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Davies et  al. ,  2012 1a

Axelrod 

and Hamil ton,  1981;  West et al. ,  2007
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Wilson,  1971

1b Jarvis,  1981 Duffy,  
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1c 1d

50%

75%

Hamil ton, 1964

 

Gordon,  2016
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Formicidae

Pristomyrmex punctatus Ooceraea 

biroi

Diacamma  sp. Harpegnathos sal tator

 

Wilson,  1971

Hölldobler and Wilson , 1990

10 Hölldobler and Wilson ,  

1990
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1990

2

2010
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�

Lanan,  2014

Wilson,  1962

Beckers 1990 Y

Laisus niger

L.  niger

Pasteels

1987 Tetramornium Traniel lo Robson 1995 Monomorium viridum  Pheidole  

hyat t i Liometopum apiculatum

2 L.  niger Beckers et  al. ,  1992

 Linepi thema humile Goss et al., 1989

Deneubourg et al. ,  1990  

Lanan,  2014

socia l caring

tandem running
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group recrui ting

volat ile a larm  

Czaczkes and Ratnieks,  

2013

Gelbum et al. ,  2015  

Gordon et  al. ,  

1993;  Depickère et al. ,  2004a   Depickère et  al. ,  2004b

Depickère et al . ,  2004c; Depickère  et al . ,  2008

 

Ishi  and Hasegawa, 2013

Ishi  and Hasegawa, 2013 Temnothorax rugatulus

Marshal l ,  2017

 

Franks 2002

1

Franks,  2002;  Pratt ,  2002;  Prat tet  al . ,  2005
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 2011 8 Camazine 2001

Belousov-Zhabotinski  react ion

1990 Deneubourg

(Pasteels et  al . ,  1987;  Goss et  al . ,  1989 ;  Deneubourg  e t al . ,1990; 

Deneubourg  et al . ,1992; Beckers et al. ,  1993)

Camazine et al. ,  2001

2  
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Deneubourg 1990 Y

2

1 2 2

1 2

Beckers et  al . ,  1993

 

Vicsek 1995

1

ODD Overview,  Design concepts, Detai ls

Grimm et al. ,  2006,  Grimm et  al . ,  2010 Grüter 2012

Y ODD

 

2 1

Conradt  and Roper,  2005

Y

Paratrechina  longicornis
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Gelbum et  al . ,  2015

 

Gordon,  1996; Bonabeau et  al . ,  1997
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2000 2010

 

RFID Moreau et al. ,  2011;  Jeanson,  2012 Mersch 

et  al . ,  2013

Pinter-Wollman 2013

Sendova-Franks 2010 Temnothorax albipennis

Blonder 2011

Temnothorax rugatulus

Blonder  Pogonomyrmex barbatus

Pinter-Wollman et al. ,  2011 Odontomachus hastatus RFID
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Jeanson,  2012

Camponotus fe l lah

Mersch et al. ,  2013  

 

�

2017 CRISPR/Cas9

2 Trible et  al . ,  

2017;  Yan et al. ,  2017 2 Friedman et  al .,  2017 Trible 2017

O. biroi

Yan 2017

gamergate H. sal tator

orco
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 Parrish and Edelste in -Keshet,  1999

Gordon et  al . ,  1993;  Depickère et  al. ,  2004a

L.  niger

Depickère  et  al . ,  2004b

Depickère et  al. ,  2004c

Crematogaster scute l laris Depickère et  al. ,  2008  Pheidole  

pal l idula

 Sempo et  al. ,  2006  

3

Camazine et al. ,  2001

Gordon et  al . ,  1993;  

Depickère et  al. ,  2004a

Gordon et  al . ,  1993;  Gordon,  1995;  Gordon and Mehdiabadi,  1999;  Bouchebti  et 

al . ,  2015

L.  niger

Depickère et al . ,  2004a

 

�

Modlmeier et  al. ,  2014

Blonder and Dornhaus, 2011;  Pinter -Wollman et  al. ,  2011; Mersch et  al . ,  2013; Mersch, 2016  

Stegodyphus dumicola Bold

Prui t t  and Keiser,  2014;  Pruit t  and Pinter -Wollman, 2015

keystone individual
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Modlmeier  et  al . ,  2014

 Pinter-Wollman et al. ,  2011,  

2016

Ishi i  and Hasegeawa,  2013;  Charbonneau et al . ,  2015  

Lasius japonicus

L.  japonicus L.  niger Seifert  1992

L.  niger 1

3 L.  niger

Gordon et  al . ,  1993;  

Depickère et  al. ,  2004a

Gordon et  al . ,  1993

Depickère et  al. ,  2004a
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� 1 500–1000 L.  japonicus 1

2012 7

 2013 9

2014 5

Kramer et  al. ,  2016 L.  japonicus

L.  niger Seifert  1992 25±1

12 12

3

1 2014 5 2 5 20

 

 

� � � � � � � � �

� 2 mm 120 mm 60

Fluon PTFE,  

Asahi  Glass Co.,  Ltd.

Cole , 1991; Hayashi et al. ,  2008,  
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2015 1 8

10 1

iVIS HF R42;  Canon,  Tokyo Quick Time 7 Pro Apple,  Cupert ino,  CA MOV

TIFF ImageJ ht tps: / /imagej.nih.gov/ i j/

 R 3.4.0 ht tps: //www.r-project.org/
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2

Gordon et  al . ,  1993;  Depickère et  al . ,  2004a

Gordon et  al. ,  1993; Depickère  et  

al . ,  2004a 2

3

4a 4b

201.8 2.7 Mann–Whitney U- test,  U = 314.5, 

p  <  0.001

Hisamoto,  2018,  Supplementary materia l ; 

ht tps: / /sta t ic -content. springer.com/esm/art%3A10.1007%2Fs10164 -018-0564-x/MediaObjects/10164

_2018_564_MOESM1_ESM.avi

Hisamoto, 2018, Supplementary materia l ; 

ht tps: / /sta t ic -content. spr inger.com/esm/art%3A10.1007%2Fs10 164-018-0564-x/MediaObjects/10164

_2018_564_MOESM2_ESM.avi 4b  
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1 5a
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3 L.  

japonicus 1 Gordon et  al . ,  1993; 

Depickère et  al. ,  2004a  
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2 6

2 6

6

5 16 60

20 5 182

5 6

662 1324 0

6 0/1324 6

5/182 6

Fisher ’s exact test :  p < 0.05  
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Gordon 1993

2

Mann-Whitney U- test:  U = 115.5,  p < 0.001; 8a
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n

 

Gordon et  al . ,  1993

n
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x

8b 2

8a

 Barabasi,  2005

1

Bazazi  et  al . ,  2012;  Wearmout h  e t  a l . ,  2014
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Mn i

10 Mn  =  10 1 1 5

 = 1 i =  1~5

1 i

1

+ 1 1 (Mn  -  1)

Mn  =  0

1

10

1

11bc

 

� 11a 11  bc

Gordon et  al . ,  1993
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Depickère et  al. ,  2004a

364.0 s

6.2 s 1 − n

3

11 13  

� �  

a b 13

Depickère et  al. ,  2004a  
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Robson and 

Tranie llo, 2002;  Modlmeier  et  al . ,  2014

 

0.25 1

10 1

Koto et al. ,  2015

 

Gordon et  al . ,  1993

Depickère et  al. ,  2004a

10a

Wada-Katsumata  et  al. ,  

2011  
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1

Gordon,  2011;  Mizumoto and Matsuura,  2013
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�

1 2  Yamamoto et  

al . ,  2008 1 1

1 1

2

McCreery and Breed, 2014

Hölldobler and Wilson, 1990; Yamamoto et al . ,  

2008;  Czaczkes and Ratnieks, 2013  

3

Czaczkes and Ratnieks ,  2013; McCreery , 2017

Czaczkes 

and Ratnieks , 2013

Czaczkes and Ratnieks , 2013

Franks,  1986 Peeters and De Greef,  2015

  

Gelblum et al. ,  2015;  McCreery et al. ,  2016

Buffin and 

Prat t ,  2016; Cerdá et al. ,  2009; Czaczkes et al. ,  2010;  Gelblum et al . ,  2015 Pheidole oxyops

Czaczkes a nd Ra t ni e k s ,  2010

Gelblum 2015 P. longicornis  3

 

�

Traniello and Beshers 1991 F.  pall idefulva
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Czaczkes and Ratnieks , 2013; Sudd,  1960; Sudd,  1965 Myrmica rubra

Formica lugubris swinging

Sudd,  1965 Solenopsis invic ta

1

Wang et al. ,  2016  

McCreery 2017

P. longicornis Formica 

obscuripes ,  Formica pall idefulva ,  Formica podzol ica

 

 

Formica japonica Motschoulsky,  1866

Yamamoto et  al . ,  2008

Fukushi  and Wehner,  2004

Traniello and 

Beshers,  1991

1 foodless search 

loop;  Cataglyphis fort is   peeking Cataglyphis velox Pfeffer and 

Wit t linger, 2016; Schwarz et al . ,  2017 F.  japonica

Colle tt  et  al . ,  2017
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1 200-500 2 A B

2015

7 2016 7 130

2016 2017 7 8

Higashi ,  1979 25 ± 1°C 12

2

300 mm 100 mm 200 mm

Fluon PTFE, Asahi  Glass Co.  Ltd.

30~60 10 

mm × 10 mm,  0.14 0.018 g,  CGC Japan Co. Ltd.  Tokyo Japan

1 4 20 mm × 20 mm

iVIS HF R42;  Canon,  Tokyo,  Japan MOV fi les QuickTime 

7 Pro Apple , Cupert ino, CA, USA TIFF  10 fps 8-bit  grayscale

 ImageJ 1.51p ht tps:/ / imagej .nih.gov/ i j/
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Hisamoto et al . ,  2019 Suppl

ementary materia l :  ht tps: //sta tic -content . springer.com/esm/art%3A10.1007%2Fs10164 -019-00626-1

/MediaObjects/10164_2019_626_MOESM2_ESM.mov

16  

3

”trajR” McLean and Skowron Volponi ,  2018

5

5 5

15b 5

0 1 1

5 0.5 mm

15c

15d ( 15d

A1,A2,A3)

2 mm  
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 R ver.  3.6.1 ht tps: / /www.r -project.org/

“ lme4” Bates et  al. ,  2015

LMM step-down 

approach step funct ion of lmerTest  package

A or B

   

Wilcoxon signed rank test 

”exactRankTests” Hothorn and Hornik , 2017

Watson-Wheeler  test   “c i rcular” Agost inell i  and Lund , 2017

Shapiro–Wilk test p > 0.05 . 

 

�

�

Buffin and Prat t ,  2016; Cerdá et  al . ,  2009;  Czaczkes et  al . ,  2010;  Gelblum et al. ,  2015

17 1,2 A

17a 2 17b
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�� � �++ �

 �  

  SE df  t  p   SD 

 1.14988 0.10649 116.97948 10.798 < 0.001  0.4127 

 0.02501 0.02105 225.32782 1.188 0.236  0.2177 

* -0.30134 0.14395 103.67551 -2.093 0.0388   

 

** 
-0.01785 0.02402 223.69907 -0.743 0.4583 �  �  

, � - #��. / #�� �

,,� �

�

�� �++ .  

 �  

  SE df  t  p   SD 

 0.34537 0.10436 114.01742 3.309 0.00125  0.4138 

 0.05604 0.02102 225.55528 2.665 0.00825  0.2008 

* -0.01611 0.14078 99.90439 -0.114 0.90914   

 

** 
-0.06664 0.02400 223.73012 -2.776 0.00597 �  �  

, � - #��. / #�� �

,,�   



 

 

 

39 

�

��� �

� )�� )�� � )�� �

)�� � � � ��

 ��  

 

18

C. velox C.  fort is

19 19

5

Wilcoxon signed-rank test V = 676,  p  <  0.001, :V = 479,  p < 0.001

Wilcoxon signed-rank test : V = 32, p < 0.001; :  

V = 265, p  <  0.001

 

 

a b c 

d 
27.0 39.0

59.0
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20 ;  Wilcoxon signed rank test V = 2534,  p  <  0.001, V = 2728,  p <  0.001

21 ; Watson-Wheeler test  W = 22.086,  p  <  0.001  

2 Hisamoto

 et al. ,  2019 Supplementary materia l https: //sta t ic -content. springer.com/esm/art%3A10.1007%2

Fs10164-019-00626-1/MediaObjects/10164_2019_626_MOESM3_ESM.mov

3

20 Wilcoxon rank sum test :  W 

= 103, p < 0.2843, W = 141, p = 0.8167. 21; 

 Watson-Wheeler test  
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22  Kendall ’s test τ  = 0.0038, Z = 0.049862,  p =  0.9602  
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23

23

Kendal l ’s test τ = 0.0668, Z = 0.8522,  p =  0.3941,  Kendall ’s test τ  = 0.1076 Z = 1.373,  p 

=  0.1699  
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24a n

1

3 mm/s n  + 1

1 mm/s n

n 1 mm/s n +  1  3 mm/s 2 1

n 4  1 N ( )

12 24b  

+ 1  (12)  
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24c
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�� �++  

 �  

  SE df  t  p   SD 

 1.0945 0.09744 99.85546 11.233 0.00125  0.3566 

 0.02974 0.01874 219.7031 1.587 0.114  0.2215 

* -0.20499 0.13083 85.59356 -1.567 0.121   

 

** 
-0.02901 0.02121 218.12392 -1.368 0.173 �  �  

, � - #��. / #�� �

,,� �

�

�� �++  

  

  SE df  t  p   SD 

 0.50250  0.1067  130.9  4.708  < 0.001  0.4364 

 -0.00013  0.0225  224.7  -0.006  0.99500   0.1811 

* -0.11460  0.1415  111.1 -0.810  0.42000    

 

** 
-0.02317  0.0255  223.6 -0.909  0.36500  �  �  

, � - #��. / #�� �

,,� �
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�

F.  japonica

F. japonica  1

1

 

� Schwarz  et al. ,  2017

F.  pal l idefulva ,  

F.  obscuripes,  and F.  podzolica McCreery,  2017

1 1

 

F.  japonica C.  velox

 Schwarz et  al. ,  2017

F.  japonica

Sturgis et  al . ,  2011

C. velox

0.3m C. velox m

Schwarz  et al . ,  2017

 

F.  japonica P. longicornis

P. longicornis  

Gelblum et al. ,  2015

F.  japonica
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 P. longicornis

P.  longicornis Fonio 

et  al . ,  2016 P. longicornis  F.  

japonica

 

F.  japonica

Hölldobler and Wilson , 1990
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