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Simulation Environment and Traceability for Individual-Based
Modeling with Life History Stages

Abstract: Many species in nature have life history with multiple stages, and each individual behaves dif-
ferently by its life stage. When we model a life hisotry stage as an agent, in ABM (Agent-Based Modeling),
we need a method to identify individuals among different life history stages. In this paper, traceability of
agent creations implented in Individual-Based Modelling environment named re:mobidyc. will be introduced
and discussed. We expect to apply the agent creation traceability to individual identification and ancestor
tracking in population dynamics and evolutionary adaptation.
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1 Eurytemora affinis OEIESLERE (S5 CHk [1] £ D 51H)
Fig. 1 Life history stages of Eurytemora affinis (quoted from
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DB OWTHEELEEZ t OB ME L TW5 [4].
Ihs% IBM TETY V2753580203, FiEREEI
KPP BEHOEBIRK R 8%, T—Y ¥ M ORNEN
GRIRRE L 1TEN . L CREid 5 5. AEIEHEEMEIC L DRoNE
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breed [nauplii nauplius] ;; /—7VvRE4E
breed [copepodids copepodid] ;; IRET 1 R4
to move

if breed = nauplii [;; /—7VYRNEDEEK
set heading random 360
fd 1 ]
if breed = copepodids [;; IRET 4 FYEDMEK
left random 10
right random 10
fd 5]
end
to metamorphosis
if breed = nauplii [
set breed copepodids] ;; INRKT 4 FEEICERE

end

2 EIEREFE% netlogo TET Y ¥ 27 L7l
Fig. 2 Example model of lifehistory stages in netlogo

S TATERERRE Z L IR 2 0 25Eh T 5. B 21
netlogo TDEJEREFEDEFR L THI O ARFIZ RS, 1-2
fTHD breed X TENZFNEFELEEL LT/ =TV DR
YitE (BEUY nauplius BEUY nauplii) £ aREFT 4 K
4= (B copepodid #EEUE copepodids) Z/EF LT
W3, 3-12fTHTFH X move % 220 if XIT K » TE
FLTW2. 1 20HD if X TR/ =7V 7 2Y4D move
TEIREEL, 2 0HD if XTaARKRT 4 FHED move
TEIZERLTWS. 1IB3THUKET, 7 =7V v 244
B aARKRT 4 REICERE T % netamorphosis fTH %
breed ZHADRAWL I > TERL TV,
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WK > TWE %S 5. remobidyc IXEYF R
A0 IBM DI L L7 ABM BRIETH 5 [1], [2].
NetLogo 25i5Bi7m 75 2 V' 5iB%E N— R L7z ABM
REET®H 5 DI LT, re:xmobidyc 1&E 7 LELE IER
TN — TR nNGETa s I v I TE SR
UERLBWEDICETV VI EBENIFET TV S,

re:mobidyc TlX, 1 DD I 2l —¥ a Y ETILITER
EOT—Y Y b ea—PERL, ThPhorz—Y=
Y PEZOWTHEICR DR =—Y = v + OITE 2 &
T BXRX 7 %R T 5. remobidyc DT — = ¥ NIk
B Z L ICERT 5. Led o T, 1 DDA
B ICRRZ Y2 Y M Y AR A LTERE
ENd. ¥ a2l —a VIEREEKRBATONT 258

WX, 1 20EEFICEBROZ—Y 2y b YRR A5
5T 370, HBT—V Y b YRRV ADE OEKIC
MIEST 2D %AETH 2 2, HEIWIIHIZ, HD
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Nauplius is Animat with
age [day].

Copepodid is Animat with
heading [degree].

3 re:mobidyc TOIT— = ¥ bEFEHI

Fig. 3 Example agent definitions in re:mobidyc

YIal—YarBgcBwT, »AEKEEIT -V =
VI VAR RERGERIBE T H B Z e RD SN B, DL
T, re:mobidyc DETV ¥ 7 FBOMEEFE L 7212,
re:mobidyc B 2k T—Y 2 ¥ M Y REX U ADIB
PARTREME & (R 3 2 (A AZ FH T 5.

3.1 re:mobidyc IC& 3 ETILECRDBE

re:mobidyc TlX, BEIAIREZRE{A%Z KT Animat, —XK
TLZEME 2 I U 7 RIPTYEREE 2 R Patch, ¥ X UHIERY
BRIEZRT World D 3FHOL—Y =V M EEHT L L
MTES. /27201, Animat IR X THD, ERWN
BRI—Y Y MERE L -FPERT S.

3 IZ remobidyc TOIT—Y = ¥ MEFEDHIZRT.
ZDIT—Y x ¥ MEFRIZK 2 TD NetLogo TDESR & Al
DEFNERT 272012, / —7 V7 294 (Nauplius)
BLWNERT 4 FE4 (Copepodid) D 2 -DDATE S ELRE
BEFZELTWVAS. Nauplius T—P =¥ MZFEHEE LT
age WEHE SN TWT, ZOHMIHTHS. remobidyc
EMEPEMEICHEN 2T 5 2T, RICRITTOD 2%
WHRE T 5. age BIIE, 21T Copepodid ICEHET 57
»OEMIZfbHI S, Copepodid T— = ¥ MIBETM
%9 heading EMEZFH, BAIETHS. /=T VY
AYPEIHEEREI DKL, T ¥ X LRFIANCBEIT % 79,
Nauplius T—3 = ¥ MZIX heading BHITER I LT W
v, DLED X 512, re:mobidyc TIEAETFHEMEZ LI,
DEREEZHEA L DICERTHIEHNTES.

iz, re:mobidyc TOITEIDFIRZFHS 5. re:mobidyc
T, TEEEMEERL XA EHD 2 BT TE
#7975, UFERTEHEFE (HEE L EMMB5E) 2ER
LT, RRAZERTEZNZN SV £721E S-V-0 DX
T, EOT—I YV IR EOENEET2D0%2EET 5.
% Animat HEI K 723G L OAMHBIEM 21T 555G
WHEREEREL, D Aninat & OHEERAZ1TSHE
WIRMEER R ERT 5. 41T move, turn, age, B &K
Uf metamorphosis D 4 DD HEFAZER L 22 RT.
ZHFADOERIL, =TV =z FPOBEBEANDOEHFEITO A
DHNFE Y, VEIRIGEIT where VD BFTE R D FIZ H
5725, BEANDOEHIZ, FLWEZE5Z 2 ny <EBHEH
> = <KBFS By, ZoEE 525 ny A <EMS>
= <RBFOEA e, BARHYZD OETEZ S5 X % my
d/dt <EME> = <RI 3BENH 2. Tz,
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to move is

my d/dt x’ = cos(theta)s*r
my d/dt y’ = sin(theta)*r
where

theta = the heading
r = the speed.
to turn is
my Aheading’ = the heading.
to age is
my Aage’ = Atime.
to metamorphosis is
when my age > 40 [hour]
with stage Copepodid
new heading’ =

uniform 0 [degree| to 360 [degree].

4 re:mobidyc TOEIEE A

Fig. 4 Example action definitions in re:mobidyc

the heading 3 & Uf the speed 7% ¥ DHETHFF the H3DOW
TeiAlFiE, XAV ERTEENBZERCE SR 57
DD, T —AKLVE—TH%. remobidyc TlE, L —
AFRNE—%ffolz~r/RBEHIZL > T, move DL S X
NWHE B2 EHRT 5.

4 @ 11 fTHDUE TAE metamorphosis BHEEFR X
NTW2B2, 13fTHD with stage Copepodid (& Z DEl
PRI L=z PEIRDY I 2L —va Y RTy
W5 Copepodid T—P = ¥ MTH D Z EEFEIN,
Z O heading JEEOWIHAE Y LT T ¥ & L2 RD—Hy
fiickh 526N 5.

K27 EREDOHIER 51T7F. 1{THTIZ =7V YR
41" Nauplius ld move BIff2 32 Z L ZES L, 21THD
L5{THETTS L —RKRAX =0 5B EHb 2 NERH
X252 TW5., ZOBEHZK 4D 1{TH»S 6/THET
TERENZFHEmove IEHMAT2 28T, VKXol
FIZ 0.1[cm/s] L X A 7 WEEEXNS. LIT, FEIC
Nauplius T— x ¥ b D age X A7 £ metamorphosis B
fE, BXU, Copepodid T— = ¥ b D move HIfFE turn
BENERINTVS.

AEITOERBITE, EELERBEEHET28FL LT,
with stage Copepodid % f#i o 7z metamorphosis Biff%
EFE L7, remobidyc TIX, I oEIERICEEE({LES
Z %42 LT, new, change, die 3 & (N kill O 4 fH}H
DGR T TR LTV, new i, EFETEIE LTH
T iR 2 AR 2B TSR ATH D, change 1R —1H
RO RDAETELEFECRITT 2 EIELM A THS. die B
F U kill ZMEEKZFC X2 EEHGHTH D, die @y
FRERRABRTT A2V 22 M2, kill mHlE & X
7 EFED S-V-O XD O ITHET 2 2 —Y = > + 2RIk
€5,
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Nauplius move
where
the heading —>
uniform 0 [degree] to 360 [degree]
the speed —> 0.1 [cm/s].
Nauplius age.
Nauplius metamorphosis.
Copepodid move
where
the heading —> my heading
the speed — 0.5 [cm/s].
Copepodid turn
where
the heading —>
uniform —10 [degree] to 10 [degree].

5 re:mobidyc T®D X R 7 E#HH|
Fig. 5 Example task definitions in re:mobidyc

IBM TR EARBRMORS 2TV b E
FoTETV I LANT 2. AFELEBEEZRITIED
stage i NlE, BITROAFELEMERI - =V b2
ERLT, RRIZEFT LT -V bEHBREIESZ
Eh 5, stage PS> TEEI Doz —Y 2 v MC
BLTH, ke LToO—H LMz 2 Z 2hK
oD, ZORREIZOWTD, re:mobidyc T DR %X
HiCEHHT 5.

3.2 AVRAVRERY VUL BEES K UHEFEDHR

re:mobidyc DML RIK, I a2l —va VLI I
I—Yxz Y bOREMEHEEZERT 2RRYIFHD XV 8 (1]
¥, T—VxzU M YRR ABREMT B X XEBD 2
HOXEVHEBZEHELTVWS. XXEHTE, =—Y=
VRIS RE T2V b A VAR ZADXEERY, 4
VARV REER LI A YRR Y ZADMIGERE B LT
W5, 4 DOAETEL A4 new, stage, die BE U kill I,
X R T 2 REZRITS D DO@MATHD, 4 VAXK
> ZAEFRDRIGEAFRITN§ 2 2 24T 5 AT i ld new
B LS stage TH 5.

re:mobidyc TlX, 4 Y A X Y RAEROXIGEFE L
T, reproductionlink ¥ stageLink O 2 ffHZ% XH L
THEMT 5. new il reproductionlink, stage fii
T3 stageLlink IZZ N2 72 MG R ZEMT 5.
stageLink {ZAETRHRFEORTRGRZRR T 2 2T, &
72 2 TR RS D OEAR DFRAINEZ TR 32 Z e T
%. ¥7-, reproductionLink IZEEERESN/zAf VAKXV R
ARBARA S, BTFREREZEBHS 5 Z L ATRRICRS.
DEFEIRIE, HEAERITH R 2 TG RYE OB OBH*,
FeE DBIR DO ZAITHT§ 2 EALEIC O DHICEHA T2 2 &
PREEINTVS.
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4. HHDHIC
Z{DABM DETY VI EEEI TS IV IEFED
EMBERILD ARTW3. Fuys IV rEEDSEK

REFTE OFLR e LT e 2 Roh, —ATrm s
Z LDEIEER Y OREEZ R HATLAREE D ZA TV S.
F7, AETwRUIZE D, AEREEREETY V70
FUTFFBERBBERIIN LT, BT L ToRBEAN 2Rk
WIEEHH B, ABMAENTDET Y ¥ I SFEDOKETTIE,
TarI IV IERCBRRLEFENRDY, £ET Y N
FUTIE U TR SEEMEE AT L, MR 25T 2.4
BE23H 3. re:mobidyc DBIFIX VAR TH D, 5%
% rexmobidyc DBFEZ M 5. BN LRFE: LT, 7
02773y EEREOUERDOTRA TR, MEREE
WRHEL L7 ) Y VBB et LR 5T 5720
DFEOMENLZ BFF L2,

BB FEHESOFUEE, Phao oYY —Y 7 ARBEL
T, re:mobidyc DFFEANOXEZ G-, Z ZITE#HOR%
L.
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