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O BEEDERN
4 ORAL

o EEIICE T B IR EORIX, R TOHHREED ) OFRERRIIE—THH, HEILESRHE
IAAT 15 ST,

o MUANFEITIZ OHP, PC7uP =%, A7 F%MHIZENTEET, A 74 N2 THHOGS
w3, KNSR ER E T, 208, JHEE BB LET,

e PC7uY 279 %BMvicnsEa, BT s vaviE FUELTEHIRESTI WL, RU%
BauHHESRS 2R, WA ESRIC CHE T IWET I I ICBHVL LT,

o SOV RY Y LCH, HEDSDOSIMENH D T, HBREDERICIE, HAEZREREL LA
WEIIHFICD BRNEDDLD» S L9 &Iﬂ%’i)a‘s}?ﬁmbi@“ Bl Z 1, PERECHHEL T2 2 e
WM PHEDO—DOTTD, HARETHEINE LA, L ry—yarvHAI A4 FOBEPICHE
FEEMoTHS Z R E, XALL ;EﬂEﬁTéﬂni?; INTBREOWZL ET,

— Time per oral presentation is 15 minutes including discussion without any exception.

— For oral presentation, OHP and PC projector will be available. If you want to use another equipment
for your oral presentation, please contact to the local organizing committee before September 22, 2004.

— If you will use the PC projector, please bring your own PC for your presentation. If you would have
problem to bring your PC, please contact to the local organizing committee.

@ POSTER

o RAY—RETHVOENS 1KEDH/-) D NFNLDKEZIE, IF80cm X E 150cm 127 % FET
T, SNy, THEVEELSRRAY =DV A ABZIDOYA A2 R0 EIICTHEE T IV,

o EAZ—DRFN~ADIRIE, KRAY—tvyiarvoHfE 9H23H (OR) 44 1 IREDETIC B
T2 LN, BIclEROODEMIZL I TETA, 9H22H (K) Do 32 VI3RS TW»i
REFTDT, ROIKERL, ZMEFELDIDLLORMEZ L TR ITFEERVwET,

o RAY —DRF )6 DIEICOVTIE, 4T, KUK TUENCHREFE CHS TEEC L £,

o ZHlDTYHRY Y LTS, HEDISDSMERH Y £, AL LT, FA¥—%, HGhd 5135k
FEL IR L T 72 &, HAGEZBERE L LAV SIFIC S RBENED L 2 TITHE W
REEFTII BB LT, RIER, EEHOWEE, L, EXEBEDERZ BH
LE9,

— Panel size per poster presentation is of the width 80cm and the height 150cm. Please do not prepare
the poster beyond the panel size.

— To stick your poster on the panel, we will not specify the time only for it. Please stick your poster
on the panel before the poster session on September 23 as you like. We are expecting that your
poster will be sticked on the panel as soon as possible, and hoping that you will enjoy the scientific
communication through your poster as many as possbile. The panel will be ready at the conference
site on September 22.

— Please put off your poster by yourself before the closing of conference.
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P ERI A SO | OBBMNI RN A || ik v Y —) ner” K@t & Z ORI T
AP ) FIivo7rars v W KIS AR AR BT BN
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16:45 | A B ((BR) EE | MoOEET L Axel G. Rossberg (1 | &Y#DMENE TV
BT L WEE N R E IR B
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September 22

SESSION A SESSION B
14:00 | Hashimoto, Koh Multi-game dynamics. Saito, Yasuhisa A time-delay model for
single-species growth
with multistage struc-
ture.

14:15 | Iwasa, Yoh Evolutionary game the- || Yamaguchi, Introduction of stage-
ory of moral judgment: || Masahiro structure into a model
indirect reciprocity by with a complicated be-
reputation dynamics. haviour.

14:30 | Kobayashi, Yutaka Coevolutionary race for || Kon, Ryusuke Permanence and syn-
control of information chronization in matrix
transmission. population models.

14:45 | Uehara, Takashi Does more information || Yokoi, Hiroki Lotka-Volterra model of
give more accuracy on competition with delay.
males?

15:00 | Yamada, Satomi Evolution of a trait and || Kinezaki, Noriko Modeling biological inva-
the stability of popula- sions into periodically or
tion dynamics. irregularly changing en-

vironments.

15:15 | Nakajima, Mifuyu Gene frequency dynam- || Kimura, Miki Effects of demographic
ics of righty and lefty in and dispersal stochastic-
fishes. ity on biological inva-

sions.

15:30 break

16:00 | Wakano, Joe | Optimal schedule of sex || Tachikawa, Masashi Patterns from hetero-

Yuichiro ratio in local mate com- clinic cycle attractors.
petition with male-male
combat.

16:15 | Irie, Takahiro Analyses of optimal || Irie, Haruyuki Species-time-area re-
growth  strategies of lation in a benthic
defensive  organs by community.
Pontryagin’s maximum
principle.

16:30 | Yokomizo, Hiroyuki Multiple-year optimiza- || Miki, Takeshi Kill the killer of the win-
tion of conservation ef- ner hypothesis and its
fort and monitoring ef- theoretical predictions to
fort for a fluctuating explain low bacterial di-
population. versity in aquatic ecosys-

tems.

16:45 | Nakamura, Mari Three foraging models || Rossberg, Axel G. A model for food web
and a task-allocation evolution.
model of an ant colony.

17:00 | Takeda, Yasuhiko Wisdom of mérchen, and || Kondoh, Michio Adaptive behaviour,

reverse system bieology.

food web flexibility and
population stability.
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Feugier®, Bt 2, | 4 —F Ny 212k 289— || K- B 8- BP0 | 4 F 27 AT 2800
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PR TS
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B FEIL) BT 7uX 2ZORKIBEECE || ) BUITEIE (45K

7L SR LSRN
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11:15 | i R mreds | BN oEER/MEOE || Robert Schlicht (JWH | A stochastic  lattice

FRpEE) fRHT REFHEAEI AR AR model for forest canopy
gaps with a power law
gap size distribution.

11:30 | F& g (ks | FEREZTROMATE) || ek —& (AL | oamIcBl) 2586894
PEAAFZERE D¥Ial—vav R AT A TR | AORREDORIR

11:45 | F. G.  Feugier’, | A model of auxin flux in-

H.  Fujita?, A. | ducing vascular differen-
Mochizuki? tiation in plant leaves.
and Y. Iwasa®

(*Department of

Biology, Faculty

of Sciences, Kyushu

University, 2Okazaki

National = Research

Institutes)

12:00 | BF & (GHRTE | AOBRERR 5 —> 0% ||
WEYIER AT BN

12:15 | BIN AT (FERRAAIE | BROP DAY —> DI L
JHAEY RS |
E2))
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SESSION C SESSION D

09:00 | Nakahashi, Wataru Quantitative genetic || Kamo, Masashi The curse of the pharaoh
models of sexual selec- in space.
tion by male choice.

09:15 | Matsuda, Hirotsugu Dispersion index and || Hilker, Frank M. Complex spatiotemporal
load of genome evolu- dynamics of simple epi-
tion. demic models.

09:30 | Matsuda, Hirotsugu Effects of accumulation || Kajiwara, Tsuyoshi Propagation speed of in-
of deleterious mutants. fectious disease in a

predator-prey model.

09:45 | Mochizuki, Atsushi Evolution of phenotype || Sasaki, Toru On a mathematical
and structure of develop- model of viral hepatitis
mental system. in vivo.

10:00 | Fujita, Hironori Pattern formation by the || Seno, Hiromi Analysis of mathemati-
positive feedback regu- cal model for epidemic
lation between flow of dynamics with decaying
diffusible signal molecule immunity of vaccination:
and localization of its Theoretical implication
carrier. for the case of measles.

10:15 break

10:45 | Nakabayashi, Jun Mathematical models of || Satake, Akiko Stochastic model for
apoptosome assembly land-use dynamics.
in the apoptotic signal
transduction.

11:00 | Nakaguchi, Etsushi Reaction-diffusion model || Kawamura, Toshi- | A dynamical model of
for the genetic process || hiko toxic substances rep-
inducing left-right asym- resented by stochastic
metry in developing ver- differential equation for
tebrate embryos. domain with reflecting

boundary.

11:15 | Umeda, Tamiki Theoretical analysis of || Schlicht, Robert A stochastic lattice
opening-up lipid vesicles. model for forest canopy

gaps  with a power law
gap size distribution.

11:30 | Tero, Atsushi Modeling and simula- || Sato, Kazunori The effect of the finite
tions of the dynamics of size of population on
true slime mold. the distribution of family

names.

11:45 | Feugier, Francois G. A model of Auxin flux
inducing vascular differ-
entiation in plant leaves.

12:00 | Shoji, Hiroto Labyrinth or straight-
stripe pattern in two-
dimensional Turing pat-
tern.

12:15 | Sekimura, Toshio Development and evolu-

tion of butterfly wing
patterns.
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ID No. | E&RE EH
p001 | #EAAIERE, WIFRIE (RER - Be - 8- 501 | 2 VXV EMHABGRR Y b7 —7 75 7 D&M
Gy TG ERAE) ICTB VT 2 REGARICBIY 2 BOTE 7V ORESE & g
br
p002 | $iRk—Z URER - B - 807) e (4 | aoifiadz b ouir R opigic & 2 LB
BK - Bt - B - B TAEATREAE) T 2 H0E TV
p003 | #HARK BB (FRRIKPZRAGHE T AUiRls | REENZ GARKEV A IV 2RO T EAR Y v
AT L TLHHIK) ~ € TV OREVE DR
p004 | MR B2 GRRIRZERFGI ARy | A7 — UM% RO 2 Mgt 220 5% o T
AT b TAHIY)
p005 | HUH & CKERIFZRZARFERE LAUZERE | 7 EAY vy FETAVICEIT S 7 4 — RNy Ziilli#lo
S BEHCREH AR5 YY) EN D
p006 | i G (FRRRAREBI CAEDIER s | a2 B L 2Wlo 7 €5y FET IV
AT L REFEHEIY)
p007 | FH ER CRERIF R LAMERIES - 16 | 4 57 7% 5D SIRS IBHIEE 7 )L DLE AT
R BHIE T 57 17)
p008 | FH BEIE (MR RYGEH L AiRty | Mol topEE2EZR L uy ¥ -
AT L REFHEI) E TV DREAENT
p009 | SH 3T (R RARAGEE AR | BETFGE2 B L 2 Mad - iade 7 LV OMT
AT LREEHIK)
p010 | WHLHET, MARE (RERLTREREHN | EEEEEROMEETHEE T
AL R MG HRL )
p011 | s A (BURBRE AR AT R | BRI X 2 M —wdii Rz /- U 72 faiEaE
AMTgEe v & — B BTE 7L — 7)) | BRI AT
p012 | WA FT (I TEGE AR R A TFZET) kD FiE TRV VEEZ Y —7 v |
I L 7 HERIBE YR E T A DY S 2L —v a v
p013 Sanjeev Kumar (Dr. B.R.A. University, | Mathematics modelling of the interaction between
Khandari Campus, Agra, India) tissue cells and tumor cells.
p0l4 | PR 5 (B EERAEREFETIER) BEH7r2 20T T 2L —3 3 VIT X 3%
p015 | /NEF [E58 (ATR % v b7 — 27 1EHEEIERT) | ALAEERSRIC X 2 AERIER D> S 2L —
av
p016 | HH W— (FliEREAREEEATIERD) ARy U — 2 DMl - AW & RHIK
p017 e W (B AhER AR A sh) Modeling and method for determining optimal
forest rotational schedules.
p018 | J& sEbE (CJuNM M SE Y v & —KHE | EPIBEICE T % Arrhenius plot O XY D Filig
WFZEHRAK H 3 PR ) P BRI & IE I BOGRERE D RRE T X 5 b /7 1
p019 | ARHE B CRBL KRR LA R | 20028 & HoRlE
LA T B7)
p020 | FREFIERT D, JIEHES 2 (U FEFERER | AR — R ETUIC K BITHRIERDE T L
EhE TR RN T, 2 FEdR
S LARAER LR
p021 | AE B Y, iEMZEL D, JEES 2 (O | BoEo iRRT 7 vick 2 - HERE Fconfi
A AR AR B Lo ge it ek Lormise, | iR
el P o < - M )
p022 | B8R B JUNIIRAABEEIN YR EHI) REYRIATR O L JRE E W 7 L Dl
p023 | KT v (UK ZARABEF s AR | Dynamics of mutation and variation in the evolu-
R tion of cooperation.
p024 | JIIE B4 (BUNBRE AR ARG R | BN E — 7 ORRPIE 2 AL 2 FoBZ2 R 28 5
e v 8 — WERBT R v —T7) |
p025 Tolibjon E. Buriyev and Vafokul Ergashe- | Chaos and self-oscillatory regimes in ecological
vich Ergashev (Department of Mathemat- | system of two competing prey and one predator.
ics, Samarkand State University)
p026 Jamie L. Ridenhour and Charles E. Smith | Effect of a learning rule in a model for a cortical
(Department of Statistics, North Carolina | neural network.
State University)
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ID No. | PRESENTER TITLE

p001 Seno, Hiromi Construction and analysis of mathematical model for the
degree distribution in geometric structure of protein in-
teraction network graph.

p002 Seno, Hiromi Competition promotes the coexistence of preys under a
common predator: mathematical considerations.

p003 Suzuki, Yoshiaki Stability analysis for chemostat equations with delayed
nutrient recycling.

p004 Matsumoto, Masayuki Analysis of a discrete competition model with stage-
structure.

p005 Tagashira, Osamu The effect of time-delay of feedback control for chemostat
model.

p006 Nakaoka, Shinji Effect of habitat segregation on chemostat models.

p007 Yoshida, Naoki Stability analysis of an SIRS epidemic model with delay.

p008 Iwata, Shigehide The effect of soil nutrients on species diversity in a lottery
model.

p009 Imai, Toshifumi Genotype-structured predator prey models.

p010 Mistue, Ayako Population dynamics model of multiple parasites.

pO11 Doi, Masahiro Impact assessment of chronic radiation exposure on the
population dynamics through predator-prey interaction.

p012 Sakamoto, Kuniko Simulation of bacterial growth model for low cell density
targeted under detectable level by conventional culture
method.

p013 Kumar, Sanjeev Mathematics modelling of the interaction between tissue
cells and tumor cells.

p014 Nishimura, Shin I. A simulation study of phagocytotic processes.

p015 Ono, Naoaki A simulation of organization of cell colony structures
based on lattice artificial chemistry.

p016 Nakazato, Kenichi Evolution of ecological networks : food web structure and
mass extinction.

p017 Marutani, Teruhiko Modeling and method for determining optimal forest ro-
tational schedules.

p018 Hara, Yoshitaka Theoretical irrationalness of breakpoints of Arrhenius
plots in biological responses, and the analytic method
by using the assumption of serial pathways.

p019 Mizuguchi, Tsuyoshi Multi-task allocation and proportion regulation.

p020 Asano, Masakazu Modeling range expansion of bamboo forest: Individual
based model.

p021 Hisatomi, Mitsugu Modeling range expansion of invading species under het-
erogeneous environments:Integro-difference equation.

p022 Suzuki, Sayaki The evolution of tolerant effect with a warning signal
among host plants in disease-conductive soil.

p023 Ohtake, Yohei Dynamics of mutation and variation in the evolution of
cooperation.

p024 Kawaguchi, Isao Mutation rate that maximizes evolvability.

p025 Buriyev, Tolibjon E. Chaos and self-oscillatory regimes in ecological system of
two competing prey and one predator.

p026 Smith, Charles E. Effect of a learning rule in a model for a cortical neural

network.
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Multi-Game Dynamics

&4 K (Koh Hashimoto)
FECRZERAGE TR UMERE PP T At
Department of Applied Physics, Graduate School of Engineering,
The Unwversity of Tokyo
hasimoto@zzz.t.u-tokyo.ac.jp

Evolutionary game theory is a basis of replicator systems and has applications ranging
from animal behavior and human language to ecosystem and other hierarchical network
system. Most studies in evolutionary game dynamics have been focused on dynamics with
a single game. However we must assume that games in the system are plural in many
situations.

We consider players play two games, game-a (having m strategies and the m x m matrix
A as its pay-off matrix) and game-3 (having n strategies and the n xn matrix B as its pay-
off matrix), at the same time. The players can be divided into m x n groups, with group
(1, 7) consisting of players who play the ith strategy for game-a and the jth strategy for
game-(3. We assume that game-a and game-(3 contribute to the player’s fitness additively.
Therefore, a player using strategy (i, j) playing against a player taking strategy (k, 1) will
be rewarded A;, + Bj;. Aj; is obtained through game-o and Bj; though game-3. Then,

the time evolution of the game dynamics with these two games can be defined as

Ty = Tjj Z (Ai, + Bji) wr — Z Ti (A + Bur) wirp
where z;; is the relative frequency of players playing strategy (7, j).
We call this dynamics with plural games Multi-Game Dynamics (MGD) and dynamics
with a single game Single-Game Dynamics (SGD), to distinguish MGD from SGD here.
The frequency distributions of strategies in game-a and game-3 are now given as y; =
Z x;; and z; = Z x;;, respectively. Are the final states of y and z always equal to the

ﬁnal states of the SGDS of game-a and game-(37 If they are, we don’t need to discuss
with plural games and we just analyze SGD of each game.

In the present study, we find that when players play plural games at the same time, the
frequecy distribution of each game can behave quite differently from SGD of the game.
This means that we must know the structures of all games and the frequency distribution
of all combinatory strategies for each game to predict the frequency distribution of any

single game.
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Evolutionary game theory of moral judgment:
indirect reciprocity by reputation dynamics.
Yoh Iwasa and Hisashi Ohtsuki (Department of Biology, Kyushu University)

Indirect reciprocity is important in maintaining cooperation in human societies. Since a
partner of a social interaction often changes, an individual should assess his partner by using
social information and make decisions whether to help him or not. To those who have ‘good’
social reputation does a player give aid as reciprocation, whereas he has to refuse to help those
who have ‘bad’ reputation. Otherwise benefits of altruism is easily exploited by them. Little has
been known, however, about the definition of ‘goodness’ in reputation. What kind of actions are
and should be regarded as good and what kind of actions bad? And what sort of goodness enables
sustaining exchange of altruism?

We consider the following game: At each time step, players are assigned binary
reputation (good/bad). Players engage in a one-shot game with a randomly chosen opponent and
change its partner every time. The action of players (Cooperate/Defect) may depend on the
reputation of the opponent and of himself. There are hence 16 possible behavioral strategies.

Based on the action, the reputation of players changes, according to reputation dynamics which

assign the reputation of a player in the next round considering his action, his reputation in the
previous round and the reputation of the opponent. The game is observed by a third player who
reports it to all the members in the group. We also consider rare errors in action and in reputation
assignment. All-D, who always defects irrespective of reputation, is an ESS. But there can be
other behavioral strategy that is also an ESS with a higher level of cooperation.

By mathematical analysis, we can calculate all the possible ESSs in all the different
reputation dynamics. Among 4096 possible cases, only eight cases called ‘leading eight’ are able
to maintain a very high level of cooperation even when the benefit to cost ratio exceed one only
slightly. The leading eight strategies shares two common characteristics: (i) cooperation with good
persons is regarded as good while defection against them is regarded as bad, and (ii) defection
against bad persons is regarded as a good behavior because it works as sanction. If any existing
society must adopt a moral system that is able to maintain a high level of cooperation, there are
universality as well as variability of moral system between different societies.

When in good reputation  When in bad reputation

Mm,,%“m good | bad mm"r“nc“’ good | bad 2| good | bad
C |good | = C |good | * s RCENIREY
D | bad |good D |bad | * |

* indicate either C or D (free to choose); ** is determined when three pivots with * are given.
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Coevolutionary Race for Control of Information Transmission

Yutaka KOBAYASHI (yutaka@ecology.kyoto-u.ac.jp)

Center for Ecological Research, Kyoto University

THAnEE D T8 2 K 5 Lk L — R
IR Ok - ERREEE X —)

In terrestrial tritrophic systems, plants often employ predators as bodyguards against
herbivores. Volatiles induced by herbivory, which are called SOS signals, mediate this
interspecific mutualism. Obviously, plants and predators favor accurate transmission of
information about infestation, while herbivores do not. These antagonistic interests can
cause coevolutionary race for control of information transmission, in which herbivores
evolve to reduce the accuracy of transmission, while plants and predators evolve to
recover that. More concretely speaking, saliva of herbivores evolves to change the
chemical feature of the induced volatiles to break down the information transmission,
while the metabolic system of plants evolves to recover the feature, and the odor
receptor of predators evolves to re-interpret the new volatile as information. I construct
a one-locus two-allele model to describe this evolutionary race. The system yields three
types of attractors: (1) a stable fixed point, (2) limit cycles, and (3) strange attractors.
The fixed point is always locally stable, while limit cycles only emerge under certain
conditions. This means that there is always an evolutionary stable polymorphic state,
and red-queen-like coevolution is also possible under some parameter values. There are
two subtypes of limit cycles. In the first type, the cycle mainly involves the evolution of
plants and herbivores, while in the other, the cycle mainly involves the evolution of
predators and herbivores. When parameter values change, we observe a phase shift from
red-queen evolution of plants and herbivores to that of predators and herbivores.
Actually, there is a limited transient phase, in which we observe strange attractors,
between the two phases. On those strange attractors, all plants, predators, and
herbivores are equally involved in the coevolutionary race. It suggests that if two
species have the same interest (i.e., predators and plants), only one of them is involved
in red queen, and we need a special trick like a strange attractor in order for them to be

equally involved.
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Does more information give females more accuracy in mate
assessment?
Lt IRBES](Takashi Uehara)*, & #1T(Hiroyuki Yokomizo), ig&{&E(Yoh Iwasa)
K - ¥ - &% (Department of Biology, Kyushu University)
* uehara@bio-math10.biology.kyushu-u.ac.jp

JyE—IREDRE®. Ly IS5 - HELETE., HLRBEEZESN
EEICHDIEDRAHEZELIL TEEA mate-choice copying EWDITEINER
5Nd., CDITENIE. EICDWTOREEGBERL DESNAVEEDS, BERIC
FIEHERIFREFE > THEZEZATLBDOMEDEIRESZICL., KUBRWEEFS
NOWERBAFEIRRIEC D TWSEZZ S LEMATE S,

HEDNEDENINHSRIBOMDEIC/ A XDA>ZENTOEEZZ(TRY,
ZOENTOEMSLVRWELHIEENZi#EEREATNDET S, HOEE/
AZXADPENTNERDTICHEOEEZHTHSHELT, D 2 TWDHEDSS
DEVEDEHFEOSWHEZERET S, thd 1 DD 2 COHEDSIEEDS
LEBALEDEM>TWT, BAMSRE 2 EDEDQDREMTIOENEZ 5N
B 2 EDEDEDFREMFEHFHEZRA XADEBREZRANWTHET S, S K
UEDHEIFHEDEWHEZREZATWNSETEHE., EDLSBEEICHEITMDIED
BIREEUTDHZDOTHASO D ?BADER. thOMZzEUT S LICL>TEK
UR\WIZHMNTSZENTESDIE,. [1] BADHERSZBBNHRNEE,
[2] fDMDHEZRLSENRINEE, [3] 2EDHEDRENIFTOEICENENE
EThdEbhoI,

5T 2 EOMOEREBRR LGS, 2 COMSENETNER TEHE
ADTDEDHEFE>THERATINDEE, FADBHOI—HADMEREMLLT
WBEE, —ADMDERERZLETHOI—AIZZTDOME LB #EEIRL L
EZCDNT, KVEDHFHEDS WV#EZEIMDITENL 1 EOMEDERZE
BLEBELETIEESIZDLSD. 2 EOMDOIBEELLDEREERT RED
=#EZ5,
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Evolution of a trait and the stability of population dynamics

LLTHIHRSE (Satomi Yamada), =iZHKE (Fugo Takasu).,
HIEM %S T (Nanako Sigesada)
BRI REBEHS (Nara Women’s University, Japan)
satomi@ics.nara-wu.ac. jp

—HREIC . EARTEBIRE AN 2 I R & — U IR MEL AN C BRI R 77 — L X D /S, #
DT D% L OHFIZETIZ 2 DR R &7 — )L D3E L 2 F O TRFTIICELD #0023 W,
A EAREENRE DO FEHRE 2 E L 7L, Lo ' T fTONTE L L7,
L 2> LIE4E, adaptive dynamics &\ o7z, TWHDMEMSY A F 2 7 A Z AR HEEIRE & [H5%
IRt T B BRI L L oo H D £,

Z TTAMZE T, TWE OELMERREOLEM IS KIZ THBICEH L, Wil 1 f %
fEfAEREIREICBI L <, 1) RERIET V., K, 2) MHEFERVEERR—ZE T % R
L. MFEDIRZ % MK T 5 2 & TIFE DML & ARErEIE O LEtEo IRz, BINE
BICHERZ YT TR F2ikAa 7,

EINPE I NI, BEROBEFEIBEFRL VWS EEbNTwET, ZnZiUis
DBIBFEDRIG /NS, NS BARPEAEL > OPEPRNICHEHT S LE 260
TWET, BNLREAROBEMEIZ, BREERZ E OB R TR D /N S VBB T
WIXRLENT WS 72D, BNARERNBEIZZ 9 LIZRD FRAD, RIKEZ OB TR
LOBEFOENIGEINE T, ZORNPEDMENIZOWT, BNARPEIEENIC
BIETAHAICEHLTEZEY, WERNETIVE LT, HEHT 2 210FE OB
5T ~DBIERERZ ZHE L 72 Ricker B AT 4y 78524 2. NIVEREIMEORES
A HEAZHOCTET LV EZBEL £7,

HERGRIEARER— A BTV E LTIk, ENFEOWEZ D LI L GEBIZD VT, %
EAEIEROBETFEEZ RS, ZNZFNOBEETEIINLEE T 2 R/ EARGE LIEERDTE
BIZZOBEBTHEICE>TIRES, LI FHEEERICETVEMEL, BT ZITVET,
ZL T, 2200 T NDLEEE{T, WEELOMEEEEEIE DL EE~ DG 12D T
WEfT>oTwEFET,

30



JSMB04-022al515 9H22H OK) tvavA

RBUZB T AN - ENE ORI TFHRESATIVA
Gene frequency dynamics of righty and lefty in fishes

Oy SEA GRKMEEFEDD M e BEEREREEE ) Bk GoRe)

FIZRBW T, BNAICRAZ P LR DT ERE ) & ZOWOTER]E ) LWV BIRTEE D )3
HHIVTWD, ZO ZRNIH T = A T1iZ T CD EL T2 OO KR T FEIZ WO THERR ST
W5, BRI RUL RG22 B AR IS KELS A LR X BED A T VBIREE Z LN TND,
DD IEAVEIL, B 5345 DB L7053 Wi tEFE % #R (Antisymmetry) O — 1 &5 2 Hivd, ittt
IZDOWTLL T ORI BURIRONERE N R E I TND,

(1) FEAN ORI LB ITHAFE O JE B A Ff - TREN 5,

(2) BT OFZLLRITHERE OTNEAHBI T TS,

(3) i EFE L, B LIS O OAEAZ EITH AL TW5, ABFZETIEZE Cross Predation

(BB LIRS,

(3) DI B DI PMEN D LR E LA RIE O IAF AR T L2 HREE R HND, 2O HIX
LUF D IO EARFEIRIC KV TE D, HOMRFE CTHRENE ol & 2O Tl A E
DRV R E DS AAF - BHEITF RN L7200 TEEIRIT/2 D, £H72 5 L AR CTIEAF 20 I<<leo7z
FRIERED LT, 2 TOEIR Ch ST ERIE D E RN L72o TRON TEHIRER D, ZHL T, LBEH &
HEFICB W TEEIROFED ANVEDO D IRS AL TS ID,

AL Tl LRLOBERFEIROIGR 2 REE (fix) L& 2fE (fiylz) ICBITHENE LD
FENOLFIEBAE THEET VE AW TRE LIz, ZOFT /W, AFIEEROBS 7R85 M
BB T OFRTETHLIEEFIHLC, BRSO E OBNRES | JEIL MG EE &2 OFE O -5
FEDUNRK A BIZ THEZ R TERLIZLDO THD, AN OFX LR OIRENIZ K 58RI E)
DN FERFTT D720, GRS ERETT 207, 2EREENIAE T DM — O Wil ST, BNOAF
ZEARBEEED 172 &720 BIBALHZ O Y2178 OB T RERE 55 &l mlUI RN R E ThoTz, &
B SEBROME R, FN T ORI B A L E 72 IR B 2 R 7o, AT MUIITIZ L AL 3 FOE
BOM AT T I CWZREHNEIFEIT Tho7e, BAMEZENIZOIREIOJE M2 E<L, IRigZ RS
72 (K1), R LB BFH ON BIREIMNED ERAIIZOMREIIMS Tz, FIREENA LR
O &% B 5 Parallel Predation AT &) 732<705 L FEE W IRE 23 o vz,

X1 EEHNZEBEESELHEREROGR. BHMIRSARLND,
1
%08
=i}

= o6l — HEE (X
% 0.4 IWNIVN NTWNANAW Y BEE (fy)
g, — BEEH (F2)
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a
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Optimal schedule of sex ratio in local mate competition with male-male combat
Joe Yuichiro Wakano (University of Tokyo, Dpt. Biological Sciences)

Primary sex ratio in local mate competition (LMC) has been well studied both theoretically and
experimentally. However, some experimental data show more female-biased sex ratio than theoretical
predictions. Here we consider the following two factors, both of which are actually observed in
Melittobia wasps (Abe 2003, J. Evol. Biol. 16:607).

a) lethal male-male combat

Due to severe male-male combat, male mortality is an increasing function of the density of males.
The role of sexual difference in mortality cannot be explained by the traditional Fisher’s theory because
we must consider the effect of relaxation of competition among sons through decreased male mortality in
LMC.

b) time dependent control (or schedule) of sex ratio

There may exist the optimal schedule of sex ratio, when females keep producing offspring for a fixed
reproduction period and when she can control the sex of her egg. Females (daughters) disperse soon
after copulation while males (sons) stay on the host and are able to mate females that will emerge in the
future. It might be adaptive to produce males first because males that emerge earlier have more
opportunities to mate. On the other hand, it might be adaptive to produce males when males are rare and
thus competition is weak.

In the present study, we analytically derive the optimal schedule of sex ratios as Nash
equilibriums using Pontryagin’s maximum principle. As a result, the sex ratio (the proportion of males
at each time) is always a decreasing function of time. The total sex ratio (the proportion of males
averaged over time) is exactly the same as the previous prediction (Hamilton 1967, Science 156:477)
when only a) or only b) works. Only when a) and b) works together, the total sex ratio becomes smaller.
When male-male combat is very severe, the optimal sex ratio can be extremely female-biased (less than

5%). Our study might provide a new basis for the evolution of female-biased sex ratios in LMC.
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<joe@biol.s.u-tokyo.ac.jp>
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Analyses of Optimal Growth Strategies o
Defensive Organs by Pontryagin's Maximum Principle
R M) —F o DRKAERIEIZ KD E O & AR EES O T

Takahiro IRIE and Yoh IWASA

Department of Biology, Facuity of Sciences, Kyushu University

We studied a model for the dynamic
resource allocation to defense organs
in determinate growers. The environ-
ment is characterized by energy acqui-
sition rate (a), defensible predation

nracenra { DY and canaral martality
Pl. ooulw \-l'. }, (SR BAN S 5\.«11\41“1 LilvL l.(,ly}.l.l._y

(m) 1in this model. The problem was
solved analytically using Pontryagin's
maximum principle.

Optimal growth trajectories of defen-
sive structure, derived from the dyna-

mir nntimizatinn ran ha ~rlaceifiad
1111w UPl.lllllLﬂl.lUll, Vadll Uv LVidoolllvud

into five strategies (see figure).
Molluscs have adopted four of the five
strategies. Our purposes are to investi-
gate the theoretical conditions in which
each growth strategy is optimal and to
compare them with the environmental
conditions which molluscs are suffer-
ing.

Our results are:

Relative Size of Organs

{ : maturation

STG

Ontogenic Time

1. If all of the environmental variables (a, P, m) are constant throughtout

lifa Anl QT anmd QT 1 Aqm lha Amtisaaal
11T, VillY O 13 dliud OLAJ Ldll UT Upitiilial,

2. If defensible predation rate before maturation (P;) is positive and lower
than that after maturation (P4), ACG can be optimal.
3. If defensible predation rate before maturation is higher than that after

maturation, ABG can be optimal.

4. If defensible predation pressure before maturation is zero, SQG can be optimal.

Ln

constant throughout life

. STG can be optimal only when all of the three environemtal variables are

We will discuss whether these results coincide with the patterns oberved in nature.
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Multiple-year optimization of conservation effort and monitoring effort

for a fluctuating population.

FREICHIT 5 RERE

ELENOEIEIIAR

HMRNSAFIyoT0ISI VL > TREERRDOFZEEZMS

Hiroyuki Yokomizo', Patsy Haccou® and Yoh Iwasa'
(1:Kyushu University, 2: Leiden University, The Netherlands)

We consider optimal conservation strategies for endangered populations. We assume that the survival

of the population is affected by unpredictable environmental fluctuation and can be improved by

conservation effort. Furthermore, the exact value of the initial population size is assumed to be unknown.

The conservation strategy involves two aspects: investment of monitoring effort, to improve the estimate

of the initial population size and investment of conservation effort. Both types of effort imply economic

costs. The optimal management strategy is the one that to minimizes a weighted sum of extinction

probability and the economic cost of conservation and monitoring efforts. We study the optimal levels of

the conservation and the monitoring efforts, and their dependence on the length of conservation period and

other parameters.

Main conclusions are: [1] The optimal
conservation effort in the first year depends on the
accuracy of the information on the population size
in the first year, but is almost independent of the
accuracy in later years. [2] The optimal
conservation and monitoring efforts both increase
with the length of the conservation period, provided
that the population is relatively safe. However, if the
population is endangered, both types of effort
become smaller when the conservation period

increases.
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Three foraging models and a task-allocation model of an ant colony
O PEERMRAIIZET = P=7 U o 72 bt E R
Keyword: Foraging theory, Reaction-diffusion system, Stigmergy, Task-allocation, Deadlock

BT I T AETR IS IS U 7o 7o O - R AR AT L7 e Ik A 5D, 7= e B S 2 AW T
TERFELE 21TV e 23 AR CRRETCENE W 52 AT 5 ZHOMRER S BEREA - RATR 72 1F
WISV TATEN L 2R D 7 = m B &2 —Ri7eE 5 - GBI - SRR L LTI 5 FIC L
0. MEOHEERID ar =—2K TR - KIFHZRERISEI kL I b, RIFSE T
& 7 =T O EER O Z 2 W22 MBI B R Z2 2 T TIROITEN I 2 388 L0 0T
HET N TIXT =0T RO R D SHHOET VARG I OSEET L TIIHE X AT
T 5 2 FEDEFEEA), UK 5 a2 v =—2ROEBHOELE T,

I. Three Foraging models with different sensitivities to pheromone
FEFIT ZAVE THROSHEHGR & R OIREE 2 "l o 0 = — OREATEIE T L2488 L [
[EE S VT2 5 CHERE DR AMIAS S 412 | S_fF T TEVB N Z — 0 DI RO AT 2 3R A i~
T 7=, 7, Foraging theory OBl LD & T OGS TIE LW ISR ORI 0
%3 A MIBAERNRICK R SR, RBERTIHEIGIRR O T X M2 L0 EfEICHET 5720,
R %7 2n® RZMNEROLUTO 3 o0 an =—E 7 L aiGt L, TR HE 12 —EIC
RO E I, BLHGENENRLS SN LESIC—EROFOHN T ¥ L7RLEICHAG S
D) T CTHMEERZITV, BET/VORERIR L K LT,
1. Trail model : (T FICybENZ7 =0Ty LA AT E2ER L LTURMT 5,
2. Attractive model : % F LA TN 2 ZZRHICHEBHL 72 7 = 0 B A TE 5,
3. Desensitization model : BENEED 72 b LA LI Y E < &, —EHIM 7 = 12 1%
T DM AR T, GREFRIED 7 0T @I feedback S5, )
BEDOBLDO R E SR OB A B A THIHFERZAT > T RITLL T 0@ v
1. Trail model (I TOGIZLERBI B 2 23725, Bi51 D720 & SRWERETIR 2R~ T,
2. Attracting model %, D E DS IR E 72 W FE) B & #d 29 deadlock &V k9,
3. Desensitization model TIZETOGIZZERBENE IV | fFOHDOKRE SISO
(e ohe B 0 1 SYT=AVAY 21111 B/ SE g N

II. Task-allocation model between foraging and garbage-piling

D. Gordon %X° J.-L. Deneubourg %%, ZHNENZEMIINI KRR DEET LV EZREL, ¥
YT TN —THOERGFEREFI L CE T, EHIF, BFET7cnE L EIIREEL[FEFLELT
FIH L7222 SRR & AR ZRIRHC TS 2 0 ETT NV ERRE L. B0V 7 7V — T D22
FMAERICER L TRIEERZITo 72, (ZOBE, fIHERFI T IR LT T, ko ITI0®
T—E L L) ZofE, 1 ZE—EBROEP S HAMDOEITS CTofM e BN bt 24
AR THIZ AR D IR X2 — U R BT,
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Wiscom of Marchen, and Reverse System Bieology

HH #Z (Yasuhiko TAKEDA)
IRLIPNES: S SHE Y/ S8 € a2 e
Department of Biology, Faculty of Science, Kyushu University
takeda@mbox.biology.kyushu-u.ac. jp
Mammal’s body constitution to be designed from molecular resolution ismatched with phanerozoic marine
biodiversity curve as a scale. Each innovation accreted corresponds to each event of mass extinction. To

grasp it as an accomplished fact, the constitution should bedescribed as a superposition of the events
occurred aroundpaleozoic plateau and cenozoic ascent.

The former is to satisfy the condition of well posing each organ
without fail.

The latter is to ensure the coexistance of all cell lineages
without contradiction.

O Wisdom of Mérchen
indicates  “Mind of mortality” to go across paleozoic plateau or
“Mind of mortality” to climb cenozoic ascent,
and they are expressed as mostly simple formulae.

© Reverse system bieology
indicates  “Heteroclinic connection” to go across paleozoic plateau or
“Baroclinic instability” to climb cenozoic ascent,
and they need well prepared computer algebra :-)
In this seminar, I would like to show preliminary results to precede the avalanche of case by case investigation.

HFLENY DT 2 707 L v 6 i%EFT 2 FIH (RIS v 7-9mbifi) % SR O rE RS
MHEENI AL AR CRAEE) (SIS TR E T, 2oL EMI N FHHEE LTk
Hill %2 R 2 BRI i ERoEE L HERDO BT E - FHROERAGDLEY L L TR L
52 EDEHTT,

B 3% DR Z2WHE R CED Q7D DEFEZ /-T2 L 2 EK L
B MR DA 2 FIE % CRAET 2 2 L2 ERL 7,

O AL~y DHIE
L) DIFHERDES GEIES DL TEALD

HAERD ElRE UEIELCDDL” TESD T AROLMED X I %
2T CIFRFICR BRI NE T,

O Wiz AT L
L) ol EROES “FEEE " TA7D

Ao Bz “EEALEERE" TE-7D T 2RDOMID L) X
BE2ZTTTh ) TR BRI EGE SN E T,

fE A DIRGEIC 2 724 GACENCHED TE S NS FE L L THANERZ BFHL £,
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A Time-Delay Model for Single-Species Growth
with Multistage Structure

00 OO 0O Yasuhisa Saito
O00000000000000 (Shizuoka University, Japan)
y-saito@sys.eng.shizuoka.ac. jp

The present work proposes multistage-structured delay differential single-species population models that
have a globally attractive interior equilibrium. As a result, a 2-stage-structured model consisting of the
immature and mature populations in [1] is generalized.

gogoboboggbbooogooooo

2)(t) = —ar (21 ()" + Baa(t) = fi(za(t — 7)),
#(t) = —as(ws®)" + fir (walt = Tiim)) = i (walt = Sism)) ()
1=2,3,---,n—1,
2y, (t) = —an(za(t))™ + faa (QCN(t_ZZ;llTk))
00000000, 00000 240) > 0 (i = 1,2, ,n—1) 00 aa(s) = é(s) >
0, ~A<s<0.000 B,an,% (i=12--,n0)08>0a>0v>1000000,
TiZU,A:ZZ:llTu fi O

B, (t —71)
1+ armi(n — 1)(Bra(t — 7))n-1)71

filwa(t = S42im)) = fia(wa(t = 3001 ™) |

|:1 + aﬂ’i(’}/i - 1)(fz—1($n(t — Zill Tk)))%_l Yi—1

fi(za(t —m)) =

00000 (i=1,2,---,n—1).

(£)0O,0000000000 (multistage structure) 00 0000000000000
O000o0o00000.n=200 1w —14,%»=2000,(F)000000O0 2000
gogobogboboboooboogb,oooobuoobbboooboooboboon
(cf. 1]). 100000, 0000000000000000000000000000
0,000000000 (ef. 00O [2,3).000000,00000000000000
gd,20b000doboobobogoboogboobob.o0,bodnbboobbbo
000000000 (p)OOO, 00000000000 00OO00O0,0000000.
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Introduction of stage-structure into a model with a complicated behaviour

goooooooooooooooooooo
(Graduate school of science and technology, Shizuoka University)
r54450230@ipc.shizuoka.ac.jp, takeuchi@sys.eng.shizuoka.ac.]jp
There has been much work on ecological models with stage-structure. Here we consider a 2 prey-1 predator
model and introduce the stage-structure into predator. It is well-known that in two species competitive
system there exist three cases, coexistence, dominance and bistable. Takeuchi and Adachi (1983) shows even
if two competitors cannot coexist in a subcommunity, introduction of predator can increase possibility of
coexistence of three species. However, there are some cases where one of them goes to extinction even though
a positive equilibrium exists. In this case we investigate the possibility of coexistence by the introduction
of stage-structure. As a result, in most cases it can not create new type of coexistence. However, we find

the superior competitor which in two species competitive system goes to extinction by the introduction of
predator becomes superior again.

bbb tbbooouobobbbouoobbobobbobbooooooa
godbbbodoooouoo—-gououobbobbobbouboooouoon
gobbboobooooboboooobboobobobouoouobbuooobobon
0000000 (coexistence)d 0 O (dominance)d O OO (bistable) D0 OOOO0OOO
gobobobobboboboobobbobbutbduuoooooobobobooboooooa
godddooooooooobobbobbobbbbuoob oo oooooo
goddobbboboobbboooooubbooooobbbuooooooon
goddddddooououooouobooboobbbbbbboob oo ooo
bbb bbbbobbuobduouooobobuooooo
gobbobobbboggbbobbbbutbdooououoboboboobuobboboobooooa
guoodoooooooobn

Ooon

[1] Takeuchi, Y. and N. Adachi (1983): Existence and Bifurcation of Stable Equilibrium
in Two-Prey, One-Predator Communities. Bulletin of Mathematical Biology Vol.45,
No. 6, 877-900.
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P and synchronization In matrix population models

4 By  (Ryusuke Kon)
AMAFARFREEFMAR (Foculaty of Mathematics, Kyushu University)
kon-r@math. kyushn-u.ac. jp
The recent study geve o safficient condition for permanence (populstion sarvival) in mairxc populstion
muodels. This sufficient condition ensures that if the matric st the origin & both imeducible and unstable,

thom population survives in tho somso that the total populstion donsity is eventually greator than somo
positive constant. However, this sufficient condition does not ensuras that all cohorts eoexist. For exemple,

it is known that even if the system is permanent., it con beve synchronous orbits in which some cohorts are
nhmant. [n this talk, we comsider the relstionship betwoon metric forms and synchromous behmvior.

FEEoTEF L —BickoEaiEAc k-t aIh3 :
2(t+1) = Aygyz(t), t=0,1,.... (1)

ERL, ZZTAEn x nfTAHEBEE () = (zi(t).....za(t) THS. <7 F A x(t)
DEHEEFE () 272 A1 (PLIZERCRTER) cRT2E5BofES (428
HEEE) £H0bLTwa, ko7, 2o Lot BFcHEECHE I FHAE
THLZOT, TAA BROFEEREL TS IRETS TR ToOs > 0L T
Az 20 (THDERI BETE), ¥4 T0z>0EHL T Az £0 (465 RI\{0}
REFE), £4, (1) BE-EBOETFALTHEIELTEL TV,
KOEIGE>0DFETSLEE, FHAlETL (1) BA—eR A ThiLvbhd:
8o z(0) € R2\{0} X L € § < liminf, .. =7, 7(t) < limsup, 0, %(t) < 1/4.
SR cE Db, A (FEEEEBTS A) BEHTHIAEETHNL (1) B A—7
FVARESIEIAEN TS, R—2Rr AOEEFL LB LT, (1) H5—
TR VADQLE oo nE BAORSSEOEEI DGR 252 LR
E2h3, Ll, E/2 203 Eo@EI b KE LS FREE IR TV
vi, HEE, A—e R ATHINES T A0REEINE CREWERRE R ORENLT
FEFAMBESNTYS (BAIE (21,0) — (0, 72) — (£1,0) — --- E & 5 2 REIW) . 2
G, TORERIEECLEDAS (E12H). cokdElRE, REYzLy
@ "“Poriodical Insects” i R o h 5 EHESEHIEL TE D, SEPMNC LA TRER,
EEpFECR, FAEFAL (1) oFES - FAEBE A, toBRicouwHETS,

1

uﬂﬁ zi(t), za(t) ]
o= YOO Loy rmu fm A
5

[1] Kon, R., Saito, Y. and Takenchi, Y. (2004), Permanence of single-species stage-
structured models, Journal of Mathematical Riology, 48, 515-538.
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Lotka-Volterra model of competition with delay

RiH KM (Yokoi Hiroki)
HAR AR ZGEBE 258 RE (Nihon University, Japan)
hyokoi@phys.cst.nihon-u.ac. jp

WA RESE T M BT 05 2FOT b A — FILT 7 OBSE 7 VB REER OB
FHL) AT, SRR T OMITL 72, WIENENATA S < 7 BIc oI T, HAERDTH
ERD SRy 7oyl% UM, S SIiffGokz2 LA AR ZD%2) 77 )
THBRHE L Tl 07, 3610, BRILT k775 -0z X <3,
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Modeling biological invasions into periodically or irregularly changing environments

FFIE D D F-(Noriko Kinezaki) 2,  JI[I% /% % (Kohkichi Kawasaki) °,
= ZE KB (Fugo Takasu) ¢,  H57E 4 22 7 (Nanako Shigesada) ©
‘IR EPEEREREE AT (Faculty of Business Administration, Nara Sangyo University, Japan),
*EFERET S (Department of Knowledge Engineering and Computer Sciences, Doshisha University, Japan),
RREITTRPEEER (Department of Information and Computer Sciences, Nara Women’s University, Japan)

kinezaki@nara-su.ac.jp

We consider a single-species invasion into patchy (step-wise) or continuously varying
environments (regularly striped, crisscrossed, corridor-like, or randomly patched
environments), in which the intrinsic growth rate or the diffusion coefficient varies depending
on habitat properties. We extend the Fisher model to such heterogeneous environments and
numerically solve it to examine how the spread of organisms is influenced by the spatial
patterns and scale of environments, and which type of fragmentation is more favorable for

species survival.

BRIZINET, NBRREHEELICEK D ARSI NZ/Ny FIROWEREE, DFEDIfFE/Ny F
ERMEINy FOBEEIC RN DR WiEREE, U R—)VIRIEREE, BROWEREICHB N T,
LIF O —fi% Fisher 52,

on 0 on 0 on
—=—(D — )+ —(D — -
> ax( (x,y) ax)+ ay( (x,y) ay)+(£(x,y) nn (1)

n(xy) 1 RAFDOMEARERE, D(x,y) : JEEREL e(xy) @ NHYHE RN

ZHEA L TRABOEREECERICHELRMERBER EZFARNTE 2. TORE, 2RI
GO AHEREDOEEGNFERC TH> THRWA T — IV 2N T2 FEERHREZITES 2D
&, BEMECABEREORIGNE L THh-> THOREMEDENITR DERHREEIIK
E R D ZEENHSNT o, e, TOFALATHWEINZRETORKBEEIZ, £
RIZHD B EFHE/Sy FERE/ Ny FOHEBILENFRCTH>TH, TFLENHETLEA
HENETHEAICH D I ENTho Tz,

TITREREELT, RENMREHTIZRS, OLAEKGNICALLTS2HBETHNWT, N
v FARDFWIBREE T o 72 856 SRR % Fisher HRENZMEL TRIEFIEZT-72. Th
5DfERENY FIRDEIREICB T SEBERE EEHKTLHIEITRD, RELZFHORE L
CREEEOEREZERT 2.
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[1]Fisher, R.A.,1937, The wave of advance of advantageous genes, Ann. Eugen. (Lond.) 7, 255-369.
[2]Kinezaki, N., Kawasaki, K., Takasu, F., Shigesada, N., 2003, Modelling biological invasions into
fragmented environments. Theoretical Population Biology 64, 291-302.
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Effects of demographic and dispersal stochasticity on biological invasions

v o7 . . A . . .
AR A (Miki Kimura)*, JIIEEE T (Kohkichi Kawasaki)**
s — .
mHKIE (Fugo Takasu), HEF AT (Nanako Shigesada)*
= Eﬁ‘?jﬁ? (Nara Women’s University, Japan) ,
F&KRY: (Doshisha University, Japan)
miki706Q@ics.nara-wu.ac. jp

Organisms expand their distribution area, while undergoing dispersal and reproduction. We consider a
stochastic model that incorporates stochasticity in both reproduction and dispersal processes within the
framework of Kot-Lewis-van den Driessche model. We assume that the number of offspring per parent obeys
a binomial distribution whose average is equal to reproduction rate in the deterministic model. We performed
computer simulations of this stochastic model for various sets of parameter values. A major conclusion is

that the speed in the stochastic model is much smaller than that in the corresponding deterministic model,
and this delay in speed is mostly caused by stochasticity in dispersal.

RAEYNZ, B EBETEZ DR L 03 oA a IR T %, AL TR, 20k 9%
LD ARBIE OB %2 SR T AHERRBNE T L ZREELEL, COEFTALLRD LN B
AL & WIS T 2 ERNE TN DOGIBEEZ T 2,

AW TIE, ERINE TV E LT, Kot et al.(1997) 23208 L 7 AN O3 20 e
A2 FHT 5,

i) = [ ite = pmtesn {1 - 42 g )

— 00

—77i. ZOWERNTE TIOVISIG T A HERGRIVE TOVIZ, TR 13 PE R E iy
T 7IVOIEIAAE £ L\ IHS AR ISHE D, ““ﬁﬁﬁji&% Wi 7OV L U aEch —
FOVIHE) EREHTH Z 5N 55820 LT,

RCRERERINE 7OV 2 BUEIVIC T PERRINE TV OO L KT 5 L, B
%Lﬁﬁk?<ﬁ9ﬁé LA L 72, FEESRINTE 7L DS DIE NN D e &

THDHERED EL SICKESRKT 202 HS I ?%% B DRERME DR 2 42
AT, BRREDOZALZ TN T, Z DOREH., B OMERIEIZEEICIZ E A EHEL Lo
72o 12T, BENDORFIIITHDOHERIEIC L 2 b D TIE . THOMREIC LS HDT
HBEVH)ZEIHEBL 72,

I, HERGRIE T VICB W EERI O A L SHE (HAFEHL v 2) 24
WS Z TRIBHRE 2 T, Z OfGR. HAFHL v OaVNS e 218, BREHEEE DA
T5EZEDPHSLIZKE ST,
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Patterns from Heteroclinic Cycle Attractors

OO0 OO0 (Masashi Tachikawa)
gooddoo oobbobbb ooooo
(Pure and Applied Sciences, Tokyo University )
mtach@complex.c.u-tokyo.ac. jp
The existence of spatial patterns which are generated by a heteroclinic cycle attractor in local dynamics
is reported. From the spatial advection in patterns, the ptterns acquire bounded period. However, the

features, stability, and scaling of the patterns have quite different properties compared with patterns in
reported reaction-dffusion systems, which is conclued to reflect the peculiarity in heteroclinic cycles.

goobooboboboboboobobobobobobobobobobobob
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gbogbobodbogogboobbogboobbooboboobobuooboon
gbobboboboboooobobobbobobooboboboobobonog
gboogbobodbogbbooboobbooboobbuodoobobooboboon
ooobogbobobobobobobobobooooooobooboobobobobo
gbogbobouobbogboobbobooboobbooboobbooboon
gboboobooboboobobboboobobboboobobboboobo
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M. Tachikawa, Prog. Theor. Phys., 109, (2003), 133.
M. Tachikawa, Prog. Theor. Phys. Suppl., 150, (2003), 449.
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Species-Time-Area Relation of a Benthic Community

AL BT (Haruyuki Irie)*, IRfH B —HF (Keiichiro Tokita)!
NEBRATEHRA T 4 TEEWIE X >~ ¥ — (Information Media Center, Hiroshima Univ.)
FRRRAEY A N—=X T4 7 v ¥ — (Cyber Media Center, Osaka Univ.)

*irieGhiroshima-u.ac.jp, 'tokita@cmc.osaka-u.ac.jp

THEIZ, BN Th EOBFIC X ) Z DREIZHD LT3 —J57T, 2 R/NRICHE D
HARERROAKRf> T aNENZ20EHT 20D 0bWE I F 75— arvZHNE L
T FIER D FERE S T\ 5, RS N AR Z T 2 120%, W3 - TN 745
lilcE £ 53, LEEPNARFHIIEREE 22,

T E2ERAICTHE L 72 E W)k b L1z, 22T, 2 TRICBITSZXRV b
A (B ICEH L, 8L 22 R RN & Rod o oI ED X 9 %B
RD3H 22O, FHEL R EHRET S,

B2 FLIHT, ZOTIICBIT E XY b ZAOMEERELT v 7 5 DIRERRIC2 5 Z & &2
HU (1) F72, EEBEBIAMRIC OO THLIRD HEE 25235 72 Levy 861272 %
TEBWHE L2, 3], 26 DA &S MIOFERHIRE 7' 2 v b O OBIRIZOWT
PR e EEt B 179 .

SE 3

(1] ATLRAT, N Efes, PEER], T 2 THRARBROMEE - 7> 79, , HAY B
25 58 [A[FER K2y 29aWE-11 (2003 4 3 H).

2] ATLIGET, TTHRAREROMEARBZEL —XE 5516 & Levy 70—, |, &8 13 M4 Y
>V RY T A P10 (200349 H)

[3] Haruyuki Irie, “The Levy fluctuation of species-abundance in a benthic community”,
The Abstracts of International Symposium on Dynamical Systems Theory and Its
Applications to Biology and Environmental Sciences, Vol.1, p.113 (Mar 2004).
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Kill the Kkiller of the winner hypothesis and its theoretical predictions to

explain low bacterial diversity in aquatic ecosystems

Takeshi Miki (Center for Ecological Research, Kyoto University: miki@ecology.kyoto-u.ac.jp)

It is hypothesized that bacterial diversity in aquatic ecosystems is maintained by host-
specific viral infection, which prevents the dominance of bacterial species with the highest growth
rate (i.e., by “killing” more frequently the potential “winner” of nutrient competition). This is the
selective top-down regulation, called as “kill the winner” by Thingstad and Lignell (1997). The kill
the winner model predicts that the number of coexisting species is about 100 within a community.
However, this quantitative prediction is deviated from the observed dominant species number (< 20).
Then, there must be some additional processes that suppress the assumed selective top-down
regulation. As one of possibilities, I proposed the “kill the killer of the winner” hypothesis that the
intra-guild predation lowers the bacterial diversity. It is suggested that protozoa, the dominant
grazers of bacteria, also grazes on (“kill”) virus (“killer of the winner”). Then it can suppress the
viral population and then loosen the top-down regulation, leading to lower bacterial diversity. I
modified the kill the winner model, and numerically analyzed it, showing how the intra-guild
predation influences the bacterial diversity. It showed that the latent period of virus lysis and the
nutritional conditions of the system are crucial parameters that determine the magnitude of the

effects of intra-guild predation on bacterial diversity.
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A model for food web evolution

77%)N G- aAXTY (A. G. Rossberg) , MEFE (T. Amemiya)
prigaifd (K. Ttoh)
MEIEE N K (Yokohama National University, Japan)
axel@rossberg.net
We propose a new model for food-web evolution that accurately reproduces observed food-web characteristic
in its steady state. The model combines the observation that most predators are larger than their prey

with the hypothesis that speciation rates decrease with increasing body mass. No particular assumptions
regarding population dynamics are made.
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Ecological theory often predicts that increasing species richness or increasing
interspecific interactions destabilises populations, suggesting that a more
complex food web is more fragile [1]. This prediction contradicts the intuition
that complex food webs, which in reality persist in nature, should be stable. The
maintenance mechanism of a complex food web in nature has been a central
issue in community ecology.

Here, using dynamic food-web models, I present a hypothesis that food-web
flexibility arising from consumer’s adaptive diet choice holds the key to the
maintenance of complex food webs [2]. In the absence of adaptive foraging, the
food-web architecture is fixed and a population is less likely to persist in a more
complex food web, agreeing the classic theory. In the presence of foragers
capable of quick adaptation, food-web architecture changes in the time scale
comparable with that of population dynamics, making food-web architecture
flexible. This flexibility results in a positive relationship between food-web
complexity and population persistence.

The stabilizing effect of complexity implies that an adaptive and complex food
web is self-sustaining. This self-sustainability, however, does not necessarily
mean that a more complex food web will be less susceptible to loss of species.
In an adaptive and complex food web, once species are lost, it lowers the
population persistence, thereby enhancing further species extinctions [2]. This
positive feedback lowers species richness and population persistence at the same
time, resulting in cascading extinctions. This suggests that a complex and
adaptive food web may be more fragile when it is under strong pressure,

lowering species richness.

[1] Pimm, S. L. 1991. The Balance of Nature?: Ecological Issues in the Conservation of
Species and Communities. University of Chicago Press, Chicago.

[2] Kondoh, M. 2003. Foraging adaptation and the relationship between food-web complexity
and stability. Science 299, 1388-1391.
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Quantitative genetic models of sexual selection by male choice

& ¥ (Wataru Nakahashi)
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Division of Anthropology, Department of Biological Sciences, University of Tokyo, Japan
ss47216@mail.ecc.u-tokyo.ac.jp
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Theoretical research on sexual selection has mainly addressed decorative male traits and female
preferences for such traits. For example in the human, however, it is claimed that males have preferences for
female physical traits. Moreover, in some species of birds, male preferences for female physical traits are
observed.

Previous models of sexual selection do not apply without modification to the case of a female trait and a
male preference. A male who courts an “attractive” female has a smaller probability of being accepted by her
because she has many candidates for a mate, his fitness may be smaller than that of one who courts an
“unattractive” female. On the other hand, a female with a trait that attracts more males does not enjoy more
advantage provided all female can mate with at least one male. So, it seems that a female trait and a male
preference for such trait cannot evolve. But when there is a reason that a male with a preference or a female
with a trait that attracts more males has larger fitness, a female trait and a male preference may coevolve.

Three verbal explanations have been offered. First explanation is that a female trait is the signal of
higher fertility or viability, so males improve their reproductive success by choosing a female with such trait.
Second explanation is that there is a shortage of available male partners, so more attractive females have
larger fitness because such females have a smaller probability of being childless. Third explanation is that
there is a variance in male quality, so more attractive females have larger fitness because such females have
a larger probability of mating with higher quality males.

In this work, | analyzed the validity of these explanations by using quantitative genetic models and
found that sometimes the direction of male preference reverses every generation and that even if the number
of available male partners decreases, the showiness of a female trait is not always increasing. Moreover, |
discussed the evolution of regional differences of human skin color and the male preference for relatively light
skin color.
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(1) Mukai,T.(1964) Genetics 50: 1-19

(2) Keightley,P.D.and Eyre-Walker,A.(1999) Genetics 153:515-523

(3) Ishii,K.,Matsuda,H.,and Ogita,N.(1982) J. Math. Biology 14:327-35

(4) Matsuda, H. and Ishii, K. (2001) Genes Genet. Syst. (2001) 76: 149-158
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Evolution of phenotype and structure of developmental system.
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("National Institute for Basic Biology, “Department. of Biology, Kyushu University)
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Phenotypic traits conserved in evolution are often mentioned as
developmental constraint. However, the origin or the mechanism of the
constraint has not been understood yet. In this study, | study evolution of
phenotype based on an idea that sequential repeat of differentiations in
development is the origin the constraint. | develop an analogical model
“evolutional L-system”. L-system generates strings by repeating rewriting
characters based on given rules of rewriting (like development). The
rewriting rules (genotype) may change with time. Fitness is determined from
the final obtained strings (ohenotype). By this model, we observe interesting
pattern, phased change in evolution of phenotype.
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Pattern formation by the positive feedback regulation between flow of
diffusible signal molecule and localization of its carrier
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Mathematical models of apoptosome assembly in the
apoptotic signal transduction.

Jun Nakabayashi and Akira Sasaki

Kyushu university
nakabaya@bio-mathl0.biology.kyushu-u.ac. jp

Apoptosis is a evolutinally conserved form of cell suicide. Apoptosis plays a central
role in the regulating the number of cells in development and through out a metazoan’s
life. Caspases which are highly conserved family of cystein proteases plays a critical role
in controlling the apoptotic signal. Capspases are constitutively synthesized in normal
cells as inactive pro-enzyme that require further processing for full activity. The apoptotic
signal is regulated by the stepwise proteolytic processing of caspases. There are two well
known apoptotic signal pathways: one is initiated by the death receptors, such as Fas
and tissue necrosis factor, leading to caspase-8 activation, which in turn activated effector
caspases; and the other is triggered by cytochrome C released from mitochondria, which
activates caspase-9 through APAF-1.

Unlike other caspases, caspase-9 does not appear to be activated simply by cleavage.
APAF-1 is necessary for caspase-9 to be activated. The recombinant processed caspase-9
does not have a significant activity in the absence of APAF-1, cytochrome C and dATP.
The molecular biological mechanism of APAF-1 to activate caspase-9 is well studied. The
released cytochrome ¢ binds to APAF-1 to introduce the oligomerization of APAF-1 in
presence of dATP, forming the large protein complex called ”apoptosome”. Apoptosome
recruits and activates caspase-9. Apoptosome assembly is a critical step in the mitochon-
drial pathway.

The three dimensional structure of apoptosome was revealed. Apoptosome is a wheel-
like particle with 7-fold symmetry. It is considered that one apoptosome contains seven
APAF-1 molecules. It was also shown that the assembly of these complexes was polymor-
phic, as wheel-like particles with 6-fold symmetry were also observed at a low frequency.
This result suggest that the assembly of apoptosome proceed step by step. It is considered
that the intermediate state of apoptosome complex may exist.

We focus on the efficiency of apoptosome assembly, because the amount of apoptosome
affect the apoptotic signal transduction through the caspase-9 activation. To estimate the
ratio of initial amount of inactive APAF-1 and cytochrome C to complete apoptosome
containing 7 APAF-1 molecules, we construct a model of apoptosome assembly. Three
models are constructed by the way of APAF-1 assembly. Simulation results show that
the efficiency of apoptosome assembly changes depending on the ratio of APAF-1 to
cytochrome C. It is well known that cytochrome C release is regulated by various ways in
the apoptotic cells. It is consider that the apoptotic signal transduction is regulated by
the cytochrome C release through the efficiency of apoptosome assembly.
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Reaction-diffusion model for the genetic process inducing left-right asymmetry
in developing vertebrate embryos '

0000 (Etsushi Nakaguchi)
O00000000000000 (Information Science, Osaka University, Japan)
nakaguti@ist.osaka-u.ac.jp

In the developing mouse embryos, asymmetric, transient and situs-specific ex-
pression pattern of signaling molecules is observed, just before the left-right
asymmetric morphogenesis appears. Hamada et al. [1] presented a conceptual
model for the reaction-diffusion mechanism in genetic process inducing the left-
right asymmetry. The purpose of this talk is to present a mathematical model
for this genetic reaction-diffusion system in a one-dimensional domain along the
left-right axis with some numerical data.
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Theoretical analysis of opening-up lipid vesicles
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Modeling and simulations of the dynamics of true slime mold
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A model of Auxin flux inducing vascular differentiation in plant leaves.

F. G. Feugierl, H. Fujitaz, A. Mochizuki® & Y. Iwasal,

It is now established that auxin is involved in vein formation in plant leaves (Sachs
1974), but it is still hard to obtain models that can create a realistic network with loops and
different vein widths as observed. We start from a model proposed by Sachs, who stated
polarized transportation of auxin. This transportation is due to a pump-like protein in the
plasma membrane. The concentration of this protein increases as the out-flux of auxin
increases, which induces a self enhancement of the auxin paths.

To check the patterns that this canalization hypothesis can produce, we made a model
related to Mitchison’s (1981), and tried several different assumptions concerning pump
concentration conservation (reallocation), flux calculus, and pump production behaviour
according to the flux. A cell transports auxin actively to the neighbours toward which the out-
flux is the highest, by using efflux transport proteins present in its membrane. We ran
simulations on a hexagonal lattice with uniform auxin production. Only one cell, in the lattice,
had no production, and its auxin concentration was fixed to zero to play the role of the auxin
sink, like could be the stem of a leaf.

The main result shows a difference in auxin distribution according to whether total
pump concentration is free, or whether pumps are reallocated. In the former case, veins
formed are poorer in auxin than the surrounding cells, and in the latter auxin concentration is
higher in veins than in the surrounding cells, with comparable patterns. This new result is
consistent with many observations.

Interestingly with this type of model using pure canalisation, no closed loops are
formed. Only a branching pattern emerges.

(1) Department of Biology, Faculty of Sciences, Kyushu University, Fukuoka 812-8581, Japan, tel: +81-92-642-
2639 fax: +81-92-642-2645

Contact emails : feugier@bio-math10.biology.kyushu-u.ac.jp, yiwasscb@mbox.nc.kyushu-u.ac.jp

(2)Okazaki National Research Institutes, Ishigonaka 38, Myodaiji, Okazaki 444-8585 Aichi Japan, tel: 0564-59-
5861

Contact email: mochi@nibb.ac.jp
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Labyrinth or Straight-Stripe Pattern in Two-dimensional Turing Pattern

HiroTo SHON:2* & You Iwasal

1 Department of Biology, Faculty of Sciences, Kyushu University, Fukuoka 812-8581, Japan
2 Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto 606-8502, Japan

* shoji@yukawa.kyoto-u.ac.jp

The striped patterns often observed on fish skin have been explained by reaction-diffusion
(RD) models based on the mechanism proposed by Turing (1952). There, a system of reacting and
diffusing two substances could spontaneously evolve to a spatially heterogenecous pattern in a
homogeneous field. Among those striped patterns generated, some have many straight stripes
running in parallel, while other models generate the patterns consisting of winding stripes like
labyrinth, in which the stripes change the direction, merge each other and branch very frequently. We
distinguish them by calling the former 'straight-stripe' patterns and the latter 'labyrinth' patterns. RD
models differ in the tendency to generate either labyrinth or straight-stripe. For example,
Gierer-Meinhardt model (1972) often generates labyrinth pattern, whereas Schnackenberg model
(1979) generates straight-stripe like patterns. However, no explanation for which pattern is to be
formed in general systems.

To investigate the mechanism which patterns are formed (labyrinth or straight-stripe), we
derive a characteristic index of stripes, based on a heuristic argument of unstable modes of deviation
from the uniform steady state. We consider the following two modes that fit dispersion relation.
The first is the mode with the largest growth factor (i.e. the mode with maximum Real number),
which we call 'fastest modes'. The second is the mode with largest growth rate (i.e. the mode which
takes maximum value), which we call ' 4 maximum mode'. Within the parameter for stripe patterns
to emerge, whether straight-stripe or labyrinth can be distinguished very well by the difference
between the fastest mode and the A maximum mode.

We then examine whether our heuristic method is useful by applying it to models with
nonlinear reaction terms, including both activator-inhibitor and activator-depletion substrate type
modes. We find that the heuristic argument depending on modes difference between the fastest mode
and the A maximum mode leads to a fairly accurate prediction which pattern (labyrinth or

straight-stripe) emerges in those reaction-diffusion models.
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Development and Evolution of Butterfly Wing Patterns
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A model for colour pattern formation in the butterfly wing of Papilio dardanus
Proc. Roy. Soc. London B , Vol.267,pp.851-859.
2. H.F Nijhout, PK. Maini, A. Madzvamuse, A.J. Wathen, T. Sekimura (2003).
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The Curse of The Pharaoh in Space

Masashi Kamo ' & Mike Boots 2
U Advanced Industrial Science and Technology, Research Center for Chemical Risk

Management
2 Department of Animal and Plant Sciences, University of Sheffield
!masashi-kamo@aist.go. jp

The idea that parasites with long-lived infective stages may evolve higher virulence has
received considerable attention. This idea is called ‘the curse of the pharaoh’ because of
the hypothesis that the death of Lord Carnavon was caused by very long-lived propagules
of a highly virulent infectious disease. Here we examined the evolution of diseases that
transmit via free-living stages in a spatial context.

In this talk, we briery summarize results of non-spacial models by Bonhoeffer et al
(1996) and us. In the Bonhoeffer model, free-living propagles are constantly produced
from infected hosts and minimum virulence is the best. In our model, they are produced
at the death of infected hosts and virulence is neutral if infected hosts do not recover.
With recovery, the maximum virulence is the best. In all models, the ESS virulence is
nothing to do with the longevity of free-living propagles; hence, we do not see the curse.

In the spacial context, we show that long-lived infective stages can select for higher
virulence, but only when they are produced at death.
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ESS Virulence with spacial models. Longer lived propagles have higher virulence.
Circles: spacial version of Bonhoeffer et al (1996). Dots: propagles are produced at a
death of infected host without recovery (black) and with recovery (gray).
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Complex spatiotemporal dynamics of simple
epidemic models

Frank M. Hilker!?, Michel Langlais® and Horst Malchow?
Y Department of Mathematical and Life Sciences, Graduate School of Science, Hiroshima
University, Japan
2 Institute of Environmental Systems Research, Department of Mathematics and
Computer Science, University of Osnabrueck, Germany
3 UMR CNRS 5466, Applied Mathematics, University Bordeaux 2, France
fhilkerQuos.de, http://www.usf.uos.de/~fhilker

Mathematical epidemiology is concerned with the spread of infectious diseases. Motivated
by the propgation of the Feline Immunodeficiency Virus (FIV) in feral cat populations, a
general reaction-diffusion model is constructed. Individuals are assumed to be suscepti-
ble (S) or infected (I), yielding a simple SI-model. The population growth may either be
logistic or exhibiting an Allee effect. Numerical simulations of the spatiotemporal dynam-
ics show the propagation of travelling frontal infection waves, travelling periodic waves
as well as spiral waves. Hence, the distribution of the population may vary in space and
time due to the disease. Moreover, it is shown that the Allee effect is a new mechanism
of periodicity in one of the simplest epidemiological models.

61



JSMB04-025d0930 9H25H () kw3 »D

ubogdootdootdoodboodboodn

Propagation speed of infectious disease in a predator-prey model

00 0O 0O Tsuyoshi Kajiwaralld 00 O O O O Takehito Shinoharall
0000000000 (Okayama University, Japan)
000000000000 0O00 Okayama University, JapanO
kajiwara@ems.okayama-u.ac. jp
Propagation of Infectious diseases maintained in predator-prey dynamics can be described by reaction
diffusion model. When the diffusion coefficients of predator and prey are different, it is difficult to describe

the propagation speed of traveling wave solution analytically. We try to get an analytic expression which
approximate the propagation speed using the simplification of the original models.
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[1] O’Callaghan M. and Murray A.G., A tractable deterministic model with realistic
latent period for an epdidemic in a linear habitat, J. Math. Biol. 44(2002), 227-251
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On a mathematical model of viral hepatitis in vivo

000 O (Toru Sasaki), O O (Tsuyoshi Kajiwara)
0000 DO0D00O0D00O Okayama University, Japand
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A model describing the dynamics of viral hepatitis in vivo is proposed. The model has three nonnegative
equilibria. It has no equilibria with stability feature unnatural from the viewpoint of biology, unlike com-

monly used models. Results on the stability of the interior equilibrium and on persistence are mentioned in
the talk.
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Analysis of Mathematical Model for Epidemic Dynamics with Decaying Immunity of Vaccination:

Theoretical Implication for The Case of Measles
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Recently it is discussed that the duration of effective immunity induced by vaccination becomes
shorter than before. If the immunity of primary vaccination is decaying, how effective is the secondary
vaccination? In this work, we try to discuss theoretically this problem, making use of mathematical
analysis for a basic Kermack-McKendrick type of mathematical model with the mass-action type of
interaction between infectives and susceptibles. In our model, the population is classified into three
age groups: Infant (Group 1), Young (Group 2) and Adult (Group 3). For each group, we have the
susceptible subpopulation S;(t) (i = 1,2,3), the infective one I;(¢) (¢ = 1,2,3), the recovered and
immune one R;(t) (i = 1,2,3), and the non-infected and immune/vaccinate one M;(t) (i = 1,2,3) at
time t. Especially M;(t) denotes the immune subpopulation by the primary vaccination in the infant
age. The subtotal population of each group is denoted by G; = S; + I; + R; + M; (i = 1,2,3), and
assumed to be temporally stationary, that is, constant independently of time. This assumption can
be introduced into the model with some restrictive relations among parameters in the model.
Results from mathematical analysis for the model and numerical calculations with demographic
data about measle infectives of Kochi Prefecture indicate that the disease free equilibrium could be
attainable only if the primary vaccination rate is beyond a threshold. Moreover, this is true for any

secondary vaccination rate. Lastly it is emphasized that the primary vaccination plays the critical
role for controlling the epidemic disease.

e
2Corresponding author who gives the presentation.
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Stochastic model for land-use dynamics
in forest ecosystems
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Human uses of land, especially clearing of forest for agriculture and commercial log-
ging, usually results in rapid and global land-use/cover change. The resultant loss of
forest is a global concern because of its impact on biodiversity, carbon cycling associated
to global climate, biogeochemical cycling, and other ecosystem functions.

When we focus on the modeling of human-induced land-use/cover change, we need
to incorporate the human behavioral component that underlies land conversion. The
simplest and most intuitive way to incorporate such a component is the development of
economic model in which the process how individual landowners respond to changing eco-
nomic and ecological conditions - namely decision making process of landowner - is made
explicit.

We developed a discrete-time Markov model of land-use dynamics in which socio-
economical and ecological processes associated with land conversion are incorporated.
We consider a square lattice that is apportioned into discrete land parcel. Each land
parcel is characterized by a certain land-use category (Natural forest, Logging forest, or
Wasted land), and is assumed to stochastically change its state. Transition probability
between different land-use categories is determined by a decision making process of indi-
vidual landowners who respond to the change of net benefit to converting land. We show
that when recovering rate of forest after development (e.g. logging or cultivation) is very
fast and detailed balance condition is satisfied, an equilibrium state in Markov model is
close to the prediction obtained from the social welfare function. This result implies that
the decision making of individual landowner would realize the land-use pattern that is
close to the optimal for the social decision making. However when it takes long time for
developed land to restore to natural vegetation and if there is a sufficiently long period of
time for the land with no profit, the economic decision making of each landowner tends
to create the whole system remain strongly devastated state, which is far from the social
optimum. Based on these results, we discuss the implication of the effect on the land-use
management, and ecosystem management.
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A dynamical model of toxic substances represented by stochastic

differential equation for domain with reflecting boundary
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We discuss the human metabolism processes using a stochastic model. We consider the

relation between Nordberg and Kjellstréom model and our stochastic model, distribution of the
process at each time and a limit distribution. Next, accumulation of toxic substances in human
organs is modeled by Skorohod’s stochastic differential equation (SDE) and its corresponding
penalized SDE. We derive a limit distribution of the process described by the penalized SDE.

Also numerical computations are performed.
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G. F. Nordberg and T. Kjellstrom (1979), Metabolic model for cadmium in man. Environ.
Health Perspectives, 28, 211-217.

T. Kawamura and Y. Saisho (2004), The stochastic models describing human metabolism pro-

cesses using stochastic differential equations, submitted
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A stochastic lattice model for forest canopy gaps
with a power law gap size distribution

Robert Schlicht and Yoh Iwasa
Department of Biology, Kyushu University

Gaps in the forest canopy are important for tree regeneration and species
diversity. We study a stochastic lattice model with nearest-neighbor
interaction for the spatial patterns of forest canopy gaps. Assumptions are:
(1) The height of the trees increases at a constant rate. (2) The mortality is
a sigmoidal function of the height difference. Trees that are taller than their
neighbors are more exposed to the wind have a higher mortality.

The model is similar to the model for wave pattern regeneration of fir
forests (Shimagare). We assume, however, that the wind comes from all
directions. In our model the gap size often follows a power law, as is
observed in natural forests. We discuss the relationship with other models
that show a power law, such as a three-state mussel bed model and forest
fires models.

E-Mail: schlicht@bio-math10.biology.kyushu-u.ac.jp
yiwasscb@mbox.nc.kyushu-u.ac.jp
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The effect of the finite size of population on the distribution of family names
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Construction and Analysis of Mathematical Model for the Degree Distribution

in Geometric Structure of Protein Interaction Network Graph
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Protein interaction network consists of nodes (proteins) and links (interactions between proteins).
Distance of two nodes in it is defined by the smallest number of links tracing from one to another.
Degree of each node is defined by the number of its links. In this work, we considered the mathe-
matical model, a sort of what is called the network growth model. Network grows by itself in discrete
time step with the following process: [Node duplication] Randomly selected node in the network is
duplicated and creates a new node. The new node has the same links as its original node; [Link
deletion] Some links in the network are deleted with probability d; [Link creation] Some links are
created with probability o.

We constructed and considered a new model called Duplication + ¢-Diversification (D¢D)
model: Link deletion occurs alternatively for the link of new or its original node, so that one of their
corresponding links is delated with probability § and another remains to a common node remains
with probability 1. Link creation occurswith probability o between the new node and those nodes of
distance 2 to q.

With the hypothesis that the mean degree would asymptotically converge a finite positive value
as the network size gets larger, we carried out our analysis, and found that those models studied in
previous works and ours are classified into two categories in terms of the mean degree in a sufficiently
large network: One is such that the change of geometric features of network gradually becomes
restricted local as the network gets larger, while another is such that the local change could cause
a global transition of whole network, even in the large network. We consequently arrived at the
conjecture that such classification of growing networks could be applied for the evolutionary process
of real protein interaction network.
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2Corresponding author who gives the presentation.
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Competition Promotes The Coexistence of Preys under A Common Predator: Mathematical Considerations
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BARBIRIC X ) AT 2 2FOPRED S R 2 RICHBEVPEAIND 2 LIZ X > TEPLENLE
n, CPEPRIESLKGE T 2IRENRET) SHEITFTI2HRNH 5, —J7, HiAH 2 MICEREN 23S0
7 ThH, HHDOHBE DI X > THARHE | MR T 2 TESRAHF) LN 28RbH 2, K
WFZE T, EBENRBS &8 SR A5S, MAOMREZ b OEBOWEHEOLEERICEREB E, R, 1
HRHE - 2HAERICE VT, 2HEAFMICEEZNZFSFERI R IV, BERABFICI->TIHES
IR T B 5GEIC, 2HREMICEBEN 2HmS P H UL, 1HRE L 2HAEBITE T 2 IERH 2D
D, HH0IE, WEEOHIREZN), 2HEHEOIENRZ 2 MDD 2 D2 OW T, #raFMIH
BIfRDYH 5 855D Lotka-Volterra B 2 i 3% — 1 fiBERE TV EFMICHNT T2 2 LIk > TELET S,
S A D SR FITEEE MERRAT & BUERTRIC X - C, BEIFZBFIC X 2HBHEOMfIAIE 2 28T, #aHEHM
DFEDFEL TH, 1HIRH L 2HAZDOILLFIATRTH L 2 b b, —J, W4k RHROE
Mg T, MBEofigz ) 288 HEOIFIIRETH 2, AL TIE, EENEFICX 28 SRA
BRPRERNC X 2 FDEC D ) 270 D52, HEEOHEFIINT 5 1)L X —ZBHRE, HaEHo
FENBS, HEE OB OV CEEICAR R E £ L0 5, I 512, AWFZETIE, BiEssz v
TEATICK D, 2885 - 1HIBEDORIC, ¥tz SHHOWRENEAINS Z LIZL->T, 3HEHOH
B E DEBENEFIC X 28 STWABRBANC X 2 HENERT 2580 0G5 2 LRI s,

o ORI, EEESSHETORAZY, EoAEZRET 2RE 2L 52 L 2RRT
2, F7o, BERBABESIC L BHIRENET 3 -0 SRS EGTH DI B EEZ NS, LoT, K
EICTET 2EEBRICB T 259 BRIE, SREREDRE Z B2 L TR H 2, & 2 B HisH
MBI 2 5 20 EHMOBERDMHET UL, RICATY —LVOKRELBEBRPEINESL ZENRBINS,

It is known that the introduction of predator into a two competing species system which cannot
allow their coexistence could stabilize the system and allow the coexistence of those three species.
In contrast, the apparent competition causes the extinction of one of preys which have a common
predator, even when those preys do not have any other interspecific relationship. In this work, we
focus the system of two preys and a common predator, which includes the apparent competition and
the interspecific competition between preys. Analyzing the Lotka-Volterra two prey-one predator
system in detail, we consider if the existence of interspecific competition between preys could cause
the coexistence of three species or two preys in the case when one of two preys goes extinct due to
the apparent competition provided that the interspecific competition between preys does not exist.
From the local stability analysis for equilibria and some numerical calculations, we find that the
coexistence of three species is impossible when the effect of apparent competition exists. On the
other hand, the coexistence of two preys with the extinction of predator can be realized with an
appropriate interspecific competition between preys. We systematically list up the condition for such
coexistence by the modification of apparent competition with interspecific competition. Moreover,
with some numerical calculations, it is shown that an invasion of third prey into the two prey-one
predator system can cause the existence of four species or three preys y the modification of apparent
competition with interspecific competition among preys.

These results imply that the interspecific competition could play a role to protect the system
from the invasion of predator, or/and to avoid from the extinction due to the apparent competition.
Lastly, the interspecific competition within a stable multi-species system could promote the existence
among them. If a competitive relationship between preys in a food web is disturbed and weakened,
a drastic destruction of system might occur.

LS
2Corresponding author who gives the presentation.
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Stability analysis for chemostat equations with delayed nutrient recycling
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(Graduate School of Science and Technology,Shizuoka University, Japan)
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Lakes generally have a residence time of nutrient and sediments, which is an important
difference between a chemostat situation and a lake situation. This means that in models
of natural systems the regeneration of nutrient due to bacterial decomposition of the dead
biomass, so called nutrient recycling, must be considered. The nutrient recycling effect on
ecosystem stability has been extensively studied and is usually considered as an instan-
taneous term. The time required to regenerate nutrient from dead biomass by bacterial
decomposition is neglected. Recently, [1] discussed plankton-nutrient interaction models
with both instantaneous and delayed nutrient recycling to analyze the local stability of
equilibria and the occurrence of the Hopf bifurcation.
In the present work we consider a time-delay differential system of the form
d — D(N® — N) — aPu(N) +c(1 — 0)PZ
v [T F(t — 8)P(s)ds +e1 [ G(t — s)Z(s)ds
& = aPu(N) — cZw(P) — (v + D1)P

2 — 7 [cw(P) — (¢ + Dy)]

The model consists of three interacting components, herbivorous zooplankton (Z), au-
totrophic phytoplankton (P), and dissolved limiting nutrient(N) where all parameters
are assumed to be positive. Compared with the model of [1], we are using neither the
Michaelis-Menten function nor the function of Ivlef in our model.

Our purpose is to discuss qualitative properties of this model.

ZE 3k

[1] SHIGUI RUAN, 2001, Oscillations in Plankton Models with Nutrient Recycling,
J.theor.Biol, 208, 15-26.

[2] E. BERETTA, Y. TAKEUCHI, 1995, Qualitative Properties of Chemostat Equations with
Time Delay, J.Biological systems, 3, 689-696.
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Analysis of a discrete competition model with stage-structure
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In this study, we consider a competition model for two species (z and y) with stage-

structure. There are two stages in each spemes that is, the juvenile (z; and y;) and the
adult (r., and fnn\ The individuals of each s i 1

e R e 10ne 1mdarviauails Taoil ut.;'

stage with transition rate P and (). The adult gives birth to the juvenile with reproductive

rate F' and . Under these assumptions, the following discrete system is obtained:

reproductive rate F’

o transition rate P o

competition @ H competition

o transition rate O o

reproductive rate G

t+1) (t)e —(z2(0)+a1y2(t))
CEQ(t+1) :Pfﬁl(t) —Py (t)
/yl (t + 1) e y2 (t)e (QIEZ(t)+y2(t))
ya(t +1) = Quy(t)e~Aml
Here a; and f;(i = 1,2) are nonnegative constants representing competition among two
species at each stage. For a competition model with two species without the stage-

structure, the permanence condition is known [1] [2]. In this study, we analyze how the
permanence condition of the model changes by introducing the stage-structure.

BN

[1] J.Hofbauer,V.Huston and W.Jansen, Coexistence for systems governed by difference

equations of Lotka-Volterra type,Journal of Mathematical Biology, z5(1987) 203-070.

[2] R.kon, Permanence of discrete-time Kolmogorov systems for two species and saturated
fixed points,Journal of Mathematical Biology, 48(2004),57-81.

[3] J.M.Cushing, An Introduction to Structured Population Dynamics, Society for Indus-
trial and Applied Mathematics (STAM), Philadelphia (1998)
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The effect of delayed feedback contral for chemostat madels
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Chemostat &%, TAEMD AT, NS 5 EEIEE C, ZOEEKRROREZ RD7200
HLOTHY, = 0)%{@%7/& I5F TIEE SRS N TN D, ik S 727 L OfifHr Tl
F<HmBNT T BAHERI T — 7 SRBH OB OB OWMAEM T, HAETES RN =210 ) (£
IDSRENZ S D, L L, EEROFEERT —# TiE REHOHHEL LOMBOMAED B HFEL TN D
AN L WZIT 55, P De Leenher & H. Smith % 2 727 /L ClX, Chemastat NOK
M ORRE BN LR EA G2 2L T, 1FHOREEDO F T, 2HEOMEM DI ER SN
HZENRENT, ZOETF AT, HIEHOEN (B LikEE 23825 E TORMENL) 258
LTV, ABFE TR, ZORFMENZEALIZET Vi 5 2 & T, #Ek S 2 flodt
TRCHFBEN N ED X O R E 52 500 EBFNCERT 5,

The chemastat is an important labaratory apparatus in which we abserve the papulation growth
and the hehaviar of microorganisms. It is sometimes used to madel the competition of several
arganisms for a single nutrient source. For the competition of simple chemastat madel, a classical
result called 'competitive exclusion principle’ is known, and the coexistence of several organisms
can not accur. However, it is often observed that several arganisms coexist in the natural warld.
P.De Leenher and H.Smith considered a dilution rate as a feedback cantral variable in their
paper, keeping the input nutrient concentration to be constant, and showed the coexistence of
twa arganisms can be achieved under single nutrient source. But, in their madel 'time-delay’ is
nat incarparated in cantralling chemaostat. We analyze the madel with the 'time-delay’ and study

its effect mathematically.

input Dy—r washout D,

© nutrient §
organism &1, 2

observer

uptake function: f;(.S)

Delayed feedback caontrol for Chemostat madel:

S(t) = Dir(1- 8 2:% )fi(S

(1 ] = a;(t ](f?( ] DE—’T]! 1=1,2,
where Dy_. = kyz(t — 7) + kaza(t — 7) + =
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Effect of habitat segregation on chemostat models

00 OO0 (Nakaoka Shinji)
000000000000 0aShizuoka University, JapanO
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The chemostat model describes dynamics of organisms which compete for the same limiting
resources in a simple lake or an experimental device. It is known that ” Competitive Exclu-
sion Principle” holds for simple chemostat models in the following sense: The number of
species which compete for n distinct limiting resources can survive at most n. Large variety
of coexistence among species on physical systems is widely observed however, it must be
need to modify simple chemostat models in order that coexistence is achieved. Here we
construct and analyze chemostat models in which habitat segregation among species and
nutrient recycling from sedimental detritus are considered. It is suggested from analytic re-

sults of our model that habitat segregation and nutrient recycling with delay play important
role on coexistence.

0000000000000000000000000000000000000 (0O)
gogoobbbobbbbodooooooooobbo. obbbbooooooooan,
nUodobbobouogoobbbbd nOb000oooobbbboooaoobobn
"oo0oo0oo0oo”bobgoobooooboooob0b0. boboboboboooooooboog
gbboodgbboodobbood,buoobbuoobobbuooobooobbood
gobbobogg,bbobugoobboboooobbob.bbuooobobboood
gbboodgbboodobboodb,ugoobbuooobbuooobbuooobood
goboboogoboood.

gbobod,bbuodbbuoogbbuoodbboodobboobobbooobbod
gbbogobooobbuoobbooobuoobbooobobooobbob.bood
gobbbbbooodg,obbbbooooobbbbooooobbbboood, d
gbbuogbbuogbobooooboboobboobbuoobboobbooob.ood
gbog,g0bobdgobobgoobobooboboobobooboboobobg
goboooooobo.

I 1S A REL
Nutrient input Nutrient

REIBHRE
= Nutrient diffusion

EH

" (t) s ;R;(é)uftazz (t)

ERMOCOERER)H A2

Nutrient recycling

FEREAEE D HEIEY) (detritus
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Stability analysis of an SIRS epidemic model with delay

OO0 oo*ooogt
Jodoooooooooonoooonooooooooogno

Naoki Yoshida* and Tadayuki Haral

Department of Mathematical Sciences, Osaka Prefecture University,
Sakai 599-8531, Japan

*yoshida®ms.osakafu-u.ac. jp "hara6ms.osakafu-u.ac. jp

ooobobogoo SIRSOUbU0obOuoboooboboboobobogobDOonD K. L
Cooke O P. van den Driessche (1996) DO 000000000000 O00OOOOO
gobbuoooobbboooobbbuooobbbuooobbbooobobboo
gbobboogoobbbooobbbuooobbbuooobbbooooboboo
00000000000000 /00000000 NOOOoooo I/NOoooo
gboobooboboooboobuoo NODOOoboobobobobobooobooo

000000 Ry<1O00O0O0ODLO0OOOODOORy>100D0O0DODODOODODO
gbbodgbbuoobboobboobbobobboobboobboobboo
gobbooobobboooobbbouooobbbuooobbboooobbog
O00000D00D0O000000000000 (E. Beretta and Y. Kuang, 2002) O
gobboooobbbooobbbooobbbuooobbboooobobog
gobbooooboboooobboooobbbuooobboboooobooboa
gbooboboobooboobobboobooboobobboboobon
gobboooobboooobboooobbbuooobbboooboboboo
gobboooogbboboooobo

Stability of an STRS epidemic model with exponential demographic structure is
investigated. The model is modified based on the model formulated by K. L. Cooke
and P. van den Driessche (1996). All newborns are assumed to be susceptible.
There is a natural death rate constant, and a disease-related death rate constant. A
recovery rate is also constant, and an immunity period is assumed to be constant.
A force of infection is assumed to be the standard incidence, namely proportional
to the fraction I/N where [ is the size of the infective population and N is the total
(variable) population size.

Detailed analyses give that the disease dies out if the basic reproduction num-
ber Ry < 1 and that the disease persists in the population if Ry > 1. In case that
disease-related deaths can be neglected, that is, few individuals die from the disease,
Stability Switch Criteria (E. Beretta and Y. Kuang, 2002) gives that the model can
have an unstable endemic equilibrium. Our results suggest that the model with no
immunity period has no periodic epidemic outbreak, but the model with an immu-
nity period of some days may have a periodic epidemic outbreak. Consequently, we
conjecture that the immunity period is one of the causes of the periodic epidemic
outbreak.
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The effect of soil nutrients on species diversity in a lottery model
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[1] Chesson, P. and Warner, R. R. (1981), Enviromental variability promotes coexistence
in lottery competitive system, Am. Nat. 117, 923-943
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Genotype-structured predator-prey models
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Recently, [1] dealed with a model where one of three prey is considered as dangerous prey which, for example,
has a poison to defend itself against predator and discussed the predator and prey coexistence by numerical
simulations. In the present work, we consider the following two kinds of genotype-structured predator-prey
models with the dangerous prey (S_) and without any dangerous prey (S4). Our purpose is to discuss the
qualitative difference between (5S4 ) and (S—). We believe that this is the first time to analyze local stability

of (S_).
ROAFBEAREE A - RAT7ABEAZUTO28TEBELELEZLDTHS,
e HEHIIHAZED VWL E FIRMEBICHEETIC, v 7T 4y 72 R REWEREEIY

HIK KT 5,
o R FEDIEMICHE, FHiEE 1 EE47 D DR OEMENRLIIKLTT 5,
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[1] Waltman,P., Braselton,J. & Braselton,L.(2002). A mathematical model of a biological arms

race with a dangerous prey. J.theor.Biol.218,55-70
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Impact Assessment of chronic radiation exposure on the population
dynamics through predator—prey interaction
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Abstracts

Mathematical computer model is developed to simulate the population
dynamics and dynamic mass budgets of the microbial community realized as
a self sustainable aquatic ecological system in the tube. Autotroph
algae, Euglena, G., heterotroph protozoa, Tetrahymena, T. and saprotroph
bacteria, E.coli live symbiotically with interspecies’ interactions as
predator-prey relationship, competition for the common resource, autolysis
of detritus and detritus—-grazing food chain, etc. The simulation model
is the individual-based parallel model, built in the demographic profiles
of each micro-organics and environmental stochasticity by dividing the
aquatic environment into patches

Validity of the model is checked by the multifaceted data of the
microcosm exper iments. In the analysis, intrinsic parameters of umbrella
endpoints (lethality, morbidity, reproductive growth, mutation) are
manipulated at the individual level, and tried to find the population level,
community level and ecosystem level disorders of ecologically crucial
parameters (e.g. intrinsic growth rate, carrying capacity, variation, etc.)
that related to the probability of population’s extinction

Herein we focused on the predator-prey relationship between
Tetrahymena and E.coli, (Tetrahymena eats E.coli) and developed a
particle-based simulation model to analyze their population dynamics with
the optimum foraging theory. Since the sensitivity of E.coli is high
chronic impacts of radiation to the subset of microcosm (Tetrahymena-E. coli)
is potential ly based on the death rate and growth rate of E.coli, that may
cause the instability of predator, Tetrahymena at the low dose and dose rate.
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Simulation of Probabilistic Bacterial Growth Model for Low Cell Density
Targeted Under Detectable Level by Conventional Culture Method

Kuniko Sakamoto* and Seiichiro Isobe
Food Processing Laboratory, National Food Research Institute

We developed two and three-dimensional bacterial growth model using a probabilistic cellular
Automaton (Fig.1). Based on these model, for a low cell density targeted in under detectable level by
conventional culture methods, we simulated the following three terms: the time step required for the
growth to a bacterial number, the number of experiments required for precise measurement of the bacterial
number, and the range of measurement deviation. We furthermore obtained an approximate equation for
the growth curve of our model, and showed that the approximate equation was expressed as a solution of
differential equation. In risk management of food poisoning, it is important to know the time required for
the growth from 1 cell to 1000 cells, especially for Escherichia coli O157: H7. Figure2 shows that the time
step increase rapidly as parameter p decreases. Most bacterial detection experiments are conducted only
seven or eight times because they require a much time and labor. The number of experiments required to
precisely measure 1000 cells, and the range of deviation of bacterial numbers at a fixed time, by repeated

simulation, are shown in Fig.3.
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* E-mail address: kunikos@affrc.go.jp (K. Sakamoto).
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Mathematical Modeling of the Interaction
between Tumor Cells and Tissue Cells

Sanjeev Kumar* & Deepak Kumar

Abstract

Our analysis reveals the local interaction between the tumoral and the tissue
cells qualitatively. We present a new formation of mathematical model and we
study the characteristic size and growth rates of spherical tumors. The point of
the beginning and end of spherical growth and the further development of
complex structures are derived monotonic function of their local concentration.
We have used the statistical distribution model to predict the chrematistic tumor
sizes. As tumors grow at different rates through their evolution stages, therefore
it is possible to estimate the statistical distribution of their sizes and shapes.
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A simulation study of phagocytotic processes
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Simulation of Primitive Cell Colonies based on Lattice Artificial Chemistry
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[FK98b| C. Furusawa and K. Kaneko. Emergence of multicellular organisms with dynamic
differentiation and spatial pattern. Artificial Life, 4:79-93, 1998.

[OI01] Naoaki Ono and Takashi Ikegami, Artificial chemistry: Computational studies
on the emergence of self-reproducing units., Proc. the 6th European Conference on
Artificial Life (ECAL’01) (Berlin) (Jozef Kelemen and Setr Sosik, eds.), Springer, 2001,
pp. 186-195.
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Evolution of ecological networks : food web structure and mass extinction
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Modeling and Method for Determining
Optimal Forest Rotational Schedules

Teruhiko Marutani
Department of Economics, Kwansei Gakuin University
marutani@kwansei.ac.jp

Optimal control theoretic formalism is utilized to model a
timber harvest-scheduling problem for an even-aged stand of
trees over an infinite series of rotations. The criterion of op-
timality employed by a forest firm is the maximization of the
total present value of net revenues from a forest site. The de-
vice available to the firm is simultaneously to determine the
optimal schedule, involving both periods and volumes, of
planting, thinning, and clearcutting or rotation. Several at-
tributes concerning optimal solution are preliminarily stud-
ied via Pontryagin's maximum principle and Green's theorem
in the plane. An example 1s developed to derive numerical op-
timal solution or strategy by means of computational method,
and to assess the impact on the harvest strategy of varying
the level of quality of a site.

JEL Classification Numbers: C61, Q20, Q23.

Key Words: renewable resource management, forestry, even-
aged stand, Faustmann formula, dynamic optimization.
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Theoretical irrationalness of breakpoints of Arrhenius plots in biological responses,
and the analytic method by using the assumption of serial pathways
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BRI FE DR FE R 2 5tk 2 BT & % Arrhenius SUCHED 2R W BUSIIASHEFEET D, T D &
D 72 B DR FEARAFNE 2 b3 2 B IR EEHEPH 2 26D 0 XU - CH#iPAfEIZ #2725 Arrhenius 223 W
LN TE T, ZOHFMOEESR TH 2 XU R ORI R T, T b W FESUS S SOH B 2 328 L,
MOFIENBETE D] EWVIHFHERLETH D, KUE O TR ER A2 R HE e fR i &
L CHWS I, %P B Arrhenius 2 & PRIC B2 LRG0 DM AEVIGE £ TR S T& 7=,
Lo, RO EBWEMSHNGHREZ TR L, MOBXIGNERTE D] LW FiHRIITEEEZLD
ATV, T 2Tk, AMISED L 5 705 < OFRISN D78 DEHER SN T, RN K
SRS BAFE T B HUERT ) Bk O Tz, TORER., BRISHDBZ WA, kb EBEVWERELSLO
TS DOHEE R TERWATREMEIN R SN2, 202 Lid, Al S0 KU T E M2 OS2 B0
THEELBRWAEEENH D Z L2 EWRT 5,

Z T, RULEZEHE S - EREORD DT, BEHIRIGRREE 2 188 U E 0D 38 BOG 7S RO 3 |2 5 288
ZRIFTE WV REICE S W fRITIE AR LT, 2O Tk, FRMIEOBHE % Arrhenius 20> 535
L INDOERKIEOEEIC L > TRIGEEN LA S D EARE L, SOSEFE % Flik - 5 "s-equation”
ZEEE 7=, "s-equation” & W B R RIE A KIEORE 2 RIBEICB I 2R FFREICHEA LI 2 A, 2
ODHEIGERET D & THEMICERFFHEZ LR T 22 LN TE, RYUSRERE LZORIE%ORE
FEEIPHIZ ¥ 72 2 Arrhenius 2% 2 Tl 72 fEkIE & el L2 /5 R, 2HOEIFR CIcbBEb 577, %3
BRI L > TRV FBMICY T E 0 | IREREEORHEME TH 2 IE L= RN X —DfE b %
EL TV, ZOfREENS, BT E Arrhenius ZI2HEH 7, E 2 < KULEZ W THIT L TE 724
WIEEICBWT S, BRERH S Z LIk > CEMRICHITTX 5 &2 b,

Rates of some reactions do not follow the Arrhenius equation across the whole temperature range but
follow the equation only within a limited temperature range. The temperature threshold of the ranges is
called a breakpoint. The theoretical underpinning of the breakpoint is the assumption that the rate of the
slowest step determines the whole rate, namely, that the other steps are negligible. The breakpoint has
been considered as a significant index. The applicable scope of breakpoints as well as that of the Arrhenius
equation has been expanded to not only simple chemical reactions but also complex biological responses.
However, the postulation that the other steps than the slowest step were negligible has not been paid
attention. Here, in the complex reaction consisting of many steps like biological responses, this postulation
was examined by the numerical analysis. The effect of the number of whole steps on the whole rate was
calculated. This result indicated that the rates of the other steps than the slowest step were not negligible
when the number of whole steps was large. It means that the rate-determining step and the breakpoint
could not be assumed in complex reactions consisting of many steps.

Instead of the traditional breakpoint method, the new analytic method was composed on the assumption
that plural steps of serial pathways affect the reaction rate. The rate of each step was derived from the
Arrhenius equation. The reaction rate was calculated using the rates of all the steps. An equation that
describes the reaction rate at various temperatures, “the reciprocal-serial Arrhenius equation (s-equation)”,
was newly derived. The proposed method using the s-equation was applied to the germination rate of rice
seeds at various temperatures. The results were compared with the results of the traditional breakpoint
method in which each Arrhenius equation is fitted to each temperature range divided at the breakpoint
temperature. The germination rate was more precisely fitted by the proposed method than by the traditional
method, although both methods had the same number of variables. In addition, obtained values of
activation energies were more stable in the proposed method than in the traditional method. Results
support the s-equation and its assumption that plural steps of serial pathways affect the response rate and
indicate that biological responses that do not apparently follow the Arrhenius equation could be precisely
analyzed by the proposed s-equation method.
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Multi-task allocation and proportion regulation
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Modeling range expansion of bamboo forest: Individual based model
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AAFIETIL, TE» O DOIMUEY TH HE Y Y v F 2 (Phyllostachys pubescens) % 48
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HT 5.

AHZETIE, ED Y UF 7 O LEMOH FZEOM R ITFE 272.5cm (98cm~504cm)
EWVWIEHHDOT (JHE, 2004 ; B, 1985), FhZ NIy 2 FE ORI
HEEOB A ED D, 2FEBLUBEOMTENLELDLEKE L, BT 5 72912 3m
I EOHTEDOESNMEL 720 (WA, 1994), WA ITTEN D H FEICES 22D
BTD, 20k LEEBEELT, HHETAEZR WS RRE L RO S, F
7o, MZEHEENGRD DN OAMEIEIGEE (B - 5, 1997) L O+ 5.

2 CHWEET UL, f{EX—2%F5 1 (Individual Based Model : IBM) TH Y,
AR Z LIl R o o720, RO EAEN R ZN 6 OMERRICRLFE LY T
5LV AT AT, HER—RAET L TRNEEFASEOMEL - < BB TR
WEEZLNDNETHD. MROGAEBILROEEN—2ET L E LT, EV YT
FI OFRELE M TFEEER L LT, EERTORRIC - EORRAZRIT T, DR EH
EICEREE I 2=y a VEAWTHRIT L, #iTZEDIRA Y 5 HAARO S5 AiEkdn R
DEEFZ D

51 SCHR
FigFE, TV Y oF 7o TEOME], KBFLEEHLEY OREGHEFE 7 —==
— &, No0.351 (http://www.afr.pref.osaka.jp/joho/siryo/news/no351/news351.html),

2004 4
FIEEE - HEWRT], (R RTS8 2R oo Ambi k), B ARERESA5E 47:31-41,
1997 4¢

WA =, [T ~OEFEl, #Fakit:, 1994 4F
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Modeling range expansion of invading species under heterogeneous
environments: Intergodifference equation

S
i

R (RSHERFRT - Jak T, e+ (RAEEK - 1), RS (REFER - 1)

D SAABILREEZTH D Z L1, BEOZLICL>TRIY 5 28EFELZTHIL, EMFEOLK
FIZRESHBIT 2 LR SN D, £ ZTAREETIE, H2HIBITRA LAY O SARIRILK OB T
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ZDOETIVOMITEE R, Wi TR L D8R (Kinezaki et al., 2003) & HERFTT 5.

5 I SCHBR

Kot, M., Lewis, M.A. and van den Driessche, P. (1996), “Dispersal data and the spread of invading
organisms,” Ecology, T7: 2027-2042.
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The Evolution of Tolerant Effect with a Warning Signal among Host Plants
in Disease-conductive Soil

Sayaki Suzuki and Akira Sasaki (Department of Biology, Kyushu University)
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Dynamics of mutation and variation in the evolution of cooperation
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We research the role of mutation and variation in the evolution of cooperation. Especially, in the environment
that exist the interacting period or the maximum of interaction, mutation is important to maintain the
coopearation. Moreover, we can expand this assertion into the general evolution of cooperation.

Keywords: Prisoner’s Dilemma, evolution of cooperation, evolutionary game dynamics, backward induction
reasoning, replicator equation, mutation.
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Mutation rate that maximizes evolvability
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In this study, we calculated optimum mutation rate that maximizes the transition rate
of the quasispeceis from one fitness peak to the next. We consider that quasispecies is
localized at a fitness peak, and each of quasispecies is defined by binary sequence. Suppose
a new fitness peak is emerged n step away from current peak, and then ask which mutation
rate maximizes the transition rate from one to another.

From the analysis of the model, we showed that the optimum mutation rate depends
on height of current peak and Hamming distance between new peak and current peak. In
this presentaion, we will discuss validity of the model by simulation results of individual

based model and infinite population model.
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Chaos and Self-Oscillatory Regimes in Ecological
System of two Competing Prey and One Predator

Tolibjon E. Buriyev and Vafokul Ergashevich Ergashev
Department of Mathematics, Samarkand State University
tolibjonb@yahoo.com

The presented work is a prolongation of a series of studies dedicated to qualitatively-
numerical research of models of dynamics of three populations interacting by predator-
prey principle. The purpose of present work is to investigate model of dynamics of com-
munity consisting of two competing prey and one predator, taking into account with sat-
uration affect in predator populations. We show the exsistence of Stable Self-Oscillatory
regimes of behaviour in system and studies its bifurcations. The investigations has been
carried out qualitatively based on the bifurcation theory of systems of ordinary differential
equations also by means of a computer experiments.
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Effect of a Learning Rule in a Model for a Cortical
Neural Network

Jamie L. Ridenhour' and Charles E. Smith?
Y Department of Statistics, NSF-VIGRE trainee, North Carolina State University,
Raleigh, NC 27695-8203, USA
2Department of Statistics and Biomathematics Graduate Program, North Carolina State
University, Raleigh, NC' 27695-8203, USA
jlridenh@stat.ncsu.edu, bmasmith@stat.ncsu.edu

The model of Gutkin and Smith (2000; Biological Cybernetics 82: 469-475), a recurrent
neural network with spatially structured activity patterns, was modified to include a
learning rule. Following stimulation with a three tier spatial pattern, the neural units with
sustained activity above a certain threshold had their self-excitation strength increased.
The modified network was then given the same stimulus to examine the spatial pattern
that resulted and the time to reach a level of enhanced activity. This project also serves
as an example of a method to involve upper level undergraduates as part of a research
project in our NSF-VIGRE (Vertical Integration of Graduate Research and Education)
grant.
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Networks and Fluctuations in Cellular Systems

organized by

SEHEXR [Shibata, Tatsuol (Hiroshima University)
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2T L LSOV, LI LWLIHEICET L TWE 2 EDBHLMICR>TEL, MEOBRES AT LLRLT
PRS2 720121k, DTOMHAEERIC k> TEENS “HHBER 2508 T 27 0DM&EEEAEH L\ «2 137050
HThb, MBS AT LIEED L) RFEHICHEDSOWTHIINTVIDESL I, 2O YR IALTIE, ZNH6D
PRERIVRLEIS T T 28T L Wik z i T %,

In recent years, as the genetic and biochemical informations within cells increases, it has become
clear that molecular biology is facing a new challenge : to move from the description of individual
components and their interactions towards system analysis. For such an analysis, we need a new
vocabulary that contains concepts to describe “collective phenomena”, which is given rise to by the
interactions of biomolecules. In particular, what kind of general principles govern the biological
systems, which have been “designed” in the evolutionary process? In this symposium, we will discuss
the new ideas of these challenges.

SPEAKER TITLE
15:00-15:35 | ZEMH ER (REKRS) W5 FDOMINES X T L
Shibata, Tatsuo (Hiroshima | Noisy signal amplification by unltrasensitive signal transduction.
Univ.)
15:35-16:15 | LM & (FAULASERT) EETRAOT A F 3 7 2 ERFHDEIE T 2
Ueda, Hiroki (RIKEN) Principles in the gene expression dynamics and metabolic evo-
lution.
16:15-16:55 | AR B CRBCKRE) Kz ez e T VIEBRTRONAT 77 7 —# IR X 8
)
Kasiwagi, Akiko (Osaka | Adaptive response to environmental change by attractor selec-
Univ.) tion.
16:55-17:30 | A1l B2 AR 2y NI =0 FF =7 ERY TR
Ishihara, Shuji ~ (Univ. | Pattern formation by network motifs.
Tokyo)
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Stochastic Biochemical Systems Theory

YEHE R (Shibata, Tatsuo)

INERY: (Hiroshima Univ.)
shibata@hiroshima-u.ac. jp

Since intracellular processes are inherently noisy, stochastic reactions process noisy sig-
nals in cellular signal transduction. One essential feature of biological signal transduction
systems is to amplify small changes in input signals. However, small random changes in
the input signals could also be amplified, and the transduction reaction can also generate
noise. Here, we show theoretically how the abrupt response of ultrasensitive signal trans-
duction reactions results in both generation of large inherent noise and high amplification
of input noise. The inherently generated noise propagates with amplification through
intracellular molecular network. We will discuss how the contribution of such transmitted
noise can be experimentally evidenced. Our results imply that the switch-like behavior
of signal transduction could be limited by noise on the one hand, but on the other hand,
high amplification reaction could be advantageous to generate large noise, which would
be essential to maintain behavioral variability.
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Principles in the Gene Expression Dynamics and Metabolic Evolution

EHZEC (Ueda, Hiroki)
B At%ERT (RIKEN)

Highly parallel experimental biology is offering opportunities to not just accomplish work
more easily, but to explore for underlying governing principles. Recent analysis of the
large-scale organization of gene expression has revealed its complex and dynamic nature.
However, the underlying dynamics that generate complex gene expression and cellular
organization are not yet understood. To comprehensively and quantitatively elucidate
these underlying gene expression dynamics, we have analyzed genome-wide gene expres-
sion in many experimental conditions in Escherichia coli, Saccharomyces cerevisiae, Ara-
bidopsis thaliana, Drosophila melanogaster, Mus musculus and Homo sapiens. Here we
demonstrate that the gene expression dynamics follows the same and surprisingly simple
principle from Escherichia coli to man; where gene expression changes are proportional to
their expression levels, and show that this ‘proportional” dynamics or ‘rich-travel-more’
mechanism can regenerate the observed complex and dynamic organization of the tran-
scriptome. These findings provide a universal principle in the regulation of gene expres-
sion, show how complex and dynamic organization can emerge from simple underlying
dynamics, and demonstrate the flexibility of transcription across a wide range of expres-
sion levels. We will also discuss about the “rich-travel-more” mechanism in the evolution

of heterogeneous organization of metabolic networks.
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Adaptive Response to Environmental Change by Attractor Selection

FIARIAY (Kasiwagi, Akiko)
KPR (Osaka Univ.)

AP, A SN H L L DALICE 5 SN T BICbEb 53, LI L TH S
FREHIMICTETE D, BELR v, F4, RAOBREIEBL TH ., LML K-> CTH
IS %, EVHBNET 28Ry b7 =213, Bk L Tk vy KT 3
ZUMMNIRBE S, §if1Z L > T0E3DTHA I D, /A4 RT3, DN
WL COREMRBETRE Ry b= DRI 778 —B3H B L ETREL T
%, 22T, EFTNVHEERE LT, EEO7 77y —%folarR#ry by —2o%
KIGENICEA L, BREEAICN T 2 I0VE 2B T2 22 L 72, BARINICIX, 2 FEH
D7uE—%— (PA, PB) 2§t ., ZNENDOTRICH ) —HDTBE—F =15 DG
ZIHT 28 vV EE a— N33 T2HALL 77 AI FDNAZEL, i
X PA 2> 555G BIERSE Z0UE, PBIIIGISNE L WwH) 2EH 74 —FRNv 7 RE ko
TWw3, 72, EH560 70— =06 DIRE - FEREZ > T3 2% 1filgL v
THHIT 22 e TESL LI, GFPEIETFERFPEBEFEZHAL, 612, Z0Zh
DRI NG 2 Vv EREREE T L~ 7 AHKD DHFRBIZEF2EAT LI LITL-S
T REESRME: L BB T AHOBREZHETCE 5 L9z, 2D 7 A3 FDNATE
BRI N KBEZHCT, VY S UBPEREFRORIVEMSL ) A7) axED
AR CREE R T o7 & 2 A RIS U 72 7 NS AREDME < & v 9 B8 B 7Y
IS o7, kD XSz, 2EAAT T4 774 —F Ny 7 RIE, WS 7 % ik
TERZERY V7 ETHRENDE A=A L0375 T, BEAIcN L COBIE T
Rt 2y b7 — 2 DFBIRY — 2B LIk, BEICHEHIET 5 2 L2H[EET
HDHIEREHRLTVWD,
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Pattern Formation by Network Motifs

)75 % (Ishihara, Shuji)

B KRYE (Univ. Tokyo)

A major challenge of biology is to develop an integrated understanding of how the com-
plex sets of molecules interact to produce organized signal processing functions. Here we
present that one simple network motif, feed-forward loop, can be a building block to con-
struct a network that possesses a complex response depending on the level of a stimulus.
The feed-forward network motif can indicate a bell-shaped response that the activation
is obtained within a concentration range of a stimulus. We will show that interactions of
several such feed-forward loops give rise to a complex response of the network so that the
network is activated within discrete concentration ranges of the stimulus. Such network
responses can play an important role in establishing complex segmentation in morphogen-
esis. We will show that the integrated feed-forward network performs on the formation of
complicated stripe patterns, as it is interpreting the concentration of morphogen. It will
also be shown that this concentration detection mechanism is quite robust against chang-

ing biochemical parameters, inherently existing noise and evolutionary perturbations.
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Introduction to Complex Networks

organized by
RAMEF VD, SFH H O, EEHE—F O, BEHE— ?, TREE O
Nakamaru, Mayuko"), Morita, Satoru'’, Sato, Kazunori'), Tokita, Kei?,

and Takeuchi, Yasuhiro) (V) Shizuoka University, 2 Osaka University)

INTYaRL ===V 5L 2y bV —7HEEIRD, Z LTS TRIEFIERIATTH TR LRy b7 —7
BT 2MEDHEA TV 2, TETAL LR Y P 7 =7 D—D2ThHY, LBROY A F I 7 A%2ETMET 2 LTRY)
EBIODTER, FoL 1 04ETIX Watts 5D TRAE—)L Y —)L Ry b7 =7, ¥ Barabasi 50 27— 71—
v bT=0 ) BTV =7 A=), FHCPHETERy N7 — 7 FEDPEATH S, ZOWETIE Ry FT—27D
BEMEEZZ T TR %R, avEa—9 TE%ELE T — VUM Ao e Bl TR RICFET 24 v b7 —
7 DMWEDBTRS TS, 2y b7 =2 i3ttaty b7 =27 HlREy 7 =7, ity b =2 YRy b T —
7D 4DIPEI N, B IEHZER S EIREM D) S REHFPRYEE Ot R Y b Y — 7 T EUMERE ARSI D
7eo T\ %,

Fy M7= R E L TOMAI S H 525, Kifity 87— 2WRIEEBED * v b7 — 7 EHI b RO 7 S
9o FRWKDBRICHBEARO Ry P — 7GR EETH ), AREEICOEHFEGT L1259, BET Ry P7—7
DIFIHIFER OO R — )L 2 T30 ) L 20 Lis s, BT S 2o aYEOREHAEN % v b
77— A% H 20, b LEEROMKIE R v b7 — 7 HEERIA S iU, BRI 2 205
Litzg o,

ZDF—=HFARX Py aryTld, IEIEFHRMATIEY 7 TEDLIICHFY P =7 %FEHL TH2D0(N0T
%, SROBMAEYFTOR Y b7 — 7RO FERICHF LG TS IUI L),

Network theory, which was developed by Erdos and Renyi, is one of attractive fields for not only
mathematicians but also physicists and sociologists. The lattice model, one of the networks, has been
applied to the dynamics of ecology successfully. Since “small world network” (by Watts et al.) and
“scale-free network” (by Barabasi et al.) were published in the world-leading international journals
5,6 years ago, these networks have been applied to various fields from the air routes to social networks
of researchers and executives. Current computer technologies, which have abilities to calculate and
analyze a large amount of data, has greatly contributed to these studies.

The application of networks to biology seems just to have begun. There are many biology fields to
take the networks into account. Take for instance, studies of genetic networks would solve mysteries
of lives. The investigation of network structure of a disease infection route would contribute to the
policy making of public health. Not only the inter-species networks in the food web but also the
intra-species network structure would shed light on ecology.

‘We hope our organized session would help your future works on networks.

SPEAKER TITLE
14:00-14:10 | {EiE —= (ERREAR) NN
Sato, Kazunori (Shizuoka | Introduction to introduction.
Univ.)
14:10-14:50 | Ak sk CIEBESRmK) WAT5 A F 27 AD Scale-free %7 F7—7FET )L
Hayashi, Yukio (JAIST) Scale-free network models for epidemic dynamics.
14:50-14:55 break
14:55-15:15 | ok ke (ERRAIR) HaB@ e Ry 7 —7
Nakamaru, Mayuko | The social norms on the complex networks.
(Shizuoka Univ.)
15:15-15:45 | e EH—H8 CRBOR) BHER RSy P — 2 ICBU 2D A F I 7 R
Tokita, Kei (Osaka Univ.) Diversity dynamics in complex ecological networks.
15:45-15:50 break
15:50-16:10 | SFH & (FREK) C. TV A Y ADHFEF Y b7 — 7 DB EIIREE
Morita, Satoru (Shizuoka | Geometrical structure of the neuronal network of Caenorhabdi-
Univ.) tis elegans.
16:10-16:50 | fJF B4 (#iEKR) BETFY V7 =7 DHERNT A F 37 A
Sasai, Masaki  (Nagoya | Stochastic dynamics of genetic network.
Univ.)
16:50-17:00 RN ESELZ Questions and Discussion
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Scale-free network models for epidemic dynamics

e 20 (Yukio Hayashi)
ALREFetm B A B MRS B R
(Japan Advanced Institute of Science and Technology)
yhayashi@jaist.ac. jp
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[1] A.-L.Barabési: LINKED -The New Science of Networks, Perseus Publishing, 2002.

, and R. Pastor-Sattoras: Epidemic spreading in complex networks with

degree (‘OI’I‘P]&UOH‘S Lecture Notes in Physics, Sprmger 2003, 127-14.

[3] S. Bornholdt, and H. G. Schuster (Eds): Handbook of Graphs and Networks -From the

Y Ao VRN P o IR N N | i\ L il TT..2 | B JRg— [3YaYa%2]
enole 1o tne 1nternet, UXiora UInlv. rress, Zuus.

[4] M.E.J. Newman: Mixing patterns in networks, Physical Review E, 67 (2003), 026126.
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Diversity Dynamics in Complex Ecological Networks
Kei Tokita (Cybermedia Center, Grad. Scl. Sci. & Grad. Scl. Frontier Biosci., Osaka Univ.)

If we investigate the diversity of species and the abundance of each, we can observe universal
patterns in a broad range of ecosystems. There has been debate on the mechanism underlying those
relative species abundance (RSA) patterns although it will affect vast areas of nature conservation.
Various models on RSA have been applied to ecosystem communities where species compete for a
niche on a trophic level [1,2], but these models have left more complex systems a mystery. Such
systems occur on multiple trophic levels and include various types of interspecies interactions,
such as prey-predator relationships, mutualism, competition, and detritus food chains. Here I
present an analytic theory of RSA, which is based on multispecies random replicator dynamics [3,4],
dz;/dt = z;(3_; aijz; — 3, ) ajkz;xk), equivalent to the Lotka-Volterra equation, with ecologically
diverse interspecies interactions a;;. Some typical RSA observed in different regions, with different
species compositions, and with secular variation, are derived from a single parameter. Moreover,
it is found that the resulting abundance distribution covers the two most widely applied models:
the (left-skewed canonical) lognormal distribution and the gamma distribution (including Fisher’s
logseries and MacArthur’s broken stick model as a special case). As the model equation has a
general form, these results can be applied to similar patterns observed in other biological complex
networks in population genetics, game theory and gene expression.

http://www.cp.cmc.osaka-u.ac.jp/ tokita/

[1] May, R. M. (1975) Patterns of species abundance and diversity in: Ecology and Evolution of Communities
(eds. Cody, M. .L. and Diamond, J. M.), Belknap Press of Harvard University Press, 81-120.

[2] Tokeshi, M. (1999) Species Coexistence, Blackwell.

[3] Tokita, K. and Yasutomi, A. (2003) Theoretical Population Biology 63, 131-146.

[4] Chawanya, T. & Tokita, K. (2002) J. Phys. Soc. Jpn., 71, 429-431.

[5] Kerner, E. H. (1957) Bull. Math. Biophys., 21, 217-255
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Distribution function Pg(x) of abundance z for the replicator dynamics with antisymmetric (a;; = —aj;)

random interactions [4]. The parameter 3, the inverse “eco-temperature [5]”, is related to the stability and
the level of homeostatis of a community. Each value 8 = 0,1 and co gives Fisher’s logseries, MacArthur’s
broken stick and lognormal, respectively.
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Geometirical structure of the neuronal network of
Caenorhabditis elegans

Satoru Morita
Shizuoka University
morita@sys.eng.shizuoka.ac. jp

The neuronal network of the soil nematode Caenorhabditis elegans (C. elegans), which
is a good prototype for biological studies, is investigated. Here, the neuronal network is
simplified as a graph. We use some indicators to characterize the graph. The graph has
the central part and the strong clustering structure. We present a simple model, which
shows that the neuronal network has a high-dimensional geometrical structure.

C. Z L # ¥ A (Caenorhabditis elegans) (& TIEFRB O~ TH D, VANV EFF A 7T
DHEHEFRIA DK HEIZH I 3 0 2 MO eI 2 72, fERHIER RS & IZASERR IC DT
Albertson 512 &> T, ZDMMDIEBHLIZDWTIE White HIZ K> TG NTE D, 12T
oS akrbro T3, (C.ZVA Y ADMERFY P 7 =0 DT —=481C
BAILTIE 2] 222 & kv, ) 2 2TIiE, ffEREEO 2y b7 —7 2L T/ 7
7 BERIICHO) 2 LT X D 2 O RIIIREE 2 TS 5 (1], R TIHEFEA IR S
TV EMERY I 7 — 7 LDOREIZ O W T HIRRT W,
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Stochastic dynamics of genetic network

TEHEEAE (Masaki Sasai)
&l B R e A R 9e R (Graduate School. of Information Science, Nagoya University)
sasai(@jis.nagoya-u.ac.jp

Stochastic fluctuation is unavoidable in gene expression due to the small number nature of
biomolecules in cell: the number of gene loci is typically less than a few and the number of
regulatory molecules is several tens to hundreds for each gene. We discuss a mathematical
approach to describe the stochastic dynamics of gene expression and compared it with the
simulation results on gene switches and their networks.

HEOBIGFNEIT S 7 o XL, DNA ${ EOA R —HHIRICT 7 F_X—%
RN Ty —EMEIN O EAENEST S Z LI Ko T, EERITAOHIEN
ENTWDLZENRZW, ZLTLIRLIE, 2O OREIEAE 22— T 58E 70
BH 7o AG, MORHEEREICL > ThHIE S D, T7hobb, Bia 3Bl ON -
OFF 121X, BIa M E/ERT2 312y hU—2 DX A FI 7 AL LTEHELZITH
X772 5720,

L7>L. DNA 43 FOFITHAENZI3EE L 0 D7e <, EEAEIX 1ALV
1 OEORREE &AL V72T D REDOIERIDE Y SEHOHIPH OIS 5, T 70
L, BLFRy NT—27 OFBEF A F I 7 22BN TIL, ABERISICB T DR D
LENMHETE2N, ZH9LT, Xy hT—=Z1 TV LT, k%@@%?@@fﬁ
ELEEEZ T 502 HD 0L, AL v T U FRIEMICD 5 Z I IFEMA 72 &E & K7
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(1) C. V. Rao, D. M. Wolf, and A. P. Arkin, Nature, 427, 231-237 (2002).
(2) J. Paulsson, Nature, 427, 415-418 (2004).
(3) M. Sasai and P. G. Wolynes, Proc. Natl. Acad. Sci. USA, 100, 2374-2379 (2003).
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This special session is a small sized international symposium organized by some leading researchers
in Mathematical Biology, as a part of the 14th Symposium on Mathematical Biology by JSMB. The
main aim of this session is to give some perspectives about the frontier of Mathematical Biology to
growing young researchers, with those talks of high quality in it.
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SCHEDULE

Part 1 September 23 09:00 -12:40

“Ecological Dynamics”
Organizers: Yoh Iwasa (Kyushu Univ., Japan) & Nanako Shigesada (Nara Women’s Univ., Japan)

Part 2 September 24 09:00 -12:40

“Mathematics toward Biological Pattern Formation”
Organizers: Masayasu Mimura (Meiji Univ., Japan) & Andreas Deutsch (Technical Univ., Germany)
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Part 1 September 23 09:00 —-12:40

“Ecological Dynamics”

organized by

Yoh Iwasa (Kyushu Univ., Japan) €& Nanako Shigesada (Nara Women’s Univ., Japan)

Ecology is the field in which mathematical studies have the longest tradition among biology. Quantitative

studies in general, mathematical and computational modeling and analysis in particular, have been firmly

established and become an indispensable part of the Science of Ecology, much more so than any other

branches of life sciences.

In this symposium session entitled “Ecological Dynamics”, Professor Mark

Lewis from Canada, Professor Horst Malchow from Germany, and Professor Toshiyuki Namba will talk

on recent progresses in mathematical ecology. Finally Professor Nanako Shigesada will review the history

of mathematical ecology in Japan and the development of her own research in the last three decades. We

will discuss the future direction of mathematical ecology in the twenty first century.
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LECTURER TITLE

09:00-09:05 | Yoh Iwasa (Kyushu University, | Opening
Fukuoka, Japan)

09:05-09:55 | Mark Lewis (University of Alberta, | Mathematical models for territories. (40min. 4+ 10min.)
Edmonton Alberta, Canada)

09:55-10:30 | Toshiyuki Namba (Osaka Women’s | Structure and stability of model food webs: omnivory,
University, Sakai, Japan) non-linear dynamics and food chain length. (30min. +

5min.)

10:30-10:50 break

10:50-11:40 | Horst Malchow (University of Os- | Reaction, diffusion and noise in models of plankton patch
nabrueck, Osnabrueck, Germany) dynamics. (40min. + 10min.)

11:45-12:35 | Nanako Shigesada (Nara Women’s | Spatial dynamics: a personal perspective. (40min. +
University, Nara, Japan) 10min.)

12:35-12:40 Closing

108




JSMBO4-FMB-Part I 9A23H OR) BEYYHEIYL

Mathematical Models for Territories

Mark Lewis

Unwversity of Alberta, Canada
mlewis@math.ualberta.ca

Social carnivores, such as wolves and coyotes, have distinct and well-defined home ranges.
During the formation of these home ranges scent marks provide important cues regarding
the use of space by familiar and foreign packs. In this talk I will describe a set of mech-
anistic rules that can be used to understand the process of territorial pattern formation
through interactions with scent marks.

I will consider different model formulations, with and without the den site as an or-
ganizing centre for spatial movement. The models are described as systems of partial
differential equations, coupled to ordinary differential equations. Under realistic assump-
tions the resulting territorial patterns include spontaneous formation of ‘buffer zones’
between territories which act refuges for prey such as deer. This result is supported
by detailed radiotracking studies. In some cases, energy methods can be applied to the
system, and the lowest energy solution corresponds to a spatial territory.

The model will also be analysed using game theory, where the objective of each pack is
to maximize its fitness by increasing intake of prey (deer) and by decreasing interactions
with hostile neighboring packs. Predictions will compared with radio tracking data for
coyotes, including some new data from Yellowstone, where topography and local prey
density can be shown to affect movement behavior.
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Structure and stability of model food webs:
omnivory, non-linear dynamics and food chain length

Toshiyuki Namba

Department of Environmental Sciences
Osaka Women’s University, Sakai, 590-0035 JAPAN
tnamba@center.osaka-wu.ac. jp

Relationships between complexity, or diversity, and stability of food webs have been
one of the fundamental questions in community ecology. The number of trophic levels
and prevalence of omnivory are important attributes of food webs, which potentially
influence stability of biological communities.

Pimm and Lawton (1977, 1978) studied simple randomly constructed Lotka-Volterra
models of four interacting species in a few trophic levels, assuming existence of positive
equilibrium. Their main results were that the shorter food chains had the faster return
times to locally stable equilibrium, and that webs with omnivorous links were unstable
in high frequencies. Later, analyzing the same systems as those in Pimm and Lawton
(1978), Law and Blackford (1992) found that the systems could be permanent even if
an positive equilibrium was locally unstable. Recently, Emmerson and Yearsley (2004)
showed that a skew towards weak interactions promoted stability in the presence of
omnivory and that skewed interaction strengths were an emergent property of stable
omnivorous communities, by a sophisticated analysis.

I investigate the same model and consider the relations between omnivory, stability
and lengths of food chains. It will be shown that positions of omnivorous links highly
influence local stability of equilibrium and nonlinear dynamics of the system. Omnivory
often helps persistence of species in higher trophic levels and produces complex temporal
dynamics. It will be demonstrated that longer food chains do not necessarily have slower
return times and that lengths of food chains may be limited by energy constraints.

References

[1] Emmerson, M., and Yearsley, J. M. (2004). Weak interactions, omnivory and emergent food
web properties. Proc. R. Soc. Lond. B 271, 397-405.

[2] Law, R., and Blackford, J. C. (1992). Self-assembling food webs: A global viewpoint of
coexistence of species in Lotka-Volterra communities. Ecology 73, 567-578.

[3] Pimm, S. L., and Lawton, J. H. (1977). Number of trophic levels in ecological communities.
Nature 268, 329-331.

[4] Pimm, S. L., and Lawton, J. H. (1978). On feeding on more than one trophic level. Nature
275, 542-544.
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Reaction, Diffusion and Noise
in Models of Plankton Patch Dynamics

Horst Malchow

Institute for Environmental Systems Research
Department of Mathematics and Computer Science
University of Osnabriick, 49069 Osnabriick, Germany

malchow@uos.de http://www.usf.uos.de/~malchow

The dynamics of spatial and spatiotemporal pattern formation in nonlinear biosystems far from
equilibrium are of continuous interest and many mechanisms of structure generation are not
known yet. In this paper, the fascinating variety of spatiotemporal patterns in such systems and
the governing mechanisms of their generation and further dynamics are decribed and related to
plankton communities.

Under conditions of relative physical uniformity, the temporal and spatiotemporal variability
can be a consequence of the coupled nonlinear biological and chemical dynamics. For illustra-
tion, the formation and spread of spatiotemporal structures in a conceptual prey-predator dif-
fusion model of phytoplankton-zooplankton dynamics with viral infection of phytoplankton is
demonstrated. There is not much known about the mechanisms of viral infection and spread of
disease in and between plankton populations as well as along plankton-fish food chains. Here,
the phytoplankton population is split into a susceptible (S) and an infected (I) part. Lysogenic
and lytic infections are considered. Zooplankton (Z) is grazing on susceptibles and infected.
The analysis of the local S-I-Z system yields a number of stationary and/or oscillatory regimes.
Correspondingly interesting is the spatiotemporal behaviour, modelled by reaction-diffusion
equations. Spatial spread or suppression of infection will be presented just as well as com-
petition of concentric and/or spiral population waves with non-oscillatory sub-populations for
space, and long transients to spatially homogeneous population distributions. The impact of
external multiplicative white noise, modelling the environmental variability, on survival and
spread of populations as well as on spatiotemporal pattern formation and transitions is shown.
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Spatial dynamics: a personal perspective

Nanako Shigesada

Department of Information and Computer Sciences
Nara Women's University, Kita-Uoya Nishimachi
Nara 630-8506, Japan
sigesada@ics.nara-wu.ac.jp

Spatial ecology is a rapidly expanding area of research for both field and mathematical
biologists. Various methods have been developed to study spatial ecology such as diffusion
model, meta-population model, cell-automaton model, lattice model, integral-kernel based
model, individual-based model, or their integrated model.

Historically, since Morisita (1950, 1954) quantified the relationship between animal
dispersal and population density, Japanese entomologists have greatly contributed to the
recognition of the concept of biological diffusion by including interactive forces between
dispersing individuals and their directed movements to favorable environments (Ito, 1952,
Watanabe et al. 1952). After three decades, Okubo (1980) published the seminal book
“Diffusion and Ecological Problems”, in which he surveyed a wide variety of
mathematical models of bio-diffusion including pioneering contributions by Japanese
entomologists. Okubo’s book inspired many theoretical physicists and mathematicians to
direct their interests to biological diffusion. In this talk, I will briefly overview various
approaches to spatial ecology with particular emphasis on those developed in Japan.
Then, I will introduce our recent work on some topics in biological invasions.
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Part 2 September 24 09:00 -12:40

“Mathematics toward Biological Pattern Formation”

organized by

Masayasu Mimura (Meiji Univ., Japan) € Andreas Deutsch (Technical Univ., Germany)

In the past, mathematics has not been used as an effective tool in biological sciences. There are many

reasons. One is probably that there seems no fundamental biological laws. However, the field ranges

from experimental research linked to mathematical modeling to the development of mathematical and

theoretical biology.

Especially, mathematical modeling has been proven to be useful in the study of

the mechanisms that underlie the processes of biological pattern formation. In this symposium, talks

of 4 lecturers will emphasize the ability of mathematical modeling to understand pattern formation in

biological systems.

LECTURER | TITLE
09:00-09:05 Opening
09:05-09:50 | Hisao HONDA (Hyogo University, | Cell positioning in a multi-cellular system.
Kakogawa, Japan)
09:50-10:40 | Takashi MIURA (Kyoto University, | Digit splitting pattern in doublefoot mutant mice limb
Kyoto, Japan) buds — Relationship with reaction-diffusion model on
growing domain.
10:40-11:00 break
11:00-11:45 | Andreas DEUTSCH (Center for | Cellular automaton modeling of biological pattern for-
High  Performance  Computing | mation.
(ZHR),  Technical  University,
Dresden, Germany)
11:50-12:35 | Masayasu MIMURA (Meiji Univer- | Pattern forming effects in chemotaxis.
sity, Kawasaki, Japan)
12:35-12:40 Closing

Each lecture consists of 40 minutes for talk and 10 minutes for discussion and PC connection.
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Cell Positioning in a Multi-Cellular System

Hisao HONDA

Hyogo University, Kakogawa, Hyogo 975-0195 Japan
E-mail address: hihonda@hyogo-dai.ac.jp

I will show a system of cell positioning. When we put a cell in the system, the
cell migrates and automatically finds its own position. The system consists of cells
that express membrane-bound ligands (ephrin) and their receptors (Eph) on their
surface. The cells are governed by the bilateral threshold control.

In the bilateral threshold control, cells that receive signal of ligands by the
receptors do not respond until the ligand level becomes close to a threshold.

When the ligand level is at the threshold, the cells adhere to the surface expressing
the ligands, and do not respond when the ligand level is over the threshold.

One of the examples of cell positioning is topographic projection of retinal
ganglion axons to the midbrain. The axon terminals expressing Eph receptors crawl
on the midbrain surface where the ligand density is graded. The axon terminals find
their own sites on the midbrain where the ligand level is at their own threshold.

The bilateral threshold control does not only direct positioning of individual
cells, but organizes a tissue of graded cell arrangement that provide positional
information for morphogenesis and regeneration. The cells simultaneously express
ligands and their receptors in single cells. Furthermore, in a cell aggregate of two
types of cells, the bilateral threshold control organizes curious cell patterns,
checkerboard and kagome (star) patterns.

We already know that some of cells have an ability of chemotaxis. Now we can

add the cell positioning to the repertory of cell abilities.
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Digit splitting pattern in Doublefoot mutant mice limb buds -
Relationship with reaction-diffusion model on growing
domain

=W & M.D., Ph.D.
Takashi Miura (Kyoto Univ., Kyoto, Japan)
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Tel:(075)753-4333
Fax:(075)751-7529

It has been suggested that a periodic pattern formation mechanism underlies skeletal
development in the vertebrate limb bud since some mutant mice have supernumerary
digits which do not have a clear anteroposterior identity. We have observed such digit
patterns in Doublefoot mutant mice and found some interesting splitting patterns which
cannot be easily understood by positional information. We reproduce these patterns
using simplest possible Turing reaction-diffusion model on growing domain, and

analytically show that such patterns are possible under certain conditions.
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Cellular automaton modeling of biological pattern formation

Andreas Deutsch (Technical Univ., Dresden, Germany)

Examples of biological pattern formation are life cycles of bacteria and social amoebae, embryonic
tissue formation, wound healing or tumor growth. Thereby, development of a particular spatio-
temporal “multi-cellular” pattern may be interpreted as cooperative phenomenon emerging from
an intricate interplay of local (e.g. contact inhibition) and non-local (e.g. via diffusing signals) cell
interactions. What are cooperative phenomena in interacting cell systems and how can they be

analyzed?

Mathematical models are required for the analysis of cooperative phenomena. Typical modeling
attempts focus on a macroscopic perspective, i.e. the models (e.g. partial differential equations)
describe the spatio-temporal dynamics of cell concentrations. More recently, cell-based models
have been suggested in which the fate of each individual cell can be tracked. Cellular automata are

discrete dynamical systems and may be utilized as cell-based models.

Here, we analyze spatio-temporal pattern formation in cellular automaton models of interacting
discrete cells. Model applications are bacterial pattern formation and tumor growth. In
particular, we introduce “classical” and lattice-gas cellular automata as well as a hybrid cellular
automaton that permits to model the dynamics of discrete biological cells and continuous signal

concentrations.
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Pattern forming effects in chemotaxis

Masayasu Mimura

Department of Mathematics
Institute for Mathematical Sciences
Faculty of Science and Technology
Meiji University

Kawasaki, Japan

It is observed that chemotaxis which is the biased migration of cells in the direction of a
chemical gradient plays an important role in biological processes . Here I would like to
focus on self-organizing patterns arising in colonies of E. coli which were observed by
Budrene and Berg in 1991 and 1995.

IlEltU.I' C
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Secrets of seif-organization
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