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Novel Planinsect Associations
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Why do introduced species fail to
establish in a new range?



Biotic resistance

U "the abllity of resident species in a commuriidyeduce
the success of exotic invasidrifkevine et al., 2004)
l.e. competition, parasitism, herbivory, or predation, etc.
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Biotic Resistance Hypothesis

Generalist insect

Well defended
S =

\ Coevolutionanhistory

Lack of defenses

=

Lack of coevolutionary histo

ced plant Native plant

Nativecommunity



Why do introduced species fail to
establish in a new range?

A
Novel speciesteractions

& 0 How do insect herbivores respond to
" their novel host plants?

Mm U How do plants respond to their novel
Insect herbivores?



Melanoplusgrasshoppers
(Orthoptera: Acrididae)

Native Native and Exotic



Outline

U Ph.D. researchMelanoplusgrasshoppers on native
VS. exotic grasses

U Review:Acridid grasshoppers and their novel host
plants

U Current researchMelanoplusgrasshoppers and
Miscanthus sinensmultivars
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Native versus Exotic Grasses:
Thelnteraction between Generalist Insect
Herbivoresand Their Host Plants

Plant Insect
perspective perspective



PHD RESEARCH

Do nativeand exoticgrasses diffem their resistance
to herbivory byMelanoplusgrasshoppers?

Do nativeand exoticgrasses diffem theirtolerance
to herbivory byMelanoplusgrasshoppers?
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Do Melanoplusgrasshoppers have feeding preferences for
native andexoticgrasses?

behavioralapproach

molecularapproach
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Experimental Design

Plant responses,

Molecularconfirmation

of diet

4

grasshoppeifeeding
Intact Leaf
plants segments
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Protocol
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Study Organisms

Melanoplus differentialis
Differential Grasshopper

Melanoplusiemurrubrum
Redlegged grasshoppe

Melanoplus spp.
(Orthoptera Acrididag
Grasshopper nymph

b Native
Ji grasses
Andropogon Bouteloua
gerardii curtipendula
BigBluestem  Side oatsGrama
Exotic
grasses

,,/ ,_
Miscanthus
sinensis
Chinese Silver Yellow Bluestem

Grass

Bothriochloa
ischaemum
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Study Sites

University of Cincinnati Western Maryland
Centerfor Field Studies Research and Educati@enter
(UCCFS) (WMRECQC)

University of Cincinnati Greenhouse
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Feeding Trials: Field
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Plant regrowth
Avanesyan and Culley (201J),Torrey Soc
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Feeding Trials: UC Greenhouse
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Plant Resistance

A Theability of a plant to decrease herbivordamage

A & resistance trait is any plant character that influences the amount of
damage a plant suffegs

Trichomes Jasmoni@cid

A Leaf damagés oneof the commonly used measurements for plant
resistance

A Plantswith more damage from herbivores are generally considered to
have a lower level of resistance to herbivory



PHD RESEARCH

Results: Field

0.12
!

*

0.08
|
0.004 0.008
| |
e
et |

0.04
!
5
!
(X

-

4

Exotic Native

*

Exotic Native

0.00
|

o

0.000

Total volume of grazed portiafenm?)

Exotic Native

Number of damaged leaves Avg. volume of grazed portiqe

Portion of plant utilized for grazing Number of scars per plant

(7))

S w0 (5 o -

o * ~ * 2

= i -

8 -+ — o — = 'l’

= o | *

“5 oD - I w — I 1

s 1 - — ~ g =

1 T

Q SRR -

=] 1. - i

Z = 1 : < 7 1 | g E 1 1
Exotic Native Exotic Native Exotic Native

U Most measures of leaf damage were greater in exotic grasses at both field sites (MD
OH);meanz CI; * p,4 < 0.001 Avanesyan and Culley (201B)ant Ecology



PHD RESEARCH

-

0.08
|

0.04
|

-y

0.00
|

Total volume of grazed portiofem?)

Exotic Native

a

@—n

£ *
mm_]

g

2 | o
Em_l

Y

)

—_ o~y v
b M
E .
S

zZ o -

Exotic Native

Number of damaged leaves Avg. volume of grazed portiqo

0.000 0.004 0.008

10 12

6 8

4

Results: Gree
I=

|
e
P i —

Exotic Native

*

-

I I

Exotic Native

nhouse

o

Exotic Native

o
e b

02 03 04 05

00 041

Exotic Native

Portion of plant utilized for grazing Number of scars per plant

U Most measures of leaf damage were greater in exotic grassean+ Cl; * p,4 < 0.001
Avanesyan and Culley (201Bjant Ecology



PHD RESEARCH

Al Plant Tolerance

A Theability of a plant to maintain fithess while sustaining herbivore damage

A Physiological components of plant tolerance:
growth rate, storage capacity, photosynthetic ratesitrient uptake etc.

A Plant compensatory growttin terms of aboveground plant biomass
Isone of the fundamental and commonly used measurements f%
plant tolerance to herbivory, especially in grasslands .

N

\J

A Estimating biomass should ben-destructive, accurate, and easy to
Implement
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Andropogon gerardii
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Bothriochloa ischaemum
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Plant Tolerance

Growth during herbivory Regrowth after herbivory
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Do nativeand exoticgrasses diffem their resistance
to herbivory byMelanoplusgrasshoppers?

Exotic< Native

Do nativeand exoticgrasses diffem theirtolerance
to herbivory byMelanoplusgrasshoppers?

Exotic= Native
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Do Melanoplusgrasshoppers have feeding preferences for
native andexoticgrasses?

behavioralapproach
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Lab Assays (Leaves)
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Do Melanoplusgrasshoppers have feeding preferences for
native andexoticgrasses?

behavioralapproach

ExotickNative
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Molecular Confirmation of Diet

ChloroplasttrnL (UAA) intron
~550bp

Avanesyan 2014Application in Plangciences
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Testing the Protocol

Grasshoppers of different sizes Different parts of grasshopper
digestive system
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Applying the Protocol

Cincinnati Center Western Mryland
for Field Studies (OH) Research and Education Center (MD)
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HostPlant Identification

A. Assembling a host plant
DNA barcode library
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B. Extracting plant DNA

from insect herbivores .
u PlantID

U Plant Origin

C. Comparing extracted DNA
with sequences in the
DNA barcode library

Modified from GarciaRobledoet al. (2013
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Proportions of Ingeste&lants

92 % 8 04

Exotic plants

89 04 11 % Native plants

%

U Grasshopper gut contents contained greater numbers of exotic plant species at
both field sites(p < 0.0001Binomiakest)

Avanesyan and Culleq15)Entomologia Experimentalis et Applica
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% Do Melanoplusgrasshoppers have feeding preferences for

native andexoticgrasses?

behavioralapproach

ExotickNative

molecularapproach

Exotic> Native
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Main Conclusions

Overall, exotic grasses demonstrated lower
resistance to grasshopper herbivory than native
grasses in most experiments, while they tolerated
the herbivory similar to native grasses

ExoticK b I G A ¢

Grasshoppers did not avoid feeding on exotic grasses
and even preferred them to native plants in most
experiments.

ExotickNative
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Application to BiotidResistance

Establishment

Plant invasion

Nativecommunity



Do all the P&
grasshoppers B
prefer to feed @

on exotic

plants?




REVIEW

Should | Eat or Should | Go?
Acridid Grasshoppers and Their Novel Hc
Plants: Implications for Biotic Resistance

|
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REVIEW

Systematic Review and Meé&aalysis

The authors used a very wide range of
experimental conditions and measurements to
assess grasshopper preferences

1 4 experimental environmentscommon garden,
greenhouse, lab (leavesyb (stems)

U 3 types of feeding trialsno-choice, choice (2 plants),
choice (plant mixture)

U 2types of plant material intact plantsclipped plant
parts

U Different stagesadults nymphs, mix

U 35 measurement®f feeding preferences!



REVIEW

Acridid grasshoppers prefer to feed on introduced
plants

* Native
plants U Most preferred

Introduced plants

plants “_' NO pl’ef
Both

Native plants

Introduced

U Least preferred
Not reported plants

g No preferences

Avanesyan 201&lants



REVIEW

Acridid grasshoppers  prefer to feed on  introduced
plants regardless the experimental conditions or
plant material offered
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REVIEW

Most of the preferred plants are highly invasive

20introduced plantspecies (out of 22)ere
NELZ2ZNISR a 4AGKS Y2

12 species showed high or middlevasive
rank

Bromus inermigsmooth brome) and
Schedonorus arundinace(iall fescuere
among the mospreferred (for 50%

grasshopper species)

Avanesyan 201&lants



REVIEW

Application to Biotidesistance

Establishment

Plant invasion

Nativecommunity



Grasshoppers and Introduced Plants

Wild type Cultivars
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Miscanthus sinensndersson
Chinesesilvergrass

ONRCS | RPIANTS. \
e -
a 3
Vi

es.wii;i'\p\ed'ia.org
&

Native to Japan

1893: introducedo AshevilleNC; 1894: Washington DC

1940: naturalizegbopulationsin NewYork, WashingtoC, Florida,
West Virginia

2018: reported in 27 states

disturbed areas, open fields, forest understories (in Maryland)
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Miscanthus sinenss&arieties

U one of the most popular ornamental
plants
U > 100 cultivatedrarieties

U Striped pattern
U Less vigorous, less invasive

U WEENBSY Q LI I yia
U More aggressive
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Miscanthus sinensyarieties
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Research Questions

Do Miscanthus sinensis cultivars differ in their
resistance and tolerance to grasshopper herbivoyy?

U Do the plant responses to herbivoryMh sinensis
cultivars differ from the plant responsesivh sinensis
wild type?
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Field Experiments

U 5 cultivars

U 30 plants/cultivar

U measured plant growth and leaf
damage at 4 time points




