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The brown marmorated stink bug (BMSB), Halyomorpha halys
Stal (Hemiptera: Pentatomidae)

 Large stink bug native to China, Korea, and Japan
« Now found across the United States

- Major pest of diverse specialty and row crops
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Trissolcus japonicus
(Hymenoptera: Scelionidae),
the primary parasitoid of
BMSB




Trissolcus japonicus (Hymenoptera: Scelionidae)

« Main parasitoid of BMSB in its native range

 Several adventive populations in North America
- Found in Vancouver, WA in 2015

- Under consideration as a classical biocontrol
agent of BMSB

 Redistribution process regulated by USDA-
APHIS (Animal and Plant Health Inspection

Service)
- Requires assessments of potential ecological impacts, i.e.,
potential parasitism of native/nontarget hosts

« Mostly quarantine studies, but field conditions
more reliable




« Morphological classifications
of egg fate

- Predation (Morrison et al. 2016)

- Parasitoid emergence, successful
hatching, and range of other egg
outcomes (Waterworth,
unpublished)

* Used by Milnes and Beers (2019) to
evaluate parasitism in field
conditions in Vancouver, WA

« Reproductive effects (= wasp
emergence) easy to quantify
» Substantial mortality unexplained by
morphology
> nonreproductive effects?

reproductive

nonreproductive?

Evaluating Impact of Parasitism on BMSB: Morphological Approach
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Reproductive vs. Nonreproductive Effects of Parasitoids
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“These effects are
widespread and can cause
greater impacts on host
populations than successful
parasitism or host feeding.”



Molecular Approach: DNA Barcoding

*Molecular assessments of parasitoid
impact

- DNA barcoding

- Allows detection of nonreproductive
parasitoid impact

-Not practical without similar access to
unpublished barcode data, lab facilities, and
funding
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Presenter Notes
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 slide
Barcode of Life: Canadian program for identifying organisms to species level; CO1 is the sequence used


Trissolcus japonicus Primer Development

 Development of T. japonicus-specific primer
circumvents limitations of barcoding approach

- T. japonicus is the dominant parasitoid at field site

- Allows detection of T. japonicus DNA in
pentatomid eggs from time of wasp oviposition
through 6+ weeks post-emergence

Dr. Kacie Athey



Objective: Evaluate nontarget parasitism by the exotic egg
parasitoid Trissolcus japonicus on BMSB and native
pentatomids using morphological and molecular methods,
with an emphasis on nonreproductive effects.



@ BMSB and Nontarget Stink Bug Species
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Chinavia hilaris
Euschistus conspersus
Podisus maculiventris
Halyomorpha halys

Peter Shearer



Presenter Notes
Presentation Notes
Now, shifting to field materials and methods


Combining Morphological and Molecular Assessments of
Parasitoid Impact

» Sentinel egg masses (SEMs) deployed at site in
Vancouver, WA, with known population of wild
T. japonicus

* Fresh egg masses mounted on cardstock and
deployed on undersides of Paulownia tree
leaves

- Exposed for 3-4 days, then recovered and held
for >6 weeks to allow wasp emergence

* BMSB egg masses and native egg masses
deployed alternately (temporal separation to
simulate natural presentation) from mid-July
though late August 2019




After 6 weeks...

Egg masses
photographed and
eggs numbered for
unambiguous ID



Eggs Dissected and Assigned a Fate Code

Simplified scheme modified from Morrison et al. (2016) and Waterworth (unpublished)

Stink bug nymph

Emerged parasitoid

Complete Chew

Incomplete Chew

Stylet Sheath

Punctured, but no stylet sheath (spider)

Host Feeding (Anastatus)

unemerged adult parasitoid

unemerged stink bug

no development, but not black
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black goo

Hatched/Emerged
Hatched/Emerged
Predated

Predated

Predated

Predated

Predated
Unemerged/dissected
Unemerged/dissected
Unemerged/dissected

Unemerged/dissected




G

Egg Fate | - Unemerged Stink Bugs
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Egg Fate J - No Development (not black)




@ Egg Fate K - ‘Black Goo’




PCR Diagnosis of Sentinel Eggs

- All eggs assi?ned to codes C - K subjected to PCR analysis, plus a
subsample of codes A and B

A Stink bug nymph Hatched/Emerged

B Emerged parasitoid Hatched/Emerged

C Complete Chew Predated

D Incomplete Chew Predated

E Stylet Sheath Predated

F Punctured, but no stylet sheath (spider) Predated

G Host Feeding (Anastatus) Predated

H unemerged adult parasitoid Unemerged/dissected
| unemerged stink bug Unemerged/dissected
J no development, but not black Unemerged/dissected
K black goo Unemerged/dissected




PCR Diagnosis Procedure

Chelex
extraction

}

Trissolcus japonicus
primers

ﬁ

Reamplification x 2

Additional round of
reamplification*

Agarose electrophoresis

—>

Negative for
T. japonicus



Data Analysis

« Data grouped into reproductive effects (emerged adult parasitoid) and
nonreproductive effects (unemerged parasitoids and PCR-positive
unemerged stink bugs, unhatched eggs with no development,
unhatched eggs with black residue)

-Assumes that T. japonicus activity caused the death of the egg when
wasp DNA is present

- Reproductive effects and total parasitoid-induced mortality (=‘impact’)
analyzed as proportions with generalized analysis of variance model with
binomial distribution and logit link.
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Presenter Notes
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.
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Can we estimate non-reproductive effects from morphological

characterization without the expense/trouble of PCR?

Trt

Chinavia
Halyomorpha
Podisus

Chinavia
Euschistus
Halyomorpha
Podisus

Chinavia
Euschistus
Halyomorpha
Podisus
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Fate Name

Unemerg 5B
Unemerg 5B
Unemerg 5B

Unhatch not black
Unhatch not black
Unhatch not black
Unhatch not black

Black goo
Black goo
Black goo
Black goo

N eggs
evaluated
246

88

29

21
27
38
66

17
63
22

N eggs
PCR
243

84
28

17
27
85
57

17
59
19

% PCR
positive
4,94
7.14
57.14



Presenter Notes
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 effects
Slide: difference among species: percentage black goo caused by parasitoids—table from Betsy


Conclusions

» The reproductive and non-reproductive impacts of T. japonicus parasitism
activity varied substantially between stink bug species.

« T. japonicus readily developed and successfully emerged from Podisus
maculiventris at rates comparable to in BMSB (24% vs. 25%).

* Nonreproductive impacts were substantial and were highest in the nontarget
species Euschistus conspersus and P. maculiventris (23% and 36%, respectively);
nonreproductive impacts must be considered when evaluating nontarget
parasitism.

 Total parasitism impact was very high on P. maculiventris, causing an overall
mortality rate of 61.6 % of deployed eggs vs. 30.7% of BMSB eggs.

- Like other members of the Asopinae, P. maculiventris appears to be a highly suitable
host for T. japonicus.

(Lara et al. 2019; Zhang et al. 2017; Haye et al. 2020; Charles et al. 2019; Botch and Delfosse 2018)
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