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JEMIR DBEERFIFEAICE D < FHAMRHED
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ABDOEEIZBNT, BEOREKICHFRTIREICITENE S L. Tbb, FEHOLA
ELLICHEIIIEITD [PASE] LARRREREL, 1 A2 5T ORABKEFD [HFH
] THHE INLDIBLBEFIIDODVTIE, FOFTLLEIIBIHLEEUNLE L OFELHE
BIRFZENSH BHS, FOREED AN XL % FNETAEEROEBENLHRIZIZ LV,

HIZA2TL 3FRAFILBWT, BEESITTobNIs. AEOXEEEKICESTL2HE
R IR * EERE T IR L, BMZEERAIES. AEICBITABEESTICED, 15
EOEMZIIEOEDREEERSITCET S, T2, EEORKIZIEEBOBMIRTN I 48
FELTRATHZ EDHOENT VS, .

FRUOZEA N =L E LTI, THETHAEICBIT 2EEESTLEICT2EA50, 15
BEHESELDOIEDS, WAIICAZ I —TF T L — DR ENT WS L $THBHIIEESNT
W5, SRS LRSI

o LHEERBICIVEHIENAFENZ 1 A2y —T 13BN 1+ 2 5 —7 (JBiEEdt 2:1)
Iy bFhrickaznz k.
o PAESOREREIZH, FRMOKENEET S BERED D2 ) v (5kHz Rifz) Z &.

i L, TR AEEEOREICEL L TRAT ABEAEIREDEFAMZ L ARFER
MEILAPTVEZ LD LIEMEORRTIR A EFAMOMEICEELZH2E LTS EEE
L7z [1].

AIETIE, REOFICEDE, HMHEORKRFI B OERAELEHTS=2—F NV |
ETIWVERETD., KETNVIERD 4 DO P ORI NS,

1. AEOFEMIICAHLY 5 Fik ¥

2. BERFWES £ 2/ N8 — VICRRAT 5 EED & 5B LT

3. WEDMAIIBIT AEFTDAEERT LY T F

4. TIAMEE R 2 - Z TR T % Kohonen O B T 458~ v 7 (SOFM)

B 3 DOESIETDOEEN LALE % T2\, SOFM IJIRIREN A58 — it 1) JHiE$Ei
WCHET S 1479 —THNIESHETOELUMLE, 2) BB TOREICHET 5h1% L7/
B TOESOHEYM O 0 H I AEHLERY 2. SOFM T D & ) & ADEF D R4t
78 % R L 740 & 28I & DRSBTS 5. M4 DBEBOEST AN LT=2—
TIvA v b DEB TR, SOFM 1213 1 2 ¥ —7 N % b o8igko b Vb E Y &
HEATEM S, SR OFRMRNASL I L D BICHIITER s N D Z EATRENTC.

ZE

(1] K. Ohgushi, “The Origin of Tonality and a Possible Explanation of the Octave Enlargement
Phenomenon,” J. Acoust. Soc. Am., Vol. 73, pp. 1694-1700 (1983).
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BETIR. EGORCHEELI DU CERELECTLES>EBTHHFE CH
EEn b, IR, BEORCIHEESMHG 5 [BEIES] &. FEO N
T L TRAKEN] 02947852, fiEORMBMEINE. »vavhETk
CHLNTVWE, BREOEAEIBRKETEHES P SHS h T, HE Y /YA
REDHMEF CHIHELHENLINDI L H>ILHN > TE&h, BHEOBMEINIE
AR P G #ILLTEREVDNT VBN, TOEEECENEERE S » i
BT, AFACHENEEEF LEROT, BRENET->TL5BH
BRENACBTT G2 HENCHEEL Lo

BiE (B2ERBEEMY L YRV v A) ORETR, BRNEROE/LI>VT
BNEREFTNVERAOVIEBIR 2T 7o TOEFVTIRIEINED - PBRBEER -
ERNEOSHHAKEE LTRPEEOL/L2H N, SEORETHAIED
EFNVARES Y, BERp - PEBBr - BEHKE., s o BHEHRu E
ZATAFREo#ELE2BHT Lo FELTWE2EREDHX4LELN, 055
(1-p) EXHLOHIEEL., pEXMEKOBELESI ST 2, Sk
E&ﬁﬁ%pE@ﬁg\(l—u)pEd@EQ%K\upEdME@%EE&
HETH. AEOR~OEBRER» OB L-Tr 0SS THREN B,
BETHEHESEMT 2 EHEATOBS - THREEN LR L, & S5 CHBH
BEx0ob0icdbax B3 ERET 30

UEOBRED b E T, RBEOL{ERIT L EHERELT L, TOHE. Ll
T NP b ot (DENETNGEHEET 6. AHORNTOHOHS
OREHBFERENO T 2 PLVAKEVBE LT 3, ()RR IRBRILT O
TR PBHBEHNS VIBAIELT B0 DB ORTOEEYR OB M IE
o2 bk AEVBE, AREHEANENOTHE HIFbN B, ()i iCEHEE
MBOBMEDHMNE I HMEIEI OB ASENT 5o (5)FMITIO & A i
L3288, BRIXRTEFICEHLDEIMAELORICIIPEEE L VW, T OEER.
EOMTHRMEMORCLBTHS S,
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AP —H—HEEZEIORYICHBEEZ LT ERERN?
AW  E# ( Yachi Shigeo) HK - -EH - &EYHHE

T7VHDHFNRYFIFELKE OBEEIIIFR/ NS — 12X o TKAKE {Stalker (A
F—#—) Bl Courser (F—4—) BED2DIIHFAIEDNTESL. BMEIITAH >,
kawy, F—4—%ETdhY), BREHICBVFoTLL (=AV-F7) BEHIC
bDEVDETY v a2l (=74 v7) BOERIEEHEOBEETH L. HEIG
YAV RoNA T F R EOEICEFATEY 2 EHTA2BANICEN-REHAMOHES
THaH Ab—H-BIFTFIROBEEFIRONDIFFH NNy -V THY, BAETO
FOICEL LI-HERETHL EvbRE.

AP=—HA—OFDITEXRBCE (A —-F27] > [Ty ] THEH, HBIZL
>T, T-RABERTHEERLHFY)ORITIZELIoTA M —F U FIIRL LREDENSR S
Na, 12285 -5 —TlEHErRELIELDEVEDLWERTIIAN—F 7 24T
LT KEICEPDIGEDEVELR)HEL LB A EFbPoTwh,, LI ATF
— ¥ — D) OFIIRIIEELY L2 E0ERE DFEMINENEE, THFD
BEPAREIT L ThHoo b XZITE W (Eaton 1970). A M —H — 3 ) OEHIXR2ED 5
FIRIICA RV OREPHEEME LI TV EEXTIVELIHN? &
BETIE, FYoOKIyELS (1) BWIESKZE GEE#OXY v ), (2) %Y
KONVl (FOX) Y F) OPL—F -+ 7ERICHZ200ERTHRT %
EIRELIZEXIIKRDI-A M- —DOBEHENY — IOV THET 5,

AbM=H—DOBIRTEDTHE [EBY~DOEEEL (A b—F ) | b [EH~DOK
B (7yvr) Jo2@EhEL, EXHMEY 1) A =D —3VOBEAPLBEN
EATEIZ YN ERBERED? (2) BFOX) Y FPFKREVEESEF) TEWVEBEEDIK
BN —VIIEIEIDNTID2DETH. TORIIERDIIVDOA b= —I1Z&8D <
PODLLNABEELEDOTT, A= —2EPEOEHEFEDOTHWEAT v TTXK
(M ANOBE R FUT B RE D, FNEDHEL LT EREDO 2EHOTHDER
*BIL)LERETREMEL LTEALTE 5. 20K, HFHEZRY BHBEIC
B0 ATEh %R % G E L L7,

BNEtEELTAVWTY I a b — /a/ki@%ﬁttﬁ%uk®LbT%6
(1) BFORX) Y FHEFEELLEVEBEDA b —H — D BRBE LR RE~DY b & 3 BEEk 3
Yo, D2FNEFPLOIIHEY LT ICEE LT, EBYIAEL-OHEIZES.
(2) BEFEMOL E T, YU TRVWEM 2 EBRERSHFET 52057 EELEFO XY
v POKESIKEL, RFOAY v FAHWATIUEA b — 5 — i3 L DY ICEERES B
W THEY LA EFEEINE, COKERNLS, (1) Ab—7h— 2o fE
IS U T REM A 225, 2) LA F—#— L HWHOHAEHLET O 24T
BTORPICE o TRLEBPHENRSY—VERT, (3) A F—H =BT L o THEE
iR D, R EDBEDOEANTEIKEIND.
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=H FE © 7R (KERWHK-H - E¥)

EPRECAH N S dbEEREMEE. EXHDETH 2. EZMEED
TO5C20H08FERE. { EBEBRRLIZDNAOSE) + (DNADHE
B2l) } EMRITBZENTCESE, COHEE. 1XOD2FEHDNA%RIE
UL 2DO0RMERWCARYT 3., EREEOEKR/NEE (R tayFrFyy
CERK) DIOHETHET 3,

BRI (NTOARFEF 2 TO4F) WERADBIEVHET 2,
ZOREBERE. { (lamina protein WL DI BEADDNADRESE) +
(DNAOHER) + (DEER) } EEFXZ32LBHEKDZ. TOHEWR
FOVEEADDNAR2DODORMBICHZERLE LT S EWOREICR S
Ta:o

BEAMETFT T4 VPN TOA FAEREERAHTHEER
TH2, TOBINET { (BEHSBEBMDNAEGR) + (HE) + (AxH
)} VOIS HEERF DO, HELE Y. k. EEEFHO1IRL2TH 5.
HHERE. { (BE) + (BEHSE) } WS 20088 ord
HiETH5, COREDEBFBR IV, EYWUEEE U TOD identity R 1{%E
ki, BoOWHEEOREMWLNER2., NTO4 FREET s TO4
FREOB TITERIEZIZENMHFKSI LD WCR- R,

REEORERMWAUERL ASAPIEIEYOIDENE. TORXHER
UTEBHMBRLANLRZEY. ERFELEOBELORELC U R, BHERE & .
{ (FHLER) + (ERE/R) + (MREERBEMR) + (ERHEHEEE
) + o+ o o} REOBRBAEBRTCZMRBYOLEE RS R,

PECBIRADOEHKE. ThoBETHBHEEELZMULTWL 3,
DFEY. ZOAOOERMEOMBRU. BERREBIIPWHOMKEH#ED
—HAEHERLLUTVWSE, COZEWE. TO—KARHZ 200 HBERLZ
NODERELLYTEDL THAEIH S, CO200HEEELIT. OLY L
HOHBDODEYTHDODDHDOEEFORLEL. BLU. QLY LEHUDODBDOWET
fiodDWHRERs>hahokHFIUWL. LVEERBIE2D D EVSI3DHOD
TdH >

BEAROYHEOHEHILEZ D o THBHHEEXEE. REYWEOHME N
BT BERTHHVWTLVWIDTH 3,
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Development of developmental system analysis
Takeda Yasuhiko (Kyoto Univ.)

Accumulation of biological data is expected with progress in biological
science. To understand a phenomenon in developmental biology, it is
- essential to grasp not only the function of each factor but also the
behavior of the whole system. Therefore new methods are needed to
investigate the interaction between each factor and predict unknown
parts of it. | developed such a method and applied it to early embryogenesis
of fruit fly, Drosophila Meranogaster. The 1/O relation of system
interested are embedded in three-layered neural network by back
propagation with forgetting. The learned network clearly shows the
effect of each input on the system output. On the other hand, from the
I/O relation, orderness diagram that show causes and effects of the
system inputs is constructed using the concept of orderness. By
investigating above results, the qualitative aspects of the sysrem are
elucidated only from experimental data of I/O relation.
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EEENFOLHES
REWE (LAE) « BHF—R (BAKE)

FHEOSWR. DFEMECENMAEXOREIEFEAGECHAABAEZOHMSH
BRMIEEZ2E L2252 EEA, BADFLUWRKL £ > T & 7o Dawkins i3
%% 'Selfish Gene' K BWT, HEFE (Replicator) DS I L » THEEF VN
NEEAAECEGRRORRE LAH, FESHEYUF (Replicon) 2 £ Y EH
OHREZONIRE LT, EALAYFELZHRAYVEENCHE —BHELLS & L1,
(1) BFECOEEREKIRFIES, HREFLVILLERELTEA SN
2EIGE. BIREH. RALEEL. THELTEI»> M2 E{LEEPCHEHENEE
BREENFNZERTOWLEKRFELLTEEL. KROFEEITOH/EICH L
BELfe CHEEIRBHBGHBMEFAL 525 LTACEARESLD
eFLBEASHh, ZECENLFEE LT T I2MAENEohi, /4. ENFEEHED
EAACEET IESEE B o, THhEDERLEREEDOHaldane-Muller 8] 25

BLHEACBAEESN, ERLRLOBEMOE(LNET (ESS) it ¢
ZHIEDPE S o (2) MEHNTHENMDOEREZK S MPICES. ERXROFH
FILESSER TCHBAZLRUEIFANLENI2ERZEBCHM& T 2 Ui EERES
NTWwWB e, ThEERTHIRCRPNERPLETHSL CELICEB LK, 5
EimE L CHEENLENX DLotka-Volterra (L V) #E R, BE2EREL. &
GFH(FLREE) 2EZHBET2NFERTHE20T,. NEFEIESEEKOLERF
. EHA. BUH, LEBEREREIKRET IO EEESAB V. DHIER
@ﬂﬁﬁ%ﬁ%%%Kd+ﬁkémtLT%ﬁ%ﬁﬂﬁﬁéﬂ\MEAP%ﬁﬁ
iIcEFE randon driftd R T T W 5, %?Lotka#olter.ra#ﬁiﬁ;’li\ B FRH%E
¥ BrepliconiZ2E A4 1HE LB FREORBMKELRICES &3 5 @6
BiMarkovili2 Th » C. LVEH WG LCBREL2E A, LTHAra
¥, PR E L CHENH ML E b 2, FOBMMREREHNEST 3 DELH
MalthusiansO Bl @B HFA SN, ThieL-> THOERMITLRME & T OESSEK M
BE X SNt TNERLLOOVMENEOFHEBI~xSh, T EH O
TR 0TI DAL S PE . Wi R DT = RE 2 By & 5 figth i L o1t
AT TR EREM2ETOKREZWBST 2T ETH 30
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HHEFOLR T IHE
GH —m (BEEKRE - HER)

EHREBTR, BRI AEREZ, B bZCTELELSNZ bOOED S, B {dh E b5 B {E
£E2b0E LTRUKEST. MEETE, Bl A, 5% 0 Lagrange 512 R 5 Hamilton o FE b

LM EHENILIR, TRTOBFREARESFREBELI - TERSTFoNTVS.

EALEME TR, TXTOHRREEL (BI5) OBRA» SERLEBLLISET 2. BlAE,
EZNOEE RS, RAER P ELNTERE (ESSyEmicHENLRSh2E80TH 2. RA
2, CO LA : TEMEHOPEBICE LT 2ESMEl L LTHE-—MICES X, TD—
B EATENTAICENEETHIEZATVWD. ChETIL,UToEENE S .

. ZERERGEICMT 52—t & v/t Haldane-Muller f: & EZF WL, 2025 5 7%
nTHDLE, FOVMPELNTOHRLEIRFER L TEC - RREROLEHEn2{fTE¥ 2
EEFAOENERE vz, EHOFH 2T » THAOH AR E LT, v=dr/d itL->TH LI o
2. BEtoEHAD THEHKED 1, 27 » 7RI N TH 2 REFOME1..(t) OB Z (LS
dz;n(t)/dt = {mi(t) = () — pYzin() + 1D fisTimaa(t) (n=10,1,2,--)
IR
TEAONZEFNVEEZEZLS. ST, M) BREI IS 2BEFORZtIcBT2T LY X
ZH ML) BRI E T2 EHOPH LY 2BETED, pufi; (FJ)BREHSTI~DZE
RERE PBLERRLEERTHS. VY RABH Q) DEREERBuCEKFE LT WL ST,

om(t)/0p = v(t)/u — 1.
I REGEEE: B2t O RET TRE T ORE T OHE o:(t) OBRZL S

dei(t)/dt =D mi;()z;(t) - m(t)zi(2)

TEASNBEFVEERS. & 2T,m;(0)A BBUNSHIAL ORIcKRE jOERFDO ST h
EREIOFEEFOPHERTH2 (i=j0L 2L RREjOPRETOFHRTAK £V
THC) EEOw LY R EE my() LD (6my(t) (0<t<T)} £515 &, KEOTE =
+ 2 EHW() = T, T m(t)z;() oRBEER

5/(; m(t)dt = /; Zp;(T,t) {6m5.~(t) + Zv;j(t)élog m;j(t)} dt

I

THB. CCTp(T ) 3 B TONE P OEZFOEEHEL L cKEiwh 2 PRHRT
&0, v;t) = my(t)z;(1)/zi(t) TH 3. v;(1)AL (T #7) &, BRIt KRB IcH 2 EEFOEE
Dt - A CKRE LS 2B BEHRTH 3.

HETK, LI oK FEAERE~DEREELE, Fho0REARRCHMLT, FREHY «
X, UABEREFMEK, HAMA, REOHBICO>WVWT bR,
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FEREAE I & 2 KN & B o #EkITE o BF %

EE & (HEEK)

KBICHT 2B OERTHEZART 2 EMTAENF Y Ya0BREE*MRELE., B
BRERICLDL, BERTHCEEAY XLAFAROhF0HEAY ZLFEGE(T I L &
DEALMCRY, SEXFYXaNBESFAINKEEISERNICBY T LE2EE, 4
BRIOFyXFaoUBAMzEKTH2RELXBBLAL LB LEOTHET S,

KEBREBIIHERD60cnX30cnH S AKHICB WTKEZ10cnE L, 60cnFEIC3 2BD
cdszH YT /KEEBE L Y FITHBRZ YT cdskbictikaF X aoRICLYEGHAG
D—REDHUEEZREL. AICHEOELISREZRD2, ERICEHLEF Y ¥
BERN TenofME&E—RBTETOMNEOSMERRLE. VA S 2BHMICHL<EET DR
HEULTBHEEN TOMNETEL RDZ2ZIEAFZONS, KEHRTEREICEHD > Tk
CEEF U IaDEEEHETIEDEMBEICENVWT T U —FENMNTEEIBLI LB Z LD
EIXAOND, CREEEIDDZEDICEL Y 4cnBAATO, BICEIDBESLFOTEFHED

EORE*RZLUEA EZIRERALEESMEZRLEOHICENEAELEEKICB T HE
EXAFLALTHoE, TOEDKENOEERI—TETHEHFBEICED D FAEKRES <
TROFTOERBICR L WO BRKTHZ2EELE., BIWOTHICEEKCHEILIERANR
SBHh3HE, Emitr wWniREHE, EEH0SL0ABICZAN RO NS, XU XF 3K
EHABECBELZOEBENRICRLEEEAMICAELEEXLSNSD,

BERFOABOBUNL Y EBEORBEICHEENHIBEETH LI LAPSHICETNT
WB2DTKEROF yXFaoEBEZUToOFRERTIIIT@EBICIYETIVELE., B
CEADMD) FASLVENDIFEAIIC2EKDFERS,, S ZBES,+S. LOKDBET,
S, EASLHBELELOREE c TEREANT A —y  OREHEEREMO%E., S, .k
DEIUEBEBICE> T c TEKCERY ., OEBEFERMOKS, LB RERZYILOT
BEZ2ExE, COEBRFAZBRDAKCIYVEZNS, COBBICSWTERICRKHFE

A= C(_jd—x_71 Y1 ]
Y2 —C'd_d'i"")’z g

EEKMECE ISR EBRIALE,  Soogl

LRoOEBEBICS WSS KKEOREMIIC

FAChE AR ETHERBELEN, £h =

CEDEFUFa@RICHULTEDEN M 5%“

MY ZENHS MR oD, EXEDORER
CEEOTHEFTIUNERATE, BMfETIE
EMME L ESENFBILICERALTVWSZET
AT U T 02 B0 BET 0585 1 A RAT
T&ERE, SBELIOETFTIRERRKRMAXITL > ot 5 35 20 350
EVD)LYoEBEOHRICE TS HE L : x cm
BEAFBETHEIZENESM LS, Position distribution of a goldfish in the aquarium.

002
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L DBENFAZER 0D ST
FFEME (BWKESKETZEUIZEA)

)= H— DN AEVADOEAR I BEOED DL DT RBEDIZBRLITH TSI L,
KEETHLEICTE2H{THS. BhizE-T¢EH», BR, #kAmeEx, 1EKE
DESL IFhb . BR, BAZEMRANALE, ADHELISBIZHEL, BADOES
DIBTHAIBENATLED. AEATIV—TcddhhnBhiE, BREEZPVABILE
BT, BURELBILEHBRT 5. |

ROEAN “shoal” I2BWT, HAKOHZHNOIRE “school” BUMIZEREh D
D, FOXALAF IV A2 a— b HERNLBEAIOCERYTZ. ZCRACHETSHE
hrEZx, EEMCSI A IUBFIOEEERAEERETS. AFNREHABRAEAVE
AOBELOMER, BERDIHUAT LAOFHICIODWTORKNAOHRINTWSD, TD
FeACBav¥a—4—y3alb—yavitdoTHEHOENTWS. KBETIE, AD
HAEEROETIVOBEN LTI >0 THRET 2.

—fiz, ADENOEHFBROEEERRE WAD, ZEEOEE BT BT
FHHRTHS. LirL, EHEOEEES TSRS R E, ROGENHEELAAT S
LT, ADHNOELDEHLFEEYT 2 TRNLFER ICHMLF cHFETYIL
NTED. ADHELWDELOBHFBRRNEL, REOKITHLREE OB LITY, £HERAIC
B AMMY L EORE 2 XEEMOEEERO®E 2 ¥, schooling 2HHE D=0
DM, BLU schooling R & BENEREEKL 0BG E2HRL, AOELAERD
ABZZXLERESIZL L.

ﬁ@ﬁhﬁ?ﬁﬁ@j}%f?wt:iét, D shoal 1281} % school &WHRRD HBIC
HUT, BLOBHEEOKSE S SRFERE &Y, HINE%CsY3EROT + 0
V=YD, AOEEND schooling DM IE, EFFOBRFOECHBMEL RS &
BTED. WOFEIZI->TRANICHKENRTET, ZhiBheEclns i sicdoT
schooling S NZZ &b 2d. Zhid, EBRIZL->THEBIHhTWR3EEL2 AL
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Models in Microbial Ecology and Related Problems

in Ordinary and Partial Differential Equations
Sze-Bi Hsu ( Tsing Hua Univ.)
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Reconstruction of bi-forked branching process of random walk in

multi-dimensional lattice place

KB (RERE BEN EYFEHE)
Koji OHNISHI (Dep. of Biology, Fac. of Science, Niigata Univ.)

ZIRITLH Buclid JPEHZER R™ Wb T 2 EARLADSHN, BHASHEEhH O]
AT E T A ERTETEMICE T 5 M (random walk) (F ik
BrownEE) DFEBICL 5 EMRTEBBAICBVT, HFiczhd, 1DDFKRA
DEAENSD, DVEEBEROELENS OFEBIEEBRE 3188513, 20
BREEOLEIZI>D tree (B) (rooted tree) KT 2 EEZ SN B, B
SNBEAANB OBETH D EABEHE S, BATHEYT 2 2E 1 REH
WEGpOAE ST, Sy LBBOHBEICET 2 —&WERBEE LTH B
&, S

ZOLHINRERIDEHMOBHEERED—> & L THE R ELR/NERE
(minimum pathway method, MPM) %##ZZ L 724% (Ohnishi, 1977), WL 2D
2B LIcEE THH- 1.

SEE, FENEOHFAHEICHEI UBE IR, 2564 O 50 H R O BT
flix 90° THBHC L, Fi, X WUBTFH)GE~ DL ksi (k: EE)
Mo, DDA P, & P, ORBAONFSNINBR TS O
& L, sidir, % X BEliAOOBERET 28EEGFAME L2 & (1
72L,di. & P, P, O]DEuclidiff] , FicoWTHhRR3B.

oI DI EEFALT, SIS Lagrange O KT FEKE THIRKH
HEWDBHH MPK) K2 WTRNR, COHEDFEICH>VWTHT 5.
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Interfacial approaches to pattern formation problems

Tsutomu lkeda

Department of Applied Mathematics and Informatics, Ryukoku University, Ohtsu, Japan

Reaction-diffusion systems have been utilized for describing various nonlinear
phenomena and have contributed to understanding the mechanism of pattern formation in
diverse fields of natural sciences. We need an advanced analytical theory to study the
pattern evolution and to track its asymptotic behavior. However, rigorous treatment of a
nonlinear reaction-diffusion system may not suitable for this purpose except some few
cases since it is hard to extract essential features of the dynamics of sharp internal transition
layers by solving the full system of equations. A reasonable approach is to derive a
simplified model that preserves the key properties of the original system and shows more
explicit dynamics of the motion of layers than the original system.  The interfacial
approach is one of the most fruitful such tnals.

We here deal with the coexistence problem of two competing prey species «, and u,
mediated by the presence of predator v. We employ a reaction-diffusion model equation
with the Lotka-Volterra interaction, and the situation is considered where

» one of the prey species, say u,-species, normally becomes extinct due to competition
from the other, say u,-species, if the predator v is absent,
+ the predator v exerts higher predation pressure on the competitively dominant u,-species.

If the diffusion rates are all large, then all of u,, u, and v become spatially homogeneous
for large time, namely the asymptotic behavior can be completely analyzed by solving the
corresponding ODE system and it has been shown that predation-mediated coexistence is
possible depending on values of parameters included in the Lotka-Volterra interaction.

Suppose that the two competing species can never coexist even in the presence of
predator if all the diffusion rates are large. Is there any possibility of coexistence for the
competing species if all the diffusion rates are not necessarily large ? Predation-med:ated
coexistence exhibiting spatially segregating patterns is possible by exploiting the
differences in the diffusion rates of the prey and the predator, and the possibility is
enhanced by the interaction of predation pressure and diffusion effect. When the diffusion
rate of the prey is sufficiently small compared with that of the predator, there appears time-
dependent sharp internal layers that separate the habitat into two disjoint regions where one
of the prey is dominant due to strong competition. From segregating pattern view point,
we are interested in the dynamics of such internal layers. For this purpose, we derive the
singular limit system from the reaction-diffusion system in the limits when the diffusion rate
of the prey tends to zero, and study spatio-temporal segregation patterns aﬁsing in the two
competing species by using this simplified system consisting of equdtions of motion for
interfaces and a reaction-diffusion equation for the predator v. We also show that spatial
segregation exhibits periodic and chaotic dynamics for certain parameter ranges.
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Competition Models in Tumour Growth
V.S.Manoranjan ( Washington State Univ. )
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Ammerman, A.J. and Cavalli-Sforza, L.L. 1984. The Neolithic Transition and The Genetics of Populations in Europe.
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QUALITATIVE STABILITY AND GLOBAL STABILITY FOR
LOTKA-VOLTERRA SYSTEMS

Zhengyi LU and Yasuhiro TAKEUCHI
Department of Applied Mathematics, Faculty of Engineering,
Shizuoka University, Hamamatsu 432, Japan

Consider the following general n-dimensional Lotka-Volterra system

n

. . -
z; = z; g a;j(zj —2}),i=1,2,...,n.

i=1

with the unique positive equilibrium point z* = (z},23,...,2%)7. A matrix is called a

lower-triangle one if it has form as follows

4, 0 - 0
R X A2 . 0
.A - . . . . )
X X e -Ak
where each submatrix A;(i =1, ..., k) is irreducible, all elements in the upper-right blocks

are zero and all matrices x in the left-lower have any elements.

THEOREM. If the system with a lower-triangle coefficient matrx A satisfies

i) each A; € Sy (1 =2, ..., k);

1) each diag(z?¥)A; is stable (i =1,...,k — 1);

iii) each subsystem #; = diag(z;)A;(z; — 27) is globally stable (i = 1,...,k — 1), then
Qz) CE = {(27;...;25_1; zk) € R} |zx € M}, where Q(z) is the w-limit set of the system
and M the LaSalle’s invariant set of the subsystem z = diag(z)Ar(zx — 2%)-

Here a matrix A € S, means that there exists a positive diagonal matrix W such that
W A+ ATW is negative semidefinite and @ = (z1;...;25)T = (Z11, 0y T1iy5 o3 Thy s Thix) L
z* = (2};..525)T = (2], 28,5 5 The, en@l, )T and d 4 44 =n.

Let Q(A) denote the convex cone consisting of all n x 7 matrices A = (&;;) that have
the same sign pattern (4, —,0) as A so that sgna;; =sgna;; for all  and j. A matrix A is
qualitative stable if each member of Q(A) is stable.

COROLLARY. If the interaction matrix A of the system is qualitative stable, then
the system is globally stable for any given positive equilibrium point z*.
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Modelling Stratified Diffusion in Biological Invasions, |

Nanako Shigesada (Kyoto Univ. Japan)
Kohkichi Kawasaki (Doshisha Univ. Japan)
Yasuhiko Takeda (Kyoto Univ. Japan)

Since Skellam(1951) analyzed the data on the spread of the muskrat and
found that the square root of the area occupied by the population increases
linearly with time, many models treated invasion as a combined process of
Fickian diffusion and Logistic growth in the population size.

Recent data in biological invasion, however, show that various modes of
dispersal such as neighborhood diffusion and long distance dispersal occur
within a species. Nuclei of isolated colonizations at large distances from
the parent population can enhance spatial spread considerably. For
example, Mack(1981) documented the spread of cheat grass: at the initial
stage of invasion, the cheat grass was found at scattered locations only,
after which both the number of locations and their sizes increased
exponentially. Thus the spreading velocity never reaches a constant as the
previous model suggested.

In such a stratified spreading process, the initial expansion wave of
invasion depends mainly on neighborhood diffusion. However, as the
density in the founder population increases, the number of migrants settling
at long distances increases to make a dominant contribution to the wave
velocity. _

We construct a model of such a stratified diffusion by dealing with the
size distribution of areas growing from nuclei of isolated colonizations.
The model consists of a Von Foerster equation combined with a Skellam
model. The results of analysis explains well the non-linear wave
propagation observed in biological invasions.
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