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Necessary diversity and time variation of response threshold

in response threshold model for division of labor of ants
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Abstract

One of the reasons of the success of eusocial insects is assumed to be their efficient division of
labor. The system of their division of labor is thought to be described by a response threshold
model. However, throughout a recent study to verify the model framework through a large set
of activity data of ants showed the necessity to reconsider the simple modeling. We reproduced

the empirical behavior through a response-threshold-model-based simulation, by introducing

diversity and time-variation.

1 ELC®IC

TVRIVYANFREDEMARERRIE, NMEOFE
J@x BUEBOMBEY b, BEZ L IChEELIT-
TW5, ZOMEMNLRDHEE, HOoOEROKER
HHO—DOTHIEEZLNTWVS (1], ZDX A=
A L%HAT 270, [EERISEHE (FRT) €718
WO ETFAPRBI NI 2], FRT E7MES ¥ 7L
MOENETNLE LTHISNTWSA, Yamanaka
HIEKRHIE T — 212 X 2 MGEE 21TV, FRT €7 0%
HET 20BN EFIRU 3, AW TIERICRE
T NVOMMEICERE L R Z L EEA LY I 2

L—3 g X o THRATHFREDRE RO BHR 2 A 72,

2 SATHREE

FRT €7 /L TClX, IRIEIREE & IEERREED — o DIk
ROPFET 2 EIRET %, FIREHOERIX, IR
DORTEZONBIEENEMHD DR Py IRIET
%)ﬁﬁ%‘z Prest = p (*ﬁ) 2 X of%ﬂﬁéhéo

s(t)®
s(t)? + 62
ZZT. s(t) ERRticBIISar=—DRA LR
Z, 013% 7V ORICEEZ KL TWb, FRT €7

(1)

PAct:



ANTREFETCEARZZHET 27 YD 0IXFR—T, K
BZEL L WEAIRET 3,

Yamanaka SZ AN EFE & B2 B WETF 12—
AR A 3 bat > APV Y Al S )
FRT &7 )VOMGE % A7z [3]o

%3, Yamanaka HEFHEEDSAEIIERTMEIC
IR T 2 & WS IR ZAREE U 7205, Bl R, 578
BODNE RIS ¥~ MR L Tz, T4
FBRERDFERICIGRERIFEO 3D D, F7EHME
R THHFIHB SN TOWARNWI L 2ERL TV,

%72, Yamanaka 513, EFED 2 HE O @&H
IEFIZHE< 2B WO RE R, HBEOA YT <~
DA AH BE (R B D R I AR S

w 1 = w
Sd = m mz_l Sm,m—i—d (2)
WKLo THRAEL 7eo 2720, S, dm HEE
m+d HHZALZN TOHBHRDOEDORAL 7D
IEAAHBE (R R, T ARSI TH 5, T DAGR.
SV~0.7THBz Ly, d>27TSVITNFRI30-45
HIEETESOPIEET 2 2 e dbdr o7,

NS DFERD, HERD FRT €7 L058 Y KIS
fiE 0 D3 —HEDRFHEZE L LW b DT HIUIBIHI =
NV DTH 72729, Yamanaka HIE FRT €75
IAHERRD BT & TRk L Tze 2T THRAE. 2O
FRZHIT 2729, RICEEE 71O REIER
ZYRMEEEEALEZY I 2L —Ya v ®To7,

3 YTal—>3ary

3.1 RIGEMEDEIFEDRIR

T3 RISEECEFEZEAT 2, @K D
RIGEME 0; % 0;~N(10,0%) IC&k>THEZX %, ZZ
T, 01305 TOSKATEMNMS B, K1 IXHES
Niz SY =R d, o BREVKL S AT
WHEW 0.6 fHEe 3 Z e 2 HBTE M. SV 0
BEIBITER P 0T, ey DD 2 DR,
—HDMTH 5 & EFDFAMDKR L 72072,

3.2 RIGEEDERZ{LDOME

DT, RIGRIE AR b B2 L2 8 AT 3,

IR i O KIGHIE 0, EL RO X 51252 %,
6,(0) ~ N(u,0%)

0i(t + At) = 0,(1)+0.1€ — B(0:(t) — )

3)
(4)

1.0 — 0 =00
308 —
% 0.6 e |0 The
g g=25
@004 0=30
§ 0.2 0=35

. g=40
< o =45

0.0 = xw@‘"‘{ —0=50

0 20 40 60 80 100

Interval (Days)

K 1: >3 2l —a v OFERE S NSRRI

D DAY 7 < v OIENMAHBEFRE DT SY
B={2x107°,4x 107°,6 x 107°,8 x 107°, 1074},
E~U(-1,1)THY, p=10,0 =4 & L7,

212136z SV R, KICEIECRREZLL
ZEATZI2TSY OBRerRBOHEE T
Tz Fz. B ZEEMZ(LEEALEGEICH AR
12 S DR IR DB iz,

1.0

x107°

Averaged SCC
g &8 &

=]
»

=]
(=3

0 20 40 60 80
Interval (Days)

2: ¥ a2 b= a VORI & N B R
D DAY 7~ v DN BRI DY S

100

+=0
4 [ o

PIalb—YaryoriRED, S(1)~0.7 DR
WIERICEEDIEZ S > TS 20E083H 5 2 L.
SYW DR DRI DEHNIE SR E DR 2L
PRBETHDZeDbhrol,

BE R

[1] Gene E. Robinson, Annual review of entomol-
ogy 37.1, 637-665 (1992).

[2] E. Bonabeau et al., J. theor. Biol 215, 481-489
(2002).

[3] O. Yamanaka et al., Scientific Reports, 9, 8845
(2019).



