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Number of species on Earth

Currently catalogued Estimated

Invertebrates
(1,392,342)
Plants
(310,129

Invertebrates
(6,752,500)

Arthropods
(1,165,320)
Arthropods
(5,840,000)

Other
\ertebrates invertebrates \ertebrates invertebrates
(61,995) (227,022) (80,500) (862,500)

Insects > 85% of Arthropods

Data from Scheffers et al. (2012) Trends Ecol Evol 2122




|_aSs ofi Species diversity: acceleratini: :

Extinctions per thousand species per millennium

100 000
Distant past Recent past Future
(fossil record) (known extinctions) ' (modeled)
10 000 - PITJ]EEIEd future
extinclion rate is
=—— more than ten times
higher than cument rafe
1 000
Currant extinction rate
100 - . = is up fo one thousand
- times higher than the
fossil record

For evary thousand
mammal species, lass
109 than cne went extinct
every millennium

J N
- - Long-term average
extinction rate

0.1 1

Marine Mammals  Mammals Birds Amphibians All species
species

Millennium Ecosystem Assessment (2005) 3/22



LL0SS 01 Worldwide SPeCIes IVErSILY,
IN INnverteprates

42% of terrestrial invertebrates assessed by
IUCN RL are threatened with extinction

Extinct  Critically
Data Endangered

deficient .

En-
dangered

Least
Concern

Vulnerable

Near Threatened

Data from Coller et al. (2012) Spinless 4122



Relationship of Biodiversity-Ecosystem Function (BEF)
Consensus of 20-year BEF studies

Ecosystem

function
(resource capture,
biomass production,
decomposition, nutrient
recycling)

Biological diversity

Cardinale et al. (2012) Nature
5/22



For human well-being_

Biodiversity

Specie diversity

Ecosystem
service
Supporting
Provisioning
Regulating
Ecosystem Cultural
function

Millennium Ecosystem Assessment (2005)



Hierarchy of Biodiver

Biodiversity

Specie diversity

Trait diversity |

Genetic diversity § = _ Ecosystem

service
Supporting
Provisioning
Regulating
Ecosystem e el
function




How does insect species diversity affect genetic variation in one
Insect species through evolutionary interactions?

8/22



Genus Salix (willow) as a MeHEIRsySt :

Nature

« One of the most dominant and diverse plant group of northern hemisphere
(e.g., > 450 species in the whole Holarctic region), growing all northern
habitats from tundra to old-growth forests. Common in Finland and Japan.

« Utilized by many, many different insect species (Lepidoptera, Hemiptera,
Coleoptera, Hymenoptera, Diptera,...). = We focused on species
diversity and genetic diversity of insects on a willow

@ Joensuu
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- Catkin feeder Hymenopteran gall Moth caterpillar
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Genus Salix (willow) as a Meaelisyst :

Applied use

« Short Rotation Coppice (SRC) as an energy crop
« Phytoremediation to clean up soil

—> for Sustainable Development

« In Hokkaido, SRC trial has been initiated by the government

« Insect attack is a critical topic for productivity and success of
plantation

eden i 8 S ‘i | @ Sweden
57 ) -' ': 8 7 3
b "'1 i) . |

10/22



. . . ! | |
Focal Insect species to consider: geneliGVarsaity .

Leaf beetle

Plagiodera versicolora

- only feeding on salicaceous trees

- wide distribution in northern hemisphere

Continuative variation among individuals in “preference”

Exclusive preference type No preference type
for new leaves
||
p " T m ..
= gourmet type s
0. .
0. ®
'y
Heritable quantitative trait .
& polygenes ,\'

Utsumi et al. (2009) Ecol Lett 11/22



Research in Finland a

\
- Finland

-Collecting leaf beetle populations-

2. Preference test under laboratory condition

3. Genetic structure

-Field Census-
1. Herbivorous insect
species diversity

Japan
<
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(Genetic structure - .

Sequence analyses of mitochondrial gene (COI region)

« Significant among-population genetic differentiation
(within each country)

[AMOVA: P < 0.05]

* Non-significant correlation between genetic differentiation

(F¢7) and trait difference (within each country).
[Mantel test: NS]

Preference variation among sites is due to evolutionary
change in each site rather than individual migration

14/22



How does different preference type evolve?
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Herbivore diversity.

= host plant value
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No. herbivore species
(species diversity)
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Host plant value

- leafl beetle preference

9

Country effect is not'significant

TED
KUZ

—
©
1

exclusive
new leaves)
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ASAg BIW

> (
Plagiodera preference
o o o
n o o

o ©
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Finland

none

0.0 0.5 1.0 1.9 2.0 b
Host plant value )55,’;
(new leaf availability)
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Scenario = "

’ (
Insect species diversity * _

Preference evolution
attack

selective force

Host plant value

V%
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Community-manipulation experiment

Natural Selection toward

exclusive preference for new leaves
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Relative fitness

Herbivore
Species ,
diversity %y, o
/{L/

Experimentally demonstrated
trait evolution scenario of the leaf beetle

. =

mesocosm

Natural Selection toward
no preference

depending on species diversity

19/22



Insect species diversity

Preference evolution
attack

selective force

V._é
A Host plant value

“ubiquitous’ evolutionary process

20/22



. . . g |
[Loss of species diversity: leadimgEaons

 Evolution toward no preference type
 Extinction of gourmet type populations

3

All populations

% % 9 are no preference type
e S All populations
N are homogenous
Q.
O Low genetic diversit
S g y
3
"g.. Genes contributing to
3 o gourmet type may be
< lost
25 30 35 40 45 50 \ v,

No. herbivore species
(species diversity) 21/22



Take-home message -

Loss of species diversity can result in

« Homegeneity of selective force for a community member
among localities

 Reduction in trait and genetic diversity among populations

» (Cascade of biodiversity degradation across hierarchies
(1.e., species - trait - genes - ? feedback ?)

 Loss of potential genetic resource loss on Earth

We need a new “Evolutionary Community Ecology” study in

various ecosystems
22/22
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Willow — Herbivore System

Herbivore-induced regrowth

; ;" 2° shoots

‘ \,\ 4 Regrowth
4

Strong regrowth drastically increase availability of new leaves




