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Abstract:Inthispaper,adiscretemultispeciescooperationandcompetitionpredator-preymodelisinvestigated.Byusing
coincidencedegreetheoryandsomeanalysistechnique,anewcriterionontheexistenceofpositiveperiodicsolutionof
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Itiswellknownthatdelayeddifferentialequationshavebeenwidelyusedtomodelphenomenaineconom-
ics,biology,medicine,ecology,andotherfields.Theinvestigationondelayeddifferentialequationsinpopula-
tiondynamicsnotonlyfocusonthediscussionofstability,attractivity,andpersistence,butalsoinvolvemany
otherdynamicalbehaviorssuchasperiodicoscillatory,bifurcationandchaos[1-5].Inmanyapplications,the
natureofperiodicoscillatorysolutionsareofgreatinterest.Recently,ZhangandLuo[6]investigatedtheposi-
tiveperiodicsolutionsofapopulationmodelwithdelayandstagestructureforthepredator.Gyllenberget
al.[7]gaveatheoreticalstudyonlimitcyclesofacompetitor-competitor-mutualistLotka-Volterramodel.Sen
etal.[8]focusedonthebifurcationbehaviorofaratio-dependentprey-predatormodelwiththeAlleeeffect.
DingandLiu[9]analyzedtheexistenceofpositiveperiodicsolutionforratio-dependentN-speciespredator-prey
system.XiongandZhang[10]addressedtheperiodicphenomenonofatwo-speciescompetitivemodelwithstage
structure.Formoreresearchontheperiodicbehaviorofpredator-preymodels,onecansee[11-13].

Manyresearchershavearguedthatdiscretetimemodelsaremoresuitabletocharacterizethedynamicsof
predator-preymodels.Inaddition,discretetimemodelsplayankeyrolesincomputersimulation.Thus,many
researchersconsideredthecomplexbehaviorsofthediscretepredator-preysystemsgovernedbydifference
equations,see,forexample[7,14-24].

In2011,Zhou[5]investigatedtheglobalattractivityandperiodicsolutionofthefollowingdiscretemulti-
speciescoorperationandcompetitionpredator-preysystem
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wherei=1,2,…,n;j=1,2,…,m.xi(k)isthedensityofpreyspeciesiatkthgeneration.yj(k)isthedensity
ofpredatorspeciesjatkthgeneration.Indetail,onecansee[5].

Themainobjectofthispaperistodiscussthedynamicalbehaviorofmodel(1).BymeansoftheMawhin’s
continuoustheorem[8],wewillconsidertheexistenceofpositiveperiodicsolutionsformodel(1).

Theoutlineofthearticleisstatedinthefollowing:weshallderivesomesufficientconditionsfortheexist-
enceofperiodicbehaviorofsystem(1)byapplyingcoincidencedegreetheoryinSection2.Anexamplewithits
numericalsimulationsaregiventoillustratethetheoreticalfindingsinSection3.

1Existenceofpositiveperiodicsolutions
Forthesakeofsimplification,wewilllistthenotationswhichwillbeusedinthelatersection.

Iω:={0,1,2,…,ω-1},f:=1ω∑
ω-1

k=0
f(k),

wheref(k)isanω-periodicsequenceofrealnumbersfork∈Z.Supposethat(H)r1i,r2j,ci,dil,pjl,ejl:Z→R+

areωperiodic,i.e.,
r1i(k+ω)=r1i(k),r2j(k+ω)=r2j(k),ci(k+ω)=ci(k),
dil(k+ω)=dil(k),pjl(k+ω)=pjl(k),ejl(k+ω)=ejl(k)

foranyk∈Z.
Firstly,wewillstateaimportantlemma.DenoteX,Ybytwonormedvectorspaces,L:DomL⊂X→Y

standsforalinearmapping,N:X→Yisacontinuousmapping.WecallthemappingLaFredholmmappingof
indexzeroifdimKerL=codimImL<+∞isclosedinY.IfLisaFredholmmappingofindexzeroandthere
hascontinuousprojectorsP:X→XandQ:Y→Y whichhasthefollowingpeopertiesImP=KerL,ImL=
KerQ=Im(I-Q),thenL|DomL∩KerP:(I-P)X→ImLmustbeinvertible.DenoteKPastheinversefor
thatmap.IfΩisanopenboundedsubsetofX,thenNisL-compactonΩifQN(Ω)isboundedandKP(I-Q)N:
Ω→Xiscompact.BecauseImQisisomorphictoKerL,therehasanisomorphismJ:ImQ→KerL.

Lemma1[25] SupposethatLisaFredholmmappingofindexzero,NisL-compactonΩ.Ifthefollowing
conditionshold:(a)∀λ∈(0,1),everysolutionxofLx=λNxissuchthatx∉∂Ω;(b)QNx≠0,∀x∈KerL∩
∂Ωanddeg{JQN,Ω∩KerL,0}≠0;ThentheequationLx=NxhasatleastonesolutionwhichliesinDomL∩
Ω.

Lemma2[15] Assumethatf:Z→RisTperiodic,namely,f(k+T)=f(k),thenforeveryk1,k2∈ITand
anyk∈Z,onegets

f(k)≤f(k1)+∑
T-1

s=0
|f(s+1)-f(s)|,f(k)≥f(k2)-∑

T-1

s=0
|f(s+1)-f(s)|.

Defineln+m={y={y(k)}:y(k)=(y1(k),y2(k),…,yn+m(k))T∈Rn+m,k∈Z}.Wedenotethesubspaceof
ωperiodicsequenceswhichhavetheusualsupremumnorm‖·‖aslω⊂ln+m,i.e.,‖y‖=|y1(k)|+
|y2(k)|+…+|yn+m(k)|foranyy={y(k):k∈Z}∈lω.Wecaneasilyknowthatlωisafinite-dimensionalBa-
nachspace.

Let

lω
0={y={y(k)}∈lω:∑

ω-1

k=0
y(k)=0}, (2)

lω
c={y={y(k)}∈lω:y(k)=h∈Rn+m,k∈Z}, (3)

thenweknowthatbothlω
0andlω

careclosedlinearsubspacesoflωandlω=lω
0+lω

c,dimlω
c=n+m.

Inthesequel,wewillreadytoestablishourresult.
Theorem1 LetSj(j=1,2,…,m)bedefinedby(16).Supposethatthecondition (H)andr-2j >

∑
m

l=1
pjl(k)exp(Sl)arefulfilled,thenmodel(1)possesatleastanωperiodicsolution.

Proof Firstofall,wemakethechangeofvariables
xi(t)=exp(ui(t)),yj(t)=exp(vj(t)),i=1,2,…,n;j=1,2,…,m.

then(1)canbereformulatedas
ui(k+1)-ui(k)=fi(ui(k),vj(k)),
vj(k+1)-vj(k)=fj(ui(k),vj(k{ )),

(4)
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where
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whereu∈X,k∈Z.ThenwecaneasilyknowthatLisaboundedlinearoperatorand
KerL=lω

c,ImL=lω
0,dimKerL=n+m=codimImL,

thenitfollowsthatLisaFredholmmappingofindexzero.Define

Py=1ω∑
ω-1

s=0
y(s),y∈X,Qz=1ω∑

ω-1

s=0
z(s),z∈Y.

ItisnotdifficulttoshowthatPandQarecontinuousprojectorswhichhasthefollowingproperties:
ImP=KerL,ImL=KerQ=Im(I-Q).

Inaddition,thegeneralizedinverse(toL)Kp:ImL→KerP∩DomLexistsanditcanbedenotedby

KP(z)=∑
ω-1

s=0
z(s)-1ω∑

ω-1

s=0

(ω-s)z(s).

Clearly,QNandKp(I-Q)Narecontinuous.SinceXisafinite-dimensionalBanachspace,usingtheAscoli-
Arzelatheorem,wecaneasilyknowthatKP(I-Q)N(Ω)iscompactforanyopenboundedsetΩ⊂X.
Moreover,QN(Ω)isbounded.Thus,NisL-compactonΩwithanyopenboundedsetΩ⊂X.
Inthesequel,wewillseekansuitableopen,boundedsubsetΩ.ConsideringtheoperatorequationLu=

λNu,λ∈(0,1),onehas
ui(k+1)-ui(k)=λfi(ui(k),vj(k)),
vj(k+1)-vj(k)=λfj(ui(k),vj(k)){ .

(7)

Assumethatforacertainλ∈(0,1),u(k)=(ui(k),vj(k))T∈Xisanarbitrarysolutiontosystem (7),in
viewof(7),weget
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Itfollowsfrom(7)and(8)that

∑
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k=0
|ui(k+1)-ui(k)|≤2r-1iω, (9)

∑
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Bythehypothesisu={u(k)}∈X,thereexistξi,ηi,δj,σj∈Iωsuchthat
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wherei=1,2,…,n;j=1,2,…,m.Fromthefirstequationof(8),wehave
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wherei=1,2,…,n;j=1,2,…,m.Fromthesecondequationof(8),weget
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Inviewof(12),(13)andLemma2,weget
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Inviewof(12),(17)andLemma2,weget
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Thus
maxk∈Iω

{ui(k)}≤max{|Ni|,|ni|}:=Ti. (20)
Obviously,Mj,mj,Ni,ni,Sj,Ti(i=1,2,…,n;j=1,2,…,m)donotdependonλ∈(0,1).ChooseM =

∑
m

j=1
Sj+∑
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Ti+M0,whereM0islargeenoughtomakethefollowingmax{|u*
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…,|v*
m|}<M0hold,where(u*

1 ,u*
2 ,…,u*

n ,v*
1 ,v*

2 ,…,v*
m)Tistheuniquesolutionofthefollowingequation

r-11-r-11c-1exp(u1(k))=0,
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…,
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Nowwehaveprovedthatanysolutionu={u(k)}={(u1(k),u2(k),u2(k))T}of(7)inXsatisfies‖u‖<
M,k∈Z.

LetΩ:={u={u(k)}∈X:‖u‖<M},thenitiseasytoseethatΩisanopen,boundedsetinXandveri-
fiesrequirement(a)ofLemma1.Whenu∈∂Ω∩KerL,u={(u1(k),u2(k),…,un(k),v1(k),v2(k),…,
vm(k))T}isaconstantvectorinRn+mwith‖u‖=|u1|+|u2|+…+|um|+|v1|+|v2|+…+|vn|=M.Then
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where   f1i=r-1i-1ω∑
ω

i=0

r1i(k)exp(ui(k))
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Nowletusconsiderhomotopicφ(u1,u2,…,un,v1,v2,…,vm,μ)=μQNu+(1-μ)Gu,μ∈[0,1],where
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ChoosingJastheidentitymapping,thenweobtain
deg{JQN(u1,u2,…,un,v1,v2,…,vn)T;Ω∩KerL;0}=deg{QN(u1,u2,…,un,v1,v2,…,vm)T;Ω∩KerL;0}=
deg{φ(u1,u2,…,un,v1,v2,…,vn,1);Ω∩KerL;0}=deg{φ(u1,u2,…,un,v1,v2,…,vm,0);Ω∩KerL;0}=

sign r-11r-12…r-1n∑
m

j=1
∑
m

l=1
p1[ ]l exp∑

n

i=1
u*

i +∑
n

j=1
v*( ){ }j =1≠0.

Bynow,wehaveprovedthatalltheconditionsofLemma1arefulfilled,thenwecanconcludethatLu=
NuhasatleastonesolutioninDomL∩Ω.Namely,(4)hasatleastoneωperiodicsolutioninDomL∩Ω,say
u*={u*(k)}={(u*

1 (k),u*
2 (k),…,u*

n (k),v*
1 (k),v*

2 (k),…,v*
m(k))T},thenitfollowsthat

(x*
1 (k),x*

2 (k),…,x*
n (k),y*

1 (k),y*
2 (k),…,y*

m(k))T=
(exp(u*

1 (k)),exp(u*
2 (k)),…,exp(u*

n (k)),exp(v*
1 (k)),exp(v*

2 (k)),…,exp(v*
m(k)))T,

isapositiveωperiodicsolutionofsystem(1).WecompletetheproofofTheorem1.

2Anexampleanditcomputersimulations
Toillustratethetheoreticalpredictions,wegiveanexamplewithitsnumericalsimulations.Letusconsid-
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erthefollowingdiscretesystem:
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(23)

Herer11(k)=1-coskπ4
,a1(k)=0.4+sinkπ6

,b11(k)=0.6-sinkπ4
,c1(k)=0.2-coskπ5

,d11(k)=

0.6+coskπ
3

,r21(k)=0.8-coskπ6
,e11(k)=0.6-0.6-coskπ6

,p11(k)=0.5-coskπ10 areall2-periodicfunc-

tions,anditiseasytoseethatalltheconditionsofTheorem1aresatisfied.Thussystem (23)hasatleasta
positivetwo-periodicsolutionwhichisshowninFig.1.

 

 
Fig.1 Thestatespaceoft-x1-y1andtheplaneoft-x1,t-y1,x1-y1
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一类离散多种群合作与竞争的捕食者与食饵模型的周期解

徐 昌 进

(贵州财经大学 贵州省经济系统仿真重点实验室,贵阳550004)
摘要:研究了一类离散多种群合作与竞争的捕食者与食饵模型。运用迭合度理论和一些先验估计,得到了保证所研究的差分方程

存在正周期解的易于检验的充分条件,最后给出了有趣的数值模拟验证了所得分析结果的正确性。
关键词:捕食模型;周期解;离散;迭合度
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