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Editorial on the Research Topic
 Insect Fertility in a Changing Environment



Insects are integral for sustaining healthy ecosystems, offering pollination services, nutrient cycling, and plant control through herbivory, among other essential functions (Losey and Vaughan, 2006). They are also a massive source of food for predators. Although they often go unnoticed and are sometimes considered to be pests, their cumulative ecosystem services are invaluable. While some recent surveys and historical records have indicated declines in insect taxa (Biesmeijer et al., 2006; Hallmann et al., 2017; Møller, 2019; Bell et al., 2020; Van Klink et al., 2020), the specific drivers remain unclear (Goulson, 2019; Sánchez-Bayo and Wyckhuys, 2019). To better understand insect population trends, we believe a mechanistic understanding of how insect fertility may be changing is essential.

Potential environmental drivers of changes in insect abundance and fertility vary by taxa and region, but can broadly be categorized into pest and pathogen pressure, effects of climate change, competition from invasive species, pollution (particularly from pesticides and fertilizers), and habitat loss from urbanization and intensive agriculture (Sánchez-Bayo and Wyckhuys, 2019). In our rapidly changing environment, there is a critical need to understand how human-driven changes in biotic and abiotic conditions are affecting insects' abilities to survive and reproduce (Figure 1).
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FIGURE 1. Factors affecting insects' abilities to survive and reproduce. Research in this special issue addresses how parasites, genetics, diseases, climate change, pesticides, and, in some cases, their interactions, can impact insect lifespan and fertility. Other factors, such as competition and habitat loss, are also important but are not addressed here. Artist: Kirsten Bensen.


While there is significant debate over insect population abundance changes (Thomas et al., 2019; Beck and McCain, 2020; Bell et al., 2020; Guzman et al., 2021; Welti et al., 2021), we argue that understanding the mechanisms that could lead to population decline is still is a critical step toward mitigating the pressures imposed on entomofauna. In this special issue, we highlight research on factors affecting insect fertility—a characteristic that is clearly necessary to maintain viable populations. The contributing researchers test how pesticides, parasites, disease, genetics, and extreme temperatures could affect outcomes linked to fertility in social insects. Together, this body of work challenges our assumptions and extends the frontier of knowledge in three key areas for reproductive individuals: immunocompetence, development, and behavior.

All the study species in this issue are social insects, including leafcutter ants (Atta colombica), bumble bees (Bombus terrestris), and honey bees (Apis mellifera). Although we acknowledge the need for research on social and solitary insects, fertility of social insects is of particular interest, owing to their relative abundance (ant and termites make up nearly a third of animal biomass in the Amazon rainforest, for example (Hölldobler and Wilson, 1990), reproductive division of labor, and, in the case of the bees, their utility in an agricultural setting.

Among social insects, a disproportionate volume of fertility research focuses on queen biology. Male (drone) fertility is obviously also a key factor for reproduction, but it is too often neglected. Bruckner et al. help to fill this knowledge gap by investigating effects of Varroa destructor (a parasitic mite) and neonicotinoid pesticides on male honey bees exposed during development. Worryingly, the researchers show that these stressors interact synergistically to lower male bee survival, reducing the number of males available for mating.

Although male honey bees are often more sensitive to stressors than females (Friedli et al., 2020; McAfee et al., 2021), they still possess defense and tolerance mechanisms. Holt et al. investigated interactions between microsporidian parasite Vairimorpha apis [formerly Nosema apis (Tokarev et al., 2020)], and male honey bees, with the goal of determining if genetically distinct drones differed in their susceptibility to the parasite, and if tolerance could be linked to antifungal immune effectors (chitinases) in seminal fluid. The researchers identified strong colony effects on susceptibility to the microsporidian. Since this is a sexually transmitted disease, the work highlights the importance of carefully selecting drone source colonies during industrial queen production.

Parasites and toxins can have overt effects on insect physiology, but an angle not often considered is that exposure to stressors could also alter mating behavior. Przybyla et al. describe a novel method to evaluate how unmated B. terrestris queens respond to males that have experienced extreme heat—a scenario that is expected to increase in frequency due to climate change (Meehl and Tebaldi, 2004). B. terrestris is a warm-adapted species (Martinet et al., 2021), and the authors found no impact of heat on male attractiveness, copulation behavior, or brood development. Applying this method to evaluating the mating behaviors of more heat-sensitive species will be an important area of future research to understand how climate change may alter mating behavior.

After mating, social insect queens store the sperm they have acquired in a specialized storage organ called a spermatheca—a process thought to be energetically costly for the queen (Baer et al., 2006), possibly making her vulnerable to secondary stressors. Baer et al. tracked queen health metrics (body mass, immunocompetence, and survival) in A. colombica queens after artificial insemination with either a sham, sperm only, seminal fluid only, or full ejaculate. Although obviously necessary for reproduction, queens receiving sperm had lower survival than queens that did not receive sperm, supporting the idea that sperm storage incurs a cost. Lightweight queens and those losing body mass during the experiment had poor survival and low immunocompetence, respectively, further suggesting that queens may be exceptionally vulnerable to additional stressors and pathogenic infections after mating.

In eusocial colonies, queen fecundity is not only impacted by direct effects of stress, it is also influenced by the behavior of the sterile worker caste. In two complementary approaches, Litsey et al. investigated how worker exposure to pesticides (insect growth regulators, or IGRs) during development may alter their subsequent behavior toward their queen, whereas Walsh et al. tested how queen exposure to pesticides (three types of miticides, a fungicide, and an insecticide) could impact worker propensity to tend the queens. Of the three IGRs tested by Litsey et al. two altered worker responsiveness to the queen, highlighting potential knock-on effects of worker exposure on perceived queen quality. Surprisingly, Walsh et al. found no effect of queen developmental exposures, which contradicts existing data (Walsh et al., 2020; Milone and Tarpy, 2021), and highlights the need for robust replication.

Although the Anthropocene poses many challenges for insect fertility, the outlook painted by this body of research is far from bleak. We see that mating behavior of male B. terrestris is not significantly impacted by heat exposure, that male honey bees exhibit variable but effective immune responses to a sexually transmitted parasite, and that, contrary to prior evidence, queen honey bee exposure to pesticides during development does not necessarily impact them negatively. However, the struggle to survive is clear in other areas: Some stressors interact synergistically to reduce drone honey bee survival, IGR pesticides can indirectly impact queen honey bees through disrupted worker care, and the very act of mating leaves A. colombica queens vulnerable to death and disease.

The impacts of human-induced environmental change on fertility are clearly both complex and consequential. While the research presented here provides a glimpse into the complexity of changing insect fertility, it is clear that insects are also extremely plastic. Therefore, when possible, mechanistic investigations are necessary to parse potential outcomes. We call on our community of researchers to continue exploring this area, with the goal of identifying general principles underlying impacts on insect fertility.
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