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Geographic mosaic
coevolution hypothesis
Timothy Paul Craig

I am grateful to have had the opportunity
to return to the Center for Ecological Research
this past summer to continue my 20 year
research collaboration with Dr. Takayuki Ohgushi.
We are currently collaborating on a study of
the coevolutionary interactions between the
goldenrod, Solidago altissima which was
introduced to Japan from North America, and its
insect herbivores including the introduced lace
bug Corythucha marmorata. Coevolution, the
reciprocal evolution of organisms, has long been
a focus of my research and | am currently using
the interaction of goldenrod and its herbivores
as a model system for testing coevolutionary
hypotheses. In the absence of time machines it
can be difficult to test coevolutionary hypotheses
because they can involve changes over long
periods of time. One solution to this problem is
to measure the variation in interacting pairs of
species in different geographic areas where their
interactions differ, which has been called the
geographic mosaic of coevolution. In areas termed
"hot spots" the species interact strongly with each
other and their traits coevolve, while in other
areas termed "cold spots” they will interact weakly
or not all and their characters will not coevolve.
Therefore, if species are coevolving then the traits

The evolution of bees:
More than just pollinators

Scott Groom

Bees are the single-most important group
of invertebrate pollinators, responsible for the
function of many terrestrial ecosystems and
production of economically important food crops.
But recent studies show an alarming decline in
their abundance in many regions of the world.

Lasioglossum fijiensis

The importance, but vulnerability, of these
species led my research to focus on the islands
of the Pacific Ocean. Despite otherwise highly
biodiverse archipelagos, bee diversity appears
reduced in this region’, which is concerning given



of species in hot spots and cold spots will
differ, and this will support the coevolution
hypothesis.

Corythucha marmorata

The interaction of Solidago altissima
and its herbivores is ideal for the study of
the geographic mosaic coevolution, and the
history of introductions of the plant and its
herbivores provides unique opportunities
for testing these hypotheses. Our current
collaboration is allowing us to expand
our continental study of the geographic
mosaic of coevolution to measurements
on an intercontinental scale. Goldenrod
was introduced into Japan at the turn of
the 20" century, and studies by our group
indicate that the origin of the plant was from
the Southeastern United States. The plant
evolved in isolation from its North American
herbivores for over 100 years, but in the

year 2000 the lace bug was introduced to
Japan through the port of Kobe. The lace
bug has been spreading rapidly through
Japan, and it has reached higher densities
than in its native North American range. In
a remarkable study by one of Dr. Ohgushi's
graduate students, Dr. Yuzu Sakata (now
at Akita Prefectural University) and her
co-authors demonstrated that Japanese
goldenrod has lost its resistance to the lace
bug during the period when it escaped
herbivory, but that it had rapidly re-evolved it
defenses during the 12 years of exposure to
lace bug herbivory. Her study indicated that
evolution in this system proceeds rapidly
enough that we can observe interactions
coevolving in the novel environment in
Japan. Dr. Sakata worked with us in the
United States and found that populations
from areas, such as Minnesota, with low level
of lace bug herbivory also have low levels of
defense. The cold temperatures in Minnesota
limit the population growth of the lace
bug population making it unnecessary for
the plant to invest in defenses. These data
show that the local abiotic environment
also influences the evolution of plant-insect
interactions. To understand the coevolution
of this interaction during my visit to CER we
planned and initiated a reciprocal transplant
experiment where we will grow plants from

six sites in Japan and the U.S.A. We will
measure the reciprocal responses of both
the plants and the insects at each site to
measure evolutionary forces. We predict
that herbivory will differ among sites, and
that as a result plant damage will also
vary. Herbivory alters the plant for other
herbivores that subsequently use the plant
which creates indirect effects where species
separated in time and space effect each
other via alternation in plant traits. We will
study how these indirect traits shape the
development of the communities at these
different sites providing us with insights
of how evolutionary history of organisms
influences ecological interactions among
communities.

I learned a great deal during my stay
as a Visiting Professor at C.E.R. not only from
the members of the Ohgushi lab, but from
the opportunity to interact with many other
faculty, students, and staff at the Center. |
look forward to continuing this valuable
collaboration for years to come.

Timothy Paul Craig
IRYIKRZ B
FPI I EREZ.

the number of communities that rely on
subsistent agriculture.

My research utilised DNA sequencing
to demonstrate that the island bee fauna
of the south west Pacific are the result of
three phases of arrivals. Halictidae species
(exclusively Lasioglossum) arrived first as
part of a rapid radiation during the Pliocene
with large scale population declines prior
to, and massive haplotype accumulation
following, the Last Glacial Maximum
(LGM)>3. In contrast, Megachilidae species
mostly arrived after the LGM (~23 kya) with
many since human occupation (~3 kya)*and
all Apidae species coincide with the arrival of
humans®.

As species of Halictidae and
Megachilidae represent the vast majority
of species in these islands, it appears that
prior to the Pliocene radiation of Halictidae,
bees were absent from volcanic islands of
the Pacific. This suggests that the genesis of
island biodiversity has occurred largely in the
absence of a key pollinator. Demonstrated
changes in Lasioglossum haplotype diversity
coinciding with the LGM also shifts our
understanding of climate impacts in lower
latitudes, which have previously been
considered an area relatively unaffected by

past glacial cycles.

The results of this research then led
me to Japan, through Associate Professor
Atsushi Kawakita, where | saw an opportunity
to explore the plasticity of Lasioglossum
bees that facilitated their global diversity.
In Hokkaido, one species of this genus
exhibits both solitary and social nests within
a single population. This unique situation
allows us to explore the difference between
nest members, and gain insight into the
mechanisms that allow social behaviour to
evolve.

The origin of eusociality, where group
members specialise into sterile ‘workers' and
reproductive ‘queens’, has been described as
one of the major evolutionary transitions. This
transition has led to extraordinary success
in eusocial lineages following adaptations
and expansion into novel ecological niches.
Despite only 11 independent origins in
the Hymenoptera, many thousand eusocial
species represent a disproportionate amount
of global biomass.

A recent study® discovered that many,
if not all, eusocial bees, ants and wasps
use similar "queen pheromones’, chemical
signals that regulate many aspects of colony
life. This suggests common, conserved

aspects of sociality. Preliminary comparison
of both chemical profiles and gene
expression between solitary and social castes
suggest that the novel profile of the worker
caste may indicate it is the derived state,
though my analyses continue.

While unfortunately my time in Japan
is coming to a close, | hope to continue to
expand on my studies here and welcome any
opportunity to collaborate within the very
active entomological research community.

1:Groom & Schwarz (2011) Apidologie
42(6)759-770; 2:Groom et al.(2014)
Proceedings of the Royal Society B: Biological
Sciences 281(1785); 3:Groom et al.(2013)
Molecular Phylogenetics and Evolution
68(3)582-594; 4:Groom et al. (2014) Journal
of Insect Conservation 18(4) 613-622;
5:Groom et al. (2014) Biological Invasions
16(11)2293-2302; 6:Van Oystaeyen et al.
(2014) Science 343(6168) 287-290
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