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Population genetic structure of
the invasive lace bug species
that feed on tall goldenrod
introduced in Japan

Antonio Hernandez-Lopez

Background

As more and more alien species are being
introduced, intentionally or unintentionally
outside their natural habitats due to the
increasing rate of trade and travel in the world,
it is crucial to understand their potential for
becoming invasive and to establish their areas
of origin for a sustainable biological control.
Among the different ecological, demographic
and evolutionary factors that influence the
outcome of a species introduction, the level of
genetic diversity within alien populations has
received increasing attention as an important
factor influencing the survival and adaptive
potential of invading populations. Comparative
analyses of the genetic variability of alien
species between their native and introduced
areas reveal very different patterns. Many alien
insects show reduced genetic variability and
evidence of genetic bottlenecks associated
with the small number of founding individuals.
By contrast, many alien plants and aquatic
invertebrates show high levels of genetic
variability, suggesting that initial populations
are established by a large number of founding
individuals and / or derived from introductions
from different sources.

The tall goldenrod (Solidago altissima)
was introduced to Japan approximately 100
years ago from the US, and it has increased
its distribution to become a very pervasive
weed. The aphid Uroleucon nigrotuberculatum
was also introduced from North America in the
early 1990s, and second dominant herbivorous
insect on Japanese goldenrod populations
is the lace bug Corythucha marmorata, one
of the most abundant herbivores of Solidago
spp. in its native North America. Since the first
sighting of this lace bug in 2000, prefectural
plant protection offices reports indicate that the
lace bug is expanding rapidly in Japan, and it
has been displacing with U. nigrotuberculatum
as the dominant herbivore of tall goldenrod in
Japan.

Results and discussion

Herbivore-induced plant phenotypes have a
positive effect on the diversity of herbivorous
insects on goldenrod populations. Here |
present the first study on genetic diversity and
structure of invasive insect species in its original
range and introduced Japanese populations.
My research at CER, Kyoto University, involved
the use of mtDNA to test 1) if there are signs
of founder effect/bottleneck events after the



Figure 1. The distribution of genetic diversity in Japanese and USA lace bug populations

introduction of C. marmorata, in particular
by comparing the introduced Japanese
populations with native populations from
the USA; 2) whether there are differences
in genetic diversity given the recent
introduction of the species; and 3) to trace
the potential routes of the range expansion.

We collected samples from 9 Japanese
and 5 USA sites, for a total of 119
individuals from Japan and 41 from the
USA. Mitochondrial data show a low
diversity of haplotypes in Japanese
populations, with 92.4% of individuals
belonging to two haplotypes only. The
Fukuoka (FN, Figure 1A) population
has the highest diversity (5 haplotypes).
Even if sampling effort was lower,
genetic diversity is greater for USA
populations, with 10 haplotypes found for
41 individuals, although 1 haplotype is
dominant. Interestingly, the two dominant
haplotypes in Japan were identified in
USA populations (Figure 1B), but at
low densities. The dominant Japanese
haplotypes are distantly related. Neutral
variation of Japanese lace bug populations
is consistent with a bottleneck followed

by rapid expansion. But local adaptation
can occur in very short time intervals if
selection is strong, so more detailed gene
expression profiles from native population
from different plant haplotypes might reveal
such adaptation (with few adaptation
genes involved). It would also be of great
interest to compare the levels and patterns
of genetic diversity for the aphid invasive
species, introduced ten years before
the lace bug. This would offer a time
comparison on the effects of introduction
on genetic diversity.
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Living the ecological good life in Kyoto
Richard Shefferson

I am a frequent visitor to Japan. With strong family ties to
this country, friends across Japan’s four main islands, and
even long-term field sites in such places as Rebun Island, |
come every year and sometimes stay long periods. Yet my
time is mostly spent in northern Japan, where my family ties
are strongest. My experience this year was my first experience
living and working in western Japan, and it was rich and
rewarding.

As a visiting professor at Kyoto University’'s Center for
Ecological Research, | enjoyed interactions with some truly
world-class ecologists. These interactions involved unique
experiences that professors from outside of Japan are rarely
allowed the opportunity to enjoy.

Among my most cherished experiences was the rare
opportunity to lecture in a class on fungal biology at Kyoto
University’s Yoshida Campus for Dr. Takashi Osono, who
served as my host during my stay. | regularly teach at my
university and so understand the rewards and challenges of
teaching within an American university. The similarities and
differences in teaching Japanese students impressed me,
and | was struck by the enthusiasm that many of the students
displayed.

Of course, | also interacted with graduate students and
post-docs at CER. And my research advanced, particularly my
micro-evolutionary work utilizing individual-based models to
answer questions regarding life history evolution, evolutionary
feedbacks in population dynamics, and the evolution of plant-
microbial interactions. But the absolute highlight of my stay
was something simpler: simply living in Kyoto.

Imagination is the key to good science, and to personal
success and happiness. Kyoto has a very rich, unique
landscape and history that fosters imagination, at least in
me. And for an ecologist, Kyoto’s natural beauty is inspiring
on many levels. With the view of Hiei-san form my apartment
and beautiful walks along rivers and into mountains nearby, |
always found inspiration for ecological ideas. And Kyoto’s rich
history easily impressed itself upon me, even as | commuted
via subway and bus every day and noticed the temples,
shrines, and even Fushimi Castle in the distance.

These ideas are now leading to new projects in eco-
evolutionary dynamics and the evolution of plant-microbial
interactions, and should lead to new grants and research
papers within the next year.

Three months is too short a time to accomplish all that
one might wish to do on a visiting professorship. Indeed,
| have found that in moving to new places and positions
that it typically takes about this long to adjust to the new
environment. But nonetheless this was a very productive and
rewarding three months. So, naturally, | hope to come back
and continue in the coming years!
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