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1  1 

1-1   

1-2   

1-3   

1-4   

1-5   

 

2  18 

2-1  

2-2  

2-3  

2-4  

 

3  48 

3-1  

3-2  

3-3  

3-4  

 

 

 

 

 



4  ” ” 87 

4-1  

4-2  

4-3  

4-4  

 

5  ” ” 139 

5-1  

5-2  

5-3  

5-4  

 

6  184 

 

190 

 

191 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

1-1  

2014 Hymenoptera

Formicoidae Formicidae

Roger 1863 Formicidae Poneridae 2

Emery 1913~1925 5 Wheeler 1922

7 Brown 1954 9 Wilson 1971 11 Bolton 1994 16

Bolton 2003 21

21 308 12908 10

62 296  2014  

10 1-1

Myrmicinae 24 148

Formicinae 13 84

Ponerinae 3 9

3

Cryptopone sauteri

47 1400 11 31

 2014 1-2

Hypoponera Ponera

8 1 3  

 

 



 

1-2  

 

Hölldobler & Wilson 1990

2014

Formica Crematogaster

Strumigenys

Monomorium M. pharaonis

Jeanson et al. 2003

Pristomyrmex P. pungens

Itow et al. 1984

Camponotus Stenamma

Messor M. aciculates

2014

Atta Acromyrmex

Hölldobler & Wilson 2010 2014 Proceratium

 

2002

2014

31 17



 

4 2 1

Bachyponera

 2008

Plectroctena  2002  

2

2-2

2014

 1993 Solenopsis 

invicta 250m Markin et al. 1971

female-calling;  1993

Schneirla 1971 F. japonica

” ”

Higashi 1979  



 

Peeters & Ito 2001; Peeters & Molet 2010

Alate queen

 (Ergatoid queen ) 

Gamergate Peeters & Ito 2001; Peeters & 

Molet 2010) ”

”

Hölldobler & Wilson 1990; Peeters & Ito 2001; Peeters & Molet 2010)

 (Formicinae)  (Myrmicinae) ”

” (Hölldobler & 

Wilson 1990; Bourke & Franks 1995) ”

Hölldobler & Wilson 1990; Peeters 1991) Ito & Ohkawara 1994

35 ”

1 ”

” 5  

2002 Alate queen Ergatoid queen Gamergate

1993

Ergatoid queen

Gamergate

 



 

1

Monogyny Polygyny

1993 2014

Monomorium M. intrudens

Solenopsis S. japonica Pheidole

P. fervida Lasius

L. sakagami Anoplolepis A. gracilipes

 2014

Monodomy Polydomy

1 1

”

 (Debout et al. 2007)

Way 1954; Traniello & Levings 1986; Buschinger et al. 1994; Ebie et al. 2015

Debout et al 2007 7 47 176

Crematogaster C. pygmea

Segundo et al. 2012  

Peeters & Ito 2001 Ito 1998) 

74% Alate queen

Ergatoid queen  2002 2014

11 31 10

Euponera E. pilosior

Hypoponera H. nippona H. 

sauteri 4 7 B. chinensis



 

B. luteipes H. punctatissima 2 3

Debout et al. 2007 6 9

Tofolo et al. 2014 Ectatomma E. opaciventre

31 B. chinensis

H. punctatissima 2  2014  

 

1-3.  

Cryptopone

Bharti & Wachkoo 2013 2014

24

2 C. sauteri

C. tengu 2014

Terayama 1999; Moreau et al. 2006; Bharti & Wachkoo 2013

Terayama 1999

2

Moreau et al. 2006

Pachycondyla Bharti & Wachkoo 2013

C. subterranea

 (1994)

9

 

(1994)



 

2014

2008

 

 

1-4.  

Way 1954; Traniello & Levings 1986; Buschinger et al. 1994; Ebie et al. 2015

”  

10

Snyder & Herbers 1991; Banschbach & Herbers 1996; Pedersen & Boomsma 1999; 

Dillier & Wehner 2004; Denis et al. 2006; Debout et al. 2007; Gotoh & Ito 2008; Lanan et al. 

2011 8  

 

(1) ˚  (Denis et al. 2006; Lanan et al. 2011) 

(2)  (Denis et al. 2006) 

(3)  (Pedersen & Boomsma 1999; Gotoh & Ito 2008) 

(4)  (Debout et al. 2007) 

(5)  (Denis et al. 2006) 



 

(6)  (Debout et al. 2007) 

(7) ”  (Pedersen & Boomsma 1999) 

(8) ”  (Snyder & Herbers 

1991) 

 

Dillier & Wehner 2004 Lanan et al. 2011

” ”

Cook et al. 2013

˚

˚

McGlynn et al. 2004 Ellis & Robinson 2014

Orivel & 

Dejean 1999

Gotoh & Ito 2008 B. chinensis

Scherba 1959 Gotoh & Ito 2008 ”

 

Debout et al. 2007



 

2008 Solenopsis sp.

Steinmeyer et al.

2012 Lasius L. flavus

 1993 ”

Leptothorax L. longispinosus

0 1 5

Hearbers 1984 L. longispinosus

1 ~ 5

Snyder & Herbers (1991) 

Myrmica punctiventris

 

”

” : Vander Meer 

& Morel 1998; : Singer et al. 1998

” Isingrini et al. 1985; Feneron & Jaisson 1995; 

Signorotti et al. 2013 Cuticular Hydrocarbons, CHCs

”

” CHCs Vargo & Passera 1991 ”



 

2 2 CHCs

Ozaki et al. 2005

Camponotus japonicus

CHCs ”

”

Lahav et al.1999; van Wilgenburg et al. 

2006, 2007; Steinmeyer et al. 2012

” ”

”

Steinmeyer et al. 2012 ”

van Wilgenburg et al. 2007

” van Wilgenburg et al. 2006

”

Panek & 

Gamboa 2000 CHCs ” ”

Lasius flavus Steinmeyer et al. 2012 C. 

niger Lahav et al.1999 Lridomyrmex purpureus Wilgenburg et al. 

2006 3

CHCs ”

 

” ”



 

Hamilton 

1964

Lenoir 1984; Bonavita-Cougourdan et al. 1989; 

Feneron & Jaisson 1995; Hare 1996) Crosland 1988; 

Larsen et al. 2014) Lenoir 1984 C. cursor  Hare (1996) 

L. longispinosus Debout et al. 2007

CHCs

Bonavita-Cougourdan et al. 1989 C. vagus CHCs

CHCs )

 

 

1-5.  

 

 

1  

“



 

— 1994

7 9 ”

9

9 1994

“

˚

”

 1993

 

 

 

1994

˚

Hölldobler 

& Wilson 1990; Peeters & Ito 2001; Peeters & Molet 2010

” ”

Hölldobler 



 

& Wilson 1990; Peeters & Ito 2001; Peeters & Molet 2010

Peeters & Ito 2001 ”

 

 

”  ” ”  

” ”

”

” ”

”

 

”

CHCs

”

˚



 

”

” ”  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

1-1. 10  

(  2014 ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

��� �� ��
���������� �Amblyoponinae� 1 4
������� �Proceratiinae� 3 8
������ �Ponerinae� 11 31
��������� �Cerapachyinae� 1 4
���
������ �Pseudomyrmecinae� 1 1
���	������ �Aenictinae� 1 1
������� �Leptanillinae� 2 8
�
������ �Myrmicinae� 24 148
�
���� �Dolichoderinae� 5 7
������ �Formicinae� 13 84



 

 

 

 

 

 

 

 

1-2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�� ��
�������� �Anochetus� 1
������� �Brachyphonera� 3
��������� �Cryptopone� 2
��������� �Diacamma� 1
�������� �Ectomomyrmex� 2
������� �Euponera� 2
	����� �Hypoponera� 8
�������� �Leptogenys� 1
������ �Odontomachus� 2
��
����� �Parvaponera� 1
����� �Ponera� 8



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

2-1  

(Hölldobler & Wilson1990; Bourke & 

Franks1995; Peeters & Molet 2010) Bourke & Franks (1995) 

Schlick-Steiner et al. (2005) 

Hart  & 

Tschinkel (2012) Odontomachus brunneus

O. brunneus 1 ” ˚ 6

7 ” 12

 (2014) 

10 62 296

Gotoh & Ito (2008) 

DNA

(Masuko 2003; Gotoh & Ito 2008; Shimoji et al 2012)

—  

”

”



 

(Hölldobler & Wilson 1990; Peeters & Ito 2001; Peeters & Molet 2010)

(Peeters & Ito 2001; Peeters & Molet 2010)

(Alate queen ) 

(Ergatoid queen ) 

 (Gamergate) 

— Gamergate

(e.g. Komene et al. 1999; Gobin et al. 2001; Andr et al. 2006; Monnin & 

Peeters 2008; Shimoji et al. 2012) Gotoh & Ito (2008) 

Alate queen Alate queen

Pachycondyla chinensis

1 ” ˚

” 6

Gotoh & Ito (2008) 

Alate queen

(Masuko 2003; Kikuchi et al. 2007; Hart & Tschinkel 2012)  

 (1994) 

7 9 ”

9

9  (1994) 

˚

 



 

2-2  
 

(37	 05’N, 138˚37’E)

80ha ( 2-1)

11.7 (maximum: 24.9 , minimum: -0.2 ) 2496.7 mm (

” 1981~2010) 2008 2010 4 11 ” ”

” 45 ( ” : 14.33 0.47 , SE) ( 1~3)

2008

2009 ˚

2008 2009

2010

˚ 2008 2009

2010

—

2-2 (A; B; C; D; 

E; F; ) (

)

99  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-1 ; : : 

˚  

 

 

 



 

4
29

	 
	 

	 
	 

	 
	 

	 
	 

5
12

	 
	 

	 
	 

	 
	 

	 
	 

5
28

11
0.
27
±0
.1
4

28
.2
7±
11
.1
8

0
0

0
13
±8
.0
4

0
6

14
7

0.
14
±0
.1
4

6±
2.
27

0
0

0
5±
5

0
6

27
5

0.
2±
0.
2

5±
3.
02

0
0

0
2±
2

0
7

12
3

1±
0.
58

1.
67
±0
.8
8

0
0

0
0

0
7

21
9

0
6.
67
±3
.9
7

0
0

2.
78
±2
.7
8

3.
11
±3
.1
1

0
8

7
6

0.
83
±0
.3
1

3.
33
±1
.6
9

0
0

5.
17
±4
.9
7

0.
67
±0
.6
7

0
8

22
6

0.
33
±0
.1
7

14
±4
.6
7

3.
5±
1.
83

8.
85
±2
.9
5

10
.0
7±
3.
36

0
0

9
4

18
0.
33
±0
.1
1

30
.1
7±
11
.3
6

2±
1.
37

7.
22
±3
.1
2

10
.4
4±
5.
27

14
.3
9±
7.
49

0.
17
±0
.0
9

9
16

9
0.
44
±0
.1
6

11
.8
9±
4.
71

0.
78
±0
.7
8

1.
33
±1
.3
3

3.
67
±3
.6
7

3.
56
±3
.5
6

0
10

4
7

0.
71
±0
.3
6

2.
14
±0
.7
7

0
0

0
0

0
10

16
12

1.
08
±0
.4
7

6.
58
±6
.0
4

0
0

0
4.
5±
4.
5

0
10

28
22

0.
91
±0
.2
3

2.
91
±1
.8
9

0
0

0
0

0
11

11
18

0.
67
±0
.2
1

7.
11
±2
.9
2

0
0

0
0.
11
±0
.1
1

0
11

26
1

5
0

0
0

0
0

0

(
SE
)
20
08

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 



 

�
�

�
�
�
�

�
�
�
�

�
�

�
�
�

�

5
11

17
0.
53
±0
.1
5

14
±6
.4
1

0
0

0
12
.2
9±
9.
71

0
5

25
15

0.
6±
0.
19

8±
3.
26

0
0

0
2.
53
±2
.5
3

0
6

5
12

0.
75
±0
.1
8

2.
83
±1
.1
9

0
0

0
9.
92
±9
.6
5

0
6

20
11

0
11
.7
3±
9.
19

0
0

0
11
.2
7±
8.
26

0
7

3
10

0.
2±
0.
13

15
.2
±7
.6
1

0
0

11
.1
±8
.9
1

17
±1
5.
05

0
7

17
12

0.
17
±0
.1
1

6.
67
±2
.2
3

0
0

14
.8
3±
5.
73

2.
42
±1
.4
3

0
7

29
8

0
5.
88
±1
.7
7

0
0

22
.1
3±
12
.4
1

1.
38
±0
.9
8

0
8

8
10

0.
4±
0.
31

9.
20
±4
.4
7

1.
8±
1.
8

0
19
.2
0±
13
.4
8

0.
2±
0.
13

0
8

20
10

0.
1±
0.
1

34
.9
±1
5.
36

17
.5
±8
.6
6

19
.7
±9
.8
5

50
.1
±2
4.
93

5±
4.
57

0
9

1
10

0.
5±
0.
22

7.
5±
4.
53

0.
9±
0.
9

1.
7±
1.
25

8.
7±
5.
99

0.
1±
0.
1

0
9

16
16

0.
75
±0
.2
3

4.
56
±1
.9

0
0

1.
38
±1
.1
2

0.
25
±0
.1
4

0
10

1
19

0.
95
±0
.3
6

3.
68
±1
.2
6

0
0

0.
05
±0
.0
5

1.
89
±1
.8
9

0
10

16
21

0.
52
±0
.1
6

9.
33
±3
.4
0

0
0

0
2.
33
±2
.3
3

0
10

30
25

�
±0
.2
8

10
.9
6±
4.
78

0
0

0
2.
76
±1
.6
6

0
11

22
1

4
0

0
0

0
0

0

(
	 
SE
)
20
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20
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.2
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11
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53
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0
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9.
6±
8.
16

0
6

4
19
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37
±0
.1
4

25
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7±
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0

0
12
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2±
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42

0
6

15
23
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43
±0
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4

18
.4
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07
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17
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6.
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12
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4
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2
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2-2 (A: B: C: D: )

(E: F: ) 



 

2-3  

 

2-3-1  

( )

( ) 1 3 ”

3 ˚ 1

” (ANOVA,P<0.01)

t-

2008 2009 2010 (sequential Bonferroni

,P<0.01) 3 ” 2010

(sequential Bonferroni , P<0.01)

2010 2 ˚

” 2008 2009 ”

 

 

2-3-2  

2008 4 2009 2010 5

˚ 2008 5 28 2009 5

11 2010 5 19

2-3 2-8  

 

2-3-3  

˚ 0.5 1.0 ”

( 2-3) 8 5~7



 

˚ 8~11 ˚ ” 2008

2009 8~11  (t-test, t�0.754, P<0.05) 2008

2009 ” (paired t-test, t�1.221, P

0.236)  

3 ”

 

˚ 0.5

1.0 ”  ( 2-4) 8

5~7 ˚ 8~11 ˚ ”

2008 2009 8~11

 (t-test, t�0.824, P<0.01) 2008 2009 ”

 (paired t-test, t�1.465, P 0.316)  

˚ 0.2

1.0 ”  ( 2-5) 5~7 ˚

8~11 ˚ ”  (t-test, t�0.465 P

0.372) 2008 2009 ”

 (paired t-test, t�2.465, P 0.093)  

 

2-3-4  

” ˚

10 40 ” ( 2-6) 5 ˚

˚ 8 9 9 2010

11 ˚ ” 2008

2009 ”  (paired t-test, t�2.465, P 0.356)  

 



 

2-3-5  

8 ˚ 10 ˚

( 2-7, 2-8) 3 ”

2008 8 22 2009 8 20 2010

9 1 2010 ˚ 2 2008

2009 ” 2008 2009

 (paired t-test, t�1.215, P<0.01) 2008 2009 ”

” 2008 2009 (paired t-test,t

�1.362, P<0.01)  

 

2-3-6  

˚

( 2-1E) 1 ” 300

˚ ˚

2-9 7 ˚

˚ 2008 9 4 2009 8 20 2010

8 1 10 ˚ ( 2-9) ˚

2008 2010 2008

2009 ” 2008 2009  

(paired t-test, t�1.662, P<0.01)  

” ˚ ”

” 5 ˚ 11

5 20 ” ( 2-10) 3

7 ˚ 7 5 6



 

2009 ( 2-10)

5 6 7 2008 2010

2009 (t-test, 2008 : t�1.752, P�0.289; 

2009 : t�1.451, P<0.001; 2008 : t�2.738, P�0.562) 2008 2009 ”

 (paired t-test, t�3.735, P 0.136)  

2008 2010 8 9 ” 3 ˚ 2009

˚  (Cs08056: 1 97 57

27 39 139 ; Cs 10086: 1 60

69 47 ; Cs10152: 1 32 64 )  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

1. :  

( ” ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2008 2009 2010
��� 0.48 ± 0.04 A 0.54 ± 0.08 A 0.78 ± 0.11 B

��� 0.21 ± 0.06 A 0.28 ± 0.05 A 0.46 ± 0.07 B

	�� 0.28 ± 0.05 A 0.26 ± 0.06 A 0.32 ± 0.09 B

����� 12.8 ± 1.22 A 15.2 ± 1.34 A 20.3 ± 1.61 B

�	�
��

��� 3.28 ± 1.23 A 6.28 ± 1.11 B 12.48 ± 1.36 C

      �� 4.97 ± 0.78 A 5.23 ± 0.56 A 10.72 ± 0.69 B



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-3  ( SE) 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-4  ( SE) 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-5  ( SE) 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-6 ( SE) 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-7 ( SE) 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-8 ( SE) 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-9 ( SE) 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-10 ( SE) 

 

 

 

 



 

2-4  

” ” ˚

”

” ˚

” ˚  

7 8

9 ” ˚ ˚

( 2-7 2-8)

8 9 ( 1) 8~11

˚ 5~7 ˚

 (1994)

9

“ ”  

(1993) 500m 6

2000m 8 ”

”

Female-calling (Haskins 1978; Holldobler 

& Bartz 1985)

 (Villet 1989)  (1993)

±  (Amblyopone silvestrii)  



 

(Rhytidoponera sp.)  (Nothomyrmecia sp.) 8

3 (1) ( 20 1000 )

(2)  ( ) (3) 1

10 40

112 173 25

DNA 1

 (  2014) Female-calling

 

± (Masuko 2003)

 (Pachycondyla chinensis) 5

 (Gotoh & Ito 2008) 2008 2010 8 9

” 3 ˚

” ˚

3 ”

˚

”

˚

( 3 )

Formica ulkei



 

(Scherba 1959)

Myrmecia brevinoda

 (Higashi & Peeters 1990) Gotoh & Ito (2008)

 

” ˚

”

7 9 ”

” 50  (Hölldobler & 

Wilson 1990)  (1993) 

20  (Solenopsis invicta) 100  (Myrmecia forficata) 

(  1993)

 (Myrmica kotokui)  (Lasius 

japonicus) 10 4 10 ”

 (  1993)

˚ ˚

” ”

Masuko (2003) ± ” ±

˚

”

”

±



 

 

8 9 7

 ( )

 ( ) 

 ( )

 (1993)

 (Ecitoninae) 

 (Dorylinae) ” 200 2000

 

(Nothomyrmiciinae)  (Myrmeciinae)

 (  1993)

10 40

”

 (1993)

200

 (Gotoh& Ito 2008)

Solenopsis invicta 5 20

(Tschinkel 1988)



 

 (Formicinae) ˚

”  (  1993) ±

A. silvestrii ” (Geophilomorpha)  (  2002)

 (Masuko 2003)

(  2008)

 (Gotoh & Ito 2008)

 ( 1994)

 (  2010)

±

 

˚ 2008 8 22

2009 8 20 2010 9 1 2010 2 ”

 ( 2-7 2-8)  ( ”) 

 (Higashi  

& Peeters 1990; Heinrich 1993) ” ”

”

2008 2007

2008

”

(Friedman’s test, = 7.40, P<0.05) paired t-test ”

sequential Bonferroni 2009

2010 ”  (P = 0.033) 2010



 

(Hölldobler & Wilson1990;  

1993) ”

2008 2010 9

6 (Friedman’s test, = 5.00, 

P>0.05) ” ”

” ” ”

(Friedman’s test, = 0.20, 

P>0.05) ” ”

2009 2010 2010

 

˚

2008 2009 ” 2009

 ( 2-7 2-8 2-9)

” 2008 2009

” ” ( : paired t-test, t�1.189, 

P 0.264, : paired t-test, t�0.604, P 0.537, ”: paired t-test, t�0.568, P

0.583) 2 ” 2009

2009

2009

2008

 

3 ” ˚



 

”

” 3 ”

”

” ˚

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

1  

 

 

 

 

 

 

 

�� �� ��
Pachycondyla chinensis ������ 9�
Pachycondyla pilosior ������� 8~9�
Hypoponera nippona ��������� 8���
Hypoponera nubatama �������� 10�
Hypoponera sauteri ������ 8�
Hypoponera zwaluwenburgi ���
������ 6�
Odontomachus monticola ����� 8~10�
Ponera kohmoku �	���� 8�



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

3-1  

”

(Wheeler 1991)

(Wheeler 1991) ”

”

 (Formicinae)  (Myrmicinae)

”

”

 (Hölldobler & Wilson 1990; Bourke & Franks 1995)

”  (Hölldobler & Wilson 

1990; Peeters 1991) Ito & Ohkawara (1994) 35

” 1

” ”

5  

”

”

 (Hölldobler &  

Wilson 1990; Peeters & Ito 2001; Peeters & Molet 2010)

 (Peeters & Ito 2001; Peeters & Molet 2010)

 

(Alate queen ) 

 (Ergatoid queen ) 



 

 (Gamergate) 

— Gamergate

 (e.g. Komene et al. 1999; Gobin et al. 2001; Andr et al. 2006; 

Monnin  & Peeters, 2008; Shimoji et al. 2012) Alate queen

Peeters (1993) Alate queen 10

Ito & Ohkawara (1994) Alate queen

13 ”

3

Gotoh & Ito (2008) Alate queen

Alate queen Pachycondyla chinensis

Oliveira et al. (2011)

Odontomachu shastatus ”

Gotoh & Ito (2008) Oliveira et al. (2011) 

Alate queen

 (Masuko 2003; Kikuchi et al. 2007;Hart & Tschinkel 2012)  

Alate queen

 (1994) 

”

˚

”

”

 



 

3-2  
 

3-2-1 ˚  

(37	 05’N, 138˚37’E)

˚

2008 2010 4 11 ” ”

” 45 ( ” : 14.33 0.47 , SE)˚

2008 2009

˚

2008 2009

2010

˚

—

˚  (

2010)

˚ ”  (15 ) 

”  

” ˚  (n = 323) 2008 ˚

 (n = 813) 2008 5 28

˚

 ( 2 192 )  

 

3-2-2  

 ( , SZ2-ILST) 



 

 

 

I  

II  

III  

 

˚

5

 

 

3-2-3  

 (head width)  (thorax width)  (abdomen width) 

 ( 3-1)  

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-1.  

I: (head width),  II: (thorax width), III: (abdomen width) 

 

 

 

 



 

3-3  
 

3-3-1  

942  ( 321 621 ) 

321 194

127

 

8 9 ”  ( 3-1)  

3

 ( )  ( 3-1) 29.89

I 28.87 II 41.24 III

70.08 I 28.35 II 1.57 III

66.34 I 33.66 II

 ( III)  

” (

III) ” ”

 (Fisher sequential Bonferroni

<0.001) ( 3-2)

8 8 ˚

 ( 2-7)

“

5~7 ˚ 8~11 ˚

 ( 3-3)



 

” ( III)

 (Fisher

sequential Bonferroni <0.001)

 (sequential Bonferroni <0.001)  

”

”  ( 3-4)

55.67 8 44.33 10  (8.88±0.12, SE)

70.87 8 29.13 10  (8.58 

±0.09, SE) 31.5 4 68.5 6

 (5.37 0.02, SE) ”

 (ANOVA, F=766.71, P<0.001) t-

” ”

”  (sequential Bonferroni ,P<0.001) 

( 3-4)  

 (

III, n=80)  ( I II, n=114)

 ( I II, n=125)

 ( III, 

n=2)

51.25 8 49.75 10  (8.97 ±0.12, SE)

60.53 8 39.47 10  (8.79 ±0.11, SE)

71.2 8 28.8 10  (8.58±0.07, SE)

4 ”  (ANOVA,F=504.54, 



 

P<0.001) t- ”

 (sequential 

Bonferroni ,P<0.001)

”  ( 3-5)  

 

3-3-2  

”

942  ( 321 , 621 )

”

 ( 3-6A~C) ”

 (ANOVA, :F=447.96,P<0.001, :F=2610.21,P<0.001,

:F=1388.27,P<0.001) t-

 (sequential Bonferroni ,

<0.001) ”  ( 3-6A~C)  

 (

III, n = 80)  ( I II, n = 114)

 ( I II, n =125)

 ( III)

 (n = 2)

(ANOVA, : F=298.57, P<0.001, : F=2152.1, P<0.001, : 

F=1597.11, P<0.001, : F=1001.85, P<0.001)

 (t-test, sequential Bonferroni

<0.001)  (

3-7A~C)  

 



 

3-3-3  

 (Quercus 

crispula)  (Quercus serrata) 3 ” 533 ˚

 (2008 134 2009 197 2010 202 ) 327

206 127

98 1 127 33

2 27

 (5 : 0 , 6 : 3 , 7 : 3 , 8 : 

2 , 9 : 8 , 10 : 10 , 11 : 1 )  

”  (

) ( )  ( 3-8~3-14)

 (t-test, F=0.01,P=0.98)( 3-8)

 (t-test, F=4.47,P<0.05)(

3-9) ” (t-test, 

F=1.32,P=0.25)( 3-10) ”

 (t-test, 

F=38.01,P<0.001)( 3-11) ”

 ( t-test, F=0.02,P=0.88, 

3-12; t-test, F=0.63, P=0.43, 3-13; t-test, F=0.83, P=0.36, 3-14)  

 

 

 

 



 

 

 

 

 

 

 

 

 

3-1  

 

 

 

 

 

I  

II  

III  

 

 

 

 

� ����� ����� ������

��� �� 412 89 58 

��� ��� 209 36 56 

��� ���� 0 2 80 



 

 

 

 

3-1  

 

 

 



 

 

 

 

 

 

 

 

 

3-2 ”  

III ”

(Fisher  sequential Bonferroni

P<0.001)  

 

 

 

 



 

 

 

 

 

 

 

 

3-3 ”  

III ” Fisher

 sequential Bonferroni P<0.001  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-4 ” ( SE) 

t- ” , sequential 

Bonferroni ,P<0.001)  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-5 ( SE) 

t- ”  (sequential 

Bonferroni P<0.001)  

 

 

 

 

 



 

 

 

 

 

 

 

 

3-6 A ( SE) 

t- ”  (sequential 

Bonferroni P<0.001)  

 

 

 

 

 



 

 

 

 

 

 

 

 

3-6 B ( SE) 

t- ”  (sequential 

Bonferroni P<0.001)  

 

 

 

 

 



 

 

 

 

 

 

 

 

3-6 C ( SE) 

t- ”  (sequential 

Bonferroni P<0.001)  

 

 

 

 

 



 

 

 

 

 

 

 

 

3-7 A ( SE) 

t- ”  (sequential 

Bonferroni P<0.001)  

 

 

 

 



 

 

 

 

 

 

 

 

3-7 B ( SE) 

t- ”  (sequential 

Bonferroni P<0.001)  

 

 

 

 



 

 

 

 

 

 

 

 

3-7 C ( SE) 

t- ”  (sequential 

Bonferroni P<0.001)  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-8 ” ( SE) 

t-  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-9 ” ( SE) 

t- ” (P<0.05)  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-10 ” ( SE) 

t-  

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-11 ” ( SE) 

t- ”  (P<0.05)  

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-12 ” ( SE) 

t-  

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-13 ” ( SE) 

t-  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-14 ” ( SE) 

t-  

 

 

 

 

 

 



 

3-3  

 

3-3-1. ”  

: (1) 

” (2) 

(3) ”  (Hölldobler 

& Wilson 1990; Peeters & Ito 2001; Peeters & Molet 2010) ”

Peeters (1993) ”

Ito & Ohkawara (1994) 33 ”

5 28

33  (

) ”

”

 

(Lasius psammophhilus: 31.60 , Formica fusuca: 8.96 , Myrmica rubra; 9.11 , Marie 

1996)  

 / 1.27 Ito & Ohkawara (1994)

Alate queen 11 1.28

 / 1.13 Kikuchi & 

Tsuji (2005) Alate queen Probolomyrmex longinodus  (1.16) 

Kikuchi & Tsuji (2005)

Gotoh& Ito (2008) Alate 



 

queen

26  / 1.14

Peeters (1993) Ito & Ohkawara (1994) ”

Kikuchi & Tsuji (2005) Gotoh & Ito (2008)

”

”

 

 

3-3-2.  

”

— (Hölldobler & Wilson1990)

˚

”  ( 3-1) 2

8 5 7 ˚

”

 ( 3-2)

 ( III)  (

3-2)

”



 

”  ( 3-4)

 ( 3-5)

”

 ( 3-7 A~C)

2

˚

 

 (  

3-4)

 (2013) 1 1

 (0.25) 

 (0.5)  ( ) (0.375) 

 ( III)

 (  3-2)

“

queenpolicing

 (r 0.5)  (r 0.25) 

 (Tsuji et al. 1999)  (Monnin & 

Ratnieks 2001) 



 

 (Ortius & 

Heinze 1999; Heinze et al. 2002; Hannonen et al. 2002; Dietemann et al. 2005; Monnin 2006)

”

 (Endler et al. 2004; Liebig et al. 2005)

(Camponotus floridanus) 

(Endler et al. 

2004)

Novomessor cockerelli

 

(Ebieet al. 2015)

N. cockerelli

 ( ) 

 (Seeley 1979; Neumann et al. 1991; 

Endler et al. 2006)



 

(Cole 

1986; Ratnieks1988; Iwashi 2003)

 

 

3-3-3.  

 (Peeters & Ito 

2001) Ito (1998) 74%

1

1

(  2014)

1  (Functional monogyny) 

 (Heinze & Gratiashvili 2015)

 (Bourk & Franks 1995)  

”

˚ 10 18

(Bourke & Franks 1995; Brown 1999; Johnson et al. 2007) 2

(Pyramica hexamera: Ohkawara et al. 1993; Probolomyemex 

longinodus: Kikuchi & Tsuji 2005) ”



 

5 Bourke & 

Franks (1995)  ( )

Vargo (1993) Solenopsis 

geminata

Brown (1999) Johnson et al. 

(2007) Messor andrei Pogonomyrmex pima

˚

˚

(  2010) Kikuchi & Tsuji (2005) 85%

P. longinodus 3

˚

˚

 

 

3-3-4.  



 

3 ”

 (  : 60.12%)

”

”

 (Debout et al. 2007)

(Way 1954; Traniello & Levings 1986; Buschinger et al. 1994; Ebie 

et al. 2015)  (Hypoponera bondroiti: Yamauchi 

et al. 1996; Pachycondyla goeldii: Denis et al. 2006)

10  (Snyder & Herbers 1991; Banschbach & Herbers 

1996; Pedersen & Boomsma 1999; Dillier & Wehner 2004; Denis et al. 2006; Debout et al. 

2007; Gotoh & Ito 2008; Lanan et al. 2011) 8  

 

(1)˚  (Denis et al. 2006; Lanan et al. 2011) 

(2)  (Denis et al. 2006) 

(3)  (Pedersen & Boomsma 1999; Gotoh & Ito 2008) 

(4)  (Debout et al. 2007) 

(5) (Denis et al. 2006) 

(6)  (Debout et al. 2007) 

(7) ”  (Pedersen & Boomsma 1999) 

(8) ”  (Snyder & Herbers 

1991) 

 

 (1) ˚



 

” ”

(Dillier & Wehner 2004; Lanan et al. 2011)

(  

2010)

(2) 

McGlynn et al. 2004 ; Ellis 

& Robinson2014

(Orivel & Dejean 1999) (3) 

˚

(Gotoh & Ito 2008)

(Scherba 1959) ”(12 4 )

˚ ” ”

(4)

”

”

”

 (5) 

(6) Alate queen  (



 

2 ) (7)  (

3 ) (8)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

” ”  

 

 

 

 

 

 

 

 

 

 

 

 



 

” ”  

 

4-1  

”

: Vander Meer & Morel 1998; : Singer et al. 1998

” Isingrini et al. 1985; 

Feneron & Jaisson 1995; Signorotti et al. 2013 Cuticular 

Hydrocarbons, CHCs ”

” CHCs Vargo & Passera 1991; Lenoir et 

al.1998 ” 2

2 CHCs

Ozaki et al. 2005 Camponotus 

japonicus

CHCs  

” ”

Pheidole P. tucsonica P. gilvescens

”

Langen et al. 2000 ”

” Plagiolepis pygmaea Nicolas & Serge2008

Oecohyllas maragdina Newey et al. 2010

CHCs

Dear-enemy Sanada-Moriura et al. 2003 Pristomyrmex 

pungens ” ”



 

”  

” ”

”

”

Lahav et al.1999; van Wilgenburg et al. 2006, 2007; Steinmeyer et al. 

2012 Lasius flavus Steinmeyer et al. 2012

Cataglyphis C. niger Lahav et al.1999

Myrmeciani griceps ”

van Wilgenburg et al.2007

Lridomyrmex purpureus

van Wilgenburg et al. 2006

”

” ”

” 2

”

 



 

cuticular wax

Fielde 1901; Hölldoblor & Wilson 1990

Guerrieri et al. 2008

Hölldoblor & Wilson 1990; d’Ettorre & Lenoir 2010

: Nakanishi et al. 2013, : 

Hrabar et al. 2015, :Hughes et al. 2015 ”

: Li et al. 2014, : Wu et al. 2014

Pseudacteon spp. CHCs

Mathis & Tsutsui 2016

 

CHCs Neems & Butlin 1995; Lenoir & Yamaoka 1997; Dapporto 

2007 ” CHCs

”

CHCs

CHCs Vander & Morel 1998; Howard & Blomquist 2005; 

Chernenko et al. 2012 CHCs

Langen et al. 2000; Antonialli et al. 2007; Hojo et al. 2009; Ruel et al. 2012

CHCs

Hölldobler 1995; Peeters et al. 1999; Cuvillier-Hot et al. 2001; Monnin 2006; 

Evison et al. 2012; Teseo et al. 2014  

CHCs ”

CHCs ” ”

CHCs

Steinmeyer et al. 2012

CHCs 1980



 

Flectcher & Michener 1987; Vargo & Passera 1991; Soroker et al. 1995; Vander Meer & 

Morel 1998; Wagner et al. 2000; Akino et al. 2004; van Wilgenburg et al.2007; d’Ettorre & 

Lenoir 2010; Smith et al. 2012; Kather & Martin 2015 CHCs

”

Ozaki et al. 2005

Ozaki et al. 2005 ”

” Ozaki et al. 

2005 Pogonomyrmex barbatus

Greene & Gordon 2007 Linephithema humile Aphaenogaster cockerelli Diane et al. 2000

A. cockerelli

Diane et al. 2000 A. cockerelli

”

—

”



 

”

 

”

2 ”

” CHCs

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

4-2  
 

4-2-1 ˚  

˚

37˚05’N, 138˚37’E

38˚00’N, 139˚30’E

34˚57’N, 136˚07’W ˚

120km

320km 2009

2012 4 11 ” ” ” 40 ”

:15.08±1.146 , ±SE

20m 10m

” ”

”

˚

2010

2001 “

± 34ha

2010 11 ” 12

 ( : ; : ; : ; : ; : ; 10 : ; 11 : 

) ˚

— ˚

”



 

Lucilia caesar

 2010  

 

4-2-2  

 

”

16 84

” 62 311

˚ ”

˚ ” ”

0 400m 51 256

˚ ˚ ” 3 15

˚ ˚ ”

8 40  

2 1

10 ”

5.0cm

2 2 10 ”

 

0  

1  

2  

3  

4  

5  



 

Sunamura et al. 2009 Linepithema humile Vogel et al. 2009

Diacamma nilgiri 0 1

2 5

2

5 replication

”

7  

Sunamura et al. 2009; 

Steinmeyer et al. 2012; Buczkowski 2012; Pikartet al. 2015

aggression index AI Pacheco & Claro 2015; Pikart et al.2015

AI  

F

f
n

i
ii

=

!
= 1

AI
AI  

iAI if F

 

 

 

Kikuchi et al. 2007 35

”

24 ” 1

10 ”



 

 

100

”

 

”

12 ” 24 ”

100

12 ” 24 ” 1

5 24 ”

1 24 ”

1  

” 10 50

˚ 8 40

˚ 2 10

” ˚ ” 7

35 ˚ ” 3 15

Hypoponera bondroiti: 50m2 , Yamauchi et al. 1996; 

Pachycondyla goeldii: 100 m2 , Denis et al. 2006; 

Crematogaster levior: 100 m2 , Virginia & Neil 2013

” 200m



 

” 200m

1 ˚

” 6 ˚

˚ 1 ”

”

”

4 5 ”

 

AI

5  (replication) ”  

 

4-2-3  

CHCs

” GC / MS 2012

˚ A,B,C,D,E

200m 1

10 -20

CHCs ”

1 100µℓ

Wako 086-01166 15 ” CHCs

 

CHC ” ‐

10 1 “

TLC



 

“

GC / MS

 

˚

GC / MS ” GC/ MS

2µℓ CHCs

GC SHIMADZU GC-2014

MS SHIMADZU GC-MS QP5000 GC

± DB-1HT × × 15m×0.25mm×0.1µm

1.0 ml/

320 1µℓ GC

100 2 ” 100 230 25 /

320 10 / 320 40 ”

EI 70eV

—  

 

4-2-4  

CHCs ” CHCs ”

CHCs

2012 ˚

16

3



 

χ χ

χ χ

χ

8 5 120

” χ

8 5 120

” ” 200m

5

25  

5.0cm

15 ”

5 replication

”

7  

AI

5  (replication) ”  

 

 

 



 

4-3  

 

4-3-1  

 

16 ” 62 2

AI

AI ”

Wilcoxon rank-sum test Z=-1.912  p=0.056  

AI Z=-1.863 p=0.063 4-1

” ”

”

”

˚ ”

200 400m ” far 12

˚ ˚ ”

100km 11 3

” AI 3

” Kruskal-Wallis test 6.082 p

0.048 3 ” Wilcoxon rank-sum test

sequential Bonferroni 4-2B

3 ” AI Kruskal-Wallis test =5.028

p=0.081 4-2A  

4-2 ”



 

”

” ”

” 0~10m ” near 9

far 100km 4 ”

4 ” Kruskal-Wallis 

test =5.028 p=0.170 4-3A AI Kruskal-Wallis 

test AI 8.760 p 0.033 4 ” Wilcoxon rank-sum test AI

sequential Bonferroni

4-3B ˚ ”

” AI ”

Peason’s correlation r 0.022 p 0.878

AI r=-0.030 p=0.833 4-4 4-4 ”

”

” 200 400m ” ”

” ” AI

” Peason’s correlation r 0.009 p 0.979 AI

r=-0.069 p=0.832 4-5 ” 0~10m ”

” ” ”

AI ” Peason’s correlation r 0.199

p 0.534 AI r=0.392 p=0.645 ”

 

 

 



 

 

” AI two-way repeated 

measures ANOVA ” ”

4-6 4-1 ”

” Wilcoxon rank-sum test

Z=-3.535, p<0.001 12 ” Z=-2.364, p=0.012 24 ” Z=-2.437, p=0.015

24 ” Sign test sequential Bonferroni

p 0.01 4-6 AI ”

4-7 4-2 ” AI

12 ” 24 ” Sign test  vs 12 ”

sequential Bonferroni p 0.03 12 ”  vs 24 ” sequential 

Bonferroni p 0.01 4-7 two-way repeated measures 

ANOVA AI

12 ” 24 ” 2

100 0 1

” AI ”

4-8  

” ”

” ˚

” ” ”

” Peason’s correlation r

0.216 p 0.212 12 ” r -0.029 p 0.877 24 ” r -0.280 p 0.135

4-9

”  



 

 

4-3-2 ”  

GC/ MS CHCs 23 45

36 4-3, 4-10  

CHCs ” 1 

2% 70% 8 CHCs

4-3 ” CHCs

5 10 ”

2 5 ” CHCs

A 2=12.673, p 0.001, 4-11 B 2=21.522, p 0.001, 

4-12 C 2=13.823, p 0.001, 4-13 D 2=14.021, p 0.001, 4-14 E

2=22.216, p 0.001, 4-15 5 ” 2-test

CHCs

2=23.616, p=0.001 4-16 ” CHCs

2-test A C ” A  vs 

C sequential Bonferroni p=0.012  

8 CHCs

57.28 28.12

85% 4-4

5 CHCs 5 B

CHCs C

4-17  

 

4-2-3  



 

χ

,

vs Z=4.254, p<0.001, vs Z=3.442, p<0.001, vs

Z=5.627, p<0.001, Wilcoxon rank-sum test sequential Bonferroni

AI, vs Z=2.273, p<0.001, vs 

Z=2.865, p<0.001, vs Z=4.187, p<0.001, Wilcoxon rank-sum test

sequential Bonferroni 4-18

, 

vs Z=5.276, p<0.001, vs Z=4.976, p<0.001, vs

Z=1.563, p<0.001, Wilcoxon rank-sum test sequential Bonferroni

AI, vs Z=3.251, p<0.001, vs 

Z=1.375, p<0.001, vs Z=5.241, p<0.001, Wilcoxon rank-sum test

sequential Bonferroni 4-19

χ

, vs Z=1.675, p<0.001, vs Z=3.251, p<0.001, 

vs Z=6.326, p=0.231, Wilcoxon rank-sum test sequential 

Bonferroni AI, vs Z=2.134, p<0.001, 

vs Z=3.165, p<0.001, vs Z=5.221, p=0.364, 

Wilcoxon rank-sum test sequential Bonferroni 4-20  

2

”

”  

 

 

 



 

 

4-1 ”

A B AI  
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4-2 ” 200m

” far ” 100km ”

100km ” A AI (B)  

A 

B 
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4-3 near ” 0~10m far

” 200~400m 100km ” 100km ”

A AI (B)  

B 

A 



 

 

 

B 

4-4 ” A AI (B)  

B
B
BBB

B

BB
B

B

B
B

B

BBBB
B
B

B

BB
B

B

B

B

B
BB

B

B
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B
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B

B
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4-5 ”

A AI (B)  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-6 ”

4-6 ”

 



 

 

 

 

 

 

 

 

 

 

 

��� �
�� ��	� �� ��

���������� 7.806  1 33.963  <0.0001 

��� 7.157 2 14.327 <0.0001 

������������� 0.762  2 1.657 0.210  

 

 

 

 

 

 

 

 

 

 

 

4-1 ”

Two-way repeated measures ANOVA  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-7 ” AI

 



 

 

 

 

 

 

 

 

 

 

 

 

 

��� �
�� ��	� �� ��

���������� 0.001 1 0.131 0.720 

��� 0.099 2 14.358 <0.0001 

������������� 0.004 2 0.339 0.716 

 

 

 

 

 

 

 

 

 

4-2 ” AI

Two-way repeated measures ANOVA  
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4-9 A 12 ” B 24 ” C

”  



 

4-10 A B CHCs 	 Total ion chromatogram 
	 4-3 	 5-10  

A 
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4-3 CHCs  

	 �

� ���� ���������!�"� �����

�� �	�� Tricosene �����

�� �	��� Tetracosene ������

� �	��� Pentacosane ������

�� �	��� Nonacosene ������

�� ��	�� Hentriacontene �����

�� ��	
�� Tritriacontadiene ����

�� �	�� Tetratriacontene �����

�� ��	��� Pentatriacontadiene ���#�

�� ��	�� Pentatriacontene �����

�
� ��	��� Hexatriacontadiene ���#�

��� ��	�� Hexatriacontene �����

��� ��	��� Heptatriacontadiene �����

�� ��	�� Heptatriacontadiene �����

��� 
	
� Heptatriacontadiene �����

��� 
	��� Heptatriacontadiene �����

��� �	��� Octatriacontadiene �����

��� 	
�� Octatriacontadiene �����

��� �	��� Nonatriacontatriene �����

��� �	��� Nonatriacontadiene �����

�
� �	��� Nonatriacontadiene �����

��� �	��� Tetracontadiene ��
���

��� ��	��� Hentetracontatriene ������

�� ��	�� Hentetracontadiene ������

��� ��	��� Hentetracontadiene ������

��� ��	�� Hentetracontadiene ������

��� ��	��� Dotetracontadiene ������

��� �
	��� Dotetracontadiene ������

��� �
	��� Dotetracontadiene ������

��� ��	��� Tritetracontatriene ����



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


� ��	�� Tritetracontatriene ����

�� ��	��� Tritetracontadiene �����

�� ��	
�� Tritetracontadiene �����

� ��	��� Tetratetracontatriene �����

�� ��	��� Pentatetracontatriene �����

�� �	�� Pentatetracontatriene �����

�� �	��� Pentatetracontatriene �����



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-11 A CHCs  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-12 B CHCs  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-13 C CHCs  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-14 D CHCs  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-15 E CHCs  



 

 

 

 

 

 

 

 

 

4-16 CHCs  

 

 

 

 

 

 



 

 

 

 

      �"��� �#��� �$��� �%��� �&��� �'��� �(��� �)���

��� ����� ���� ����� ����� ����� ����� ����� *����� 

��	 ����� ����� ������ ����� ����� ����� ����� *����� 

�
��	 ����� ���� ������ ����� ������ ������ ��� ���
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�!� �� ����� ����� ����� ����� ������ ����� ������ ����� �����

  �!� �� ����� ����� ������ ������ ������ ������ ����� ������ �����

4-4 8 CHCs 	  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-17 8 CHCs  

 



 

 

4-18

χ  

 

 

 



 

 

 

4-19

χ  

 



 

 

 

 

4-20

χ  

 



 

4-4  
 

4-4-1  

4-1

200m 100km

4-2 200m

4-6 4-7

Sunamura et al. 2009; Vogel et al. 2009; 

Buczkowski 2012; Pikart et al. 2015

±

Leptothoraxny landeri

Heinze et al. 1996 Buczkowski 2012



 

Lasiusneo niger

2

Buczkowski 2012

 

4-6

CHCs

2

CHCs

Neumann & Moritz 2002

Carlos et al. 2004 Piyamas et al. 2005

Yamaguchi et al. 

2016

2013

CHCs



 

grooming CHCs

Pachysondy laluteipes

Kikuchi et al. 

2007

grooming grooming

Kikuchi et al. 2007

grooming

CHCs grooming

Vargo & Passera 1991; Lenoir et al.1998

grooming CHCs

CHCs

 

Beye et al. 1998; Pirk et al. 2001; Nicolas & Serge 2008; Zinck et al. 

2008; Newey et al. 2010; Pacheco et al. 2015

2

4-5 4-9

P.  

luteipes Acromyrmex lobicornis L.  

neoniger

Kikuchi et al. 2007 A. lobicornis Dimarco et al. 

2010 L. neoniger Buczkowski 2012 A. lobicornis

A. lobicornis



 

Dimarcoet al. 2010

L. neoniger

Buczkowski 2012

Buczkowski 2012 L. neoniger

170cm

10m

 

 

4-4-2  

CHCs 23 45

36 4-3, 4-10 Martin & Drijifhout

2009 5× 78 CHCs

CHCs F. 

gnava F.occulta CHCs

Johnson et al. 2001 Martin  & 

Drijifhout 2009 CHCs 19 33

CHCs 34



 

4-3 F. pratensis P. villosa

CHCs 34

F. pratensis Martin & Drijifhout 2009 b P. villosa Lucas et al. 2004

CHCs CHCs

 

200m CHCs 4-16

4-17

CHCs

CHCs

Ozaki et al. 2005; Martin & Drifhout 2009; d’Ettorre & Lenoir 

2010; Kather & Martin 2015; Esponda & Gordon 2015 Camponotus 

japonicus CHCs

Ozaki et al. 2005

Lasius 

flavus Steinmeyer et al. 2012 × Lridomyrmex purpureus

Wilgenburg et al. 2006 Cataglyphis C. niger Lahav et 

al.1999 CHCs

2

CHCs

 

recognition cues Breed et al.1985; Beye 

et al. 1997; van Zweden et al. 2009; d’Ettorre and Lenoir 2010; Kather & Martin 

2015 Breed et al.1995; Heinze et al. 1996; Richard et al. 

2004; Buczkowski et al. 2005; Martin et al. 2013



 

(Vander Meer & Morel 1998; Wilgenburg et al. 

2006) Heinze et al. 1996 ± Leptothorax 

nylanderi

Richard et al. 2004 Acromyrmex subterraneus

CHCs

van 

Zweden et al. 2009 × Camponotus aethiops

1 CHCs

 

van Zweden 

et al. 2009; Kather & Martin 2015

DNA

2013

CHCs 200m

CHCs

 

grooming CHCs



 

CHCs

CHCs

CHCs

CHCs

grooming CHCs

Vargo & Passera 1991; Lenoir et al. 1998

Lenoir et al. 1998

grooming

grooming CHCs CHCs

×

Camponotus floridanus × Diacamma sp.

Endler et al. 2004; 

Shimoji et al. 2012

CHCs

 

CHCs

4-11 ~ 4-15

1 ×

Lridomyrmex purpureus

CHCs Wilgenburg et al. 



 

2006 CHCs

CHCs

Reeve 1989  optimal threshold hypothesis

CHCs

CHCs

CHCs  

2 CHCs

4-6 4-7 CHCs

4-16, 4-17

4-18 ~ 4-20

× Ozaki et al. 2005 ×



 

Pogonomyrmex barbatus Greene & Gordon 2007

× Linephit hemahumile Aphaenogaster cockerelli Diane et al.2000

Ozaki et al. 2005

A. cockerelli

×

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 



 

 

 

5-1  

Fletcher et al 1987

reviewed 

by van Zweden & d'Ettorre 2010

Hodotermes mossambicus

Kirchner & 

Minkley 2003

Polistes P. fuscatus

Panek & Gamboa 

2000 P. fuscatus P. 

fuscatus

CHCs Kudô et al. (2016) 

Polybia paulista

CHCs

CHCs

Kudô et al. (2016) P. fuscatus

P. paulista



 

CHCs

Vespula V. germanica

CHCs CHCs

Brown et al. 1991 Brown et al. 1991

CHCs

CHCs  

(Cataglyphis cursor : Lenoir 1984,  Camponotus vagus : 

Bonavita-Cougourdan et al. 1989,Ectatomma tubercalutum: Feneron & Jaisson 

1995,  Leptothorax longispinosus : Hare 1996)

(Rhytidoponera confusa : Crosland 1988, Acromyrmex echinatior : Larsen et al. 

2014) Cataglyphis C. cursor

Lenoir 1984

Bonavita-Cougourdan et al. 1989  (Camponotus) C. vagus

Feneron & Jaisson 1995

Ectatomma E. tubercalutum



 

Hare 1996 ± Leptothorax L. 

longispinosus

Panek 

& Gamboa 2000

Crosland 1988 Rhytidoponera

R. confusa

R. 

confusa

Larsen et al. 2014

Acromyrmex echinatior

 



 

Debout et al. 2007

C. cursor L. 

longispinosus Debout et al. 2007

Lenoir 1984; Hare1996

CHCs

Bonavita-Cougourdan et al. 1989

C. vagus CHCs  

CHCs

CHCs

CHCs



 

Crosland 1988

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

5-2  
 

5-2-1  

37˚05’N, 138˚37’E

38˚00’N, 139˚30’E

34˚57’N, 136˚07’W

2010 5 19 11 30 2

14 15.08 1.25 , SE

2010 2010

11 12 : ; : ; : ; 

: ; : ; 10 : ; 11 : 

Luciliacaesar

 2010  

 

5-2-2  

 

1 2 4

200m



 

200m

200

Treatments 5-1

1.5mm

Peeters & Molet 2010 5.0

3.0 5-2

1

10 15 Control

2 5-3

Crosland 1988 Rhytidopone raconfusa

 

 

0  

1  

2  

3  

4  

5  

6  

7  



 

 

4

0

4

AI AI

Treatments Control 5

Treatments Control 5

 

 

 

4



 

 

25 1.5mm 15

19.4	 10.4	 2.6

4	 4	 1 mm 2

25

15

2 2  

200m 15

5 Treatments 5-4 Control

5 5-5

1 , 5

1

 

 



 

 

5-2-3  

CHCs

GC / MS 2012

A,B,C

200m 1 10 -20

1.5mm

CHCs

1 100µℓ Wako

086-01166 15 CHCs

GC/ MS

GC/ MS

2µℓ CHCs

GC SHIMADZU GC-2014 MS SHIMADZU

GC-MS QP5000 GC

DB-1HT × × 15m×0.25mm×0.1µm

1.0 ml/ 320

1µℓ GC 100

2 100 230 25 / 320 10 /

320 40 EI

70eV

 

 

 



 

 

 

 

 

 

 

 

 

5-1  

 

 

 

 

 

 

5-2 Treatment

 

 

 

 

 

 

 

5-3 Control 2  

 

 

 

10  15  



 

 

 

 

 

 

 

 

5-4 Treatment

 

 

 

 

 

 

 

 

 

 

5-5 Control

 

 

 

 

 

 

5  

	 25 	 25 

	 15 	 15  

	 15 

	 25 

 

 

 

5  

5  

 



 

5-3  
 

5 19 11 30 202

 ( ; 5-1 ~ 5-3, ; 5-4 ~ 5-6)

35 Control 21 105 Treatments

16 80 14 70

32 Control 10 Treatments

9 13

13  

 

5-3-1  

 

200m

; n=10 ; n=6 ; n=16

5-7

; n=10 ; n=6 ; n=16 Sign test; p=0.804

5-6

( ; n=9 ; n=6 ; n=15 Sign test; 

p=0.424) 5-7  

; n=13 ; n=1 ; n=14)

( 5-8

( vs ; n=13 vs ; n=1 Sign test; 

p=0.424 5-8

vs n=11 vs 



 

n=1 Sign test; p=0.549) 5-9  

200m

 (n=30, 232.557  45.238 vs 167.642 ±40.387 , Sign 

test; p=0.523

(n=27, 3.237 ±0.143 vs 3.364 ±0.192, Sign test; 

p=0.493  

 

 

Control n=10 200

n=9

n=13

65

Kruskal-Wallis test; 2=4.224 p=0.121 5-10

Wilcoxon rank-sum test Z=2.912  p=0.256 5-11  

Control n=10 200

n=9 n=13

3

5-12 5-8 n=10



 

n=22

5-13 5-9

 

 

5-3-2  

GC/ MS CHCs 29 45

12 4-10B 5-10

4-10B  

CHCs 1 

2% 70% CHCs

5-10 CHCs

3 10

2 CHCs

A 2=11.528, p 0.001, 5-14 B 2=15.342, p 0.001, 5-15

C 2=16.714, p 0.001, 5-16

2-test CHCs

2=23.616, p 0.248 5-17  

CHCs

51.88 29.27

80% 5-11

CHCs CHCs

5-18  

 



 

 

 

 

 

5-1 Control Cs: , Csm: 

 

 

 

 

 

 

 

�� ���� ���� �� � � 	

Cs10002 0 55 0 0 0 162 0
Cs10021 0 123 0 0 0 81 0
Cs10029 0 127 0 0 0 138 0
Cs10040 0 50 0 0 0 62 0
Cs10041 0 50 0 0 0 102 0
Cs10051 0 28 0 0 0 19 0
Cs10056 0 24 0 0 0 88 0
Cs10057 0 20 0 0 0 18 0
Cs10063 0 82 0 0 23 18 0
Cs10118 2 154 77 10 33 132 1
Cs10119 0 105 60 47 37 74 0
Cs10136 0 60 0 0 0 57 0
Csm10005 0 28 0 0 0 20 0
Csm10006 0 35 0 0 0 30 0
Csm10008 0 72 0 0 0 53 0
Csm10009 0 27 0 0 0 20 0
Csm10010 0 17 0 0 0 157 0
Csm10011 0 26 0 0 0 26 0
Csm10012 0 37 0 0 5 274 0
Csm10014 0 17 0 0 50 34 0
Csm10015 0 13 0 0 25 27 0

��

�� �����



 

 

 

 

 

 

5-2 Treatments ; 

Cs: , Csm:  

 

 

 

 

 

 

 

�� ���� ���� �� � � 	

Cs10002 0 55 0 0 0 162 0
Cs10018 3 24 0 0 0 30 0
Cs10021 0 123 0 0 0 81 0
Cs10029 0 127 0 0 0 138 0
Cs10032 0 60 0 0 0 15 0
Cs10040 0 50 0 0 0 62 0
Cs10041 0 50 0 0 0 102 0
Cs10051 0 28 0 0 0 19 0
Cs10056 0 24 0 0 0 88 0
Cs10057 0 20 0 0 0 18 0
Csm10010 0 17 0 0 0 157 0
Csm10011 0 26 0 0 0 26 0
Csm10012 0 37 0 0 5 274 0
Csm10014 0 17 0 0 50 34 0
Csm10015 0 13 0 0 25 27 0
Csm10016 0 13 0 8 7 6 0
Csm10019 0 18 5 4 39 6 0

��

�� �����



 

 

 

 

 

 

5-3 Treatments ; 

Cs: , Csm: , Cst:  

 

 

 

 

 

 

 

�� ���� ���� �� � � 	

Cs10002 0 55 0 0 0 162 0
Cs10021 0 123 0 0 0 81 0
Cs10029 0 127 0 0 0 138 0
Cs10063 0 82 0 0 23 18 0
Cs10098 2 177 112 42 69 32 1
Cs10103 1 151 30 104 83 33 0
Cs10110 0 74 0 0 21 20 1
Cs10150 0 97 0 0 0 139 0
Cs10154 1 24 0 0 0 66 1
Csm10005 0 28 0 0 0 20 0
Csm10006 0 35 0 0 0 30 0
Csm10007 0 27 0 0 0 9 0
Csm10008 0 72 0 0 0 53 0
Csm10009 0 27 0 0 0 20 0
Csm10023 0 33 0 0 31 12 0
Csm10029 0 78 0 0 0 78 0
Csm10030 0 47 0 0 8 74 1
Cst10002 2 55 0 0 0 30 0

��

�� �����



 

 

 

 

 

 

 

 

5-4 Control  Cs: , Csm: 

 

 

 

 

 

 

 

 

 

 

 

�� ���� ���� �� � � 	

Cs10021 0 123 0 0 0 81 0
Cs10029 0 127 0 0 0 138 0
Cs10040 0 50 0 0 0 62 0
Cs10041 0 50 0 0 0 102 0
Cs10076 0 36 0 0 74 17 0
Cs10077 0 118 0 0 193 50 0
Cs10098 2 177 112 42 69 32 1
Cs10115 0 107 80 21 16 79 0
Cs10118 2 154 77 10 33 132 1
Cs10119 0 105 60 47 37 74 0

��

�� �����



 

 

 

 

 

 

 

5-5 Treatments

; Cs: , Csm:  

 

 

 

 

 

 

 

 

�� ���� ���� �� � � 	

Cs10021 0 123 0 0 0 81 0
Cs10029 0 127 0 0 0 138 0
Cs10087 0 57 0 0 242 0 0
Cs10090 0 35 3 0 153 0 0
Cs10094 0 28 0 0 52 23 0
Cs10098 2 177 112 42 69 32 1
Cs10110 0 74 0 0 21 20 1
Cs10114 5 69 21 22 0 74 1
Cs10115 0 107 80 21 16 79 0
Cs10117 0 83 32 112 28 7 0
Cs10118 2 154 77 10 33 132 1
Cs10119 0 105 60 47 37 74 0
Cs10121 3 78 5 6 0 29 0

��

�� �����



 

 

 

 

 

 

5-6 Treatments ; 

Cs: , Csm: , Cst:  

 

 

 

 

 

 

 

 

�
 ���� ���� ��  �� �

Cs10021 0 123 0 0 0 81 0
Cs10103 1 151 30 104 83 33 0
Cs10104 1 115 49 31 167 0 0
Cs10105 3 50 21 3 34 0 0
Cs10136 0 60 0 0 0 57 0
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1 13.81 Nonacosene C29:1 

2 17.18 Hentriacontene C31:1 

3 21.14 Tritriacontadiene C33:2 

4 25.58 Pentatriacontene C35:1 

5 30.34 Heptatriacontadiene C37:2 

6 36.02 Nonatriacontadiene C39:2 

7 44.98 Hentetracontadiene C41:2 

8 55.35 Tritetracontatriene C43:3 

9 64.34 Tetratetracontatriene C44:3 

10 72.36 Pentatetracontatriene C45:3 

11 73.31 Pentatetracontatriene C45:3 

12 74.07 Pentatetracontatriene C45:3 
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 5-11 5 CHCs 4 6  

4 4 4 4 4

5 2.594 1.464 0.814 0.101 0.106 

8 51.88 29.27 16.28 1.36 1.21 

8 51.88 81.15 97.43 98.79 100 

      
5 C35:1 -0.143 -0.219 -0.387 0.002 0.132 

	 C37:2 0.037 0.051 0.217 0.235 0.291 

C39:2 -0.106 -0.158 -0.161 0.625 -0.161 

C41:2 0.264 0.203 0.235 -0.248 -0.143 

C43:3 0.325 -0.11 0.031 -0.516 0.584 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5-18 5 CHCs  

 

 

 

 

 

 



 

5-4  

 

	 

	 

CHCs 	  

 

5-4-1  

C. cursor : Lenoir 1984, C. 
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Crosland 1988, A. echinatior : Larsen et al. 2014)	 

2 Larsen et al. 2014
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