Taxonomy of scelionid wasps and biological
control of invasive stink bugs

Trissolcus strabus Gryon sp.
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“Simply put, it is impossible to conduct meaningful
ecological research without being able to
accurately and repeatedly identify the species

iInvolved.”
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)







BMSB threatens $40 billion of agriculture
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2013: Two candidate biocontrol agents

Trissolcus ﬂavipes
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T. cultratus erroneously synonymized

with T. flavipes by Kozlov in 1968

i o @ 0.2 mm




All literature since 1968

uses the wrong name
- N K - ‘$ n .




SYSTEMATICS

A New Species of Trissolcus (Hymenoptera: Scelionidae) Parasitizing
Eggs of Halyomorpha halys (Heteroptera: Pentatomidae) in China
with Comments on Its Biology

ZHONG-QI YANG,"? YAN-XIA YAO," LAN-FEN QIU.* axp ZHONG-XIN LI"

Ann, Entomol. Soc. Am. 102(1): 39-47 (2009)
ABSTRACT A new species of Trissolcus Ashmead (Hymenoptera: Scelionidae), Trissoleus halyo-
maorphae Yang, sp. nov., is deseribed from China. It is a solitary parasitoid in eggs of Halyomorpha halys
(Stil) (Hemiptera: Pentatomidae), an economic pest that causes severe damage to pear, apple and
other fruit and that also feeds on the leaves and stems of ornamental and forest trees, The new species
is the principal natural enemy of the stink bug, with parasitism rates up to 70% and an average annual
rate of 50%. Because of its high parasitism rates and other biological features, it has good potential as
a biocontrol agent of the pest. Type specimens are deposited in Insect Museum, Chinese Academy

of Forestry, Beijing, China.

KEY WORDS  Halyomorpha halys, Trissoleus halyomorphae, new species, egg parasitoid, biocontrol

Halyomorpha halys (Stil) (Hemiptera: Pentatomidae)
is native to Asian countries, including China, Korea,
and Japan (Hoffmann 1931, Hsiao 1977, Zhang 1985,
Yasunaga et al. 1993, Kang et al. 2003). In China, it was
formerly misidentified as Halyomorpha picus (F.) with
the common name “brown marmorated stink bug”
(Hsiao 1977, Zhang 1985, Zhang et al. 1993). In Japan,
the bug has recently become a serious pest of fruit
such as persimmon and apples (Goto et al. 2002; Fu-
nayama 2003, 2004; Toyama et al. 2006}, In China, I1.
halys has become a serious polyphagous pest of soy-
bean, vegetables, and tobacco, as well as many forest
and ornamental trees, being especially harmful to or-
chards. It attacks many fruit, including pear, apple (He
1997, Zhang et al. 2007), peach, plum, cherry, pome-
granate, common jujube, citrus, persimmon, mul-
berry, hawthorn, apricot, grape, kiwifruit, and straw-
berry, Adults of H. halys generally feed on the fruit,
whereas nymphs feed on leaves, stems, and fruit. Dam-
age by H. halys caused the surface of the fruit to
become concave and unshapely, decreasing serious
vields as well as quality decline, and resulting in eco-
nomic loss, Furthermore, H. halys is recorded as a
vector of Paulownia witches” broom disease, an ex-
tremely destructive phytoplasma disease of Paulownia
trees in China. Because of the economic importance
of Paulownia tomentosa (Thunberg) Steudel, both the
disease and H. halys have been considered to be se-
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rious problems for forestation and “greening” in China
(Jin et al, 1981).

H. halys was aceidentally introduced into the United
States (Hoebeke 2002; Hoebeke and Carter 2003; Ber-
non et al. 2003, 2004). It was first collected in Sep-
tember 1998 in Allentown, PA, but probably arrived
several years earlier. As of April 2007, it was recorded
in 24 counties in the state (Jacobs 2007). Subse-
quently, it was confirmed from several Mid-Atlantic
states, as well as in Oregon, California, western Mary-
land, and West Virginia (Hamilton and Shearer 2003,
Hamilton and Nielsen 2005). The list of states from
which the pest is recorded will continue to increase as
awareness increases (LaBonte 2005). In Pennsylvania,
73 economic plants are known to be hosts, of which 21
species are common hosts, including row crops (soy-
bean), fruit trees (both stone fruit and pomes), orna-
mentals (butterfly bush), and vegetables (leaves also
attacked) (Bernon 2004). According to Bernon
(2004), the final distribution of the pest in North
America will be similar to Acrosternum hilare (Say),
the green stink bug, which ranges from Quebec and
New England west through southern Canada and the
northern United States to the Pacific Coast and south
and southwest to Florida, Texas, Arizona, Utah, and
California (Bernon et al. 2003), Increasing attention is
now being paid to H. halys in North America, and there
are many studies being made on tracking its expanding
distribution, its natural enemies, biocontrol, and inte-
grated pest management (Bernon 2004, Hamilton and
Nielsen 2005, Rider 2008).

H. halys severely attacks many fruit in China. In
Heze, Shandong Province, normally 10-25% of pears
and sometimes up to 35% of pears were damaged
(Ming et al, 2001 ), whereas 40 -60% of pears in Hebei

0013-8746/ 09/ 0039-0047$04.00/0 © 2009 Entomological Society of America
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Halyomorpha halys (5tdl) (Hemiptera: Pentatomidae)
is native to Asian countries, including China, Korea,
and Japan (Hoffmann 1931, Hsiao 1977, Zhang 1985,
Yasunaga et al. 1993, Kang et al. 2003). In China, it was
formerly misidentified as Halyomorpha picus (F.) with
the common name “brown marmorated stink bug”
(Hsiao 1977, Zhang 1985, Zhang et al. 1993). In Japan,
the bug has recently become a serious pest of fruit
such as persimmon and apples (Goto et al. 2002; Fu-
nayama 2003, 2004; Toyama et al. 2006}, In China, I1.
halys has become a serious polyphagous pest of soy-
bean, vegetables, and tobacco, as well as many forest
and ornamental trees, being especially harmful to or-
chards. It attacks many fruit, including pear, apple (He
1997, Zhang et al. 2007), peach, plum, cherry, pome-
wate, common jujube, citrus, persimmon, mul-
, hawthorn, apricot, grape, kiwifruit, and straw-
Adults of H. halys generally feed on the fruit,
whereas nymphs feed on leaves, stems, and fruit. Dam-
age by I halys caused the surface of the fruit to
become concave and unshapely, decreasing serious

vields as well as quality decline, and resulting in eco-
nomie loss. Furthermore, H. halys is recorded as a
vector of Paulownia witches” broom disease, an ex-
tremely destructive phytoplasma disease of Paulownia
trees in China. Because of the economic importance
of Paulmenia tomentosa (Thunberg) Steudel, both the
disease and H. halys have been considered to be se-
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rious problems for forestation and “greening” in China
(Jin et al, 1981).

H. halys was aceidentally introduced into the United
States (Hoebeke 2002; Hoebeke and Carter 2003; Ber-
non et al. 2003, 2004). It was first collected in Sep-
tember 1998 in Allentown, PA, but probably arrived
several years earlier. As of April 2007, it was recorded
in 24 counties in the state (Jacobs 2007). Subse-
quently, it was confirmed from several Mid-Atlantic
states, as well as in Oregon, California, western Mary-
land, and West Virginia (Hamilton and Shearer 2003,
Hamilton and Nielsen 2005). The list of states from
which the pest is recorded will continue to increase as
awareness increases (LaBonte 2005). In Pennsylvania,
73 economic plants are known to be hosts, of which 21
species are common hosts, including row crops (soy-
bean), fruit trees (both stone fruit and pomes), orna-
mentals (butterfly bush), and vegetables (leaves also
attacked) (Bernon 2004). According to Bernon
(2004), the final distribution of the pest in North
America will be similar to Acrosternum hilare (Say),
the green stink bug, which ranges from Quebec and
New England west through southern Canada and the
northern United States to the Pacific Coast and south
and southwest to Florida, Texas, Arizona, Utah, and
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Abstract
Trissolcus halyomorphae Yang syn. n. is treated as a junior synonym following examination of the holotype

of T. japonicus (Ashmead).

Keywords

Halyomorpha halys, Trissolcus japonicus, Trissolcus halyomorphae, brown marmorated stink bug

Introduction

Halyomorpha halys (Stal) (Hemiptera: Pentatomidae), commonly called the brown
marmorated stink bug, is a polyphagous invasive pest in the Mid-Adantic United
States and is recorded from 39 of the 48 contiguous states (Carter and Hoebeke 2003,
Leskey et al. 2012). It has also become established in Switzerland (Wermelinger et al.
2008) and has been intercepted in New Zealand (Harris 2010). The distribution and
abundance of this insect in both North America and Europe are expected to grow
(Zhu et al. 2012), drawing increased attention to the need for management strategies,
including biological control. Multiple species of egg parasitoid wasps in the genus 7ris-
solcus (Hymenoptera: Platygastridae) are currently the subject of a biological control
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Key to Nearctic species of Trissolcus Ashmead
(Hymenoptera, Scelionidae), natural enemies of native
and invasive stink bugs (Hemiptera, Pentatomidae)
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Abstract

Trissolens japonicns (Ashmead) and T, enderatus (Mayr), comb. rev. are under study as classical biological
agents to control the brown marmorated stink bug Halyomorpha halys (Seil) in North America. Here we
present diagnoses for all Nearctic species of Triselens, including T japenicus and T, cultratus comb, rev., and
identification keys to enable separation of these species from the existing fauna. Trissoleus cdiratis comb.
rev. is removed from synonymy with 77 flavipes. Two new species are described, Trissoleus valkyria sp. n.
and T zakotes sp. n. A neotype is designated for T brachymenac and a lectotype is designated for T7 basalis.

Keywords
Trissolens faponicus, Triscolcus ewltratus, Trissolcns flavipes, Halyomorpha bhalys, Trissoleus, Scelionidae, biologjical
contral, identification key, egg parasitoid
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Abstract

Trissolens japonicns (Ashmead) and T, enderatus (Mayr), comb. rev. are under study as classical biological

agents to control the brown marmorated stink bug Halyomorpha halys I} in North America. Here we
noses for all Nearctic species of Trisoleus, including T japonicus and T cultratus comb, rev., and

identification keys to enable separation of these species from the existing fauna. Trissoleus cdiratis comb.

rev. is removed from synonymy with 77 flavipes. Two new species are described, Trissoleus valkyria sp. n.

and T zakotos sp. n. A neotype is designated for T. brochymenae and a lectotype is designared for T fasalis.

Keywords
Trissolens faponicus, Triscolcus ewltratus, Trissolcns flavipes, Halyomorpha bhalys, Trissoleus, Scelionidae, biologjical
contral, identification key, egg parasitoid
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Annual workshops since 2013

parasitoid identification

protocols for preservation

- how to make life easy for me

establish working relationships
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Abstract

Species of Trissoleus Ashmead are potent natural enemies of stink bugs (Pentatomidae). Research on bio-
logical agents to control the brown marmorated stink bug, Halyomorpha halys (Stil) (BMSB), in Western
Europe requires reliable taxonomic resources for identification of Trissoleus wasps. To aid this research en-
deavor, we present a species identification key to females of Palearctic Trissolcus. Morphological characrers
and concepts of the genus and species groups are discussed. We discovered a number of nomenclarural and
identification issues that we here rectify.

Keywords

Halyomorpha halys, Platygastroidea, biological control, identification key, egg parasitoid
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Abstract

Species of Trissoleus Ashmead are potent natural enemies of stink bugs (Pentatomidae). Research on bio-
logical agents to control the brown marmorated stink bug, Halyomorpha halys (Stil) (BMSB), in Western
Europe requires reliable taxonomic resources for identification of Trissoleus wasps. To aid this research en-
deavor, we present a species identification key to females of Palearctic Trissoleus. Morphological characters
and concepts of the genus and species groups are discussed. We discovered a number of nomenclarural and
identification issues that we here rectify.

Keywords
Halyomorpha halys, Platygastroidea, biological control, identification key, egg parasitoid




Palearctic Trissolcus

» The oldest names in Trissolcus were from 1830’s
» Francis Walker’s specimens in Dublin, Ireland

> Visit to photograph types in 2018
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Palearctic Trissolcus

» Museum visits to Paris and Genoa
in 2019

> Meeting with Francesco Tortorici ! l S

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

» Breeding experiments and
molecular data
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Revision of Australasian Trissolcus Species
(Hymenoptera : Scelionidae)

Norman F. Johnson

Department of Entomology, The Ohio State University,
Columbus, Ohio 43210, U.S.A.

Abstract

The species of Trissolcus Ashmead of the Australasian region (including New Guinea, the Bismark
Archipelago and the Solomon Islands to Tahiti and New Zealand) are revised. Trissolcus ancon,
T. arctatus, T. cirrosus, T. maori, T. personatus, T. setifer, T. sipioides and T. strigis are described
as new. Trissolcus eetion (Dodd), T. egeria (Dodd), T. ephyra (Dodd), T. evander (Dodd), T. flaviscapus
Dodd, T. latisulcus (Crawford), T. mitsukurii (Ashmead), T. oedipus (Dodd), T. oeneus (Dodd),
T. oenone (Dodd), T. ogyges (Dodd) and T. painei (Ferriére) are redescribed. Trissolcus basalis
(Wollaston) is a widely introduced Afrotropical species found throughout this region. The following
new synonymies are proposed: Trissolcus coriaceus Dodd, 1915 = T. egeria (Dodd), 1914; T. oecleus
(Dodd), 1913, T. darwinensis (Dodd), 1914, T. erigone (Dodd), 1914, T. banksi (Gahan), 1921 and
T. priapus (Nixon), 1938 = T. latisulcus (Crawford), 1913; T. oecleoides (Dodd), 1914 = T. mitsukurii
(Ashmead), 1904; T. obliteratus (Dodd), 1914, T. otho (Dodd), 1914, T. biproruli (Girault), 19265 and
T. wilsoni (Dodd), 1930=T. oenone (Dodd), 1913; T. oreas (Dodd), 1913, T. orontes (Dodd), 1914,
T. atriscapus (Girault), 1926a and T. beenleighi (Girault), 1932 =T. ogyges (Dodd), 1913.







Trissolcus mitsukurii

Holotype of T. oecleoides 1914




Australasian Trissolcus

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



Australasian Trissolcus

1) Photograph holotypes of Australasian species
- cryptic species
- morphological variation
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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
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Bagrada bug biocontrol

Bagrada hilaris

Trissolcus hyalinipennis

India, Pakistan, Israel, Spain, and Turkey
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Idris (Scelionidae)

- parasitoids of spider eggs

- enormous genus with an estimated 1,000
species
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1 | INTRODUCTION

Studies on the ecological effects associated with the establishment
of exotic insects have primarily focused on the impact of invasive

5

Abstract

The establishment of invasive Halyomorpha halys (Stil) outside of its native range
may impact native species assemblages, including other pentatomids and their sce-
lionid parasitoids. This has generated interest in defining species diversity and host-
parasitoid associations in this system to better understand the impact of invasive
alien species on trophic interactions in invaded regions. Information on scelionid-
pentatomid associations in natural habitats is lacking, and species-level identification
of these associations can be tenuous using rearing and dissection technigues. Natu-
rally occurring pentatomid eggs were collected in areas where H. halys has estab-
lished in Canada and were analysed using a modified DNA barcoding approach to
define species-level trophic interactions. Identification was possible for >90% of egg
masses. Eleven pentatomid and five scelionid species were identified, and trophic
links were established. Approximately 70% of egg masses were parasitized; para-
sitism and parasitoid species composition were described for each species. Teleno-
mus podisi Ashmead was the dominant parasitoid and was detected in all host
species. Trissolcus euschisti Ashmead was detected in several host species, but was
significantly more prevalent in Chinavia hilaris (Say) and Brochymena quadripustulata
(Fabricius), Trissolcus brochymenae Ashmead and Tr. thyantae Ashmead were
recorded sporadically. Parasitism of H. halys was 55%, and this species was signifi-
cantly less likely to be parasitized than native pentatomids. The scelionid species
composition of H. halys consisted of Te. podisi, Tr. euschisti and Tr. thyantae.
Although these species cannot develop in fresh H. halys eggs, we demonstrate that
parasitoids attempt to exploit this host under field conditions.

KEYWORDS
biclogical control, DNA barcoding, host-parasitoid associations, invasive insects, parasitoid
species compaosition, trophic interactions

pests on native biodiversity at the population and community level
{Pimentel, Lach, Zuniga, & Morrison, 2000). For example, ecological
effects associated with introduced or adventive exotic parasitoids
include the potential for the decline or extinction of native, non-

Meleculor Ecology. 2018:1-15. wileyonlinelibrary.com/journal /mec © 2018 John Wiley & Sons Ltd | 5 1
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1 | INTRODUCTION

Studies on the ecological effects associated with the establishment
of exotic insects have primarily focused on the impact of invasive

Abstract

The establishment of invasive Halyomorpha halys (Stil) outside of its native range
may impact native species assemblages, including other pentatomids and their sce-
lionid parasitoids. This has generated interest in defining species diversity and host-
parasitoid associations in this system to better understand the impact of invasive
alien species on trophic interactions in invaded regions. Information on scelionid-
pentatomid associations in natural habitats is lacking, and species-level identification
of these associations can be tenuous using rearing and dissection techniques. Natu-
rally occurring pentatomid eggs were collected in areas where H. halys has estab-
lished in Canada and were analysed using a modified DNA barcoding approach to
define species-level trophic interactions. Identification was possible for >920% of egg
masses. Eleven pentatomid and five scelionid species were identified, and trophic
links were established. Approximately 70% of egg masses were parasitized; para-
sitism and parasitoid species composition were described for each species. Teleno-
mus podisi Ashmead was the dominant parasitoid and was detected in all host
species. Trissolcus euschisti Ashmead was detected in several host species, but was
significantly more prevalent in Chinavia hilaris (Say) and Brochymena quadripustulata
(Fabricius), Trissolcus brochymenae Ashmead and Tr. thyantae Ashmead were
recorded sporadically. Parasitism of H. halys was 55%, and this species was signifi-
cantly less likely to be parasitized than native pentatomids. The scelionid species
composition of H. halys consisted of Te. podisi, Tr. euschisti and Tr. thyantae.
Although these species cannot develop in fresh H. halys eggs, we demonstrate that
parasitoids attempt to exploit this host under field conditions.

KEYWORDS
biological control, DNA barcoding, host-parasitoid associations, invasive insects, parasitoid
species composition, trophic interactions

pests on native biodiversity at the population and community level
{Pimentel, Lach, Zuniga, & Morrison, 2000). For example, ecological
effects associated with introduced or adventive exotic parasitoids
include the potential for the decline or extinction of native, non-

Malecular Ecology. 2018:1-15. wileyonlinelibrary.com/journal/mec © 2018 John Wiley & Sons Ltd | 1
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A species of [dris Forster (Hymenoprera: Scelionidae) is found to parasitize the eggs of Bagrada hilaris
(Hemiprera: Pentatomidae) and is described as new: Idvis elba Talamas, sp. nov. This is the first association
GUIf ﬂf 3 7 of an Jdris species with a non-spider host, and the association is confirmed with molecular diagnostic tools

Mﬂ'ﬂim & d that enable identification of parasitoid and host from the remains of parasitized eggs.

Keywords

Bagrada bug, natural enemies, egg parasitoid, diagnostics

Introduction

The bagrada bug, Bagrada hilaris (Burmeister) (Hemiptera: Pentatomidae), is an inva-
sive alien species that has recently established in North America (Palumbo et al. 2016)
and is one of the most important pests of Brassicacae worldwide because of the eco-
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