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Plants and Heteropterans

» Plants comprise important components of
the life histories of many Heteropterans:
— Oviposition substrate — On and in
— Food and moisture resource — Phytophagy
phytozoophagy, zoophytophagy |
— Foraging substrate and universe
— Signaling and mating substrate

— Inter-season resource — Diapause
cues; shelter in, on, and under




Relationships in Heteroptera:
Origins of Predation

Enicocephalomorpha

Dipsocoromorpha

Gerromorpha (water striders, water measurers, velvet water bugs)

Mepomarpha (waterscorpions, giant water bugs, toad bugs, water boatmen, backswimmers)
Leptopadomarpha (shore bugs, spiny shore bugs)

Pentatomomorpha (flat bugs, stink bugs, seed bugs, leaf-footed bugs, scertless plart bugs)

Cimicomorpha (assassin bugs, plant bugs, lace bugs, minute pirate bugs, bed bugs)

From: http://tolweb.org/Heteroptera

* Predation appears to be ground state (based on
phylogenetic, physiological, morphological, and fossil
evidence; e.g., Cobben 1978/79, Schuh and Slater
1995, Schaefer 1997, Wheeler 2001)

From: Grimaldi and Engel 2005

 Secondarily derived in some groups (e.g., Asopinae
and Geocoridae in Pentatomomorpha)




Overview

» Aspects of omnivory
— Life history benefits
— Feeding tradeoffs

» Plants and heteropteran eggs
— Considerations of egg inserters

-

— Plant selection for eggs and nymphs
 Implications for biological control
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Omnivory in Heteroptera

» Eubanks et al. (2003, Ecology 84:2549-2556):
97 species of heteropteran omnivores among 12
Cimicomorphan and Pentatomomorphan
families — Conservative estimate (classified
numerous “predators”)

» Can readily add at least 17 species and 1 family
(Reduviidae); many more
(e.g., Fauvel 1999, Agric. Ecosyst.
Environ. 74:275-303)
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Plants and Predatory Heteroptera
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Omnivory in Predatory Heteroptera

Numerous benefits of phytophagy:
— Shortened developmental times
— Enhanced nymphal survival
— Prolonged adult survival
— Greater fecundity

— Benefits vary with plant and insect stage
(e.g., Naranjo and Gibson 1996, Coll 1998: Thomas Say Pubs, ESA)

Jorge B Torres
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Omnivory in Predatory Heteroptera
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Adapted Fig. 3A from Sanchez et al. 2004 (Entomol Exp. Appl. 112:7-19)




Plants and Nutrition

» Water or nutrients, or both?

— Extra-oral digestion needs digestive fluids —
availability of ample fluids may be critical to enhance
life history (cf. Gillespie and McGregor 2000, Ecol.
Entomol. 25:380-386)

» Plant-prey consumption tradeoffs?

Andrew Gale
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Tradeoff Complexity

» Dietary substitution: inverse

responses to prey and plants DS

» Facultative supplementary : FS\/
feeding: no relationship (e.g.,
water only for hydration)

Plant feeding——

oS

* Obligate supplementary
feeding (e.g., water required to
enhance digestion): positive
relationship

Prey feeding ——

Gillespie and McGregor 2000 (Ecol. Entomol. 25:380-386)




Plant-prey Tradeoffs

Nesidiocoris tenuis

Sanchez 2008 (Agric. For. Entomol. 10:75-80) Koppert Biological Systems




Plant-prey Tradeoffs

* No observed tradeoff in prey and plant
feeding:
— Podisus maculiventris

Wiedenmann and O’Neil 1990,
Entomol. Exp. Appl. 60:83-93

— Campylomma verbasci
Bartlett 1996, M.Sc. Thesis, Simon Fraser Univ.
* Phytophagy enhanced predation:

— Dicyphus hesperus
Gillespie and McGregor 2000, Ecol. Entomol. 25:380-386
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Generalists Generalists?

* Plant effects on life histories

» Ecological preferences in colonization and
oviposition
— Ecological plant associations are commonly
observed in the field

— Numerous studies showing significant

oviposition preferences

(e.g., Naranjo 1987, Richards and Schmidt 1996, Sigsgaard 2004,
Lundgren and Fergen 2006)




Overview

» Plants and heteropteran eggs
— Considerations of egg inserters
— Plant selection for eggs and nymphs




Plants as Oviposition Substrates

» Plants important oviposition platforms

* Eggs inserted into plant tissue by
Cimicomorphans:
— Miridae (all?)
— Anthocoridae (most)
— Nabidae (most)

From: Kullenberg 1944




Plants and Cimicomorphan Eggs
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Selective egg placement to:
1) Accommodate moisture and space needs
of eggs

2) Provide nymphal food: plant/prey




Oviposition Selectivity and Nymphal Suitability

Dicyphus hesperus

(] 07
<9 Mullein
©
£
Q 08
% Tobacco Y =1.08 + 0.23*NPI
@ R?=0.725
Q 0.5
7]
E Stachys
o o4t
> .
a Catnip Andrew Gale
- >
T 03
[%2]
g Pepper
(7] 02 *
B * Broad bean
g Chrysanthemum Tomato
= 0.1
5] *
8' Corn
a 0 > : : : : :
1] 0.1 02 03 04 05 0.6

Nymph performance index (NPI)

Adapted Fig. 3B from Sanchez et al. 2004 (Entomol Exp. Appl. 112:7-19)




Oviposition Selectivity and Nymphal Suitability

o Fig. 5 from Lundgren et al. 2008
Orius insidiosus (Anim. Behav. 75:1495-1502)




Egg-plant Relations of Cimicomorphs

» Egg inserters make multiple decisions at
oviposition:
— Suitable oviposition location
— Suitable location for egg development
— Available nymphal resources: Prey/plant

» Assess plant quality and prey potential?




Egg-plant Relations: The Offseason

» Diapause in egg stage relatively common
among predatory Cimicomorphan taxa: 12
of 37 species, 2 of 14 Pentatomomorphan
species (Ruberson et al. 1998, Thomas Say Pubs, ESA)

» Plant quality and diapause: Seasonal
indicator? Plants and seasonality —

Tropics, elsewhere?
(Denlinger, 1986; Annu. Rev. Entomol. 31:239-264)
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Overview




Future Directions

Plant resources used: Plant/prey
tradeoffs? Oviposition needs?

Effects of omnivory on
population dynamics:

(Naranjo and Gibson 1996 — Potential
magnification; LaLonde et al. 1998 — Stability)

Plants’ roles in interactions: Induced
defense? Plant health? Plant
structures?

Specific plant-bug relationships




Overview

 Implications for biological control
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Implications for Biological Control

» Tradeoffs of zoophagy and phytophagy —
Predictive outcomes?

* Farmscape resource management

» Population dynamics: local and
metapopulation

Jorge B Torres




Implications for Biological Control

 Integration with IPM tactics, notably plant
resistance (including transgenes) and
systemic insecticides

Jorge B Torres




Systemic Insecticides and
Zoophytophages

* Increasing systemic insecticides on the
market, rapidly widening use as seed
treatments (esp. neonicotinoids)

» Impact of these products on population
growth of omnivorous predators very
poorly understood




Systemic Insecticides and
Zoophytophages

Jorge B Torres

Podisus nigrispinus and
thiamethoxam in cotton treated
three weeks earlier

- Other neonicotinoids?

Jorge B Torres
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Thank you!

« James Harwood and Jon Lundgren
* USDA funding for travel




