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Abstract:
							                           
This study reports new associations between Ichneumonidae and social wasps, contributing to the understanding of the ecological relationships between species and expanding current knowledge of their geographic distribution. We identified a total of five Ichneumonidae species associated with colonies of five species of social wasps. Additionally, we established new hosts and occurrence records for these Ichneumonidae species, highlighting the diversity of ecological interactions between parasitoids. These findings provide valuable information for understanding parasitoid-host dynamics and reinforce the importance of further research on the biogeography and ecological roles of Ichneumonidae.
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Resumen:
						                           
Este estudio relata nuevas asociaciones entre Ichneumonidae y avispas sociales, contribuyendo a la comprensión de las relaciones ecológicas entre las especies y ampliando el conocimiento actual sobre su distribución geográfica. Hemos identificado un total de cinco especies de Ichneumonidae asociadas a colonias de cinco especies de avispas sociales en el estado de Minas Gerais, Brasil. Además, establecemos nuevos registros de hospederos y de ocurrencia para esas especies de Ichneumonidae, destacando la diversidad de interacciones ecológicas entre los parasitoides. Estos descubrimientos brindan informaciones valerosas para comprender la dinámica parasitoide-hospedero y refuerzan la importancia de nuevas investigaciones acerca de la biogeografía y los roles ecológicos de las avispas de Darwin.



Palabras clave: Biodiversidad, Enemigos naturales, Ichneumonidae, Mata Atlántica, Parasitoidismo, Polistinae.
                                








Social wasps of the subfamily Polistinae (Vespidae), known as paper wasps, play a crucial role in controlling urban and agricultural pests, as well as serving as occasional pollinators. These wasps are widely distributed throughout Brazil (Prezoto et al., 2019; Somavilla et al., 2015; Boscolo et al., 2023). Various organisms, especially insects, associate with social wasps because their colonies concentrate valuable resources, such as meconium, fungi, organic matter, prey, and potential hosts, including larvae, pupae, and adults, in addition to providing shelter (Barbosa et al., 2021; Barbosa et al., 2023; Maciel et al., 2023, 2024). Despite their social organization and collective defenses, these wasps are often targeted by parasitoids, such as members of the family Ichneumonidae (Somavilla et al., 2015).

Ichneumonid parasitoids are wasps that lay their eggs on the bodies of other insects, and their larvae develop by feeding on the host, which can lead to its death (Godfray, 1994). With around 25,000 described species, Ichneumonidae, popularly known as Darwin wasps (Klopfstein et al., 2019), constitute one of the most diverse animal groups today and the largest family of parasitoid wasps (Broad et al., 2018; Bennett et al., 2019). There are few records of Darwin wasps parasitizing social wasps (Somavilla et al., 2015), which is why this study reports new associations between Ichneumonidae and social wasps, providing information to enhance knowledge of ecological relationships between species, as well as new geographic distributions.

The colonies of social wasps were collected between 2016 and 2018 in fragments of urban and secondary forest in the cities of Cataguases, Goianá, Juiz de Fora, Muriaé, and Viçosa, all located within the Atlantic Forest biome, in the state of Minas Gerais, Brazil. We inspected all colonies, storing them individually in plastic containers covered with voile fabric and keeping them in the laboratory. When necessary, adult insects were removed with tweezers, and the nests were monitored for 30 days at room temperature (around 24-26 °C) and 70 % relative humidity.

To confirm the species studied, we used the key proposed by Richards (1978) for social wasps and the key by Tedesco and Aguiar (2013) for Ichneumonidae. The specialists, Daniell Fernandes from Instituto Nacional de Pesquisas da Amazônia and Orlando Tobias Silveira from Museu Paraense Emílio Goeldi for Vespidae, were consulted for species confirmation. The social wasps are housed at the Behavioral Ecology and Bioacoustics Laboratory of the Federal University of Juiz de Fora, while the Ichneumonidae are part of the Invertebrate Collection at the Instituto Nacional de Pesquisas da Amazonia, Brazil.
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Table I.





List of Ichneumonidae species associated with social wasps (Polistinae) in urban forest fragments in Minas Gerais, Brazil.







Caption: ■ – New host species, ● – First record for the state of Minas Gerais.











A total of 88 colonies were collected from which individuals of five Ichneumonidae species emerged from seven colonies (Table I and Fig. 1). An expansion of the geographic distribution of two species was recorded: Toechorychus cassunungae (Brauns, 1905) (Ichneumonidae), previously recorded in Espírito Santo, Rio de Janeiro, São Paulo, and Santa Catarina, and now also recorded in Minas Gerais, totaling five states; and Pachysomoides
stupidus (Cresson, 1874) (Ichneumonidae), previously recorded in Rio de Janeiro and São Paulo, and now also recorded in Minas Gerais, totaling three states. The species recorded appear to show no specificity regarding the host, as each was associated with more than one host. In the literature, there are records of Ichneumonidae parasitizing colonies of Polistes spp. (Vespidae) (Jeanne, 1979; Kudô et al., 2013; Tavares et al., 2013) and Mischocyttarus spp. (Vespidae) (Tedesco & Aguiar, 2013; Somavilla et al., 2015).

Determining whether new hosts have been recorded for Ichneumonidae species is challenging, as the literature on the relationship between these groups is scarce. When available, it generally identifies Ichneumonidae only at the genus level (Jeanne, 1979; Soares et al., 2006; Kudo et al., 2013; Tavares et al., 2013). However, Mischocyttarus iheringi Zikán, 1935, (Vespidae) and Mischocyttarus socialis (de Saussure, 1854) (Vespidae) are not mentioned in the literature as hosts for Ichneumonidae, making them new hosts. The same applies to Polistes versicolor (Olivier, 1792) (Vespidae), which until now had only its genus recorded, without a specific species identified.
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Figure 1.





Specimens of Darwin wasps (Ichneumonidae) recorded in social wasp colonies (Polistinae) in Brazil.







a. Toechorychus cassununga (Brauns, 1905). b. Toechorychus albimaculatus (Taschenberg, 1876). c. Toechorychus guarapuavus Tedesco, 2013. d. Lymeon sp. e. Pachysomoides stupidus (Cresson, 1874).











Ichneumonidae occurred exclusively in the nests of independently founding species, likely because these nests are open and house fewer individuals, making them more accessible to these parasitoids (Wenzel, 2020; Barbosa et al., 2021). Pachysomoides Strand, 1917 is widely recognized for predominantly parasitizing species of the genus Polistes. On the other hand, Toechorychus spp. shows a greater affinity for parasitizing species of the genus Mischocyttarus (Tedesco & Aguiar, 2013). These parasitic preferences appear to reflect specific ecological and biological interactions between the parasitoids and their hosts, possibly influenced by differences in the defensive behaviors characteristic of the genera Polistes and Mischocyttarus.


Lymeon Förster, 1869 is a genus that has not undergone taxonomic revision, making species identification complicated and dependent on direct comparison with type material. The most recent phylogenetic study (Santos, 2017) indicates that Lymeon is a polyphyletic group composed of at least three distinct lineages. Only three species of Lymeon have documented host records, which can be grouped into three categories: (I) primary parasitoid of species of Lepidoptera and Coleoptera; (II) hyperparasitoid of other ichneumonoid species; and (III) predator of spider egg sacs (Pádua et al., 2022). This is the first record of Lymeon sp. emerging from a Vespidae nest, though we do not rule out the possibility that this species may be a hyperparasitoid.

In conclusion, although this study provides a simple insight into the interactions between Neotropical paper wasps and their parasitoids, further research is still needed to gain a more comprehensive understanding of these ecological relationships. Including a wider variety of species in future studies will allow for the identification of more robust patterns and the discovery of potential evolutionary or ecological dynamics that have yet to be detected.
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