Biological Control of the Brown Marmorated Stink Bug, Halyomorpha halys (Stål), in NYS.
Project Overview, 2017: The Brown Marmorated Stink Bug (BMSB), a newly invasive Asian pest in
North America was first confirmed on Adams Island in Allentown, Pennsylvania in 1996 (Lee DH, et.al.
2013; Hoebeke and Carter 2003) and has since become an important urban and agricultural pest, now
present in 44 states and two Canadian Provinces (Figure 1). The BMSB is a polyphagous pest of
ornamental plants, fruit trees, and vegetable crops, causing severe economic losses in the Mid-Atlantic
States in 2012 (Rice et al. 2014; Herrick, C. 2014). The BMSB has one to two generations per year, with
the female capable of laying 400 eggs in her lifetime. As an urban pest BMSB will begin overwintering
migration in early fall to man-made structures including homes, where it resides until late February as it
attempts to migrate back to the outdoor environment when on warm days the insects crawl and fly indoors.
The Samurai wasp, Trissolcus japonicus (Ashmead), is an egg parasitoid of the stink bug complex,
specifically utilizing the eggs of the brown marmorated stink bug (BMSB), Halyomorpha halys Stål
(Hemiptera: Pentatomidae) as a reproductive host (McKellar and Engel 2012). The Samurai Wasp was
recently discovered in the mid-Atlantic, Pacific northwest and NY as an adventive parasitoid, and
considered to be a primary biological control of BMSB in Asia causing up to 80% parasitism of eggs in
parts of China (Yang Z-Q et. al. 2014). The biology and host preference of Trissolcus japonicus begins
with mated females ovipositing eggs within the eggs of the brown marmorated stink bug. The larva of the
wasp develops within the stink bug egg, killing the developing stink bug and emerging into adulthood
from within the BMSB egg. T. japonicus is known to have multiple generations in Asia, yet little is known
about its life cycle and overwintering preferences and success in the US. The wasp is ideally suited as a
biological control agent as it appears to have evolved alongside BMSB in Asia, residing in woodland edge
habitat where BMSB resides, and able to survive northerly temperatures beneath bark crevices in close
proximity to BMSB adult overwintering sites.
Project Benefits: The goal of the project is to bring into balance a more natural ecology of biological
control to moderate the explosive nature now present in the Asian invasive BMSB population in
agricultural crops and man-made structures used for overwintering adults. Upon the establishment of the
Samurai Wasp in agricultural sites where losses from brown marmorated stink bug are most severe and in
urban residences in which BMSB is a nuisance pest, we expect reduced pesticide use and residual in and

on homes, businesses, farms and crop residue, reducing the risk of pesticide exposure to consumers, home
owners and farm workers. We expect this will lead to increased profitability from reduced management of
the insect, less ecological disruption from the use of older classes of broad-spectrum insecticides to
manage the pest, providing only modest levels of control. The wasp has not been found to negatively affect
humans, or any other organism outside of the Hemiptera order of arthropods (shield and stink bugs), and as
such is believed to pose little to no threat of human or insect disruption.
Figure 1. Distribution of the brown marmorated stink bug Halyomorpha halys (Stål) in the United States
and Canada. Map generated September 20, 2017 by Tracy Leskey, USDA ARS.

Recent Biological Control History of BMSB: In 2007 a team of researchers led by USDA Kris Holmer
obtained select parasitoids, including Trissolcus japonicus, during BMSB surveys for parasitoid wasps in
Asia. The wasp was placed under study in the USDA quarantine facilities in the Beltsville Agricultural
Research Station, Maryland. Studies to evaluate its efficacy as a candidate classical biological control
agent, to determine host specificity with regard to the pentatomid fauna native to the United States, and
through choice and non-choice studies, determine its preference for host selection1. The wasp has been
found to be very effective, producing high rates of parasitism of BMSB in both lab and field studies 2. A

sentinel egg mass study to assess indigenous egg parasitoids of H. halys was conducted in three field
habitats during summer 2014 on the Beltsville Agricultural Research Center (BARC) North Farm in
Beltsville, MD, during which the first adventive samurai wasp was detected in the United States. Through
utilization of 23 microsatellite gene markers to differentiate genotypes from thirteen different Asian T.
japonicus populations, including those in quarantine in the U.S. and others collected in Asia in 2012-2013
by Kim Hoelmer’s team at the USDA-ARS, it was determined that the adventive samurai wasps detected
in the United States was unrelated to the T. japonicus in quarantine at the BARC. Since 2015, T. japonicus
had been discovered in Washington, Oregon, Virginia, and 2016 in West Virginia, North Carolina,
Delaware, New Jersey and New York. These adventive captures were also found to be unrelated to the T.
japonicus in quarantine, comprising three distinct genotypes and independent introductions, as defined by
Dr. Marie-Claude Bon at the USDA-ARS European Biological Control Laboratory in Montpellier, France
(Figure 2). Dr. Bon has extracted DNA from T. japonicus specimens employing 23 microsatellite gene
markers to differentiate 115 genotypes from Asian, comparing baseline data to those collected adventive
specimens, those collected by Elijah Talamas and those collected and quarantined by Kim Hoelmer for
génotyping (Talamas, E.J. et. al. 2015). It was determined that none of the adventive finds originated from
the populations held in quarantine, and thus represented independent introductions of T. japonicus.
Figure 2. Principal Coordinate Analysis (PCoA)- 115 spécimens recovered in US génotype

Monitoring BMSB: Adult BMSB populations have been monitored in the field throughout the US since
2010 (Rice K. et. al. 2014). The use of Tedders Traps utilizing a duel pheromone blend, were placed in
vulnerable agricultural regions in NY where BMSB utilize crops for food resources. These trapping sites
have provided continuing data on the agricultural presence and spread of the pest since 2011. During the
years prior to this study, monitoring of select sites for the presence and abundance of BMSB have seen
increases in many locations. Where BMSB numbers have been on the rise and or causing injury to fruit,

sites were chosen for sentinel egg surveys to establish baselines of natural predation and parasitism by
native or invasive beneficial insects. In 2012 a BMSB colony was established at the Hudson Valley
Research Laboratory in Highland, NY to conduct field and laboratory efficacy studies on the insect while
more recently, BMSB egg masses from the colony have been employed in woodland and field sentinel egg
studies we to determine natural predation and parasitism by native beneficial insects.Participation in NY of
suburban and urban Citizen Scientists also provide a resource of verification to determine the BMSB
presence of the insect, displayed in EEDMaps (http://blogs.cornell.edu/jentsch/a-national-marchmadness-citizen-science-project-to-find-the-brown-marmorated-stink-bug-2017/).
Figure 2. EDDMaps County Distribution of Brown Marmorated Stink Bug in the Eastern NY.

NY Parasitoid Surveys: A diverse parasitoid and predatory complex employ stink bug as a host. Recently
the US populations of brown marmorated stink bug, in particular the eggs life stage, have been studied and
found to be negatively impacted by predatory and parasitic arthropods (Abrams, P.K. et al 2017). In 2016
we developed a BMSB colony, rear over 6000 BMSB eggs for use in sentinel egg surveys. We conducted
a preliminary parasitoid survey in 2016 assessing BMSB egg parasitism using sentinel egg masses, which
were frozen to -80oC for 4 minutes so as to kill the developing stink bug nymph and reduce the natural
defense mechanisms of the of eggs. Two sites were selected for parasitoid assessment in 2016 in which
sentinel egg masses were placed weekly, beginning 15th July. On 14th-18th August, two egg masses were
found to be parasitized, with emergence of wasps occurring on the 5th of September. Specimens were sent
to E. Talamas, USDA-ARS, for confirmation as T. japonicus.

2017 Baseline Sentinel Surveys: A beneficial egg predator and parasitoid survey began 23rd June, 2017 to
define a baseline of H. Halys egg predatory feeding and egg parasitism bordering agricultural sites in 6 NY
counties (Dutchess, Monroe, Ontario, Orleans, Ulster and Wayne) of 10 Orchard and Vegetable Farms in
NY. We employed 3-24 clusters containing 22-31 eggs per site per week (N ≈ 2700 sentinel eggs) fixed
onto the foliage of 7 plant hosts including Acer saccharum, (sugar maple), Juglans nigra (black walnut),
Malus spp. (crab apple), Ailanthus altissima (tree of heaven), Fraxinus Americana (white ash), Robinia
pseudoacacia (black locust), and Vitis spp. (wild grape). Recollection of field placed eggs were made 5
days after placement, sent to and reared at the HVRL, placed in petri dishes and held in a controlled
environment chamber at 70% rH, 14/10 LD, 25°C upon hatch. Eggs were evaluated for predatory feeding
activity and monitored for hatch of stink bugs or emergence of parasitoids. Upon emergence, adult wasp
parasitoids were maintained in a controlled environment, reared from sentinel egg masses feeding on 90%
honey-water solution droplets on dish. Deceased specimens were submitted to Elijah Talamas upon
establishment of the F2 generation to maintain reproductive females for colony development.
Native parasitoids were found in sentinel eggs on three sites of four NY farms. These included 1
parasitoid, the native Trissolcus euschisti, from sentinel eggs placed in Hepworth Farms on 23rd June. 4
native parasitoid specimens of Telenomus podisi from sentinel eggs placed on 7th July in NY Marlboro,
NY, 30th June in Medina, and 24th August in Kendall, NY. and emerging on 21 September and 25th
September and 18th October. Recovery of the Asian invasive Trissolcus japonicus occurred from 96
sentinel eggs placed on 7th July, 4th, 11th, 24th of August, with emergence beginning on the 23rd of July
from eggs placed in black walnut, Juglans nigra, on Hepworth Farms, in Marlboro, Ulster Co. in the
southeastern Hudson Valley (41°40'14.72"N; 74°5’11.21"W).
Developing colonies of Trissolcus japonicus: Utilizing the captured Trissolcus japonicus from sentinel
egg mass emergence on the 4th of August from Marlboro, NY, wasps were placed in petri dishes and held
in a controlled environment chamber at 70% rH, 14/10 LD, 25°C upon hatch, feeding on 90% honey-water
solution droplets on dish lid. The colony of brown marmorated stink bug at the Hudson Valley Research
Laboratory (HVRL) providing BMSB eggs, lain on plant tissue and flash frozen to -80oC, acting as a
reproductive host for the Samurai Wasp oviposition site. Upon successful parasitism of these eggs,
Trissolcus japonicus was able to produce a total of 752 individuals over 3 generations from the 7th July to
25th September. This population were used to infest BMSB eggs for redistribution to sites throughout
NYS.
Approval for Redistribution of the Samurai Wasp throughout New York State
To redistribute the wasp, the need for approval from state authorities was sought. During conversations

with the Environmental Protection Agency and the NYS Dept. of Ag. & Markets regarding obligations to
work within the constraints of laws pertaining to the moving of wildlife, it fell upon the Dept. of
Environmental Conservation (DEC) to decide whether a permit was required for the transportation and
liberation of wildlife with regards to redistribution of the adventive Samurai Wasp. Upon review, in a letter
issued by Joseph E. Therrien on 28 July 2017, the DEC concluded that their statutory and regulatory
framework around the Liberation of Wildlife Permit regulating release of biologicals, such as insects, does
not generally apply to releasing insects into the wild, as long as the proposed release is not of an insect that
is listed on either the endangered and threatened or invasive species listings identified in 6 NYCRR Parts
182 & 575. Release of the Samurai Wasp is further constrained by meeting other state, federal or local
requirements and landowner permissions on all properties in which the wasp is released. With this decision
allowing for transport, relocation, and use as a biological control agent, we began movement and release of
the Samurai Wasp in NY agricultural locations.
2017 Redistribution Of Samurai Wasp Throughout New York State: On 15th September, Land Grant
University research and extension specialists along with citizen scientist participants began the process of
assisting in the redistribution of the adventive Samurai Wasp throughout NYS. We chose 32 NYS sites in
close proximity to commercial farms in which to place Trissolcus japonicus infested eggs. Beginning 15th
September we were able to place 87 BMSB clusters, totaling over 2300 eggs, in 6 NYS counties. A range
of one to three egg clusters containing 22 to 86 individual eggs were placed on plant hosts in each site,
which included use of A. altissima (Tree of Heaven), Acer saccharum (sugar maple), Catalpa speciosa
(Catalpa), Corylus avellana (Hazelnut), Juglans nigra (eastern black walnut), Rhus sp. (Sumac), Robinia
pseudoacacia (Black Locust) and Vitis riparia (Native grape), all known as hosts of BMSB. Additionally,
one site included placement onto deer fencing with eggs fixed to a petri dish and hung inverted to mimic
the underside of foliage.
Defining Establishment of Samurai Wasp: To determine the establishment we again utilized sentinel
eggs in three WNY sites in which baseline sentinel eggs data was collected. The placement of T. japonicus
infested eggs coincided with the placement and subsequent infestation of sentinel eggs placed 30 meters
from the Samurai Wasp release site. In two of the three sites in Orleans and Monroe Counties, newly
released T. japonicus were found to parasitize sentinel eggs upon wasp emergence confirmed by E.
Talamas, verifying the successful release, movement and presence of the wasp in these two sites, now
moving into their overwintering phase.
From general sentinel egg assessments, feeding from predation of BMSB eggs is more likely to occur than
eggs parasitism, causing approximately 35% loss of BMSB sentinel eggs placed in the field or lain by
native BMSB females. Parasitic wasps detected in BMSB egg masses include Telenomus podisi, found to

be most abundant near agricultural systems, with Trissolcus spp. (Trissolcus edessae, Trissolcus euschis,
Trissolcus brochymenae) emerging from native parasitism and Trissolcus japonicus emerging as the
invasive species from sentinel brown stink bug eggs. In the second half of the sentinel egg survey, retrieval
of the infested clusters in 11 of the 32 sites this fall, we recovered only 77% of the eggs. This was due to a
number of factors including abscission of the host leaf, removal of eggs from the host leaf from predatory
insects and predatory feeding caused by ant species. On 3 of the 11 sites we observed newly emerged
Samurai Wasp adults guarding the egg clusters. This is not unusual for Samurai Wasp behavior as newly
emerged males will wait for the emergence of the female, while females will often guard parasitized eggs,
securing their progenies successful development. During our assessment of T. japonicus wasp release eggs
we also found 168 or 24.4% (N=719) successfully emerge as adults with 0.7% partially emerged from the
egg, while 66.4% of the eggs showing no sign of emergence. These non-emergent eggs were both
parasitized and unsuccessful in development (94.6% as a dark hue) or were initially un-parasitized by the
laboratory female wasp prior to field deployment (5.4% as white).
We selected three WNY sites, receiving season long sentinel eggs in which no Samurai Wasp infestation
had occurred, to redistribute Samurai Wasp. These sites had been monitored over the past few years to
confirm increasing BMSB adult populations using pheromone trap captures. In these sites we then placed
sentinel eggs onto BMSB host plants, 30 meters from the release site, to determine if newly released
Samurai Wasp would locate and infest these eggs. Upon retrieval of these eggs two of three sites
confirmed T. japonicus parasitism of newly placed sentinel eggs.
Image 1. Emergence of T. japonicus from sentinel eggs (Photograph: Christopher Hedstrom USDAAPHIS Quarantine Facility, Corvallis, Oregon

Confirming the Success of Samurai Wasp Biological Control in NYS: In spring of 2018 we plan to
confirm the presence of the Samurai Wasp through the use of sentinel eggs, placed weekly in each of the
32 sites. Eggs will be placed and collected beginning early June through early October. Determining the
presence of the wasp using sentinel egg parasitism next season will confirm successful overwintering and
establishmeny of the parasitoid. However, in sites where confirmation is unsuccessful, we plan to re-apply
BMSB eggs parasitized by T. japonicus to develop the presence of the biological control in that site. We
hope to establish further the presence of the wasp in the urban and suburban environment so as to reduce
the overwintering populations of BMSB in homes, offices and storage facilities.
Continuance of pheromone based trapping and monitoring of BMSB adults in the release sites will provide
BMSB population data for comparative assessment of the impact T. japonicus may be imposing on stink
bug as it relates to our baseline monitoring of the insect since 2012. Citizen science surveys will also be
continued alone the same line of data comparisons from 2010 baseline surveys from submissions to
EDDMaps.
Negative Impact of Invasive Biological Control: Over the past 100 years classical biological controls
have been used to manage agricultural pests. As an environmentally sound approach to insect pest
management it has produced monumental successes worldwide in many arenas and yet is not without its
significant failures in the recent past. The invasive complex of pests is on the rise, causing significant
losses and increasing risk from over use of pest control measures. The recent emergence of the Samurai
Wasp, the primary biological control of BMSB in Asia, may prove to be a very welcomed Asian warrior
recent found as an adventive insect in New York State.
The Samurai Wasp has been under lab quarantine for many years, beginning under the direction of Kim
Hoelmer, Beneficial Insects Introduction Research Unit, USDA-ARS, who first identified and transported
the wasp and studied its host range for parasitism of native stink bugs in the U.S. Studies continue to better
understand the host preference capacity of Samurai Wasp. From these initial studies, Trissolcus japonicus
is known to attack the brown marmorated stink bug, Halyomorpha halys, and a native predatory species,
Podisus maculiventris (Say). Evaluations employing choice tests and field surveys in laboratory studies
conducted in China concluded that the ecological host range of Trissolcus japonicus does contain several
Pentatomidae species other then BMSB, which include Dolycoris baccarum (L.) Erthesina fullo
(Thunberg), Plautia fimbriata (Fabr.)(Haye 2014) and Glaucias subpunctatus (Walker) (Matsuo et al.
2016). The likelihood of negative impact on the beneficial Pentatomid insects is present and as yet,
remains uncertain. During our field evaluations we plan to assess of the impact the Samarui Wasp on the
ecology of our agricultural systems during field surveys.
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