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Chapter 1 General Introduction

Flower ecology has long been focusing on the interaction between the plant and a single
pollinator species or group. Those studies have assumed that diverse flower characters have
evolved in response to selective pressure from their specific pollinators. Only recently, intensive
research on plant-pollinator networks, which describe the whole plant-flower visitor interaction
of the community, critically pointed out that flower-pollinator interactions include a substantial
part of generalist-generalist interactions. Furthermore, other studies have reported significant
effects of antagonistic non-pollinators on plant reproduction. These findings indicate the
importance of considering multiple biological interactions, including pollinators and non-
pollinators, to fully understand the evolution of flowers. However, our knowledge of how flower
characters affect interactions with non-pollinators is still limited. One reason is that, while
knowledge for a few non-pollinators has recently been accumulated, we still know little about
the interactions of flowers with diverse other organisms, such as flower microbes. Therefore, in
Chapters 2 and 3, 1 will conduct a DNA metabarcoding of flower microbes to examine the pattern
of flower-microbe interactions. The other reason is the scarcity of experimental studies on the
function of flower characters in interactions with non-pollinators. Chapter 4 fills this gap by
experimentally examining the effect of petal surface structure on plants’ interaction with nectar-
thieving ants.

Chapter 2 Comparison of flower microbes between plant species in a single plant community

Microbial communities on plants significantly affect plant phenotypes and fitness. Interactions
with microbes on flower organs have critical importance since interactions on flower organs
directly affect plant reproduction. However, interaction patterns of flower microbes have rarely
been examined at a plant-community level. | examined the interaction pattern of flower bacteria
with 29 plant species in a plant community by amplicon sequence of 16SrDNA. PERMANOVA
showed that microbial community compositions are greatly different among plant species. In
addition to significant contributions of habitat, flowering phenology, and plant life form on
microbial communities, still the effect of plant species is large, suggesting the strong effect of
other flower characters. Furthermore, the specificity of bacterial ASVs for plant species was
examined based on specificity index d'. There is a large variation in plant specificity among
bacteria, part of which is explained by the bacterial family. Based on d', generalist and specialist
ASVs were selected as candidates for future experimental study to examine the mechanisms for




the observed specificity. These results suggest that the flower-bacterial interaction is affected by
species-specific variation in flower characters.

Chapter 3 Temporal variation in flower microbes within a flower season of Solidago altissima

Since flowering is a highly ephemeral event, the timing of flowering substantially affects the
compositions of the visitors. Understanding how diverse biological interactions around flowers
are affected by flowering phenology is essential to predict the effects of climate changes on the
interaction of the plant with diverse flower visitors. | report that flower microbes showed
dramatic seasonal changes both qualitatively and quantitatively, during the two months of the
flower season of Solidago altissima (Asteraceae). Amplicon sequence and quantitative PCR of
bacterial 16SrDNA demonstrated that flower bacterial communities of S. altissima changed
within the two months of the flowering season. The temporal variations were observed in various
aspects of microbial communities, such as composition, alpha-diversity, and total bacterial
loads. These temporal changes were correlated with the replacement of the dominant bacterial
class from Gammaproteobacteria to Alphaproteobacteria, suggesting that the decrease in
Gammaproteobacteria mainly characterized the temporal change. The seasonal comparison of
Gammaproteobacteria ASVs suggested the substantial contribution of seasonally different
dispersals on the seasonal variation of flower bacterial communities. These results reinforce the
notion that flowers are an ephemeral habitat where microbial communities have strong dispersal
limitations.

Chapter 4 Slippery flowers as a mechanism of defense against nectar-thieving ants

The great diversity of floral characteristics among animal-pollinated plants is commonly
understood to be the result of coevolutionary interactions between plants and pollinators. Floral
antagonists, such as nectar thieves, also have the potential to exert an influence upon the
selection of floral characteristics, but adaptation against floral antagonists has attracted
comparatively little attention. 1 found that the corollas of Codonopsis lanceolata
(Campanulaceae) and the tepals of Fritillaria koidzumiana (Liliaceae) are slippery to nectar-
thieving ants living in the  plant’s habitat; because the flowers of both species have exposed
nectaries, slippery perianths may function as a defense against nectar-thieving ants. | conducted
a behavioral experiment and observed perianth surface microstructure by scanning electron
microscopy to investigate the mechanism of slipperiness. Field experiments were conducted to
test whether slippery perianths prevent floral entry by ants, and whether ant presence inside
flowers affects pollination. Scanning electron microscopy observations indicated that the
slippery surfaces were coated with epicuticular wax crystals. The perianths lost their slipperiness
when wiped with hexane. Artificial bridging of the slippery surfaces using non-slippery
materials allowed ants to enter flowers more frequently. Experimental introduction of live ants
to the Codonopsis flowers evicted hornet pollinators and shortened the duration of pollinator
visits. However, no statistically significant differences were found between the fruit or seed sets




of flowers with and without ants. Slippery perianths, most probably based on epicuticular wax
crystals, prevent floral entry by ants that negatively affect pollinator behavior. Experimental
evidence of floral defense based on slippery surfaces is rare, but such a mode of defense may be
widespread amongst flowering plants.

Chapter 5 General discussion

Flowers interact with far more diverse flower visitors than pollinators, which may pose a
selective pressure on the plant characters and, in turn, produce the enormous diversity of flowers.
Therefore, it is essential to look at the interactions with non-pollinators and how flower
characters control these interactions. One approach is to identify flower characters that strongly
control the interaction of flowers with each flower visitor. In Chapters 2 and 3, DNA
metabarcoding of flower microbes revealed the significant contribution of flower characters, in
particular flower phenology, in shaping flower-microbe interactions. Further filtering of bacteria
by specificity index or hierarchical clustering extracted potential candidates for future
experiments examining the mechanisms of the observed interaction patterns. Combined with
recent developments in DNA sequencing and image analysis, which foster the accumulation of
observations on what organisms visit what flowers, including pollinators, non-pollinating
animals, and microorganisms, these approaches may elucidate unexpected relationships between
flower characters and interactions. Furthermore, these observed associations should be
confirmed experimentally. In Chapter 4, | conducted multiple experiments confirming the field
observation that the perianth's surface of Codonopsis lanceolata and Fritillaria koidzumiana
affects the behaviors of nectar-thieving ants. Combining the comprehensive observation of
interactions and the experimental approach may lead to a more comprehensive picture of how
flower characters affect biological interactions around flowers.
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