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Appendix 1 

 

 

Figure A1. The illustrations showing 
networks with the bi-directional 
consumer–resource (CR) interactions (a, 
BCR), unidirectional CR interactions 
without mutualism (b, UCR-CP) and 
unidirectional CR interactions without 
competition (c, UCR-PM). Red and 
green cells are the strengths of 
providing and exploiting resources, 
respectively. Blue cells are intrinsic 
density-dependences.   



 
Figure A2. The effects of the strengths of providing (α) and exploiting (β) resources on the initial 
proportions of competition (a), predation (b) and mutualism (c) interactions in ecological networks 
with different levels of species number (S) and connectance (C). The difference between networks 
with various S and C were very small because the interaction outcome only depended on initial 
densities and strength parameters. 



 
Figure A3. The histograms of average long-term proportions of different interactions in the 
bi-directional consumer–resource (BCR) networks. The instances of amensalism, commensalism 
and neutralism were very low. Red lines are mean values. 

 

 
Figure A4. The relationships of the initial composition of interactions with the net persistence of 
bi-directional consumer–resource (BCR) networks at different levels of species number (S) and 
connectance (C). Each circle in a ternary plot indicates the average composition of three types of 
interactions; the closer to one interaction, the higher the proportion in a network. 



  
Figure A5. The relationships of the initial composition of interactions with the stable persistence 
of bi-directional consumer–resource (BCR) networks at different levels of species number (S) and 
connectance (C). Each circle in a ternary plot indicates the average composition of three types of 
interactions; the closer to one interaction, the higher the proportion in a network. 
 

 
Figure A6. The relationships of the long-term composition of interactions with the net persistence 
of bi-directional consumer–resource (BCR) networks at different levels of species number (S) and 
connectance (C). Each circle in a ternary plot indicates the average composition of three types of 
interactions; the closer to one interaction, the higher the proportion in a network. 
  



 
Figure A7. The relationships of the long-term composition of interactions with the stable 
persistence of bi-directional consumer–resource (BCR) networks at different levels of species 
number (S) and connectance (C). Each circle in a ternary plot indicates the average composition of 
three types of interactions; the closer to one interaction, the higher the proportion in a network. 

 

 

  



   
Figure A8. The effects of the strengths of providing (α) and exploiting (β) resources on the 
long-term proportions of competition (a), predation (b) and mutualism (c) interactions in ecological 
networks with different levels of species number (S) and connectance (C).  



 
Figure A9. The density distribution showing which proportions of the initial interactions were lost 
due to species extinction and density-dependent sign change. In most cases, the proportion lost due 
to species extinction was much higher than that due to sign change.  



 
Figure A10. The relationship between the proportion of lost interactions due to species extinction 
and the long-term-initial difference (long-term proportion minus initial proportion) for each 
interaction type. The proportion of lost interactions due to species extinction was calculated by the 
number of each interaction type’s loss due to species extinction / the number of all lost interactions 
due to species extinction.   



 
Figure A11. The phase plane analyses for two species bi-directional consumer–resource models. 
Red and blue lines are zero-growth isoclines. The arrows indicate direction of population change. r 
= 1; b, e = 0.5; d = 1. 
  



 
Figure A12. The density distributions of the net persistence of three types of networks summarized 
for all ranges of the strength of providing and exploiting resources at different levels of species 
number (S) and connectance (C). BCR: bi-directional consumer–resource networks; UCR-CP: 
unidirectional consumer–resource ecological networks without mutualism; UCR-PM: unidirectional 
consumer–resource ecological networks without competition. 
  
 
 

 
Figure A13. The density distributions of the stable persistence of three types of networks 
summarized for all ranges of the strength of providing and exploiting resources at different levels of 
species number (S) and connectance (C). BCR: bi-directional consumer–resource networks; 
UCR-CP: unidirectional consumer–resource ecological networks without mutualism; UCR-PM: 
unidirectional consumer–resource ecological networks without competition. 
  



Appendix 2 
Additional analyses on the unidirectional consumer–resource ecological networks without 
mutualism (UCR-CP). 

 

Figure A2-1. The effects of the strengths of providing (α) and exploiting (β) resources on the net 
persistence of unidirectional consumer–resource ecological networks without mutualism at 
different levels of species number (S) and connectance (C). 

 

Figure A2-2. The effects of the strengths of providing (α) and exploiting (β) resources on the stable 
persistence of unidirectional consumer–resource ecological networks without mutualism at 
different levels of species number (S) and connectance (C).  



 

Figure A2-3. The relationships of the initial composition of interactions with the net persistence of 
unidirectional consumer–resource networks without mutualism (UCR-CP) at different levels of 
species number (S) and connectance (C). Each circle in a ternary plot indicates the average 
composition of three types of interactions; the closer to one interaction, the higher the proportion in 
a network.  
 

 

Figure A2-4. The relationships of the initial composition of interactions with the stable persistence 
of unidirectional consumer–resource networks without mutualism (UCR-CP) at different levels of 
species number (S) and connectance (C). Each circle in a ternary plot indicates the average 
composition of three types of interactions; the closer to one interaction, the higher the proportion in 
a network.   



 
Figure A2-5. The relationships of the long-term composition of interactions with the net 
persistence of unidirectional consumer–resource networks without mutualism (UCR-CP) at 
different levels of species number (S) and connectance (C). Each circle in a ternary plot indicates 
the average composition of three types of interactions; the closer to one interaction, the higher the 
proportion in a network. 
 

 
Figure A2-6. The relationships of the long-term composition of interactions with the stable 
persistence of unidirectional consumer–resource networks without mutualism (UCR-CP) at 
different levels of species number (S) and connectance (C). Each circle in a ternary plot indicates 
the average composition of three types of interactions; the closer to one interaction, the higher the 
proportion in a network.  



  

 
Figure A2-7. The histograms of the average long-term proportions of different interactions in the 
unidirectional consumer–resource networks without mutualism (UCR-CP). Red lines are mean 
values. 
 



 

Figure A2-8. The effects of the strengths of providing (α) and exploiting (β) resources on the 
long-term proportions of competition (a) and predation (b) interactions in the unidirectional 
consumer–resource networks without mutualism (UCR-CP) at different levels of species number (S) 
and connectance (C). 
  



Appendix 3 
Additional analyses on the unidirectional consumer-resource ecological networks without 

competition (UCR-PM) 

 

Figure A3-1. The effects of the strengths of providing (α) and exploiting (β) resources on the net 
persistence of unidirectional consumer–resource ecological networks without competition at 
different levels of species number (S) and connectance (C). 

 

Figure A3-2. The effects of the strengths of providing (α) and exploiting (β) resources on the stable 
persistence of unidirectional consumer–resource ecological networks without competition at 
different levels of species number (S) and connectance (C).  



 

Figure A3-3. The relationships of the initial composition of interactions with the net persistence of 
unidirectional consumer–resource networks without competition (UCR-PM) at different levels of 
species number (S) and connectance (C). Each circle in a ternary plot indicates the average 
composition of three types of interactions; the closer to one interaction, the higher the proportion in 
a network. 
 

 

Figure A3-4. The relationships of the initial composition of interactions with the stable persistence 
of unidirectional consumer–resource networks without competition (UCR-PM) at different levels of 
species number (S) and connectance (C). Each circle in a ternary plot indicates the average 
composition of three types of interactions; the closer to one interaction, the higher the proportion in 
a network.  



 
Figure A3-5. The relationships of the long-term composition of interactions with the net 
persistence of unidirectional consumer–resource networks without competition (UCR-PM) at 
different levels of species number (S) and connectance (C). Each circle in a ternary plot indicates 
the average composition of three types of interactions; the closer to one interaction, the higher the 
proportion in a network.  
 

 
Figure A3-6. The relationships of the long-term composition of interactions with the stable 
persistence of unidirectional consumer–resource networks without competition (UCR-PM) at 
different levels of species number (S) and connectance (C). Each circle in a ternary plot indicates 
the average composition of three types of interactions; the closer to one interaction, the higher the 
proportion in a network.   



 

Figure A3-7. The histograms of the average long-term proportions of different interactions in the 
unidirectional consumer–resource networks without competition (UCR-PM). Red lines are mean 
values. 
 
 
  



 

Figure A3-8. The effects of the strengths of providing (α) and exploiting (β) resources on the 
long-term proportions of competition (a) and predation (b) interactions in the unidirectional 
consumer–resource networks without competition (UCR-PM) at different levels of species number 
(S) and connectance (C). 
 


