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Abstract The effect patterns of food predation and Apodemus agrarius as competition species on the aggressive behavior of
reed voles Microtus fortis were measured using repeat 2 x2 x 2 factorial experiment design under the field enclosure. The
correlation between aggressive behavior and densities of reed vole populations in different treatments was very complicated.

The result was not consistent with what was predicted by Chittys polymorphic behavior hypothesis  aggressive behaviors of
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dyadic encounters were not correlated to body mass but to the difference of body mass negatively which means that there
were more aggressive behaviors between dyadic encounters with similar body mass. Aggressive behaviors of male reed voles
were not related with their reproductive status while those of females were. There were more aggressive behaviors between
estrous females than between nonestrous females. The independent effects of food and the difference of body mass on
aggressive behavior of male reed voles were extremely significant the independent effects of predation and interspecific
competition on male aggressive behavior were not significant while those of their interaction were. The effects of body mass
difference food predation and interspecific competition on aggressive behaviors of estrous female reed voles were all
extremely significant effects of interaction among three external factors were also extremely significant. But the effects of
these three external factors on nonestrous females were not significant. The results in this paper supported the hypothesis
that there were independent and additive intergrative effects of external factors of population such as food predation and

interspecific competition on aggressive behavior of voles.
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multi analysis of variance MANOVA 3
SPSS
2.1
7 Spearman 1
1 M £ SE Spearman
Table 1 Spearman rank correlation analysis for frequency and duration M +SE of aggression in reed voles
. Average frequency Average duration r . . p
Behavior . . Sample size
of attacking of attacking s
Threat 4.25 +£1.26 8.14 +4.52 0.932 179 0.001
Upright 3.49 £1.85 6.23 +2.34 0.941 179 0.001
Lunge 14.36 £6.98 2.16 £0.87 0.929 179 0.001
Boxing 12.37 £3.58 1.14 £0.22 0.954 179 0.001
Wrestle 7.34 £4.25 15.28 £5.66 0.899 179 0.006
Chase 3.14£1.12 36.15 £12.47 0.667 179 0.042
Approach 4.86+1.55 12.45 £4.88 0.893 179 0.008
2.2
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Fig. 1 Population dynamics of MNKA in different treatments
2.3.2
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2.4
2.4.1
Spearman r=0.132 n=58 p=0.323
Spearman r=-0.344 n=58 p=0.008
2 3
Spearman Spearman
Table 2 Spearman rank correlation between aggression counts and Table 3 Spearman rank correlation between aggression counts and
MNKA of males of reed voles population in different treatments MNKA of female reed voles population in different treatments
Treatments Sample sizes r P Treatments ’ " P
-F-P-C 8 0.17 0.09 -F-P-C 0.32 6 0.51
+F-P+C 4 0.18 0.17 +F-P+C 0.22 8 0.33
+F+P+C 10 0.21 0.13 +F+P+C 0.35 8 0.46
-F-P+C 6 0.26 0.18 -F-P+C 0.12 10 0.78
-F+P+C 8 0.45 0.02 -F+P+C 0.36 10 0.11
+F-P-C 8 0.37 0.04 +F-P-C 0.44 8 0.09
-F+P-C 7 0.11 0.13 -F+P-C 0.30 10 0.57
+F+P-C 7 0.15 0.10 +F+P-C 0.14 8 0.66
2.4.2
Spearman r=-0.431 n=40 p=0.005
Spearman r=-0.162 n=40 p =0.317
r=0.149 n =28 p=0.448
r=0.348 n=28 p=0.07
2.5
2.5.1
3
ANCOVA
4
4 ANCOVA
Table 4 ANCOVAs with difference of body mass as covariance for average aggression counts of male reed voles
Source of variance SS df MS f p
Corrected model 1701.785 8 212.723 3.066 0.008
Intercept 17851. 68 1 1785. 683 157.336 0.000
Difference of body mass 279.035 1 279.035 4.022 0.049
Food F 407.217 1 407.217 5.870 0.020
Predation P 33.197 1 33.197 0.479 0.493
Interspecific competition IC 0.393 1 0.393 0.006 0.940
X FxP 27.529 1 27.529 0.397 0.532
X FxIC 103.135 1 103.135 1.487 0.230
X PxIC 359.620 1 359.620 4.139 0.012
Error 2844.215 41 69.371
Total 46596. 00 50
Corrected total 4546.000 49
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2.5.2
ANCOVA
5
5 ANCOVA

Table 5 ANCOVA for mean aggression counts of estrous female reed voles with difference of body mass as covariance

Source of variance SS df MS f p

Corrected model 2211.468 8 276.434 18.121 0.000
Intercept 42154.190 1 42154. 190 2763.292 0.000

Difference of body mass 712.426 1 712.426 46.701 0.000
Food F 924.132 1 924.132 60.579 0.000
Predation P 233.508 1 233.508 15.307 0.000

Interspecific competition Ic 116.428 1 116.428 7.632 0.010
X FxP 33. 606 1 33.606 2.203 0.148
X Fxle 1.339 1 1.339 0.088 0.769
X P xIc 28.569 1 28.569 1.873 0.181
X X FxPxle 146. 647 1 146. 647 9.613 0.004
Error 472.907 31 15.255
Total 83235. 000 40

Corrected total 2684.375 39

MANOVA 6
6 MANOVA
Table 6 MANOVAs for mean aggression counts of nonestrous female reed voles

Source of variance SS df MS f P

Corrected model 25.107 7 3.587 0.613 0.739
Intercept 1768.900 1 1768.900 302.376 0.000
Food F 0.400 1 0.400 0.068 0.796
Predation P 8.100 1 8.100 1.385 0.253

Interspecific competition Iec 2.500 1 2.500 0.427 0.521
X FxP . 000 1 0.000 0. 000 1. 000
X Fxle 10. 000 1 10. 000 1.709 0.206
X P xlIc 2.500 1 2.500 0.427 0.521
X X FxPxle 1. 600 1 1.600 0.274 0.607
Error 117.000 20 5.850
Total 2015. 000 28
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