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Effect of higher-order interactions on the community dynamics of host-parasite

system

GAO Zhiling, SU Min" , JIANG Zhengjun
School of Mathematics, Hefei University of Technology, Hefei 230601, China

Abstract: Broad evidence has shown that species interactions could influence the stability and diversity of ecological
communities. Higher-order interactions ( HOIs) were defined as non-additive effects of density on per captia growth of
species. Previous studies have showed that the non-additive effects could strongly influence community stability, patterns of
diversity, and better explaining the dynamics of natural community. However, the effect of higher-order interactions on the
parasitic community has received little attention. Following this line of thinking, we examined the role of higher-order
interactions in the dynamics of multihost-parasite community. We first extended the Lotka-Volterra competition model into
the phenomenological models describing a multihost community with three host species that incorporated a generalist,
environmentally transmitted parasite. To explore the implications of higher-order interactions for the parasitic infection, we
then included the intra-specific and/or inter-specific higher-order interactions in the multihost-parasite system.
Phenomenological models can tell us something about where, when, and what of higher-order interactions, but they tell us
little about how and why. We supposed these interactions arising via resource competition. Then, we further constructed the
mechanistic models of resource competition of multihost-parasitic community, in which non-additive dynamics emerged
implicitly, without the need to invoke the higher-order terms. Data generated from simulations of mechanistic models to
assess the frequency and magnitude of higher-order interactions arising about the dynamics of multi-host system. Then, we
fitted the four phenomenological models by regression analysis: (i) direct interactions model; (ii) intra-specific higher-

order interactions model; (iii) inter-specific higher-order interactions model; and (iv) fully specified higher-order
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interactions model (including intra-specific and inter-specific higher-order interactions). The results revealed that the fit
goodness displayed different results with models of higher-order interactions and direct interactions. Importantly, fully
specified higher-order interactions model performed best in describing the community dynamic of multiple host-parasitic, but
the direct interactions model showed the worst result among the four models. In addition, the results also revealed that the
effects of intra-specific and inter-specific higher-order interactions were asymmetric, and the model with inter-specific
higher-order interactions predicted accurately than that of intra-specific higher-order interactions. In order to test the
sensitivity and robustness of the dataset generation and fitting process, we conducted additional simulations by changing
perturbation densities to less than half of each host’s carrying capacity. And the results showed that the simulation method is
reasonable. Our results thus underlined the importance of considering higher-order interactions when investigating the

multihost-parasite community, and provided a basis for understanding the diversity of interactions between species.

Key Words: higher-order interactions; indirect interactions; host-parasitic system; mechanistic model ; phenomenological
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Table 1 Definition of the parameters used in the models

Parameter Definition Default value
e, (i =1,2,3) i EH A IR AL R e, = 0.1142,¢, = 0.127,e; = 0.14
fi =G =1,2,3) T8 X IR TEFE R f ~ unifrnd (0.07,0.145)
v (i = 1,2,3) A% 5 I 1 R R vi = 0.505,y, = 0.6,y; = 0.7
wm (i =1,2,3) 8 31 [ SRIET R m (i =1,2,3) =05
v (i = 1,2,3) ARG T R ER SN FE TR vy = 01,0, = 02,03 = 0.3
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r BRI AR R 4
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Fig.2 Population dynamics under perturbation with the mechanistic model
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