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0 YAT 4 v 7 BOIERIGIE & RO OGRS RIE, 1930 ERUEN LBEICED £ T, SEIERB TEA
PRSI TUW D, RRIZ, 1951 41T Skellam |2 X o TEMREOREEEE S M2 £ TET VL LTRB SNV TR,
BEAMZOFEN S bEKROH LG L 72> TS, TD%, BWMOE Y TORALEAEREEEE 2 74
B, RRKEAESATHIIXZOFERO APRIIRLE L2, IEBREMEEFBRSFAE L RIRRIHNT 4 &
BHDHZENRENTZ., THUTAEYRESHIE L, AXERD Z LTS, BREAED 0 L EOSE T A RN
EERY, FITAWHMBICINRT S, ZIUTESERMER L TLE S Z LT 5. KXo BIE, sKEA]
DR THEMENEIET 2RI WNT, U Y —ZAOEREDNBIERZICR L ED L 9 7o % RITT 025 FErIf
P+ bHZLTHAD. KinxXiE “Maximization of the total population in reaction—diffusion models with logistid
growth” (B VAT 4 v 7 RE &4 KISTERE T MBI 2REEEOR KL EEL, LT 3ENSE-> T
5.

%1% lntroduction] TIX, B Y AT 4 v 7 MO RIGE & FFOMRILEHE T LB L OF R ZBEEL L=~ LT
Ry FEFLVEEBANL, TOEFEMRICET HHROMEE LT ROV TIRAS. K 2010 4212 Ding HIZ X 0 21
ST TREEEE FERILT DY Y — ZAOREIZ G D KIEH R R IE bang-bang Y& F5o) &) TARZ
L, OO EENE L FFERZREES IZOWTHH L TWD . RiRSUTHE, BT /U LTI O TEEH
ERNZREA L, BESCE T M L TR REIED U Y — A DREREIZOWTIH LT T 5.

% 2 3 [Reaction—diffusion model] T, & 1 ECEALEFEET VIS LT, UV Y —AOEAIEICET S
HAHFMDOL LT, Ding LOTRIZONTELET S, T, EFMETRRT 0 02T 4 v 7 BRIOIERIFIEE FF
PRI B RN AEE 2, R KRR TR E G2 RO T 5. BRMICE, VY —2A0EBENICL D
EFROBHIRZ AW, REREEZRIEIBEOE A0 BLOELENEHET L. A0 EARIES
Fr oA R R OO L > THEXOND DT, sT 2B EMEICEET S Strun-Liouville o)
EAEMEEZE 2, ZOL—Y = L 2EERFESTEHNWTZEOMEEH NI T S, BB —EHMHEA ]
LESHEICE, B _ENEERLZ LTI Y —2A0OBREICL2BOBEOELEMNDENTED. Zhb
fENTIZ L - T, U Y —ROEAMEE Y —~ VRO FRER 7 7 A E T RETFIIE, RATHIR KALARIZL T bang-bang P
EROZEEZFEAT S, 28, ZOEOKDY TIX, BHMEDRE Y TOMRIEALEAMRREO &K E A EOf/IMEIZ
DN TOFERIZONTHIRR TN DAY, ZHE Lou-Yanagida (2006) (2 X - TR ENFEROIEEIC /> TV D,

HERE T UCKE L, KIRAIR KAERD U Y — R & BlE T 5 A[IEA I DWW TR 2 E R A2 S5 2 L 13D T
HELUWEE L 72D, F07-w, 8533 [Multi-patch model] TIX, XThd 5 BT T L ORISR & AL D TZ R
B9 25 AT 21T > TV D X LI, B Lz~ L F oy FE2T VO EHREIZOWT, 283y F D
LE L~V T Ry FOHEHITTT TERLTND. F2EOTFELZHRL LIZHEICEY, 2 Sy FOHEEIIRF
W) Y —RAEERISELORKETH DL ENREND. LL, 323y F LU EOHAITITEHRESY NS WEE
LR REVGETITRADBELR D . KBRS+ oREVGEEIL, VY =22 T A THICHFE TRET L2 HD
DKL TH S Z LN HEI RIS, L L, BRSNS WEAIR, EREEOEENRKE N
MBI K OTERITHEATIER <R Y, ZORRZTE T 2 I TRE RS IR W ClinE BB L 72
L X OBRBEERROEDDIAICHR 2 LERNSH 5. L 0GR S0 B 2G50, SROA—F —F TRERML
THRKALEDOIIR R DIE Ciliima D, Ny TFO%E 3 TEHSLEETDORVIZE > TEOWENKE LT
BEWVWHPHELMHEEZHLMNI LTS, £z, MIROIEE CTEMLZBICEN %5 %2 BRI 5 2 281X
FEX L NyTFENRLZNEY VY —RXOBELENRGELEND Z L ERT EEHIZ, ZOBAIMEE BARIICHE LT
W ek, WNEREBICIIEMEARGENLE L D0, FNHIEEROMERICE LD TND.
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This thesis is concerned with a nonlinear optimization problem that naturally arises in population
biology. We consider the effect of spatial heterogeneity on the total population of a biological species
at a steady state, using a reaction—diffusion model, or multi-patch model with logistic growth. Our
objective is to maximize the total population when resources are distributed in habitat or some patches
to control the intrinsic growth rate, but the total amount of resources are limited.

In Chapter 1, we introduce these nonlinear optimization problems and their backgrounds more precisely.
We first mention to the stability of a trivial solution of a reaction—diffusion model with logistic growth.
If a trivial solution is stable, then any solution tends to 0 as the time goes to sufficiently large,
namely, the species goes to extinction. Conversely, if the trivial solution is unstable, then there is
a unique positive steady state, namely, the species can survive. These results hold the case of multi—-patch
model. We also mention to main results of this thesis. It is shown that global maximizer is of “bang—bang”
type under some constraints. Further, global maximizer can be expressed in a patchy environment for any
number of patches with sufficiently small and large diffusion constant.

In Chapter 2, we prove main results corresponding to the reaction—diffusion model. We compute asymptotic
expansion of the total population by using perturbation theory. The main idea is calculation of the first
and second variation. In the last section of this chapter, we treat related problems.

In Chapter 3, we prove main results corresponding to the multi—patch model. We mainly compute asymptotic
expansion of the total population with respect to diffusion rate. The idea of the main theorem is expression
of coefficients by using recurrence relations.
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