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ABSTRACT A new species of Trissolcus Ashmead (Hymenoptera: Scelionidae), Trissolcus halyomorphae Yang, sp. nov., is described from China. It is a solitary parasitoid in eggs of Halyomorpha halys
(Stål) (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, Trissolcus halyomorphae, new species, egg parasitoid, biocontrol

Halyomorpha halys (Stål) (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 misidentiÞed 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; Funayama 2003, 2004; Toyama et al. 2006). In China, H.
halys has become a serious polyphagous pest of soybean, vegetables, and tobacco, as well as many forest
and ornamental trees, being especially harmful to orchards. It attacks many fruit, including pear, apple (He
1997, Zhang et al. 2007), peach, plum, cherry, pomegranate, common jujube, citrus, persimmon, mulberry, hawthorn, apricot, grape, kiwifruit, and strawberry. Adults of H. halys generally feed on the fruit,
whereas nymphs feed on leaves, stems, and fruit. Damage by H. halys caused the surface of the fruit to
become concave and unshapely, decreasing serious
yields as well as quality decline, and resulting in economic loss. Furthermore, H. halys is recorded as a
vector of Paulownia witchesÕ broom disease, an extremely 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 se1 The Key Laboratory of Forest Protection of China State Forestry
Administration, Research Institute of Forest Ecology, Environment
and Protection, Chinese Academy of Forestry, Beijing 100091.
2 Corresponding author, e-mail: yzhqi@caf.ac.cn.
3 Research Institute of Beijing Horticulture, Beijing 100102, China.
4 Plant Protection College, Shandong Agricultural University,
TaiÕan 271018, Shandong, China.

rious problems for forestation and “greening” in China
(Jin et al. 1981).
H. halys was accidentally introduced into the United
States (Hoebeke 2002; Hoebeke and Carter 2003; Bernon et al. 2003, 2004). It was Þrst collected in September 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). Subsequently, it was conÞrmed from several Mid-Atlantic
states, as well as in Oregon, California, western Maryland, 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 (soybean), fruit trees (both stone fruit and pomes), ornamentals (butterßy bush), and vegetables (leaves also
attacked) (Bernon 2004). According to Bernon
(2004), the Þnal 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 PaciÞc 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 integrated pest management (Bernon 2004, Hamilton and
Nielsen 2005, Rider 2008).
H. halys severely attacks many fruit in China. In
Heze, Shandong Province, normally 10 Ð25% of pears
and sometimes up to 35% of pears were damaged
(Ming et al. 2001), whereas 40 Ð 60% of pears in Hebei
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Province and 50 Ð70% of pears and peaches in Beijing
were harmed (Zhang et al. 1993, Qin 1990). In north
Henan Province, 23% of apricot and peach fruit were
commonly injured, with damage rates as high as 87%.
In Beijing, 28.8, 23.4, and 30.8%, respectively, of the
fruit of Sangsha, YataÕer, and Fushi varieties of apples
were damaged (Zhang et al. 2007). Because of the
severe damage caused by H. halys, attempts have been
made to manage it. However, practical measures for
controlling this pest have mainly involved repeated
chemical spraying (Chu et al. 1997, Li et al. 1998, Ming
et al. 2001), and the development of new management
strategies that lower the environmental load and produce “green” fruit are desired. In response, a biocontrol program that mainly uses its natural insect enemies was initiated to suppress the pest in Beijing.
During exploration for natural enemies of H. halys, we
discovered six egg parasitoids in the Beijing area, of
which there is one new species of Trissolcus Ashmead
(Hymenoptera: Scelionidae) belonging to the ﬂavipes-species group. It is superior to the other Þve
known parasitoid species because parasitism rates of
20 Ð70% are common, and the average rate of parasitism is 50% in the Þeld. Subsequent to its discovery,
laboratory and Þeld studies of its biology and mass
rearing were conducted. Here, we describe the new
Trissolcus species and present biological observations
and a discussion of its biocontrol potential.
Species of Trissolcus are all egg parasitoids of insects
in the superfamily Pentatomoidea (Heteroptera).
Many of their hosts are economically important pests.
Because of this there has been interest in species as
biocontrol agents and some have been used for biocontrol (Johnson 1984, Corrêa-Ferreira and Moscardi
1996). The genus is worldwide in distribution, with 161
species being described (Palearctic, 69; Nearctic, 15;
Neotropical, 20; Oriental, 22; Australasian, 23; and
Afrotropical, 25) (Johnson 1992). Trissolcus is a
unique group in the Telenominae (Scelionidae) that
is distinguished from other genera in the subfamily by
1) female antennal clava compact and composed of six
segments, 2) frons sculptured throughout, and with
preoccellar pit located below the median ocellus, 3)
scutellum with surface sculpture, 4) second metasomatic tergite wider than long, and 5) eyes seeming
glabrous under low magniÞcation (Masner 1980; Johnson 1991).
Masner (1976, 1980) provided keys to identify the
world and Holarctic genera of Scelionidae, respectively, including Trissolcus. Johnson (1992) catalogued
the world species and studied the Nearctic (1984,
1985a, 1985b), Neotropical (1987), and Australasian
(1991) species of Trissolcus. Kozlov and Le (1976,
1977) revised the Trissolcus ﬂavipes species-group and
the Palearctic species of Trissolcus, respectively. Kozlov (1968, 1978) studied the Trissolcus species of
Caucasus and provided keys to identify the species
from the European part of the former USSR, respectively, whereas Kozlov and Kononova (1983) reviewed all Trissolcus species in the former USSR. Ryu
and Hirashima (1984) studied the species of Japan and
Korea. Hirashima and Yamagishi (1981) redescribed
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Japanese Scelionidae preserved in the U.S. National
Museum, including Trissolcus japonicus (Ryu &
Hirashima). There have been no systematic studies of
the Chinese species of Trissolcus, but He (2004) reported two species, Trissolcus mitsukurii (Ashmead)
and Trissolcus nigrepedius (Nagagawa), parasitizing
pentatomids in rice paddy Þelds.
Materials and Methods
Surveys of the natural insect enemies of H. halys
were conducted in 2001Ð2007 in pear and peach orchards, as well as in ornamental forests, mainly with
the tree P. tomentosa, in Beijing, Hebei, and Shandong
provinces. The egg masses of H. halys, which were
usually laid on the underside of leaves, were collected
monthly from the above fruit and forest trees. They
were then each put into a vial (40 mm in length and
13 mm in diameter), and the vials were sealed tightly
with absorbent cotton ball. The egg masses were
reared in the laboratory at room temperature
(⬇25⬚C). They were checked daily and the parasitoids
later emerged. According to numbers of the parasitized and unparasitized eggs of H. halys, the parasitism
rates were calculated. During the investigations, the
biology of the new parasitoid species also was observed, e.g., overwintering status for both host and
parasitoid, degree-day determination, and so on
(mainly carried out by one of us; Qiu 2007). The
parasitoid specimens were identiÞed and examined
with an SMZ 10 stereomicroscope (Olympus, Tokyo,
Japan). Scanning electron photomicrographs were
taken with a 550LV scanning electron microscope
(JEOL, Tokyo, Japan).
Terminology follows Masner (1980) and Johnson
(1984), as well as Miko et al. (2007). The type materials of the new species are deposited in the Insect
Museum, Chinese Academy of Forestry, Beijing. Authorship of the new species is attributed solely to
Y.Z.-Q.
Results and Discussion
Trissolcus halyomorphae Yang, n. sp.
(Figs. 1Ð15)
Female. Length 1.3Ð1.8 mm (holotype 1.5 mm).
Head (Figs. 1, 3Ð 4). Transverse from dorsal view
(Fig. 3), 3.5 times as broad as its median length, and
broader than mesosoma (1.1 times). Vertex slightly
arched upwards, with the posterior margin higher
than the anterior margin, vertex and frons punctulatereticulated throughout, covered with few hairs. Hyperoccipital carina present, complete and not sharp.
Ocelli arranged in a strongly obtuse-angled triangle.
The distance between median ocellus and hyperoccipital carina about equal to its longitudinal diameter,
in the front of the median ocellus with a deep fovea
and a longitudinal groove arising from the fovea, the
groove going toward and reached the upper antennal
scrobes. Posterior ocelli distance from hyperoccipital
carina ⬇0.5 times as long as its longitudinal diameter,
and separated from their inner orbits and connected
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Figs. 1–2. (1Ð2) T. halyomorphae n. sp.: (1) Female,
whole body in dorsal view. (2) Male, whole body in lateral
view. (Online Þgure in color.)

to them by distinct short transverse grooves. The distance from posterior ocellus to the eye much shorter
than the ocellar short diameter (only 0.6 times). Occiput broadly concave with the same reticulation as
vertex. Eyes glabrous under low magniÞcation with
few superÞcial hairs under high magniÞcation (above
250⫻) (Fig. 3). In the frontal view, the head (Fig. 4)
1.35 times as broad as high. Frons slightly convex,
punctulate-reticulated, scattered colliculose near
eyes; eyes 2.1 times as long as broad; orbits of eyes
deeply concave and strongly expanded ventrally, their
inner margins sharply edged with parascrobes anteriorly and the edges merging into hyperoccipital carina
posteriorly. Frons slightly convex; antennal scrobes
present, shallowly depressed up to two-thirds distance
from antennal toruli to median ocellus, with transverse
rugulae inside. Interantennal process raised and noselike. Antennae (Fig. 3a) 11-segmented, radicle 0.2
length of scape; scape 5.5 times as long as broad;
pedicel 2.7 times as long as broad; funicle 1, 1.25 times
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as long as pedicel and much longer than funicle two
(2.0 times), 2.8 times as long as broad; funicle 2 ⬇1.4
times and funicle 3 0.8 times as long as broad, respectively. Club six-segmented, proximal segment distinctly broader than long and 0.6 times as long as
second club segment medially, second to fourth
slightly transverse, the Þfth nearly quadrate, apical
segment conical, 1.6 times as long as broad.
Mesosoma (Figs. 6Ð10). Equally long as it is broad,
covered with white hairs (Fig. 6). Mesoscutum distinctly convex, reticulate-sculptured and delicately
raised but becoming weaker in medial-lateral part,
with notauli straight. Mesoscutellum broad, convex
and punctulate-reticulate superÞcially and much Þner
than that of mesoscutum. The reticulation became
more delicate after the median, and the posterior half
was shiny, hind margin scattered with a row of puncture. Metascutellum strongly areolated on the surface,
⬇0.3 times as long as mesoscutellum medially. Mesopleuron (Fig. 7) had a dorsoventral carina on its surface medially, acetabular Þeld and anteroventral portion of mesepisternum setose. Legs (Figs. 8Ð10) had
hind basitarsus 2.2 times as long as the second tarsus
and ⬇0.5 times the length of hind tibiae.
Wings (Figs. 11Ð12). Forewing (Fig. 11) 2.4 times
as long as broad, submarginal vein 1.5 times as long
as the poststigmal vein, marginal vein very short,
almost venting, stigmal vein 0.6 times as long as
poststigmal vein and 3.7 times as long as marginal
vein. Hind wing (Fig. 12) 3.5 times as long as broad,
and fringes slightly ⬍0.25 times the greatest width
of the hind wing.
Metasoma (Figs. 13Ð14). Metasoma 0.9 times as
long as the mesosoma, its breadth greater than length
(1.13 times); Þrst tergite transverse with deep longitudinally costae except two sublateral sides with rugae, and side margins each with a row of short but stout
hairs; second tergite twice as broad as long, longitudinally striated on nearly proximal three fourths medially, and those striae shortened on sides, the rest
smooth and shining, and with spare ciliae. The following tergites strongly transverse, minutely punculate throughout with sparsely ciliae. Fore two sternites
(Fig. 14) of metasoma had costae and rugae on the
surface, as well as sparse hairs; sternite 2 had narrow
lateral setal Þelds. Ovipositor projected a little beyond
the tip of metasoma.
Color. Body black. Antenna fulvous except for the
club which was black. Mandibles colored reddish
brown. Legs fulvous but coxae black, and femora with
anterior and distal parts dark brown. Wing hyaline,
veins light brown only proximal darker.
Male(Figs. 2 and 5b). Body length 1.2Ð1.6 mm.
It is similar to female, but characteristics is differ as
follows: antennae (Fig. 5b) 12-segmented, fulvous except for the scape tip and Þve segments of the distad
ßagellum, which were brown; legs also fulvous but
coxae concolorous with body and tip of tarsi dark
brown; antenna with radicle short, ⬇1/10 of scape
length; scape 3.5 times as long as broad, 4 times length
of pedicel; pedicel much shorter than the Þrst ßagellomere (3.5:6), 1.5 times as long as broad; the Þrst
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Figs. 3–7. (3Ð7) T. halyomorphae n. sp.: (3) Female, head in dorsal view. (4) Female, head in frontal view. (5) Antennae
(a, female; b, male). (6) Female mesosoma in dorsal view. (7) Female mesosoma in lateral view.

ßagellomere slightly longer than the second, twice
its breadth; the last four segments with the same
breadth, three apical segments were of the same
length except the last one, all 1.5 times as long as
broad, the apical segment 2.5 times as long as broad,
ratio of each ßagellomere as 6: 5: 4.1: 3.9: 3.6: 3.1: 3:
3: 3: 5 in length, 3: 3.1: 3: 2.9: 2.6: 2.4: 2: 2: 2: 2 in
breadth; each ßagellomere was longer than broad;
metasoma with second tergite not longitudinally
striated in the middle, but formed a smooth triangle

area, with only several separated rugae, and lateral
striae longer than that in female.
Type Material. HOLOTYPE 씸, Xiangshan, Beijing, Yang Zhong-Qi and Qiu Lan-Fen reared from
the eggs of H. halys, 7-VIII-2001. PARATYPES: 20 씸,
5 么, same data as holotype; 26 씸, 5 么, Fenghuangling, Beijing, 20-VI-2007; 20 씸, 4 么, TaiÕan, Shandong Province, 6-VIII-2001, Li Zhong-Xin col.; 22 씸,
6 么, Baoding, Hebei Province, 15-VII-2006, Yang
Zhong-Qi Col.
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Figs. 8–14. (8Ð14) T. halyomorphae n. sp.: (8) Female fore leg. (9) Female mid leg. (10) Female hind leg. (11) Female
fore wing. (12) Female hind wing. (13) Female metasoma in dorsal view. (14) Female metasoma in ventral view.

Distribution. China: Beijing, Shandong and Hebei
provinces. The species may eventually be found
throughout China where its host H. halys occurs.
Etymology. The species epithet is derived from the
generic name of its host, Halyomorpha.
Diagnosis. T. halyomorphae sp. nov. is similar to T.
japonicus, but the latter species differs as follows: legs

with femora concolorous with other parts, not dark
brown; vertex ßat and without longitudinal groove in
front of median ocellus; the distance from the posterior ocellus to the eye is equal to the minimal ocellar
diameter; orbits of eyes very narrow and not expanded
ventrally; antennal scrobes have transverse rugulae
that extend dorsally to the median ocellus; notauli
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Figs. 15–16. (15Ð16) Parasitized and unparasitized egg mass of H. halys: (15) H. halys egg mass parasitized by T.
halyomorphae sp. n. and the new emerged wasps of the parasitoid. (16) Unparasitized egg mass of H. halys from which its
larvae hatched. (Online Þgure in color.)

slightly curved outwards anteriorly; forewing slightly
infumate; metasoma 1.3 times as long as broad, the
second tergite ⬎2.2 times as broad as long and with
longer ciliae; hosts: Plautia stali Scott, Plautia splendens Distant (Pentatomidae), and Elasmucha putoni
Scott (Acanthosomatidae).
Arakawa et al. (2004) stated that T. mitrukurii
parasitizes the eggs of H. halys, but it differs from T.
halyomorphae sp. nov. as follows: The head is hardly
broader than the mesosoma; the scutellum is sculptured slightly more coarsely than the mesoscutum;

female antenna with funicle one as long as pedicel
and 1.25 times as long as broad; Þrst segment of club
0.28 times as long as second segment.
T. halyomorphae is also similar to T. ﬂavipes, but the
latter species is distinguished by: Frons with antennal
scrobes having transverse rugulae that extend dorsally
to the median ocellus; its head is hardly broader than
its mesosoma; the distance between the posterior ocellus and the eye is twice that of the shortest diameter
of the ocellus; pedicel is twice as long as it is broad and
slightly shorter than funicle 1, which is subconical and
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twice as long as it is broad; the metasoma with its
second tergite is 1.5 times as broad as long.
Remarks. Ming et al. (2001) reported an unnamed
scelionid egg parasitoid of H. halys in pear orchards in
Shandong Province that had parasitism rates of 65Ð
70%. Li et al. (1992) reported that Trissolcus ﬂavipes
Thomson parasitized 59.16% annually with a maximum
rate of 87.05%, and Zhang et al. (1993) recorded the
same scelionid species parasitized 42.5% on average
with a maximum parasitism rate of 63.3% of H. halys
eggs in central and south Hebei Province. Chu et al.
(1997) reported that “Telenomus mitsukurii Ashmead”
was the main parasitoid of H. halys in pear orchards in
Hebei Province, with parasitism rates of 59.2Ð 84.7%
[the generic name should be Trissolcus based on Johnson (1992)]. The reports of the parasitoid species
listed above as attacking the eggs of H. halys probably
represent misidentiÞcations of T. halyomorphae because we reared this species from H. halys in the same
areas with similar parasitism rates.
Biological Observations. T. halyomorphae is a solitary endoparasitoid in the eggs of H. halys and overwinters as an adult similar to that of its host. It apparently is the primary biological regulator of populations
of the stink bug in northern China. As stated above, it
has an annual average parasitism rate of 50%, with a
maximum of 70%, though parasitism rates reach 80% in
the second generation of its host (Li 2002, Li and Liu
2004). Each of the other Þve parasitoid species of the
stink bug found in the current study had parasitism
rates that never exceeded 10%. It is interesting that
usually all eggs in an egg mass of H. halys were parasitized by T. halyomorphae. An average female of T.
halyomorphae has 42.2 eggs, which indicates one female can parasitize all the eggs in a single egg mass of
H. halys (in most cases an egg mass of H. halys has 28
eggs). Frequently, the males emerged Þrst and waited
on the host egg mass until the females emerged, with
mating occurring soon thereafter. The female to male
ratio of T. halyomorphae is 5.45:1. The threshold temperature for development and effective accumulated
temperature of T. halyomorphae are 12.2⬚C and 132.5
degree-days respectively by our experiment, i.e., at
25⬚C the parasitoid needs 10.5 d and at 30⬚C only 7.3 d
for Þnishing a generation (Qiu 2007). Consequently,
T. halymorphae can have 10 generations per year compared with two generations of its host. The remnants
of the host egg after a parasitoid emerges (Fig. 15) are
easily distinguished from those of a nonparasitized egg
(Fig. 16). A parasitized egg has a hole on the top with
irregular margins whereas a nonparasitized egg has a
hole with a regular margin and an attached operculum,
as well as an egg-burster that is triangular in shape with
a black frame. These characteristics are useful to investigate parasitism rates even after emergence of the
parasitoid or H. halys.
From the above-mentioned data, it seems that T.
halyomorphae has the characteristics of an excellent
biocontrol agent, including a high female to male ratio,
short developmental time, and many more generations than its host, which together could result in large
progeny numbers to suppress population levels of H.
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halys. The adults of T. halyomorphae and H. halys also
both overwinter as adults, indicating a close synchrony of biology. We found that T. halyomorphae
could also successfully parasitize the eggs of a few
other species of pentatomid pests in laboratory mass
rearings, including Erthesina fullo (Thunberg), Dolycoris baccarum (L.), and Plautia crossota (Dallas) (Qiu
2007). Such alternative hosts may help support high
population levels of T. halyomorphae. Consequently,
T. halyomorphae has excellent potential for biological
control of H. halys.
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