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SUMMARY

Summary
Symbiotic interactions have been fundamental for life as we currently know it, and has led 
to the evolution of new complex organisms that can inhabit environments out of their own 
reach (chapter 1).

In order to cooperate in a symbiosis, organisms need to communicate. I explore the 
evolutionary aspects of honest signalling and explain why signals can be prone to cheating. 
I give examples of how plants and arbuscular mycorrhizal fungi communicate specific 
information and to maintain a relatively robust communication system. I highlight the 
important studies recently published on dishonest signalling and evaluate open questions 
regarding the evolution of honest signalling (chapter 2).

Plant roots are surrounded by millions of soil microbes, from which many are fungi. I 
evaluate how so many fungal species are evolved and able to thrive in the same ecosystems. 
I describe strategy schemes previously applied in macro-organism ecology and evolution, 
and if they can be applied to understand the fungal biodiversity of co-existing fungi. I discuss 
which strategies different fungal groups can use to get to a nutrient side, to build a network 
or deploy resources spatially and temporally. I evaluate open questions in the scientific field 
of fungal biology (chapter 3).

Exchange of goods and products are the basis of mutualistic interactions. While we know 
that partner selection and rewarding are central to keep mutualistic interactions stable, there 
was still an open question on how individuals in a symbiotic interaction respond to changing 
environmental conditions. How do individuals adjust their trading strategies when they deal 
with patchily distributed nutrients, temporally changing nutrient availabilities, different 
partners or while competing with other symbionts? And can they adjust in such a way 
that they still have the benefits? I have addressed these questions in chapter 4-9, using the 
arbuscular mycorrhizal symbiosis. I helped to develop a novel technique, tagging phosphorus 
with fluorescent quantum-dots to follow nutrient exchange between arbuscular mycorrhizal 
fungi and plants. I show that arbuscular mycorrhizal fungi can adapt their trading strategies 
depending on the environmental conditions. When they are exposed to a patchy environment 
with different amounts of nutrients available, the fungus stores less phosphorus and trades 
more with the host plant. The fungus is able to evaluate where across the network it gains the 
highest benefit and adjusts its trading accordingly, trading more phosphorus where it gains 
the most benefit (chapter 4).

Also temporal variation in nutrient availability influences the trading strategies of arbuscular 
mycorrhizal fungi. I evaluate how we can predict these patterns with the biological market 
theory. I show how arbuscular mycorrhizal fungi are able to compensate for a drop in nutrient 
availability, are able to capitalize on an influx of nutrients, and to change their trading strategy 
to increase their own benefit (chapter 5).

Global warming increases the frequency of extreme weather events, which has large 
impacts on plants, fungi and nutrient availability. I show that the symbiosis with arbuscular 
mycorrhizal fungi not always help the host plant to negate the negative influences of stress 
(chapter 6).

Underground, arbuscular mycorrhizal fungi are connected to multiple host plants at the same 
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time. I show how the fungi adjust their phosphorus trade when connected to two plants of 
different age and how the trade changes when the nutrient conditions for the host plants are 
different. I show that the fungus transports more phosphorus to a host plant which needs more 
phosphorus (chapter 7).

In the arbuscular mycorrhizal symbiosis, plant and fungi are able to influence the nutrient 
uptake and exchange of nutrients to their partners. I study how the host plant can influence 
the nutrient foraging patterns of single fungal hyphae. I show that the nutrient conditions of 
the plant root alters the morphology and the reproductive behaviour of the fungal network 
(chapter 8). 

Not only abiotic factors, as nutrient availability, but also biotic factors influence symbiotic 
interactions. Competition and cooperation between arbuscular mycorrhizal fungi influences 
the network morphology and functioning. I test the performance of genetically different 
fungi in a single network. I show that networks of genetically less related fungi have higher 
competition and less cooperation, and that this negatively influences the symbiosis with the 
host plant (chapter 9).

I finish with a general discussion, I discuss the findings of each chapter briefly and discuss 
how the chapters are connected under wider topics and conclude with the main findings of 
my thesis (chapter 10).


