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Abstract 

Nutrition plays a pivotal role in insect ecology, 

shaping behaviours, population dynamics, and 

species interactions by directly influencing an 

insect's ability to acquire necessary nutrients 

from its diet. The quality and availability of 

food sources drive foraging strategies, mate 

selection, and reproductive success, while 

nutrient limitations can constrain population 

growth and distribution. Furthermore, the 

nutritional landscape can influence interspecies 

competition and predator-prey dynamics, 

highlighting the critical role of diet in shaping 

the structure and function of ecosystems. 

Introduction  

Nutrition is a cornerstone of insect ecology, 

profoundly influencing physiological processes, 

behaviour, and population dynamics. Insects, 

like all living organisms, require a balanced 

intake of nutrients to support survival, growth, 

reproduction, and adaptation to environmental 

challenges. The quality and availability of these 

nutrients significantly impact insect fitness, 

longevity, fecundity, and resilience against 

stressors, including pathogens and insecticides. 

Gaining a comprehensive understanding of  

 

 

 

 

 

 

 

 

 

insect nutrition is essential for advancements in 

areas such as integrated pest management 

(IPM), insect rearing, and conservation biology. 

 

Definition of Insect Nutrition and Its Role in 

Ecology 

Insect nutrition encompasses the acquisition 

and utilization of essential nutrients, such as 

macronutrients (proteins, carbohydrates, and 

lipids) and micronutrients (vitamins, minerals, 

and secondary metabolites), necessary for 

maintaining vital life processes. Nutrient 

acquisition strategies vary significantly among 

insect species, shaped by their feeding habits 

and ecological niches. This diversity 

underscores the importance of studying insect 

nutrition, as it directly affects trophic 

interactions, population dynamics, and 

evolutionary adaptations. 

Importance of nutrition in insect 

development, reproduction, and survival 

Nutrition plays a crucial role in insect growth, 

metamorphosis, reproduction, and survival. 

Deficiencies in essential nutrients can impair 

development, reduce fecundity, and increase 

vulnerability to pathogens and environmental 

stressors. For example, protein deficiency 
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during larval stages in Drosophila 

melanogaster delays development and results 

in smaller adult body size, as protein-restricted 

larvae exhibit prolonged growth periods and 

emerge as smaller adults (Krittika et al., 2019). 

Similarly, carbohydrate-rich diets enhance the 

longevity of nectar-feeding insects like 

honeybees, while protein-rich diets increase 

oviposition rates in predatory insects such as 

lacewings (Abbas et al., 2023; Omkar et al., 

2010). 

Macronutrients and micronutrients in insect 

diet 

a. Macronutrients: Proteins, 

carbohydrates, lipids, and their roles 

b. Micronutrients: Vitamins, minerals, 

and trace elements 

Nutritional ecology plays a significant role in 

insect growth, development, reproduction, and 

survival. Insect diets consist of essential 

macronutrients and micronutrients, which 

regulate various physiological and biochemical 

processes. 

a. Macronutrients in insect diet 

Macronutrients, including proteins, 

carbohydrates, and lipids, are required in large 

amounts and provide the fundamental building 

blocks for insect metabolism and growth. 

Proteins 

Proteins are essential for insect growth, 

development, and reproduction, as they provide 

amino acids required for enzymes, structural 

proteins, and signaling molecules. Since insects 

cannot synthesize essential amino acids, dietary 

protein intake is crucial. Protein deficiency 

leads to stunted growth and reduced fecundity 

in many species, including Helicoverpa 

armigera. The nutritional quality of host plants 

directly affects the development, survival, 

reproduction, and population dynamics of H. 

armigera, influencing traits such as 

developmental time, weight, and size. Parental 

diets in Lepidoptera also impact offspring 

performance. Plant protease inhibitors (PIs) 

disrupt insect digestive enzymes, reducing 

nutrient assimilation and causing poor growth, 

nutrient deficiencies, and higher larval 

mortality. Additionally, some plant seeds 

produce antifeedant compounds and digestive 

enzyme inhibitors, making PI-producing 

cultivars promising for pest management due to 

their tolerance traits (Jafari et al., 2023). 

Carbohydrates 

Carbohydrates serve as a primary energy source 

for insects, fueling activities such as flight, 

locomotion, and metabolic processes. Insects 

metabolize carbohydrates into glucose, which is 

further utilized in glycolysis and the citric acid 

cycle. Many herbivorous insects rely on plant-

derived sugars, such as sucrose and fructose, as 

seen in aphids and honeybees (Apis mellifera) 

(Arrese et al, 2010). 

Lipids 

Lipids are essential for energy storage, 

membrane structure, and hormone synthesis in 

insects. Fatty acids, phospholipids, and sterols 

are key physiological components, with some 

insects, like Manduca sexta, relying on dietary 

sterols since they cannot synthesize cholesterol, 
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which is vital for molting and metamorphosis 

(Jing et al., 2013). 

b. Micronutrients in insect diet 

Micronutrients, including vitamins, minerals, 

and trace elements, are required in small 

quantities but play vital roles in insect survival 

and physiological functions. 

Vitamins: Vitamins act as coenzymes and 

antioxidants in insect metabolism. For example: 

Vitamin B complex, including thiamine, is 

essential for energy metabolism in insects. 

Thiamine deficiency in Drosophila 

melanogaster has been linked to impaired 

locomotion due to altered brain metabolism and 

neurological disorders like epilepsy (Vinay and 

Yalamanchili, 2020). Additionally, Drosophila 

gut microbiota contributes to thiamine supply, 

supporting normal development and locomotor 

activity (Sannino et al., 2018). 

Vitamin A and carotenoids play a role in 

vision and pigmentation in insects like 

butterflies and beetles. In Apis mellifera, 

vitamin A was found only in the head, not in 

the thorax or abdomen. Light adaptation 

increased vitamin A levels by converting 

retinene, whereas dark-adapted bees had 

minimal vitamin A. (Goldsmith & Warner, 

1964). 

Minerals and trace elements 

Minerals and trace elements are essential for 

enzymatic functions, osmoregulation, and 

cuticle formation. Examples include: 

• Calcium (Ca): Calcium and 

magnesium play important roles in the 

diet, physiological function, and 

intermediary metabolism of insects 

(Clark, 1958). 

• Magnesium (Mg): In insects, 

Magnesium (Mg) primarily functions 

as a cofactor for various enzymes, 

playing a crucial role in essential 

metabolic processes like energy 

production, muscle contraction, nerve 

impulse transmission, and maintaining 

overall cellular homeostasis, similar to 

its function in other animals.  (Vincent 

and Wegst, 2004). 

• Iron (Fe) and copper (Cu) are 

essential for insect development, 

reproduction, and immunity. Iron 

supports protein synthesis and DNA 

replication, while copper regulates 

immune effectors and cuticular 

pigmentation in Drosophila. Both 

metals require careful regulation to 

prevent toxicity. (Cardoso-Jaime et al., 

2022). 

Macronutrients and micronutrients play a key 

role in insect growth, reproduction, and 

survival. By understanding their dietary needs, 

we can develop better pest management 

strategies and support the conservation of 

beneficial insects. 

Influence of nutrition on insect physiology 

and behaviour 

Nutrition is a critical factor influencing insect 

physiology and behaviour, with direct impacts 

on lifespan, reproduction, immune response, 

and ecological interactions. The quality and 

quantity of nutrients available to insects play a 
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pivotal role in their ability to survive, 

reproduce, and defend against pathogens and 

environmental stressors. This section discusses 

the effects of nutrition on various physiological 

and behavioural aspects, emphasizing host 

plant quality, dietary imbalances, and specific 

examples. 

Conclusion  

• Nutrition is a central factor in insect 

ecology, shaping their development, 

reproduction, behavior, and 

interactions with ecosystems. 

•  Understanding insect nutritional needs 

is crucial for pest management, 

pollinator conservation, and ecological 

research. 

• Nutrition is a key driver of insect 

survival, reproduction, and ecological 

interactions, shaping their evolutionary 

adaptations and ecosystem roles. 

Future directions  

• Further research is needed to fully 

understand the complex relationships 

between insects, their host plants, and 

other organisms in their environment. 

• Studies on the nutritional ecology of 

insects can inform the development of 

effective conservation and management 

strategies for ecosystems. 

• The application of nutritional ecology 

principles to agricultural and 

environmental management practices 

can help to promote sustainable and 

resilient ecosystems. 
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