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Dynamical peculiarity and intricacy
in ecological model equations

Tsuyoshi CHAWANYA
Graduate School of Science, Osaka University

Replicator equation is known as one of the most simplified models of ecological
systems. Though the model equation is simplified — using only the population
and its growth rate of each species —, it still preserves some basic features
of the systems of self replicative elements. One of the specific features of this
system is the existence of ‘robust’ invariant hyperplanes that correspond to set
of zero population states of certain species. This feature is quite generic in the
sense that it is irrelevant to the detail of model, and some interesting dynamical
structures are induced by it.

Main subject of this talk would be phenomena related to one of such dynami-
cal structures, “networks of heteroclinic orbits”. While such a network consists
of some unstable invariant sets (e.g. fixed point) and orbits connecting them,
the network as a whole can be stable in various sense, and the network deeply
affects the behavior of the system in typical cases.

The trajectories in the neighborhood of such network corresponds to a kind of
oscillatory behavior with extremely large amplitude and long period: a certain
set of species decrease until they are seemingly extinct, but they recover after
a certain period and instead another set of species fade out. Such alternation
of species continue forever.

Close analysis on such phenomena revealed a mechanism that a microscopic
difference in the initial condition or system parameters makes qualitative changes
in the behavior of the system such that whether a certain species would die out
or not. I'd like to discuss the relation between the intricacy of the large scale
ecological model system and some fundamental concepts. used to extract rele-
vant features of the behavior of the systems.



Dynamics of diversity:
Take the ”A” train to the realm of biodiversity
- Kei Tokita*

Large-scale Compuatational Science Division
Cybermedia Center, Osaka University

According to one theory, human beings have wiped. out animals and plants,

" the scale of which is comparative with the KT mass extinction at the end

of the Cretaceous period, and what is worse, we have very little knowledge
on conservation and recovery of biodiversity. Why are large and complex
ecosystems, e.g. in tropical rain forests or in coral reefs, formed and maintained
stably although even a three dimensional Lotka-Volterra equation connotes
instability that causes chaos in some cases? In this talk at the organized
session Take the “A” train to the realm of biodiversity, theoretical approaches
to those problems are briefly reviewed and some results are presented in the
light of the dynamics of diversity which is implemented in the evolutionary
equation with extinction, invasion and mutation. The first result concerns
the effect of extinction on the so-called replicator equations(RE) for a large
number of species with complex interspecies interactions[1l]. Introducing the
“extinction threshold” of the population density into RE, the nature of a series
of extinction is characterized by the “extinction dynamics“ where the diversity
of species, i.e, the dimension of the equation, is a time-dependent variable.
The extinction threshold can be interpreted as a disturbance near very small
population or a minimal unit of reproduction of species, the reciprocal of which
is the permissible population size. We further discuss a new view on mass
extinction in association with a mathematical foundation for the paleontologic
theory. In the second result, we consider the “neutral mutation” in RE, where
a large, complex and stable ecosystem can be evolved[2] in contrast with the
prediction by the random matrix theory[3]. The present model shows: (1)
speciation accelerated by high diversity of neutral mutants, (2) fixation of
mutants realized by a rapid growth of a group of super-symbiotic mutants, (3)
highly symbiotic interspecies interactions, (4) strong invasion resistance, (5)
a hierarchical structure of taxon, and (6) a typical pattern of relative species
abundance widely observed in nature. Several implications are discussed in
connection with symbiosis accelerated by natural selection and the speciation
via neutral mutations.

* The author’s home page is available at http: //wwwacty.phys.sci.osaka-u.ac.jp/ tokita
(1] Tokita, K. and Yasutomi, A. Mass Extinction in a Dynamical System of Evolution with
Variable Dimension, Physical Review E, 60, 682-687 (1999) ’

(2] Tokita, K. and Yasutomi, A. Emergence of a complex, symbiotic and stable ecosystem
in replicator equations with extinction and neutral mutation, preprint (2000)

(3] May, R. M. Will a large complex system be stable?, Nature, 238, 413-414 (1972)
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The Phase Transition by the Change of an Associative Memory
Model’s Connectivity
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Department of Mathematics,Graduate School of Science,Osaka University
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Koji Aoya

I concider an associative memory model which is not fully connected. It is known that
the dynamics wanders chaotically (fig.1) if the connectivity is small, and many patterns
converge to a cycle of the embedded memories (fig.2) if it is large.

In this study, [ try to characterize parameter areas of different dynamic behaviour with
statistics. When the connectivity is small,there exist many attractors with small basin.
When it is intermediate, attractors with very large period and those with small period
coexist. When it is large, the embdded memories are attractors with large basin. (fig.3)

WEOBEBERET—HETNHEEL TWBETINEEZ D, #HR/INT AT =N+ /hE
WEE, FAFIZANAA AT ST EE W (figl)., TATKENE ZITITEDIAATL
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A BIO-MOLECULAR MACHINE AND ACTUATOR
FROM THE MESOSCOPIC STANDPOINT

HIROYUKI Matsuura*, MASAHIRO Nakano**
*National Graduate Institute for Policy Studies

*University of Occupational Environmental Health

In our macroscopic world, an mechanical efficiency of energy and works becomes bad
as its size becomes smaller. Because, much of energy supplied for our macro-machine is
wastefully abandoned witthout being converted into the effective works. This evidence
means that every machine(i.e. bio-machine, macromachine) has the appropriate structural
size or energy scale working efficiently. Moreover, we have analytically showed that the
protein or bio- tissue, which had an appropriate stiffness or softness, was much suitable for
biological structural materials in order to construct the biological actuators[1]. It is
another serious problem that the thermal noise, fluctuation, prevents the operation of
machine when we attempt to promote the machine’ minute-ization of its. If we would like
to improve these serious troubles, the molecular machine, which takes advantage of thermal
noise, should have the elastic body and structure breaking the symmetric thermal
surroundings, (i.e. thermal equilibrium), and we should establish the open stationary and
dissipative state between the molecular machine and outer surroundings. The one
powerful method is a utility of stochastic resonance(SR) and our model(SIRM, Stochastic
Inclined Rods model) , and we have already showed that the efficiency of SIRM have been
improved as well as that of natural actin myosin system as shown in our papers[2]-[4].
The second way breaking the thermal balance is the method using the asymmetric tunnel
effect of an electron and the fluctuation dispersion relation. If molecular machine has the
asymmetric potential, the different tunnel current generates in its body and electric circuits.
The value of current is expressed as

_ 4E(E-V)) B 4E(E-V,)
4E(E -V)+ VO2 sin® kI 4E(E - V) -l-VO2 sin® k'l

, and in the case of more micro scales:

— 47 b 27¢*
= exp| — [ar Zm( ¢ —EJ
r

Thus, we realize that this current works as driving force which moves the molecular A

machine in one direction.

[1]JH. Matsuura, M. Nakanno, et al :Micromachine, Jr. of Micromachine Society, 7(1), 54-126, 1994

[2]H. Matsuura, M. Nakanno: Biomedical Fuzzy and Human Science, Jr.of Biomedical Fuzzy
Systems Association, 3(1),47-52, 1997

[3]Matsuura H, Nakano M: Proc. of the 1999 International Symposium on Micromechatronics
and Human science(MHS'99)}, IEEE, ISBN 0-7803-5790-6,51-58, 1999

[4] Matsuura H, Nakano M: INFORMATION, 3 (2), 203-230(2000)
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Iterated Prisoner’s Dilemma is one of the most famous model for reciprocal altru-
ism. The implicit limitations of the past many investigations of Prisoner’s Dilemma
are that interactions are discrete: each player can choose only two options, cooper-
ating or defecting, and that the players choose their moves simultaneously. In many
instances of reciprocal altruism, however, variable degree of cooperation are possible.
And the partners alternate in their roles of doner and recipient. In the early study
of the alternating Prisoner’s Dilemma, it was found that there were some differences
between the alternating and simultaneous Prisoner’s Dilemma (Nowak & Sigmund,
1994). When each players can choose their degree of cooperation from complete
defection to complete cooperation (continuous Prisoner’s Dilemma), the strategies
where the one’s next move is determined by a linear function of the opponent’s
previous move, are studied (Wahl & Nowak, 1999). I study the alternating contin-
uous Prisoner’s Dilmma, when the several conditions of strategies are changed, for
example, the player’s next move is determined by a linear function of one’s and the

opponent’s previous move.
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The evolution of punishment and apology:
an iterated prisoner's dilemma model

Kyoko Okamoto

(Primate Research Institute, Kyoto University)

Recently, behaviors that seem to function as punishment or apology
have been reported among non-human primates as well as humans.

‘For example, in rhesus macaques it was demonstrated that 'deceptive’

individuals, which did not emit the call when they discover food,
received more aggression from the later-comers than 'honest’
individuals did. In most primates, apology-like behavior during post-
conflict periods has been reported between former opponents. In
populations of real animals, it seems costly to punish or make an
apology especially for the subordinate animals because of possibility
being attacked. Such punishment-like attacks or apology-like behavior
appear to play an important role in maintaining cooperation between
individuals. Therefore, the evolution of these behaviors should be
examined from the viewpoint of the evolution of cooperation. The
iterated prisoner's dilemma (IPD) game is generally considered to be a
standard model for the evolution of cooperation. In the present study,
strategies accompanied by punishment-like attacks or apology-like
behavior were introduced into the common IPD simulation.
Punishment and apology were represented by the P signal and the AS
signal given immediately after defection. A strategy with the P and
AS signals, named the pPAS strategy, was proved to be an
evolutionarily stable strategy under certain conditions. Numerical
simulations were carried out according to different assigned values of
the costs of punishment and apology. The simulations showed that
pPAS could dominate the population (1) when the cost of giving P is
relatively small, (2) when the cost of receiving P is relatively large, or
(3) when the cost of giving AS is relatively large. The relative cost of
giving AS had the clearest effect on the success of pPAS. pPAS can
dominate the population even when a dominance asymmetry of the
costs between two players was introduced. The present results

suggest the possible evolution of social behaviors like punishment or
apology as a means of maintaining cooperation.



Can transitive inference evolve in animals
playing hawk-dove game?

Mayuko Nakamaru (1) & Akira Sasaki()

(1) Department of Systems Engineering, Shizuoka University, Hamamatsu 432-8561,
: Japan
(2) Department of Biology, Kyushu University, Fukuoka 812-8581, Japan

If no information for the strength of opponent is available for
animals competing for food or a mate, the rational player would choose
a mixed strategy as in the classical hawk-dove game. However, even
when the resource-holding power (RHP) is not directly assessable, it
may be inferred from the past games played in the population.

Here we consider the repeated hawk-dove game in which each
turn is played between a randomly chosen pair of members, and
examine the evolutionary stability of strategies which may utilize the
results of games played so far in the population. We introduce
ambiguity in winning an escalated game, though the player with the
larger RHP tends to win. The strategies we examined include the
classical mixed strategy, the 'winner-loser effect' strategy in which an
individual raises its aggressiveness when it wins and descends when it
loses (as found in invertebrates), and 'transitive-inference' which infers
the relative strength of the opponent which itself has never fought,
through a third member with which both of them have fought before.

The invasion analysis for various pairs of strategies reveal that (i)
the transitive-inference strategy can invade the mixed strategy and the - .
'winner-loser effect' strategy; (ii) an advantage for the transitive-
inference is the largest when the number of turns played per individual
is small or when the cost of losing escalated game is large (by which
players tend to play doves and produce the game results not reflecting
the RHPs).

We propose the idea that the transitive inference, which human
has the cognitive ability of, would evolve when individuals estimate its
own relative strength in the society where each individual struggle for
the resources like foods in less abundant information of others' ability
to fight.



Cognitive mechanisms

and out of equilibrium evolution

Masashi Kamo
Department of Biology, Kyushu University

In this presentation, I will try to summarize some recent
studies of social evolution done in the Enquist Lab. at
Stockholm University. In attempts to understand how
cognitive mechanism influence signal evolution they
discovered that such evolutionary processes tend to stay out of
equilibrium. More general work shows that this is a general
finding applicable to many cases of frequency dependent
selection including social interactions with players in conflict.
I will demonstrate this with a simple game called the "Game
of Presence". These findings have consequences for game
theory and assumptions about rationality. Furthermore new
phenomena may evolve that could be expected at equilibrium
proving alternative explanations to sexual selection and other
signal evolution.

In the second part of the talk, I will talk about a research I
have been involved in myself at the Enquist Lab. We consider
the two kinds of recognitions, one is genetically inherited and
the other is acquired by the individual learning in every
generation. We try to understand how these recognitions
influence evolution of signal forms and costs.
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Food Chains in a Patchy Environment

Wk R - LT BT (RRLFAR - B - )

Toshiyuki Namba* and Noriko Yamashita,
Osaka Women’s University, Department of Environmental Smences
*email: tnamba@center.osaka-wu.ac.jp

We assume a patchy environment with two different patches and consider the
following three-trophic-level food chain model with interactions of the Lotka-
Volterra type:

dP; P;

dtz = {Tz' (1 - EZ) _ahHi} P, — d,(P; — P;), (1)
dH;

el (—mp; + branP; — a.C;)H; — din(H; — Hj), (2)
dC;

dtz = (—mci -+ bcacHi)Ci — dc(Oi - Cj). (3)

where P;, H;, and Cj; are the population densities of plant, herbivore and carni-
vore in the i—th patch (1,7 = 1,2, and 7 # j). r; and K; are the patch—specific
intrinsic growth rate and carrying capacity of the plant. mp; amd mg; are the
patch—specific mortality rates of the herbivore and carnivore. ap and a. are the
predation rates by the herbivore and carnivore, and by and b, are the conversion
efficiencies of the herbivore and carnivore. dp, dj and d,. are the dispersal rates
and we have assumed the diffusive dispersal of the plant, herbivore and carnivore.

We will show, by numerically solving equilibria and calculating eigenvalues of
the Jacobian matrix, that the system may be persistent even if the local patches
can only sustain chains with one or two trophic levels in the absense of dispersal.
We also discuss the effects of magnitudes of the dispersal rates.

Our results suggest that the food chain length in a community may be highly
dependent on spatial structure of the habitat, and that several poor patches can

support a long food chain if the rates of dispersal among patches satisfy some
appropriate relations.
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On adaptive of egg size at early clutches in Daphnia
Shuichi Ando, Dieter Ebert, Yasuhiko Kashima and Jin Yoshimura
Dept. Systems Eng., Shizuoka University and Zoology Inst., University of Basel, Swiss
a7099@sec.eng.shizuoka.ac.jp

INTRODUCTION

The size and number tradeoff is known in the
egg size of Daphnia. The expected optimal egg
size is constant over the reproductive
attempts or clutch numbers. However, the
observed egg sizes in the early clutches are
known to be much smaller than this expected
optimal egg size. The first clutch has a
smallest egg size and the egg size becomes

" bigger with clutch numbers. This is the major

mystery of Daphnia life history.

We suggest one solution to this mystery of
reproductive strategies, assuming that young
females are with less reproductive ability, so
for them it may cost more to grow large eggs.
They begin to reproduce while immature
(before reaching maturity).

MODEL
When the reproductive investment is
constant, the clutch size N[s] equal to
reciprocal of egg size s (N[s]=1/s). The
offspring fitness O[s] increases asymptotically
with the egg size (Fig. 1). Then parental
fitness P[s] denote
P[s]=0[s] * N[s] =O[s] /s (1)

And the function of parental fitness shows
convex curve like Fig. 1. It is the optimal egg
size when the parental fitness takes the peak
(Then the optimal egg size is 0.2). But in this
computation, the optimal egg size is always
constant regardless of clutch numbers.

1

Parental Fitness

Fitness

Offspring Fitness

0.t 0.4 [ 1 0.8 1
Egg Size

Fig. 1 Parental fitness and offspring fitness

Next, consider the variation of resource use
efficiency that is needed to grow eggs. At the
early clutches, a female parent has to waste
more investment to produce a bigger egg than
an experienced female at later clutches. This
cost difference becomes bigger when the final
egg size becomes larger. The relationship

between egg size and .productive investment
will become non-linear (Fig 2).
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Eee Size
Fig. 2 The relationship between egg size and
reproductive investment for different clutch

CONSEQUENCE
K][s] denotes the function of reproductive cost.
Then clutch size N[s] is replaced by

N[s]=1/K[s] (2)
and therefore

P[s] =O[s] * N[s] =O[s] /K[s] (3)
Thus, we compute the optimal egg size for
every clutches (Fig. 3).

Clutch Number

1 3 4 5 5 ?
0.195 .

9.19 ]
0.18%

0.1%

Eee Size

0.17% .

0.17

0.165
L ]

Fig. 3 The optimal egg size for every clutches
1.

It is obvious that the optimal egg size is
smaller in the early clutches. And around
fourth clutches, the optimal egg size becomes
almost close to 0.2.

DISCUSSION

This model is very simple and clear, and it
gives a specific answer to the mystery of
Daphnia reproductive behavior. But these
hypotheses are inconclusive. First, is it true
that the reproductive cost curve is non-liner?

" Second, does female parent start reproduction

while immature? Thus, we have to wait an
empirical test of this hypothesis. Now, we
examine an another model that contains the
environmental conditions.
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Origin and Evolution of Biomachines based upon Hierarchical Sociogenesis :
Semeiogenesis and its Significance in Cognitive Biology Koji Ohnishi (Dept.
Biol., Fac. Sci., Niigata Univ., Niigata; ohnishi@sc.niigata-u.ac.jp )

Well-made biomachines such as animal body, bee society (= bee super-organism), and
genetic apparatus seem to have emerged by hierarchical sociogénesis of lower-level
individuals (Hamilton, ‘64 ; Ohnishi et al., ‘99). Bee eusociety and animal body are
altruistic society consisting of fertile queens ( queen bee, germ-line unicell organisms ) and
workers (worker bee, somatic-line unicell organisms). In the emergence of protein-
synthesizing/genetic machine, early RNA replicator ribo-organisms (ROs) would have had a
life cycle consisting of tRNA-phase and tDNA-phase. Such early tRNA ROs would have
associated with one another to make a society in which some tRNAs would co-operatively
behave to other tRNAs, and have begun to generate woker-like (wl-) tRNAs which are
earliest mMRNA/mDNAs and rRNA/rDNAs (Ohnishi et al., ‘93, ‘99). The original-type
tRNA remained as queen-like (ql-) tRNAs (= contemporary tRNAs). Il Why such
hierarchical societ’ies could have evolved to be well-made machines ? A possible answer is
that a (two-layered) hierarchical (altruistic) behavioral and DNA-information-flow network
could make a self—léaming neural-network(-like) machine capable of learning the status of
self and improve itself to be a better-made machine in every generation. Neural-network
Models I and II were made and analyzed ; Model [1] (Queen-worker-type altruistic society
model for bee-society and animal body, and Model [II] Ql-wl-type quesi-altruistic society

model for intracellular tRNA society (= genetic machine). Both were found to satisfy
learning-neural-network models. In Model [I], queens  output DNA sequence
information to th enext generation, and workeres are input layer elements. Model II
considerably differes from, but essentially similar to Model I, and makes similar DNA- -
information flow. lllll In every of these hierarchical societies, mature semeiotic systems are
observed ; synaptic signs between sensory and motor neurons, dance-language synapsis
between "sensory bee" and "motor bee" (Ohnishi et al.,1999), triplet codon rules between
anticodon (= "signifian") and amino-acid specificity (= "signifie"). Language system in
human society seems to have evolved in a very similar logic. Therefore common logic of
semeiogenesis would underlie the evolution of different semeiotic systems discussed
above.ll Ref.: Ohnishi et al. (1999), Proc. 4th Int.Conf. on Artificial Life & Robotics, 344-
349.; IntJ. Complex Systems #365, 1-8.; Ohnishi etal.: Proc. of the 4" Int. Conf. on

Emergence, Odense, 2000 (in press).
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Diversity of Extinction Process in Virtual Experiments of Cultivation of
' Bacteria

Yuuki NAKAMURA, Kei-ichi TAINAKA and Yasuhiro TAKEUCHI

Department of Systems Engineering, Shizuoka University, Hamamatsu 432-8561, JAPAN

1.Introduction

Study on the process to biospecies extinction is
very important for conservation biology. In this
paper, we carry out virtual experiments of cul-
tivation of bacteria on agar medium. We apply
the contact process (CP) which has been exten-
sively studied from mathematical and physical
aspects. So far, considerable date on CP have
been accumulated, but they are mainly related
to stationary state. Here, we study the dynamic
process of CP.

2.The Model

The rule of CP can be dened as follows:
X+0->2X (1a)
X530, (1b)

where X denotes an individual of biospecies
(particle) and O is the vacant site. The reactions
(1a) and (1b) mean reproduction and annihila-
tion processes of X, respectively. Namely, (1a)
corresponds to the growth process of bacteria;
on the other hand, (1b) is the death process X.
The parameter a represents the annihilation rate
of X. Now we consider the extinction process
caused by sudden increase of the value of a. It is
known that CP exhibits a nonequilibrium phase
transition at a critical point a = a.. The value
of a. is ac ~ 1.213 on square lattice. We per-
form perturbation experiment as follows. Be-
fore the perturbation ({ < 0), our system stays
in a stationary state at @ = a; (existing phase:
a; < ac). Att = 0, the annihilation rate a
of particle is suddenly increased from a; to as
(az > a;). We prepare N kinds of initial pat-
terns (ensembles) which are in stationary state
at a = ay; each of them has the density z;(0)
(t = 1,2...N). The value of z;(0) is almost
equivalent to the steady-state density. We obtain
the dynamics ;(t) for £ > 0 in order to calcu-
late the ensemble average A(t) and the variance
V(t) which are dened

Al = 5 in(t), )
V(D) = 5 S olmlt) — AW, 3

3.Results of Simulation

In Fig.1, the time dependencies of both average
density A(l) and the variance V() are plotted.
It is found from Fig.1(a) that the uctuation en-
hancement takes place. Even though the aver-
age density A(t) decreases, the variance V()
increases at intermediate stage of phase transi-
ation. Note that such a phenomenon is not al-
ways observed for all experiments. Fig.1 (b)
illustrates the time dependencies of both A(%)
and V() for the case of as = 2.0. As the value
of as increases, the enhancement of uctuation
disappears.

e The uctuation enhancement ecologically
means that there are variety of process to ex-
tinction of a species. It is not easy to predict
the extinction process of species.

50 o “ Tlh&(t) L 100 7

Fig. 1. Perturbation experiment for two-dimensional
CP (100 x 100). The value of a is jumped from 0.5 to
a, ;(a)=1.3 (b)=2.0 (N = 100). Both average A(t)
and variance V'(t) are depicted against time, where
the value of V(¢) is multiplied by 7000



Mutualism and Competition between two kinds of scale eaters
Naotaka TERAZAWA and Kei-ichi TAINAKA

So far, it is thought that competition and mutualism are entirely different. In the present
paper, however, we deal with a virtual ecosystem composed of two species scale eaters, and find
that the relationship between both species is represented by competition in certain cases and by
mutualism in other cases. Spatial distribution of species is self-organized into a specific pattern of
either competition or mutualism.

Consider a square lattice consisting of two species R and L. Each lattice site is labeled by R,
L, or O, where R (or L) is the site occupied by scale-eater of R (or L) type. And O represents the
vacant site. The site of R (or L) may become O by death process, where Dgr and D, are the death
rates of species R and L, respectively. These values are assumed to be constants, and they never
change throughout the simulation. On the other hand, the birth process is defined by

Br BL
O—-2R, 0-2L (1)

where Br(Br) is the birth rate of species R (L).The birth rates should be determined by local
densities of R and L. We assume that Bjincreases with the increase of both Ng and Np where
j=R, L, and Njis a local density of specie j. If a single species R or L goes extinct, then our
model becomes the contact process (CP) which has been extensively studied from mathematical and
physical aspects. We apply a lattice Lotka-Volterra model which is an extension of CP.

We carry out birth and death processes by computer simulation. It is found that the densities
of both species reach stationary values. In Fig.1, a typical example of steady-state densities are
plotted against the death rate of R. This figure shows both competition (small values of Dg) and
mutualism (large values of -Dr). Moreover, we find that spatial distribution of species is self-
organized into a specific pattern of either competition or mutualism.
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Figl: The steady-state densities are plotted against the death rate ( D) of species R, where we put
D, =0.05.
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There have been a lot of studies on the ef-
fect of introductin of species. They mainly
- focused on a direct effect (short-term re-
sponse); an example is an extinction caused
by the introduction. In this report, we
explore an indirect effect after the intro-
duciton of new species; food web balnace
should be qualitatively changed. For in-
stance, an introduction of a kind of fish may
influence on the fishery during long period.

Consider a two-dimentional latice con-
sisting of two species of prey (X), and
predator (Y).Each lattice site is labeled by
XY, or O, where X (or Y) is the site ocup-
pied by prey (or predator),and O represents
the vacant site.

X+Y 2oy (1a)
X+0- 52X, Y+0 52y, (1b)
x40 Y&0 (o

The above reactions respectively rep-
resent the predation(pred), reproduction

of prey(rl, r2), and the death(dl, d2) of

predator.

We assume that both species X and Y coex-
ist with steady-state densities, and that the
interactions (1a) and (1b) occurs between
adjacent lattice points.

We carry out a perturbation experiment
by computer simulation: At time ¢t = 100,
new species Z is introduced. This species

,,a
- © -
o

Figure 1: An example of population dynamics for
the lattice model (100 x 100). The time dependence
of both species X ,Y and Z are shown.

beats X but it is beaten by Y: the strength
relation among species X, Y and Z corre-
sponds to the Paper-Sissors-Rock game. An
example of such balance is three kinds of
fish; namely, saury, mackerel and sardine.
Typical population dynamics is shown in
Fig. 1. In this case, no extinction occurs
by the introduction of species Z. However,
after the introduction, food web balnace is
qualitatively changed. v,

The chapge of balance may influence on
the fishery of X. Before the introduction
of Z, the species Y never goes extinct, if
species X is largely excluded. Even though
X is completely removed, Y can survive.
On the other hand, after the introduction, Y
becomes extinct by the advance of fishery.
This is because a new balance is formed by
an introducing of species Z.
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Capturing the separation of power in The Constitution as a Recapitulation
takeda@biology.kyushu-u.ac.jp
Abstract

Thinking how do we cope with space development of enormous costs and resources is something like

answering a question of Lewis Carroll's Alice in wonderland ... "Why is a raven like a writing desk?"

Comparing to the earth, space is infinitely large. Construction of space residence is also uneasy.
Whether space development pays for social economy or not depends on the difference of our own
viewpoints and culture. As preliminary stepping up, basic research of biology, physics and chemistry, of
course medicine, is in progress toward microgravity environment in space. Unprofitable (at first sight

(";. space development may continue unless we could find some answer of notes on:
" Capturing the separation of power *1 in The Constitution *2 as a Recapitulation *3 "
note *1 The separation of power :

1. Legisraturd as information determined by Genome sciencel
2. Executiorn( as medicine for curing diseases]

3. Jurisdiction{ as mathematics deciding on utility and desigr]
note *2 The Constitution ( of the USA :-):

1. Federalism,

Aiming a vista grasping Metazoan body plan as a more perfect union of complete social systems.
Different from a vista reconstructing Metazoan phylogeny by calculating the distance of gene
sequences.

2. Legislation, which affects each Person.

3. Erie Canal, which connects Great Lakes and Atlantic Ocean constructed by New York State.

note *3 Recapitulation
1. as a Living Fossil
2. to Think for the Future

3. as a Flexible Control observed in appropriate time and space

Here, we would like to discuss utility of *1, assuming the historical background of *2, and devise
application to space development as *3 .
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Outline

We revise the model proposed by Mar-
tin A.Nowak and R.M.Bangham(1], and an-
alyze stability of the equilibrium point
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Population Projections for Japan with
the Effects of Endocrine Disruptors

Takahisa Mizushima, Yasuhiko Kashima, Jin Yoshimura
Shizuoka University

Resently, Japanese birthrate keeps on decreasing. Statistics of Population
dynamics for Japan in 1995 by the Ministry of Welfare have showed the lowest
birthrate (1.34) in history. There is an estimation that Japanese population will
decrease from about 125 million persons in 1995 to about 67 million persons in
2100. Endocrine disruptors (EDs), it has been debated whether or not they affect
human sperm count, may spur this depopulation tendency. For example, there is a
scientific data that have shown reduction in sperm counts worldwide from 113
million sperm/ml to 66 million sperm/ml. However whether it is caused by EDs or
not is unknown. World Health Organization had provided that natural pregnhancy is
difficult to occur if sperm counts is less than 20 million sperm/ml. We have
projected a change of Japanese population with reduction of sperm counts assuming
the effects of EDs.

This population dynamics model has been constructed along the following
process : (1) the exposure of unborn children and babys to EDs through the
placenta and breast milk (2) decrease of sperm counts (3) reduction of fertilities (4)
decline of birthrates. This model has applyed the leslie matrix to express that effects
of the exposure of unborn children and babys to EDC appear when they grow up
to be a men, and has shown a change of Japanese women population from the age
of 0 to 49. In this model, the correlation between sperm counts and fertilities has
been assumed such that if sperm counts become less than 30 million sperm/ml,
fertilities will decrease in proportion to sperm counts, and when sperm counts
decrease to below 10 million sperm/ml, the reproduction will be impossible.
Birthrates is supposed to be proportional to fertilities.

Estimation that used
Japanese women's population,
fertilities, mortalities in 1995
has been shown in the right
figure. In the case whether
the effects of EDs exist or 30000
not, Japanese population has
gone on reducing, and then 544009
has extinguish because
Japanese birthrate in 1995 is
too low to maintain the 10000
population. If the effects of
EDs exist, the time of the

Population (X 1000)

40000 1 : No damage
2 : Low damage
3 : High damage

extinction has been brought 2000 2100 2200 2300 2400 2500 2600
much forward. We can't say Year
that Japanese future will be Figure : Women Population Projections for Japan
hopefull. with or without effects of Endocrin Disruptors

We must not believe this result as such, because this model includes many
assumptions and parameters that are difficult to test empirically. But, Japanese
population is at least threatened with extinction unless birthrate increases in future.
We have been forced to take some plompt social measures.

—46—



Stability Analysis of a Stage-Structured
Time-Delay Model

Bo Feng and Yasuhiro Takeuchi
Department of Systems Engineering, Faculty of engineering
Shizuoka University, Japan
E-mail: feng@sec.eng.shizuoka.ac.jp

We proposed a time-delayed model of one species, which has a life history
and has been exposed with Environmental Hormone. The individual members
of the population will grow through two stages, immature and mature such as
mammalian populations. The model is

Nai(t) == alNaTn(t) + a2M1m(t) - ’YNai(t)
. —01€7 " N (t — 7) — 026" Ny (t — 7)
Nom(t) = 167" Nom(t — 7) + (02 + pes)e™ " Ny (t — 7)
. _,BNa’m.(t) (Nam(t) + Nn‘m(t))
Nni(t) = a3Nnm(t) - 7an(t) - a36_7TNnm(t - T)
Nom(t)" = a3(1 = p)e " Ny (t — 7) — BN (£) (N (t) + Num ()
Nam(s) > 0,Nym(s)>0,on —7<t<0
N.(0) > 0,N,:(0)>0

¢

(M)

\

We prove the positivity and boundedness of the solution and the uniform persis-
tence of the system. The stability of equilibriums of the model is also studied. It
is shown that under suitable hypotheses there exist stable nonnegative equilib-
rium, even there exist globally stable positive equilibra. The effect of the delay on
the populations and the affection of environmental hormone are also considered.
We find the population will survive although the environmental hormone gives
some affection to their productivity. But if the environmental hormone become
larger, the population will be doomed to extinction, that is, the positive points
will be globally asymptotically stable under the difference condition.

References

[1] W. G. Aiello & H. I. Freedman, A Time-Delay Model of Single-Species
Growth with Stage Structure,Math. Biosci. 101, 139-153. (1990)



A MODEL FOR BACTERIA AND BACTERIOPHAGE
WITH TIME DELAYS |

Graduate School of Science and Engineering, Shizuoka University.
Hirotatsu Sakakibara,Yasuhiro Takeuchi

Introduction

We study a model for resource-limited population growth and competition on three trophic
levels: (1)primary resources,(2)first consumers or prey,and(3)predators.

We consider two cases in some detail. The first is the situation with one resource,one
prey,and one predator. The second is the situation with one resourse,two prey,and one
predator population.

The Basic Model

Let r; be jth resource concentration, n; are individuals per milliliter of the ith prey species
(=bacteria),px, are individuals per milliliter of the kth predator population(=bacterio phage)
and my are individuals per milliliter of prey of the ith type which have been attacked by a

predator of the kth type and will give the birth of new predators.
Under these assumptions,the variables r;, n;, m;; and py are related by the following delay
differential equations:

1 K
ri = p(Cj—rj)— E ¢ij(n: + E ™Mik)
=1 k=1
J i K
ni = ni E (ij/eij) — pni — Z%‘knil’k
j=1 k=1

Mix = YikMaiPk — pmik — € "likygng(t — La)pi(t — Lik)
I 1
P = Z bire ik yien; (t — Li)pr(t — Lik) — PPk — Z VikNiPk
i=1 i=1
We restrict our analysis to what we have called the "equable mode” of existence,meaning one
in which primary resources enter a habitat of volume V'ml at a constant rate Wml/h and that
the fluid containing the unutilized resources,organisms,and wastes is removed at same rate.
lir, is the latest period between the attack by predator from the kth predator population: -
on a prey from the ith prey population and the resulting production of new predators.
¢ij(r1,...,75,...,77) is some function of the concentration of the various resources. 7
is attack rate for prey and b;x is the production of new predators of attacking type. Let
p = W/V be the rate of flow through the habitat.
We discuss that existence of the equilibria and local stability of the equilibria.

Reference
Bruce R. Levin,Frank M. Stewart,and Lin Chao, Resource-limited Growth, Competition,and
Prediction: A Model and Experimental Studies With Bacteria and Bacteriophage, The Amer-
ican Naturalist 111 3-24



Effect of evolution on host-parasitoid
population dynamics

Ryusuke KON and Yasuhiro TAKEUCHI

Systems Engineering, Faculty of Engineerng,
Shizuoka University

There are a lot of discrete time model of population dynamics. These models
often have a very complex solutions, namely quasi-periodic and chaotic solutions.
It is interesting to know what kinds of dynamics will appear in natural population.
In this study, we examine the population dynamics favored by natural selection.

Gatto [1] obtained a single-species population dynamics favored by natural selec-
tion. Kon and Takeuchi [2] obtained a population dynamics of a host-parasitoid
system favored by natural selection, but in [2], it is assumed that only the host can
evolve. In this study, we assume that both of the host and the parasitoid can evolve.
We assume the evolutionary dynamics used in [3], where the evolutionary dynamics
of predator-prey systems with a continuous time was investigated, for considering
the effect of evolution of the host and the parasitoid simultaneously.

The model of population dynamics investigated in this study is the following
host-parasitoid model:

rH (t) exp[—pH (t)] exp[—aP(t)]
P(t+1) = bH(t)(1 —exp[—aP(t)]),

—
=
+
=
|

where H(t) and P(t) are the population density of the host and the parasitoid
at generation t, respectively, and r, p, a and b are the reproductive rate of the
host, the competitive ability of the host, the searching ability of the parasitoid and
the number of the parasitoid which develops per host, respectively. This model is
Nicholson-Bailey model with a density dependence in the host population.

L)
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The optimal strategy for bower acquisition by male of cichlid, Cyathopharynz furcifer

RRRZFEREGERF AR ER
Department of Mathematics, Graduate School of Sc’ience, Osaka University
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Keiji Yoshida
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A male of cichlid fish, vbCyathopharyn.r furcifer, which lives in Lake Tanganyika holds
crater-shaped mounds (bowers) composed of the sand on sandy and rocky substrata. On
the approach of gravid females to the bowers, the males perform courtship displays. Fe-
males visit several bowers, before circling with the selected male in his bower for spawning.

Although only the males with bowers (B males) succed in reproduction, they are appar-
ently exhausted by bower maintenance and reproduction, and often désert their bowers.
These are soon occupied by males which have held nearby territories without bowers (NB
males), such males then engaging in reproductive activity (Karino 1996).

I studied the optimal frequency of NB’s attack against B by computer simulation.



Topological Defects in Prisoner’s Dilemma Game:
Superiority of All Cooperate

Yu Itoh, Kei-ichi Tainaka, Naoto Ooka, and Tomoyuki Sakata
Department of Systems Engineering, Shizuoka University, Hamamatsu 432-8561, JAPAN

Introduction

So far, All Cooperate (AC, indicating uncon-
ditional cooperation) has been considered to
be inferior to other strategies, especially to All
Defect (AD) and Pavlov.

In the present paper, we introduce a patch
system, and illustrate that AC beats not only
AD but also any other strategy.

The Model and the Result

The PD game with noise is played among
four strategies, AC, TFT, Pavlov, and AD, on
one-dimensional lattice. The lattice site cor-
responds to a patch (or a family) which con-
tains several players of a single strategy. Each
player on a lattice site plays m games with
players in-the same site (0 < m), while he
plays one game with those in its ajacent sites,
respectively. The value of m may increase,
when the relatedness among members in a
family increases.

Simulation reveals that for m. < m, the
strategy AC completely wins the game. The
critical value m, depends on noise intensity
r.

Conclusion

For various animals, altruism more or less
evolves. The evolution of altruism among re-
lated animals has been explained by the theory
of kinship (Hamilton, 1964) or selfish genes
(Dawkins, 1976). On the other hand, the al-
truism among unrelated animals has been usu-
ally explained by TFT or Pavlov by the use
of the terms “reciprocal altruism”; individu-
als mutually give their service. It is fair to
say that from the altruism, one associates the
strategy AC (Axelrod, 1984) rather than TFT
or Paviov. Hence, the superiority of AC, de-
scribed in this paper, accounts for the evolu-
tion of altruism among unrelated animals.

According to the kinship theory, the relat-
edness plays an essential role to measure the
degree of altruism. On the other hand, among
unrelated animals, no measure has been pre-
sented. However, we introduce the quantity m
which measures the degree of altruism among
both related and unrelated animals. The fre-
quency m increases with the increase of relat-
edness. However, this does not always hold;
for example, if a parent live far from her eggs,
then m (or relatedness) takes a small (or large)
value. On the contrary, if an adult cares and
lives together with a child, altruism between
them may evolve without any relationship.

Fig.1: z=0.1,m=6
Topological defects appers.

Fig.2: »=0.1,m =10
AC wins completely.
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in Filefish Rudarius ercodes
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Possibility of Parasitoid’s Invasion at the Host-Parasitoid Systems

Tomoya Unno, Rinko Miyazaki

Dept. Systems Engineering, Shizuoka Univ.

In this article we suppose two hosts (Hy, Hs),
their two specialist parasitoids (Psi, Ps2), and
a generalist parastoid (Pg) that is able to attack

- both hosts. From these species’ interaction, the

community’s srtuctures are formed. The aim of
our analysis is making the local stability of these
structures clear.

Hi(t+1) = XH(t)f (Psi(t)) f (Pc(t))

Psi(t+1) = Hi(t)f (Pa(t))[1l — f (Psi(t))]
Po(t+1) = Y Hi(t)[1-f(Pa(®))]
f@ = (1+%2)7

We assume that hosts and parasitoids have
discrete generations, and three parasitoids at-
tack host independently. Then these phe-
nomenons are expressed by above difference
equations for 7 = 1, 2. Where H;(t), P;(t), and
Pg represent the dencities of each species in the
current generation. Let A; (> 1) be the fecun-
dity of host H;. f(z) implys the probability of a
host escaping parasitism, and the dot refers to
any of the three parasitoid species. This inherit
from a concept of the zero term in the negative
binomial distribution used by Nicholson-Bailey
model. We assume that the searching efficien-
cies of the two specialist parasitoid are as and
that the searching efficiency of the generalist is
ag. And the parameter k indexes the amount
of density dependence in the risk of parasitoid
attack.

When the two hosts have identical fecundities,
the local stability of the community’s srtuctures
provide the following.

e Structure (a)
We assume that H;, Hz, Psi, and Ps»
exist in the communities. In this case, as
magnitude of any eigenvalue at the equi-
librium point are less than 1, structure (a)
is stable.

e Structure (b)
We assume that H;, H», and Pg ex-
ist in the communities. In this case the
equilibrium points form a segment (l1).

Since the eigenvector of the eigenvalue 1 is
(Hy, Ha, Pg) = (1, —1, 0) and magnitude
of the rest of eigenvalues are both less than
1 at the any equilibrium points on [, then
a solution starting at the neighborhood of

the segment [; converges to the segment
l1.

Structure (cl)

We assume that Ps; invades the stable
community of structure (b). In this case
the equilibrium points also form a seg-
ment (l2) connecting A (Hi, 0, 0, Pg),
B (0, Ha, 0, P). Let us consider a equi-
librium point dividing the segment AB at
a ratio of (1 —=m) : m, (0 < m < 1).
There are eigenvalues 1 and ﬂ%&@_
The magnitude of the rest of them are less
than 1. Since the element Ps; of the eigen-
vector belonging to 1 is zero, invasion of
Ps; to structure (b) is impossible. While
as the element of Ps, belongs to the eigen-
vector equals to ﬂ%‘f—”—"‘@ is non-zero.
Hence invasion of Ps; to structure (b) is
possible only if the magnitude of this eigen-
value is greater than 1. In other words,
in the neighborhood of segment AQ struc-
ture (cl) is unstable, while in the neigh-
borhood of segment @B structure (cl) is
stable. Here Q is a point dividing AB at a
ratio of (1 — mo) : mo, (m(ij = Z(,\l)}:_il)cb)'
Moreover, the following is provided by the
numerical analysis. We can observe that
any solutios starting at the neighborhood
of AQ converges to QB.

[Reference]

H. B. Wilson, M. P. Hassell, and H.
C. J. Godfray. "HOST-PARASITOID
FOOD WEBS: DYNAMICS, PERSIS-
TENCE, AND INVASION”. The Ameri-
can Naturalist. Vol. 148.
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Morphogenesis of tube network in true slime mold

Toshiyuki Nakagaki*, Hiroyasu Yamada*f

*Local Spatio-Temporal Functions Lab., RIKEN
tResearch Institute for Electronic Science, Hokkaido University

The procedure of solving a labyrinth by higher organism as mice or human
is not identified in every detailed. But a chemical system like the excitable
Belousov-Zhabotinsky reaction distributed in two dimensions may also be to
navigate in a maze based on nonlinearity of chemical waves. A true slime
mold, the plasmodium of Physarum polycephalum, is an amoeboid organism
with sheet-like shape and is regarded as two-dimensionally distributed biochem-
ical reactant. Cellular activities of the plasmodium is modeled by the oscillatory
reaction-diffusion type equations. This implies a possibility that the plasmod-
ium can have a computational algorithm of solving a maze. Here we show the
conditions where the possibility is realized.

In the plasmodium, contraction waves, which is coupled with biochemical
oscillations, propagate very rhythmically. These waves are initiated by the ex-
ternal stimulation including nutrient, light and temperature. The wave propa-
gation leads to development of tubular structure from the sheet-like parts. The
plasmodium has the tube-network in the sheet-like part. When the plasmodium
moves, geometry of the tube network varies drastically according to the external
stimulation. We focus on this relationship between the intracellular waves and
of the morphogenesis of the tube. The contents of this report are: 1) fundamen-
tal characters of the tube development, 2) conditions where the plasmodium
solve a maze and the solution, 3) a possible mechanism to solve a maze in terms
of nonlinear dynamics of reaction-diffusion waves, 4) path-finding in multiple
discrete food-sites by the plasmodium. Evidence that the amoeboid organism
has an ability to solve difficult combinatorial optimization problems is shown.
I had better change my stupid opinion that a unicellular organism would be
stupid.

.



The stability analysis for HIV virus-antibody model

Takayuki Tanaka
Graduatce School of Science and Engincering
Shizuoka university

Abstract

Stilianakis et al.[1] used numerical simulations to explore the details of the stochastic dynamical
behaviour associated with the appearance of mutant strains of HIV. They stress on several findings:

(1) the model dynamics depend crucially on the HIV mutation rate.

(2) the model dynamics equally strongly depend on the initial size of the virus population and
the initial virus density.

(3) the detailed time scales, and the proportion of those infacted who progress to AIDS within 50
years, depend on the parameters characterizing the system dynamics. (2]

The aim of this study is to prove local and global stability of the equilibrium point where the HIV
virus and antibody can co-exist.

The model is

dv
o = vir—p2) )
dz
i kv — bz — wvzx (2)

v is the population size of virus,x is an immune response which acts only against viral strain. Strain
reproduces at rate r and virus is removed by an immune response at rate p .The immune response
is activated at rate k and the immune respounse decays at rate b and uwz is the impairment of the
immune response.

The equilibrium point (0,0) is unstable and (Pkb+m, Z) is locally stable if it exists.By applying
Bendixson-Dulac theorem and Poincare-Bendixson theorem,under the condition pk > ru the equi-
librium point is shown to be globally stable.

Conversely, in the case of that virus is difficult to remove by the antibody,that is in the case of
pk < ru , the amount of the virus will increase in all conditions. So, to create an active antibody
condition is the best way to get rid of virus's control.

At the next step, the cross-reactive immune response and the new group such as (zy,v,) will
be introduced to the model and base on the new model, local stability and global stability will be
analysed.
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A Simple Stochastic Model for Epidemic Transmission
among
Heterogeneously Distributed Susceptible Units
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In our modeling analysis, we focus on how the extent of epidemic damage
depends on the spatial distribution of susceptible units.

We assume that the unit of infection is immobile, as town, plant, etc. We
call the unit by the site. We classify the sites into three classes, depending on
the state of site in terms of the epidemics: susceptible, infective and recovered.
We ignore any time delay about the epidemic dynamics, including the latent
period. Infection rate depends only on the total number of infective sites. Only
susceptible site could be infected. Recovered site is never infected again. Be-
sides, infection and recovery of a site is independent of that of any other ones.
With these assumptions, we consider P(k,h,t) that means the probability for
the state such that k infected and h infective sites exist at time ¢t. Considering
the possible transitions of state in sufficiently small time interval (¢,t + At], we
‘can get the differential equation to describe the temporal variation of P(k, h,t),
which can be analyzed by means of the moment generating function. As for the
initial condition, we assume that the epidemic begins with a site at time 0.

Next, we consider the mathematical modeling for the range expanded by
infected sites, say, the infected range. We characterize the infected range at time
t by the minimal diameter R which includes all infected sites at t. Then, we
assume the generalized relation between the infected range and the total number
of infected sites as follows: k o« R% (1 < d < 2), where the power d characterizes
the spatial pattern of infected region occupied by infected sites. Power d is
called cluster dimension or mass dimension, that is a sort of fractal dimension.
When d = 2, the spatial distribution of infected sites can be approximated by
a disc. When d ~ 1, the distribution can be approximately regarded as one
dimensional, that is, the infected sites can be regarded to be arrayed along a
curve. With the relation, k oc R, and P(k,h,t), we can obtain the temporal
variations of expected infected range and expected expansion velocity of infected
range.

From the results of our modeling analysis, we try to discuss the effects of
spatial distribution of susceptible sites and characteristics of the epidemic on
the nature of its expansion. Further, we try to mention the contribution of
treatment and prevention for it, too.

1Correponding person. seno@math.sci.hiroshima-u.ac.jp
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Numerical Analysis of Biological Denitrifying

Reaction

Noriyoshi Yoshida and Yasuhiro Takeuti
The Department of System, The Faculty of Engineering, Shizuoka Univ.

" Abstract

Eutrophication of rivers, lakes and so on is mainly caused by surplus nitrogen components in
water. In the work, we tried to construct a mathematical model of denitrification process in which
microorganisms convert nitrate into nitrogen gas. The simulation results with this model were
compared with the experimental ones by other works (Arai, 1990; Nakajima, 1991) to estimate
the validity of parameters used in this model. The change of the number of microorganisms and
the concentrations of nitrogen components were simulated under the following conditions:
artificial waste water containing nitrate is supplied continuously to the soil, and the soil is
saturated with water.
Theory
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Fig. 2. The profiles of nitrate ion along the soil
Fig. 1. The diagram of experimental app- depth when 14 days have passed, comparing
aratus for continuous anaerobic treatment.  experimental data with simulation results.



Computational Patterning on the Activity and Locomotion of
Chironomus flaviplumus (Chironomidae) in Response to Sub-Lethal Treatments of Insecti
cide in Semi-Natural Conditions

Inn-Sil Kwak, Mi-Young Song and Tae-Soo Chon’

Division of Biological Sciences, Pusan National Univ., Pusan 609-735 Korea

Using an automatic tracking system, behavioral responses 61’ a benthic insect species, C
hironomus flaviplumus (Chironomidae) to sub-lethal treatment of insecticide, were observed i
n semi-natural conditions. The fourth instar larva were placed in an observation cage (6cm

X7cm X2.5cm) at temperature of 18°C and at the light condition of 10LL: 14DD. The t
racking system was devised to detect the instant, partial movement of the insect body. Indi
vidual activity was traced after the treatment of carbofuran (0.1 ppm) for four days (1 day;

before treatment, 3 days; after treatment). Without treatment of the chemical some typical
patterns of locomotion were observed : the shapes of “slide and short retreat”, “ribbon” an
d “eight”. After the treatment these typical patterns generally disappeared while the ‘“ventil
ation activity”, appearing as the shape of “compressed zig-zag”, was frequently observed in
photo- and scoto-phases. The activity of the test individuals was generally depressed after t
he chemical treatment. Two-Dimension Fast Fourier Transform analysis was conducted on t
he data for the locomotive tracks and the movement patterns were more clearly represented

in the transformed map.
Inn-Sil Kwak ; inkwak @hyowon.pusan.ac.kr

Mi-Young Song ; miysong@hotmail.com :
"Corresponing auther ; tschon@hyowon.pusan.ac.kt
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Patterning and Prediction of Community Changes by Using Time-Delay

Artificial Neural Networks

Tae-Soo Chon’ , Inn-Sil Kwak , Tae Hyung Kim® and Yoo Shin Kim?

Division of Biological Sciences, Pusan National University, Pusan 609-735 KOREA

“ Division of Electronics and Computer Engineering, Pusan National University, Pusan 609-735 KOREA

Abstract

The feasibility of artificial neural networks in patterning dynamic data was demonstrated to
predict changes in ecological communities. Community dynamics have been considered to be
difficult for prediction since community consists of many species and they vary in a complex
manner under different environmental conditions. Prediction of community dynamics, however, is
an important topic in terms of monitoring ecological status, especially for the water quality control
in aquatic ecosystems. In this study information lied in density and biomass of the selected taxa in
community were extracted with time-delay artificial neural networks such as recurrent neural
network. For input data, benthic macroinvertebrate communities were collected from the
urbanized streams in Korea. The previous data sets for community data were provided in a time-
sequence as input to the network while the present community data were correspondingly matched
as output. The connectivity of computation nodes was arranged in such a way that the previous
community data have time-delayed feedbacks through hidden and output nodes. In concurrence
with the input of biological data, the corresponding data sets for environments (e.g., water velocity
and depth, amount of sedimented organic matter, etc) were also given to the network in the proééSs
of training. The patterning through the network revealed the impacts of yarious environmental
factors on the temporal development of the benthic macroinvertebrate communities. The short-
time prediction of community changes in densities and biomass of selected taxa was also possible

by the trained network after the new data sets were provided as input to the network for recognition.

"Corresponing auther ; tschon @hyowon.pusan.ac.kr
Inn-Sil Kwak ; inkwak @hyowon.pusan.ac.kr
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Ultradiscretization toward Stochastic Cellular Automata

ERKEZ, SHCE BueELRE)
Toshihiko KUNIMATSU and Norio KONNO (Yokohama National University)

B, BEMLOFEIBRAICHE SN TWAN LY, JERELVL— b2 Py~
AL ORETEIL T L AR EN TV ARWDT, FOMEICEL TR 21TH . fFICK
e Cid, BEEBILZAT) LHEELILV A — b= b ORI 2 T Tdh 5 Domany-Kinzel
EFLI 2RTHBAIEOND L) bHRRESFERNLRLLEL, EHIKZ0
B 2 PSR FR LS AR 25 3 2 ERIR A HRER B R, HEREV 4 — b~ b v OO
BaeEBTL. DT, BESILICOWTHEICHBAL T 5.

Y, X ={Xt:te{0,1,2,---}, ez}, Y ={¥f:t€{0,1,2,---}, j € Z}
BENFIWRLFESAT, 22X LY bz LT 5, {HL,

P(X{=1)=p, P(X{=0)=1-p, P(Y{=1)=gq, P(Y[=0)=1-¢
Thb., TDEEROHERRESHERNEEZ 5.
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WD log & & o T,
U;H = Xj [‘5 {108 (62U;—1/6 + 62U;+1/€) — log (1 + e(U;—1+Uf'+1)/€) }]

+Y} [e {log (1 + e(U;—l"‘U;H)/f) —log (eU;-l/‘ + eU;+1/€) }]‘ . (3)

e > +0 DEREEZ S L, AKX liToelog(eA/f+eB/€.+--~) = max(A4,B,--")
e—
£y,

]
+ Y_]-t [max (0,U;_, + Uj;,) —max (Uf_,,U,,)] (4)

J J

Ut = Xj [2max (Uj_,, Ujy,) — max (0,Uf_; +Ujys)]

&7, Domany-Kinzel €7V ERTHERAIMGONL Y. Y URIY Y AT, EiE
DIERFZSF#EH L Domany-Kinzel €7 IV ORERIZOWTHE L 2w,

1) D.Takahashi and J.Matsukidaira: Phys. Lett. A 209 (1995) 184.

2) T.Tokihiro, D.Takahashi, J.Matsukidaira and J.Satsuma: Phys. Rev. Lett. 29 (1996) 3247.
3) SERME: " B HEIRK FROBAM & KR, BEER#, No.436, A T Xt (1999) 37-43.
4) SEFALHE: " Domany-Kinzel € 7V ADBEMAL?, A+t IF—/ — b (4/4/2000).
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Dynamical insights into the genetic code:

parasitism, redundancy and termination

David C Krakauer

Institute for Advanced Study, Princeton Univ.

Redundancy in the genetic code has been attributed to using four base
triplets to encode 20 amino acids. There are however at least a further
two forms of redundancy associated with the code: redundancy arising
from the ratio of tRNA anticodons to amino acids and redundancy in
the number of copies of each unique tRNA. We explore adaptive explana-
tions for the origin of redundancy based on the genetic code viewed as a
primitive immune system. Modifying the set of codons bound by tRNA
anticodon molecules reduces the efficiency of translational parasites such
as viruses. This is because increased translational efﬁcienoy of the par-
asite implies a match between the pool of host tRNAs and the parasite
codons. Thus the genetic code constitutes the first line of defence against
infection. In light of the theory we discuss (1) the persistence of genetic
redundancy , (2) the unique plasticity of tRNA bases, and (3) analyse
trends in codon usage in parasite-host genetic data sets. We also explore
some aspects of initiation and termination, stressing the imprecise na-
ture of these processes and the reasons why there can be fewer initiation
codons than termination codons. '



Pattern formation on skin of tropic fishes

Hiroto Shoiil « Atushi Mochizukil « Yoh lwasa? « Shigeru Kondo?

1 Dept. of Biology Kyushu Univ.
2 Faculty of the Integrated Arts and Science Tokushima Univ.

The stripe patterns observed on skin of tropical flshes have been explained by
applying reaction-diffusion principle. According to the principle proposed by Turing,
simple dynamics include a few substances coupled by substance-diffusion can
generate spatially periodic patterns.. However, the basic reaction-diffusion model
can't explaine the fact that most of the fish stripe are either parallel or
perpendicular to the body axis, where the direction depends on the species. In this
talk, we study a reaction-diffusion model including anisotropic diffusion to explain
specificity of the direction of the fish stripe. On the fish skin, each scale comes out
to the direction of body axis. It makes structural difference in epidermis between
parallel and perpendicular direction to the body axis. The model is the following:

{‘;’;‘ V(D,(8,)Vu)+yF(u,v)
< t
[‘;V = V(D,(0,)Vv) +YG(u,v)

D
D® )z=—m—_ .
=©,) ,/1—600032(60 —@) G: uory

., where 6, indicate the angular difference between gradient of the variable and the

x-axis, and ¢ indicate the specific direction to which the substance diffuse faster.
The parameter 3, indicate the degree of anisotropy.

The result depends on the ratio between anisotropy of activator and that of inhibitor.
When the anisotropy of activator is larger than that of inhibitor, the direction of stripe
is likely to be parallel to the direction to which the activator diffuse faster When the
anisotropy of inhibitor is larger than that of

activator, the direction of stripe is likely to be perpendicular to the direction to which
the inhibitor diffuse faster. When the anisitoropies are almost same between the two
substances, the specificity of the stripe direction disappear. This result does not

- depend either other parameter value nor the form of the reaction term. From the

result, we can make hypothesis that the machanism of spatial transmission may be
different between two substances in tropical fish skin.
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Estimating cell lineage: ‘
Theory and application to actual organisms

SEAHE (K-8 -4 - HEBEY)
‘MOCHIZUKI Atsushi (Department of Biology, Kyushu Univ.)

Cell lineage of a multicellular organism has been analyzed by
introducing a genetic or chemical marker that is inherited from a cell to
its daughter cells and is detectable even after several cell divisions. To
construct a complete cell lineage, all the cells at different developmental
stages need to be identified, and then the intracellular marker must be
introduced to each cell. | have studied a new method of estimating cell
lineage based on distributions of intercellular markers observed at a
single stage, which are introduced randomly at earlier stages. In this
talk, | show the application of this method to actual organisms, and the
usefulness of the method as a tool of developmental biology.

Assumptions are: (1) cell lineage is invariant between embryos;
(2) a small number of cells are marked in each experiment; and (3) the
total number of replicate experiments is sufficiently large. Then we
identify the most likely cell lineage pattern (or tree topology) as the one
that requires the least marker insertions to be compatible with the
observed distributions of cell markers. If the number of cells is large, we
can use clustering method in which a pair of cells with the highest
correlation in marker labelling are merged sequentially.

| tried to reconstruct a part of cell lineage of nematode, C.
elegans by using the data obtained from random marker-introduction.
The lineage of C. elegans has been studied from direct observation of
living worms. We focus on the cell lineage of intestine made from 20
cells, where each cell is easy to observe. The mechanism of random
marker-introduction is realized by the extrachromosomal gene in the
nematode cell. The circular gene is slightly unstable and may be lost
occasionally from each cell during somatic cell division. By including a
reporter gene, GFP (green fluorescent protein) gene into the array, we
obtain the data of distribution of marked cells at an observation stage
just by observing the lack of the fluorescence. The estimated lineage is
just same as previously obtained one.
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Model of Differentiation in Embryogeny

Takuya T. Maeda

Department of Physics, Ritsumeikan University

Embryonic cells repeat proliferation by active cell division and
differentiation. A normal embryogeny requires every cell composing
an embryo to undergo a proper differentiation at a proper position in
the embryo. However, active cell divisions probably cause disorder
of the positions of the cells because they dynamically change the
number of cell and the proportion of cell types in the embryo, and
cause positional collisions of the cells. Thus, we consider the cell
division as spatial disturbance of differentiation and discuss a simple
two-dimensional model of embryogeny.

The following are factors that cause differentiation in cell biol-
ogy: (i) the cell itself, with the passage of a set amount of time, (ii)
interactions with neighboring cells (induction), and (iii) .morphogen
(diffusible signaling molecule). In our model, the factor (i) and (ii) are
taken into account. This means that the differentiation is regulated
only by local interaction.

I would like to discuss differentiation in embryogeny on the basis
of the results of computer simulation of the model.




A cell-sorting model can explain different cone
mosaic patterns (of zebrafish and medaka)

Shusaku Tohya, Atsushi Mochizuki and Yoh Iwasa
(Department of Biology, Kyushu University)

In fish retina, four types of cone photoreceptor cells with different
sensitive wave-length of the light (blue, UV, red and green) are arranged in
regular pattern, called "cone mosaic". A pair of small cones, one sensitive
to red and the other sensitive to green is close in contact and forms a
"double cone". The development of cone mosaic has been studied by
various experimental techniques, however a mechanism of formation of
cone mosaic has not been identified yet.

We study the mechanism of formation by analyzing models in which
cells are arranged on the 2-dimensional surface, experience interaction
between neighbors, and automatically form the regular pattern. We
demonstrated that zebrafish mosaic pattern can be generated by the cell
sorting model in which cells exchanges their location with neighbors at a
rate affected by cell-cell adhesions. Using statistical physics techniques, we
estimated probabilities of certain patterns by calculating total adhesion and
the number of configurations, and confirmed the theoretical predictions by
direct computer simulations.

We also show-that the same model can generate cone mosaic of
medaka, which is of cell arrangement different from zebrafish, if the
appropriate adhesions are given.

Tohya et al. (1999) Formation of cone mosaic of zebrafish retina. J. Theor. Biol. 200,
231-244.

zebrafish medaka
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Evolution of hierachical cytoplasmic inheritance in Myxomycota
Akiko Iwanaga and Akira Sasaki (Faculty of science Kyushu University)

BHIEHH (Myxomycota) (ZIZHMDKE 7 X — O L, TRoPHEL T
TELBMOMAN DB, BEFTHAIMET A —NZRBZHOHEARHED Y |
BOREF (MatA) "B L TWwb, EMHMEOHLEREICIX, S bI X FYT
DAZEICE U CEMRB 2IEMERSH ), BETIE L) BIRCOBEI & F o
BFHPLOAI PV N TEZITHC, AR TR, ZOEMRD 2 IRLBEFRA
TEHEBEEHLNIIT S,

nfBOEAE L, BEMLRDLZBEFLEICHRBEZENH I - FT 5
BIZFHHD LT Do MHBEDORL 2mBEOMIEEFEER L. FEDRE,
NP A B AT EIHI D D5 A FOMBE DEELHIET 50 [ CEESH
DTN OMBEHIEESI NS (heteroplasmy) , Z DA, HIRRER O~
7) 7 FOLHBEETFOBICER « EITHELETH, ETVDOYIa b=V 3
YORER, BEERIHA RIFIRFPSMH L TV RELOHELTD, 12
DEAR % B—DIHERFAED 5REBICWRT L edbhol, 2L VEE
BRI OERNEM AL T %, $72, HAE LR FORIETF L OBICHAER
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TRIEFICI— FERTWVBBEIZOVWT LRI 5,

Mean strength of cytoplasmic inheritance in each mating type
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Myxomycota have many mating-types determined by nuclear gene (matA).
Mitochondrial DNA is uniparently inherited: there is a linear dominance relationship
between mating types in their cytoplasmic inheritance. Here we study how such
hierachical cytoplasmic inheritance evolve.



Mathematical Study for Circadian Rhythm in Drosophila :
Condition for Generating Cycle
Gen Kurosawa, Atsushi Mochizuki, Yoh lwasa
(Dept. of Biology Kyushu Univ. )

PER and TIMELESS proteins are believed to play a crucial role in the gene network to
generate the circadian rhythm of Drosophila. They make heterodimers and inhibit the
transcriptions of their own in Nucleus. Goldbeter(1998) proposed several mathematical
models for this phenomena, and analyzed by numerical simulations. He-claimed that the
model in which PER-TIMELESS complex regulate the transcription of both genes is easier
to generate a stable oscillation than the model in which only PER do feedback control, as
the parameter regions for oscillation is larger for the former model than for the latter. We
present 3 simpler models that differ in the cooperativity at the negative feedback working
on the transcription process, and analyze them in detail. We found that a larger
cooperativity generally tend to lose the local stability of equilibrium point and cause a limit
cycle . Compared with 3 variables model (per-mRNA, PER in cytosol, and PER in
nucleus), 4 variables model ( PER is first modified and then enter the nucleus) can generate
a stable oscillation with a smaller cooperativity. Compered with these, our PER-
TIMELESS complex model can also generate oscillation with a small cooperativity. They
show that the modification and heterodimerizaion of proteins are important to cause a limit
cycle.

tim-mRNA > | TIM
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E-box timeless |-

e
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|
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* - (ekSevo
— Nucleus
per-mRNA > | PER

Genetic Network of Circadian Rhythm of Drosophila
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A Dynamic Establishmént of Immune Memory

Kouji Harada *
Institute of Physics, The Graduate School of Arts and Sciences,
University of Tokyo

A long but transient memory and a dynamical lymphocyte activation threshold
are discussed based on a simplified immune system. We study a self-regulating
lymphocyte kinetics driven by some antigens.

When an antigen invades, a transient memory state emerges in the sense that
more lymphocytes than a naive state holds are induced. Interestingly, many memory
states can be developed according to the strength of antigenic stimuli.

In immunology, it is well known that lymphocytes have an “activation threshold”
which decides the requisite amount of an antigen dose for lymphocyte prolifera-
tion. In our numerical simulation, it is shown that an activation threshold naturally
emerges as a character of the lymphocyte dynamics. Moreover, when the lympho-
cyte specificity for the antigen increases, the value of activation threshold tends
to decrease. As the result, more boosted and faster immune response with small
amount of antigen dese is observed. In general, it is experimentally known that
an immune state has lower activation threshold with an amount of an antigen dose
than a naive state has. Thus, the dynamical activation threshold obtained in our
simulation is valid in the context of immunology.

The development of the activation threshold also relates with the maintenance of
an immune memory. Because when antigens are removed until under an activation

threshold by an immune response, the immune response finishes and the antigens ~

are left in the system, as the results, an immune memory can be sustained by the
weak stimuli of the antigens held in the system. .

The dynamical immune memory occurs only when the source value of an lym-
phocyte kinetics is so suppressed. Thus we judge that this immune memory is
established in the peripheral organization with low supply of lymphocytes.

*E-mail:harada@sacral.c.u-tokyo.ac.jp
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The Cellular Automata Model of The Allometric Scaling Law
S. Kizaki (Chuo Univ.), F. Nakaya and T. Motokawa (Tokyo Institute of
Technology)

The dependence of a metabolic rate E5 on body mass M is typically
characterized by an allometric scaling law of the form

E .
E, ~ M3/4 =5~ M4, 1
. or - (1)

Recently Nakaya, Saito and Motokawa studied the colonial ascidian Botryl-
loides simodensis which grows in a plane and revealed that metabolic rates
of two-dimensional organisms also scale as M3/%. Although various theo-
retical hypotheses have been proposed to explain 'the 1/4 power law’, none
can explain their result when it is extended to two-dimensional systems.

We constructed a general model using d-dimensional totalistic cellular
automata (CA) in which the state of each cell took either "active (=1)”
or "inactive (=0)". Although our model was quite simple, the 1/4 relation
was derived from it. The state of a cell is updated according to the total
sum of the activities of itself and the members of Neumann neighborhood
(totalistic rule). We premised that the inactive cell does not become active
if all the other members in the neighborhood are inactive. We simulated all
the possible rules (2° = 32 for d = 2, 27 = 128 for d = 3) to investigate the
effect of system size L? on the density of active cells p, where L is lattice
size.

In two dimensions, only one rule (rule 52 :(0,1,0,1,1)) gives an allometric
relation between the system size and p with the exponent —0.250 = —1/4.
This rule gives the lowest positive density of active sites in large systems.[n
three dimensions, rule 232 (0,0,1,0,1,1,1) also gives the allometric relation
with the exponent —0.246 ~ —1/4. Thus we could reproduce the 1/4 power
scaling by the simplest totalistic CA regardless of the dimension.

Our simulation showed that the behavior of the system could be allomet-
ically organized without a centralized or highly-developed control systems,
such as circulatory systems with hierarchical branching, but with only local
interactions between neighbors. It means that living organisms would be
in the self-organized critical state.



An extention of the Holley-Liggett method for the one-dimensional
contact process

1.ka>4 2 b7 0t 2239 % Holley-Liggett i£D LR

Shunichi HAYASHI and Norio KONNO. (Yokohama National University)
o oE— S8 R (BIEELKS)

The contact process (CP) is a {0, l}Z‘l-valued continuous Markov process. In the mathemat-
ical field, this process is first introduced by T.E.Harris (1974). The CP can be interpreted as a
simplest model for spread of an infection disease.

In this talk, we report on the result of the estimates of survival probability of the one-
dimensional contact process. Holley-Liggett (1978) used renewal measure to obtain the upper
bound for critical infection rate and the lower bound for the survival probability.

On the other hand, Katori-Konno (1990) introduced K-type correlation functions to estimate
the survival probability of one-dimensional contact process and studied how to obtain such a
new measure. They could analyze by an appropriate decoupling for some equations including
the first equation of hierarchy of K-type correlation identities that holds between K-type corre-
lation functions for invariant measure of one-dimensional contact process.

In the present talk, we extend renewal decoupling further and used K-type correlation func-
tions that introduced one-point and two-point correlation functions with parameter p € [0, 1].

When p = 1 (resp. p = 1/2), our result is the same as the result given by Holley-Liggett
(1978)(resp. Katori-Konno (1990)).

As the result, it is shown that
(1) 0 < p<1/3: the value of A is not suitable as the upper bound.

(2) p=0:A=2coincides with the result of first upper bound on the critical value given by
Holley-Liggett.

(3) 1/3<p<1: whenp=1, it becomes pair approximation between the distances of par-
ticles. when p = 1, the value of A = 1.84715 is not better than the result of A = 1.78989 (for
p = 1/2), but is better than the value of A = 2 given by Holley-Liggett.

Let py = E,,(n(z)) be the survival probability of the one-dimensional CP with p) = 0 for, .

0<A< A and py >0 for A > A

Holley-Liggett (1978) and Katori-Konno (1990) used the renewal measure as the approxi-
mation of the upper invariament measure to estimate the survival probability p) of the one-
dimensional CP.

In the present talk, we introduce a new decoupling procedure of correlation functions and
estimates of py. Moreover we study how p) changes as parameter p changes.

References

[I]Holley,R.and Liggett,T.M..The survival of contact process, Annals of Probability, Vol.6(1978),
pp-198-206.

[2] Katori,M.,and Konno.N.,Phase transition in stationary states of contact process, Proceed-
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Dependence on direction for spatial distributions for pivotal bonds on percolation

N CIFRO, BB HEA®, FI KEO, 55 fdHED

(FRIEE L RZEOOM ) dhgu 520

Shouki KOGURE“’ Masahito SEKINE®, Makoto KATORI® and Norio KONNO®
(Yokohama National University™®® Chuo University ™)

EFANDHH

- X—alb— 3y (percolation) DET /N &L BETHRR] #2ET7LELLEBDOTHD. ZD
ETFNMIFRHRKLEDIEN Y, BRFADEE, &R LEFEDREDRED, EEFIJERFARDESER
B ERTEERLETNEBEZDZ LN TE H[1—4].

AMETIE 2 RTEFBFOETNEEZD. TOROHEETS 2 555 Ro% A F (bond)
L, ZFOARKE, open, closed #E X7 & (2, FFEDFERDOMIL, FHRIMLICEELRIZFTESF
% TeRZLAEL K (pivotal bond) | &5, (F/, HFHWHE¥E Tidred bond LWV vbdZ L bdH
5. THUZOWTIB 2 1L (4] % 5 88)

AWFFEDBHNL, NA—alb—Ta v EFAOERIARY ROEMSMEEDOFREEFEEE, EIZ
A a—HF I ab—a NIl oTHNTHRZELETHA.

&S

ZIT, FTHEICKEZZELHBPIZEETA AL O, R—alb—varvETFAMIFRAELRF-E
ETNEEZEZ, WIZEEEIZKBIES > TV, FAKDRWETMIOWTERM ST EZRTH TV
< (ZzT, THRAk Lix, BETHIMEIZRELSH 2585 3T.)

BEMIZIE, n AT v, open hY FIZ/R2 2L p OBELEIZOWVWT, FRY RBERZLTH B H,
LIRS FARD., COBREELZREBOLEZBRI TRITEHDEVIKL, &R FBEFHITE LR Z iz
RoledEx, TOHERX2 777 TRbT.

L ETORE

FrtEDHHETVIZRBE L THEEZITY, POFETERZARY FRENEWIEREH-.
B, MEOZZ 7M6ERZIRY L, w@rofiZmdhro TLTLLEBICEML TWhah
TRV &V ) BRIV R LS.

it,ﬁ%p%lmtf 2T v TEERKERTEE, CRZLRY FOBROBMFHEIL, 1ZIEX

DHIZLIEB TR EWNWIRRGB/BAIENTE, (ZHICEAL T, FREORWEFEIZOWN
’Cti, Pike and Stanley[5], Coniglio[6] DFFZEMEEIZH B).

ETRBLSEDRE

FRAEDHBET/MIBEL TR, 7730/ Ialb—ralEETLTNWADT, RET
FRAEDRNETFTMIBELT a7, YIalb—varzifoTna.

Fro, VIab—valE K HRESEXHENRERABHIZLEROBEEZEL LTS

BELM

[1] G.Grimmett, Percolation (Springer, 1989, 2" Edition, 1999)

[2)t@ 0O /R, ~S—zL—3 3 (R, 1992)

(8] /NAME #, N—zL— 3 > DFF (EERE, 1993)

[4] D.Stauffer and A.Aharong, Introduction to Pezcolatwn Theory (Taylor&Francis, 2! Edition,
1992)

[5] R.Pike and H.E.Stanley, J.Phys.A : Math.Gen.14 (1981) L.169
[6] A.Coniglio, Phys.Rev.Lett.46, (1981) 250



Implementation of Cellular Automata for the Diffusion |
with Species Interaction
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Abstract
A discrete diffusion model was devised to represent spatio-temporal dynamics of population
s based on Cellular Automata (CA). The model was constructed to represent the dispersal
of invading insect species in interaction with its food and parasitoid species. In the mod
el the multi-phases of reproduction, interaction with other species, and movement in short
and large scales were considered on a spatio—temporal framework of CA. The survival of i
ndividuals and population growth were constrained by the amount of vegetation. The move
ment by the parasitoid for searching was allowed in the small scale while the long—distance
movement was also represented in the CA model. The environmental effects such as win
d, temperature and topography were also considered in the model. Through calculation, the
amount of food and density distributions of prey and parasitoids were concurrently obtaine
d through the spatial-diffusion process as time progressed. The simulation results were com
pared with field data for the dispersal of pine needle gall midge (PNGM), Thecodiplosis jap
onensis, a key pest of pine trees in Northeastern Asia including Korea and Japan. The mo
del revealed the impacts of population interactions and key environmental factors in the dis

persal of PNGM.
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two epidemics and seasonal fluctuation
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KIRKFRZERE HEAZER BFEK

I studied on a model of two epidemics with seasonal fluctuation,
and analyzed the effect of seasonal fluctuation on the coexistence
of two epidemics. When one of two epidemics is prevalent without
seasonal fluctuation, seasonal fluctuation enables two epidemics to
coexist within a range of parameters. On the other hand, when two
epidemics can coexist without seasonal fluctuation, seasonal
fluctuation makes one of two epidemics to become extinct within a
range of parameters.
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Zooprophilaxis and the insecticide resistance -- an evolution-free
control of vector-born parasites.

Isao Kawaguchi and Akira Sasaki (Dept. of Biol., Kyushu Univ.)

A strategy to eradicate the vector-borne epidemic diseases, for example,
malaria and Japanese encephalitis transmitted by mosquito, is to control the vector
by insecticides. However, if the insecticide is sprayed thoroughly, the insecticide-
resistance evolves in the vector species, and the disease control fails.

Sota and Mogi (1989, 1991) proposed a model for the control of malaria
by "zooprophilaxis". The zooprophilaxis means the disease control by attracting the
vector to livestock (e.g. cattle) which is the dead-end host of the disease (in which
the pathogen cannot amplify). Plasmodium, the causative agent of human malaria,
has a closed transmission cycle between human and mosquito, and hence cattle can
serve as the dead-end livestock. They showed that by placing sufficient number of
livestock besides the human living site, malaria can be eradicated.

In this study, we extend the Sota-Mogi model to include mosquito control
by insecticide, to examine the possibility to eradicate malaria with a fewer
mosquito. In addition, we also take into account the evolution of the insécticide-
resistance in the mosquito. The model reveals that by a suitable choice of the
insecticide spray rate and the cattle density, malaria can be eradicated without
allowing the evolution of the insecticide-resistance in mosquito. It is important to
spray insecticide only in human living site, keeping livestock site insecticide-free,
whereby the resistant mosquito cannot increase because it is competitively inferior
to wild type in livestock site. We conclude that the evolution-free control of
malaria is most easily attained by spraying a small amount of insecticide in human

site and placing sufficient number of cattle.



1-7REBICE > THRFEORTHRIBERD T 5,
Mutual reduction of mortality in competing species by Mullerian mimicry
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Heliconius butterflies in Central to South America is well-known for their Miillerian
mimicry. Recently spatial patterns of Miillerian mimicry are analyzed using spatial
population models. However, a simple population dynamics of such mimicry in a single
location is not explored yet. Here we develop a general population dynamics model of
two competing species S;, S; (populations N;, N,):

b, = by — (b, —b, )N, +a,N )/ K,
dN,
—= (b‘ _mihi)Ni m; =mg +(’nik _miO)(Ni +a, N/ K,
dt o i
h =N,/(N,+s-N,)

where b, m; represent birth and mortality rates of species S; without mimicry,
respecitively. (b,, my are intrinsic, and by, m, are at the carrying capacity K;). Note
that by= b=my, = my. Let h; denote the reduction factor in S;-mortality rate, and s the
degree of similarity of two species by Miillerian mimicry (0=s=1). And « is the
resource-competition coefficient (7,7 €{1,2}, 1 ). The current model is compared with
the traditional Lotka-Volterra model of pure resource competition by changing s.
Interestingly, the analytical solution of phase planes indicates nonlinearity in their
zero-growth isoclines, unlike those of Lotka-Volterra competition equations (s=0). The
results show the increase of coexistence in the parameter space (Fig. 1). In the two
measures of parameter space, the coexistence area increases by shifting their
boundaries from 1 (Fig. 1a) to ¢; (Fig. 1b), where ¢; is a constant calculated from the
birthrate parameters, 0< ¢; =(by— b;)/ by <1. Here the parameter sis independent from
the boundaries constants ¢, Thus the coexsitence is promoted as is expected.
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Explosive Speciation
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‘We present a theory of speciation
induced by extinction. The rate of
speciation should be different in different
areas. There are a lot of species which
resemble: with each other (“genetic
closeness”). It is thought that the
speciation rate of these species has been
very quick. Very recently, there has been
a growing interest in the process of
sympatric speciation. Theories heretofore
have explained the process that a single
species divides into two species, but they
never account for the quick speciation rate.
In the present work, we present a theory of
explosive speciation.
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FIG. 1 Speciation process

0B
@%
8}

In our model, speciation is caused by
large environmental changes. When an
environmental condition for a target
species becomes rich, the species may have
a large population size and many races
(morphotypes or demes) [Fig. 1. (a)—(b)].
However, if the condition becomes
suddenly worse, a large contagious
population may be segmented into smaller
groups [(b)—(c)], and many races will go
extinct. In this case, both allopatric and
sympatric speciation frequently occur
(explosive speciation) [(c)—(d)].

Consider a target species which has N
races (3 <N). A couple of individuals may
reproduce their offspring, even though
they belong to different races. However,
this does not always hold between some

pair of races: when a pair of races are
reproductively isolated, they cannot give
birth to offspring. The reproductive
isolation is mainly caused by two
mechanisms. The first cause is a
geographical hindrance (spatial isolation).
The second cause 1is the sympatric
hindrance.
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FIG. 2 Schematic illustration of polygon model for N=4.

Several models, such as polygon and star
models, are possible to take into account
the reproductive isolation in readiness. In
this report, we mainly describe the result
of polygon model. We locate N races on the
vertices of polygon in order as illustrated
in Fig. 2 (a). Each side (line) of polygon
denotes that both ends of races of the line
can reproduce their offspring. Since all
races on a polygon are connected by lines,
they belong to the same species. The
speciation process is  schematically
displayed in Fig. 2. %

Extinction process is performed in two
different methods: indiyidual-based model
(IBM), and random extinction model
(REM). Both models explains the quick
speciation rate of species which have
genetic closeness.
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FIG. 3 The average number A~ of speciation is plotted against the

initial number N of races.
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Persistence of Population with Age-dependent Sex Reversal
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We consider the age-structured single-species population dynamics with age-dependent sex reversal from
male to female. In our mathematical considerations, we focus the population persistence affected by the
sex reversal, assuming that the sex reversal from male to female could be occuerd just after the critical
age a. with a constant sex reversal rate.

We denote the age distribution function of male age a and that of female age a’ at time t by v(a,t)
and w(a,t) respectively. In addition, c(a,a’,t) gives the density of reproductive couple which consists of
male with age a and female with age a’ at time t. We construct at first the dynamical system for the
distribution of age-structured population with the sex reversal:

Il

ov(a,t) + dv(a,t)

ot %a =8y v(a,t) — M(a)v(a,t)

ow(a',t)  Ow(a,t) , .
5 T o = “onw(@t)+M(a(dt)
dc(a,d',t) | Ocla,a’,t)  dcla,d,t) ,
ot + da + oa' = —(611 + d22)c(a,a’,t)

-D-c(a,ad’,t)+e- {v(a,t) - /000 c(a,a’,t)da'} {w(a',t) - /000 cla,d, t)da} .

where D and e are positive constants. J;; and do2 are the constant natural death rates for male and
female respectively. M (a) is the age-dependent sex reversal rate from male to female at age a, where
M (a) = 0 for a < ac;m for a. < a. Just after the critical age a., the sex reversal from male to female
could occur. Now we define C(t) = [° [° c(a,d’, t)dada’, V(t) = [° v(a,t)da, W(t) = [} w(a’.t)da’
and X (t) = 0”“ v(a,t)de. We can then reconstruct from the above to the following dynamical system for
the temporal variation of population sizes:

%ﬁt) = =0V (t)+BAC(t) — m{V(t) — X(t)}
d—}éfﬂ = PBAC(t) — 1 X(t) — v(ac.t)
dVZt(t) = —0pW(t)+ (1 - B)AC(t) + m{V(t) — X(t)}

%Et) = —(611+ b2 + D)C(t) + e{V(t) - CH)HW(t) - C(t)}. T

As for v(a,,t), we can derive the following result with the method of characteristic curve:

| BAC(t —ac)e % (t>a,)
'U(acvt) - { ’U()(ac - t)e—ﬁul (tSac)

We assume that the initial population sizes V'(0), X (0) and W(0) are positive, and C(0) = 0.

We analyze this population dynamics and discuss the influence of this type of sex-reversal on the
dynamical nature, especially focusing the effects of the sex reversal rate m and the critical age a.. In
our analysis, we separately consider three cases in terms of the value of critical age a.: 0, 0 and finite
positive. For each case, we analyze the stabilities of equilibria, and the asymptotic states as ¢ — +o0,
making use of analytical method and numerical calculation.

1 Corresponding person. seno@math.sci.hiroshima-u.ac.jp
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Mathematical analysis on coexistence condition and indirect effects
of phytoplankton and bacteria through nutrient recycling

Yasuaki Aota and Hisao Nakajima
Department of Physics, Ritsumeikan University, Kusatsu 525-8577, Japan

Abstract

We estimated indirect effects between phytoplankton and bacteria through
phosphorus and carbon at the steady state under the coexistence conditions.

It is known that bacteria highly ingest several inorganic nutrients and com-
pete with phytoplankton in inorganic nutrient under certain nutrient condition.
Phosphorus is one of the limitig factor for growth of phytoplankton and bacte-
ria. Phytoplankton excrete dissolved extracellular organic carbon (EOC) when
phytoplankton is stressed by limiting inorganic nutrient. One of this excretion
is surplus of photosynthesis under inorganic nutrient limitation, and bacteria
can grow by using it. For the competition between phytoplankton and bacte-
ria through phosphorus, it is suggested that indirect interaction through EOC
may lead to mutualistic situation.

In the model ecosystem, the interactions among species such as competition
and mutualism are usually expressed by the sign of direct interactions. How-
ever, there are no direct interactions between phytoplankton and bacteria, and
only indirect interactions such as exploitative competition through phosphorus
and indirect effects arisen from carbon flux and nutrient recycling. Therefore,
if we try to estimate these indirect interactions, new mathematical framework
may be needed. One of that is press perturbation method. This method leads
to inflow-sensitivity matrix, and the matrix reflects the difference in biomass
at the coexistence steady state. |

By using of the above method, we offer the estimation of indirect interaction
between phytoplankton and bacteria under the coexistence condition, and show
that the mutualistic interaction between phytoplankton and bacteria can be
occurred at the coexistence steady state even if they initially compete with
each other through inorganic phosphorus.

In this model, we considered phytoplankton limited their growth by light
and phosphorus, and bacteria limited their growth by phosphorus and carbon
relesed by phytoplankton. This model was also considered the effect that
phosphorus with inflow and outflow is recycled by bacterial decomposition.
We adopted permanence as the criterion of the species coexistence, and led to
the necessary condition to be a permanence in the system.
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Mechanlsm of species coexistence with space-limited
demographic process.

Soyoka Muko! (Dept. of Biology, Kyushu University),
Kazuhiko Sakai (TBRC, University of the Ryukus), Yoh Iwasal

In coral communities, we can find the distinct differences in the
composition of morphological types. For example, branching corals dominated
the protected site, whilst tabular corals were abundant at the exposed site. We
formulate a simple model for the dynamics of coverage of the two morphotypes
in order to understand the demographic processes, larval settlement, growth, and
death, which form and maintain the observed patterns.

The model incorporates the space-limited recruitment and the space-
limited growth. The larval settlement rate is proportional to the amount of vacant
space in the local habitat and to the abundance of larvae in the water column. The

growth rate of colony size (coverage area) increases with the size and with the
fraction of vacant space. The coverage X, of type i in a local habitat are

dX,
dr

i“h

—stF+g,iX —uX (i=1,2),

where x; is the size of newly settled adult; L, the abundance of larvae; s,, the
efficiency of larval settlement; g;, the maximum growth rate; and u;, the
mortality. F, is the amount of free space: F = A— X, — X,. The initial condition
is assumed to be zero (F = A). _

The result of the model show that the trajectory of coverage has three
phases if mortality is low. [1] In the beginning, the relative Abundance of the two
types is controlled by the ratio of the larval settlement. [2] When the vacant space
becomes occupied, both settlement of larvae and growth of settled colonies affect
the dynamics of coverage. [3] After free space is depleted, both larval settlement
and growth become very small. Now the slow process of colony death comes to
have an influence and causes the final convergence to the equilibrium
composition. We also analyzed other cases in which one of the three
demographic process was rather smaller than the others.



Architecture of adaptation
K. Ryb Takahasi

Laboratory of Population Biology, Division of Evolutionary
Biology,
University of Tokyo at Hongo

Darwinian theory of organic evolution explains the evolution
of complex adaptations through the gradual accumulation of
innumerable slight mutations. Theoretical foundation of
this traditional view could be traced back to 1930s, when
theoretical population geneticists reconciled Medelian
genetics with Darwinian gradualism. Recent molecular
studies of complex traits, however, have revealed that many
adaptations have rather simple genetic architecture; they
are in many instances based on a small number of factors with
relatively large phenotypic effects. To see if such
empirical findings should be expected from the ordinary
population genetics theory, I here develop polygenic models
of phenotypic evolution and investigate the distribution of
the effects of mutations that become eventually fixed during
the course of evolution. Two issues are of special concern:
(1) the number of substitutional events that constitute an
adaptation, and (2) the relative magnitude of the effects
of !

those fixed factors. The results of the numerical analyses
will be discussed in light of these issues.
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