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Abstract

We study a reaction-diffusion-advection model for two competitors under different
diffusion strategies. One is by diffusion together with directed movement toward more
favorable environments, the other by diffusion together with directed movement away
from an environment more conducive to competitors. We show that, under the right
conditions, a species with the ability to escape from an environment more conducive
to its competitors may not have a competitive advantage, even if it diffusivity is more
slowly than its competitors. We will examine the effects of the diffusion rates p and d
and the rate of directed movement o and [ on the dynamics of the competition
model by studying how the principal eigenvalues in model depend on those rates. The

mathematical approach is a perturbation analysis of principal eigenvalues.
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PHON AR AR S AL RS2 L2 AN R ) BEAR 3 1 T2 IOBIE IS 2 WOCHR [1-7) AR e 2
PEA 51 B9Z 25 SCHR. g MR — gy S5O T DA R IR M e B3P AR 250 34 1) 1) A L 22
V25N RSP E AL, (B0 McPeek #1 Holt [2], Holt #1 McPeek [4], Dockery
Z N\ [5], Hutson % A [6], Belgacem HI Cosner [8], Cosner 1 Lou [9]). Cosner 1 Lou [9] IAH,
PR TR A BRURTR BE 1v) L R 5E 1) B8 B A &5 & % SR A 0 BUR — A, R D 20 BT 1 B 2 B T
PRURH A B A, BeAh, SCHER (8, 9] HIRFRE, PE S I BRIRES R 1A LA E A S A 4 A B SR AT
BCA I (EAER) FTRMERFAVEEA T RE. XMA s SRy SO 5l 7P, Lou 5%
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NAE [10] 5L T BLR A

9u = V- [uVu — auVm] + u(m — u — v), in Q x (0, +00),
9v =V - [uVo] + v(m —u —v), in Q x (0,4+00),
(1)
u% — au%—’g = v% =0, on 90 x (0, +00),
Uo(x) >, §é O,’Uo(x) >, §é 0, in Q.

MATIIRT SR RGN, ARSI 4 X T i B B A SE 4L 3

ARSGERTFUU N B —Fh DL BIPEASSE 40 TAE SR A 5 T AE2E 2 LR F Y, (HEATH
AR FRATTHE X P AN 55 400 T 0 0 OB U AN RIS, AR, BT IS SE 4060
FHI A EABENLY B B2 B L 8] 5 st vk 1 07 s A, Horh — AN SE 0t P E SR
BREE R RSBS00 50— A 3E G T th A I SRR L R L A2 Sh S E 5 1A ik A A T
FADTEGRTFAERKIIE, 2 BUSIE SR R BB E RS s A & s shxt se 4
RGBT, BRI R wo,vo € C(Q), IHFHA ayy =1,m1 =mo =m.

U =V [uVu — auVm] + u(m — u —v), in Q x (0, +00),

9v =V - [dVv + BuVm] + v(m —u —v), in Q x (0,+00), o)
2

u% — au%—’}f = d% + Bv%—g =0, on 0 x (0, +00),

u0($) Za¢07U0($) Za?éoa in Qa

Hrf o, 8> 0, INSARKEZWH o WER TR u KA RBE TR, Hp u, v 25
RMADYFPENEN ©, RN ¢ BT RIMEEERE, mi(x) € C*(Q) RonAEH S BIRK & L,
EFBREL a;5(x) € C*(Q) —PVIMENEN o AR, X EKY R p,d FTFHRE o, 8 25
BRI v, v EME o ARBEILY HERAFRER. £5 Q c RY AURIZE HA S RN A
TG R T2 0Q. 7 RIS 00 EREAIANER R, TTEEILFRIMRY, ARG REBEEN,
HEs b A i) B s &%

FATE L X F GeE P Mg ] B2 i AL, X6 R LA AT P 7 M SR 1 S W R 1 1 g 1) A 1k
(RIAFT AR L), BATHI AR RAEE M AF T, BAREEA R T 5840 TSI Y
ABEARA RS, B BUs L SE s F 218, Cosner M Lou [9] &R Y]: A BRI
FE1a BRI A BN A FREA A, BME AR R . R X R A FIRE LT,
A WA AR FIe 40, HIREEEIAER PR, W RIRERE A B sl R A R, R
TR — R — B HRIE S W (9], BATRIC I % AR B P (W) A AL PR vh 57 1 AN S84
XFFH Lotka-Volterra ™ #US A, SR 5 38 1 5048 — MR A BUE Z A0 5INPT RN 25022 5
R TGRSR 5N AP IROR TR AEARSCREE oy, AT eI B
TP RIR, (E5E =807, FATGH T EERIFIEAT TR,
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EX 1. 4 (1,0), (0,0) 2 A AR (2) GF-FL-FEM, L+ a, 0 2AHTIHARGE—

it
V- [uVa —auaVm] +a(m —u) =0, in Q,
~ (3)
,u% — a&%—rg =0, on 0,
V- [dVo + poVm] + o(m — 0) =0, in Q,
(4)
A%t + %2 =0, on 0N

ARG (2) BI—E0 T F2 tH R G i S AR T s 1. AT o0 87 22 [l o — 8 50 T P P 5
oA A [R50 77 2 ] 52 B T A 0O RS AR AE S SR A ST SE AN PEA I e, S0 (7] 3R [11).

FEBASCHR [10] Y logistic BER AT A HT, REE (2) MIAT MR KFERE EARH T 211 LT 167 fiRt
(@,0) A1 (0,0) WifaE M. R (a,0) ARE, RE (2) WVIGEE (u,v) #IE (4,0) FRKBEECT (2)
FIBEAS TR (u*,0*), TH v < @, v > 0. REXHEBEL T, ¥ o SEBY 7T FAIRS 4
B, PR o D EAMR AT DR RS R, 1R (0,0) RARER, A o @ T FERR
&, RGUVEM u NMR. BT EIRVER, WTRAA BRI SIS X (4,0) REEMH (0,0) A
BN, u b v B SESR; 5, WRER ISR, v tbuw BEHLHE. (4,0) F (0,0) FIfaE
JEH (2) X (@,0) F (0, 0) FEATENEAL G I FREE 75 P 1.

R, SRR (5) BERHMEMER S, WS (a,0) 2FRREm; HRIER, W (a,0) 24
R m.
V- (dVe+ BeVm) + (m —a)p = op, on Q, 5)

d%2 + Bpdm =0, on 09,

FIRE, QR (6) M AR T, WBEET (0,0) RAEER: E2IER, W (0,0) —AFEER.

V- (uVo — adpVm) + (m — )¢ = 7¢, on (©)
u% - ad)%—’g =0, on 01,
BEA U =cimp, &=c "¢, (5)f (6) ATLAKE N
dV?*U — BVm - VU + (m —a)¥ = 0¥, on Q, @)
g% =0, on 09,
i

pV2i® + aVm - Ve + (m — 0)® = 7@, on Q, ®
2—2 =0, on 01,

FAPRFELL AT (7) A (8) FF I PR A (] (0TI e, SRAR IS HIGE R o A1 d ALAT T
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BEEE o Ml B XFEFAEA (2) 3 15K 50,

AL FE B RAGEETX (5) F(6) W ERAEE BN 708, ZIsh o Hr ik T LR 5] 2

SIEE 1. B o > 042 a9 >0,80 >0, % oo(u,d, v, B) F2 1o, d, v, ) A1 (5) A= (6) 8%
EAFEE; RBE (u,d,a,B) 8948R (1o, po, o, Bo) ML, oo(u, d, o, B) F= 1o(p, d, a, B) 2T f b4
FHARMT p,d, o F= B, 3F 2 693 —AFIER A (1o, o, o, Bo) BIARIR N LA T kG, AR T
w,d, o, B.

SIE 2. F QCR ZA—ARERA QCRY 244, Wiy [,0V0Vmds & EH.

78 [10) Hgg 75 B 1 A5 B 2 BOuEEE. A OGS RAAESCHR [1, 8, 12, 13] Hdk T 7 i,
3. FELER KRR

T VY ECRE IS Zh 0 RARSI, AT R B H B T I L R REEX g, d o, B
R R, BRATEHELZE Y o > 0 B, (2) HIISEN (po, 110,0,0) B (u,d, o, B) HIHEB) 4G
Yp=d=p M a=0,3=0H, 3) HOWF-FEMH o M (4) HODFCEER 0 558 SO
a=0=0, H 62 TH7ErmE—IEMRE

V20 + (m —0)0 =0, in Q,
{ 9)

99— 0, on 9.

on

2 (,d, o, B) = (u(s), d(s), a(s), B(s)), JebE u(s), d(s), a(s) B B(s) 2 BRELH. p(0) = d(0) = po
M a(0) = 0,8(0) = 0. 4 w0) = d0) = po M «0) = 0,3(0) =0, XfTAETIE Py, FATATLL
12 (7) k¥ U = P > 0, 0 =0, £ (8) Pik# & = RO > 0, 7 = 0. RFk, JATA
o0 = (fos f10,0,0) = 7o = (o, 110, 0,0) = 0, FATHAFE] Py = (m)%7 FRESREFIE R U, N
o, 7 nl T 0o F 70 MH—3, H

/(e‘gm‘llo)Qda: =1, /(ezm¢0)2d3: =1.
Q Q

MRAESIPE 1 X (u(s),d(s), a(s), B(s)) KB, AT ZSE . d, o, 8, VHEE 6,0, 0o, Do
H— B AL ERHEAE 00, 70 5 AR

= po + sp1 +o(s), d=pug+ sdy +o(s),

a= a5+ o(s), B = p1s+ o(s),
t=04+us+o(s), v=0+wvs+ o(s),

Vo= Py + Vis+o(s), Pg= Pyl + P15+ 0(s),

oo =015+ 0(s), To=715+0(s).

R, £ (p,di, ar, Br) T5TAE (po, po, 0,0) BB, o0 A1 7 BIFTS 5 o M1 7 IFFSAHIAL
FE 1 BZ QCR Z—ARKE, & QCRY 208, &7

/ OVOVmdz > 0.
Q
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A (p,d, o, B) = (po + sp1 + o(s), pro + sdy + o(s), ars + o(s), B1s + o(s). w2 %

|VO|2dx
ar+ 61> (1 — dl)(ff%Wdex
Q

)s
s >0 LB ey, &RNA

0'0(/,1,,(1, Oé,ﬁ) < 0 < TO(/-Lada Oé,B)

" = o = (di = 1) Jo [VOP + (o + B1) [ oVOVm
fQ 0?
JERR. W RIA P IR LR IA AN (2), (7) F(8), S O BrIiE 7, S Mol el FRR:
XFF (a)
1 A0 + poAuy — V(e 0Vm) + (m — 20)u; =0, on Q, (10)
XFF (0)
d1 A0 + poAvy + V(510Vm) + (m —20)v; =0, on Q, (11)
X (Wo M og)
d1PyNO + 1oAYy — By PyNVOV M A4 (m — 0)¥y — u1 Py = 01 Pof, on Q, (12)
T (@ Al )
1 PoAO + 1o APy + a3 PoVOV M + (m — 0)®1 — vy Pof = 11 Pof, on Q. (13)
1 (10)-(13) RAIREAZEIIT (0, uy, vy, r, Uy) LI %AF:
T
1o %’%1 — aﬁ%—’;} =0, on 01, (14)
[ 2% + 51092 =0, on ON.
NT M oo RUFIHIBIEEIH), FATH (12) HAk
oAV, + (m — )Wy + dy PyVO — ui Py — B1PyVOVM = oy Py, (15)
RIGRHIRLL 6, FFAE Q AREATH . ARYGHUE EFAM (14)
/HA\Illdx = /(AH)\I/ldz, /QQAde = —/Q IV6|*dz, (16)
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FrUMEAEH (9) J&, (15) FHIRETRADNTURIE K& 7. KHBRLL Py, 152
B 2, B 27 _ 2
dl/Q|V0| dx Bl/QHVHdex ul/QH dx 01/90 dx.
ATHE (17) FRE AR, BATATELE (10) B Ak
poAuy + (m — O)uy + 1 A0 — V(0Vm) = Qu,.

e (18) LA 0, 1£ Q WREATR 7, NMAREER, M (9) 52

/ Moeaﬂ“ds—m/ |V0|2dm+a1/9V9dex—/ a102a’7fds:/u192dx.
o0 n Q Q o0 on Q

WEAE uy LRAFR AR (14), (19) AL DM —IUH %, 15

—,ul/ |V0|2dx+a1/0V0dex:/u102d:v.
Q Q

Q
s (20) AN (17) 135 0y

(1 — dv) [ |VOPPde + (—oq — 1) [, 0VOVmdx
g1 = .
Jo, 0%da

To 5 oo BRI HTEE RIEA B ¥ (13) L 0, NABEZZRAy, M (9) 25— L0,

—,LL1/ |V0|2dx+a1/0V0dex—/vlﬁzdx:ﬁ/@zd:c.
Q Q Q Q

i (21) kL 0, FrIEH (9) 1531
o Avy + (m — 0)vy + di A0+ V(510Vm) = Ov;.

RENLAENZ, M52

(dv — p1) Jo |IVOPPdx + (o1 + B1) [, 0VOVmMdz
Jo, 0%dx '

T =

ST BHIE .

(17)

(19)

(20)

(22)

(23)

Ee M o > dyy BIEIRENES — N TE S E Y BOE RN TH A, AR 5 > 0 %K, i (21)

Kooy <0, 7 >0, WE—3EFH IR LRIFILS.

4. &5

FESCHR [10] A, W0l v A2 IEE Y BIORT 1) 58 A A A BEE A2 30, Wkt o RAT RSP L. EiE
AT, AR S S0 T RE AT Se A0 %S, B E 9 B b H Al 58 4 o0 T
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B 3 — Ao i HORT 1) 26 120 BE A R T 58 4 xt TR EE AR Bk Y Bk ARG MR, B
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