Plant-mediated indirect interaction between two butterflies: consequences of species-specific food
demand
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Summary

Introduction

The importance of food depletion for interspecific interactions between herbivorous
insects has been largely overlooked in studies on plant-mediated herbivore interactions,
because their resources are usually abundant. However, food depletion occurs at least in
some times and places, where interactions between herbivorous insects may be
mediated by food shortage. I examined whether food demand of herbivores can explain
the characteristics of herbivore interactions mediated by temporary/local food shortage,
using two butterfly species Sericinus montela and Atrophaneura alcinous, which often
severely defoliates their shared host plant Aristolochia debilis. Specifically, I examined
whether (1) herbivore species-specific food demand influences plant growth and
biomass, (2) larval food demand of the two specialist butterfly characterizes their
interaction via reduced quantity of their shared host plant, and (3) the interaction
between these butterfly larvae is reflected in their population growth rate per generation

in the field.

Methods

Chapter 2 conducted a field experiment examining the effects of herbivory history on
plant growth and biomass, and tested whether herbivory effects differ between S.
montela and A. alcinous. Chapter 3 conducted a cage experiment examining whether
larval density affects larval survival and development and whether the density effects
differ between con- and heterospecifics. Chapter 4 conducted a four-year field survey
that examined heterospecific density effects on population growth of S. montela and A.

alcinous at the riverbank of the Kizu River in Kyoto prefecture.



Results

The main findings are as follows. (1) Despite that A. alcinous larvae imposed greater
damage on plants than S. montela larvae, plant growth did not differ due to herbivory by
these species both in single and multiple herbivory events. On the other hand, total
aboveground biomass of the plants was reduced more by A. alcinous than S. montela
feeding regardless of the number of herbivory events (Chapter 2). (2) The cage
experiment showed that total larval density (i.e., sum of con- and heterospecifics)
significantly decreased survival and prolonged development time of A. alcinous, but
neither affected S. montela survival nor development time. Furthermore, a defensive
chemical of 4. debilis did not influence larval consumption and growth of either
herbivore (Chapter 3). (3) Although an increase in A. alcinous density caused severe
defoliation (damage rate > 90 %), neither S. montela nor A. alcinous decreased the
population growth rate of heterospecifics. On the other hand, conspecific density
decreased the population growth rate of both butterflies, suggesting that intraspecific
competition is more frequent than interspecific interactions for these butterflies (Chapter

4).

Discussion

Overall, food demand may have produced the asymmetric interaction between S.
montela and A. alcinous, but this asymmetric interaction may be modified by other
factors such as spatial distribution and plant regrowth. In fact, the larvae were more
likely to aggregate on a plant with same species than with the other. Moreover,
defoliated plants recovered their foliage at least four weeks after defoliation, which may
provide additional food resources for subsequently colonizing herbivores. These factors
would ameliorate the strength of the interspecific interaction via food shortage. The
present study suggests that focusing on food demand of herbivores may be useful for

understanding how herbivores interact through temporary/local food depletion.



