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Trait evolution and genetic structure of a native plant species

in diverse urban environments
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OCELE (1198/200057)

The global expansion of urban areas has led to habitat loss, fragmentation and environmental change,
contributing to a decline in biodiversity. Urban development affects both biotic and abiotic factors,
resulting in increased temperatures, known as the urban heat island effect, increased CO2 concentrations,
and higher levels of soil and water eutrophication. The invasion of plants into urban areas has
exacerbated the threat to native species, leading to a decline in plant species richness, particularly in
regions with expanding impervious developed areas. Thus, there is an urgent need to understand how
organisms adapt to human-dominated ecosystems, making it a central concern in ecology and
evolutionary biology.

Evolutionary ecologists have extensively documented examples of organisms adapting to urban
environments, but comprehensive studies of adaptive evolution driven by urbanisation remain limited,
and there are several challenges to understanding urban evolutionary biology. First, many studies use
dichotomous or distance gradient comparisons, making it difficult to distinguish whether trait evolution
is a response to urbanisation-induced habitat change or to specific habitat conditions. Comparisons
between urban and non-urban populations within the same habitat type are recommended to clarify this
distinction. Second, recent research reveals significant trait differences not only between urban and rural
populations, but also between different urban habitat types. The increasing diversity of developed land

within cities promotes habitat diversity, potentially leading to trait diversification across different urban
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habitat types, an aspect that requires further investigation. Third, although previous research has shed
light on the variation in adaptive responses to urban environments among different functional traits,
there is still a gap in our knowledge of whether evolution occurs independently within individual traits
or cooperatively across multiple traits. Therefore, gaining insight into intraspecific variation in multiple
traits along urban-rural gradients is crucial for understanding the mechanism of urban adaptation. The
common garden experiment is a widely used method for assessing whether genetic factors contribute to
trait divergence between urban and rural plant populations. However, challenges exist in determining
the relationship between relative fitness and observed traits, and conducting only common garden
experiments may not distinguish robust trait divergence from phenotypic plasticity. Therefore, the
comparison between quantitative trait divergence (Qsr) and genetic divergence (Fsr) using neutral
genetic markers, which provides insight into whether traits are adapting to local environments or
evolving neutrally. Comparing genetic diversity and structure between urban and rural populations also
provides crucial insights into plant adaptations to urban environments and neutral evolution. Urban
development is also one of the factors that influence reduced gene flow and increased genetic drift
within populations. Comparing genetic structures between urban and rural populations, and between
different urban habitat types, helps to understand whether the observed trait divergence occur due to a
single origin or to parallel processes.

In this thesis, I describe the effects of urban development and the creation of habitat
diversification on the evolution and/or plastic responses of multiple functional traits and population
genetic traits in the annual native species Commelina communis along an urban-rural gradient within the
Kyoto-Osaka-Kobe metropolitan area.

In Chapter 2, I conducted both a field survey and a common garden experiment to test the effect
of increasing developed land area on several vegetative traits of plants living in the semi-natural
grassland surrounding the agricultural land along an urban-rural gradient. The combination between the
field survey and the common garden experiment showed that fewer leaf production in urban populations
is likely to evolutionary response, and larger plant height and leaf area were plastic response for urban

environments. In addition, the trait correlative relationships along an urban-rural gradient suggested that
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the probability of trait correlation evolution in urban population. Thus, my results showed that
environmental changes associated with urbanisation can exert pressure on native annual plant species.

In Chapter 3, I investigated the effects of urban habitat diversification on the vegetative,
phenological and reproductive traits of an annual native species through the implementation of a
common garden experiment. I also conducted a comparison of Qsr and Fgsr to determine whether the
traits measured were the result of local adaptation or neutral evolution. Urban habitats were
characterised by higher soil pH, and urban parks and roadsides were shaded and/or dry, in contrast to
rural habitats. Urban populations, especially those near roadsides, exhibited traits such as increased
plant height, reduced number of shoots and leaves, and larger leaves compared to their rural
counterparts. In addition, populations in urban agricultural areas exhibited a delayed flowering
phenology compared to other urban population types. Notably, urban park populations often exhibited
intermediate characteristics between those of rural populations and other urban types. The relationships
between plant height, leaf/shoot number and flowering phenology were suggested to be key factors in
explaining trait divergence in urban habitats. The Qsr-Fsr comparisons, coupled with the relationships
between traits and environmental factors, strongly suggested that local adaptation to eutrophic and/or
shaded urban environments is likely to have driven the observed trait divergence in different urban
populations.

In Chapter 4, I investigated whether urban habitat diversification and variation in landscape
configuration between populations affected genetic diversity and structure using multiplexed
inter-simple sequence repeat genotyping. No significant differences in genetic diversity and structure
were observed between different habitat types. Isolation by distance not only between same habitat
types, but also among different habitat types was also not observed. However, variation in landscape
configuration, especially forest and developed land areas, appeared to promote genetic divergence. The
study species has a mixed mating system and my results exhibits a high inbreeding coefficient,
suggesting that C. communis may mitigate the negative effects of the urban environment through its
high selfing rate.

Overall, my results suggest that environmental and landscape changes associated with the
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creation of diverse urban habitat types acted as selective pressure for multiple functional traits in the
annual native plant species (Chapter 2, 3) and there were specific trait syndromes for each urban habitat
types (Chapter 3). Notably, increased soil pH and the creation of artificial shaded environments effected
on plant size, leaf/shoot production and reproductive phenology. In addition, intraspecific trait variation
in both the field and the common garden experiment and genetic divergence were observed along an
urban-rural gradient (Chapter 2, 4), indicating the potential involvement of overall environmental
change in plant trait evolution and landscape heterogeneity, particularly variation in forest and
developed land cover, was found to influence genetic structure.

My findings of no significant differences in genetic diversity and structure between different
habitat types (Chapter 4), despite trait divergence leading to local adaptation (Chapter 3), and the plastic
response of C. communis vegetative traits to the urban environment in the field (Chapter 2) provide new
insights. Polyploidy traits emerge as key elements for urban adaptation compared to diploid species,
given the versatility of polyploid species in different environments, their wider distribution, lower
susceptibility to urbanisation-related effects on genetic diversity, and higher tolerance to environmental
stress. Considering the probable tetraploid nature of C. communis, known for its higher environmental
stress tolerance and wider ecological range than diploid plants, and the distinct distribution of C.
communis f. ciliata, closely related with fewer chromosomes, predominantly in rural environments
along urban-rural gradients, the importance of ploidy in urban adaptation is highlighted. Future studies

should examine different ploidy levels and manipulate environmental factors to gain deeper insights.
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