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How do foragers and plant traits influence 
one another within and across years?



Study system

Chamerion angustifolium (fireweed): perennial, clonal, flowering plant

Bombus pollinators

Specialist and generalist leaf herbivores
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Size manipulation: 50 % 
stem removal (n = 35)

Display manipulation: 
50% flower removal 
(n=12)

Control: no removal 
(n=58)
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Plant effects on foragers



Responses: Factors:

Percent damage (herbivory) Removal treatment

Fruit number (pollination) Flower number

Browsed stems (herbivory) Stem number
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Natural  or reduced herbivory

x

Natural or reduced pollination

n = 124
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Responses: Factors:

Stem number Herbivory treatment

Height Pollination treatment

Flower number Stem number

Number of flowering stems Flower number

Fruit number (pollination)

Percent damage (herbivory)

Forager effects on plants



Within years, herbivory decreased flowering
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Across years, no consistent effect of 
herbivory on size
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Across years, pollination decreased size and 
increased browsing

0

0.1

0.2

0.3

0.4

0.5

0.6

Excision Intact

P
ro

p
o

rt
io

n
 s

te
m

s
 b

ro
w

s
e

d

P = 0.02



Within years, negative indirect effects between 
foragers
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Damage

Pollination

Flowering stems

Flower number

Stem number

Stem number

Height

Deer browsing
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Plant sexual reproduction

Plant asexual reproduction

How do foragers influence reproduction in 
clonal plants?



Study system

Eichhornia crassipes (water hyacinth): perennial, clonal, flowering aquatic plant

Specialist herbivores Neochetina eichhorniae and N. bruchi (mottled and 
chevroned water hyacinth weevil)





Leaf damage (~25%)

Axillary damage

Apical damage



Apical meristem damage

Axillary meristem damage

Leaf damage

No damage

Hand pollination

x 

No pollination

Experiment 1: acute axillary damage, 37-day responses

Experiment 2: chronic axillary damage, 11-day responses, pollination 
treatments

Forager effects on plants



Analysis

Responses: Factors:

Change in leaf number Damage treatment (4 levels)

Clonal offspring produced Population of origin (2 or 3 levels)

Flowers produced (y/n) Spatial block (tank)

Survival Initial plant mass (g) 

Fruit number Initial leaf number

Seed mass Pollination treatment (2 levels)



Responses: Factors:

Change in leaf number Damage treatment (4 levels)

Clonal offspring produced Population of origin (2 or 3 levels)

Flowers produced (y/n) Spatial block (tank)

Survival Initial plant mass (g)

Fruit number Initial leaf number

Seed mass Pollination treatment (2 levels)

Analysis



Apical damage decreased leaf 
production (short and long term)

ANOVA, P < 0.0001 ANOVA, P < 0.0001



Axillary damage (chronic) increased 
leaf production

ANOVA, P < 0.0001



Axillary damage (chronic) decreased 
clone production

ANOVA, P < 0.0001



ANOVA, P = 0.012

Apical damage increased clone 
production (long term)



Χ2, P < 0.0001 

Apical damage decreased flowering



χ2, P = 0.001

Apical damage decreased survival
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Induced resistance in E. crassipes

Does E. crassipes induce resistance to Neochetina damage?

Does E. crassipes induce resistance to manual damage? 

What are the implications for Neochetina biocontrol of E. crassipes?



Whole plants caged with adults

Manual leaf damage

No damage

Adult weevil bioassay

Induced resistance to insect damage
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Buchanan 2013, Florida Entomologist



Apical damage

Axillary damage

Leaf damage

No damage

Adult weevil bioassay

Induced resistance to manual damage
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Manual leaf damage does not affect 
subsequent damage, relative to controls
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