Appendix A
Definition by conditional probability:


	         	 (A.1)
According to derivative formula:
	  	    (A.2)
		      (A.3)

In order to fully completely derive the dynamics (2) we need to construct .

	  	  (A.4)

where the first term is the transition rate of the pair R-S (or S-R) to the pair R-R, in which the pairs R-S and S-R are distinguished though their pair densities are equal. This change can be realized by one of two pathways: the colonization of the S-site in an R-S pair from the R-site or the colonization of this site from one of its (z-1) other neighbors. The latter pathway should be multiplied by, which is the conditional probability that other R-site neighbors of the S-site in an S-R pair. The second term denotes the loss of the pair R-RR-S (or S-R) due to intrinsic extinction of basal species as well as added extinction from predation pressure by intermediate predator (i.e., top-down extinction). 
Similarly, we can also derive the dynamic systems of  that are

   	(A.5)

where the first term represents the transition rate of S-U to R-U. This can be achieved only by the colonization of the S-site in the S-U pair from one of its z-1 other neighbors (since we use the von Neumann neighborhood with z=4). The conditional probability that one of the neighbors is an R-site is. The second term is the loss of the pair R-U→S-U due to both species intrinsic and top-down extinction. 
According to the pair approximation principle, we have the following constraints:
	    	     (A.6)
we also have the following constraints:
           	                 (A.7)


Combining Equation (1)-(7) thus yields the dynamics of both terms and as 

      (A.8)

          (A.9)

Note: R, C, and P used here are the same as R1, C2, and P3 in the paper. S and U represent suitable and unsuitable patches, respectively.








 
Figure 2.1 Interactive effects of habitat loss (U) and habitat fragmentation (F) on the simple omnivorous food web at steady state (species are assumed to be extinct when their site occupancy is lower than 10-4), including: (a) species coexistence pattern (R-basal species, C-intermediate predator, P-top omnivorous predator, and None-extinction of all species), and (b-d) global site occupancy respectively of species R1, C2 and P3. The dispersal way of R1 is neighbor dispersal, C2 is local dispersal, and the P3 is global dispersal. Other parameter values are the same as in Figure 2. Invalid region: see equation (1). 











Figure 2.2 Interactive effects of habitat loss (U) and habitat fragmentation (F) on the simple omnivorous food web at steady state (species are assumed to be extinct when their site occupancy is lower than 10-4), including: (a) species coexistence pattern (R-basal species, C-intermediate predator, P-top omnivorous predator, and None-extinction of all species), and (b-d) global site occupancy respectively of species R1, C2 and P3. The dispersal way of R1 is local dispersal, C2 is local dispersal, and the P3 is global dispersal. Other parameter values are the same as in Figure 2. Invalid region: see equation (1). 












Figure 2.3 Interactive effects of habitat loss (U) and habitat fragmentation (F) on the simple omnivorous food web at steady state (species are assumed to be extinct when their site occupancy is lower than 10-4), including: (a) species coexistence pattern (R-basal species, C-intermediate predator, P-top omnivorous predator, and None-extinction of all species), and (b-d) global site occupancy respectively of species R1, C2 and P3. The dispersal way of R1 is local dispersal, C2 is global dispersal, and the P3 is global dispersal. Other parameter values are the same as in Figure 2. Invalid region: see equation (1). 














Figure 2.4 Interactive effects of habitat loss (U) and habitat fragmentation (F) on the simple omnivorous food web at steady state (species are assumed to be extinct when their site occupancy is lower than 10-4), including: (a) species coexistence pattern (R-basal species, C-intermediate predator, P-top omnivorous predator, and None-extinction of all species), and (b-d) global site occupancy respectively of species R1, C2 and P3. The dispersal way of R1 is global dispersal, C2 is global dispersal, and the P3 is global dispersal. Other parameter values are the same as in Figure 2. Invalid region: see equation (1). 












Appendix B
The equation of an invasive species S4 preys on species C2. (Figure 2.2(c))
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The equation of an invasive species S4 preys on species R1. (Figure 2.2(d))
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The equation for the predation of invasive species Y4 by species C2. (Figure 2.2(f))
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The equation for the predation of invasive species Y4 by species R1. (Figure 2.2(c))
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Appendix C
   
Figure 3.1. Persistence of each species in the omnivorous food chain after invading species S4 predation species P3. Other parameter values are the same as in Figure 3.1. Invalid region: see equation (1).

Figure 3.2. Persistence of each species in the omnivorous food chain after invading species S4 predation species C2. Other parameter values are the same as in Figure 3.1. Invalid region: see equation (1).

Figure 3.3. Persistence of each species in the omnivorous food chain after invading species S4 predation species R1. Other parameter values are the same as in Figure 3.1. Invalid region: see equation (1).

Figure 3.4. Persistence of each species in the omnivorous food chain after species P3 predation invasive species Y4. Other parameter values are the same as in Figure 3.4. Invalid area: see equation (1).

Figure 3.5. Persistence of each species in the omnivorous food chain after species C2 predation invasive species Y4. Other parameter values are the same as in Figure 3.4. Invalid area: see equation (1).

Figure 3.6. Persistence of each species in the omnivorous food chain after species R1 predation invasive species Y4. Other parameter values are the same as in Figure 3.4. Invalid area: see equation (1).

Figure 3.1. Effects of habitat loss (U) and habitat fragmentation (F) on each species in the food web when invasive species S4 preyed on species P3. Other parameter values are the same as in Figure 3.1.

Figure 3.2. Effects of habitat loss (U) and habitat fragmentation (F) on each species in the food web when invasive species S4 preyed on species C2. Other parameter values are the same as in Figure 3.1.

Figure 3.3. Effects of habitat loss (U) and habitat fragmentation (F) on each species in the food web when invasive species S4 preyed on species R1. Other parameter values are the same as in Figure 3.1.

Figure 3.4. Effects of habitat loss (U) and habitat fragmentation (F) on each species in the food web when species P3 preyed on invasive species Y4. Other parameter values are the same as in Figure 3.4.

Figure 3.5. Effects of habitat loss (U) and habitat fragmentation (F) on each species in the food web when species C2 preyed on invasive species Y4. Other parameter values are the same as in Figure 3.4.
 
Figure 3.6. Effects of habitat loss (U) and habitat fragmentation (F) on each species in the food web when species R1 preyed on invasive species Y4. Other parameter values are the same as in Figure 3.4.

Appendix D
Main Code for this article (using Matlab 2016b)：
function y=islandsystem(t,x)
global c1 c2 c3 loss fragmentation e1 e2 e31 e32 u21 u2 u31
y=zeros(5,1); 
y(1)=c3*x(1)*(x(2)+x(3))*(1-loss-x(1))-(e31+e32)*x(1);
y(2)=c2*x(2)*x(3)*(1-fragmentation)*(1-fragmentation)*(1-loss-x(2))-(u2*x(1)+e2)*x(2);
y(3)=c1*x(3)*(1-x(5)-x(4))-(u21*x(2)*(1-fragmentation)+e1)*x(3)-u31*x(3)*x(1);
y(4)=c1*(1-x(4)-x(5))*(0.5+1.5*x(3)*(1-x(4)-x(5))/(1-loss-x(3))-x(4))-x(4)*(e1+u21*x(2)*(1-fragmentation)+u31*x(1));
y(5)=c1*(1-x(4)-x(5))*(0.75*(1-(1+fragmentation-fragmentation/loss)-x(3)/loss*x(5))*loss/(1-loss-x(3))-x(5));
-------------------------------------------------------------------------------------------------------
global c1 c2 c3 loss fragmentation e1 e2 e31 e32 u21 u2 u31
c1=1; c2=1; c3=1;
e1=0.05; e2=0.05; e32=0.05;e31=0.15;
u21=0.025; u2=0.025;u31=0.075;
tn=[0,10000]; y0=[0.01 0.005 0.0025 0.08 0.0005]; 
axisloss=0.01:0.01:0.99; axisfragmentation=0.99:-0.01:0.01; 
[X,Y]=meshgrid(axisloss,axisfragmentation);
[nn,mm]=size(X);
 PDensity=zeros(nn,mm)-1; 
 CDensity=zeros(nn,mm)-1; 
 RDensity=zeros(nn,mm)-1; 
 RRDensity=zeros(nn,mm)-1; 
 REDensity=zeros(nn,mm)-1;
 Periodicarea=zeros(nn,mm)-1;
for n1=nn:-1:1
 for n2=1:mm
 loss=axisloss(n2);fragmentation=axisfragmentation(n1); 
 if (loss>0.5)||(loss<=0.5&&fragmentation<=loss/(1-loss))
[t,y]=ode45('islandsystem',tn,y0); %algorithm of EPDM equations 
if max(y(end-100:end,1))>mean(y(end-100:end,1))+0.0005 
 Periodicarea(n1,n2)=1; 
 else 
 Periodicarea(n1,n2)=0; 
end 
PDensity(n1,n2)=mean(y(end-100:end,1));
RRDensity(n1,n2)=mean(y(end-100:end,4)); 
REDensity(n1,n2)=mean(y(end-100:end,5)); 
CDensity(n1,n2)=mean(y(end-100:end,2)); 
RDensity(n1,n2)=mean(y(end-100:end,3)); 
 else
PDensity(n1,n2)=NaN;
RRDensity(n1,n2)=NaN; 
REDensity(n1,n2)=NaN;
CDensity(n1,n2)=NaN; 
RDensity(n1,n2)=NaN; 
 end 
 end 
 end 
PDensityi=find(PDensity<0.0001);
PDensity(PDensityi)=0; 
CDensityi=find(CDensity<0.0001); 
CDensity(CDensityi)=0; 
RDensityi=find(RDensity<0.0001);
RDensity(RDensityi)=0; 
 
figure,surf(X,Y,Periodicarea),view(0,90),colorbar 
grid off
shading interp
xlabel('loss'),ylabel('fragmentation') 
figure,surf(X,Y,PDensity),view(0,90),colorbar 
grid off
shading interp
xlabel('loss'),ylabel('fragmentation') 
figure,surf(X,Y,CDensity),view(0,90),colorbar 
grid off
shading interp
xlabel('loss'),ylabel('fragmentation') 
figure,surf(X,Y,RDensity),view(0,90),colorbar 
grid off
shading interp
xlabel('loss'),ylabel('fragmentation') 
Z=RDensity; 
ii0=find((RDensity>0.0001)&(CDensity>0.0001)&(PDensity>0.0001));
ii1=find((RDensity>0.0001)&(CDensity>0.0001)&(PDensity<0.0001));
ii2=find((RDensity>0.0001)&(CDensity<0.0001)&(PDensity>0.0001));
ii3=find((RDensity>0.0001)&(CDensity<0.0001)&(PDensity<0.0001));
ii4=find(RDensity<0.0001);
Z(ii0)=0; Z(ii1)=1; Z(ii2)=2; Z(ii3)=3; Z(ii4)=4;
figure,surf(X,Y,Z),view(0,90),colorbar 
grid off
shading interp
xlabel('loss'),ylabel('fragmentation') 
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