEETF.
1 XWGHSEWRAZE

ABHHT 1990 F 4~ 10 A, EHER¥EEIRESGLESRAEMIEHE (37°45'N, 101°33'E) #
7o BREIR K BRI EBA L EEN™  UR SR MBEXBEENLABBEC AIEARED,
1.1 EREITS5HEEEMSIT

AT I 00 55 6 BB A iR 7E R R ( Elymus nutans ) EAMNFH A, T EMY A EREHE BEER
#K ( Poa alpigena ) F U1 BB ( Thalictrum alpinum ) % & 5L ( Kobresia humilis ) % 4 58 ¥ ( Potentilla fruticosa )
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%, ZHBEAM I EER BEEK, BEERARAEYERERRAEENEYTE™ , A BERR
FRERMEH ., KB BEAESEAA 1.20hm’, B 8 4~ 0.15 hm’ (50m x 30m) H/MEH R, EE/PMERN, LU Sm
x Tm W) P8R 57 B 58 56 (trapping station) , BT EM | REERE.

RABEM 2x2 AR, A BBERNEYHKT, 4 HLEBEKRKAY: -PEXHEE, + FARNEY;
+PHEHBRE, + FAMMEBY; -PEHRE, - FXHMEY:; + PHEREEE, -F LB MEY, L AX K,
Mg YA TK-10 WBK Gk, ZAMEARERAKMEENAFHRREMER, SHEHE, UEEXE
HEE, ARERERNEECHERRE .

EEBREENFEAFNRERBEENMMURREMASNYE, B8/ MEABIOE S M EXBREHER >S5
REWAER AN 4R LR B M B 5L & (founders) , WERLBE A AR MR B HB B A BHEREH P FK
T, MAREEREATHEEE. RS/ MIEHE AN —ERH. WERBRGME, LEH T
BEERELFE—RIC. SEHMEEREERS S FE BRUCBEUREERALS ., BEAEE>
25g, BERIRE > 22¢ AR, HHENAE . DUSBILE KR T M4 o btk 7k 5 X M A, J0) LA BA B O B9 F
HEERIERDH R AT RETEL .

Z W Desy M1 Batzi' ' M ¥ HRE A REENTE S ERER, RARERIE (trapping calendar
method ) " £ 1 45 1% 5 0 5% /N E TS B (minimum number known to be alive) ,fE B & A BB S BH PN RS
i 3
1.2 HEKEME

WBETAMEN NMEREERARENTME, A EBTIEEABL S BB, WSS — W E N3
AT hliE , UIRBEZMELEME, B TEE B K7 T e B KX Rl % B R, RIEFEBGETT
HST PR E R R R P, Bt 2 R T REME , B, DAy ihk S S 9 R 0 L X M 4 o L I R B IR
HHERR Y AT AW E P, 5 B — W Ak O BAE R R R A R A A

FI 4T R % 350 8 P 3L T H 3 (neutral arena) Ml E — X MK 3 B AT R, 8T HBUEHAT R F 5 R I
FARF S, R, Ostfeld ™ AN, 5 B K 4B 9 ME, H Bt HEATRERCAE , SR T , Harper 1 Batali'™ JU/ 35 tt, 76
PRGN ENT I REAIRBEE M AERAR M KE. £F LR, AR ER H R BTG K
3k B B MHEST B F LR E R PTG, X3 B AT 0 E .

HE 3L B AT I 58 B B 57 3 3 3% 20 50em x 26cm x 30cm BB AT, AL AAE — SRR . LAY, B
BHERTHERIRY lem BERABENIYHESE, EECETHEEN. IETRN, EEHET EH YA In
4,88 1 X 40 WHRAST, BEEBHBE S0cm A BHFEAT, BXF FHREHAN LK/ PRFLETIERITH
=2 7I):SPURIIN

R —AEARNOSERRA MENMYRUASBEHK, HERIRRBHRE, §EIR K 6 R
A 8] 2 30min, WRIM o , 22 1E SRR , LM 10 min, A XWEBRF,CH E0HE™ , FFER,

£ B8 Hofmann 2" 3 # 1 H BURI B H B3 BRAT M B9 A An o, X — b MRS R AT 7 # 3 RES
Fh4E . IR (threat ) . B 37 (upright) . ¥ 37 (Plunge ) . 2 7 (boxing) . % 3} (wrestle ) . 38 % ( chase ) K i /5 &
(retreat/avoid) o Xt F R & F 4 BT H B R, BWHEE™ Ne Ml L' EARE. WBERE K
(aggressive score) , ¥ RIF 5 B 37 B9 BUER & 1B A RBIR 5, 4 b i 528 5 503 SR I AE 9 3# B (attack ) i1 %o
1.3 FhEES & B shat

EHENRYRE/ERELGT RE4HLEREBRMBEERSINERAGFSI(E 1), IP.PP &
DP 43758 CHMBZ EH M 3 (R D,

4 FRAL B RAEE 3 NS ATHNBERBEN T -P, + PR HBESIMW PEREHEHA1~-6 A, .
PPYEIB 7~ 16 &, DP A HHM 17~20 & T - P, - FABM I MESNBEUA K 1~-6A,7~- U RAK
15~20 A ; + P, + FREER 3 MBI A B :1~7 8,8~ 15 A 16 ~ 20 & ;T + P, - F #ME¥E 389 [P PP
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W
w

EDPNARIA1~12 @ 13~15 AKX 16~20 .
1.4 it
RAHER ANOVAREK IP.PP X DP HEHEZ
B 5 0B E %,
HHREELBEAFRAHEERE I P REHEN KL
Bl A SR B ME IR B B sGhR R, K
4% 20 RAER o 130 % R4 B0 4K AR SE B — XU b R
AMETCEHFT R R , 2 B8 Hofmann 1 Getz'™ X} 8 I H
RAMEEBBR MR RIERHEO I, B R

W W B A W
(= Y - Y (=]

HEEE
Population density (Ind./0.3hm?2)
)
S &

—
w

BT HERREBERTAONMEEXARERNME, R 10 e 4R F i
Z REREHEANE, BUAIRKE ¢ HFRETERE st '_‘;;‘_‘_‘*:;:g
(null hypothesis) : ;U B NMA R ERERNMEN B RS ol T

1 3 5 7 9 11 13 15 17 19

FMEREEFEINETE, 43 () Trapping sessions (weeks)
| ThSHE ' L, B R
ﬁ?ﬂl%ﬁ%ﬁﬁm] ﬁ;ﬂﬁgﬁﬂg*? 5 B AR AT RSB R
Krebs * fil Hofmann ¢ B9 747 J7 ¥ , X R (BT Fig.1 Population density of root voles under different food and predation
ZELIRER S KITANE—BREFEEEETE e

'@E*ﬁ ;éﬁ*ﬁo +F: M i €04 Food supplemented; — F: JG M Ml & 41 No supplemented
2 &R _Eﬁ*ﬁ- food; + P: & i & # Predators access; — Py il 5 # Predators excluded;
2.1 ﬁﬁ&ﬁﬁ#%%%{ﬁ T [F] the same below

4T ER B BEARIK AN P EER R ENEEEAARNZER(R 1) ,HIP<PP>DP, &
-P,+FREE,IP M HE N 32.17 H/0.3hm”, PP ¥ 47.10 H/0.3hm’,DP 2§ 30.00 H/0.3hm*; 7% - P, - F
FEE,3 B Et A R FE 4 51 26.33 2/0.3hm*,41.88 H/0.3hm® &% 25.17 H/0.3hm’; ZE + P, + F
B, 48018 21.43 H/0.3hm’ .27.75 H/0.3hm’ % 19.00 2/0.3hm’ ;W7 + P, - F 1 #E,3 MESI A BN EHH
BEN 4y 514 16.75 2/0.3hm” .24.00 H/0.3hm* % 10.44 2/0.3hm’, 4 FACERFNEE 3 NSt 8, B L&
EHREE ANOVA WE RSB M. - P, - F #BE F =12.58097,df = 15,p = 0.00062; - P, + F fh & F =
8.514354,df =9,p =0.008405; + P, + F # & F =8.891438,4df=17,p =0.00227 ; + P, - F & F =26.54517,
df=17,p =5.9E-06, ULBA 4 FHAL M EHBMEE 3 MNESI BB ENEENEZRREE,

R1 BAEVAULERERMBENONEDINNE (F) RAMBEE(R/0.3hm®) (Mz1SE)
Table 1 Fluctuation phases (Weeks) and densities (M + 1SE) of root vole populations (Ind./0.3hm’) under different predation and food treatments

fhEE )i g PP Dp
Nowl wR T R T R T
Trapping session Density Trapping session Density Trapping session Density
32.17+5.71 47.10+3.38 30.00+9.42
~-P,+F 1-6 7-16 17-20
¥ (25 ~ 40) (43~ 51) (21 ~ 40)
26.33+3.88 41.88 +2.36 25.17+9.75
~P, -F 1-6 7-14 15-20
(23~ 33) (38 ~ 46) (9 ~30)
21.43+2.44 27.75+1.58 19.00+7.25
P,+F 1-7 8-15 16-20
e (18 ~24) (24~ 30) (10~ 21)
16.75+1.86 24.00+1.00 10.44 +4.28
+P, -F 1-12 13-15 16-20
(15 ~ 20) (21~28) (5~16)

* 1P= 34K W, Increase phase; PP = B W&, Peak phase; DP = FE I, Decline phase; 35 5 ${ 5 % % % % J¥ 25 54 75 B , Numbers in parentheses are
variation range

AMBF RS R 4 MO EMRTIFEHERAR, KA FEIRK Y. -P, + P B> - P,
~FFEE> + P, + FAEE > + P, - FRIRY . ZERMBEBSIAY) PP, - P, + FRABE L% (47.10 H/0.30hm’ ) B &,
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+P, - FFEEH (24.00 H/0.3hm®) B4 K, T - P, - PR B (41.88 H/0.3hm’) & + P, + F M H (27.75 R/
0.3hm*) WE ., TEFBEREN P4 FABMENTHEEHEMET PP,EFTHDP, -P, + FHEEN
32.17 R/0.3hm’, - P, — FF#EEE ¥ 26.33 H/0.3hm’, + P, + F M EEHE K 21.43 R/0.3hm’, + P, -F MEEEH
16.75 H/0.3hm’ , TEFBEBEFN ) DP, 4 R MR P HEEHEMFIH IP X PP, - P, + FFEEE X 30.00
5/0.3hm’, - P, -FFEH N 25.17 2/0.3hm®, + P, + FFEF K 19.00 R/0.3hm’ , T + P, - F M H N K
10.44 2/0.3hm’,
2.2 FHEEB SIS Bods B A L )

HFRARAENEREED NERHANEBEMNER™, Bilt, 45047 54 B # B R %5 54
BEMUMEBEETH

e 4R EAMT B - P, - FFEE 1P AOMEPE O 2 B M LEBK F DP B9 50, & AL 3 F0 B DP B0 B 14
SR B H SR TR IP M PP(E2), Hb, -P, + FHE.-P, -FHER+P, + F AR, EHR
HEIAMEL BN IP> PP > DP; 7 + P, - FFEE, RS BAME BN PP> IP > DP, 4 Ab 28 F B 4 4
BRI B SEENAR(F2), Hd, -P, + FRHEE XL +P, + FFHB N IP>PP>DP, +P, - F

FREEN PP>IP>DP, T - P, - F FREESEREMELLL BN PP > DP > IP,

%2 HANAVMALBERERMBETIRAEIHPERGEEIMERIFEREHAGHLE (%)
Table 2 Proportions { %) of aggressive and non-aggressive individuals for root vole populations in different fluctuating phases under predation and food

treatments
MR Males BE K Females
$iis: ] B shrt Bt Bk e H R AE A Bt B A 4 e A EREHRA K LE
Treatments Fluctuating phase Aggressive individual Non-aggressive Aggressive individual Non-aggressive
proportions individual proportions proportions individual proportions
1P 50.00 (14) 50.00 (14) 33.30 (6) 66.70 (6)
~P,+F PP 12.50 (8) 87.50 (8) 20.00 (5) 80.00 (5)
DP 10.00 (10) 90.00 (10) 9.10 (11) 90.90 (11)
IP 37.50 (8) 62.50 (8) 0.00 (4) 100.00 (4)
-P, -F PP 20.00 (5) 80.00 (5) 12.50 (8) 87.50 (8)
DP 8.33 (12) 91.67 (12) 9.09 (11) 90.91 (11)
P 50.00 (20) 50.00 (20) 36.36 (22) 63.64 (22)
+P, +F PP 25.00 (16) 75.00 (16) 31.03 (29) 68.97 (29)
DP 20.83 (24) 79.17 (24) 10.00 (10) 90.00 (10)
P 41.67 (12) 58.33 (12) 40.00 (10) 60.00 (10)
+P, -F PP 50.00 (16) 50.00 (16) 57.14 (7) 42.86 (7)
DP 11.11 (9) 88.89 (9) 10.00 (10) 90.00 (10)

* IP = 3K, Increase phase; PP = Hj ¥, Peak phase; DP = T , Decline phase; 55 P $( 5 ¥ 4<%, The number in parenthesis is sample size

BAEBHRFBEARBEHEYE, EEAERNERLAFERAENER(F2). ¥ RRERERH 34
Bshit i, Ko AR E RN G RN RN ER Y EIREEKTE(-P, + FFE 4’ =54.789,df =
2,p=0.01;+P, + FFB 4’ =22.896,df=2,p =0.01; + P, - F B 4* =37.233,df=2,p=0.01; - P, —FF¥

B, 4" =25.170,df=2,p=0.01),

MR 4 FRACEEAR BB EE 3 N SIAT L M E BN R AN ER B B S BEEMAONEE (R
2)o HABAMBEREREEEER M UANERIFEIREEKFE(-P, + FREE " =17.842,df=2,p =
0.01; + P, + F B y* =20.296,df =2,p =0.01; + P, - FFiB¥ §° =49.596,df=2,p=0.01; - P, - F ¥ 5

=12.502,df=2,p =0.01),
2.3 WHEITHEREMNBEEE

B iaie 4 B EAR B R B AR R T GH I B L R S RITHE BN BT HIT RS M
FEHREHELREAR R (FE3), E+P, + FRE,F 31T R0 H(r=0.7983, p=0.010, df =7) 555
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FEAXR B E,BIF(r=0.7457, p=0.025, df =7) R# K (r=0.6374, p=0.050, df =7) 5> B SFEHFE
BERENHEEXXR,MBZE(r=0.4131, p=0.400, df=7) R E#(r=0.0410, p =0.800, df =7) SHBRFF
HMERBE, 7E-P, + FREE, BIF(r=0.7842, p=0.050, df=4),#%(r=0.8081, p=0.050, df =4) &%
3} (r=0.8057, p=0.050, df =4)}H EMBFEABEMAERX, AT ,BZE(r=0.3467, p=0.500, df=4) &
Bl (r=0.2227, p=0.700, df =) P F EHBHEFERXAREE, E+P, -FMHE £ 5HETEEREE
BIEARX KR (r=0.9889, p=0.01, df=2),RMF(r=0.9347, p =0.020, df =2) R# K (r=0.7714, p =
0.050, df =2)3 | 5MBHEEABEMNIEMEX,HEZ (r=0.3843, p =0.400, df =2) K& [=3# (r = 0.2905,
p=0.500, df =2)MIBHNEMHBEEERABENEMRE, £ -P, - FF#E,BF(r=0.8727, p=0.010,
dF=3) SR BEFEOHLITRBEKE, HK(r=0.6998, p=0.050, df=3).iBZ(r=0.5587, p =0.050,
df=3).%3}(r=0.5048, p=0.050, df =3) K [ElBE(r=0.6246, p=0.050, df =3) DA SHPFEHXEE,

23 FMAMKYWLEREMAMBRERSHTHER(EES/10mn) 58 ¥ E(R/0.3m’)

Table 3 Male aggressive behavior variables (bout/10min) and population density (Ind./0.3hm’) under predation and food treatments

+P,+F

ThER

FH 8% [ Population density

Behavior variables 24

28

27

26

27

30

30

RAFR Threat 10
BEH Attack 30
8% Chase 3
431 Wrestle 12
[5] 38 Retreat 3

13
41

26

28
36

2
21
10

18
28
20
18
20

25
29
28
20

6

35

26

26
35
10
25

14
23

11

-P,+F

TRER

Fr#E® E Population density

Behavior variables 31

45

47

50

51

FAIF Threat 40
I Attack 43
BZ Chase 3
43l Wrestle 24
[5) 38 Retreat 4

54
54
5
32
7

58
49
12
37
10

49
50
16
35

61

52

31

+P, -F

fThRR

FpEE % ¥ Population density

Behavior variables

15

16

ZME Threat
HEIB Attack
JB# Chase
431 Wrestle
{53 Retreat

20
20
15
13
25

25
30
34
15
40

14
16

15

-P, -F

EEp S o

FhREEE Population density

Behavior variables

33

40

39

40

BHE Threat
B Attack
B Chase
%3] Wrestle
El# Retreat

28
45

40

38
54
13
50
10

30
40
14
40
10

35
55
12
50
15

44
40
61
10

45
10

S RAAM 4 FL RN E B S RITHEENE T HH R SMEEENREMEXRXEERNE
#(EY), SLABEHBHEDTTASHEEENHEXY LI BEIREEKF(+P, + F#H# r=0.8724, p=
0.001, df=12; - P, + F R & r=0.8977, p=0.025, df =4; + P, - F # & r =0.9728, p =0.050, df =2; - P,
-F## r=0.9065, p=0.050, df =3) , BT H EMBEHEEHEXEE(+P, + FME r=0.6499, p =0.025,
df=12; -P, + FF 8 r=0.8401, p=0.050, df =4; + P, - F Fh#¥ r =0.9857, p=0.05, df=2; - P, - FFfEt
r=0.9522, p=0.025, df =3) , FITHEHBHEFAFEEIREENWHEX(+P, + FAE r=0.7773, p =


http://www.cqvip.com

7H =33

L HENRYREEAKZATREREVER SRS KFRIITHE S

D000 http://www.cqvip.com]

2145

0.005, df=12; -P, + F# r =0.8004, p=0.050, df=4; + P, -F ##¥ r =0.5549, p =0.700, df =2; - P,

~FFEE r=0.9805, p =0.005, df=3),

REEEBRT N ESMBEFENHEXXRETIS, X +P, + FEAZIEEKFE(r=0.6385, p =0.025,
df=12)  HERMBHHXHIABE(-P, + FREE r =0.0226, p =0.950, df =4; + P, - F #1 ¥ r =0.5549,
p=0.700, df=2; - P, —F## r=0.7859, p=0.100, df =3). Kb 3 1k (5 84T O 5 P 5 BE O A
(B ARE(+P, + FAE r=0.0998, p=0.700, df =12; - P, + F & r=0.1252, p =0.800, df=4; + P, -

FFEE r=0.2002, p=0.900, df=2; -P, - FF & r=0.7803, p =0.100, df =3),

£4 HANKDLBHRARMBEARETHER(ES/10min) SHBEHE(R/0.3hn’)
Table 4 Female aggressive behavior variables (bout/10min) and population density (Ind./0.3hm’) under predation and food treatments

+P, +F
TRER F#¥EE Population density
Behavior variables 22 24 23 28 26 28 30 29 30 27 24 21 13 9
ZX0F Threat 29 33 32 37 32 39 43 41 29 26 25 20 15 10
BEBL Astack 10 12 18 20 19 23 25 24 27 26 15 23 18 10
iB#& Chase 0 13 6 18 11 10 18 12 20 8 7 20 2 2
%3 Wrestle 25 26 20 29 30 31 32 27 26 33 28 23 25 12
[5] 8 Retreat 1 13 0 0 6 0 18 2 0 2 0 15 2 2
-P,+F
fThxR R B Population density
Behavior variables 39 45 50 51 45 26
AR Threat 20 23 44 43 31 12
BEBL Attack 55 57 66 52 58 35
iB#& Chase 40 21 0 10 20 1
%3l Wrestle 50 55 60 56 53 50
[E] 8 Retreat 35 31 0 20 0 1
+P, -F
ThHER i # % B Population density
Behavior variables 16 15 16 5
RO Threat 20 18 23 7
HI Attack 28 29 32 10
B #& Chase 8 15 24 7
%3 Wrestle 21 16 20 9
[5] 8 Retreat 7 22 42 18
-P, -F
fTAER FHBEE Population density
Behavior variables 33 40 39 40 44
AT Threat 38 45 40 46 50
BEW Attack 42 45 46 47 50
A& Chase 5 6 16 28 45
%3 Wrestle 30 45 39 43 50
[5] 38 Retreat 10 15 26 15 38

ERGER T4 MLERERME S KT ATEP, AAVBIGEEHRT H R EE T HTHE
- F R A (A B R 1T 0N 5 Rl
FEMXEEN HEMBEBTHSHBHEEMXABE R -P, -FMAEMBE. +P, + F MR EEZTT
AEMBEEAXEEN HEMBEZRT NS BEERMAXAEE (p>0.05),

MREFEFEEE(p<0.05)BHEE(p <0.01)WEHEMEXKXER ;K - P,

3 iTie

Dennis Chitty’ R Z BT HBRREE LM RAESENRF—RBBHNER , EERAIFITHRE
Fh(arvicoline) R R E PN HBAN WM B AN AT HEEERER ™, Chiny RIEWELFRESHARE
(ecological timescale) &5 4L B 18] R B (evolutionary timescale) B ZFE AR B EDY , W 5 ERH B EB ¥R ER
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7, Chitty TAA, W6 U5 30 47 69 R 8% I 30 i 9 5 78 3 F 3K 7] 3% B (phenotypes ) i J& 3 4 3% #% (cyclic selection ) 3
WM, Chity BB OR, AHERESNT IR, EHALEERBR MR PZ-RAKBHNESSE
(superior competitor) , B % 45 ¥ % FH & (inferior reproducer) , M —REM S ZHK ., “HEEZHHNERL K
BRI A S D, Chitty BTN, BN REEEM RN PETR. MEFBTEMNEK, AREBE R
FTREHERYME, EHHEINE KPR TP R AER LA MR E, AW, EXEHB
FE 12 e Y Krebs'™ $2 1, 25 FH BFN 2[5 P BR300 4K A6 43 T B A B S |, Myers #1 Krebs'™ 58 53
MEFHIHT B EEETARBEBENNE, BIET Chity B, AT, Tumer Iverson'™ | Hofmann
U3t 3 R BN B R U A T 1T 20, LA % Hofmann F1 Getz ™! 39 I, 0 Fh B M (R T i /K T B ST 45 2 U
5 Chitty ZBITABRRZITAASA—-B.,

FXARMERS Keebs' ' HEBHBHNEFHRMRARFARER K. EHRANBEENIWLEL
HF REBRMBEARKS ARG RENMMUEAERDESIREE R -P, - F MMM, 4=
TSRS IR MER A B E R TR AR ER (R 2); BN E A AR H B s B
HOAERSMBEFEENMEXAXRENERGES X 4), BHENMMEFBEEIEENRT H R RS 1T
HNEREMBEEFERERRBENREEMRRRKR,

R, 7e/N RS R B R S, X Chitty BB TN BRBHA R  BEBENEYL BN
T.ZERBRABRGTASHABSTHESINBNEERENXEK, B, ERFIREFRZEE
FA%KHT R H R R REAT A0 A B B N R B B 5 Chitty RITBI A A L, HERBAUE T A3
REMBFEBRRZ. AENMTEFHEENESYZTERNA FHBGETHESE, RSRHBRRHHETHEIIWN
FEAHE T,
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