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Oscillation maintains polymorphisms — lateral asymmetry of two
scale-eating cichlids

G CRBCARFEER) - Bt e (ORBR S e )
Satoshi Takahashi (Department of Mathematics, Osaka Univ.)
Michio Hori (Department of Zoology, Kyoto Univ.)
Keywords: Polymorphism, frequency dependent selection, oscilllation,

lateral asymmetry, coevolution
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Competition in a chemostat
with an external or an internally generated inhibitor

Sze-Bi Hsu(Tsing-Hua University, Department of Mathematics)

In this talk we shall present two models of the chemostat with an
external inhibitor and with an internally generated inhibitor respectively.

For the model with an external inhibitor, we consider the competition
between two populations of microorganisms, where one strain is resistant to
- antibiotic, or competition in detoxification, a system where one strain can
take up the pollutant while the other is inhibited by it. Our analysis reduces
the problem to a three dimensional competitive system. The monotone flows
is applied to obtain several global results. An example of attracting limit
cycle is given.

For the model with internally generated inhibitor, we consider a model
where one of the competitors can produce a toxin against its opponent at
some cost to its reproductive ability. Our analysis gives a complete
characterization of the outcome of this competition in terms of the relevant
parameters in hyperbolic cases. In three of the four cases, the asymptotic

results are global.
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Lotka- Volterra Uil R # — ¢ € 7 /L

= y(t) (=d -+ cz(1))
DG DL EMEIZBE L TRRO Z EDBH BTV D, IED-Misd £ BFAE L g T dud
Bt BT DVE XD TS Lo S KIEHICETETH Y, B BTEHET UL B DS RIRNC %
EThD, KRFETHEKOFBRTRIL SIS, MHENEHY S Lotka-Volterra i f
F—REECTVOREIC DOV TELET D,
{ﬂﬂ=$U%T—Wﬂﬂﬂ+ﬂﬂﬂm-bﬂﬂmﬂﬂWMm)
9(0) = y(t) (=d + c [2, 2(t + 0)dn(0))

UTFOZ &M SN,

(1) E'BTFHELARVEE. B ASERLEIIVN S KIS ZETh 5 2 L,

(2) B AfFHETHUE, BREAORER N SWEE, RNCEETHD 2L, &
HIZ. B OWSIFIEAEFADINT A7 -CRETEB L,

{iu):xanr—aun—wmo)

(3) LIRTOFRER LT, (2) 2T 5729DI2HV S Liapunov FLEEXOREELAS
BHTHY . [FONKSIIRE REVEERRITT 2MRIEBLOK & SAUESHTVD
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FEXT R May-Leonard €7 )V, 3 fii Prey-Predator €7 VD
FENLE O 5. B F v
SE U I A NS YN A A v
L. INTRODUCTION
SITHR, AOFMAN ECRATIENS N NY P NVBEFERET:

2 = a)( 1 —a; — apzy — Paxs ),
Ty = za( | = f1z) — 2 — agzs ), (ML)
73 = w3( 1l — ayzy — Poxe — 23 ).

COFROBMEOFLOLII RS = {r e R* 12 >0} KB HRDFVEMBIILET. TOETN
it R.May & W.J.Leonard [ML] t2& D 1 9 7 SAE4-L S E LA, £ TRRHEEMNFEAIET,
F A2y P IMEREEE T bbb o mm=a3=a>0and By =P =0 =0 >0 DHET
DRDSEDLFVHEZLNTE L. #D%, Coste, Peyraud and Coullet [CPC] R* Schuster, Sigmund
and Wolf [SSW] %12 & 0 JEX R EUZ A L TEF VAT E R bR, Hirsch [H] (24 % “Competitive
system” WA B EESLE 1) C, Chi, Hsu and Wu [CHW] (24D FRBRKICHETAETNVORDES
FOASELITIESILE L. FOK, FUF, NG (UO] 12 & ) DR 2 RITOIKM LD T bV
TR TH A EDREN, B a6 =1,2,3) ICHDER L AT EETHICL THROL D TVATR
EEXNF L TabLEFITHE, SHABTWICHAR-HRAEMREZoTWDE, whwd “37 (<
L DEFNEEZHIENTEFT. 40, FORIH AALESAIIALL, EORADUE—M &L
AN A B EDbAY F LI FORLUS EORISIHETHCHM L TH AR LR REHLEY. M
PUED 5D T VOSHEUL, ADiLH CF. ' ‘

THEOREM [UO)]. Consider the vector field f of (ML) witha; <1< f;, 1 € {1,2,3}, then every orbit
v in (Ri)° \ T satisfies one of the following:

(1) If z* ¢ V3 and A > 0, then vy tends toward the equilibrium z*.

(2) If 2* € (V3)°, then v winds toward the heteroclinic cycle T

(8) If z* € BVs, then there is an infinute Junily of closed orbits such that v winds toward one of them.
(4) If A <0, then v tends toward infinily. :

ZIT, 2t i (R SBY AW, Vo= {e € R} : Bz <1} 13 Ry NOETEE, 0V, i= Sai=
{z €RY: Sz =1} i3 R} MO (n—1)-KCHAKTT. BLE 0 2 6P 2ot RAEMT A FEME, T
TELTET. R OHRICH D 3 DDN AL e1, 00,69 (3, BEHIZ3OONTF O Y = 7 IZLD
FITNTOWT, ChODAIES T % “AF 2=y A A 20 LIRUET. MEERITTIORS
D&% Z NZII L ATHIOF IS A THLTET. ThhbROM) TY:

1 a fs
A= ﬁl 1 tl3
(431 52 1

2. MAIN RESULTS
KO, EREYAFWT B IodL LR bOTT.
LEMMA [UO]. Consider the vector field f of (ML), then there 1s a vector field f on S? such that
every orbit of f on R*\ 0 is projected onto thut of f by the projection.

LEMMA [SSW]. In the system (ML), if the positive constants a and A ezist such that a < z;(t) < A
for arbitrary t > 0 and z* = (xf,x5,a%). is unique equilibrium in the (Ri)", then the following
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equation holds:

T—oo T
LI [SSW] Dk & hrs b DAKO T

LEMMA. In the system (ML), suppose that x* is usymptotically stable equiltbrium in the (Ri)c’ For
arbitraly z(t) € v such that z(0) € v,a(y) = T', the following equality holds:

-
Jim —/ zi(t)dt = 2! i€ {1,2,3).
0

-
Jim s [ sm0e=1 ie (1,2,3).
KRICERBARAFE, 2Tl R (ML) CRENANZ P VR a; <1< Bi i€ {1,2,3) £
FHOLETEXTVET.

THEOREM 1. In the case of c* ¢ V3, the only continuous invariant set Iy exists in RSJr such that for
every orbity € I, w(y) = z* and «(y) =T

THEOREM 2. In the case of z* € (V3)°, the only smooth invariant set Iy exists in Ri such that for
every orbit y € I, w(y) =T and a(y) = «".

THEOREM 3. In the case of x* € (OV4)", lhe only smooth invariant set I3 exists in Ri and that s
the center manifold of x*.

T w(y) oy D w-MRES, a(y) 3y D a-fiRESERLET. #EICLD, AEESOHE—
MEFIRENTT. FRIZED, ZOLEIN L 2 OAREELHE, b L OEREICHET 5
EXIIE, FDOHONEDSN FF (M2, TH3OEE) ER1LICBWT, AERESRIATO S
V=7 L 7T BARLELRN DR L DI o T ETA, EME 2* ORESHEKE —
BHLTOWZW/DIlHohTHENE ) 300 FHA. BIEHEDE AT, TORKESDHE
LORENHNTVWAI LR Ialb—2a yATRIELTWEY. '
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RN TaL, BEICE, HFHLTWwALE
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MWL TIZLHoTWVHEEZLNS,
bbArAZEHMOO NS - KVTITOHE
RENTDH I LIRS, MR 2 EEMY
BT A EBHETH L, bhvbh
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EFMIREEICH LWy 2MBAT B8
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THrd 5. 21(8)
S;
) (1) .
Sl:i(t):ﬂ?.gfi . ,'L:l,...,n.
z,(t)

AT LS ERETFMa(t) = ¢, 1 =
1,....n 22k $ 5. Sz OXUME
y BEALZZSEUTOL I IcRbER
3.

. T, -ty T,
o T2 : '
Ti(t) = z:(fi ) + €yg; )s

Tn
Tn Yy
1= 1) )y 1L

(.’L'],l‘g,.. .

= ((1 — a)¢i(t), d2(t), ...

T +y T
Ty
y(t) = y(fi +eh )
T,
Ty Y

STy = 0LBLESITRETA. /2
e = 0 EBLE, Zony L fERTE 2,
DEDEZ LD, YAFAS X, 0
L1FITOHZEDL % /STAIETAHHF
SLEETE T TR R DI,

) Tns Y)
) ¢n(t)1 a()bl (t))

YO, o x BMRE)FOMAR & FERICE
DI/ ZEIZED, eDFEFEINISVEE
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TEREL 72,
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HOREBZ2ODAEEZHDERLT L, BEHLEEBREHDODH ETHRAUMGENRY — I
BEnb, 72720, Sortingm:@IEMIEE BRIICENEFND#EMAE FIZT—HICH{L
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The evolution of resistance to pathogens in invertebrate hosts.

Michael Boots (Kyushu University)

Hosts are likely to vary in terms of their relative resistance to parasites, and hence their evolution is
likely to be influenced by the parasitic interaction, especially when the host ‘pays’ a cost in terms of
another component of fitness for increased resistance. An understanding of these evolutionary
dynamics is clearly necessary both to understand the role of pathogens in ecological communities and

effectively manage disease in various applied contexts.

One approach to modeling the evolutionary dynamics of the host is to consider the evolution of
susceptibility in an invertebrate host - with no acquired immunity - to a directly transmitted micro-
parasite (pathogen) by using models analogous to host-host-pathogen models where the host species
are replaced by a susceptible and resistant strain of a single host. The basis of these studies is that the
resistant strain pays a cost in terms of its other life-history traits. Resistance to pathogens in
invertebrates is often likely to be a quantitative trait, and therefore more realistically modeled by
considering a numbér of strains which vary in their resistance to the pathogen. The approach is
evolutionary which is pragmatic in that it allows us to examine in detail one part of the coevolutionary
process between hosts and pathogens but also has direct application to understanding the effect on pest
species evolution of the inundative use of single strains of pathogens as biological pesticides  The
evolutionary consequences of specific trade-off formulations are considered, and trade-off curves

predicted from mechanisms of resistance.

Using a combination of analytical and graphical invasibility analysis, we can show that evolution may
lead to an ESS transmission rate, dimorphic populations or monomorphism dependent on the shape of
the trade-off curve chosen. Independently of the trade-off function used we are always more likely to
get resistant strains of the host when the carrying capacity of the host is high. The pathogenicity, of the

parasite is also crucial in determining the degree of resistance, high pathogenicity favours susceptible

strains.
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BEGINNING OF MATHEMATICAL AND PHYSICAL BIOLOGY IN KOREA

Tae-Soo Chon
Department of Biology, College of Natural Sciences,
Pusan National University, Pusan 609-735 KOREA
(E-mail: anax@bugs.bio.pusan.ac.kr)

[ am very grateful that I was requested to write an article on JAMB for the development
and current status in mathematical and theoretical biology in Korea. I still remember
when [ attended the meeting of “Kyoto Conference on Mathematical Biology” in June
1996. It was a real joy to me, and was a good chance to have a perspective on
mathematical sciences in biology and ecology in Japan. | was very impressed that, in
Japan, mathematical biology has a good history, has excellent man power, and covers
all spectrum of biology. I learned that all this good history has been stemmed from the
great leaders, Professor Ei Teramoto and Akira Okubo, who pioneered in this field since
early 1960s. I thank them for leading theoretical biology not only in Japan, but also in
the world.

In Korea, unfortunately, we do not have a long history in interdisciplinary sciences, like
mathematical/physical biology. As you might all know, in our country we put a great
emphasis on economic development since early 1960s. Consequently much attention
has been given to engineering and applied aspects of sciences. Even in pure sciences,
more or less short-ranged side, which will be used for devoting to economic resources in
the very near future in the country, received much more attention. Mathematical and
theoretical biology is not an exception. There has been no direct approach to
mathematical biology until late 1980s, except in the very narrow field of bio-medical
engineering where medical instrumentation requires some knowledge in
mathematical/physical biology.

Perhaps based on economic development in our countzy since the beginning of 1990s,
they started to pay attention to long-term, theory-based sciences, including
interdisciplinary fields. One of the most important motive to develop in this field,
perhaps I should mention, was given by the foundation of Pohang University of Science
and Technology (POSTECH) in 1987. As some of the readers might already know,
the institution was supported by Pohang Iron and Steel Company, one of the largest of
this kind in the world and a symbol of economic development in Korea. With sound
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education planning, good facilities, excellent man power, and research funds, it became
one of the most well-known and leading research institutions in science in Korea in such
a short time.  In this academic environment, the researches in POSTECH have been
enthusiastic in challenging into new fields of science. Naturally the field interfacing
biology and physics/mathematics was the one that they gave a full attention. Especially,

the Department of Physics, POSTECH, took the lead in challenging these topics.

In this regard, the year 1993 was a meaningful year in developing
mathematical/physical biology in Korea. Several noteworthy meetings were initialized
in that year.  The first International Workshop on Complex fluid was opened in March,
supported by Basic Science Research Institute, POSTECH. Korean scientists interested
in meso-scale phenomena (like membrane, polymer, etc.) in biology were first
assembled at this meeting, and internationally well-known scholars were invited to this
workshop. Topics such as ‘Polymer and colloidal interactions with membranes’,
‘Dynamics of membrane’, ‘Deformation of ionic gels under electric fields’, ‘Structure
of dynamics of polymer micelles’, and problems related to ‘Ion channel” were

discussed in this workshop.

In July in the same year another meeting relevant to theoretical biology was also open in
POSTECH. This was the “First International Workshop on Nonlinear Dynamics and
Chaos”. Along with many physics- and chemistry-related topics, interesting subjects
which could be implemented in biology were also discussed in this workshop including:
‘Aggregation, anisotropy and biased random walks to the seed on two-dimensional
lattices by Y. Kim (Dept. of physics, Kyung-Hee Univ.). The second workshop was
held again in July 1995. Also the organizers opened the first winter school on Nonlinear
Dynamics and Chaos in 1996, again in POSTECH. During this meeting topics relating
to neuroscience were discussed such as ‘Introduction to biological neural oscillators and

phase models’ by S.-K. Hahn, Dept. of Physics, Chungbuk National University.

[t seems 1993 was the ‘sprouting’ year for initiating contemporary interdisciplinary
sciences in Korea. Since 1993 there have been ma.ny large and small academic meetings
relating to physical/theoretical biology. A meeting, perhaps most directly aiming for
linking the two fields, physics and biology, was held in POSTECH in February, 1995.
It was called the workshop for “Interface between Physics and Biology”, supported
again by the Basic Science Research Institute, POSTECH. The theme of the workshop

was “How to bring life to physics and bring physics to life?” In this workshop
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interesting topics were presented such as: ‘Temporal dynamics of biological neurons’ by
Hyungtae Kook, Dept. of Physics, Kyungwon Univ., ‘Statistical physics and
stochastic approach to membrane/polymer systems’ by Wu Kyung Sung, Dept. of
Physics, POSTECH, ‘Synchronization and bursting in the visual systems’ by S.-K.
Hahn, Dept. of Physics, Chungbuk National University, ‘Non-linear dynamics in heart
and brain’ by Kwang Suk Park, Dept. of Biomedical Engineering, College of Medicine,
Seoul National University, and ‘Structural biology using X-ray crystallography’ by
B.-H. Oh, POSTECH.

[ feel I should mention a scientist in the field of physical/theoretical biology in Korea,
possibly being a leader in the future. He is Professor Sung Wu Kyung, Department of
Physics, POSTECH. He was the organizer of the above-mentioned workshop on
“Interface between Physics and Biology”. Fundamentally interested in investigating the
unified stochastic description for the dynamical processes, he is devoted to develop
methodologies of statistical physics and stochastic processes for interpreting various
biological phenomena involving biomembranes, polymers and ion channels. One
example of his papers is ‘Translational dynamics of a particle with anchored chains in
entangled polymers’ by W. Sung and Min Gyu Lee in Physical Review E (51:2 1236 -
1245).

Another researcher, I may mention, is Professor Seunghwan Kim, Department of
Physics, POSTECH. He runs his lab of ‘“Nonlinear and Complex System’, and was one
of the key organizers of various workshops on ‘Nonlinear Dynamics and Chaos’
meeting above mentioned. The prime objective of his research activities is to understand
the underlying regularity and universality behind seemingly irregular and complicated
dynamical phenomena through the systematic study of dynamics of nonlinear and
complex model systems. [n particular, synchronization and pattern formation through
cooperation of nonlinear elements, incorporating with the paradigms of the Josephson
junction array system and networks of biological neural elements, are his specialty.

His information could be obtained at the web site of http://www-ncsl.postech.ac.kr/

Also the activity of Korean Biophysical Society deserves an attention in the regard that -
it would lead mathematical/physical biology in the future in the country. This society
was founded again in ‘1993’, and now it has 241 members. Presently, reflecting the
economic importance in Korea as [ mentioned before, micro-aspect and more applied

study on medical, chemical, and molecular biology have been main stream in this
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society. However, there is a strong chance that the socicty would lead the studies
covering all aspects of mathematical/physical biology, along with the development of
studies in interdisciplinary sciences in Korea. They are planning to open a symposium
in Far East Asia in 2000 with Japan and China. The information on the socicty can be
obtained from Professor Young Ki Kim, Secretary General of Korean Biophysical

Society at the email address: “ykkim10@cbucc.chungbuk.ac.kr”.

As you probably noticed, in the field of mathematical and physical biology in Korea,
most studies have been oriented toward chemical and physical sides in micro- and
meso-scale, mostly linking with molecular biology. Theoretical study in macro-aspect
relevant to ecology and behavior is really in an incubation period in Korea. There might
be some institutions belonging to the field of environment, agriculture, forestry and
aquatic resources, which could pursue these topics as one of the long-range goals for
research. However, presently they are mostly involved in the short-term research of
application aspect, in the field such as pest management, environmental conservation,
ecosystem and production management, using more practical, applied and ‘management
strategy-based’ models. Soon in the future, I believe these institutions would start
researches on mathematical and theoretical biology since the modelling and planning in
ecology and behavior would eventually rely on findings from mathematical/theoretical
biology. This was one of my personal motivations to learn mathematical biology, and

visited the Kyoto conference.

Our laboratory just started to study about the diffusion process (dispersal) of pest
populations, spatial and temporal patterning of ecosystem data, and quantitative
interpretation of locomotive behavior of animal, but we are really in the beginning stage.
When I attended the Kyoto conference, I was really impressed that there are so many in
depth and ‘state-of-the-art’ presentations on various topics on macro-scale phenomena
in biology; ecosystem, community, population, behavior, and evolution and genetics. I
would be very pleased if any of Japanese researchers interested in the topics similar to
us could kindly contact us to give encouragement and advice, and could possibly
establish a long-time cooperation. Again [ than’k for the editor in JAMB newsletter, who
kindly gave me a chance to introduce the beginning mathematical biology in Korea.
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