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Abstract

The brown marmorated stink bug, Halyomorpha halys (St |) (Hemiptera: Pentatomidae), is an invasive agricultural
and nuisance pest that has established across much of the United States and caused signi cant crop losses in the
Mid-Atlantic region. While it has been monitored extensively using ground-deployed pheromone traps, the vertical
distribution of its life stages in the canopy of wild tree hosts has not been examined. In Virginia, small pyramid
traps baited with low-dose H. halys pheromone lures were deployed via a pulley system at the lower, mid-, and
upper canopy of female tree of heaven (Ailanthus altissima (Mill.) Swingle) in 2016 and 2017 and male A. altissima
and hackberry (Celtis occidentalis L.) in 2017. Weekly captures of adults and nymphs were recorded throughout
each season. Each year, additional female A. altissima trees were felled during the two main periods of H. halys
oviposition. The number and relative locations of all pentatomid egg masses found on foliage were recorded and
any parasitoids that emerged from them were identi ed. Halyomorpha halys adults and nymphs were captured
in greatest numbers in upper canopy traps and in lowest numbers in traps near the tree base. More H. halys egg
masses were collected from mid-canopy than from the lower or upper canopy. The adventive egg parasitoid,
Trissolcus japonicus (Ashmead) (Hymenoptera: Scelionidae), emerged most frequently from egg masses found at
mid-canopy and was not recovered from those in the lower canopy. Results are discussed in relation to the foraging
ecology of H. halys and its natural enemies, including TT. japonicus.
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Halyomorpha halys (St I) (Hemiptera: Pentatomidae) is an invasive
pest from Asia (Hoebeke and Carter 2003) that feeds or reproduces on
many cultivated and wild plants (www.stopbmsb.org). A widespread
outbreak of H. halys in the Mid-Atlantic region of the United States
in 2010 resulted in losses of over $37 million to the apple crop and
severe impacts to many peach orchards (Leskey et al. 2012). Given its
broad host range, high mobility (Lee et al. 2014, Wiman et al. 2015,
Lee and Leskey 2015), and propensity to hitchhike in human convey-
ances, H. halys has now been detected or established in 44 states, four
Canadian provinces (www.stopbmsb.org; accessed 12 March 2018),
and several countries abroad (Leskey and Nielsen 2018).
Halyomorpha halys is not known to reside permanently in
any crop, but moves into crops from its many wild hosts (Bakken
et al. 2015). It is considered a perimeter-driven pest, and injury

from its feeding is often greatest at crop borders next to wooded
areas (Leskey et al. 2012, Joseph et al. 2014, VVenugopal et al. 2015,
Bergmann et al. 2016). Given its wide distribution and mobility in
the landscape, insecticide applications can reduce H. halys injury to
crops but likely do not have a substantial effect on its pest pres-
sure overall. Most of the effective insecticides for managing H. halys
injury to crops are toxic to natural enemies, resulting in disruption
of integrated pest management programs and frequent outbreaks of
secondary pests (Rice et al. 2014, Leskey and Nielsen 2018). Thus,
effective biological control of H. halys in non-crop habitats is con-
sidered a key element of its sustainable management.

In the United States, numerous native parasitoids and predators
that attack H. halys have been identi ed, but have not regulated its
populations adequately (Abram et al. 2017). During the summer of
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Fig. 4. Mean (—SE) weekly captures of H. halys adults and nymphs in pheromone-baited pyramid traps at lower, middle, and upper canopy locations in 2017 by

(A) tree species and (B) canopy location.

Table 1. KendallTau-b correlation coef cient values for the relationship between measurements from felled female tree of heaven, H. halys

egg masses, and T. japonicus detections in 2016 and 2017

Measurement 2016

2017

Number of egg masses

T. japonicus detections

Number of egg masses T. japonicus detections

Tree height 0.07
Branch height 0.01
Branch length 0.20*
Tree circumference 0.09
Linear distance of egg mass from trunk 0.24**
Foliar biomass by branch 0.29%****
Number of samaras 0.11

0.15** 0.11 0.08
0.12 0.14* 0.15**
0.12 0.20** 0.04
0.01 0.002 0.07
0.07 0.38 0.14
0.26*** 0.0004 0.09
0.13 0.11 0.03

*P =0.05; **P < 0.05; ***P < 0.01; ****P < 0.001; *****P < 0.0001.

degree of predation (n = 3; 5.9%), or showed both predation and
produced parasitoids (n = 1; 2.0%). Of the 14 egg masses from
which adult parasitoids emerged in the laboratory, eight yielded
T. japonicus adults (99.1 — 0.9 SE % eggs parasitized). These were
distributed among six trees (range = 1 to 3 per tree), with six egg
masses from the middle third of the canopy and the remaining two
from the upper third. Detections of T. japonicus were positively
correlated with tree height (r = 0.15, n = 157, P = 0.03) and dry
foliar biomass (r = 0.26, n = 117, P = 0.008) in 2016, and with
branch height (r = 0.15, n = 126, P = 0.04) in 2017 (Table 1). Six
H. halys egg masses produced adults of native parasitoid species,
including Telenomus podisi Ashmead (Hymenoptera: Scelionidae)
(n =1, 88.5% eggs parasitized), Pteromalidae (Hymenoptera) (n = 1;
32.1% eggs parasitized), Trissolcus brochymenae (Ashmead)
(Hymenoptera: Scelionidae) (n = 1; 85.7% eggs parasitized), and
Anastatus spp. (Motuschulsky) (Hymenoptera: Eupelmidae) (n = 3;
97.4 — 1.8 SE % eggs parasitized). Two of the H. halys egg masses

that yielded Anastatus spp. were collected from the lower third of
the canopy, otherwise all other masses yielding native parasitoids
were found in mid-canopy. Of the native pentatomid egg masses
collected, the Podisus maculiventris egg mass produced Anastatus
spp., one Euschistus servus (Say) egg mass yielded Te. podisi, one
C. hilaris egg mass produced Anastatus reduvii (Howard), and nei-
ther N. viridula egg mass was parasitized. Egg masses showing evi-
dence of complete or partial predation ( 1 predated egg; n = 13) had
81.4 — 7.9 SE % eggs preyed upon.

Discussion

Detection of an adventive population of T. japonicus in Maryland
in 2014 (Talamas et al. 2015a, Herlihy et al. 2016), and subsequent
detections elsewhere in the United States (Leskey and Nielsen 2018),
highlighted the need to develop ef cient and effective sampling pro-
tocols to track its geographic distribution, spread, and population
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