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ABSTRACT

The brown marmorated stink bug, Halyomorpha halys Stal is a quarantine invasive pest capable of causing
significant economic losses in agricultural and forest ecosystems. In Kazakhstan, this species was first recorded
in 2016 on agricultural and forest plantations, prompting comprehensive monitoring of its distribution and the
assessment of its potential threat to fruit, vegetable, ornamental, and forest plants. During 2024-2025, surveys in
the southern and southeastern regions of Kazakhstan, including Almaty City, Almaty, Turkestan, and Kyzylorda
regions, investigated Trissolcus parasitoids as potential biological control agents of H. halys for the first time. The
primary objectives were to identify the species composition of egg parasitoids, evaluate their biological
effectiveness, and assess their suitability for using H. halys as a host. Field studies employed pheromone traps,
manual collection, and visual plant inspections. Laboratory experiments examined the parasitoids’ life cycle, the
duration of preimaginal development, parasitism rates of egg masses, and adult emergence. Morphological
identification was corroborated using molecular genetic methods with COI and ITS marker genes. Two parasitoid
species were detected — Trissolcus japonicus and T. semistriatus — demonstrating high parasitism rates (86.3-
89.6%) and successful adult emergence (> 92%). The highest densities of H. halys were recorded on apple (Malus
domestica), paulownia (Paulownia spp.), and northern catalpa (Catalpa bignonioides), indicating stable
population reproduction in the region. The duration of preimaginal development and the average adult lifespan of
the parasitoids confirm their suitability for mass rearing under laboratory conditions. These results highlight the
strong potential of Trissolcus spp. as biological control agents of H. halys in agricultural and forest ecosystems in
Kazakhstan, and underscore the importance of molecular identification in studying beneficial insect biodiversity.
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INTRODUCTION

Invasive insect species pose a serious threat to agroecosystems and biodiversity, causing substantial economic
losses and disrupting ecosystem stability. One of the most destructive invasive pests in Eurasia is the brown
marmorated stink bug, Halyomorpha halys Stal 1855, a species native to East Asia. Over recent decades, H. halys
has rapidly expanded its range across humerous countries in Europe, the Americas, and Central Asia, including
Kazakhstan, where it represents a significant threat to fruit and vegetable crops (Temreshev et al. 2018; Afonin
& Musolin 2024). The native range of H. halys includes several East Asian countries, namely China, Japan, North
and South Korea, Taiwan, and Vietnam (Zhu et al. 2016). The species was first detected in the United States in
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1996, where it began to spread aggressively. By 2015, it had been recorded in 41 states ( Hoebeke & Carter 2003;
Kistner 2017; Leskey & Nielsen 2018). In 2010, H. halys was also reported from Canada (Gariepy et al. 2014,
Pelletier et al. 2025). In Europe, the pest was first identified in 2004 in Switzerland and Liechtenstein (De Michele
& Grozea 2018, Sapina & Jelaska 2018). Subsequently, starting from 2011, it was detected in Germany (Hess et
al. 2022), Greece (Andreadis et al. 2021), France (Chartois et al. 2021), Italy (Maistrello et al. 2017; Papa et al.
2023), Hungary (Wahengbam et al. 2025), Romania (Ciceoi et al. 2017), Abkhazia (Gapon 2016; Szanyi et al.
2022), and Georgia (Kharabadze 2022). In 2016, the species was officially recorded in Kazakhstan (\Vétek et al.
2014). Additionally, individual specimens were intercepted in passenger luggage in the United Kingdom and New
Zealand in 2010, highlighting the high invasion potential of this pest through international transport pathways
(Fraser et al. 2017; Vandervoet et al. 2019). One of the most promising and widely studied control strategies
against H. halys is the use of egg parasitoids, generally considered a better alternative to predators since they can
kill the host before hatching, preventing early damages to the plants ( Gariepy et al. 2019; Falagiarda et al. 2023).
Several monitoring programs of egg masses parasitism by resident and exotic egg parasitoids have been conducted
in the invaded areas (Moraglio et al. 2020; Sabbatini-Peverieri et al. 2020; Ogburn et al. 2021). Overall, exotic
egg parasitoids like Trissolcus japonicus (Ashmead; Hymenoptera: Scelionidae) and T. mitsukurii are deemed the
best candidates for classical biological control programs against H. halys (Peverieri et al. 2018; Zapponi et al.
2020; Scala et al. 2022), and T. japonicus augmentative biocontrol programs have been conducted in some
countries (Moraglio et al. 2020; Bittau et al. 2021; Goode et al. 2022). Current management of H. halys (brown
marmorated stink bug) primarily depends on repeated insecticide applications, mainly because effective
alternative approaches, such as biological control, have not yet been adequately developed (Rice et al. 2014).
Native natural enemies exert only minimal pressure on H. halys populations; egg parasitoids typically parasitize
fewer than 5% of egg masses (Abram et al. 2017; Dieckhoff et al. 2017). Since 2007, two parasitoid species
known to attack H. halys in its native range have been evaluated as candidates for classical biological control
programs. One of these, T. japonicus, has undergone host-specificity testing. Research indicates that this
parasitoid can successfully develop on at least seven native stink bug species in Oregon (Hedstrom et al. 2017)
and fifteen native species in Michigan (Botch & Delfosse 2018), which is likely to prevent regulatory approval
for its intentional release in open fields. Despite these concerns, T. japonicus has already established self-
sustaining populations in the United States, most probably introduced accidentally via parasitized H. halys egg
masses (Talamas et al. 2015). As part of a broader classical biological control initiative targeting H. halys, foreign
exploration efforts in Asia began in 2007. Four egg parasitoid species belonging to the genus Trissolcus have been
identified as promising agents and are currently being assessed for potential release against H. halys in the U.S.
(Talamas et al. 2013). Among these candidates, T. japonicus stands out due to several favorable biological traits:
a short generation time (10.5 days at 25 °C), the ability to produce multiple generations annually, a strongly
female-biased sex ratio, and parasitism rates ranging from 50% to 80% on H. halys in its native Asian range (Yang
et al. 2009). Another species, T. cultratus (Mayr), is also under consideration; however, its parasitism rates on H.
halys are generally lower compared to those of T. japonicus (Haye et al. 2015).

MATERIALS AND METHODS

Study area

During 2024-2025, monitoring was conducted in the southern and southeastern regions of Kazakhstan, including
Almaty City, and also Almaty, Zhambyl, Turkestan, and Kyzylorda regions. Entomological material was collected
using standard methods, including pheromone traps, manual collection, and visual inspection of host plants.
Captured insects were euthanized in ethyl acetate killing jars and preserved on cotton pads. In Almaty City and
Almaty Region, the brown marmorated stink bug, Halyomorpha halys Stal was widely distributed at all
developmental stages, from eggs to adults. Laboratory observations of H. halys development were conducted at
25-28.5 °C, 60-70% relative humidity, and a photoperiod of 16:8 h (light: dark). Carrot, zucchini, apple, and sweet
pepper were used as a food source. To study the life cycle, individual pairs (one female and one male) were
maintained in Petri dishes with a moistened cotton pad. Egg masses of H. halys were collected from various
habitats — including grain, legume, forage, vegetable, fruit, ornamental, and forest plants — to assess natural
parasitism levels. Collected egg masses were incubated in the laboratory to observe parasitoid emergence.
Parasitism was confirmed by egg darkening and subsequent emergence of adult parasitoids. Parasitoids were
maintained in glass vials at a female-to-male ratio of 1:1, at 24-27 °C, 70% relative humidity, and a 17-hour
photoperiod. Adults were fed with a drop of honey, and H. halys eggs were replaced every two days. Laboratory



Mengdibayeva et al. 189

studies were conducted at the Kazakh Research Institute of Plant Protection named after Zh. Zhiembayev. In 2025,
H. halys egg masses were collected in Almaty, Turkestan, and Kyzylorda regions. Parasitoids of the genus
Trissolcus were isolated from these egg masses. Initial identification was based on morphological characters.
Genomic DNA was extracted using the DNeasy Blood & Tissue Kit (Qiagen, Germany) according to the
manufacturer’s protocol. PCR amplification and sequencing were performed using COIl and ITS marker genes
with universal primers LCO1490/HC02198 and ITS1/ITS2. PCR products were analyzed by electrophoresis on
1% agarose gels. Sanger sequencing was performed using an ABI 3500xL analyzer. Obtained sequences were
compared to the GenBank database using the BLASTN algorithm. Species-specific primers HhalldF/Hhal1dR2
were used to detect H. halys DNA within parasitoid bodies. All reactions included appropriate positive and
negative controls.

RESULT

During 2024-2025, comprehensive monitoring of the brown marmorated stink bug, Halyomorpha halys was
conducted across southern and southeastern Kazakhstan in agricultural and forest ecosystems. Surveys confirmed
that this invasive species is widely established in Almaty City, as well as Almaty, Turkestan, and Kyzylorda
egions, occurring on cultivated, ornamental, and forest plants. The highest densities of adults and preimaginal
stages of H. halys were recorded on northern catalpa, Catalpa bignonioides, apple, Malus domestica, and
paulownia, Paulownia spp. On these plants, eggs, nymphs of various instars, and adults were simultaneously
present, indicating stable population reproduction in the region. Results of the monitoring of H. halys infestation
are presented in Table 1. During field surveys and egg mass assessments, it was found that egg density varied
depending on the host plant species and local environmental conditions. A total of 135 H. halys eggs were
collected from paulownia, 110 eggs from northern catalpa, and 72 eggs from apple. Some egg masses exhibited
darkening of the chorion, indicating parasitoid infection. In laboratory conditions, parasitoid wasps of the genus
Trissolcus emerged from the collected egg masses. In Almaty Region, two species were identified: Trissolcus
japonicus and T. semistriatus, while in Turkestan and Kyzylorda Regions, only T. semistriatus was detected.
Quantitative data on parasitism rates are summarized in Tables 2 and 3.

Table 1. Results of monitoring the infestation of brown marmorated stink bug on fruit, berry, and forest plants, 2024-2025.

Study site Crop Stink bug

occurrence
Almaty Region, Talgar District, Tuzdybastau Village, S. Ashimbayev Northern catalpa +++
Street (Catalpa bignonioides)
Almaty city, Medeu District, Abay Street Apple (Malus) +++
Almaty City, Bostandyk District, Al-Farabi Avenue, First President’s Apple (Malus) +++
Park Paulownia (Paulownia)

Sour cherry (Prunus subg.
Cérasus)
Linden (Tilia)

Northern catalpa
(Catalpa bignonioides)

Almaty city, Nauryzbay District, Kultobe 1 Street Paulownia (Paulownia) +++
Apple (Malus)
Elm (Ulmus)
Poplar (Populus)
Almaty city, Bostandyk District, Almerek Street, “Okzhetpes” Northern catalpa +++
Sanatorium (Catalpa bignonioides)

Apricot (Prunus armeniaca)
Apple (Malus)
Chestnut (Castanea)

Note: (+) - rare occurrence; (++) - moderate occurrence; (+++) - frequent occurrence.

Analysis of the data showed a high level of egg parasitism under laboratory conditions: 86.3% for T. semistriatus
and 89.6% for T. japonicus. Parasitism was confirmed by characteristic egg color changes and subsequent
emergence of adult parasitoids. The overall emergence of adults from egg masses exceeded 92% for both species
(Table 4), indicating a high adaptability of these parasitoids to using H. halys as a host. Laboratory studies on
parasitoid biology showed that the entire preimaginal development of Trissolcus occurs inside the host egg.
Developmental duration depended on temperature and sex. At 27 °C, male T. semistriatus completed development
in an average of 11 days, whereas females required 13 days; at 24 °C, development lasted 10 and 12 days,
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respectively. In the case of T. japonicus, preimaginal development lasted 10-13 days at 27 °C and 9-12 days at 24
°C (Table 4).

Fig. 1. Parasitoids infecting stink bug eggs.

Table 2. Natural enemies of brown marmorated stink bug in Almaty City and Almaty Region, 2025.
Crop Number of eggs collected (pcs.)  Number of parasitoids emerged (pcs.)

infield in laboratories mummified

Paulownia 26 1 24 1
28 0 23 2
29 0 29 0
26 1 24 0
26 2 10 13
Northern catalpa (Catalpa bignonioides) 28 0 25 3
26 1 24 0
28 3 25 0
28 1 27 0
Apple (Malus) 26 1 16 8
24 2 15 7
22 0 22 0
Table 3. Egg parasitism in laboratory conditions.
Parasitoid species Number of eggs (pcs.)  Parasitized (pcs.)  Parasitism rate (%)
Trissolcus semistriatus 204 176 86.3
Trissolcus japonicus 145 130 89.6

Table 4. Number of adult parasitoids emerging from Halyomorpha halys egg masses.
Parasitoid species  Number of egg masses  Total adults emerged  Rate (%) of normal emergence (nymphs)

T. semistriatus 28 26 92.8

T. japonicus 25 23 92.0

Table 5. Longevity of entomophagous parasitoids under laboratory conditions.
Preimaginal development (days)

Parasitoid species Temperature (°C) Adult longevity (days)

male female
Trissolcus semistriatus 24 10 12 12,6
27 11 13 14,5
Trissolcus japonicus 27 10 13 14,3

24 9 12 13,2
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Fig. 3. Laboratory rearing conditions of natural Trissolcus semistriatus.

Adult longevity at the optimal temperature of 27 °C reached 14.5 days in T. semistriatus and 14.3 days in T.
japonicus. When temperature decreased to 24 °C, mean longevity declined to 12.6 and 13.2 days, respectively.
These results indicate favorable conditions for laboratory rearing and the potential for mass production of these
parasitoid species. Molecular genetic analysis confirmed the results of morphological identification. Sequencing
of the COI and ITS marker genes showed 100% identity of specimens from Almaty Region with Trissolcus
japonicus. Specimens from Turkestan and Kyzylorda regions fully matched T. semistriatus based on the ITS
marker, whereas COI similarity was lower, highlighting the diagnostic value of using multiple molecular markers
for accurate parasitoid identification. Additional PCR assays using species-specific primers targeting
mitochondrial DNA of H. halys yielded amplification only in positive control samples of the host insect. The
absence of amplification in Trissolcus samples may be associated with degradation of host DNA at later parasitoid
developmental stages or with its low residual concentration. Overall, the obtained results demonstrate that natural
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populations of Trissolcus japonicus and Trissolcus semistriatus detected in southern and southeastern Kazakhstan
possess a high potential as biological control agents against the brown marmorated stink bug.

CONCLUSION

Monitoring and investigation of the brown marmorated stink bug, Halyomorpha halys in Kazakhstan began after
its first detection in 2016 on agricultural and forest plants in the southern and southeastern regions of the country.
Survey data revealed extensive spread of the pest and its active infestation of fruit, vegetable, ornamental, and
forest plantations. Since 2024, systematic studies of Trissolcus parasitoids (T. japonicus and T. semistriatus) as
potential biological control agents of H. halys have been conducted in Kazakhstan for the first time. Laboratory
and field experiments demonstrated high egg parasitism rates (86-90%) and successful adult emergence (> 92%),
confirming the high effectiveness of these entomophages in regulating stink bug populations. The duration of the
life cycle and adult survivorship provide favorable conditions for mass rearing and implementation of Trissolcus
in agroecosystems and forest plantations. Thus, for the first time in southern and southeastern Kazakhstan, the
presence of highly effective parasitoids capable of controlling the quarantine pest H. halys in agricultural and
forest crops has been confirmed. The obtained data substantiate the promising potential of Trissolcus spp. for use
in sustainable and environmentally safe plant protection programs and emphasize the need for continued
monitoring and comprehensive studies of beneficial insect biodiversity in the country.
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