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ABSTRACT
Objective: To identify the exploitation and generation of economic income derived from the harvest of 
escamol (Liometopum apiculatum Mayr), white worm (Aegiale hesperiaris W) and red worm (Comadia redtenbacheri 
H), during an annual season.
Design/Methodology: Surveys were applied to n116 edible insect harvesters in n18 rural communities, 
local authorities (ejido commissaries, auxiliary judges), buyers (intermediaries), and representatives of the 
stockpiling company DELIZAC. The interviews were conducted in harvesting zones (field), at the time of the 
delivery of the product (stockpiling), and in the homes of harvesters selected as sample in Pinos, Zacatecas, 
Mexico.
Results: The prices per kilogram of escamol and white worm, during the 2020 seasons, was US$15.00, and for 
the red worm, US$25.00. The harvest of edible insects was 34.6 tons with an economic spill of US$572,800.00 
showing a per capita average income of US$965.90.
Study Limitations/Implications: The results of this study can be used to propose techniques that favor the 
conservation, management, and sustainable exploitation of the three species of edible insects for inhabitants of 
the rural zones in central-northern Mexico.
Conclusions: The harvest of edible insects in Pinos, Zacatecas, generates important economic income. Of 
the harvesters, 78.9% were men, 13.7% adult women, and 7.4% children. Most of the harvesting localities lack 
permits to carry out the exploitation.
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INTRODUCTION
 The arid and semi-arid zones in Mexico have very valuable resources which, if managed 
correctly, can generate economic benefits in the short, medium and long term. Edible 
insects such as the red worm, the pink maguey worm or chinicuil (Comadia redtenbacheri H), 
and the white worm from the maguey (Aegiale hesperiaris W), as well as the escamolera ant 
(Liometopum apiculatum), are important components of these regions. The ants can modify 
the environmental conditions to create appropriate microhabitats (Whitford et al., 2008), 
by increasing the fertility and quality of the soil (Amador and Gorres, 2007).

Citation: Briones-Santoyo, J.A., 
Tarango-Arámbula, L.A., Velázquez-
Martínez, A., Reyes- Hernández, V.J., 
& Salazar-Borunda, M.A. (2022).
Edible insect harvest in Pinos, 
Zacatecas, Mexico. Agro Productividad.
https://doi.org/10.32854/agrop.
v14i6.2275

Academic Editors: Jorge Cadena 
Iñiguez and Libia Iris Trejo Téllez

Received: February 26, 2022.
Accepted: May 18, 2022.
Published on-line: June 17, 2022.

Agro Productividad, 15(6). June. 2022. 
pp: 37-49.

This work is licensed under a 
Creative Commons Attribution-Non-
Commercial 4.0 International license.

37 Image by José Antonio Briones Santoyo 

mailto:ltarango@colpos.mx


38 Agro productividad 2022. https://doi.org/10.32854/agrop.v14i6.2275

 In Mexico, the escamolera ant is used in the states of Michoacán, Colima, Chihuahua, 
Durango, Hidalgo, Querétaro and Distrito Federal (Del Toro et al., 2009). Presently, 
harvesting also takes place in San Luis Potosí, Jalisco, Coahuila, Nuevo León and 
Zacatecas. In the state of Zacatecas, the exploitation of edible insects began since the 
1980s. Immigrants arrived to these lands from the state of Hidalgo, they trained local 
inhabitants as harvesters and offered very attractive prices for escamol, white worm and red 
worm from maguey. In the municipality of Pinos, Zacatecas, Mexico, the escamolera ant, 
and also the white worm and red worm from maguey, are used since approximately 35 
years. These species, although in lesser amount, are also harvested in the municipalities of 
Villa Hidalgo, Villa González, Noria de Ángeles and General Pánfilo Natera in the state of 
Zacatecas.
 Escamoles are larvae and pupae from the reproductive caste of the ant Liometopun 
apiculatum Mayr. This species builds its nests in the soil or in the root system of some 
plants such as maguey (Agave salmiana), nopal (Opuntia spp.) and palm (Yucca spp.), species 
characteristic of the rosette-like desert shrub. Authors such as Cruz-Labana et al. (2018) 
mention that the content of macronutrients contributed by the escamolera ant larvae varies 
significantly, although not for the contents of micronutrients. Other authors, such as 
Rafael-Valdez et al. (2017) stated that the presence and foraging activity of the escamolera ant 
depend on the climate (temperature and relative moisture), vegetation, soil and its cover, 
anthropogenic disturbances and level of association of the ant species with some plants. 
Cruz-Labana et al. (2014) mention that the presence of the escamolera ant is related to some 
characteristics of the agaves. This relationship was corroborated by Cruz-Labana (2019) 
who found that the density of nests varies per type of vegetation and state of conservation.
 In recent years, the municipality of Pinos, Zacatecas, has stood out due to a very 
important harvest of edible insects and economic income for the inhabitants of the 
rural zones. In this municipality, the harvest of edible insects is the only productive 
activity that some of the rural families practice. Therefore, the conservation, good 
management, development and maintenance of the habitats and colonies of edible 
insects are fundamental. However, currently, the native edible insects are extracted 
in a manner of low sustainability (De Luna-Valadez et al., 2013), and the inadequate 
management of the land and recurring droughts have resulted in fragmentation and 
loss of habitat for these species.
 The escamolera ant in the semi-arid ecosystems of the center-north of Mexico has 
suffered excessive extraction (Ramos Elorduy et al., 2006; Ambrosio-Arzate et al., 2010; 
Dinwiddie et al., 2013) and is intensified from the lack of research directed at management 
and conservation (Tarango-Arámbula, 2012), primarily due to the scarce knowledge of the 
ecologic function of the ant and the absence of legal environmental guidelines (Ramos-
Elorduy et al., 2006). The escamolera ant, compared to the other two species of edible 
insects, has been studied more, highlighting aspects of foraging substrates and foraging 
activity (Rafael-Valdez et al., 2017).  
 The white worm from maguey (Aegiale hesperiaris) is the larvae of a leaping butterf ly 
(Hesperiidae), which develops in the leaves and roots of maguey. The white worm is 
abundant in the states of Hidalgo, Estado de México, Tlaxcala and Puebla (Quintero-
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Salazar and Ramos-Rostro, 2018). Presently, it is used commercially in Zacatecas 
and San Luis Potosí, Mexico. The red, pink worm from maguey or chinicuil (Comadia 
redtenbacheri H), agave borer, is extracted primarily from the root system of this plant 
(Quintero-Salazar and Ramos-Rostro, 2018). The red worm is harvested in the states 
of Estado de México, Hidalgo, Puebla, Tlaxcala, Querétaro, San Luís Potosí, Jalisco, 
Oaxaca, Chiapas and Distrito Federal (Llanderal-Cázares et al., 2010), and in recent 
years their exploitation has also been intensified in the states of Zacatecas, Coahuila, 
Nuevo León and Jalisco.
 It is important to mention that although in Mexico there are different studies 
about the use of edible insects (Cruz-Labana, 2019, Figueroa-Sandoval et al., 2018, 
Tarango-Arámbula, 2012; Esparza-Frausto et al., 2008; Ramos Elorduy et al., 2007), 
very few are related to the harvest and economic aspects of the three species in north 
central Mexico, where the economic spill has a negative impact in the conservation of 
these natural resources. Therefore, the objective of this study was to understand the 
exploitation of edible insects, their harvest and the generation of economic income 
from harvesting, during the 2020 seasons in Pinos, Zacatecas, Mexico. It is considered 
that the information from this study will serve as a basis to design conservation and 
non-extractive strategies that favor the permanence of the insects and of the inhabitants 
of rural zones.

MATERIALS AND METHODS
 The study was carried out in the municipality of Pinos, Zacatecas, Mexico (22.237340 
N, 101.544734 W), between February and October 2020. From the 3,135.80 km2 of 
territorial area (4.45% of the state surface; COEPLA, 2020), only 14% of the surface is 
apt for agriculture, 79% for livestock production, and 7% for timber-yielding and non-
timber-yielding forests (González-Ávila, 2011). This municipality includes 301 localities 
and a population of 72 241 inhabitants, the climate is dry (annual mean temperature of 
16 °C), an average rainfall of 510 mm, and its geological constitution includes igneous and 
sedimentary rocks from the Quaternary, Neogene or Cretaceous and soils called Durisols, 
Regosol and Leptosol (González-Ávila, 2011; INAFED, 2020).
 In this study surveys were applied with harvesters of diverse communities (Figure 1), 
with ejido commissaries, auxiliary judges, buyers (intermediaries) and representatives 
of the company DELIZAC. The interview respondents were selected randomly, that is, 
during visits to the communities in company of the local authority to interview people. 
In other localities, the interviews were conducted in the afternoon or at night in the 
homes of the people selected (Table 1). The communities and the number of survey 
respondents varied in function of the availability of time and people’s willingness to 
cooperate.
 The response variables of the study consisted in identifying via the harvesters the species 
of edible insect exploited, the volume (kg), the economic income generated; percentage of 
men, women and infants who participate in the activity, the income of intermediaries, the 
levels of economic profit, and description of expenditures.
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Table 1. Edible insect harvesters surveyed (n116) 
in the municipality of Pinos, Zacatecas, Mexico.

Locality Sample (n) 
Santiago 15

Santa Gertrudis 5

La Pendencia 5

San Andrés 10

Buenavista 3

El Patrocinio 4

Guadalupe de los Pozos 10

Saldaña 5

La Trinidad 6

Tolosa 8

Santa Ana 5

El Salto 5

La Purísima de Abajo 4

La Mesilla 5

El Tecomate 6

Guadalupe Victoria 10

El Nigromante 5

San Miguel 5

Total 116

Figure 1. Location of the communities of edible insect harvesters intervened in Pinos, Zacatecas, Mexico 
(prepared by the authors).
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RESULTS AND DISCUSSION
Description of survey respondents
 The surveys within the sample identified harvesters (n105), ejido representatives (n8), 
and intermediaries (n3). Some prior studies in Pinos, Zacatecas, by De Luna Valadez et 
al. (2013) showed that 95.1% of the harvesters were men whose age ranged between 14 and 
63 years old, and 72% of them perform the harvest individually. An outstanding aspect 
of the information generated by De Luna Valadez et al. (2013) is that only 25% of the 
harvesters were ejidatarios or children of ejidatarios, 30% were settlers, and 45% came from 
neighboring ejidos.
 The settler harvesters and from neighboring ejidos constitute a risk for the habitats 
and colonies of these insects, since according to the ejido leaders, these harvesters take 
harvesting to high levels of extraction.
 In the 18 communities intervened in Pinos, Zacatecas, there are 593 harvesters, of 
which 468 are men (78.9%), 81 women (13.6%) and 44 children (7.5%) (Table 2). The 
insect harvesters are devoted to this activity for eight months (February-September) and 
during the four other months (October-February) they work in the construction tasks in the 
neighboring cities of San Luis Potosí, Zacatecas, Aguascalientes and Guanajuato, Mexico.
 Insects represent an alternative for the human diet, and their important nutritional 
content stands out (Cruz-Labana et al., 2018), as well as their presence and easy harvest. 
Entomophagy takes place in developed countries as an exotic culinary alternative and in 

Table 2. Edible insect harvesters per locality in the municipality of Pinos, Zacatecas, Mexico.

Number Locality
Harvesters (n)

Total
Men Women Minors

1 Santiago 50 5 5 60

2 Santa Gertrudis 33 6 3 42

3 La Pendencia 15 0 2 17

4 San Andrés 55 10 5 70

5 Buenavista 6 0 2 8

6 El Patrocinio 10 2 2 14

7 Guadalupe de los pozos (Ejido Pinos) 27 3 3 33

8 Saldaña 20 2 0 22

9 La trinidad 25 0 0 25

10 Tolosa 55 10 2 67

11 Santa Ana 10 3 0 13

12 El salto 8 5 3 16

13 La Purísima de Abajo 10 2 1 13

14 La mesilla 11 3 2 16

15 El tecomate 25 10 4 39

16 Guadalupe Victoria 40 20 10 70

17 El Nigromante 43 0 0 43

18 San Miguel 25 0 0 25

Total 468 81 44 593
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developing countries as a survival food, as is the case of inhabitants in arid and semi-arid 
zones of Mexico (Tarango-Arámbula and Méndez-Gallegos, 2018).
 In this study, it was found that very few harvesters include insects in their diet (10%). 
The main reason is that their consumption represents a luxury and that, if they do, they 
would not have money to purchase foods from the basic basket (egg, bean, tortillas for 
their family). For example, if a rural family decides to include insects as part of their diet 
and consume a kilogram of escamol per month, it would represent not obtaining 250 pesos 
(price of one kilogram of escamol), which is equivalent to going without the purchase of 
10.4 kg of bean, 19.2 liters of milk or 7.8 kg of egg (Tarango-Arámbula and Méndez-
Gallegos, 2018). This situation worsens when insect prices are elevated such as escamol, 
which during the 2022 harvest season had a price per kilogram that fluctuated between 
US$25.00 and US$35.00. Although some people who are not harvesters in the season buy 
for in situ consumption, it is not representative compared to what happens directly with 
intermediaries, and in no cases are insects an essential part of their daily diet (Tarango-
Arámbula and Méndez-Gallegos, 2018).
 The white and red worms constitute other dietary and economic income options. The 
red worm shows between 28 and 81% of protein, and represents a complementary family 
income through its harvest and sale (Esparza-Frausto et al., 2008); this worm is easy to use 
and can be conserved dry. The red worm is currently appreciated as food by national and 
foreign consumers (Hogue, 1993). To stockpile, conserve and distribute the edible insects 
that are harvested in the study zone, there are stockpiling centers of various sizes and 
capacities; however, in the community called “El Coyote”, from ejido Santiago, there is 
one of the main centers for stockpiling. This center operates since more than 25 years ago 
and its main function is to stockpile and distribute these products to the states of Tlaxcala, 
Hidalgo, Estado de México and Mexico City. In this community, there is also a society led 
by women called DELIZAC, which is part of the stockpiling center, and in recent years 
they have learned to prepare dishes based on insects that are exposed in regional events 
and fairs.

Edible insect harvest
 In this study, it was determined that during the 2020 seasons, the harvest of edible insects 
in the municipality of Pinos, Zacatecas, was 34.6 t. From this, 50.4% corresponded to 
escamoles and 34.1 and 15.5% to white and red worms, respectively. The three communities 
with highest harvest were from Tolosa (3.85 t), Guadalupe de los Pozos (3.45 t), and 
Santiago (3.4 t) (Table 3).

Price and profit in the sale of edible insects
 The price per kilogram of species of edible insect is established by the buyer 
(intermediary) at the beginning of the harvest season and varies with the year and 
community. During the 2020 harvesting seasons, the prices for escamol and white worm 
per kilogram were US$ 15.00, and for red worm US$ 25.00 (Table 4). The main profits 
are obtained by buyers and restaurant owners in Mexico City, Puebla and Hidalgo, and 
range with margins between 100% and 333.3% (Table 4). Apparently, the price that is 
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paid to the harvester is high; however, he and his family invest a long time in the field 
and at home to wash and clean the product.
 The expenditures that the buyer (intermediary) distributes in the harvesting and sales 
processes include: a) Payment for the right to harvest (renting lands for the harvest), b) 
Expenses for transport for the sale and stockpiling of the product in the localities, c) 
Expenses for electric energy in the stockpiling center, d) Expenses for transport to the 
final sales place, and e) Payment for workforce in the activities of cleaning and separating 

Table 3. Edible insect harvest (2020 seasons) per locality in Pinos, Zacatecas, Mexico.

Locality
Harvest (Tons)

Total
Escamol White worm Red worm

Santiago            1.25            1.50            0.65 3.40

Santa Gertrudis            1.10            0.85            0.25 2.20

La Pendencia            0.95            0.65            0.20 1.80

San Andrés            1.30            0.90            0.40 2.60

Buenavista            0.30            0.12            0.50 0.47

El Patrocinio            0.35            0.15            0.80 0.58

Guadalupe de los pozos*            1.80            1.00            0.65 3.45

Saldaña            0.85            0.85            0.35 2.05

La trinidad            0.75            0.70            0.30 1.75

Tolosa            1.60            1.50            0.75 3.85

Santa Ana            0.70            0.45            0.20 1.35

El salto            0.60            0.40            0.15 1.15

La Purísima de Abajo            0.50            0.35            0.10 0.95

La mesilla            0.65            0.55            0.12 1.32

El tecomate            1.30            0.80            0.35 2.45

Guadalupe victoria            1.40            1.05            0.75 3.20

El Nigromante            1.20 ---  --- 1.20

San Miguel            0.85 ---  --- 0.85

Total          17.45          11.82            5.35 34.62

*Ejido Pinos.

Table 4. Price and profit per kilogram of edible insects from the harvester to the final consumer.

Type of 
insect

(US$ Dollar*)
Purchase 

price to the 
collector

Selling price 
by stockpiler

Stockpiler 
profit**

Retail price to 
the consumer 

Restaurant 
owner 

profit***
Escamol 15 30 100 100 333.3 

White worm 15 30 100 100 333.3 

Red worm 25 60 240 150 250.0 

* US$1.00$20.00 (Mexican pesos).
** In this percentage of profit the expenses involved in the process of harvesting and sale are not deducted.
*** This percentage of profit does not consider the costs for dish preparation or any other additional cost.
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impurities. The expenses of the restaurant owners have to do with the purchase of inputs 
for the preparation of dishes and electric energy.

Annual average income from the sale of edible insects
 The global income 2020 for the localities that harvest edible insects in the municipality 
of Pinos, Zacatecas, was US$572,800.00; the sale of escamol, white worm and red worm 
offers outstanding income for rural inhabitants of this municipality. The localities with 
highest level of harvesting and income during the 2020 seasons were Tolosa, Guadalupe de 
los Pozos, Santa Gertrudis and Guadalupe Victoria (Table 5).
 The per capita income by locality varied from US$418.6 in the community of Nigromante 
to US$ 1711.15 dollars in Guadalupe de los Pozos, with a regional average income of 
US$965.9 (Table 6). The income derived from the sale of edible insects is generally higher 
than that obtained from agriculture or livestock production; in addition, insects harvesting 
requires a minimum of input and equipment.  
 Although the income from the sales of edible insects is significant, most of the harvesters 
were discontent, since they mentioned that they get very low payment, particularly for the 
sale of escamol and white worm (US$15.00). For example, when there is high harvesting, 
the price has sometimes decreased to US$ 7.5 kg1. Likewise, it is mentioned that the price 
of one kilogram of escamol and white worm has been as high as US$20.00 or US$25.00, 

Table 5. Annual average income from the sale of edible insects (2020 seasons) per locality in the municipality 
of Pinos, Zacatecas, Mexico. 

Locality
Income (US$ Dollar)

Escamol White worm Red worm Total
Santiago 18,750 22,500 16,250 57,500

Santa Gertrudis 16,500 12,750 6,250 35,500
La Pendencia 14,250 9,750 5,000 29,000

San Andrés 19,500 13,500 10,000 43,000

Buenavista 4,500 1,800 1,250 7,550

El Patrocinio 5,250 2,250 2,000 9,500

Guadalupe de los pozos* 27,000 15,000 16,250 58,250
Saldaña 12,750 12,750 8,750 34,250

La trinidad 11,250 10,500 7,500 29,250

Tolosa 24,000 22,500 18,750 65,250
Santa Ana 10,500 6,750 5,000 22,250

El salto 9,000 6,000 3,750 18,750

La Purísima de Abajo 7,500 5,250 2,500 15,250

La mesilla 9,750 8,250 3,000 21,000

El tecomate 19,500 12,000 8,750 40,250

Guadalupe victoria 21,000 15,750 18,750 55,500
El Nigromante 18,000 0   0 18,000

San Miguel 12,750 0   0 12,750

Total 261,750 177,300 133,750  572,800

*Ejido Pinos.
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respectively. The price of red worm has always been the highest, with an average price of 
US$25.00 kg1, and has shown values as high as US$50.00 and US$60.00.
 The harvesters, their families and other ejidatarios benefit from the exploitation and 
sales of edible insects. The ejidos that participate in the harvest receive annually from the 
intermediary a payment called “Payment for the right to harvest”. This resource is divided 
into equal parts between each of the ejidatarios, or from agreement in the assembly, this 
income can be used to conduct social work. With this payment, the intermediary acquires 
the rights to start and finish the extraction of insects in the lands hired. Likewise, this 
payment for the rent and economic support provided by the intermediary to the harvesters 
forces them to deliver the insects harvested, situation that fosters poaching or clandestine 
extraction and selling (Tarango-Arámbula and Méndez-Gallegos, 2018).
 Without a doubt, insect harvesting constitutes an important source of income for the 
families that inhabit arid and semi-arid ecosystems. Therefore, it is important to regulate 
the harvest annually, since over-extraction has caused the reduction of populations and 
volume harvested per nest. The harvesters mention that a decade ago it was possible to 
find nests of escamoles in the fences of homes, and that, in addition, the density of the 
nests was higher showing a distance of less than 100 m between one and another nest. 
Presently, it is necessary to travel longer distances (up to one km) without finding a single 

Table 6. Total annual income by locality and per capita from the sale of edible insects in Pinos, Zacatecas, 
Mexico.

Number Locality
Total anual 

income (US$ 
Dollar)

Number of 
harvesters

Per capita income 
(US$ Dollar)

1 Santiago 57500 60 958.33

2 Santa Gertrudis 35500 42 845.24

3 La Pendencia 29000 17 1705.88

4 San Andrés 43000 70 614.29

5 Buenavista 7550 8 943.75

6 El Patrocinio 9500 14 678.57

7 Guadalupe de los pozos* 58250 33 1765.15

8 Saldaña 34250 22 1556.82

9 La Trinidad 29250 25 1170.00

10 Tolosa 65250 67 973.88

11 Santa Ana 22250 13 1711.54

12 El Salto 18750 16 1171.88

13 La Purísima de Abajo 15250 13 1173.08

14 La Mesilla 21000 16 1312.50

15 El Tecomate 40250 39 1032.05

16 Guadalupe Victoria 55500 70 792.86

17 El Nigromante 18000 43 418.60

18 San Miguel 12750 25 510.00

Total 572800 593

*Ejido Pinos.
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nest. Concerning this, Hernández-Roldan et al. (2017) report for an UMA in Pánfilo 
Natera, Zacatecas, between 2.7 and 5.5 nests ha1; and they recommend that in order to 
establish adequate conditions for escamolera ant nesting in degraded sites of the study area, 
it is necessary to regulate the animal load (large livestock) and to improve the habitat. A 
density of 11.9 nests ha-1 has been reported in areas with moderate disturbance (Cruz-
Labana et al., 2014). The harvesters informed that the harvest of escamoles in the past 
ten years has decreased approximately 50%. In this regard, Figueroa-Sandoval et al. 
(2018) found that the yield of trabeculae (nest structure) is associated more with a good 
quality of the nest and with a “regular” amount of ants and that, on the contrary, a bad 
quality of the nest is associated with a “scarce” amount of ants. The low density of nests 
and volume when harvesting is attributed to the inadequate management of the nest 
and to overgrazing of the lands where the escamolera ant is distributed. In contrast, the 
populations of white worm and their harvest has been maintained, and its harvest is the 
one that damages the ecosystem the least, since only one to three agave leaves (maguey) 
are cut to extract the worm and the mother plant remains. The harvest of red worm has 
also decreased, since its exploitation is performed in and inappropriate way. In this regard, 
Tarango-Arámbula and Méndez-Gallegos (2018) estimate that each harvester of red or 
white worm uses at least 50 plants of Agave, per day; this level of plant use gives an idea 
of the impact on natural habitats. The magueys that are used to extract the red worm are 
generally not replanted and the plant dies. The harvesters declare that the exploitation 
of red and white worms favors the maguey, particularly the red worm, and that if it is not 
extracted the plant could die without reaching its maturity. In contrast, Miranda-Perkins 
et al. (2013) mention that the larvae of C. redtenbacheri are harvested intensively since they 
are apt for human consumption, showing overexploitation and therefore a decrease in 
their populations.
 From the three buyers (intermediaries-stockpilers) of edible insects interviewed, two of 
them state that the volume of insects harvested has increased in recent years; in contrast, 
the other mentions that the volume has decreased. However, the three agreed in that the 
demand for edible insects in Mexico is higher each day. Espinosa et al. (2018) mention that 
the demand for red worm from maguey has increased recently, which causes excessive 
harvesting.
 According to the owners of the company DELIZAC, who work in the region as buyers 
of edible insects (intermediaries-stockpilers), they make the payment for the right to 
harvest every year, resource with which some ejidos perform the reforestation of maguey 
in degraded areas; however, the establishment of other associated forest species which are 
the main habitat of escamol should also be sought, such as palm (Yucca spp.), nopal (Opuntia 
spp.) as important variables in the habitat of the escamolera ant (Rafael-Valdez et al., 2019) 
and as main foraging substrates the engordacabra (Dalea bicolor) (Rafael-Valdez, 2017). 
 In the north-central Mexico, the way in which edible insects are harvested today with 
high rates of extraction, place their habitats at risk, as well as the survival of the colonies 
and thus their abundance. Therefore, it is necessary to establish norms and regulations 
that allow these natural resources to be exploited in a sustainable way. Likewise, facing 
a growing demand, it is necessary to understand, study and analyze the system where 
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populations of edible insects develop and, in particular, to consider the coexistence of 
humans and insects in arid and semi-arid zones in the long term (Tarango-Arámbula and 
Méndez-Gallegos, 2018). 
 The current plan for exploitation of wildlife through the Wildlife Management 
Units (Unidades de Manejo para la Conservación de Vida Silvestre, UMAs) does not apply 
to insects. Proof of this is that from the 63 ejidos from Pinos, Zacatecas, only ten have 
an UMA registry with the Ministry of the Environment and Natural Resources, and 
from the 18 communities surveyed, only six (La Mesilla, El Salto, Santa Ana, Tolosa, 
La Pendencia and Guadalupe de los Pozos from ejido Ciudad Pinos) have an authorized 
Management Plan. However, only the El Salto and Ciudad Pinos UMAs are active, 
the others have not presented their annual reports in accordance to what the General 
Wildlife Law and its Regulations mark. In order to manage and conserve the species of 
edible insects, it is necessary to include the escamolera ant (L. apiculatum) in the NOM-
059- SEMARNAT-2010 as species subject to special protection (Berumen-Jiménez et 
al., 2021). This inclusion does not limit its exploitation; on the contrary, its inclusion 
establishes a call for the conservation and sustainable management of their colonies and 
nests (Berumen-Jiménez et al., 2021).

CONCLUSIONS
 In the study region, during the year of 2020, on average 18.82 tons of white worm, 5.35 
tons of red worm, and 17.45 tons of escamol were harvested, generating US$572,800.00 
with per capita income ranging from US$418.6 to US$1,765.15. According to the interview 
respondents, the prices of edible insects do not vary much year after year. However, during 
the last ten years the harvest of escamol and red worm has decreased as much as 50% and 
that of white worm has remained stable. Most of the harvesters disagree with the amounts 
that they are paid for the sale of insects, and they indicate that rather than being able to 
expect an increase in their income, the prices are maintained and even decrease when 
insect harvesting is high.

AKNOWLEDGEMENTS
 We thank the harvesters, ejido commissaries, auxiliary judges and buyers (intermediaries-stockpilers) from 

the municipality of Pinos, Zacatecas. Likewise, we thank the president of “DELIZAC” and the owners of the 

Company Mohuert S. P. R de R.L. de C.V. for the information provided. In particular, we thank Mr. José 

Isabel Tapia Huitrón for sharing his experiences and knowledge about the exploitation of edible insects in 

Pinos, Zacatecas.

REFERENCES
Amador, J. A., & Görres, J. H. (2007). Microbiological characterization of the structures built by earthworms 

and ants in an agricultural field. Soil Biology and Biochemistry, 39(8), 2070-2077. https://doi.org/10.1016/j.
soilbio.2007.03.010

Ambrosio-Arzate, G. A., Nieto-Hernández, C. R., Aguilar-Medel, S., & Espinoza-Ortega, A. (2010). Los insectos 
comestibles: un recurso para el desarrollo local en el centro de México (Tesis). Maestría en Agroindustria Rural, 
Desarrollo Territorial y Turismo Agroalimentario, Universidad Autónoma del Estado de México. 
http://dx.doi.org/10.22004/ag.econ.95324

https://doi.org/10.1016/j.soilbio.2007.03.010
https://doi.org/10.1016/j.soilbio.2007.03.010
http://dx.doi.org/10.22004/ag.econ.95324


48 Agro productividad 2022. https://doi.org/10.32854/agrop.v14i6.2275

Berumen-Jiménez, M, Valdez-Cepeda, R. D., Méndez-Gallegos, S. J., Cadena-Íñiguez J., Esparza-Orozco, 
A., Tarango-Arámbula, L.A. (2021). Determination of the conservation status of the “escamolera” ant 
(Liometopum apiculatum Mayr) in Mexico by the Species Risk Assessment Method – MER. Agrociencia, 
55, 539-555. https://doi.org/10.47163/agrociencia.v55i5.2558

COEPLA. 2022. Coordinación Estatal de Planeación. Fichas municipales, Pinos. Gobierno del Estado 
de Zacatecas. Recuperado 2 mayo de 2022, de https://coepla.zacatecas.gob.mx/wp-content/
uploads/2022/03/Pinos.pdf

Cruz L., J. D., Tarango A., L. A., Alcántara C., J. L., Pimentel L., J., Ugalde L., S., Ramírez V., G., & de J. 
Méndez G., S. (2014). Uso del hábitat por la hormiga escamolera (Liometopum apiculatum Mayr) en el 
Centro de México. Agrociencia, 48.

Cruz-Labana, J. D., Crosby-Galván, M. M., Delgado-Alvarado, A., Alcántara-Carbajal, J. L., Cuca-García, 
J. M., & Tarango-Arámbula, L. A. (2018). Nutritional content of Liometopum apiculatum Mayr larvae 
(“escamoles”) by vegetation type in north-central Mexico. Journal of Asia-Pacific Entomology, 21(4), 1239-
1245. https://doi.org/10.1016/j.aspen.2018.09.008

Cruz-Labana, J.D. (2019).  Contenido nutricional de las larvas, densidad de nidos y propiedades físico-químicas del 
suelo del hábitat de la hormiga escamolera (Liometopum apiculatum Mayr) en el centro-norte de México (Tesis). 
Doctorado en Ciencias, Colegio de Postgraduados, México. 

De Luna-Valadez, B., Macías-Rodríguez, F. J., Esparza-Frausto, G., León-Esparza, E., Tarango-Arámbula, 
L. A., & Méndez-Gallegos, S. D. J. (2013). Recolección de insectos comestibles en Pinos Zacatecas: 
descripción y análisis de la actividad. Agroproductividad, 6(5), 35-44.

Del Toro, I., Pacheco, J. A., & Mackay, W. P. (2009). Revision of the ant genus Liometopum (Hymenoptera: 
Formicidae). Sociobiology, 53(2A), 299-369.

Dinwiddie, M. L., Jones, R. W., Roitman-Genoud, P., Tarango-Arámbula, L. A., & Malda-Barrera, G. X. 
(2013). Estudio etnoentomológico de la hormiga escamolera (Liometopum apiculatum) en dos localidades 
del estado de Querétaro. Agroproductividad, 6(5), 27-35.

Elorduy, J. R., Pino, J. M., & Conconi, M. (2006). Ausencia de una reglamentación y normalización de la 
explotación y comercialización de insectos comestibles en México. Folia Entomológica Mexicana, 45(3), 
291-318.

Esparza-Frausto, G., Macías-Rodríguez, F. J., Martínez-Salvador, M., Jiménez-Guevara, M. A., & Méndez-
Gallegos, S. D. J. (2008). Insectos comestibles asociados a las magueyeras en el ejido Tolosa, Pinos, 
Zacatecas, México. Agrociencia, 42(2), 243-252.

Espinosa-García, N., Llanderal-Cázares, C., Miranda-Perkins, K., Vargas-Hernández, M., González-
Hernández, H., & Romero-Nápoles, J. (2018). Infestación Inducida de Gusano Rojo Comadia 
redtenbacheri1 en Agave salmiana.  Southwestern Entomologist,  43(4), 1009-1019. https://doi.
org/10.3958/059.043.0418

Figueroa-Sandoval, B., Ugalde-Lezama, S., Pineda-Pérez, F. E., Ramírez-Valverde, G., Figueroa Rodríguez, 
K. A., & Tarango-Arámbula, L. A. (2018). Producción de la hormiga escamolera (Liometopum 
apiculatum Mayr 1870) y su hábitat en el Altiplano Potosino-Zacatecano, México. Agricultura, sociedad 
y desarrollo, 15(2), 235-245.

González-Ávila, M. E. (2011). Una propuesta para desarrollar turismo rural en los municipios de Zacatecas, 
México: las rutas agro-culturales. PASOS. Revista de Turismo y Patrimonio cultural, 9(1), 129-145. https://
doi.org/10.25145/j.pasos.2011.09.011

Hernández-Roldan, E., Tarango-Arámbula, L. A., Ugalde-Lezama, S., Hernández-Juárez, A., Cortez-Romero, 
C., Cruz-Miranda, Y., & Morales-Flores, F. J. (2017). Hábitat y densidad de nidos de la hormiga 
escamolera (Liometopum apiculatum Mayr) en una UMA de Zacatecas, México. Agroproductividad, 10(5).

Hogue, C. L. (1993). Latin American insects and entomology. Univ of California Press.
INAFED. 2020. Instituto Nacional para el Federalismo y el Desarrollo Municipal. Zacatecas – Pinos. Gobierno 

del Estado de Zacatecas. Recuperado 2 mayo de 2022, de http://www.inafed.gob.mx/work/enciclopedia/
EMM32zacatecas/municipios/32038a.html#:%7E:text=Caracter%C3%ADsticas%20y%20Uso%20
de%20Suelo,suelo%20aluvial%20representa%20el%2060.07.

Llanderal-Cázares, C., SANTOS POSADAS, H. M., Almanza-Valenzuela, I., Nieto-Hernández, R., & 
Castillejos Cruz, C. (2010). Establecimiento del gusano rojo en plantas de maguey en invernadero. Acta 
zoológica mexicana, 26(1), 25-31.

Miranda-Perkins, K., & Llanderal-Cázares, C. (2013). Cruzas con diferente proporción de sexos en Comadia 
redtenbacheri Hamm. Entomología Mexicana, 12, 530-533.

Miranda-Perkins, K., Llanderal-Cázares, C., De Los Santos-Posadas, H. M., Portillo-Martínez, L., & 
Vigueras-Guzmán, A. L. (2013). Comadia redtenbacheri (Lepidoptera: Cossidae) pupal development in 
the laboratory. Florida Entomologist, 1424-1433.

https://doi.org/10.47163/agrociencia.v55i5.2558
https://coepla.zacatecas.gob.mx/wp-content/uploads/2022/03/Pinos.pdf
https://coepla.zacatecas.gob.mx/wp-content/uploads/2022/03/Pinos.pdf
https://doi.org/10.1016/j.aspen.2018.09.008
https://doi.org/10.3958/059.043.0418
https://doi.org/10.3958/059.043.0418
https://doi.org/10.25145/j.pasos.2011.09.011
https://doi.org/10.25145/j.pasos.2011.09.011


49 Agro productividad 2022. https://doi.org/10.32854/agrop.v14i6.2275

Quintero-Salazar, B., Ramos-Rostro, B. (2018). Insectos Comestibles, Delicias Ancestrales del Presente: El 
gusano rojo (Comadia redtenbacheri H) y el blanco del maguey (Aegiale hesperiaris W). El Pasado del Futuro 
Alimentario: Los alimentos Ancestrales Americanos. Instituto de Investigaciones. México.

Rafael-Valdez, J., Tarango-Arámbula, L. A., Ugalde-Lezama, S., Cruz-Labana, J. D., Clemente-Sánchez, 
F., & Cadena-Iñiguez, J. (2019). Amplitud forrajera de la hormiga escamolera (Liometopum apiculatum 
Mayr, Hymenoptera: Formicidae) en una zona semiárida del altiplano zacatecano. Revista Chapingo 
Serie Zonas Áridas, 18(1), 05-19. https://doi.org/10.5154/r.rchsza.2018.03.009

Rafael-Valdez, J., Tarango-Arambula, L. A., Ugalde-Lezama, S., Lozano-Cavazos, E. A., Ruíz-Vera, 
V. M., & Bravo-Vinaja, Á. (2017). Sustratos forrajeros y de anidación de la hormiga escamolera 
(Liometopum apiculatum Mayr, Himenoptera: Formicidae) en Villa González Ortega, Zacatecas, 
México. Agrociencia, 51(7), 755-769.

Ramor-Elorduy, J., Pino, J. M., & Conconi, M. (2006). Ausencia de una reglamentación y normalización de la 
explotación y comercialización de insectos comestibles en México. Folia Entomológica Mexicana, 45(3), 
291-318.

Ramos-Elorduy, J., Neto, E. M. C., Pino, J. M., Correa, M. D. S. C., García-Figueroa, J., & Zetina, D. H. 
(2007). Conocimiento de la entomofauna útil en el poblado La Purísima Palmar de Bravo, Estado de 
Puebla, México. Biotemas, 20(2), 121-134. https://doi.org/10.5007/%25x

Tarango-Arámbula, L. A., y S. J. Méndez-Gallegos. (2018). Insectos comestibles en el centro-norte de México. 
En Quiroz, E., y H. Pradilla R. (Coords.) El Pasado del Futuro Alimentario: Los Alimentos Ancestrales 
Americanos (358-380 pp). Editorial del Instituto de Investigación Dr. José María Luis Mora. 

Tarango-Arámbula, L.A. (2012). Los Escamoles y su Producción en el Altiplano Potosino-Zacatecano. X 
Simpsium –Taller Nacional y III Internacional “Producción y Aprovechamiento del Nopal y del 
Maguey”. Revista Salud Publica y Nutrición, 4: 139-144. 

Whitford, W. G., Barness, G., & Steinberger, Y. (2008). Effects of three species of Chihuahuan Desert ants on 
annual plants and soil properties. Journal of Arid Environments, 72(4), 392-400. https://doi.org/10.1016/j.
jaridenv.2007.07.012

https://doi.org/10.5154/r.rchsza.2018.03.009
https://doi.org/10.5007/%25x
https://doi.org/10.1016/j.jaridenv.2007.07.012
https://doi.org/10.1016/j.jaridenv.2007.07.012

	_GoBack
	_Hlk70515866
	_Hlk48736397
	_Hlk70515963
	_Hlk99447736
	_Hlk24007218
	_Hlk60302476
	_Hlk67649860
	_Hlk86128658
	_Hlk59558325
	_Hlk67648313
	_Hlk82581471
	_Hlk89204526
	_Hlk89204855
	_Hlk89203920
	_Hlk104412137
	_Hlk104412381
	_Hlk104412162
	_Hlk104412106
	_Hlk104412411
	_Hlk85991871
	_Hlk104412240
	_Hlk86324581
	_Hlk89116667
	_Hlk88065361
	_Hlk88423086
	_Hlk51190093
	_Hlk51190248
	_Hlk98371704

