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Editorial on the Research Topic

New advances in understanding the regulation of appetite in insects
Appetite regulation is a key process for the maintenance of energetic homeostasis and

securing nutrients necessary to carry out life functions, a challenge faced by all organisms (1,

2). Insects are the largest andmost diverse group of animals on Earth. They can be fungivores,

herbivores (including pollinators), parasitoids, predators, or saprophytes in a huge range of

terrestrial habitats spanning all seven continents (3). Despite this variation in habitat and

feeding habits, maintaining energetic and nutritional homeostasis at the organismal and

physiological level, remains a conserved evolutionary problem (4–7), so how do insects

achieve optimal energy intake and nutritional balance with very little food storage buffering

capacity, due to their small size? Similarly to vertebrates, insects tackle this challenge through

pre- and post-ingestive mechanisms (8). However, given their small size and high levels of

activity, do insects have more efficient feedback mechanisms for maintaining

energetic homeostasis and optimal nutritional profiles in comparison to vertebrates?

Insects forage in complex and heterogeneous nutritional landscapes, while balancing

specific nutrient blend to maximize growth and fitness (9). It has been demonstrated that

many insect species have evolved the ability to select between different foods to balance

their nutrient intake (10). However, the capacity to detect amino acids has never been

shown for the house cricket (Acheta domesticus), a common model organism for both

research and teaching. In this Research Topic, Tierney et al. established for the first time

that house crickets can discriminate essential amino acids (EAA) from sucrose and are

capable of increasing amino acid consumption to compensate for dietary unbalance. They

showed that EAA/sucrose regulation is linked to reproduction as preference for EAA was

found to be stronger for female crickets (juveniles and virgins) over males. On the other

hand, mated females preferred sucrose prior to and after egg laying.

Unlike predicted by the nitrogen limitation theory, migratory herbivorous insects, must

fuel their energy-demanding flight activities via an increase in carbohydrate consumption,

as opposed to consuming protein (11). Evidence from the literature suggests that

mechanical and chemical defenses of plants, can potentially limit carbohydrate intake for
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herbivores (12). Here, Brosemann et al. demonstrated that

migratory Australian plague locust (Chortoicetes terminifera) does

in fact prefer plants with a lower protein-carbohydrate ratio

(unfertilized plants), adding to the growing body of evidence that

migratory insects may be carbohydrate limited. Unlike other

studies, they did not find that mechanically grinding plant cell

walls improved insect performance, perhaps because the plants they

used had softer tissues or did not contain as many carbohydrates as

the other plant species tested.

The timing of nutrient regulation can be critical as well.

Typically, an insect must ingest an optimal balance of multiple

nutrients or face fitness consequences for failing to do so. However,

little is known about the timeframe in which insects must secure an

optimal nutrient intake before a fitness cost occurs. In this study,

Deans and Hutchison, used the spotted-wing Drosophila

(Drosophila suzukii), an animal impacted not only by

phenological change in plant nutrients, but also microbial

colonization, to show that feeding intervals and timing of

resource availability have strong impacts on foraging, nutrient

regulation, and fitness. They found that flies fed at shorter

intervals (i.e. diets were changed more frequently) ate more and

lived longer. More specifically, the lifespan data show that being

able to regulate within a 24-hr period is preferable to longer periods.

The flies in the longer-interval treatments were able to regulate their

macronutrient intake as precisely as those in the shorter-interval

treatments. This suggests that the physiological mechanisms that

underlie nutrient regulation operate effectively over short and long

timeframes. Understanding these mechanisms will be important for

predicting insect responses to changes in resource availability,

whether this is from natural causes or anthropogenically induced

ones, such as global climate change.

Hunger, energetic demand, and appetite levels, the desire for

food intake, tend to be correlated with one another, but how the two

crosstalk and regulate one another, is not well known (13). Insects,

in contrast to vertebrates, tend to have trehalose as the primary

sugar found in the hemolymph (14), which could serve as an

alternative monitor of the energetic state in comparison to

glucose levels in the blood found with vertebrates (15). Ghanem

et al. found that hemolymph trehalose levels aid in regulating

appetite levels in forager bees via octopamine and tyramine levels
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in the brain. Surprisingly, this regulatory pathway appears to be

functioning independently of the glucose-insulin signaling pathway.

The findings suggest that forager honey bees may have evolved a

more direct, precise, and rapid regulatory pathway for energy intake

in comparison to vertebrates. Whether this newly recognized

regulatory appetite pathway found in forager honey bees can be

generalized to other insects, which also undergo energy-demanding

activities, such as flight, remains to be investigated.

With this Research Topic, we gain exciting insights into how

insects manage to account for their nutritional and energetic needs in

complex and heterogenous food landscapes. This Research Topic

features a new insect species capable of sensing EAA, the concept of

carbohydrate limitation for migratory species of herbivorous insects,

the importance of time in nutrient regulation, and molecular insights

into the regulation of appetite. Taken together, these recent findings

reveal the impressive strategies insects adopt to secure optimal

nutrition and energy levels in a dynamic environment.
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