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@ Rapid ontogenetic change in late cretaceous Mosasaurs (Reptilia: Aquamata) as a model of vertebrate
morphogenesis.

Michael J. Everhart (Fort Hays State University)
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We report here evidence that an effective transportation network is designed by an
amoeba-like organism of true slime mold Physarum polycephalum, which has
network of tubes to transport chemical materials all through the organism. When
many food-sources were distributed on an agar plate where the organism crawled,
the organism found them and changed the network shape to connect the food-
sources through only a few tube. Geometrical shape of the network is drastically
variable depending on a set of locations of food-source. Statistical observation
shows that the network geometry meets multiple requirements for effective
network; short total length of tubes, close connection (small number of transit
food-sites between any two food-sites) and fault-tolerance against an accidental
disconnection of tubes. Local self-sustained cellular rhythms interact each other
in the organism and pattern formation of the cellular rhythm underlie in
mechanism of development of tube-network. Along this line, a possible
direction of mathematical modeling is discussed.

1.T. Nakagaki et al., Biophys. Chem. 84, 195 (2000).
2.T. Nakagaki et al., Nature 407, 470 (2000).

3.T. Nakagaki et al., Biophys. Chem. 92, 47 (2001).
4. T. Nakagaki., Res. Microbiol. 152, 767 (2001).
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HRNADENUDEDSNEBAMITZEDEL EVND VNS IFAREBHEEEHIT
bilateral threshold control ##12 % & DWW T TE /= (Honda, 1998)., EE
Tl MRENTEEZEEZHBRLTBVNTHHIZS EFLDUO2FDE BT
EZRDOIFET, SEIIHEO Z OFAHEEEZHHAT D,

. HERE D 2 3 F 3 DFE # R DVE 3R %
BLHREBEZEDO ZTNTNDOHEFRTS Ty T X
EEEPB IO VE VT (HEEHEZFERS) Normal

‘i\ *E% @*Eﬁ?{fé %ﬂiﬂ@i‘%ﬁb:l ) U D (l: 73 »5 U Retina Tectum

A2 ENBEHL (BEL . TOLZEVWED
LR REMMOMIAR ) £ 75 —(BER _@
M TFINERTFEHI ETITONS, Sk

MIARIZIZ > 7/ FIIVBRE D threshold & S 28 &% Expansion
D, TOEZZZITTHWAITFHIIVEER-L
MS LDKRESTHNSILSTHENEE DD

(bilateral threshold) . SIZ%E L WHATTld —

ZITEET S, 2O L TRZDHDEHEMEREIT, Compression
HERETLNS/RTHDEZAIITEEFELDTH S, (|RL-S|AEOD
EZAIFL. ) WETII) /Y —HE RBAEE22 L. Sflideot s
BFADOREZHD, BETIRUH R LBARZZLTNWS, /NI ROFBHE
BEBOKRENWLDERIIT Y TEINBLDIBRIENB IS,

FEDEBEZ L DUIRT Z2ERT, HHRIEIEROED 5 NZHAIT
<DOTIIRL, BERELTNT VADENZEEBEEZTAHEDIIRDIENHDS
nNTn3, THhEFN expansion BE W compression ELIFNTWSE (EX) .
ZHIZIIR R EMRRFOREM#ED, HETOBATORAEEGMNEFZL T
WBEEZTz. BEOBAITOREA#FENKE BRBNTIBEEDOREN
EZADREMBIIEED/NINE AT JIEET2) &2 5,

Ral—2a iR 1RETHEIRo7, 7IVTU XL, HEZESK
DREIIHIF | RL-S|1=0 DIy ETNITRTORMATTE T L2, BEFE
TOBEEZEZERL, BB VT2 NIVEELORZTFNE. BENREVWS
DODRENZHDREMAMKEDOH T . BEABSEIC | RL-S | R/ EM#EZER
LTHABT, Th2B0RI LK, EROERERZ I 2L —2 3
CTEETAILNTE R, HROES BHIRS N2 BEERRIICH L TED
MU %2 Lo 3L, T4l > T3 bilateral threshold &
WA T, IBEND IEEYHIRBEREEZD ZETHHATER.



R BRI S A T L\ D 225 AT

4K B (1), 7 BT (2), BE B (1)
((1) MILKFBERE TR, (2) AT UREFER)

RIUT, BRERBAEAE (AIDS) FOBAYEIIN L T, kA TOREMEP R
DHEAF IV ARBBETNERO T LRBRIMBEBEATVE. ZhE0
BHEEFNOD X, REEMRE o, BEMRRE §, MK OREERE s (00
T HWE M RAR

dzx
dt
dy

W _ s - oy, 1)

ds
7 =ary —ds — Bsz

EEFOLEIILTVS. RJ3UTZIHATEZZOEOMBENEZ L TR, ZOEXEFI
(1) IEERBOMBEFARAICHY ANZETIVHHNSA TS, £/, AIDS iZ
B3 23R T, 7V (1) ICHBAMERZE HRKICEY Anfzb0AHV SR TY
. %8, HIV OFBEIE, (1) 0% 3 RTH WV T, REBFHMEICHFFRED RN S s
DIFFEENBLT B LIS T B —Bse 2HEAL b OALIELIERAVWS R T
W5, .

FFEHETIE, EFNV (1) KERERBONRENY ANTLETIVIIXNIL T, £ DOFH
ROLEHIZHET S, LTORBRIZOVWTRRS. BRIIOKERIE, COEFINIZEL
T, WEEKDORR O R L ERL IBEIZIE, 8 1 RBAKICH 52 FH I EICRE
THBEVIBDTHS. Zhid, HIV DEFIOEFFIZI VT Liu (1997) HAHEL
e (BALEY 7 by 7 &2V T Routh-Hurwitz REEEEND S) 12X 0, FE
BT 22 LHWHRSE. ROBERIZ, WREORNEERL ZWBEIET2HDTH
5. ZDBE, B 1 REBAZICH 2 FHSIINBT LU DLRE TR, Hopf HlEhiE &
TUIY M AINEEBES. LAL, ZOLI BRI ERBRZBEIZLIREIY
BT, HELEALNEINI A-XEEEY) EVNT A-Z0O#EHET, COFHR
BRETHDILERTIENHRS. BEIC, WRIELRBMBOESEIZL T
REFMEHIHBININE (BELAGR) OEBIIOVTARRS. COBEETX
RD, FRROREMELBLBEILERT.

= A — pzr — Bxs,



Permanence of Single-Species Stage-Structured
Models

Yasuhisa SAITO, Ryusuke KON, and Yasuhiro TAKEUCHI

Department of Systems Engineering, Faculty of Engineering
Shizuoka University, Hamamatsu 432-8561, Japan

In this lecture, we consider population survival by using single-species
stage-structured models. As a criterion of population survival, we employ
permanence. We obtain a simple condition which guarantees that popula-
tion survive. The condition is applicable to a wide class of stage-structured
models. In particular, we apply our results to the Nebert-Caswell model
(cf. [1]), which is a typical stage-structured model, and obtain a simple con-

dition mathematically and rigorously for population survival of the model.

References

[1] M. G. Neubert and H. Caswell, Density-dependent vital rates and
their population dynamic consequences, J. Math. Biol. 41, (2000)
103-121.
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SEDERTIE, 2AAXEEZDFHTHE A TOEERIBIZOVWTERD, B/ TIRRE
B, FLTHELTAXFICR ol & SICRENEL LRIRIZT TR AR E (prey) bR
BLIICD. TOEERSEMMBNOSLIMIFRATET Y V7 LI LOBRRORIZL D,

z'(t) = z(t)(r1 — ana(t) — a12y(t) — a1az(t))
y'(t) = y(=r2+anz(t) — azz(t)) (1)
2ty = -—r3z(t) +e ' (ama(t — T) + aspy(t — 7))2(t — 7)

ry,79,73 > 0 :intrinsic rate of increase or decrease
a;; > 0 :intraspecific competition rate of resource
ais, a1z > 0 :predation rate of prey, predator upon resource
asz > 0 :predation rate of predator upon prey
as; >0 :predation rate x transformation rate
of prey upon resource
az1,aze > 0 :predation rate x transformation rate
of predator upon resource, prey
Il >0 :death rate of young sea bass

7>0 :maturation time from juvenile to adult

Tz &R, y /A (prey). z & A2 X% (predator) DEEHEE L T2, €A TOEKKEED
T BRI R XX MEATLLOE L, TOFTrHEERB L TEER ST LORRAIFIIRDH LD
L35,
T=00¢,E, (1)iTtA TEBEIRVETAII/ALD, V& (prey) & 2 XX (predator) 13[F U &R
EFATHEOCIERTRILF L FICBTDH I L2, RRICOWVTHE AL FRHRETToTWD
LD, TOETMEFL FRHEDET A LIFEN, ROEENR N2 bho TS,
2, EOFEANTFETIRETHAANBEL, SLICETOENRLTORERICHI>TEE
WHBANHB, L TEE, FARFRBEENDET LT T =00L XICRETLEHRE, EME, B
A ARa b0k, BRBI A AND Z EICL > TED L I ICEILT DA &M HAENDOD
DM HRAXOBAREEMRITIC BT, FHEFBRRVBEARK L 125 2 OFHER £ explicit
IZRDDZEFTERY, WIS, FHERVES EEED L0 E D0 (RESTREILLDNE D
n3) &FHB stability switch criteria [1) # HOTET VDR EHE Ao, TO/BR, BRHEN
MRKELRBDETEETH MO BIMMNELELT D Z &b h o,

S5 3

[1] Beretta, E. and Y. Kuang (2000): Geometric Stability Switch Criteria in Delay Differential

Systems with Delay Dependent Parameters, in press.

*f0130180@ipc.shizuoka.ac.jp
ttaytake@ipc.shizuoka.ac.jp



Pimm  Lawton (1978) Lotka-Volterra

Lotka-Volterra
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4
4
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3 3
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4
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Pimm  Lawton (1977
1978)
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Pimm, S. L. and Lawton, J. H. (1977) Number of trophic levels in ecological communities.

Nature 268: 329-331.
Pimm, S. L. and Lawton, J. H. (1978) On feeding on more than one trophic level. Nature

275:542-544.
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On Mathematical Modelling of Density Effect in Time-Discrete Population Dynamics:
Leslie's Scheme Revisited
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Leslie (1958) iZ& > T, Lotka-Volterra B 2 M SRETIVITH T 5 2 LED HEARIT L 2 MEHEF
M2 BHERETIHEZ SN, ZRINEOHNLHEEZEEOCERRELEDDTH 2, &I, A
HEHTAHBET) DV EISHBMNRTA T 7L > THREEMB L, EHFRTIL, Leslie d
TAFT7RW>T, ¥ FBRAC LD B E—EAREET IO 2MEFRMET IO
BEBLUZDOHEICDNTERT S, £/, Leslie ZMLEEZHPRUND 2EHAEEATT I
BALEBERIZOVWTHELED S,

At the end of 50’s, P.H. Leslie, who is well-known today from his pioneer works with matrix model
for structured population constructed and numerically analyzed a kind of discrete two dimensional
dynamical system derived from Lotka-Volterra type of competing 2-species ordinary differential equa-
tions (Leslie 1958, Leslie & Gower 1958, Leslie & Gower 1960). Familiar Lotka-Volterra 2-species
Competition ODE system is as follows:

M = {7‘1 — bllNl(t) — b]gNg(t)}Nl(t)
dJ\‘Jit(t) (1)
d"’t = {ry — bo1 N1(t) — baaNa(t)} No(t).

From this ODE system (1), Leslie (1958) consider the following time-discrete two dimensional system:

~ e Ny (¢)
Ni(t +h) = 5 + qi(h) {b11 N1(t) + b1aN2(2)} (2)
Na(t + h) = dae 0
2 1+ q2(h) {leNl(t) + b22N2(t)}’
where
qi(h) = il (1=1,2),

i
and h is the size of time step.

The scheme of discretization from (1) to (2) is specific, different from ordinal (for instance, Euler
type of) scheme, and is intuitive since -Leslie’s scheme significantly depends on an idea of mathematical
modelling concerning to the original ODE system in part. However, the derived discrete system (2)
qualitatively conserves the existence and the stability of original differential dynamical system (1), as
in case of Runge-Kutta method for numerical calculations for (1). Moreover, numerical calculation
for (2) seems to be rather robust to give a quantitatively same results as those for the original ODE
system (1), even with sufficiently large size of time step h.

In this work, following the Leslie’s intuitive way, we consider the derivation of time-discrete model
from the general model of single species population dynamics, and further, the extension of Leslie’s
scheme to Lotka-Volterra prey-predator system.
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On Breakdown of Lotka-Volterra Prey-Predater System with Harvestion
#7% E3* (Naomi OGATA) - ¥ #3% (Hiromi SENO)
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Department of Mathematical and Life Sciences, Graduate School of Science,

Hiroshima University
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We consider Lotka-Volterra 1 prey-1 predator system with harvestion. How is the
harvestion reflected into the characteristics of system breakdown with the extinction
of prey or predator? We analyze both cases of temporally constant harvestion and of
temporally intermittent one, especially focusing the extinction time of prey or preda-

tor.
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g%(tg = az(t) —ba(t)y(t) — 6y (0<6<1)
WO~ ey(e) + br((t) ~ v
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intermediate predator y

= (V [12], V [12),V [1/2])

top predator x

bottom prey z
L otka-Volterra
X
zZ X y
Lotka-Volterra
X y
, Z , Z
X
p
X
172 (Px: Py. P2)
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3A148 (K) F#&1:30H0h5 (FR. 3631 =)
Charles E. Smith (Dept. Statistics, North Carolina State Univ.) Qualitative comparison and
parameter relationships for neural diffusion models via stochastic ordering

4898 (k) F#&3:30M5 (R, 3631 =)
Michel Durinx ( Theoretical Biology, University of Leiden, The Netherlands ) TOWARDS A
BIFURCATION THEORY FOR ADAPTIVE DYNAMICS

4898 (k) FE&1:30H05 (R, 3631 =)
Patsy Haccou (Theoretical Biology, University of Leiden, Netherlands) Patch leaving strategies
and superparasitism: an asymmmetric generalized war of attrition

578 (k) F#1:30,h5 (M. 3631 =)

EF &% (LK -HE - 4£4%) shoji@io-math10.biology. kyushu-u. ac. jp
2RIEFa—")oTIRB—2%ROBED ~in memory of the 50th anniversary of Turing’s paper
“The chemical basis for morphogenesis”

5168 (K) F#%1:300h5 (FR. 3631 =)

ZH AEY (Institute of Biological Control, Kyushu University) tuda@grt.kyushu-u. ac. jp
Multiple-species chaos: time-series analysis on 1 host-2 parasitoid laboratory systems by
mechanistic nonlinear model
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Vincent Hull (Laboratorio Centrale di Idrobiologia) VincentHul [250@msn. com

Wetlands of the Argentine Mesopotamia: A European Union project for the sustainable
development

5288 (k) F#&1:30H0h5 (FR. 3631 =)
AL &5h (h K- - 4£%) irie@bio—math10.biology. kyushu-u. ac. jp
Geographic Variation of Life History in Cowry Shells (Genus Cypraea).

68148 (£) F#%1:30Mh5 (R, 3631 =)
Michael Boots (Stirling Univ., Dept. Biological Sciences, UK) mb13@stir.ac. uk
Red Squirrel Decline in the UK: the role of disease

TR28 (k) #F#%1:30H05 (R, 3631 =)
fEr K B8 (K- - &%) asasascb@mbox. nc. kyushu-u. ac. jp
Mutation landscapes

7TRA8H (B) #%1:30H/5 (JA, 3631 =)
fEr K B8 (K- - &%) asasascb@mbox. nc. kyushu-u. ac. jp
Noisy clues to the origin of life

7H188 (K) HF#%3:00Mm5 (JR. 3631 =)
& 81T (WK - [R3E - £4%) yokomizo@bio-math10. biology. kyushu-u. ac. jp
Uncertainty of the current population size and the optimal conservation effort.

7TH248 (K) F#1:30Mh5 (R, 3631 =)

Bk 6% (WK - IR - &%) shudo@bio-math10. biology. kyushu-u. ac. jp

Optimal Choice between Feedforward and Feedback GControls in the Production of Heat Shock
Proteins.

RREFKRFE [REFEHRE I 57— 2002 FEFTH

#49 2002%4H25H
O Patsy Haccou, Institute of Evolutionary and Ecological Sciences, Leiden University
Patch leaving strategies and superparasitism: an asymmmetric generalized war of attrition

#5000 2002%&5H23H
O A #ME AMKE H-4£9
A% . BYEHEEEERRED NE] 2L 5~% Look at the bottom of the food web

#51 200248H818

O H&E 1), 4K #2), HELRFI 1) ELKRKE REBIZFLH
2) MILKRZE RIFBIFEE

3) MILKZE BAREMER
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