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Editorial on the Research Topic 


Insects as a model in behavioral ecology


Behavioral ecology is the study of the fitness consequences of behavior. The choices that animals make are, hopefully adaptive and lead to positive fitness gains. Insects are already widely employed as models for behavioral ecology, due to their easily manipulable size and the impressively wide range of behaviors they exhibit. While a lot is known about some groups, other species are severely under-investigated. Even for species that are well-known, many of the observations on their behavior are made, for good reason, under unnatural conditions in the lab. While this paradigm is extremely powerful at exploring how few variables might impact particular behaviors, it is limited at garnering a holistic view of the myriad factors that modulate behaviors in the field. Very little is known comparatively about how many behaviors function in the field, a knowledge gap that must be urgently met if the ways in which behavior and the environment interact are to be fully understood.

What happens when the behavior no longer matches the environment? In our rapidly changing world, understanding animal behavior in a natural context is of paramount importance for understanding ways in which we can mitigate the harmful impacts of environmental stressors such as light pollution, climate change and pesticide usage. The evolutionary pressures that organisms are adapted to are likely to change very rapidly, and therefore understanding the behavioral responses to a suddenly stressful environment is paramount for mitigation.

Insects are at the forefront of these rapidly changing environmental stressors with extremely alarming reports regarding pollinator (1, 2) and broad insect declines (3–5) being reported worldwide. Many of these are insects are vital for the function of many ecosystems and biomes (2, 6), therefore a deep understanding of their behavioral ecology is a crucial part of determining how to preserve these ecosystems. For eusocial pollinators in particular, many environmental stressors can manifest as reduced numbers of foragers within a given colony – a condition that may prove fatal and likely detrimental. Gérard et al. demonstrate, under natural foraging conditions, that bumblebee workers have the behavioral flexibility to compensate for rapidly reduced colony sizes. This sets the ground work for further longer-term studies that ascertain the impact on colonies across an entire season and on the longevity of workers.

There are some aspects of behavioral ecology that rapidly evolving technology will help to unravel. The true adaptive value of behavior can only be shown in conjunction with other biological properties; such as physiology, morphology, neuroscience or anatomy. Jonsson outlines recent advances in µCT and how in conjunction with artificial intelligence, especially deep-learning, high contrast anatomical imaging has revolutionized our capacity to gather enormous datasets on microscopic and submicroscopic anatomical structures. The potential for analyzing insect sensory structures and nervous systems makes µCT and AI-driven tools invaluable for integrating our understanding of behavioral ecology and the neuroanatomy that drives those behaviors.

The ability for new technology and techniques to aid in our understanding of behavioral ecology is further exemplified by the study of Wallace et al., that outlines a new method for long-term insect monitoring: “Camfi”. Camfi was built to optimize long-term population monitoring and generate high-throughput behavioral observation of low-flying insects. The use of wildlife cameras provides enormous economic benefits compared with current methods such as lidar. Wallace et al. proceed to exhibit the utility of their new system in a second paper examining the evening flights of the endangered Bogong moth. Using Camfi, Wallace et al. discover that the seemingly random evening flights are not random at all, but are oriented relative to a nearby mountain. They also present the first recorded behavioral response of Bogong moths to an increasingly common environmental stressor – bushfires. Moths fled their aestivation site the day after the fire, further demonstrating the insights provided by cost effective, long-term behavioral monitoring.

The goal of this Research Topic was to highlight the latest advances in insect behavioral ecology including both novel findings and novel methods. We hope that this Research Topic will provide inspiration for future developments in the field.
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