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Presenter
Presentation Notes
Need to give some background to the 2019 study.  The exploration of non-target effects of T. japonicus started with a 2017-2018 study by Josh Milnes.  We had a site in Vancouver with high levels of Tj parasitism where we could gather substantial amounts of data.  We started with three native pest pentatomids because that’s what was most important/available.   The focus of this study was how successfully could Tj attack our native species.  Part of the reason this work was so interesting was the pending permit to APHIS to release Tj from quarantine; while several lab studies were available, field studies are arguably more convincing. 



 Reproductive effects very 
clear

 Non-reproductive effects 
less clear

 Aborted eggs ~ “black goo”

Milnes and Beers 2019
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Presentation Notes
The original version of the MS included only reproductive effects, but the reviewers were keen to address the more obvious non-reproductive effects – unfortunately, these can be a bit more difficult to pin down.  About the same time our paper was submitted, Tara Gariepy published a second paper on PCR diagnosis of egg fates, which is essential when the morphological evidence is ambiguous.  The improvement in methods in the 2019 vs the 2014 paper meant that one could now determine if a scelionid parasitoid emerged from an egg with a high rate of success.  However, the authors had access to unpublished barcode data, the Barcode of Life lab at Guelph, and a budget for sequencing.  All of which we lacked.Rearrange slide



Reproductive vs Non-reproductive Effects of 
Parasitoids

“These effects are 
widespread and can 
cause greater 
impacts on host 
populations
than successful 
parasitism or host 
feeding.”

Presenter
Presentation Notes
During the write up of the paper, we became aware of the work by Paul Abram, which reviewed the non-reproductive effects of parasitism – in general, the stink bug egg still died, but no adult wasp was produced. The authors concluded that non-reproductive effects on the host can be more important than reproductive effects.  It was too late for the previous study, but it gave us food for thought.



Molecular Approach: DNA Barcoding

Gariepy, T., T. Haye, and J. Zhang. 2014. A molecular 
diagnostic tool for the preliminary assessment of host–
parasitoid associations in biological control programmes for a 
new invasive pest. Mol. Ecol. 23: 3912-3924.

Gariepy, T. D., A. Bruin, J. Konopka, C. Scott‐Dupree, H. Fraser, 
M. C. Bon, and E. Talamas. 2019. A modified DNA barcode 
approach to define trophic interactions between native and exotic 
pentatomids and their parasitoids. Mol. Ecol. 28: 456-471.

• Unpublished CO1 barcode data
• Access to Barcode of Life
• Budget for sequencing

Presenter
Presentation Notes
Methodology for looking at trophic interactions between parasitoids and stink bugs	we wanted instead to tease out non-reproductive effects in more detail---leading into Kacie slideBarcode of Life: Canadian program for identifying organisms to species level; CO1 is the sequence used



Is the egg half empty, or half full?

Dr. Kacie Athey

 Scelionid primer approach 
expensive (all samples 
sequenced—Gariepy method)

 Most of our parasitoids likely to 
be T. japonicus

 Needed a species-level primer 
(first pass), then scelionid

Primer has been tested in a time 
series; can detect T. japonicus egg 
in a H. halys egg immediately after 
it is laid, plus all stages right up to 
and after adult eclosion.

• TJ-164F: 5’-TATTGTAACTTCACATGCATTTATTATAATC-3’

• TJ-395R: 5’-AAATTCCTGCTATATGTAGGGAAAAAATA-3’

• ~200 bp amplicon

Presenter
Presentation Notes
But the idea of pinning down the non-reproductive as well as the reproductive effects persisted, and was fortunate enough have recruited a post-doc on a different project with an extensive background in molecular biology.  Since we were pretty sure the scelionid we were looking for was Tj, I asked Kacie if she could design a primer just for it.  And after a few hours on GenBank, the primer was designed and ordered, and we began a series of sensitivity test.  We found that could detect Tj DNA immediately after the egg was laid in the stink bug egg, and right through up to the point of adult emergence.
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Full slide with animations
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Stink Bug Species for SEMs

Peter Shearer

Jim Hepler

• Chinavia hilaris
• Euschistus conspersus
• Podisus maculiventris
• Halyomorpha halys
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Now, shifting to field materials and methods

https://bugguide.net/user/view/74168
https://www.odaguides.us/
mailto:tickparasite@gmail.com
mailto:ronkos@yahoo.com
https://www.odaguides.us/


Linking Egg Fate Dissections with PCR Diagnosis

Presenter
Presentation Notes
The Gariepy work focused on wild egg masses, and the trophic interactions between host and parasitoid, but we saw an opportunity to link  the morphological egg fate diagnoses with the PCR outcome.Spreadsheet is from Rebeccah Waterworth, in turn based on categorization of predation types by Morrison et al.



Simplified Scheme of Egg Fate Classification
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~Same categories as Waterworth, just skipping the 21d inspections



Egg Fate – Unemerged Stink Bugs



Egg Fate – No Development (not black)



Egg Fate – Black Goo



Eggs numbered for unambiguous ID
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In order to improve our accuracy, we photographed and numbered each egg mass before assigning a fate code, and detaching it for PCR.



Reproductive vs Total Impact

1916 % parasitism
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Presentation Notes
Left panel:  if we look just at reproductive effects, it appears that Chinavia and Euschistus are poor reproductive hosts, similar to what we saw in the previous study.  The unpleasant surprise was the Podisus, the most common asopine predator, was successfully attacked by T. japoniocus at about the same rate as BMSB, about 23% parasitism.Right panel: the picture changes to a greater or lesser extent when we add the non-reproductive effects (unemerged parasitoids and PCR-positive unhatched eggs).  Chinavia has a moderate increase in total impact, although non-reproductive effects are higher than reproductive ones.  Euschistus, on the other hand had a huge increase in total impact due almost solely to non-reproductive effects.The parasitoid effect on BMSB is almost all successful reproduction, only a few were unsuccessful.Again, poor Podisus not only suffers substantial successful parasitism, but a very high level of non-reproductive effects, for the highest impact overall of all four species tested.



Podisus? Seriously?

Modified Table 1 from Hedstrom et al. 2017:  No-choice 
tests with T. japonicus in the quarantine lab
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The results for Podisus were unexpected, to say the least.  The lab study by Hedstrom et al indicated Podisus was a very poor host, about the same as Chlorochroa. It was eliminated from further testing in the Hedstrom study because of this.  And of course, it would have to be the predatory species.



Thoughts and Speculations

Can we estimate non-reproductive effects from morphological 
characterization without the expense/trouble of PCR?
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Dual goal: nontarget effects of Tj in field; and ‘can we link morphological estimates of nonrepro effects with parasitoid activity using PCR?’ because nationwide survey was done without PCR, so can we retroactively apply principles learned from this study to re-analyze nonreproductive effectsSlide: difference among species: percentage black goo caused by parasitoids—table from Betsy



Thoughts and Speculations

•Negative impact of T. japonicus highest in 
soybean systems where C. hilaris and P. 
maculiventris co-occur?

•Negative impact of T. japonicus less in tree 
crops, or where native SB oviposition period 
precedes peak egg abundance of BMSB?

Photo by J. O
berm

eyer

Presenter
Presentation Notes
Dual goal: nontarget effects of Tj in field; and ‘can we link morphological estimates of nonrepro effects with parasitoid activity using PCR?’ because nationwide survey was done without PCR, so can we retroactively apply principles learned from this study to re-analyze nonreproductive effectsPicture of relevant stink bugs Negative non-target impact of Tj can vary by system, depending on species and crops present.
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Questions

Contact Information
Jim Hepler
james.hepler@wsu.edu 
951-235-3017
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