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Most traditional edible insects are collected from the forest and agricultural

fields, where they are considered pests. However, their importance goes

beyond this. They also have an ecological role and potential to be an

emerging alternative source of high-quality nutrients that can help satisfy

the growing food demand for the human population. Agricultural insect

pests are a healthy food source during the harvesting season in many

tropical countries. In Mexico, wild insects such as chicatana (queen of

flying leaf-cutter ant, Atta mexicana Smith, 1,858; Hymenoptera: Formicidae),

chapulín (grasshopper, Pyrgomorphidae), chinicuil (agave red worm, Comadia

redtenbacheri Hammerschmidt, 1,848: Lepidoptera, Cossidae), and meocuil

(agavewhiteworm, Aegiale hesperiarisWalker 1,856, Lepidoptera, Hesperiidae)

are seasonally collected from the agricultural land and forest for food and

medicine. Thus, their consumptionmight be regarded as support for biological

plague control. However, in most countries (Mexico included), there is a lack of

legislation about edible insects from harvesting to sacrifice and even their main

safety aspects. So then, this research aims to provide an updated assessment

of the potential use of agricultural pest insects as a sustainable alternative for

food, considering current international legislative and ethical concerns about

harvesting and consuming wild edible insects, focusing on some of the wild

edible pest insects in Mexico.

KEYWORDS

edible insects, wild harvesting insects, agricultural pests, sustainability, sustainable

food

Introduction

Insects contribute to the biodiversity and play an essential role in maintaining

the ecosystem through their participation in seed dispersal, pollination, organic

matter processing, water filtration, and other ecological services. These processes

help to regulate plant diversity, photosynthesis, soil fertility, ecosystem structure,

and water quality. Therefore, maintaining healthy insect communities is crucial

for global sustainability and human development (Crespo-Pérez et al., 2020).
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However, over the years, insect pests, principally species

belonging to the orders Coleoptera and Lepidoptera, have

represented significant economic losses. For example, a swarm

of forty million desert locusts could eat 1 km2 of farmland

daily. Therefore, the stemborers, like desert locusts, may

inflict the same damage. However, locusts destroy the entire

yield of several farmers, while stemborers only reduce the

profits of all farmers (FAO., 2021). That is why, as a control

measure, industrial agriculture, even subsistence farming, uses

pesticides to eliminate insects (Cerritos, 2008). However, beyond

a solution, pesticides and insecticides have reduced insects,

soil biota, and aquatic invertebrates’ communities, negatively

affecting the ecosystem (Pisa et al., 2021). However, the residues

of pesticides present in edible insects when the pesticides are

well-used did not cause human health problems (Murefu et al.,

2019).

Approximately 92% of all edible insect species consumed

are harvested directly from the environment (wild), 6%

are semi-domesticated (semi-wild), and only 2% are bred

in captivity (in-door farming) (Yen, 2015b). Therefore,

sustainable wild harvesting of insects from the agricultural

fields would contribute to their biological control (Cerritos

and Klewer, 2015; Lesnik, 2017) and be advantageous for

their use as food. However, it must be kept under strict

control since overharvesting may negatively affect the

biodiversity and abundance of insects (Pino-Moreno et al.,

2020) and even put them at risk of extinction (Ramos-Elorduy,

2006).

Estimating the total number of food and medicinal insect

species is rather vague based on existing literature. To date,

the Jongema recompilation is the most accurate, with 2,111

edible species from all over the globe from the orders

Coleoptera (beetles), Lepidoptera (butterflies), Hymenoptera

(ants and bees), Orthoptera (grasshoppers), andHemiptera (true

bugs) (Jongema, 2020). However, some edible insects remain

without a complete taxonomy identification (van Itterbeeck and

Pelozuelo, 2022).

Insects have a high nutritional value because of the

excellent protein range in the few characterized species, which

varies from 7 to 70% on a dry matter basis (Jonas-Levi

and Martinez, 2017). This high amount of proteins does

that FAO has proposed insects as an alternative to fighting

against malnutrition (FAO., 2021). Therefore, their use as

food and feed ingredients has been gaining importance at the

industrial level in the Western world (Melgar-Lalanne et al.,

2019; Hernández-Álvarez et al., 2021). Finally, despite the

growing interest in insect consumption, national legislation

does not cover ethical aspects related to insect welfare during

harvesting or the associated environmental impacts (Gjerris,

2015; Pali-Schöll et al., 2019). Thus, this review outlines some

ecological aspects that should be considered in connection

with the wild harvesting of edible insects, emphasizing the

Mexican scenario.

Bibliographic search

For this review, the bibliographic search used the following

databases: Scopus (www.scopus.com), Science Direct (https://

www.sciencedirect.com/science), Scielo (https://scielo.org/es/),

Dimensions (https://app.dimensions.ai/discover/publication)

and Google scholar (https://scholar.google.com) during June

2021 to October 2022.

The articles were published from 1997 to 2022 in indexed

scientific research, book scientific chapters and even in general

journals when considered of interest.

The articles were written in English and Spanish.

The main terms used were: “edible insects,” chicatana (Atta

mexicana), chapulín (grasshopper, Pyrgomorphidae), chinicuil

(Comadia redtenbacheri), and white maguey worm (Aegiale

hesperiaris), “pest insects,” “pesticides,” “sustainable agriculture,”

“nutritional composition of insects” and “medicinal use

of insects.”

Insect plagues

Ecological impact of insects

Insect pests cause damage both in natural ecosystems and

in systems managed by human being. The negative impact of

pests on plants in natural habitats is not drastic and is naturally

controlled by predators and parasitoids (Noble et al., 2019).

On the other hand, in crops, insect pests represent a problem

that can be serious or fatal due to their great capacity for

expansion and rapid and proliferative reproduction because of

the lack of natural depredators due to the use of industrial

agriculture solutions such as the use of pesticides. Finally,

in sustainable agriculture, the main objective of managing

invasive insects as pests is not to eliminate the organisms

that cause damage but to regulate the growth of populations

to avoid the need for treatments or direct repression actions

(Siviter et al., 2018). Based on this, it is necessary always to

maintain a remnant of potential pest insects, to allow the

survival and reproduction of their bioregulators (O’Neill et al.,

2019). Furthermore, identifying the insects that cause the most

significant economic damage to a crop allows for the appropriate

management strategies (Wolff et al., 2017).

The use of pesticides is the leading way to control the

presence of plagues. However, overuse has been widely explored

from an environmental point of view, and the ecological damage

is well documented. Pesticides have adverse impacts on water

quality, plants and animals and are associated with adverse

human health effects (Hough, 2021). Moreover, using chemical

agents, such as conventional insecticides and fungicides, to

control insect pests and disease-causing pathogens has several

drawbacks, such as environmental disturbance, non-targeted

effects, and economic expenses for the farmers (Balla et al.,
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2021). The resistance to different chemical pesticides by insects

is another concern for industrial agriculture because of the

consequences on the crops and the necessity to develop new

pesticides (Hawkins et al., 2019). However, the impact of the use

and abuse of pesticides on insect wellness has been less explored.

Other control practices include modifying the planting

density, changing the soil preparation strategy, pruning to

improve aeration irrigation, and strategically incorporating

other plants, such as flowers and aromatic plants, into the

productive environment (Edwards et al., 2017). Some cultural

practices (pruning, and weed removal, among others) and an

appropriate habitat manipulation might prevent the increase

of pest populations already in the production environment

and avoid the arrival of pests outside the area. When the

population of invasive insects and pests increases, it is possible to

apply preparations made from plants (nettle, paradise, tobacco,

Indian Lilac, neem), crop residues (garlic, onion, green onion),

household waste (ash from the stove), and animal waste (cow

urine) to lower populations without causing damage to the

ecosystem itself (Tomasetto et al., 2017). Insect harvesting of

pest insects and their use as food can be a strategy with double

benefits, allowing biological control of pests while generating a

food source rich in protein that can meet the dietary demands

of human populations. However, overharvesting may negatively

affect the biodiversity and abundance of insects (Pino-Moreno

et al., 2020) and even put them at risk of extinction (Ramos-

Elorduy, 2006).

Ecological impacts of insect harvesting

About 40% of all wild insects are at risk of extinction

(Sánchez-Bayo and Wyckhuys, 2019; Harvey et al., 2020a). The

orders Lepidoptera, Hymenoptera, and Coleoptera are the most

affected in terrestrial ecosystems. Some anthropogenic factors

that have been identified as responsible for this situation are:

(1) loss of natural habitat due to deforestation and increased

land used for agriculture and urban spaces.

(2) pollution caused by the massive use of chemical

pesticides and fertilizers on agricultural land.

(3) biological factors, such as pathogens’ presence, new

species’ introduction, and climate change (Sánchez-Bayo and

Wyckhuys, 2019; Harvey et al., 2020b).

(4) overharvesting insects for culinary and medicinal

purposes (Gahukar, 2020).

These factors are directly responsible for reducing

invertebrates’ abundance (like insects, arachnids, gastropods,

and myriapods), diversity, and biomass across the biosphere

(Harvey et al., 2020b). Furthermore, the decline of insects affects

a wide range of ecosystem services, some of which are vital for

food and feed production and security because invertebrates

provide invaluable ecosystem services such as pollination, pest

control and nutrient cycling (Hochkirch, 2016).

The overexploitation comes from the higher demand

(Ramos-Elorduy, 2006; van Huis and Oonincx, 2017). For

example, in Mexico, the state of Hidalgo (Ramos-Elorduy,

2006) has reported that the survival of edible insects inhabiting

woodlands (edible forest insects) is threatened. Similarly, in

Cameroon, Ngute et al. (2020) analyzed several species of

caterpillars and found some effects of overexploitation on

them. They found a reduction in the number of species and

their abundance with the increase of vendors selling insects.

Similar results, attributed to the increasing interest in insect

consumption as food and their use for medicinal purposes,

have been reported for species of Lepidoptera (Yen, 2015a).

Wild insects are considered an essential source of animal

protein in some communities; they are also valued in traditional

medicine and provide a significant source of extra income in low

and middle-Income countries, given the increased demand in

recent decades.

Moreover, tourism and food fads have increased the interest

in wild insects (Perdue, 2018; Baker et al., 2019). The narrative of

insects as the enemy comes frommarketing pesticides to farmers

(Lesnik, 2019). This false perception has resulted in ecocide,

drastically reducing their number and biodiversity. Pesticides

kill insects and harm the environment, polluteing the soil and

groundwater aquifers. The consequences are devastating and

include biodiversity loss, especially in the insect population

(Beketov et al., 2013). The use of insecticides varies worldwide,

with levels as high as 32.2 kg/ha recorded in the Bahamas

compared with 0.29 kg/ha in India (Sharma et al., 2020).

According to the WHO, more than 300,000 human deaths every

year worldwide are directly related to pesticide use (Sharma

et al., 2020). In addition, a potential risk exists for sensitive

population segments, which is reflected in a higher incidence of

cancer (Kim et al., 2017). The importance of insects in ecosystem

restoration and maintenance has started to be considered in

recent years. A recent study (Covert et al., 2020) estimated

the toxicity of pesticides to aquatic life in streams in the U.S.

between 2013 and 2017 and found 13 insecticides with potential

toxicity in watersheds. Systemic insecticides show sublethal

effects on fish, reptiles, frogs, birds, and mammals and impact

ecosystem services and functioning. Insecticides have resulted

in reduced soil biota, pollinator insects, and aquatic invertebrate

communities (Pisa et al., 2021).

Sustainable insect harvesting

The solution to insect ecocide is complex but calls for

sustainable harvesting of insects in combination with the

conservation of their habitats, which includes protecting the

diversity of wild plants. Many traditional cultures still consume

insects as biological control during the harvesting season.

The argument for the conventional use of pest insects as

food has been widely discussed (Lesnik, 2018). Cerritos (2008)
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demonstrated the economic and environmental benefits of

harvesting the chapulín (grasshopper species) from cornfields

in Mexico as an alternative to pesticides for controlling

pests. Chapulín (grasshopper) grows during the rainy season

(from June to October) when the plants are young. Several

authors have proposed the development of legally regulated

management protocols for recording biological information on

the different species and thus supporting their conservation

(Babarinde et al., 2020; Dürr et al., 2020; Musundire et al., 2021).

They have also called for implementing seasonal restrictions,

with open seasons when harvesting is permitted, followed by

closed seasons. Yen (2015b) has recommended that each species

be assessed based on biological factors such as its distribution,

habitat, host plants, life cycle characteristics, seasonality, and

distribution capacity. The same study recommends evaluating

the potential of domestication or semi-domestication to reduce

the overharvesting of wild insects. In addition, there are external

factors to consider, such as local management, traditional

knowledge, demand, marketing, and the product’s commercial

value (Gahukar, 2020).

For insects that have more than two generations per

year, an efficient measure would be not to harvest the first

generation to ensure the survival of some larvae and protect

against potentially damaging external factors, such as droughts

and fires (Hochkirch, 2016). Some researchers have proposed

an international research center for insect conservation that

would help maintain their diversity, abundance, rational use,

and control. Scientific research, data collection, and citizen

education are the basis for knowing the importance and

favor of preserving terrestrial invertebrates (nematoda, annelida,

mollusca, and arthropoda) (Harvey et al., 2020a). Governments,

science funders and environmental agencies need to invest

in centers for invertebrate conservation and assess their

conservation status. A primary objective with people consists of

encouraging and guiding action, building capacity, and raising

awareness of invertebrates’ global and national importance

(Hochkirch, 2016), changing the perception that insects are

just pests.

Many potentially edible insect species and their ability to

breed rapidly provide the potential to promote entomophagy

for insect conservation when sustainable harvesting protocols

are established (van Huis and Oonincx, 2017). Especially in

poor rural areas, insects would be an interesting economical

protein source. So, when entomophagy is linked to sustainable

harvesting, it is hypothesized that they may contribute to the

conservation of biodiversity because:

(1) it may reduce chemical pesticides and promote

sustainable wild harvesting as biological control of the insects.

(2) it can stimulate the protection and conservation of

insects as traditional food sources, thus leading to their

economic and cultural re-evaluation.

(3) it can improve the content of organic matter, the capture

of carbon dioxide, and the soil’s oxygenation.

(4) it may promote the use of biological pesticides that can

target specific pests of primary concern without affecting the

broader environment.

(5) the income from the annual harvest of wild insects may

be an incentive to conserve wild insects.

Nutritional aspects

There is a current interest in replacing conventional animal

protein sources with more sustainable alternatives of similar

nutritional quality because of their negative impact on the

environment (Imathiu, 2020). The meat crude protein content

varies from 23 g/100 g in chicken to 35 g/100 g in pork on a

dry matter basis (Menezes et al., 2018), while the crude protein

content of most farmed edible insects ranges from 20 to 76%

on a dry matter basis. However, the composition of edible

insects varies from the species, feed, environmental aspects,

and the development stage of the insect. Then, the fat content

can vary from 2 to 50% in dry matter, an excellent source of

polyunsaturated fatty acids (even more than 70% of the total

fatty acids). In addition, insects have carbohydrates, mainly

chitin, as part of their exoskeleton. Finally, many proteins (B,

A, D, E and K) and minerals (K, Na, Ca, Cu, Fe, Zn, mg, and P)

have been found in different species (Kourimská and Adámková,

2016). However, the amount of true protein that insects possess

be overestimated due to the presence of chitin when the protein

is determined by the Kjeldahl method (Jonas-Levi andMartinez,

2017). There are many reviews on this topic focused on different

species, gender differences and other aspects (Kulma et al., 2020;

Meyer-Rochow et al., 2021; Ojha et al., 2021; Orkusz, 2021).

The wide variety of genetically diverse species consumed

in different life stages (eggs, pupa, or adult), as well as

larvae (Lepidoptera and Coleoptera), explains why insects may

have very different nutritional compositions at different stages.

However, the nutritional value of wild edible insects is not well

known because of their high diversity in species and stages

of consumption.

Increasing the consumption of insects as a high-quality

source of protein has been put forward as an essential avenue

for achieving SDGs (sustainable development goals) from a

nutritional and environmental point of view (Dicke, 2018;

Crespo-Pérez et al., 2020). In addition, an Indian reach

concluded that insect collection should be environmentally

sustainable (Chakravorty et al., 2016).

The bioavailability of macronutrients and micronutrients is

not explored enough, and contradictory findings reports have

been reported with different insect species and processing

conditions. Moreover, the presence of antinutritional

compounds has been poorly considered (Ojha et al., 2021).

Insects are a rich source of potential nutraceutical

compounds (Ramos-Elorduy, 1997; Hurd et al., 2019;

Abril et al., 2022). Then, some insects are an interesting

Frontiers in Sustainable FoodSystems 04 frontiersin.org

https://doi.org/10.3389/fsufs.2022.1021861
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Piña-Domínguez et al. 10.3389/fsufs.2022.1021861

source of polyphenols (such as carotenoids and flavonoids).

Moreover, the hydrolysates of the high-quality protein fraction

both for enzymatic and fermentation technics may exert

biological activities such as antioxidant, antimicrobial and

antihypertensive, helping to prevent many common human

diseases like hypertension and diabetes (Mendoza-Salazar et al.,

2021; Villaseñor et al., 2021).

Insects can help with metabolic syndrome complications,

especially oxidative stress, inflammation, and metabolic

disorders, although the most studied insects are farmed

insects such as Tenebrio molitor Linnaeus, 1,758 (Coleoptera,

Tenebrionidae) and Hermetia illucens Linnaeus, 1,758 (Diptera,

Stratiomyidae) (Navarro del Hierro et al., 2022). In this sense,

few types of research have been done on cellular and animal

models, but most of them displayed radical scavenging or

metal ion chelation properties and modulation of antioxidant

enzymes. Moreover, animal models have shown a decrease in

the content of markers of oxidative damage markers induced by

dietary stress (D’Antonio et al., 2021).

Finally, diverse authors have widely analyzed the safety of

consuming wild edible insects for the consumer’s concerns and

legislative requirements, especially in Europe. Many concerns

are related to the allergenicity potential of wild species and the

biological hazards because of the abuse of pesticides. However,

most researchers have shown that the processing methods can

reduce some risks because of insects’ high temperatures and

allergenicity, like other food products (Murefu et al., 2019;

Imathiu, 2020).

Legislative considerations

The welfare of invertebrate animals has been recently

discussed by (Carere andMather, 2019), who focused on animals

for experimental purposes. However, there is no legislation

governing the harvesting or farming of insects. Moreover,

there are no guidelines or procedures for killing insects before

consumption. Finally, there are no rules on the use of pesticides

based on insects’ perspectives related to the concerns about the

use of pest insect chemicals on the insect’s welfare (Wing, 2021).

The absence of specific laws regulating trade, production,

harvesting, and other aspects limits the expansion of this

industry (Wilderspin and Halloran, 2018). Firstly, it should be

noted that there is no easy solution for regulating this industry

at the international level. Guidelines should be adapted to

each country’s culture, economy, and even religious traditions

(Mishyna et al., 2020). This difficulty may explain the absence

of international rules for the edible insect industry, although

the Food and Agriculture Organization and the United Nations

consider insects the “food of the future” (Holm et al., 2018).

Few countries have legislation on edible insects and are

focused on commercializing insects for human and/or animal

food purposes, including hygiene and safety considerations

(Grabowski and Klein, 2017; Li et al., 2021). Very few pieces

of legislation deal with the ethical aspects of harvesting edible

insects. Unfortunately, the existing laws do not protect insects

in their natural ecosystems. There are no provisions prohibiting

overharvesting, no legally defined collection periods to protect

biodiversity, and no measures to preserve the ecosystem for

future generations. Thus, international, national, and local

legislations are needed to ensure sustainable harvesting from

the wild and controlled farming. These legal measures must

consider the requirements of individual species and consumers’

preferences. Ethical regulations face two main problems: the

perception of insects as only agricultural pests and the

controversial belief that insects do not feel pain. It is widely

thought that insects do not feel pain because they do not have

nociceptors, so they do not need legal protection against pain

and harm.

Based on the criteria for considering whether a being is

sentient, particularly the presence of a nervous system that can

process information, it is reasonable to conclude that many

invertebrate animals, including insects, are sentient. This makes

practices that cause substantial harm, such as their exploitation

for consumption as food, questionable for many people. Keep in

mind that the death of insects is expected in the wild and tends

to occur massively. Even on insect farms, early death is common.

For example, 99% of crickets fed on food scraps and straw die

within 3 months (Lundy and Parrella, 2015).

There is little knowledge about how invertebrate animals

experience pain and what stimuli are painful. In addition, getting

these animals to lose consciousness is not easy. Therefore, it

is not possible to ensure that the various methods of killing

them are painless. The rejection in many countries regarding the

consumption of insects focuses on the fact that they do not have

legislation on breeding these animals for this purpose besides

the neophobia and disgust about their consumption. However,

consumption has increased over the past few years due to the

promotion and advocacy of insect consumption by the Food

and Agriculture Organization of the United Nations and other

institutions (FAO., 2021).

Another ethical aspect regarding using insects for food raises

specific safety issues, including whether insect consumption

could harm human health. Although the longstanding tradition

of eating insects in tropical countries (Ingram, 2019; Murefu

et al., 2019), many food safety concerns have been raised,

especially in Europe. Research currently focuses on the potential

presence of pathogenic microorganisms, allergenic substances,

parasites, toxic compounds, and pesticide residues (Fels-Klerx

et al., 2018), not on concerns related to wild harvesting.

In this regard, the EFSA (European Food Safety Authority)

has published a report (Committee, 2015) that compares the

risks associated with consuming insects and other foods of

animal origin. The report recognizes the lack of information

on the risks associated with eating insects, especially wild-

harvested ones, given the limited amount of available safety
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data. The highest microbiological risks are cross-contamination,

poor hygiene, and inappropriate handling during processing

and storage. Pesticides and pesticide residues have not been

studied a lot, although harvested insects may pose a risk given

the excessive use of these substances in industrial agriculture

(Committee, 2015). Poma et al. (2017) investigated the levels

of organic contaminants and metals in composite samples of

the greater wax moth, migratory locust, mealworm beetle, and

buffalo worm. Four insect-derived food products marketed in

Belgiumwere also characterized. Insects and food products from

insects authorized for human consumption were purchased

from various shops, e-shops, and supermarkets in Belgium. They

were found to contain low levels of organic contaminants and

metals. These levels are generally lower than those commonly

consumed in animal products (de Paepe et al., 2019).

Despite being consumed since prehispanic times, Mexico

does not have specific insect legislation (Ramos Elorduy et al.,

2006). Instead, at the safety level, insects are considered between

“other meat products” in the local normativity (DOF-Diario

Oficial de la Federación, 2022). Moreover, there is no legislation

about the sustainable requirements of wild insects or their

sacrifice under ethical conditions (Carreño, 2022).

So, as a first step, it is essential to create international

and national legislation focused on insects as a food source,

considering insects’ welfare and food safety for human

consumption and establishing guidelines and standards that

guarantee sustainable harvesting. A second step would be

disseminating clear, accurate scientific and well-documented

information about the benefits of eating insects for the

health and the environment. The adverse reaction to insects

among the public can be attributed to the fact that in the

Western world, during much of the history of agricultural

and livestock production, insects have been viewed as pests

that should be eradicated (Schmidt, 2008). However, in the

Western world, the development of new insect-based products

is increasing in the market (Melgar-Lalanne et al., 2019).

On the other hand, tropical countries like Mexico, Thailand

and Nigeria have different perspectives. Here, wild insects

harvested from agricultural lands and forests are a rich

resource of food and income (Vega Mejía et al., 2018; Lesnik,

2019).

Furthermore, there is enough evidence that the primary

factor behind the negative attitude toward consuming insects

is food neophobia (fear of eating new or unknown foods)

(Verbeke, 2015). Therefore, it is interesting to consider that

if perceptions of insects improved, people would be more

appreciative, curious about, and empathetic toward these

invertebrates (Looy et al., 2014). However, this strategy could

have the opposite effect, given that when animals are included

in the human diet, people tend to view them solely as

a source of nutrients (Gjerris et al., 2016). That is why

the management of information about the consumption of

insects as food must be careful and cover all aspects that

involve it, from ecological, ethical, nutritional, functional, and

even sociocultural.

Pest insects as food: A mexican
perspective

With more than 500 species of edible insects, Mexico is

one of the three principal countries where entomophagy is

practiced (Jongema, 2020). So, aphids, beetles, butterflies, flies,

grasshoppers, maguey worms, ants and bedbugs are the most

found in different regions.

Most of the edible species are only consumed locally by

rural and indigenous populations. They are collected from

nearby forests and agricultural fields during the rainy season

and cannot be found in the regional and national markets.

However, the consumption of some of the wild edible Mexican

species is trendy, and it is possible to find them in gourmet

stores, prehispanic restaurants and even online stores. Chapulín

(grasshopper, Pyrgomorphidae), chicatana (ant queen, Atta

mexicana Smith, 1,858, Hymenoptera, Formicidae), chinicuil or

red maguey worm (Comadia redtenbacheri Hammerschmidt,

1,848, Lepidoptera, Cossidae) and white maguey worm (Aegiale

hesperiaris Walker 1,856, Lepidoptera, Hesperiidae) are

probably the most studied at the scientific level.

Chapulín (grasshoppers, Pyrgomorphidae) is the best-known

Mexican insect worldwide. More than 20 species of edible

chapulín have been identified. All of them belong to the

Pyrgomoprhidae family, like the genus Sphenarium, many from

the family Acridae, and some from the family Romaleidae

(Jongema, 2015). The chapulín (grasshopper) grows mainly

in cornfields (“milpa”), as well as in alfalfa, soya, barley, and

peanut fields. They are collected during the rainy season, from

June to October, when the plants are still young. However, this

traditional and novelty gourmet insect (Youssef and Spence,

2021), consumed in its whole form and incorporated into bar

snacks, is also a dangerous agricultural pest. This insect is

responsible for significant economic losses for several staple

foods such as corn, bean, alfalfa, squash, and broad bean, mainly

green leaves. The usual control method consists in applying

organophosphorus insecticides. This practice is dangerous for

farmers and the environment, especially subsistence agricultural

workers. On the other side, the traditional and more sustainable

control method is their collection during the rainy season

(May to December). A farmer could capture between 50 and

70 kg /week of grasshoppers. At this level, the harvesting of

grasshoppers could be considered a sustainable pest control

method in the region (Cerritos and Cano-Santana, 2008).

Unfortunately, the increase in domestic demand has promoted

overharvesting. So, in the municipality of Tepatepec (Hidalgo,

Mexico) (Pino-Moreno et al., 2020), a reduction in the collection

of insects has recently been reported, with the local population

attributing it to climate change, irrational exploitation, and

Frontiers in Sustainable FoodSystems 06 frontiersin.org

https://doi.org/10.3389/fsufs.2022.1021861
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Piña-Domínguez et al. 10.3389/fsufs.2022.1021861

FIGURE 1

(a) Wildly collected chicatana (Atta mexicana), (b) A specimen of

Atta mexicana, (c) Chicatana prepared for cooking from

Jalcomulco-Huatusco region (Veracruz, Mexico). Source:

Authors own pictures.

scarcity due to the progress of urban development, pollution,

the introduction of livestock, and a lack of traditional knowledge

which increases hunting and capture, commercial plundering,

irrational consumption, and excessive sales and misuse of

the source, combined with a rise in selling prices. A similar

phenomenon has been observed for the chicatana ant in the

coffee plantations of Huatusco (Figure 1) (Veracruz, Mexico)

(Escamilla-Prado et al., 2012).

Atta mexicana Smith, 1,858 (Hymenoptera, Formicidae)

(chicatana) is the queen ant of a leaf-cutting ant distributed in

the Neotropical area and considered a pest in agricultural and

silviculture, responsible for significant losses in citrus, cacao,

and corn, ornamental plants, and amaranth cultivations, among

others. They cultivate the symbiotic fungus Leucoagaricus

gongylophorus (Möller) (Infante-Rodríguez et al., 2020) and cut

trees’ leaves to feed the fungus. The fertilized females establish

new colonies solitarily after the nuptial flight when queen

ants have been reported to be highly aggressive among them,

attaching and killing each other (Sánchez-Peña, 2008). The

chicatana (queen ant) is collected during the nuptial flight.

The nuptial flight occurs in Mexico in May and June, usually

at dawn. Before leaving the nest of origin, males and females

fly to reproduce and establish new anthills. After the nuptial

flight, the queens land on the ground, shed their wings, and

excavate the soil. After 6 to 10 h of digging, a tunnel and

a chamber are obtained (Phillips et al., 2021). Peasants and

indigenous people harvest the queen ants just after the nuptial

light avoiding that the ants can establish new anteaters in

surrounding crop areas. The queen ants (chicatanas) have a

local gastronomic value and could be sold for as much as

40 USD when cleaned (wings, head and thorax removed), as

shown in Figure 1c (2022, local prices reported in Huatusco,

Veracruz, Mexico) and as whole ∼5–10 USD (Figure 1a). The

cleaning process is laborious and eliminates the ant’s wings

and the top section (head and thorax) from the queen ant.

Afterward, the abdomen is roasted or fried and cooked in chili

sauce, made with tomato and hot pepper (Figure 2). Chicatana

FIGURE 2

Traditional Chicatana (Atta mexicana) chili sauce. Source:

Authors own picture.

(queen ant) is a traditional remedy for arthritis and rheumatism.

Despite their cultural and economic importance, they are still

regarded as a pest that must be eliminated, putting them at

risk of extinction. During the last decade, the insect harvesting

season has decreased because of the number of individuals

due to insecticides, mostly fipronil, a highly toxic one (Mota

Filho et al., 2021), similarly to those reported in Mexico by

different authors (Cerritos Flores et al., 2014; Cerritos and

Klewer, 2015).

A similar situation has been observed for Comadia

redtenbacheri Hammerschmidt 1,848 (Lepidoptera: Cossidae)

(red agave worm or chinicuil) (Figure 3) and in Aegiale

hesperiaris Walker 1,856 (Lepidoptera: Hesperiidae) (white

maguey worm or meocuil), which are consumed at the larvae

stage. Both insects are pests in Agave salminana (maguey)

because they grow in the leaves and roots and drill the

plant. The red worm is considered a gourmet food item with

nutritional benefits. To date, it has not been feasible to rear these

maguey worms under greenhouse conditions, and sustained

wild harvesting is putting them in danger of extinction (Molina-

Vega et al., 2021). The harvesting of white and red worms

from maguey is a vital income source for communities from

the states of Hidalgo and Tlaxcala in Mexico. However, this

activity is intensive, and stationery and collectors do not have

the proper training for worm extraction. Then it is essential

to apply organizational, training, and selling strategies for

their sustainable use to reduce the environmental impact of

this practice (de Luna-Valadez et al., 2013). Fortunately, some

environmental techniques based on semi-wild harvesting have

been explored in the last years, like the artificial infestation to

increase the worm population in the Agave salmiana (Espinosa-

García et al., 2018). The consequences of the extinction of

Mexican wild edible insects were studied inside the me’phaa

community in Guerrero (Mexico). A traditional food source

is at risk due to biodiversity loss in the edible terrestrial
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FIGURE 3

Red agave worm taco (Comadia redtenbacheri) in Calpulalpan,

Tlaxcala, Mexico. Source: Authors own picture.

fauna over the last 40 years. Overharvesting is one of the

factors which put on at risk of extinction some insects like

grasshoppers, crickets, and butterflies (García Hilario et al.,

2016).

The loss of indigenous knowledge about the selective

harvesting of insects should be rescued. It would be the

base for educational initiatives (Hlongwane et al., 2021;

Musundire et al., 2021). These local-scale initiatives can act

as models for scaling up projects and programmes for the

sustainable utilization of edible insects in the wild. Although

policies that encompass other issues, such as preserving

trees, forests, and water resources, exist, stewardship aspects

of the utilization of edible insects are grossly overlooked.

Therefore, there is an urgent need for special consideration

for national support for building and supporting the insect

sector (Musundire et al., 2021). In Mexico, some efforts

have been made in formal and non-formal environmental

education, mostly in children from rural areas (López-Gómez

and Bastida Izaguirre, 2018; Pineda Jiménez et al., 2018).

However, few of these programs have been centered on

insects, and, to our knowledge, no efforts in the sustainable

harvesting of edible insects have been implemented in

the region.

Conclusion and future trends

Insects are vital for ecosystem regulation. Their biodiversity

and abundance are essential in many ecological processes like

soil regeneration and pollination. Traditionally, they are a

common source of food and medicine for many communities

in tropical areas. At the time, human consumption might

help biological pest control. However, the development of

industrial agriculture, even between subsistence agriculture, and

the increase in the demand for some local insects have put some

of them at risk of extinction. Native people are aware of the local

insects present in their communities. They know their life cycles

and habitats, the appropriate season to harvest them, and how to

promote their reproduction when required. Unfortunately, this

knowledge is getting lost. Economic resources for entomology

and entomophagy are needed. Although in countries like

Mexico, insects have been well-known since prehispanic times,

the use of new instruments for basic research will provide

different strategies to maintain the biodiversity and abundance

of wild insects. Its use as food and feed has been one of

the most studied in the past decade. Wild insects are widely

appreciated in many regions. Moreover, their consumption is

rising in the Western World, thus, attracting the interest of

consumers for sustainable and nutritional food sources such

as insects.

Local collectors should be trained in sustainable

techniques for harvesting insects. Thus, they need to know the

characteristics of each local insect to avoid overexploitation and

extinction. A sustainable alternative would be open and closed

seasons for harvesting to guarantee the future populations of

insects. Moreover, sustainable farmers should be taught the

correct application of pesticides and biological pest control to

reduce pesticide residues in edible insects. Farmers also need

training about ethical aspects related to insect welfare.

Finally, environmental considerations related to harvesting

edible insects as food should be addressed in local, national,

and international laws and regulations to protect insects and

their ecosystem. Thus, the necessity of studying insect ecology,

including their life cycles, environments, and diets, should

be implemented to develop protective legislation for edible

insects and ecosystems. This necessity is urgent in traditional

consumer countries like Mexico, where many insects are at risk

of extinction.
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