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Clutch-level emergence and progeny composition of Anastatus bangalorensis Mani & Kurian (Hymenoptera: Eupelmidae) from eggs of Tessaratoma javanica (Thunberg) (Hemiptera: Tessaratomidae) on ‘Shahi’ litchi in Bihar, India


Abstract
The litchi stink bug, Tessaratoma javanica (Thunberg, 1783) (Hemiptera: Tessaratomidae), is an important pest of litchi in eastern India. Information on its egg parasitoids in Bihar remains limited. During surveys in May 2026, 35 naturally laid egg clutches of T. javanica were collected from GI-registered ‘Shahi’ litchi at Muzaffarpur, Bihar, and maintained individually under laboratory conditions. Anastatus bangalorensis Mani & Kurian, 1953 (Hymenoptera: Eupelmidae) emerged from nine clutches (25.71%), comprising 169 host eggs and 169 adult parasitoids. The progeny included 166 females and three males, with a female proportion of 98.22% and a female-to-male ratio of 55.3:1. Females emerged before males in all three male-containing clutches. Sixteen clutches produced T. javanica, one produced an unidentified Ooencyrtus sp. (Hymenoptera: Encyrtidae), and nine showed no emergence. Based on the literature and database search undertaken, this represents the first confirmed record of A. bangalorensis from Bihar. The study provides quantitative observations on clutch-level emergence and progeny sex composition of this egg parasitoid from naturally collected T. javanica eggs.
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Introduction
Litchi, Litchi chinensis Sonn., is an economically important subtropical fruit crop in India, with Bihar being one of the major litchi-producing states. Muzaffarpur is particularly well known for commercial production of ‘Shahi’ litchi, a premium cultivar that has received Geographical Indication (GI) recognition. The ICAR-National Research Centre on Litchi (ICAR-NRCL), Muzaffarpur, identifies pest and disease management as an important component of litchi production research, reflecting the economic significance of maintaining productivity and fruit quality in the region. The litchi crop is attacked by a complex of insect pests, among which fruit and shoot borers, mites, leaf folders, loopers, weevils, mealybugs and stink bugs are important (Table-1). The litchi stink bug, Tessaratoma javanica (Thunberg, 1783) (Hemiptera: Tessaratomidae) (Figure-A, B & H), is a sap-sucking insect associated particularly with young shoots, petioles, fruit stalks and developing fruits. Earlier studies characterized its biology, morphology and mitochondrial COI sequences, establishing a molecularly supported framework for identification of its developmental stages (Parveen et al. 2015).
Table 1. Major insect pests associated with litchi in India
	Pest
	Scientific name
	Principal damage/association
	Reference

	Litchi fruit and shoot borer
	Conopomorpha sinensis Bradley
	Boring damage to shoots and developing fruits
	ICAR-NRCL

	Litchi mite
	Aceria litchi (Keifer)
	Feeding damage and erineum formation on young tissues
	ICAR-NRCL

	Litchi stink bug
	Tessaratoma javanica (Thunberg)
	Sap sucking on buds, shoots, petioles, fruit stalks and developing fruits
	ICAR-NRCL; Parveen et al. 2015

	Leaf folder
	Pletypeplus aprobola (Meyrick)	Comment by Dr. Somanath Sahoo: It is Platypeplus aprobola
	Leaf folding and feeding damage
	ICAR-NRCL

	Litchi looper
	Perixera illepidaria (Guenée)
	Defoliation
	ICAR-NRCL

	Leaf-cutting weevils
	Myllocerus undecimpustulatus Faust and Apoderus blandus Faust
	Leaf feeding and cutting
	ICAR-NRCL

	Bark-eating caterpillar
	Indarbela quadrinotata Walker
	Damage to bark and woody tissues
	ICAR-NRCL

	Mealybug
	Drosicha mangiferae (Stebbing)
	Sap feeding and honeydew-associated damage
	ICAR-NRCL


ICAR-NRCL: ICAR-National Research Centre on Litchi, Muzaffarpur.
Historically, T. javanica was considered a relatively minor pest in several parts of India; however, serious outbreaks have subsequently been documented. An outbreak in Jharkhand resulted in substantial fruit loss, demonstrating the potential of the species to attain damaging populations under favourable conditions (Choudhary et al. 2013). In Bihar, the pest was reported from litchi orchards from 2018 onwards, followed by expansion into additional production areas (Kumar et al. 2022). Recent ICAR initiatives further describe T. javanica as 
a major insect pest and have intensified field-level management and awareness programmes in Bihar and Jharkhand. Because the eggs of T. javanica are exposed on plant surfaces, they provide an important resource for egg parasitoids (Table-2). Several hymenopteran parasitoids have been reported from its eggs in India.
Table 2. Hymenopteran Egg parasitoids reported from T. javanica in India
	Parasitoid
	Family
	Host stage
	Reported association/reference

	Anastatus colemani Crawford
	Eupelmidae
	Egg
	Gautam et al. 2004

	Ooencyrtus phongi Tryapitsyn, Myartseva & Kostyukov
	Encyrtidae
	Egg
	Gautam et al. 2004

	Anastatus bangalorensis Mani & Kurian
	Eupelmidae
	Egg
	Choudhary et al. 2013, 2015

	Anastatus acherontiae Narayanan
	Eupelmidae
	Egg
	Choudhary et al. 2015

	Ooencyrtus sp.
	Encyrtidae
	Egg
	Choudhary et al. 2013, 2015



Gautam et al. (2004) documented natural egg parasitism of T. javanica by A. colemani and O. phongi, with reported parasitism ranges of 12.9-52.9% and 20.6-55.7%, respectively. Choudhary et al. (2015) subsequently reported A. bangalorensis and A. acherontiae as egg parasitoids of T. javanica, thereby expanding the known parasitoid complex associated with the pest. The occurrence of A. bangalorensis in association with T. javanica is therefore not a new host association for India. Rather, the significance of the present observation lies in its geographical documentation from Bihar, together with detailed quantitative observations from naturally collected egg clutches. This is particularly relevant because Bihar has recently become an important region for T. javanica occurrence and management.
The present study therefore aims to: (1) document the occurrence of A. bangalorensis from naturally collected eggs of T. javanica in Bihar; (2) provide quantitative observations on clutch size and parasitoid emergence; (3) document progeny sex composition and emergence sequence; and (4) place the observation in the context of the known parasitoid complex of T. javanica in India.
Materials and methods
Study area and host plant
Field observations were conducted during May 2026 in the Muzaffarpur region of Bihar, India, on ‘Shahi’ litchi, a commercially important and GI-registered litchi cultivar of Bihar. Egg clutches of T. javanica were collected directly from litchi plants during the active fruiting period. Two collection localities were represented in the sampling programme: the ICAR-National Research Centre on Litchi campus, Muzaffarpur, and Turki, approximately 15 km from the ICAR-NRCL campus. 
Collection and maintenance of host egg clutches
A total of 35 naturally laid egg clutches of T. javanica were collected from litchi plants during May 2026 (Figure- C). Each clutch was collected separately and maintained individually to retain the association between the host egg mass and emerging parasitoids. Egg clutches were transferred to clean, labelled containers under laboratory conditions and observed periodically until emergence ceased. Emerged insects were collected and preserved for identification. Host bugs and parasitoids were distinguished based on their external morphology and emergence from individual egg clutches. Where a parasitoid emerged, the number and sex of adult parasitoids were recorded. The emergence sequence was also noted, particularly in clutches producing both sexes.
Identification
The host insect was identified as T. javanica (Thunberg, 1783) (Figure A, B & H) based on external morphological characters and comparison with published descriptions and biological information, including Parveen et al. (2015). Parasitoids were identified as Anastatus bangalorensis Mani & Kurian, 1953 based on morphological examination and comparison with relevant taxonomic literature. The voucher specimens were deposited in National Zoological Collection (NZC), GPRC, ZSI.
Material examined:
Anastatus bangalorensis Mani & Kurian, 1953: 10 ♀, 2 ♂, emerged from eggs of Tessaratoma javanica, collected on Litchi chinensis cv. ‘Shahi’, Muzaffarpur, Bihar, India, 24.v.2026; deposited in  NZC, GPRC, ZSI, Reg. no. [A-9461].
Tessaratoma javanica (Thunberg, 1783): 3 exs., associated with the above egg clutches; deposited in NZC, GPRC, ZSI, Reg. no. [A-9465].
Data analysis
For the A. bangalorensis-positive clutches , the number of host eggs per clutch and the number of parasitoids emerging from each clutch were recorded. The proportion of parasitoid-positive clutches was calculated as the number of clutches from which A. bangalorensis emerged relative to the total number of T. javanica egg clutches collected. The sex composition of the emerging parasitoids was documented by recording the numbers of females and males, from which the female proportion and female-to-male ratio were calculated. Clutch size was summarized using the mean, standard deviation, median, and range. In clutches producing male offspring, the sequence of emergence of female and male parasitoids was also recorded. Because parasitoid emergence was observed in only nine A. bangalorensis-positive clutches, the analysis was restricted primarily to descriptive statistics. No inferential statistical model was fitted to examine the relationship between host egg number and parasitoid emergence, as each host egg can produce at most one primary parasitoid in the observed system. Thus, the egg-to-parasitoid relationship is structurally constrained, and the limited number of positive clutches does not provide sufficient independent observations for robust inferential modelling.
Results
Overall outcome of the 35 collected egg clutches
Out of the 35 T. javanica egg clutches collected, 16 produced T. javanica, nine produced A. bangalorensis, one produced an unidentified Ooencyrtus sp. (Figure- G), and nine showed no emergence. Thus, A. bangalorensis (Figure- D) was recovered from 9 of the 35 collected clutches, corresponding to a clutch-level occurrence of 25.71%.


Table 3. Emergence outcome of the 35 naturally collected Tessaratoma javanica egg clutches
	Emergence outcome
	Number of clutches
	In Percentage

	T. javanica
	16
	45.71

	A. bangalorensis
	9
	25.71

	Ooencyrtus sp.
	1
	2.86

	No emergence
	9
	25.71

	Total
	35
	100



The occurrence of A. bangalorensis should therefore be interpreted at the clutch level as 25.71%, rather than as an overall egg parasitism rate. The parasitoid-positive clutches represent a distinct subset of the collected egg masses (Table-3).
Clutch-level emergence of A. bangalorensis
The nine A. bangalorensis-positive clutches contained between 13 and 26 host eggs, with an overall mean clutch size of 18.78 ± 4.60 eggs and a median of 19 eggs. A total of 169 host eggs were present across these nine clutches, and 169 adult A. bangalorensis emerged. Thus, within this parasitoid-positive subset, every examined host egg yielded one parasitoid adult.
Table 4. Clutch-level emergence of A. bangalorensis from T. javanica eggs
	Clutch No.
	No. of Host eggs
	No. of Female parasitoids emerged
	No. of Male parasitoids emerged
	Total parasitoids emerged 
	Female emergence before male

	1
	14
	14
	0
	14
	-

	2
	13
	13
	0
	13
	-

	3
	20
	20
	0
	20
	-

	4
	17
	17
	0
	17
	-

	5
	13
	12
	1
	13
	Yes

	6
	19
	19
	0
	19
	-

	7
	26
	25
	1
	26
	Yes

	8
	22
	21
	1
	22
	Yes

	9
	25
	25
	0
	25
	-

	Total
	169
	166
	3
	169
	3/3 male-containing clutches



The clutch-level parasitoid output was therefore exactly one parasitoid per host egg in all nine positive clutches. This represents complete apparent parasitism within the parasitoid-positive subset, rather than 100% parasitism of all 35 collected clutches.
Sex composition
Out of the 169 parasitoids that emerged, 166 were females and three were males. Females therefore constituted 98.22% of the progeny, whereas males constituted 1.78% (Table- 4). The resulting female-to-male ratio was approximately 55.3:1. Male emergence was recorded from three of the nine parasitoid-positive clutches. The remaining six clutches produced female-only progeny. Among the three male-containing clutches, females emerged before males in every case. Thus, female-first emergence was observed in 3/3 (100%) of the male-containing clutches. Because only three clutches contained males, this observation is presented descriptively and is not interpreted as a species-wide emergence pattern.
Discussion
The present study documents Anastatus bangalorensis Mani & Kurian, 1953 (Hymenoptera: Eupelmidae) (Figure- D, E & F) emerging from naturally collected eggs of T.  javanica (Thunberg) in Bihar. The host association itself is not novel, as A. bangalorensis was previously reported as an egg parasitoid of T. javanica in India, including Jharkhand, where it was recorded along with A. acherontiae as part of the natural-enemy complex of the litchi stink bug (Choudhary et al., 2015). Earlier, A. colemani and O. phongi were also reported from T. javanica eggs in India (Gautam et al., 2004). The significance of the present finding is therefore primarily geographical, representing the first confirmed record of A. bangalorensis from Bihar based on the literature and database search undertaken for this study. This finding is relevant because T. javanica was first reported from litchi orchards in Bihar in 2018 and subsequently spread to additional orchards and districts, becoming an increasing concern in the state's litchi production system (Kumar et al., 2022; Samal et al., 2023).
The present study adds quantitative clutch-level information to the existing knowledge of the T. javanica parasitoid complex. Out of the 35 naturally collected egg clutches, nine (25.71%) yielded A. bangalorensis (Table-3). These nine clutches contained 169 host eggs and produced 169 adult parasitoids, indicating one adult parasitoid emerging from each host egg within the parasitoid-positive subset. This should not be interpreted as 100% parasitism of the entire field-collected sample. Complete apparent parasitism was observed only within the nine A. bangalorensis-positive clutches, whereas the remaining collection included 16 clutches producing T. javanica, one clutch producing an unidentified Ooencyrtus sp., and nine clutches with no emergence. Previous studies have reported substantial but variable natural parasitism of T. javanica eggs. Gautam et al. (2004) recorded parasitism of 12.9-52.9% by A. colemani and 20.6-55.7% by O. phongi, while Choudhary et al. (2015) reported A. bangalorensis and A. acherontiae as egg parasitoids of T. javanica, with parasitism levels of 42.54% and 46.12%, respectively(Table-4). Differences between these observations may reflect variation in parasitoid species, sampling period, host population, egg age, clutch condition and orchard-management practices. The recovery of an unidentified Ooencyrtus sp. (Figure- G) from one T. javanica egg clutch further indicates that the egg-parasitoid assemblage associated with the litchi stink bug in Bihar may include additional taxa. O. phongi has previously been reported from T. javanica eggs in India (Gautam et al., 2004), with parasitism ranging from 20.6 to 55.7% in that study. However, the Ooencyrtus specimen obtained in the present study was not identified to species level and therefore cannot be assigned to O. phongi without further taxonomic confirmation. As only one Ooencyrtus-positive clutch was recovered, no inference can be made regarding its frequency or relative importance in the parasitoid community.
A pronounced female bias was observed in A. bangalorensis progeny, with 166 females and three males (98.22% females; female = 55.3:1) (Figure- F). Female-biased progeny has been reported in several Anastatus species, including A. orientalis, A. japonicus, A. bifasciatus, and A. meilingensis (King, 1987; Haye et al., 2021; Mi et al., 2022; Stahl et al., 2018; Wang et al., 2025). Sex allocation in parasitoids can vary with maternal age, host size and quality, sperm availability, parasitoid density and environmental conditions (King, 1987; Boulton et al., 2015). In particular, studies of Anastatus have demonstrated changes in progeny sex ratio with maternal age and host-egg characteristics (Haye et al., 2021; Mi et al., 2022; Broadley et al., 2023). Therefore, the strongly female-biased progeny observed here may reflect the characteristics of the sampled T. javanica egg clutches and associated maternal or environmental conditions. However, because only nine clutches produced parasitoid progeny, the observed ratio should be considered descriptive rather than representative of the population-level sex ratio of A. bangalorensis in Bihar. Female-first emergence was recorded in all three clutches that produced males. As male-first emergence (protandry) is documented in parasitoid wasps, including the congeneric A. disparis (Boulton et al., 2015; Liu et al., 2017), the present female-first pattern is best treated as an observation requiring confirmation from additional clutches rather than as a species-specific behavioural trait.	Comment by Dr. Somanath Sahoo: Make it Female : Male 	Comment by Dr. Somanath Sahoo: Reference is missing	Comment by Dr. Somanath Sahoo: Reference is missing
The occurrence of A. bangalorensis in Muzaffarpur is relevant to the natural-enemy complex of T. javanica, particularly in view of the increasing importance of this pest in Bihar. Previous studies have suggested that egg parasitoids may contribute to the natural regulation of T. javanica populations and have highlighted the potential importance of parasitoid conservation in litchi orchards (Gautam et al., 2004; Choudhary et al., 2015). Choudhary et al. (2015) further reported differences in egg parasitism between insecticide-treated and untreated orchards, indicating that orchard-management practices can influence parasitoid activity. Nevertheless, the present study does not demonstrate biological-control efficacy because no parasitoid-release, exclusion, host-density or replicated orchard experiment was conducted. The findings should therefore be regarded as baseline evidence of natural parasitoid occurrence rather than proof of population suppression by A. bangalorensis.
The association with GI-registered ‘Shahi’ litchi is agriculturally relevant because Muzaffarpur is a major litchi-producing region and ‘Shahi’ is an important commercial cultivar. However, the present study does not establish cultivar specificity of A. bangalorensis. The demonstrated biological association is between the parasitoid and T. javanica eggs, while ‘Shahi’ litchi represents the crop and cultivar on which the host occurred. The study was also restricted to May 2026 and a limited number of parasitoid-positive clutches. Therefore, seasonal abundance, population dynamics and the broader distribution of A. bangalorensis in Bihar remain unknown. The nine clutches without emergence should likewise not automatically be interpreted as mortality or absence of viable eggs because their precise fate was not experimentally determined. Overall, the present study extends the documented geographical occurrence of A. bangalorensis to Bihar and provides quantitative observations on clutch-level emergence, progeny sex composition and emergence sequence from naturally collected T. javanica eggs. The additional recovery of an unidentified Ooencyrtus sp. indicates that the parasitoid complex may be more diverse than the present sample suggests. Further seasonal surveys across replicated litchi orchards, together with species-level identification of parasitoids and controlled parasitism studies, are required to determine the abundance, host–parasitoid dynamics and potential biological-control significance of these natural enemies in Bihar.
Conclusions
Anastatus bangalorensis was recovered from nine of 35 naturally collected Tessaratoma javanica egg clutches from ‘Shahi’ litchi in the Muzaffarpur region of Bihar. The nine positive clutches contained 169 host eggs and yielded 169 parasitoids, comprising 166 females and three males. The resulting progeny was strongly female biased, while female-first emergence was observed in all three clutches containing males. An unidentified Ooencyrtus species was additionally recovered from one clutch. These observations provide baseline information on the occurrence, clutch-level emergence and progeny composition of A. bangalorensis associated with T. javanica in Bihar. The findings should not be interpreted as evidence of population-level parasitism, cultivar specificity or biological-control efficacy, which require broader and experimentally replicated investigation.

Declarations
Conflict of interest
The author declares that there is no conflict of interest.
Ethical approval
Not applicable.

Declaration of AI Use



This manuscript was prepared through the intellectual contributions of the author(s) to the study design, data analysis, interpretation of results, and scholarly content. Grammarly and ChatGPT were used solely to assist with grammatical refinement and reference formatting during manuscript revision. The author(s) accept full responsibility for the accuracy, integrity, and final content of the manuscript.

References
Broadley, H. J., Sipolski, S. J., Pitt, D. B., Hoelmer, K. A., Wang, X.-Y., Cao, L.-M., Tewksbury, L. A., Hagerty, T. J., Bartlett, C. R., Russell, A. D., Wu, Y., Davis, S. C., Kaser, J. M., Elkinton, J. S., & Gould, J. R. (2023). Assessing the host range of Anastatus orientalis, an egg parasitoid of spotted lanternfly (Lycorma delicatula) using Eastern U.S. non-target species. Frontiers in Insect Science, 3, 1154697. https://doi.org/10.3389/finsc.2023.1154697
Boulton, R. A., Collins, L. A., & Shuker, D. M. (2015). Beyond sex allocation: The role of mating systems in sexual selection in parasitoid wasps. Biological Reviews, 90(2), 599–627. https://doi.org/10.1111/brv.12126
Broadley, H. J., Gould, J. R., Sullivan, L. T., Wang, X.-Y., Hoelmer, K. A., Hickin, M. L., & Elkinton, J. S. (2021). Life history and rearing of Anastatus orientalis (Hymenoptera: Eupelmidae), an egg parasitoid of the spotted lanternfly (Hemiptera: Fulgoridae). Environmental Entomology, 50(1), 28–35. https://doi.org/10.1093/ee/nvaa124	Comment by Dr. Somanath Sahoo: This reference does not have any citation.
Choudhary, J.S., Prabhakar, C.S., Lemtur, M. & Maurya, S. (2015). New record of the litchi stink bug, Tessaratoma javanica (Thunberg) egg parasitoids and their natural control effect in litchi orchards from India. Entomologia Generalis, 35(3), 187–197. https://doi.org/10.1127/entomologia/2015/0061.
Choudhary, J.S., Prabhakar, C.S., Moanaro, Das, B. & Kumar, S. (2013). Litchi stink bug (Tessaratoma javanica) outbreak in Jharkhand, India, on litchi. Phytoparasitica, 41, 73–77. https://doi.org/10.1007/s12600-012-0265-x.
Gautam, V., Kumar, S. & Khan, M.A. (2004). Natural egg parasitism of litchi stink bug, Tessaratoma javanica (Thunberg) (Hemiptera: Pentatomidae) in India. Journal of Biological Control, 18(2), 199–201.
Kumar, V., Choudhary, J.S. & Pandey, S. (2022). Litchi stink bug in Bihar: status, threats and management strategy. Indian Horticulture, January–February 2022.
Liu, P.-C., Wei, J.-R., Tian, S., & Hao, D.-J. (2017). Male-male lethal combat in the quasi-gregarious parasitoid Anastatus disparis (Hymenoptera: Eupelmidae). Scientific Reports, 7, 11875. https://doi.org/10.1038/s41598-017-11890-x
Mi, Q.-Q., Zhang, J.-P., Ali, M. Y., Zhong, Y.-Z., Mills, N. J., Li, D.-S., Lei, Y.-M., & Zhang, F. (2022). Reproductive attributes and functional response of Anastatus japonicus on eggs of Antheraea pernyi, a factitious host. Pest Management Science, 78(11), 4679–4688. https://doi.org/10.1002/ps.7088	Comment by Dr. Somanath Sahoo: Hypens are used wrongly.
Parveen, S., Choudhary, J.S., Thomas, A. & Ramamurthy, V.V. (2015). Biology, morphology and DNA barcodes of Tessaratoma javanica (Thunberg) (Hemiptera: Tessaratomidae). Zootaxa, 3936(2), 261–271. https://doi.org/10.11646/zootaxa.3936.2.6.
Samal, I., Kumar, V. & Das, B. (2023). Litchi stink bug (Tessaratoma javanica): An invasive pest of litchi. Poster presented at the XVI Agricultural Science Congress, October,2023. King, B. H. (1987). Offspring sex ratios in parasitoid wasps. The Quarterly Review of Biology, 62(4), 367-396. https://doi.org/10.1086/415618	Comment by Dr. Somanath Sahoo: Make it into a different reference
Stahl, J. M., Babendreier, D., & Haye, T. (2018). Using the egg parasitoid Anastatus bifasciatus against the invasive brown marmorated stink bug in Europe: Can non-target effects be ruled out? Journal of Pest Science, 91, 1005-1017. https://doi.org/10.1007/s10340-018-0969-x
Wang, J.-L., Zang, Z.-Y., Wang, R.-Z., Wu, S.-S., Tariq, H., Lisi, F., Biondi, A., Chen, Y.-M., & Zang, L.-S. (2026). Ontogeny, population dynamics, and functional response of the brachypterous parasitoid Anastatus meilingensis on the factitious host Antheraea pernyi. Pest Management Science, 82(3), 2241–2251. https://doi.org/10.1002/ps.70362	Comment by Dr. Somanath Sahoo: In the citation, it is 2025, but in the reference, it is 2026. Again, hyphens are used incorrectly in the reference.
             [image: C:\Users\Rahul Joshi\Downloads\Plate 3.jpg.jpeg]	Comment by Dr. Somanath Sahoo: In the figure E and F, scale bar indicates 0.2mm, which is too small for this wasp. Check whether that is 0.2 or 2.0 mm.
Figure (A-G) - Tessaratoma javanica on ‘Shahi’ litchi (A-B, H), naturally collected T. javanica egg clutch (C), emergence of A. bangalorensis from parasitized host eggs (D), and adult A. bangalorensis (E-F). (E) female and male; (F) male; (G) Ooencyrtus sp. Scale bars: E–F, 0.2 mm.	Comment by Dr. Somanath Sahoo: There are figures A to H.
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