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MHC polymorphism and peptide diversity

Rob de Boer (Theoretical Biology, Utrecht, Holland)

The genes encoding the major histocompatibility (MHC) molecules are among
the most polymorphic genes known in vertebrates. Since MHC molecules play an
important role in the induction of immune responses, this polymorphism is proba-
bly due to selection for increased protection of hosts against pathogens. In contrast
to the large population diversity of MHC molecules, each individual expresses only
a limited number of different MHC molecules. This is widely believed to represent
a trade-off between maximizing the detection of foreign antigens, and minimizing
the loss of T cell clones during self tolerance induction in the thymus.

Here we review three theoretical models that we have developed to study the
diversity of MHC molecules, both at the individual and at the population level.
We have found that thymic selection does not limit the individual MHC diversity.
Expression of extra MHC types decreases the number of clones surviving negative
selection, but increases the number of positively selected clones. The net effect is
that the number of clones in the functional T cell repertoire would increase if the
MHC diversity within an individual were to exceed its normal value.

It has been proposed that the large population diversity of the MHC is due to
selection favouring MHC heterozygosity. Since MHC heterozygous individuals can
present more peptides to the immune system, they are better protected against
infections than MHC homozygous individuals. Using a population genetics model,
we found however that this heterozygote advantage is insufficient to explain the
large degree of MHC polymorphism found in nature. Only if all MHC alleles in the
population were to confer unrealistically similar fitness contributions to their hosts,
could heterozygote advantage account for an MHC polymorphism of more than ten
alleles. Thus, additional selection pressures seem to be involved. Using a computer
simulation model we found that frequency-dependent selection by host—pathogen
coevolution provides such an additional selection pressure that can account for
realistic polymorphisms of the MHC. The polymorphism of the MHC thus seems
a result of host—pathogen coevolution, giving rise to a large population diversity
despite the limited degree of MHC diversity within individuals.
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Somatic Evolution of Cancer

Yoh Iwasa(Department of Biology, Kyushu University, Japan), Franziska Michor, Martin A.
Nowak (Harvard Univ.), Steve A. Frank (U.C. Irvine) yiwassch@mbox.nc.kyushu-u.ac.jp
ERATOEELTORA VIBE | REATREMEDREICD VWTOHENER

mE B (k- H), F. Michor, M.A. Nowak (IAS, Princeton), S.A. Frank (U.C.Irvine)

Cancer progression is somatic evolution. Stem cells in skin or intestinal epithelia keep
dividing. After many years, some cells accumulate multiple mutations of key genes, finally
giving rise to cells that proliferate without being checked by immune system, causing
cancer. The risk of cancer depends on the reproductive rate of cells of intermediate

mutants (somatic selection), mutation rate, and the population size.

[1] Chromosomal instability (CIN) is a defining characteristic of most human cancers.
Mutation of CIN genes increases the probability that whole chromosomes or large fractions
of chromosomes are gained or lost during cell division. The consequence of CIN is an
imbalance in the number of chromosomes per cell (aneuploidy) and an enhanced rate of
loss of heterozygosity (LOH). We develop a mathematical framework for studying the
effect of CIN on the somatic evolution of cancer. Specifically, we calculate the conditions
for CIN to initiate the process of colorectal tumorigenesis prior to the inactivation of tumor
suppressor genes.

[2] Many epithelial tissues are separated into many compartments. Also there is a clear
separation of stem cells that keep dividing and differentiated cells that will be discarded
after a finite number of cell division. We examine the role of tissue architecture in reducing
the risk of cancer initiation. We also discuss their effect to the age-specificity of cancer

incidence.

To formulate these problems, we derived new formulas for the fixation of the second or

third mutation without fixation of the intermediate mutants (stochastic tunnels).
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Number of cell states does not depend on number of genes

2R W (EREYFERARAF - BREVFEAR LYY -)
MOCHIZUKI Atsushi (National Institute for Basic Biology)

BILFOHRRE. GBERMERFOZTNETNHEET 2HEHLDHEAEDLEIC
SO THBCIYVRO-ILEINTEOH., WHERIRAMBIRICE LW THEBSTEDLTD
nNT\Wd, BREBERICEVWTIDXSREGLFNELHIEEERT DER. BHGAEH
P ELIRBMBRNMCIREBARIRENDI EEZIS5ND, BLFRY MD—0Z—HHNICK
ZADBWAPARBRETIVEEZEZ. BfiLlc,. BEGFORBLANILOZELCEL>TE
HORBRENEZEZSNDID . TNZNOREICK U TEEGTFHIRERLANILZLD
BZTEDEUR, TOKSIBEELGBRY ND—D D@EITERELH. SOEFELRFE
BREBZDREL. BIfTTRZENTE L, E5IC. SVILICEBRENTERY KD —
DIEHEFBIEIATOFEREMOIPRHBZEERE LU TR/DIIENTE L, Z0FE
R RODESBERZRB. (1) FERE (DMUIREE) OHFFEETFRICKEE
FHEBCNESV, (2) —DDEGFICIEAT BMOELFOHICHEELLZL. TU
3 (3) FEREOHEIBNBZZHSHRENI DELCTFORICE > TENT D, &5
Mhofco DED. ELDBRICEHFDECFHDENZX. AEHOERMIEOEREDRA
TIZRL,

Gene expression level is under strict regulation controlled by the level of
transcriptional factors. A gene network, which consists of such logic functions
of genes, gives rise to various states of cells or differentiated cells in body of
multi-cellular organization. | developed a dynamical model for gene networks
that include lots of genes of logical behavior. | could analyze the equilibrium
states of this complex system. The equilibrium correspond to states of cells.
The expected number of equilibrium of randomly generated network could be
determined strictly. | found that 10

(1) the expected number of : Number of

I ,5 Possible states
equilibrium does not depend on 8

number of genes, (2) nor number

. 5
of other input genes. It means .
that increase of genes does not Expected number of
directly cause the complexity of ’ Type 0 equilibrium

the body.

2 10

Nuﬁnber o?genes8

10
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Dynamic optimization of defense, immune memory, and pathogens remaining in the host
body.
Emi Shudo and Yoh Iwasa (Dept. Biol., Kyushu Univ., Fukuoka, Japan)

When attacked by pathogens, higher vertebrates produce specific immune cells that
fight against them. We study the host's optimal schedule of specific immune cell production.
The damage caused by the pathogen increases with the pathogen abundance in the host
integrated over time. On the other hand, specific immune cell production requires a cost,
including not only the production and maintenance of these cells but also the harm to the
host's body caused by immune activity. The optimal strategy of the host is the one that
minimizes the total cost, defined as a weighted sum of the damage caused by pathogens and
the cost caused by the specific immune cells. The problem is solved both by Pontryagin's
maximum principle and by dynamic programming. The optimal defense schedule is
typically as follows: In an initial phase after infection, immune cells are produced at the
fastest possible rate. The abundance of pathogen increases temporarily but becomes

suppressed eventually, see Fig. (a). When the pathogen abundance is suppressed to a

sufficiently low level (N =N "), the immune cell number decreases and converges to a low
steady level (E = E*), which is maintained by alternating switches between fastest production
and no production, see Fig. (b). We examine the effect of time delay required to have fully
active immune cells by comparing cases with different number of rate limiting steps before
producing immune cells. We also discuss the role of immune memory based on the result of

the optimal immune reaction.

j’"\cf
» 0.012 - \
g 0.1 = N
=1 N* - e T
£ 0.3 PUUDNTIEE - N
2 A £ 0.008 F
{]{} : l %N* |
0 400 800 0.02 Q 0.04
time t specific immune cells E

(b)

Open circles show switching points where 1, the optimal production rate (before moving

average), changes from 1 to 0, or from O to 1.
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On the Conservation of Genome in Proto-cells — Replicator Equation
Analyses

ZFabIVICEITET ) ADREICODWT-LTV - ARRICK D HEF

Hideaki Suzuki ($iAKF5HH) Naoaki Ono (/NEFIEST)
ATR Human Information Science Laboratories (A T R A& AWFZEAT)
http://www.his.atr.co.jp/” {hsuzuki,nono}

Segregation instability of many chromosomes responsible for metabolic reactivity in a proto-
cell is studied. Metabolic models with two-, four-, or six-chromosome for the replication and
translation of genetic information are considered. During cell division cycles that distribute
inner molecules equally to the two daughter cells, a ‘defective’ cell can be created, and cells with
a complete set of molecular species are made compete with those cells under a cellular selection
scheme. From replicator equation analyses, it is shown that even under the cell selection pressure,
‘complete’ cells including six chromosomes hardly conserve the molecular species set and become
extinct from the population.

HRORBRICO— RSN/ LIl R 2@ L TP T kkrz2 L 7)) r— 27
7z i > TNz, BRI MOBEH EFERZ1T7A 5 RMET IV ZRE L. TNe XA 254k
M2M, 4, BXU6MTHMKENSLGZER %, MIEIKZZRICANTEUEFEROM R,
ROKROBMNIEZ 21CDONT, MlESAZEL T/ LOMREE NSRS L, B8

R R OMIIEAEHM L TLE S 2 bbb o Tz,

Keywords: segregational instability, stochastic corrector model, replicator equation, cell selection

The main difficulty for the conservation of a
complete replicator set is in a growth rate differ-
ence between replicators. If two (or more) repli-
cators with exponential growth rate have differ-
ent lengthes and, as a consequence, have different
growth rates, the fastest replicator will swiftly use
up the resources in a cell and the cell will converge
to a state in which the fastest replicator occupies
the cell and the other slower replicators are ex-
tinct.

To overcome this difficulty, biologists have ar-
gued that the existance of the complementary
chain of a replicator inhibits the exponential
growth of the replicator (the parabolic growth
model [4, 3]), autocatalytic network between cat-
alytic replicators (ribozymes) makes each repli-
cator indispensable for the others (the hypercy-
cle model [1]), or the intercellular selection which
eliminates cells without necessary replicators helps
conserve cells with a complete set of replicators
(the stochastic corrector model [2, 3]). Among
these models, the most relevant to this paper is
the stochastic corrector model.

To study the possibility of conserving multiple
replicators with exponential growth rates and clar-
ify the condition that makes the stochastic cor-
rector model (cell selection model) valid for arti-
ficial proto-cells with multiple chromosomes, the
present paper conducts a series of experiments
on a set of replicator equations representing the
replication and translation of genetic information.
Cell selection is also incorporated with an explicit
method (that uses a population of cells with inte-
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ger molecule numbers) or an implicit method (that
calculates average molecule numbers in a cell), and
saturated values for the molecule numbers and the
probability of a complete molecule set being trans-
mitted from mother to daughters are examined.
From several experiments using different replicator
equation parameters, it is concluded that a com-
plete set of six or more chromosomes with different
replication rates might be hardly conserved over
the cycles of cell division that is triggered by the
growth of the molecule number in a cell.

This study was supported by the Telecommuni-
cations Advancement Organization of Japan and
Doshisha University’s Research Promotion Funds.
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How is the phylogenetic tree of the pathogen reflected by the epidemiological
parameter?

Isao Kawaguchi and Akira Sasaki
Depatment of Biology, Faculty of Science, Kyushu University

Now that an enormous number of nucleotide sequences become available for the viruses and
infectious bacteria which has been causing the major epidemiological outbreaks in human.
The phylogenetic relationships found within a species or a quasispeices of such pathogens
vary greatly from pathogen to pathogen, which would be an important reflector of their epi-
demiological and microevolutionary dynamics. For example, the measles viruses are highly
homogeneous for a long time and the most subtypes are diverged only recently; the quasis-
pecies of influenza A viruses forms the 'main-steam’ type phylogenetic tree — new serotypes
are continuously derived each year but the tree drawn for the variants sampled over a few
decades collapse into a single trunk; the dengue virus quasispecies consists of 4 distantly
related subtypes, which has been diverged long time ago and has been coexisting since then.
Quite little is known, however, on how these striking difference in tree shapes is related to
the epidemiological parameters like transmission rate, virulence, and recovery rate, and to

the population genetical parameters.

We consider a finite number N of host individuals and m = 2" of viral serotypes defined by
the binary epitope sequence of length n. The immunological status of a host to each strain
of the pathogen may change from S (susceptible) to I (infected and infectious), and from I
to R (recovered and immune). We also take into account the coinfection by multiple strains
and the cross immunity between pathogen strains. We allow the mutation at each site of
the epitope sequence, and hence keep track of the microevolutionary change of the pathogen

serotypes.

In this study, we generated phylogenetic trees from the simulation, and applied the statistics
that can well characterize the tree shape, and then analyzed how trees are related to the

epidemiological and genetical parameters.
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Omnivory and Stability of Food Chains: Length of Food Chains in Equilibrium
HMER & BV OLEN | FERKARIC B 2 BYEEO R &

Toshiyuki NAMBA and Chikako SATO
BERM 5 - A ENE

Department of Environmental Sciences, Osaka Women’s University
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Pimm and Lawton (1978) studied a simple Lotka-Volterra’s food chain of four
trophic levels with omnivorous links, assuming existence of equilibrium. Their re-
sult that omnivory destabilizes food chains has profoundly influenced perspectives
on the prevalence of omnivory. Later, Law and Blackford (1992) investigated the
same system with different statistical distributions of parameters and found that
it can be permanent even if it has an unstable positive equilibrium. However, a
positive equilibrium was found only in about 1 % of randomly constructed food
chains. Therefore, random food chains rarely have a positive equilibrium and often
approach a steady state at which some of the constituent species are extinct.

In this presentation, we investigate the same model without assuming existence
of equilibrium and consider the relations between omnivory and the length of food
chains. The four trophic levels are numbered from the lowest (level 1) to the
highest (level 4). We assume that per capita effects of predator on prey are stronger
than the inverse, following Pimm and Lawton’s “vertebrate model.” However, we
incorporate density dependence in higher trophic levels. Values of parameters are
randomly chosen from uniform distributions.

Asymptotic behavior of the system highly depends on the position of omniv-
orous links Omnivorous predator is fairly invulnerable to extinction even if its
prey becomes extinct. However, disappearance of intermediate trophic levels often
makes the omnivore monophagous. The 4-1 link facilitates four—species coexis-
tence, whereas the 4-2 link causes disappearance of the third or fourth trophic
level. Straight food chains are often reduced to chains with only one or two lev-
els. Thus, omnivory does not necessarily shorten the food chains. Since a simple
straight food chain is always stable if it is feasible, omnivory definitely destabi-
lizes the chain. However, random chains with omnivorous links can have a stable
positive equilibrium in higher frequencies. Therefore, food chains with omnivo-
rous links are not necessarily dynamically more fragile. Food chains with higher
primary production or higher efficiencies of consumers are longer. These results
suggest that it is not dynamical fragility but energy constraints that restricts the
length of food chains. We also show types of complex nonlinear dynamics which
are different depending on the position of omnivorous links.
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Analyses on Stochastic Oscillation in Lattice Model with 2 Species

SHOE, PR K SR H - (AT
Satoru MORITA, Yu ITOH, Kei-ichi TAINAKA, Dept. of Syst. Eng., Shizuoka Univ.

morita@sys.eng.shizuoka.ac.jp

A prey-predator system on two-dimensional lattice has a stochastic oscillation. We studied the
dynamics with using correlation functions and power spectrum. The mean-field approximation
for this model is given by a stochastic differential equation (two-dimensional Langevin equation).

We compare the analytical solution of the Langevin equation with results of the simulation.

Consider a two species of prey (X) and predator (Y') on two-dimensional lattice. Each site is
labeled by X, Y, O, where X and Y stand for the site by prey and predator respectively, and O

represents the vacant site. The dynamics is given by

X+Y — 2V
X+0 — 2X
Y 20.

The reactions represent the predation, reproduction of prey and the death of predator respec-
tively, where r and d denote the transition rate for the unit time.

For the large limit of the lattice size, the mean field approximation is given by

z = z[-y+r(l—z—y)
= yla—m),

where z,y denotes the density. This equation has a fixed point z, = m,y, = 7(1 —m)/(r + 1),
which is stable when m < 1. Thus there is no oscillation in this limit.

Since the lattice size is finite, however, the density oscillates around the fixed point due to the
noise from the finite size effect. Though the time series is very noisy, the system has a dynamical
structure. The density of the predator tends to follow one of the pray as is seen in the mutual

correlation function.
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Population Dynamics Introduced the Effect of Biased Migration in Patchy Environment
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Department of Mathematical and Life Sciences, Graduate School of Science

Hiroshima University
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We consider the population dynamics in a multi-patchy environment with m patches. It
involve the disperser’s density-independent preference for patch to which the disperser
prefers to immigrate. How is the preference reflected into the total population size in the
whole system? We will present some essential results by our mathematical and numerical

analysis for our model.
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Geographic Variation of Shell Morphology
in Cowries (Genus Cypraea):
Theoretical and Empirical Approaches

Takahiro IRIE and Yoh IWASA

Department of Biology, Faculty of Sciences, Kyushu University

In the marine cowry, Cypraea caputserpentis, the body size is smaller and
the external shell is thicker in lower latitudes. Cowries are determinate
growers and the life history consists of three phases; the soft-body size and
shell volume increase in the juvenile stage, which is followed by the callus-
building stage in which shell thickness increases, and then reproduction
starts without further growth in the adult stage. Aquarium experiments
demonstrated that juvenile phase is shorter and that growth efficiency is
higher at a higher temperature. They should hold in the field as well.

To evolutionarily explain the latitudinal clines of shell morphology and the
related life history traits, we constructed and analyzed a mathematical model
which calculates the optimal growth schedule.

Body Size
V(x) = o Cy)=ry Shell Thickness
lutch Si
Lifetime Reproductive Cluteh Size
Success
- x —|= y  =—*|=— reproduction Ontogenic time
\\:’

juvenile phase  callus-building phase adult phase

In our model, juvenile body size is a power function of age and callus thickness
linearly increase in callus-building stage. Clutch size is proportional to the
volume of juvenile shells. We assume also that that lifetime mortality is
the sum of (1) durophagous predation pressure P, which is reduced by thicker
callus and (2) callus-independent, general mortality m. We calculated optimal
lengths of juvenile phase (x*) and callus-building phase (y*) to maximize
the lifetime reproductive success.

From the results, we conclude that the negative latitudinal gradient of
juvenile mortality is needed to explain the evolution of the latitudinal clines
of the juvenile traits. In contrast, the observed cline of shell thickness can be
caused either by the latitudinal gradient of shell-crushing predation pressure
or by that of the environmental factors promoting calcification or both.
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Study about analytical model of a fish school based on observed two
individual motions: approaching motion and parallel orientating motion

mEEED  weEC
Yoshinobu Inadal), Keiji Kawachiz), and Hao Liu®

YPRESTO, Japan Science and Technology Corporation (JST)
Department of Electronics & Mechanical Engineering, Faculty of Engineering, Chiba
University, 1-33 Yayoi-cho, Inage-ku, Chiba 263-8522, Japan
inada@meneth.tm.chiba-u.ac.jp

YDepartment of Aeronautics and Astronautics, The University of Tokyo
4-6-1 Komaba, Meguro-ku, Tokyo 153-8904, Japan

Department of Electronics & Mechanical Engineering, Faculty of Engineering, Chiba
University, 1-33 Yayoi-cho, Inage-ku, Chiba 263-8522, Japan
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Abstract

Schooling motion of two species of fish (Bearded silverside, Atherion elymus; and
Hardyhead silverside, or Atherinomorus lacunosus) was studied focusing on two types
of motion: approaching motion, where an individual moves toward the position of its
neighbors, and parallel orientating motion, where an individual adjusts its body
direction to be parallel with those of its neighbor's body direction. Correlation of
measured motion parameters (position, body direction, and moving direction) among
individuals was used to determine which motion each individual was executing.
Conspicuous differences and similarities between two motions were evident in several
motion parameters such as the direction of interacting neighbors from the body
direction of an individual, or the time delay of an individual from the motion of
interacting neighbors.

The results of observation provide insight for analytical study of schooling motion.
Analytical model to simulate individual motion in the school was designed based on the
measured parameters of approaching and parallel orientating motion, and was used to
study the relationship between local interaction among individuals and global properties
of schooling motion. Thus, the study clarified the property of schooling motion both
quantitatively and qualitatively by the experimental and analytical approach.
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Theoretical Consideration of Olfactory Axon
Targeting with an Activity-Dependent Neural Network
Model

Hirokazu Tozaki1 and Tatsumi Hirata1’ 2

1. Division of Brain Function, National Institute of Genetics,
Graduate University for Advanced Studies, Yata 1111, Mishima 411-8540,
Japan

2. CREST, Japan Science and Technology Corporation

ABSTRACT

Olfactory sensory neurons that express a given odorant receptor target their
axons onto a few specific glomeruli in the olfactory bulb. Although the odorant
receptor plays an indispensable role in olfactory axon targeting, the mechanisms
underlying this guidance are largely unknown. In particular, there is much
controversy about the involvement of an activity-dependent mechanism in the
targeting process. In this study, we developed an activity-dependent neural
network model of the glomerular layer in the olfactory bulb and simulated the
targeting of olfactory axons onto the layer. Our model successfully constructed
discrete glomeruli that received olfactory axons expressing a common odorant
receptor through odorant-evoked neural activities. Furthermore, our model
explained the perplexing experimental results that have been reported in
olfactory axon targeting. Thus, the activity-dependent targeting of olfactory

axons seems to be a simple probable mechanism in glomerular formation.
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Response of Plasmodium falciparum to different antipalludic treatments: implications for the
evolution of resistance.

Frangois G. Feugier
Ecology Laboratory, University Pierre et Marie Curie, 1 October 2001

In spite of the effort to fight Malaria, the size of the phenomenon is not decreasing. Furthermore, the
resistance to the widest used drugs has spread since 1960. Those drugs have the characteristic to be
long lasting in the organism. Since using one drug is not enough, new strategies use a combination of
two drugs to take advantage of the multiplicative effect of mutation probabilities. Since the probability
of mutation to be resistant to one drug is nevertheless low, the probability to be resistant to two drugs
can be thought to be the product of both probabilities.

The combination uses usually a drug with long half-life, protected with a short half-lived drug. When
taking both the drugs, the decrease of the population is considerable. When the short-lived drug has
disappeared, the long lasting one still remains. The remaining population of parasites in presence of
the residual drug is statistically to small to show a mutation, and is eliminated by the long lasting drug.

I tried to simulate the evolution of the transmission of resistance to the two drugs entering in the
combination, using a model of differential equations.

First, I simulated the comportment of the population of parasites in presence of immune cells, and
without drug, so I could estimate the time for the symptoms (3% of parasitemia) of the disease to
emerge. 1 added then one drug at this moment (9™ day). Has we could imagine, all the sensitive
parasites disappeared, leaving only those resistant. Then the immune cells eliminated all the remaining
parasites. The cumulative production of resistant gametocytes (those transmitted by the mosquito) was
very high (concentration reached 1e6 /ml after 20 days).

Then I made a simulation with variable concentrations of two different half-lived and effectiveness
drugs, and without immune cells. For a definite combination of concentrations, the result showed a
total elimination of the parasites, without high production of gametocytes.

I tested the length of protection of the patient with drug combination, against new infestation.

With the effective concentrations of drugs found before, I simulated the production of resistant
gametocytes according to the influence of a second injection of parasites by a mosquito, and the
variation of the mortality of the immune cells.

For an injection of sensitive parasites, the result showed a protection against parasite’s new installation,
and therefore, no production of resistant parasite, of about 5 days after the ingestion of medicaments,
and a longer period for a very low immune cells’ mortality (0.1/day). If the injection takes place after
the protection, during a low drug concentration period, it gives a higher production of resistant
parasites than an early injection, during high concentration of drug.

With an injection of sensitive plus both simple-resistant parasites (2%), the protection is only about
one day, depending mainly on the short half-lived drug. Furthermore, if the parasites’ injection takes
place after this protecting period, the production is mainly composed of long lasting medicaments
resistant, and double resistant parasites.

Often, the rising of the secondly injected parasites is only delayed by the sub lethal remaining drugs.
So the immune cells population has time to decrease to its ground equilibrium concentration, taking
more time to rise again to eliminate parasites when parasitemia becomes high for the second time.

We notice that the creation of resistant parasites to the short half-lived drug remains rare, whereas the
resistance for the long half-lived drugs takes often place, in the condition of experiment. This shows
that this (simplistic) treatment is, theoretically, usable to cure patients in healthy regions, but must be
improved when used in regions with re-infestation, even when resistance is not yet established, since
the protection of a (long half-lived drug) by an other (short half-lived) is not complete.
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(4) MREERFHTEIEFER (effects on cytogenesis) . FELEFTMR &
LI-SAEERRT—4ZSAMICRBLTIY NI VR ELTEET IR IOV
9 bHEATWS, SEIFEFLEYE (B obhrdhin, B8IE (LT7LUR)
EMEZETT HAREZEE LT, Cho@REEN . BREE. BE. £8%
~DEEH THEaIRetE (Sustainability) ~D4 /80 b £ LT, BIKRED
BE., SHRMEDE'EL, EYOEEKRKENAAITRENEH., MERREEDLEE.
ZHWETMT 2 ERDREL RO LN TLND,

CCTlE, MIARERESY. REXREBRESY. 2B HMEYMD=1EKZTA
03X LAOHSHRBHOELEE, EER—XETIVICKDIEEH 2 L—
DavITERALTHRET Lz, BWMEE L-ELOMEMEANDOMSTHRBESTEERIC
KUY, EERLRILORE/NNTA—FICDODNTHRENRBRZREZHEOMNIZLE, 2
BREBEIYLEBEWMEETE LA BAE FHTEOELES I aL—Y 3 Y
LIzBBRICEDE, HEEALANLTOELRS, AMIEHEER, RERSEHE VS -E
K, BELANILOREERFICEZA DA U\ FEHET D ETILERTT 5,
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FEIRNZ T U T HES /N7 T 7 aJa=—0D
RiZe 14 AR — N2 DNT

RELLFRANESALWFER I Al

FEIRDNT 7V 7 OERGEENIC X > THN AR 2 — 2 BET T
)V & BIEmfEATIC K > TER LT,

NG TV T R L CEET 5 L. NI T U 7 OO SR
K-> TARY MK, ALK, BIARIRZE DA IR aa =—»
METB T EMHSENTWNS, T Tld proteus mirabilis OE 2 KFZE 7
FAINR—=NTDWVWTELET B, proteus \EFEOMINR—2Z2EH & T
BHTHZEN, ENHEETCROMWEREM ECldan=—MWLaM->
721%2IC, spiral RELLM7ZA E 575 K, ZZRIICELN Tz SZ— 2 D]
NBZTEMMTBICK > THEENTNS (1],

INZ—2 e LTHEENS DI, #IRD/NNT7 TV 7 O DR 7%
FIATH 5, EEENEL TS L proteus DX D TR T V)T
FEWO 4 2 CHEMEITTEE T 3 EENH 5, The" TP UME
OBBHEMEH L TWA” L BHL LTHGR TIRA, 1 DOYHRE LT
ETIUET B,

1 ZoeDE, xliDIE 1 & BTN EINTW A ARDEEZ n (x,t).
n_(z,t), MEZ J,,J_£T5E., TNETNOHANOEBHER v, 25
ABHT LT, BEOKMBEZUTOLIICEL I LNTES,

on 9
87;:_77n++7+n,—%¢]+ (1)
on_ 9
o e T g ®

BIZIE, v2 =a+bny —n_ ) DX EEHEKFNZRET S L. TDT
BREEELE L &2 CEMESNHENS IR BOZRT, TOXI %
T3 2 JoticHingk U TR/ SR 2 it 9 %,

proteus ICH 5 NBHFZE A IR OEZRF Y TIVT « SR
TR EEHLUL TS, ZTNODHEE DR E GG L 72V,

SEHL [1] K. Watanabe, J. Wakita, H. Itoh, H. Shimada, S. Kurosu, T.
Ikeda, Y. Yamazaki, T. Matsuyama and M. Matsushita, J. Phys. Soc. Jpn,
71, 650-656

I E-mail: kitsune@ki-rin.phys.nara-wu.ac.jp
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MR RRSR ORBETG Y & L ORI T T VIRT
B OEE, ME EE

Analysis of Mathematical Modeling for Environmental Pollution and Influence of
the Oceanic Ecosystem

Mengchun XIE and Takuji HIEDA
TR TR EEM AR PNIT

xie@wakayama-nct.ac.jp

1. iXtwic
Fx LT INE TSSO PHEET DWHEAEREZ A Ea—X FICHEL T Ialb—Ya V&[T
ot.@ﬁ%ﬁ%@io&k%<f@%&ﬁ%%rmm%mltﬁﬁf,@ﬁ-ﬁ#i%-%%%g-%
HWie 8T T AL LI TR AT, WEE EEBEENSD 2 BEOWEAEM BT
ETHAEERIIXK LT, FF@“&@%@7mtx%ﬁﬁ%&%ﬁ#é LERRD. ElZ, VI l—
a VEBRNORKGEEEIT S .

2. BREFEY LB LOBEET VAN

LE LT ARRRITIEREIND &, (59 E SRR ORGE & AR L CILEEPHIC b7 - TIE i

fﬂ?ﬁiibé TS XYL OWEBHEEMDIBYEDE 2D AR, ARERIIEENH TS 2DTHD. 272
Y E R IIIRBICIEH L CHEL 7o T, TP OMAEY LIBERWE Zhx 2oL T, ZhiZ

i@ ﬁ%#+ TR T D LB AP EE R AETWIT D L-LETTIN D, (Fh sk

WCOWRE LHAEOINELZRTETAEZUTOL SIS,

dx
—=ax-pxy-K te” 1
di Bxy dx (1)
dy »
E=—yy+6xy—Kdyte )
IITE, @ By, 8 GOIIRET, x IHREFELT, yIHRELTHLD. K, L K, 35 RICL DR

RO THS.

ﬁm&ﬁ@ﬁw@WDzﬁiﬁﬁbfwé$ﬁ$%%¢ﬂkﬁ ANVT T HFEAT, BMLEEEZED
BHIERIC I D EMEREERE L TN D, IERBEARR LIRS LN, ©—27 20E 5 L T5.
(D EQ)TEMEOIREMN R DUFLEAEMIC L > TR DEZRT D, RERGIE, WIEEMORERIC
Yo THERIZH T D IMRPERE Y D Th 5.

B S N BREE OIS AN DB E 2 5T 5 TEHT L L E 20N 5. EWIL, HEWE %
IR LT RV —E ST, WEEARER OB &jo Z ORHBYRNER T DIE L, BB OB
DL R0, BRINTWERNIEL D7D, FRMEE SR 2WMEMENEZ 5. =L, H3WE
N % —EDOBIELL EIZ722 % & 5 AR EE O etk Tl ’Mé%iﬁ&#é“.:n%ﬁm&ﬁm_r
T

et +1)=c()-K e, (1) )
NI CHORY SEMORCORIN @
e =K,e, () (c(0=(C,)

TITH, K ESMERET, K, EHIMRKT, KRBT, C, R RREETH S, o)
IXHNL RO RZ] ¢ 1B T DIEYMEOET, e, , [ IMEMDZRINLX—ThHD.
BEIR
1) ARt TEERAReE), S HRR(1997)

2)  H EEEERERICEB Téﬂ?”“&{%ﬂ:m:—wwh MPS-44, p9-12(2003)
VIR —ER, #IEA  BIBREICB I 2 MOEERDY I 2 L—3 3 o FEKIL & S Iok B 37 5 33-38(2002)
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TR ICHT DT IRNDORNKINCIBICET HBETY >0
—BARRRNRDARET —
Modeling the spread of pine wilt disease with sporadic colonization in Ibaraki Prefecture:
Study of control measures

kR (Yukie MIMURA, ZREZCTFABE « ANRDUD) - JIIEEES (Kohkichi KAWASAKI, [AlZ4tK « 1)
EZERIE (Fugo TAKASU, ZREZLTK - B - HERAF (Nanako SHIGESADA, RELLTK - #)

Pine wilt disease is caused by the pinewood nematode, Bursaphelencus xylophilus, which is vectored by the pine
sawyer beetle, Monochamus alternatus. This disease has been widespread in Japan, posing a serious threat to
forestry and natural environment. The appropriate control measures are needed to save the pine forest. We analyze

the range expansion of the disease using a mathematical model and investigate the effect of control measures.

BEBRAEIC BN T UMNOBENGINE L TS, 515 E S5 EONRE <T=DITh, #hiE
RILIHER U 7RIS BB SR £ 5. AZETIE, TDX D BBRO—B & 725 <, $HT
TIVEFANT RN OIRERRERTL, PR OARMEZRE Lz,

SURUERY AL FavEERERELT, YV /XY IAIFY AR ThIFU ) 12&-oT
WA - AR S NDEGYR TH D, AFETIE, <Y HOENIFY PoOEREEREZ, 1135 0N
S8 O1—)b s flx -y ) ERAANZFOREIETILZE VT,

AIFVOHY : Plx)=1-0y) [ fslx=y)P(y)dy+op [fLllx=yl) P(y)dy Q)
Y DI : Ht(x) ={l-exp(-aP/(x))} H,(x)+Vv H,(x) )
AIFVOEGE : P, (x)=(1-6) F(P(x), H,(x)) H,(x) 3

ZIT, o [SRIEERBEIT 2 HIF) OEIA, IV ORBGER, viZYOBEBRETE, 0idhIFU0
BXBRE, F 3=~y 1 R%720 ﬁ\bﬂtﬁﬂj@%ﬁ FV) ORIEAREERT, ZOTTIVEFWTRIRE
DR B LI IMIURRRRRE DT 21 T oAER, 71 2+ OEIBEERE? 2850m, o Lvitd
BHIZ0.1 DEE, (ZREHE IR 3.8km L720, BHHHIE GFEHY 4km) SIFFHELWMEIME S,

FIIWIRITPBNTIE, 1975 05 10 FICHz> T, PHEUG @GP X3 Ens, v /51
T FaUMRAT BRGNS, BdHle< Y 2FITHE L TP 2) &, REERER Fin/z< 2 EEL0
TRHEHIZRBIRICEAAL, Y OBMARNICAERT 20 23U 259) Mrbi/ilitnd b, AT
1, NS OBBREEIONREFIRD 72D, QRHD0%E, KEEFROEIE0, &FBisdEDEIEe, 12/
H2FY OHFHICEE T 5 RELL FOXIIUEIE Lz, 7272 URBIBRERICEAL T3, BRERZRA 100/0&.36@%
INTVTH, EEKTIE 10~202% DA I F VIS, HEANSBIHT 2 LS EANBENTHS EEHN
TW%, TIT, FEEOBPREZIRET DOIT/NT A=y E0E LTz,

AIFVORGE © P, (x)=(-7y6) (-6, F(P(x), H,(x)) H,(x) Gy
FEETIL, FRROTETINEZHW TS I a2l —a s ERa2d &I, HRNaTEMs NS 2 &
HEOY RGBSR DN RS 5,
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Y F— = F BT K DIENEY O S AT IRIE K
— AR D S X — o & PR —

O mi¥ T2 (RASERFRFER T2OER e L7E%)
JiE e (RIASHRY: LoEarsesh)

AEFGEIL, A — b~ FAEEFIH L CTET ML ENTRAED O SAIEKIZON T,
ZOPREELZFTARTZ LD THD. RIS, RELA— v bl loTET MEE N0
S o> SN Z— o YRR E D PALRIZAE H LT ZE 2 oD 72

BLEMHFICE Z 2 F 22 281, BIEMRICAERET 2 FICAMLEET VEMET S 2
ERRBFELNWI L THDLID, TOEIBRETVOBER PV I 2 b—ra VKR E
DML EHEEZSBEL TS, £, EONEETFTAREMEICR D010, HELEET R T
EOBMENR LMY S5 o TLE Y. —~HHIg b ENTZET WVTBEOB L 2 B EICHILT
HHDO TRV, WL ENTZEFTAVEFH LEBHEOMITIIER TR F L HED SRR
DERZ DN FEO—2OTHDH. ARRATEIDZBROFFEREZRZDT-DIZET L O
ERSGICTLHZLEEETHY, BRRZELWITHS 2 2 HiEO—218 /4 — b~ bk
Wb, BAA— b NAEORE RFRE, HIZEROMOG HRAET L ERBELTWDE
FTIERL, BRAROABHAMMEA ANOFENMESETICRBTEL2LTHY, SEIOHET
TENEHNTET UL EI T 7.

KAFFETIE, BEZER 2R RIS EI L' 22l & LTEROVH->TWD. Ao yBiviE
IR EERES I U, BT 28~ B LI AEWIT 2 b —E OBEEEICET S L)
ELT. THOORMEDO T THERK S I 2 L—3 9 U &21TV, AW oA REE I LT
DHIRD G N Z— Do DT T a—F2{To7l-. b bSO RpTey 72 EERIZ X
S TR END MO/ 2 — b, SAIREROIIIEE A RD L 2 L AR T

fERE LTI, B VBB OITEN D e WA IZB O TR S Y —  ORIEEB NG b,
ZNNLHEINDHEFRBBITH AR L CHREZ RO, ZOMFITHEK S I 2L —v a3 2
Lo THEONIRR LMD TRVMEE 272, AHBOMEL LT, ZEMIP A ADRKRELL Loz
Ga DT 7Fa—F HEOKRRHIT b5,

2B 3R
G.Bard Ermentrout , Leah Edelstein-Keshet (1993) Cellular Automata Approaches to
Biological Modeling, J.theor.Biol,160,97-133.
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BAEYOR - ZREI/NEZ—2I(CET H2HERBHIAE

Stochastic integro-difference model for biological invasion

AR TR CRELTREE - ARSUE) - IR EE S (RS - T
HEMART (REZTK - H)

EPNIRE LD, WITHIHEBE) - BWEBROIRL TOMMEEIkT TS,
T LIEBAED DO HILKBREZFLIR T HETIVO—DIT T ORER ZEH e

K 5.
n ()= [ kCx = ym, (n)exp r{l uAs, )H y *)

[ |

T 2T nold. WL ¢ BP0 x ICB T BEREEZERT, k-y)lI0 80—
T, Gt y OEEDRG T x ABET SMREESMZRL TWD, AFKETIE
k(x) =(u/2)exp[—,u|x|] AT . £, exp[r{l-n(y)/K}]IZ. Ricker %A 7D
HEZR T, r IZNBEARBENZER, K [ERENEETHDH. (X Z2MHM< & 1R
W42 A U e Ml AR 1 23 T 17 3 (traveling wave) IZ it L. 2 @ & E 1T

g:mmh¢WWM(tﬁb\M@=ﬁ%@ﬂﬁ)f5i%héobﬂbmﬁ

RIFREBIETIVNTH D, ERILBHRITESBREINTHANE WD HE
EE TS,

AR TIE, REERERETIICHIGT 2REHRTT IV &R L, R
HIN R DMEIREE I RIE TR OV TER L -, RHNTTILTIE, M8
FE | VO EERE R E T )L OHFEER S LW IHS M ITE W, £z [58
PEEE ] 13— k() DIERERTHZ 5N S ET 5,

FREMERGRE T IV ERMEMICHENWTIRERNTET IV OME RS &, B
RN 70-80%FEE F TREL WO THZENHBAL =, 2T RGHHET
)L DIEE DENNBEIEDOMERIEIC X2 HONDBOMREICIDBDONEHS

MZIT 5512, £9. BEOMBEOREEZEZSZEICXD., RIFHENE
DEDITET 2N TNz, EOME, WIEOMHHREL, HEIZIFEALE
HET, (o T, BNORERNIZDHEDOHERMEIZE > TOALI D Z ENHS M

IZ/eo 7, IHIC, WEMRMETIVICTY )= RzE2mMAs2&ickD, 71—
SHRINTREE I BT TR ZRD, MINT 2MERNET IV EOBEREERT 5,
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Modeling biological invasions into random patch environments

MR D U1 GRELCKRRE - ARIscfb) , RS (FEfkk - 1)
EARE BRLK M) , HEMKT ERZK-H)

GH., BERCEYREONLAWRERILICED., EYWOEBER B NEHDRF
BCRKERBREENH TV, EZE, MIKOBEEICS 5 IN TS EORERMEN
HD—F. NEKRELLBIIFRREODRAZBVIED 2 50RE FOXN KR EL < OfE
N5, T THESNEIREICH T 2EATEDZEBEREIC D W TORIEMIFFEN
HELRS>TWD,

BxXINET, 2WEREOF THEMNICOWM INZREOH &L T, #R5
WrERiE., aU R—)LIRERESCERSBIERE & WO RKIZB W T—% Fisher 12,

on Jd on Jd on
—=—(D(x,y)—)+—D(x,y)— ,Y) — 1
P ax( (X:y)ax)*'ay( (xfy)ay)+(SCXJ0 nn 1)

n(xy) : RAHOMMAEE, Dy : IEHHREL  e(xry) : NEIBERBEINZR

AL TRABODEREO S I 2L —2a 27D 2 &K D, Rk B bl m ik
WWHBNWTROELIBERENERZETEZ, DED. 2RICHED D AHEREDOEH &
NECTH> THHW AT — IV EMN< THEERBEEITES 2D 2 &, HAHEE
HECAEREDOEIGNFE L TH> THREMEDENVICE D ERHEEEIIRE <R
HZERBRETH S,

TIZTARMETIE., REBELTIT VLI E INZRETORBHEEICAS N
LR ETFAN, FRICT OV LELRBAHESEOMKRICERL., L EREEO—F
Fisher AKX ZEHAL T2 al—2a%&{rolz. TOB. TNETITHIEELTE
R MR 2 X — A & LI/ Ny F ERE /Ny F ORI L Th 2L
EOFT, I ACERRETSTIEICES>TITI LRy FIREBEZIED H
L7ze DF0, BRBETY R—=I)LEWDS 2 DDREICHL T, fF@E/Sy F O
N FOMEBEBBIOKREZIZHLEAHNBOHFATT ¥ LB I REZREL
7o
BHENTAYEBI®EZIal—2a ORO—DELT., 2K ED D47
WSy FERBE/ Ny FOLSHEBLENFE L TH>TH, T LENHET EIBAEE
MEETHEINICH D EMN o7z ZOEDIT, T LENMEEEICRITTEZE
ZHFNRDEEDHIT, EOLIBBRTHBEREZETONEYDOERICAE THD 20
WCOWTREEWFNESNSERT 5,
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WADI L 7 — L K BT o RIic DN T

Rt B
FEURAREE G T REIER A R AT SR M T 22 T

2003/09/20(Sat.)

BOBRLINADY L < — L (iterated Prisoner’s Dilemma game) (&, /11 TBIOELDfEHTICZ b TETW
%o ERRIRIGHBIE UTld, RERRE 6] 72 ERFACDVTIRE B A A, EVPACBN T, B e, FErBgr
TE B MLBEEDNEZLNTET NS, BIBFETHS Axelrod X BZNADIYLYRDOAVEa—2YIal—¥ g
VOETHE [1] Tli&. —EIH « ZEEMIE, Lo-GR U (Tit For Tat) MiIEHMER L T %, ChicEDb5byIal—v s
T DERE . HAGRBETOMGRN DD, DEO, BIKFELO—FE—ROWED L)V, #OELT7—L EEEO
F—=L) v PNV, ZNERIRERS T LIHEILL TWL LNV EETH B,

ARELTE. £9. REWADY L URICKBIHFIITEOEND Y I 2 L— 3 YOBRZTTI. R, fld & DRI
DIDORETH S, BFEMIELITONILEAIC, ES Vo HIEMISHEENTLBX3ICERB7EA5M, L) Ede
Y LY I 2 L— 3 YZHUOIKIT S, Axelrod BEDH “HEIETHEORRZE LI LY I 2 L— 3 21TV,
—HHDBEFHEOHREZL LIC LIz I aLb—ya VIFEK [ ICE > TIThbNTWa, (X5, 1 EYD OR%RE
7z AT (5] 5 5.)

R, ThHDYIaLb—ya YHEDK S HREHIREICEDW TV R, EILAAF I 7 A LDOXUMTIT NS R T
W<, FETRLNTERYIaL—yarvDEE3, EBENYI 2 L—ya v eidng, BRBKOBZEZ
Ral—varyThot, ThiF. LTFOLT)r—2—7fK (1) TididEn s,

e The Replicator Equation
Wi i (1) - ] (1)
z; WIS ¢ DL (DED Y, 2 = 1), f; : WG ¢ DEISE
HHERTDH % HIGER (natural selection) ZFtid LTV 5, #INE fICISU T, HENE(LT 5, GHEMKIFER)
L7 — LR (Maynard Smith, 1982 [2]) i&. L7V —42—5ER itk h s,

TS, BIZICBIZMBMZ - BRBREREBLIZL TV —2— « 2 a—7—2—FHEX (2) KDV ky >
2al—yayEMRENZEDOEITo> TN, TCE> T, BN EIANSEDL S IRIIEL, Ial— 3
YTCHRET BT LN TE S,

e The Replicator-Mutator Equation[4]

dt 4
gi E D5 JANDERRTH B, TONHRERE. FHRE R L BIREEROW T 2GR LTV 3,

TNHDOYIal—ya VORERICOWTEMRL TV L dic, PD 7 —LOEEERRICOWTETNICE LED
FTOLEREFHUMBITONE DI T, BRBEHOBZDOHENCDONTEER LIz,

d > @ fi(@)g — i f (2)
j=1

SE K

[1] Axelrod, R. M. (1984). The evolution of cooperation. New York: Basic Book. (FAHH#.ZGR. 1987. D& HWADRE) Hini, CBS HAk.)

[2] Maynard Smith, J. (1982). Evolution and the Theory of Games. Cambridge, MA: Cambridge University Press. (F74<# 5aR. 1985. [k
& — LR U, PESEIXIE.)

[3] Maynard Smith, J. & Price, G. R. (1973). The logic of Animal Conflict. Nature, Vol. 246, pp. 15 — 18.

[4] Page, K. M. & Nowak, M. A. (2002). Unifying Evolutionary Dynamics. Journal of theoretical Biology, Vol. 219, pp. 93 — 98.

[5] 7k Wl (1997). HRKENADOY L I BT 2 TEIOME L. fT8EHRS, Vol. 24, No. 1., pp. 101 — 111.

[6] mREFRARE. 1996, IANRMIRERE—IGRA R HITE ML) WL, FskEE.

The topics of the evolution of cooperation by Prisoner’s Dilemma game.

Yo-Hey Otake, Kazuyuki Aihara.

Department of Complexity Science and Engineering, Graduate School of Frontier Sciences, University of Tokyo.

E-mail:yoheyo@sat.t.u-tokyo.ac.jp
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Recent Topics on Mathematical Methods to Biological

Systems

A—T«x—% : =& BFR (LXK -1#)

J. Demongeot (Univ. J Fourier de Grenoble, France) T. B. A.
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Role of Transient Dynamics

in Pattern Formation Problem

Yasumasa Nishiura

Research Institute for Electronic Science, Hokkaido University

Transient dynamics has been discarded due to the nonexistence of good frame-
ork for mathematical description. On the other hand, most of the vivid and
kotic dynamics contain many transitions from one state to another. For instance
1e well-established Turing patterns are very robust on a fixed domain, however a
-ansition from one-stripe pattern to another becomes very subtle when the domain
sarts to grow. One of the reasons is that not only attractors but unstable objects
lay a crucial role to understand its subtleness. Firstly I will present a geometri-
al approach to this issue. Secondly a large deformation of pattern is frequently
bserved at a transition, especially when the pattern itself has a strong interac-
on with others, typically scattering among localized moving patterns. There are
vo types of strong interactions (or instabilities) for particle-like patterns, namely
itrinsic and extrinsic ones. Self-replication and self-destruction are the typical
xamples of intrinsic type. Strong collision and the resulting scattering between
-aveling spots is of extrinsic one. Conventional perturbative methods don’t work
1 this regime and there remain lots of open problems due to the large deformation
f patterns not only in mathematical sense but also physical, biological or even
>mputational sense. I will present several potentially useful vewpoints and tools

) explore this fertile ground.
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Pulse dynamics in excitable reaction-diffusion systems
with random stimuli

Takao Ohta and Tsuyoshi Yoshimura

Department of Mathematical and Life Sciences, Graduate School of Science
Hiroshima University, Higashi-Hiroshima, 739-8526, JAPAN

In nonlinear dissipative systems such as a reaction diffusion system, a propagating
localized object which will be called a pulse hereafter is often observed experimentally and
by numerical simulations. Since a pair of counter-propagating pulses generally annihilates
upon collision, one may expect no fantastic dynamics in nonlinear dissipative systems.
However, an important property of pulses is self-replication which has been observed
in computer simulations. For instance, in the Gray-Scott model, a motionless pulse
splits into two pulses which grow and repeat self-replication until the density of pulses is
sufficiently large [1]. It is mentioned that such self-replication of pulses (domains in two
dimensions) has been observed in a real experiment [2]. Theory of pulse dynamics has
been developed recently [3], [4].

We shall describe our recent study of pulse dynamics in excitable reaction diffusion
systems focusing on the nonlinear response to the external stimuli. First of all, we
show that a fascinating spatio-temporal pattern appears during the pulse evolution after
stimulating locally a rest state. To be specific, we consider the following set of reaction
diffusion equations

7-(22: =DyAu+au(l —u)(l1+u)—v (1)
ov
E—DUAU-FU—’YU-FI (2)

where D,, and D, are the diffusion coefficients and 7, v, I and a are positive constants.

Figure 1 displays the spatio-temporal pattern of interacting pulses obtained solving
numerically egs. (1) and (2) starting with a single pulse as an initial condition [5]. The
Neuman boundary condition is imposed at the system boundaries. It is evident that
the interplay between pair-annihilation and self-replication causes a regular self-similar
spatio-temporal evolution of a trajectory of pulses, which is isomorphic to a Sierpinski
gasket. We have verified that this phenomenon is quite universal not only restricted to
the set of egs. (1) and (2) but also observed in other excitable reaction diffusion systems
[5].

Next, we have studied the response of the excitable system under the external random
stimuli. That is, we apply localized disturbance in the uniform rest state randomly both in
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On diffusion process on a thin domain
Eiji Yanagida

Mathematical Institute, Tohoku University

The dynamics of reaction-diffusion equations on a thin domain can be ap-
proximated by that of a lower-dimensional equation. In fact, when a higher-
dimensional domain shrinks to a line, the problem on the thin domain is
reduced to that on a line in some sense. If the convergence of the domain to
a line is not uniform, various limiting problems can appear. In this talk, I
will explain the mechanism of the reduction, and mathematical approaches
to analyze it. More specifically, I plan to discuss the following questions:

1. What is the limiting problem?

2. In what sense is the problem on a thin domain approximated by the
problem on a line?

3. How can one verify the approximation mathematically?
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S5 (3 'M. Kimura: 'The Neutral Theory of Molecular Evolution' S tHhR & 1
Tho, TE20FHICHS., BRAEPIREIFELCOEEAREFERE U TES
LTW375, ZTOEARFELDIHBRELAEHENTNS, PIEFIVIBEMIC
BET, RAZREL, KHEOEGBIELE (=ELEE) PR CRIFTHR
DPEENICEIND, PIUROEEEELL T, KEEEEISFUANITOIEDH
REROBHZZEBUICREL LS ELE, ThHLLE, KHEOREGHEEPEL
FEKRD, EQOBARBROGENSBABRICFETSLERTEIELE. LY
U, ECTCTRBREZHPEVICETIMEESNTE ST, BEEERLYDELEDE
HIEFEZEREOBRESHIMICHYKRZ BIBEICREENTVE, Fhe BA
ZEREFESITEDD. BHRAEERRLFTFIRAEREQLEF ES HBLEEER
HICES 2 &P, BREFFECEOBEDERIIRREDEEHABICENLNL,

1970FK &Y. DhbDhEAROBRREBFERET N, PUROKRZEZEZSH
HETVWBL4BRELGRBRESTE L, SHEEYFEREIEEFISHELCOEHES
HEDRERPRBICESIREFELTEIREINEERTHIFBTHLILORMDD
ET, HETFRHME UTREOERE ICMA THAICREE LECRT v TROE
SEBALL, ENCE-> THREOBBEEE I O 7BELZVWLEHFRESLL
TETFIMEEh, KEOELCEIREADTFHELRT Y TROBMEL L THAIC
EEIhE., BONERROBEELLODETRIOERS,

(1) EEAERETIVICBEWT, 7/ AORREREUNP—E T, TOIINYLT
VERTy TEnEBBUCERICKET S0, piCREsRNET R E. TOEEH
AEL(y,t) 3—RRIC oL(w,t)/du =1 -v(u,t)/u (Differential load theorem)
EZRET. FE—RIC., EERELCBVWTELCERIVEIEADBRGHHEDRE
BFEE<L(u,Vv)>E  <Lmin(e,v)>=p-v +vin(v/p) Ll ET&HS(Minimum load

theorem). <Lpin>[@FROZEETIVOBEERBRE L TRBESN. Thidvep
IS L CRIEFINDBAD<Lneyt> = -V &Y HMEL,  (2) FRESHS.,
RIBEBEN y ANV TAETINOERBRETOFHRAZERE ), ERFIRAE
REyy TRENOEREICL BHEILEY, EvgDREE YA INOEE O BRI EERR I
BWT, pg- Uz =ptanh(sN), v4-vg=ytanh(sN)TH 5, (1) [FEFEDIEE

EZPERATFHRDDT ) AOBRRAERE(CFETHRMIE. PIHIC K HHEERS
WEYVIIEBERBICLIEONZERRERICE>TEESINDZE, (2) [FER=E
NDESRBBHRAZEDADTFRAERLIVDBRENILERT. HOE
KOBRER TREBARZER(IBREIN., — A TELTEIBRREHEITHICHERS
NTEf, LROLOLBRRRBEVERESHOBRRICIRIDEMNFBTS,
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Structured Coalescent Process & i {&)Z Ak
RERURE 5L
lr RN KRR S 25 I NBETR

NSV TV LTeBIE T ORKICEE T % Coalescent model [ ZITAE4E RO THR /)
R RYE B L LT Kingman(1982), Tajima(1983)ic & » TEA S TLIskE, £ < OifF%E
FIZ K VRN e SN T WD, ZOME T, EF OB 22 ZEI2 Vi
7= Structured Coalescent Model Z##£% L (Notohara(1990), ZiliZ L W AMEF OEE
HIZERME A ZBE LTZ,

OO ER (colony)lZ VT AMER 2 E L, i O EREICBAE RN FET
HH0DET 5, ARERICES bELS BRIV RERTFZ2E 2. TAENLOSER G
BONOBIGTFEY TV L, HEZ#l>oTINLDOBEBFORNEER D, THOMH
BT 2> TIT< &, backward OBEEZITWRN G, HEOE LT 3F Uo%ERIC
FHETHEEIE, ZOFO ZSOEE TN IEOBLER 712 coalesce T2 & F 9.,
coalescence & random walk 5 Zhi FRDET /L& LTRELIND,

P T NVBIB T PRGBS E e e AR IS BIE T D £ TORF B (coalescence
time) |[ZEMABESCHEMMOBERORE I TRELELAESND, 2, U7
NBETFORKBHET DL, TOLICKRT vV ViR TERERZERGDEDL Z LI
L0, P TNVEBETOBBHEHEEEH D NEETONERDDHZENTEDH, 22T
L. %> 7LD N Asequence (22T, infinitely many site model @ ¢, Z84 1 K

(segregating site) DDA HONWTHET D, & NEBTODNAZRY A MIBIE,
SNP (Single Nucleotide Polymorphism) & L CEIGHIZHEMCEIEER. £ b ol
LOBRTHERSNTND

Coalescence time(T)& %\ L segregating sites D¥(S) DA% —MRIZEEIZKRD D =
X, U E LR 1 IRITD stepping stone model & %\ island model 7 Efi
HRET VERTIENETH 250, BAEENIEFICRKE YA (strong migration) & 5\
T/ NS A (weak migration) ([ ZIZEENEZ VTR O VBB FIZOWTIE
Pz RDDZENTED, BEERPKELRGHITI LT TS ONfMIT2EROY A X%
BERTEELIAEEREZT> TWOEHI E B O M E R D, L, BERPI/NS

B aiE. FEHOY A XX b, HEFMOBIER L ZCRE RN M 2R H FER
R L7 D,

ILT, Bon=2RAT—20hn, U VBL A E B ICRET DS ETD
coalescence time O FLMERIAM A KD 5 T71E (A X?E/l:) IZOWNWTHBET D,
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F A u 7 7~ (Papilio dardanus) DD 71 T — 8% — L JERK
IR IS A
SR AR
BE A A

DD T — /3 F — N IIARERNC TIRGTZERICB T 2 ARG AF = Th D, WD
RO —ER M~ L oL, T2 TRIEPER SN, D OMIZHLN 2 D
Toh H(Flx1E, Sekimura et al, 1998,1999 &Ml), Z DO XL ST L T, WONT—/"F—>
T, Rl EE S A RO NDDLEFA IR TH D, BUE, WOh T — 15—
YOWPT, TOREEMI RS LB STV DR (Wb 5 H E*ﬁﬁz) Th
%o WEOIRRBUTEME T LSV TOMPTAEA TS, —JF, Fex NER LS4 it
WD DX, RATRI 2RI L 1T R R D MR ZE D T a0 — NI T =" —=Th D,
ZOBERDN T =/ F = IHEERIEFICEMETH Y . LT LITREOREICH S
LEND D,

DD, Bxlx, TV BFEOEESEITHEL A A2 a7 7~ (Papilio dardanus)
S TR ZEED TV D, Fix OEARINE 2 1%, BFRA I D 5 %8 (morphogen)
ﬁﬁﬁi%ﬂo)iﬁ*ﬁj\%ﬁﬁ) BAERK & PEHOETE 2@ U THIORIE R AR — T 22 M 534 & AT 5

LEOILDTHD, ZOBEAT 2 ZDOWDONSNARBBEICHEM L TE R, ZRETO
ERICED &, @@%1‘%‘%@77 T —RE = IARBEWINC, B D RO (stripe  pattern) T
HY ., OREREMRICHEHDMIBOKZME (B, BEEOHNELRE, PEORLATZAH
— U ERICE VIESNTWD Z E N T S5 (Sekimura et al,2000; Madzvamuse et
al,2002), ZH 6 DOFERITELRFICETL2ERMER L LE L —H L TWELIFELDN> T
Do
5 HISCHK
1. Sekimura, T., Maini P.K., Nardi, J.B., Zhu, M., and Murray J.D. (1998).

Pattern formation in lepidopteran wings. Comments on Theoretical Biology, Vol..5,No.2-4,pp.69-87.

2. Sekimura, T., Zhu, M., Cook J., Maini, P.K., and Murray, J.D.
Pattern formation of scale cells in lepidoptera by differential origin-dependent cell adhesion.,
Bull. Math.Biol., (1999), Vol..61,No.5,pp.807-827.
3. Sekimura,T., Madzvamuse, A., Wathen, A.J., and Maini, P.K. (2000).
A model for colour pattern formation in the butterfly wing of Papilio dardanus
Proc. Roy. Soc. London B,Vol.267,pp.851-859.
4. Madzvamuse, A., Maini, P.K., Wathen, A.J., and Sekimura, T. (2002).
A predictive model for color pattern formation in the butterfly wing of Papilio dardanus, Hiroshima
Mathematical Journal, Vol.32, 325-336.
5. Sekimura,T., Madzvamuse , A., Wathen, A.J., and Maini, P.K. (2003).
Pigmentation pattern formation in the butterfly wing of Papilio dardanus. MIRIAM(the Milian Research

Center for Applied and Industrial Mathematics) jounal, (in press).
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Modeling plant virus cell-to-cell movement
and plant apoptotic defense

Akiko Iwanaga*, Kenji Shiroma! , Akira Sasaki*
*Faculty of Science, Kyushu Univ.
t Faculty of Science, Tokyo Univ.

The plant viruses move from the infected cell to the neighboring cells by producing the movement
protein MP which expand plasmodesma (corridor connecting cells) for the transportation of viral
genome. The spread of viruses in the host plant can be modeled as a density dependent diffusion.
The infected plant cell, on the other hand, produces active oxygene species O, , thereby triggering
apoptosis of neighboring cells which prevents the viruses from spreading from the site of primary
infection (hypersensitive reaction HR). Whether or not plant hypersensitive reaction can head off
the virus diffusion is the key for the success of plant defense. We examine the density-dependent
diffusion model for virus cell-to-cell movement and the density-independent diffusion model of the
active oxygen, and study the optimal defense strategy of the infected host. We obtain the optimal
sensitivity level of apoptosis that minimizes the total damage by viral infection. We also discuss

how the optimal strategy of host depends on the parameters.
a) b)

virus cell activity
_

virus density
or,
cell activity

—>

2 4 6 8 0 12 2 4 6 8 0 12
space space

Figure 1: a) Travelling waves of virus and cell activity. b) Success in apoptotic defense of host.
Viruse cannot spread through the cells which lost activity.
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ZENRIZE T COIND TV 7 DIRIREDS & RRTEIR
Bacterial Dormancy under Environmental Fluctuations: Competitive
Outcome Determines the Carbon Cycle
=K @ (RBRPEEZHAR LYY —)

Takeshi Miki (Center for Ecological Research, Kyoto University)

| constructed a continuous-time, physiologically structured population mode
considering bacterial size strategy and physiological strategy, i.e., dormancy. | analyze population
dynamics under fluctuating environment in which carbon availability becomes temporally very low,
and under size-selective predation pressure by heterotrophic flagellates. | assume four types o
bacteria: (1) sleepless oligotrophs with small size, high affinity, and low predation rate, (2
dormant oligotrophs entering physiologically inactive phase when nutrient level is low, (3
sleepless copiotrophs with big size and high maximum uptake rate, and (4) dormant copiotrophs.
| numerically show which type is most competitive depending on the scale of temporal fluctuations
and the degree of size-selectiveness of predation, and discuss how competitive outcom

influences the carbon consumption rate by bacterial population.

NOFTUPDORREHNT 2B IO RENZEES L. BERICLSBIHMBECEDT 12
BIRENBH DX SBRET TD IO T U TP OY 1 XEE & AR EBE(C DLV T continuous-time,
physiologically structured population model Z#HEU THTT D, Y1 XCDWVTIE, B
ETTYEDEUAHRNRD mH SEFCRD/NE%RINT T Y T (oligotroph) E EREB T TR
BOAHREDRHNSHMICRDIKER/INDT Y 7P (copiotroph) D_DDEEEEEZX D, RKRE
BRICDWTIIREFRGDNBLL B o7 55E M Z T (T2 REEEBE (dormant) & Z N (CBIH0 5 3 RE
LR L\ BB (sleepless) D =D ZxEZX D, INSDEHFEHEN SRS 4 DDEEE(sleeples:
oligotroph, dormant oligotroph, sleepless copiotroph, dormant copiotroph)(CDWT, %
BIHEREOEHR T —IILOREEHEBEDOY A BREDERE(CEKEFL T, EOEELE
HBEHNCRIDNEHBHEICKDASHNICT D, SS5ICHFPOBRESZ DB @BEFBEL
I TORBHEESDEFR®. BACHFTD/N\OTUPHERBS(ERBHOEESL) DREH
FHEEDORECDVWTERT D,
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BERRREZERLLCHBERROBRAREFMMENEETIVOER
BRXE (BESHIKIREZMIAHN)

EEN—RNKRIZ. TOKEEZ, BERZIIFIEKFELETHIEERICKE
<HEKET S, LEN> TEBEMDOIREDN, ABEHICLIAFIIHMLT. £D
EOCRETHINFRATEILIE. COkRETI/OLBRENSEEBTSLET
EELRELLD, CORBEEROREFICEL T, BF. KEOTRTERE
{EDRTEEESIERE SN TS (/=& ZI1E. Scheffer et al. 2001),

AR -EH-HE (2002, [RIFEBO/HORERE=a7I)]) . EX
BElEzid I8 ET N EZREL. (1) BEEMLSOARFOEMELBIC, B
BYUVEEDLER. #M7>5 0 b E0ENM, HEMBEEEYOEN. B
SREDES LU TETT SR (ERELLRO—A) BHBE. (2) FE
EMhSNDERmENHIHEEZBZSE. HEHNLSDY VARDOREICLST.
BEY VEEDNTEGMICHVREICS ¥ 7T 5 (TEERE) fleeE. (3)
EHIC, TERCEMNEELETIE. BREZREELIYTIFTH, HBDIRE
ZIICRT CENREEL 2D (BERR) rlEtEZER L,

Kg, EEMILHOMEREICEWNT, BF, BFEERFZBREDEK THERNE
fEnTEY., LRETINDOLS BAREFREADBEIY S5 LTI, RiELE
BRRY—EXBEEMSODEBFDEMELEBIC. HEIFREZEICHAY A NOT
14 v IICHLT HREEEDH S,

BRERREER. KFRICETIMEEECHRBIEORRE & /254 Ykt
FRICERET S, LEDS>T, BHFEREEHBERERDEECTERE
EDIBEELRBYSBDHDTHS, HBRLEDBHFBREREEL D LTS, Fis
CHEITHANEBBORALEABIREBEELSENIC. THDOEARERELLS
CHRBRWEHDIREARD ERE LT, FHMETE SAIREMENH S,

ARERTII., HBEEROTESGNAREZ(LZRELETSIETIED EIC.
BHRERZFEZRARBICIREREZTML. ThZ2REOEEHICET S (F1+9
) BEHOTT, REANT U RAOERBERE LU TEDS 2D, B4
HICDNWTERT S,
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EM7S 0 b OMBERFRICEITSF 4R AT
HIBAS Grafl - B 1), &H1UEE (University of Delaware)

KEE RERICHIBICB VT, RBEOELHREMICH L T, EWROBIMRENZEALIXL
WEHIEN TN S, LA HORBERORFELLIIESN DD TH>TH, 7727 b
COBERORIMREESE VN I 5720 RKE DR L TEPE O TS Z#icB T,
EACREBNEHIRE Z o722 &ITXk 0, WKEYAEEL 2/ E, FryZA PO TEHRELT
IR TEDHDNELLH 5,

bbb, KROF¥ ¥ A MO THRED 1 DELT, MW7 527 N BEORMIEAESR
N ZDEWMFNATZALEL T, EOXDIBRBDONBEZSNLEIMNERXRD 2D, LLTFOD
EOBRETINEEZF ¥ H A MO TNRE DHENGEN 2155 2 LMK,

BHETINTIIUFOZ L 2B L 2.

1. HHREFEVEITIE GICES TR, KOMEHHOREED., KEEEZEEEE L THEK
JE§ EHKIEITHEEL TWDD, ZOXDRIEMEEEE L7,

2. W¥MT I RCORBEL T, REHEND 2 D&EE ATz, REEIZKEN S5 KRIC
fibfe () SIILEIC & > TR D . KK E» S AR, 75> 27 bk
ORI, MORREY KD FIT RS TRINEELE . RS & EHITT DMEDN
LTW<ReEEL .

3. WWMT T R ORI, REE IO 2 DOBFEOMMBKTH D, K D&
2SS —HICH L TBRETH L, BEIIREL ChWaERICHEEI NI EEZEIE
L7z,

SEIORERDOETIVTIE, FRKENESLEKENTOELIRILENH S BREREL, TOEBER
DOKIRHEEZBL TOREEBHINSL, SSTHEM TS0 N> OMElE %8 L =B 813Mm
UWilZ/hNSNWZ EMS INE|EL /2,

NS OIGEN SR AT, IREBEHRELT

FKEOWM TS >0 N EE, BOKEOWY TS >0 s EE,

FOKE OREIRIE, GKEOFEERE
ZED, INSEFESIEESBWDBOEL, HEBEIRERSICHET 5EkBEEE L TET VL
Lo ZOETIVTIE, #7520 b2 ORFERICHBITS 2 DOEFROYIDEDDNDH 51
iy —7ThNE. FrH¥AMOTINRIDIENEHSINE, FLT0HE. &
JEEJR D S IR /KRR DR S s E 2 ERMICE LI Bz & &, RKEICORREY T >
7N IEET DR LS. FKE EEKE O G ICFET 2IRE & OM &2 RERICER 2T 5
ZEMbho Tz,
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HBICHIFRWEMTS o b EkkiEYD Catastrophic 75 EBZICBIT 5
HIBETIVIC K B
Ry (Gidnds - B 1D, hEAR Giamed - B0, S (E7RED)

W BT DIk EREY 75 > 7 s > @D Catastrophic 72BBNIE I 5 A= XL %ZH
SMIZT D721, FREHEIED 2 FEFED Resource DFELERN S OREHOREEEEL
7o BIEMNDHEMAEEETE T IV E W 21T 5 72,

AR, 2 < OB TIRKED OB, W75 7 b2 BIC74a) OREAALN TN
%o ZOLHHOERIT. NBHRERFAMICEISZDDONLNN, RAICEFTIZHDOT
3 <, FITRWIIBIZB W T, RERBENHZMED LA THALBEIETSZETA
IR 5 ZENEBEND, iz, Wo kAWM T I >0 N ODRBBRRITERD &, &
RREZBEBAMOL NVICEL THOIKESDEEE T, 2L D &2 EN L N)Liciz-o
F= & EVKEPDEE LT, WKEDNERERDIRIIRD ZEND D, TOXD RIBRESS
MBENDZENS, MW T I >0 b BHEREENKEDESREEOMOERIT.
Catastrophic 26D TH 2 L FHTE S,

KFRIZHBIT S Catastrophic 7REBRITDNWTEZ K DMENRINTETVEA, TNSDHE
| ERTEMFNBATNZALITDNTIE, TNETHFVFLERINTWARW, D
b, #7520 S ERKEYORERGREL, BEETIVEHNWT, IS 2 fE
¥ D% T Catastrophic /2B AN Z % BH 277z,

BHETN T, LFOZEEEE Lz,

1. KEWMT 520 N2 ERKENRGET D20 D&EPRE LT, B S D 2 DEEEL 2,
ZO&EFEZDD, 2 FMEYNGHSFTH LIRS, HICEL TOMERSIE. KETH
I DRI, T 520 NN ADREEZTLE L.

2. EVMOEEIKETHRIND EZICHBRENED T DI EITED, JKIENS DORER
(D2ZEELTNS) OEHENENT 2, 20l EMhs, 2 BEYOENENT % &
IEHESHEINT 5 E Lz,

COBIET I OECFIRMITICR O EADREBHONA BOEGARZBLITH LT,
WKV BBIREBEREY T F >0 b BEBRELOHVWEORERRBENK IS L&, R
T ENHK, GBISIT. BT T2 0 b RABEOEFEENZ D Catastrophic 2B E
DEOBFEEFZDME, FARXRTVELN,
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Emergence of adaptability to time delay in bipedal locomotion

KUNISHIGE OHGANE, SHIN-ICHIRO ET*

National Institute of Advansed Industrial Science and Technology, Tsukuba Central 2, 1-1-1 Umezono,
Tsukuba-shi, Ibaragi 305-8566, JAPAN
*Yokohama City Univercity, 22-2 Seto, Kanazawa-ku, Yokohama, JAPAN

e-mail: kuninari-oogane@aist.go.jp, *:ei2s@yokohama cu.ac.jp
Tel. 4+81-29-861-5080 (ex. 30304)
Fax. +81-29-861-5841

Based on neurophysiological evidence, theoretical studies have shown that locomotion is generated by mutual
entrainment between the oscillatory activities of central pattern generators (CPGs) and body motion. However,
it has also been shown that the loop time delay can destabilize mutual entrainment, and result in the failure
to walk. In this study, a new mechanism called flexible-phase shift, is proposed to overcome the loop delay. It
is realized by using the Bonhoeffer-Van der Pol formalism - well known as a physiologically faithful neuronal
model - for neurons in the CPG. The formalism states that neurons modulate their phase according to the
delay so that mutual entrainment is stabilized. Flexible-phase shift derives from the phase dynamics related to
an asymptotically-stable limit-cycle of the neuron. The effectiveness of the mechanism is verified by computer

simulations of a bipedal locomotion model.
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ATy TOMERY FO—2FETIL

uf R TR AT, B GRS, shE RGE T

T AU

BRI AT LAIERE ey b7 — 7 HIK

 ERGEERY: B TWHE AR
hsq@glia.pc.uec.ac.jp

1 [FC®IC

A2 NEREYDRORE I O—D & LT, WHEICH
WEEEHRIC K> T, ZDOZFHEOKFR X CEE S RO
&2 RS 56877, “ HREN " DRENINH %, b
BENEEREMENER DAY 7700, /A XE
Tz EADREPEE D 2 E ) ZEWT & EDEN
DFFEZ, KEHACEEEHAICE, AEICLT 1~
2ERETHD., B TH> TEERITZIHEDIC
EYZHOA BT ENTES, A7 70T EH RO
fiiE e DO U T i Rts 2> THRATT %, U &
DREFOWMBRERAE ITD) 1HHRIC K > THIFDK
PEZ DTS ITD 2. &9 0 & DI E & 58
JE7 (1ID) 1z fifi> TEIROBEENE ZH] S 1D #%
BTHB, TLUT. TODOMEEIEN S ITD TR
& 1D [5#7% ICc shell THIET S &Ic K> T, BM
(BH) DEZHRUEL U BEERICET 2 5RO %
HBZENTED, TOETEMICBT BNDOEEHR
&, BARRINCHHE Y AT LB K CHEB > 27 L & OISR
MEIC XK - T, HEER L OXIOHAINS K S I1E 5,
AW, B 58D T =i ZE R O T K D f
TEREMS & Z CIC BT AR EIMORE ZFEHT 5 2 &
EHHELTWVWS,

2 ITD (& E IID [BROFEED A h =X A
RO 77 m & FEE T R DNLE 2 RS B 2D D
BIERfZE ITD) ¢WEEEE (ID) Z#Hitd %
Tt ZESHD TEHLOMEY £V (ICc shell) (CFE
T % £ TIEHIAL DR TIHIRUENTHN S, 1Cc shell
IZHBWTITD & IID OfffiEMaET NS, TTE TR
JAPER T LITIHERIZAPEI N OB, TEIMETZ
NERHEINTEHEREMDZER < v THIEK I NS,

2.1 IID DREDA =X A

FLIZITD MERKDO = 2—F )VETIVIZ T TICHE
KU7z 1], TTTE. ID MO DICHIMUER X
(VLVp) XU ICc shell TOMIERDHKE D=8 D
Za—INWETINERRET S, VLVps D& T ATHE
MO OZEERIEEE N5, EAD VLVps DBHW
V8 < HRIMERS S REHEDY TID M D 72 IS AN IC F
EBE %95, VIVpICBW TR IID DIERAEEES
50D VIVp THALTWERVWZ 2 —ayDEE LT
ZHEN%,
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2.2 ITD & 1ID OEHRHKEEDET IV

ICc shell IZBUT 2 ERATZITI AN ALZHHT
5= a2—J)VETINZK 31T, VIVps h 5 DEE
72 (ID) OENEHHEEAIE LT FRHIMEY 2L
(ICc shel) IS SN, TERAOMLI T (ICc core) M
5O (ITD) OHIIZEEM: AT L LT ICc shell
IcREEN5,

ICc shell IZi& ITD & IID OFEDHEGHICF 2 —=
JENzZa—ar MRy L TED, ASIE Nz ITD
OHICHIET B = a—RaY (—fFICiiATWVS) Of
T. E550 VIV 15 &l 725213 72 (11D OfEic
FIGUTE) Za—ayOBRFEKTBTENTE S,

3 1ICc shell &2y b7 —0 DICESFMH

INHDETFIVERWT, ITD & IID OfEDkE 4 75
HERE DL DEFEAD ICe shell x» MU —7 DIEE%H
Nizo TS OREFUTFERANCBIIE N TV B I0E R
ZHHTRIFHLTED 2], TFVOZYEERL
W5,

4 BRELOBEHRHRSE
FERTE R & SR ISR HETHRE LT, BERZEE <y
TOBIFZEM & OX G2 KB 2 A = X L2 )
129 %, Flzo. HEBHHENE & OEEEZEA U, B
KAV T IO TAEZ BTN TE 5729
D=2 —FIWANZ X LZfERT %,
SEH
[1] Inoue, S., T,
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Scaling Law for Fish School Sizes
Hiro-Sato NIWA (Nat’l Res. Inst. of Fisheries Engineering)

The power-law distributions of school sizes are quite general for pelagic fishes. As with
fisheries such as fishing by a purse seiner, such major events (i.e. large catches) can be regarded
as unusual events of great magnitude lying on the tail of a distribution comprising events that
are mostly of much smaller magnitude. Left figure shows the school-size distribution for
Japanese sardine [acoustic-survey data off southeastern Hokkaido covering the period Jul. 30
— Aug. 6in 1982, from Hara (1990)]. A traditional, widely-used Gauss statistics (broken line)
says that finding sardine schools of dimensional sizes ranging from 18 to 20 meters in vertical
thickness (transformed into social size N € [42,50) in a certain unit) should only occur about
once every 10° detections of schools. Aquatic observations actually say that finding such
schools occur about once every 500 detections. The probability that such schools are found is
10° times large! [The solid line shows the proposed distribution, Eq.(1).]

In right figure, the empirical data of school-size distributions for various species are plotted in
terms of scaled coordinates [(A) northern anchovy Engraulis mordax, data from Smith (1970);
(e) Japanese sardine Sardinops melanosticta, from Hara (1990); (O) free-swimming tropical
tuna, from Bonabeau et al. (1999); (0) tropical tuna caught in the vicinity of FADs, from
Bonabeau et al. (1999); (o) herring Clupea harengus, from Reid et al. (2000)]. Astonishingly,
all the data collapse onto a single well-defined curve:

W (N) = (norm. const.) x N~ exp [— <]]V\gp <1 - %)} , (1)

if the z-axis is chosen as © = N/(N)p, and the y-axis represents y = (N)pW, where (N)p
denotes the average size of population spectrum associated with schools of each size, NW (N).
Eq.(1) is deduced from a stochastic differential equation. The variable z gives a scaling
argument: the school-size distribution depends on the school size N only through the variable

x. Eq.(1) expresses the scaling law for fish school sizes. Note that there is no parameter to be
adjusted, because (N)p is computed from the data.
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[1] Neubert,M.G.and Caswell,H.(2000),Density-dependent vital rates and their
population dynamic consequence, Journal of Mathematical Biology,41,103-121.
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(A time-delay model for inverse trophic relationship)

BRERA TR

(Yasuhisa Saito)  (Yasuhiro Takeuchi)

FPEAXZIEY
(Department of Systems Engineering, Shizuoka University)

There has been a fair amount of previous work on stage-structured models of popu-
lation growth consisting of immature and mature individuals for single species, where
the stage-structure is modeled by the introduction of a constant time delay (see, for
example, [1]). It is observed that for predatory plankton and fish, there exists the case
that the mature fish is predatory to the plankton but the immature one is the prey of
the plankton.

In the present work we consider a delay differential system of the form

2/ (t) = z(t)[r1 — anx(t) + aqy(t) — ar3Y (1))
y'(t) = y(t)[=r: — agz(t)] + azz(t)Y (1)

—anz(t — 7)Y (t — 7) exp {ff_T[—m - agx(s)ds]}
Y'(t) = —r3Y2(t) + aziw(t — 7)Y (t — 7) exp {ftt_T[—Tg - ozgx(s)ds]} .

(1)

Here oy, as are nonnegative constants and all the rest of parameters are positive.
y and Y denote, respectively, the densities of immature and mature populations for
single species where 7 represents a constant time to maturity. x is the prey of Y but
eats y, which we may call the prey counterattack with time delay.

We believe that this is the first time such a population model has appeared in the

literature. Our purpose is to discuss qualitative properties of the model (1).

REFERENCES

[1] W.G. Aiello and H.I. Freedman, A time-delay model of single-species growth with stage structure,
Math. Biosci, 101 (1990) 139-153.
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Drastic growth effect may explain sympatric cannibalistic polymorphism
Joe Yuichiro Wakano (Dpt. Biological Sciences, Univ. of Tokyo)
Cannibalistic polymorphism is observed in many fishes and amphibians. In some species of amphibian
larvae, cannibal morphs and typical morphs are known to coexist. The mechanism of the coexistence is
analyzed by a game model with two strategies. Generally, once an individual succeeds in cannibalism, it
grows very quickly, which facilitates the next cannibalism. Models with this drastic growth effect can

explain the evolutionarily stable coexistence of the two strategies.

E-mail: joe@biol.s.u-tokyo.ac.jp
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W TGOS AT ZGIHT 51 L0 HIEEHAWT, AL VREMEESERDOA a7 Z4EiE
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Geographic Variation of Shell Morphology
in Cowries (Genus Cypraea):
Theoretical and Empirical Approaches

Takahiro IRIE and Yoh IWASA

Department of Biology, Faculty of Sciences, Kyushu University

In the marine cowry, Cypraea caputserpentis, the body size is smaller and
the external shell is thicker in lower latitudes. Cowries are determinate
growers and the life history consists of three phases; the soft-body size and
shell volume increase in the juvenile stage, which is followed by the callus-
building stage in which shell thickness increases, and then reproduction
starts without further growth in the adult stage. Aquarium experiments
demonstrated that juvenile phase is shorter and that growth efficiency is
higher at a higher temperature. They should hold in the field as well.

To evolutionarily explain the latitudinal clines of shell morphology and the
related life history traits, we constructed and analyzed a mathematical model
which calculates the optimal growth schedule.

Body Size
V(x) = oxP CO)=ry Shell Thickness
o ; Clutch Size
Lifetime Reproductive
Success
-— x =] y  =—*|=— reproduction Ontogenic time

juvenile phase  callus-building phase adult phase

In our model, juvenile body size is a power function of age and callus thickness
linearly increase in callus-building stage. Clutch size is proportional to the
volume of juvenile shells. We assume also that that lifetime mortality is
the sum of (1) durophagous predation pressure P, which is reduced by thicker
callus and (2) callus-independent, general mortality m. We calculated optimal
lengths of juvenile phase (x*) and callus-building phase (y*) to maximize
the lifetime reproductive success.

From the results, we conclude that the negative latitudinal gradient of
juvenile mortality is needed to explain the evolution of the latitudinal clines
of the juvenile traits. In contrast, the observed cline of shell thickness can be
caused either by the latitudinal gradient of shell-crushing predation pressure
or by that of the environmental factors promoting calcification or both.
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Theoretical Study of Period in Circadian Rhythm

Gen Kurosawa and Yoh Iwasa
(Department of Biology, Kyushu University)

Circadian clock has a free running period that does not change much
with ambient temperature. This property, called "temperature compensation”
is puzzling because each process of biochemical network generating the
rhythm becomes faster for a higher temperature. We study the temperature
compensation theoretically when the rate for reaction steps in the network
increases with the temperature, but with different sensitivity.

In the models, a clock gene(s) is transcribed to produce mRNAs (M),
which are translated to produce proteins (R).  Proteins enter the nucleus and
in the nucleus these (P) suppress the transcription of the clock gene with
cooperativity (n). The dynamics are

dM k aM

dt  h+P" ad+M’
d_R_ sM dR
dt  s'+M d +R’
d_P_ UR vP
dt u'+R V+P’

When the transcription rate (k) increases, the period of oscillation becomes
longer (positive elasticity). In contrast, the period of oscillation becomes
faster (negative elasticity) as the degradation of mRNAs (a) increases. For
most other rate parameters, the increase in the rate tends to make the period
faster, but a weaker effect (small negative elasticity). These results hold for a
wide range of models, including N-step models, and double oscillator model,
provided that [1] most of the branch reactions (e.g. degradation of mRNAs or
proteins in the feedback loop) are strongly saturated but most of in-loop
reactions (e.g. protein synthesis or protein transport to nucleus) are far from
saturation (which is the condition the system shows oscillation), but that [2]
the cooperativity (n) of the transcription inhibition by nuclear proteins is not
very large.

We then discuss the plausible realization of the temperature
compensation by choosing the temperature dependence of reaction rates of the
network.
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Evolution Towards Periodicity
by
Masashi Kamo & Akira Sasaki
Department of Biology, Graduate School of Sciences, Kyushu University, Higashi-ku, Hakozaki 6-10-1,
Fukuoka, Japan

A long lasting question in epidemiology is why many childhood diseases show periodicity of more than
one year. Previous studies have been concentrated on the dynamical consequence of seasonally forcing in
epidemiological dynamics, but few have studied the evolution of seasonality parameter in pathogens. We
studied the evolution of seasonality using a compartment model with a seasonality in transmission rate.
A strain of influenza viruses, for example, would be able to improve the transmission rate in summer,
thereby reducing the degree of seasonality in transmission rate. Another influenza strain may improve the
transmission rate in winter in expense of the reduced transmission rate in summer, thereby exaggerating
the seasonal difference in transmission rates. Hence the seasonality itself (or sensitivity to seasonality) is
subjected to evolution.

It is well known that the conventional epidemiological model with seasonally varying transmission rate
shows muti-year periodicity depending on the strength of seasonal forcing. We show that larger fluctuation in
transmission rate, which leads to multi-year period, is favoured by pathogen evolution. Our result apparently
contradict with the geometric mean fitness principle, which claims that smaller fluctuation in fitness is favored

by the selection. By applying our new principle, we can answer why ”multi-year period”.

1
0.8
2=
1 S 0. [l
— 08 2
S 0.6 0.4
= 04 0.2
0.2
02 04 06 08 1 200 400 600 800 1000
Sensitivity(d) Time

Figure 1: A bifurcation diagram of a compartment model (left). Vertical axes is maximum density of infected
host at an epidemic season. Period doubling bifurcation occurs around § (sensitivity to seasonality) equals
to 0.7. The evolutionary trajectory (right). Population converges to an ESS sensitivity which is a little
larger than a bifircation point, hence the population fluctuates with a period of two years. In both panels,
seasonality is a sinusoidal with period of one year.
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INT T 7 aa = —ET5)VOEBEENTICOWT
B Ak
AT, EILMEIRO ANFNY 7Y 7 A0 Z—EFIVC BT 5 AK Y FOMRIC DOV TELRETS

X5 &9 55K, IR, HE (1] TIRBSNIZEDTHS. 72/ZL, TT TR DHHEARZ2EM 1 Xt
DEEITH U TR 21T, ZEX5HKE R 2k %:

ou 0%u 0 ( dc/ox
dc 0%
azwﬁ-au—ﬁc. (2)

T T T, M. R. Myerscough and J. D. Murray [2] THWHN TV FEEFIH LTI ZITS. 20
Feld, REMCE S &, HHCRZEFIREOR O THAUL L TR 5 NS RO LT, ez HnWTZ
DIHMAZEE ZFARZ L VS EDTHS.

(1), (2) 2R L TR BN 2 N, ARERICIE, M. R. Myerscough and J. D. Murray [2] I
BOTHIIEN TR EDICBEEZNIMATZ6DTHS. UL, TOENCKDFIEIZIE S NITEMIC
ToTLES.

COHETIHME NIz ARy MEkRZ, BUETIC K > TR SN R 2 iRd % &) iRk < —,]L T
W5 Wb D, FRCIERRIEDNTW ERIREN S & ZilE, —BOEAENEE>TWV5.

&k

(1] NEE, BEMEE T N7 TV 7 Oau=— « N2 —VIBEOE TV, BERREFIZAT#ZEk Mathemat-
ical Topic in Biology 176-187,(1993)

[2] M. R. Myerscough and J. D. Murray : Analysis of propagating pattern in a chemotaxis system,
Bulletin of Mathmatical Biology Vol.54,Nol,pp.77-94, (1992)
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Temporally Intermittent Interaction Allows the Mutual Invasion of Competing Two Species Dispersing in Space

BT 2T 2EOHEAEERADOKEBERIXREIC L 2HEERA
R S

With a reaction-diffusion system, we consider the dispersing two-species Lotka-Volterra model with tem-
porally periodic intermittence of interspecific competitive relationships. We assume that the competition
coefficient becomes a given positive constant and zero by turns periodically in time. Not only for compet-
itive relationship but also for any other type of interspecific relationships, such temporal intermittence
of interspecific relationship would happen in nature: for example, due to seasonal separation of niches
(habitat, homerange, food, etc.) of two species. From mathematical viewpoint, this type of interspe-
cific relationship can be modelled by introducing a temporally intermittent vanishment of terms which
represent the interspecific relationship. We analyze our model system analytically and numerically, and
study the coexistence of competing two species in space, especially in the bistable case for the population
dynamics without dispersion. We could find that the spatial coexistence, that is, the spatially mutual
invation of competing two species is possible if a critical condition for the temporal intermittence of
interspecific relationship is satisfied. Further, we discuss the velocity of invading front.

A7 X DOFEA ML, FCARBRHIALIC H 2855 2 HIZHAATE LYy, LI HDTH-
7eh3, BRESOANYPEMEIC KD, HAfE E’]ﬂilﬂz’)’ﬂb“(%% EEZ NS EF 2 TH L HE
TH D EVHWERERDS, Dih o T OERN, HEimNHREIc X > TREINTETAL Y,
2T, TBEOAEE, LF, KRR T%%F®W@@%%L1w%&%26@ﬁ?$
— I TH A ), BIEDOBEEH K7 D /N2 D IRZERICEWTEH L Tw3 EEZL2DHART
b5,

Fic, W2 BHR O AR EMEIC X 2 B O IAEIC DV TiE, Hutchinson (1941, 1961) |
X BMEBEHTH 205, BELETAMAEICOVTH, ZLOMAMTONTETVS, & b

7‘ AR TIE, ROEARNLFEEROBIRET IV E LT, Lotka—Volterra 2 FEE R

B 2D YA F 2 7 A%ELT %, Lotka-Volterra 54 R 12 B AR B £ 3 )ﬁ,ﬁﬂ
H’Jiﬁﬂ%‘ﬁﬁﬁﬁ'@%{f?) 2581220 T, de Mottoni & Schiaffino (1981), Namba (1984), Namba
& Takahashi (1993) 72 E23% 523, T4 6D, HMT HREARIC X B EEEEY 4 XLHO A%
ZZHDHEPE TIOVOMHTICR LT, RFZETIE, 1 RITZEMN THAECT 2 515 2 fi n; = ny(x,t)
(i=1,2) 2T, RS HBEARICLZRDO L) LBHET NV E2EET S ¢

on; 0%n;

at D62 (ri = Bins — pigng)ni - (i, j = 1,231 # j)

72, R, AWUETIE, (YN - IEEYN) BREEORHN A EREO BB L E LT, B
BREED (RN ) REEREEZEZZ 2, T4bb, LD Lotka-Volterra FUHAHEL 2
FEBES R VT DR iy 1I2DWT, HAWIER r 1B T, IEOERE L, 5]1FHE<
R icswT, ¥a &“?’Z) BRFEREL i 1F, I 2 BB BT & 5, i BAfRIC
BWT, IHLDOTOOWIR, AW s, B2nFnG 2 6N e iR R
WCRHIZEED RIS NG, BT =7, + 7 OFRIHNRRIEREZ DD &) BHiaRE2E 2
5DCTH 5,

BRI B L BTN TR X 2iTic X > ¢, BF 2o, $4bb, Aot i
NOMHEDBADEIL 92 Z EBHASLICR 57, Z2D720D5M, 8L K, HADZERMN
RADKME (i, BAHEE) 1220w T, BT L LI, ZOMBROEERLANZEEKDT
AT R TR T 5,

*Hiromi SENO JA B RYARABERRAETTFFERHEOR o AR Bl A T 739-8526 HiJA ETi#iIL 1-3-1 [Department
of Mathematical and Life Sciences, Graduate School of Science, Hiroshima University, 739-8526 Japan] (e-mail:
seno@math.sci.hiroshima-u.ac. jp)

73



—iEsE 9 22 H U

BIBZEH) (> TABERDHLD -
T RTESDHRADEE

Deleterious influence of environmental fluctuations

on average population densities
BEAKRZERATLAIZEE 4 EB (Ryusuke Kon)

XD Beverton-Holt FTFEXDIED i e = K G KBS V77407 TH
5T ENMHIENTNS
A
T T T (/K
Iabb, (TED ) > 0L Tlimy oz, = K &%, BREBINET K HEHT
WICEBT 5854, HEANEXOXSIED, COFERNIENEZRHZ 5 .
A
$t+1 - 1 + ()\ — 1)(£L't/Kt>xt,
CCTC, K, 3N THS LT 5.
K WEARJEIA 2 OFRASTH S & &, AR (1) EEARFE 2 OKEMICT k
50T 4 TN {p,p.} ZFD, TORURIXROMEEFD(L, 2]

D1+ P2 - K+ Ky
2 2 '

CORERD S, BREINA DDA 2 TIRE L TV 355, ZOHINELL—
EOREIL LT, EEEEEDD T2 enh s, Tixbb, REZEHHFE
AR R EE D LWV BT, EARHCEREZ MIE LTV,

AW, BREEIAS K, DY ERA 3 DLETHRE L T T [AREOFERAK O 37
DO ERNS. £z, —RINCHERDNED X S MEEZRE T, FEEiAE D
OB B DM DNTEZ .

xy, T €[0,400), A>1, K >0.

xg € [0,+00), A>1, K; >0, (1)
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Statistical Mechanics of Species Abudance Patterns in Random Population Models
Kei Tokita (Cybermedia Center & Grad. Scl. Sci. & Grad. Scl. Frontier Biosci., Osaka Univ.)
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Patterns Caused by Heteroclinic Cycle Attractors
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Reactive strategies in indirect reciprocity
Hisashi Ohtsuki
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Indirect reciprocity is one of the candidates explaining the evolution of cooperation among
unrelated individuals. Unlike direct reciprocity (= reciprocal altruism), which Trivers proposed,
in indirect reciprocity an individual who helped another receives return not from the beneficiary
but from a third one, who knows of his good deed. In such settings, social information such
as one’s reputation or social status becomes important. We examined the possibility that the
‘discriminating strategy’, which prescribes cooperation only with those who cooperated previ-
ously evolves. By investigating the Prisoner’s Dilemma game with the evolutionary dynamics
called ‘adaptive dynamics’, we found that it cannot be an outcome of the evolution. Since
adaptive dynamics assume monomorphic population in strategies, next we examined the case
where the population includes a diversity of strategies. We found that only the mean ‘discrim-
inatoriness’ in the population is the critical parameter that affects the evolutionary dynamics.
The discriminating strategy works as a promotor of cooperation there. However, it is again not
the end point of the evolution. This is because retaliatory defection, which was prescribed by
the discriminating strategy, is regarded as another defection toward a society. These results

caution that we have to reconsider the role of retaliatory defection much more carefully.

the edge of discriminators

Figure: Adaptive dynamics of reactive strategies
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Stochastic lattice models in spatial ecology —
application to forest canopy height

Robert Schlicht and Yoh Iwasa (Dept. Biol., Kyushu University)

The spatial distribution of the canopy height in forest ecosystems (e.g. the 50 ha
plot in Barro Colorado Island, or the Ogawa forest) are well approximated by a
lattice Markov chain (Kubo et al., 96). This lattice Markov chain has an
equilibrium state that is equivalent to the Gibbs state of the Ising model (Katori et
al., 97).

[1] Extending the previous result, we here prove that an equivalence holds
generally if the lattice transition rates for both gap closure (canopy getting higher
than a certain threshold at a site) and gap formation (canopy getting lower than
the threshold) depend exponentially on the neighboring sites.

[2] We introducued a new method for the estimation of the interaction parameters
based on the local conditional frequencies for different sublattices. For the
Ogawa forest, however, the estimates vary with the sublattice used — suggesting
the deviation of the spatial pattern from the Ising model. We discuss the choice of
the threshold height, the spatial heterogeneity, and longer-range interaction.

Fig. 1 Vegetation height spatial data Fig. 2 An example of sublattice used
of Ogawa Forest, Japan. for sampling
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Modified Models of Optimal Forest Thinning

and Clearcutting

Teruhiko Marutani: Department of Economics, Kwansei Gakuin University

ABSTRACT: This paper examines the problems of op-
timally thinning and clearcutting an even-aged stand
of trees for commercial use over a single rotation. The
conventional problems consist in finding the optimal
level of growing stock and the optimal period of clear-
cutting the stand. In addition to which, the problem of
determining the initial level of "seedlings" should be
involved because the level is also a kind of a control
variable available to a forest firm. Accordingly, two
types of continuous-time/discrete-time models analo-
gous to each other are presented. The former continu-
ous-time model is used chiefly to deduce the character-
istic concerning the optimal time of clearcutting. The
latter discrete-time model is employed to address
somewhat more practical numerical optimization
problems by means of computational method and to
look into the qualitative effect of varying the forest
growth rate. A prominent feature of our exposition is
the emphasis on utilizing both a novel forest growth
function and a novel unit cost function of thinning.

JEL Classification Numbers: C61, Q20, Q23.

Key Words: renewable resource management, forestry,
even-aged stand, thinning and clearcutting, dynamic
optimization.

1. Introduction and main results

At present, it has reached the time that we are forced to
depend on the supply of timber only from "new-growth"
forest, which means the collective of trees of same spe-
cies and age resulting from afforestation. This is be-
cause "old-growth" forest has the faculty of maintaining
invaluable, irreversible ecosystem including the diver-
sity of species, and of providing "amenity flows" in the
form of desirable sites of hiking and camping, water-
shed protection, and so on. Hence, we will wish to util-
ize the finite sites of "new-growth" forest as effectively
as possible.

It is the purpose of this paper to examine the prob-
lems of optimally thinning and clearcutting an even-
aged stand of trees for commercial use over a single
rotation. The study on such context dates back to the
late 1960s. Amidon and Akin (1968) and Kilkki and
Vaisanen (1969) used "dynamic programming" to ob-
tain numerical solutions to the problem. Naslund
(1969) and Schreuder (1971) employed the Pontryagin
maximum principle of "optimal control theory" to dedu-
ce necessary conditions for the optimal thinning sched-
ule. After those works, Clark (1976) provided a con-
tinuous-time linear control model that is adapted from
the discrete-time model due to Kilkki and Vaisanen.
Furthermore, Clark and de Pree (1979) and Cawrse,
Betters and Kent (1984) made use of such a model to
inspect the effects of a change in the relative harvest
costs between thinning and clearcutting and in the
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discount rate. This paper is a continuation of these
works.

The problem of determining an optimal thinning
pattern along with the rotation age is referred to as
finding the optimal level of growing stock. In addition
to which, should be considered the problem of deter-
mining the initial level of "seedlings" because the level
is also a kind of a control variable available to a forest
firm, affecting not only the future harvest of timber but
the establishment costs. Accordingly, in this paper, two
types of continuous-time/discrete-time models analo-
gous to each other are presented. The former continu-
ous-time model is used chiefly to deduce the character-
istic concerning the optimal time of clearcutting (see
the section II in this paper). The latter discrete-time
model is employed to address somewhat more practical
numerical optimization problems by means of computa-
tional method and to look into the qualitative effect of
varying the forest growth rate (see the section III, and
Figures 4 and 6 ). In both models, a novel forest growth
function and a novel unit cost function of thinning are
installed; thereby the presented models better reflect
bionomic reality than existing models. Consequently,
we may precisely draw some conclusions from the ana-
lysis with somewhat greater generality (see the section
V).

2. Figures
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Figure 4 Optimal Thinning and Clearcutting Schedule
with T=85 (Case a=1.08)
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Figure 6 Optimal Thinning and Clearcutting Schedule
with T=85 (Case a=1.40)
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Multiple Year Optimization of Conservation Effort and Assessment of Population Size.

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

e-mail: yokomizo@bio-math10.biology.kyushu-u.ac.jp

We consider optimal conservation strategies for endangered populations. We assume that the survival of the
»opulation is affected by unpredictable environmental fluctuation and can be improved by conservation effort.
“urthermore, the exact value of the initial population size is assumed to be unknown. The conservation strategy
nvolves two aspects: investment of assessment effort, to improve the estimate of the initial population size and
nvestment of conservation effort. Both types of effort imply economic costs. The optimal management strategy is
issumed to minimize the weighted sum of extinction probability and the economic cost of the conservation and the
ssessment effort.  [1] We first analyze the optimal conservation effort when the current population size is known
weurately.  [2] Next, we consider the situation in which there is limited information (i.e. a cue) on population size.
3] We subsequently discuss the cases where the cue accuracy can be improved by assessment of the population.

Next we discuss multiple year optimization of conservation effort and assessment of population size.

Environmental Noise

g Large
c

S

=8

‘@ /7 :
. o

reproduction =]

Assessment %
Effort Small

extinction

Conservation Effort

Figure: Scheme of the model.
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