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“Simply put, it is impossible to conduct meaningful

ecological research without being able to

accurately and repeatedly identify the species

involved.” 

Dangerfield et al. (2001)



Biological control programs require accurate identification

- Science hinges on repeatability

- High cost of incorrect identification

- Taxonomic name is needed to introduce biocontrol agents



Taxonomic preparedness enables efficient response

- Rapid identification of parasitoids for host range testing

- Discovery and provenance of adventive populations

- Information about host associations
 necessary for biocontrol
 educated guesses about taxa of interest



Collaboration is necessary and synergistic

- Molecular diagnostics

- Molecular phylogenetics

- Biological and behavioral data

- Parasitoid identification tools and workshops



Bagrada hilaris (Burmeister)

Photo by Ton Rulkens

Halyomorpha halys (Stål)

Photo by Stephen Schoof



Zhu et al. 2010

BMSB



BMSB threatens $40 billion of agriculture



Kim Hoelmer Christine Dieckhoff

Beneficial Insect Introduction
Research Unit (USDA/BIIRU)



2013: Two candidate biocontrol agents

Trissolcus flavipes Trissolcus halyomorphae



Trissolcus flavipes (Thomson) 1860



Trissolcus cultratus (Mayr) 1879



T. cultratus erroneously synonymized 
with T. flavipes by Kozlov in 1968



All literature since 1968 
uses the wrong name



Trissolcus halyomorphae



Trissolcus halyomorphae

No primary types examined



Trissolcus japonicus



Norman Johnson

Nearctic Trissolcus

Cleaned up the historical
mess in North America

Numerous synonymies

Species concepts based on
geographically diverse
specimens



Norman Johnson

Means for identifying T. japonicus
in North America

Nearctic Trissolcus



Means for identifying T. japonicus
in North America

Nearctic Trissolcus

BMSB Working Group



Trissolcus japonicus

Movement of Trissolcus



Trissolcus workshops

Gainesville, Florida, 2019

Annual workshops since 2013

- parasitoid identification

- protocols for preservation

- how to make life easy for me

- establish working relationships

- emphasize collaboration



Trissolcus workshops

Montpellier, France, 2019



Palearctic Trissolcus

Trissolcus rufiventris



Palearctic Trissolcus

>50 species treated as junior synonyms

Required significant efforts to examine types
Hanoi, Vietnam
St. Petersburg, Russia
Many curators contributed

Taxonomic decision based on primary types
all types photographed, publicly available
 “photo trail” of evidence

Taxonomy is an iterative process



Palearctic Trissolcus

The oldest names in Trissolcus were from 1830’s

Francis Walker’s specimens in Dublin, Ireland

Visit to photograph types in 2018

Trissolcus belenus (Walker), 1836 



Palearctic Trissolcus

Museum visits to Paris and Genoa
in 2019

Meeting with Francesco Tortorici

Determined that my concept of 
T. semistriatus was a complex 
of 4 species

Breeding experiments and
molecular data



Phylogeny of
Trissolcus



Palearctic Trissolcus

Trissolcus belenus (Walker), 1836 





Trissolcus japonicus

Movement of Trissolcus



Movement of Trissolcus

Trissolcus mitsukurii



Australasian Trissolcus

Trissolcus painei



Trissolcus mitsukurii



Trissolcus mitsukurii

Holotype of T. oecleoides 1914



1) Photograph holotypes of Australasian species
- cryptic species
- morphological variation

Australasian Trissolcus



1) Photograph holotypes of Australasian species
- cryptic species
- morphological variation

Australasian Trissolcus



1) Photograph holotypes of Australasian species

2) Molecular analysis
- characterize populations of Australian T. mitsukurii
- CO1 barcoding for all Australasian Trissolcus species

Australasian Trissolcus



1) Photograph holotypes of Australasian species

2) Molecular analysis

3) Methods for conducting surveys
- yellow sticky cards
- sentinel egg surveys

Australasian Trissolcus



Bagrada hilaris

Photo by Ton Rulkens

Bagrada bug



Photo by Ton Rulkens



Bagrada hilaris

Photo by Ton Rulkens

Bagrada bug

Trissolcus hyalinipennis
Gryon gonikopalense*

Gryon spp*



Bagrada hilaris

Photo by Ton Rulkens

Bagrada bug biocontrol
Trissolcus hyalinipennis

India, Pakistan, Israel, Spain, and Turkey



Trissolcus hyalinipennis

Known from India, Pakistan, Israel, Spain,
and Turkey… and California!



J. Refugio Lomeli Flores

New Methods





Idris (Scelionidae)

- parasitoids of spider eggs

- enormous genus with an estimated 1,000
species



Idris (Scelionidae)

- parasitoids of spider eggs

- enormous genus with an estimated 1,000
species



Tara Gariepy
AAFC, London,
Ontario



100% match



Molecular
Diagnostic
s

Taxonomy

Field Studies
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