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ABSTRACT
Escamolera ant  (Liometopum apiculatum), red worm (Comadia redtenbacheri) and white worm 
(Aegiale hesperiaris) have suffered from significant extraction by inhabitants of rural communities, 
decreasing their populations due to poor management of their habitats. These species are 
economically and nutritionally important resources for rural communities in arid and semi-arid 
areas of Mexico. However, these insects face lack of regulation regarding their use. Therefore, 
the objective of this research was to identify the socioeconomic and environmental perspective 
of key actors involved in the harvest of edible insects (escamol, white worm and red maguey 
worm). For this, interviews were applied to key actors and the results were rendered on graphs, 
according to observation frequencies and basic statistics. A principal component analysis (PCA) 
was conducted to identify the most important indicators related to the key actors. A cluster 
analysis was also carried out to determine differences or dissimilarities among the variables 
considered. The collection of edible insects in central-northern Mexico faces a challenge to 
the sustainable management of its populations and habitats. This study revealed the need for 
initiatives promoting sustainable rural development, attributing cultural and economic value to 
this activity and contributing to its viability.

Key words: invertebrates, nutrition, rural communities, semi-desert, sustainability.

INTRODUCTION
In central and northern Mexico, there are natural resources of great ecological 
and socioeconomic value (Pedroza et al., 2014). In the state of Zacatecas, 
edible insects have been continuously extracted since 30 years, specifically the 
escamolera ant (Liometopum apiculatum M.), a hymenopteran; the red worm 
(Comadia redtenbacheri H.) and the white maguey worm (Aegiale hesperiaris 
W.), both lepidopterans (Briones et al., 2022). Currently, these species are 
economically important; however, they are exploited in an unsustainable 
manner (De Luna et al., 2013).
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The escamolera ant and the red and white maguey worm are over-exploited 
by rural communities in central Mexico, which has reduced their populations. 
Nest destruction resulting from extraction has also been recorded, in addition 
to habitat change due to human activities (Dinwiddie et al., 2013). Besides this, 
it has been documented that the rural population in the Potosino-Zacatecano 
Highlands has limited information regarding the rational management of 
extraction, concerning the ecological behavior of the species, and gaps in 
the implementation of environmental regulations (Ramos et al., 2006). Some 
variables of climate change, such as drought, increased temperature, and 
reduction of the plant canopy necessary for the foraging activity of the species 
Liometopum apiculatum M., Aegiale hesperiaris W., and Comadia redtenbacheri H., 
are impacting the survival of these species.
Colonies of the escamolera ant are over-exploited due to the economic 
importance derived from the sale of their larvae (Briones et al., 2022). Likewise, 
the habitat it shares with the white and red maguey worm is under intensive 
grazing pressure and studies on these species are lacking. The larvae of L. 
apiculatum, C. redtenbacheri and A. hesperiaris have an agro-industrial potential 
due to their nutritional value, in addition to being well accepted by the 
consumer; however, this potential is limited by their seasonal availability. 
Even though these species are an important economic and nutritional resource 
for rural inhabitants of arid and semi-arid areas of Mexico, they are threatened 
by overgrazing (Hernández et al., 2017), so that an attenuating factor to reduce 
these impacts may be the implementation of outreach, awareness-raising and 
training for key actors, which would contribute to the conservation of wildlife 
(Rosas et al., 2015), as well as promoting projects for diversification, such as 
productive reforestation projects with local species that accommodate insect 
species.
In this context, it is essential to establish collaborative links with ejidatarios, 
commissioners, intermediaries, and particularly collectors. Therefore, the 
objective of this research was to identify the socioeconomic and environmental 
perspective of the key actors in the activity-collection of edible insects (escamol, 
white worm, and red maguey worm), through a social intervention model.

THEORETICAL FRAMEWORK 
The main species of edible insects that are exploited in north-central Mexico 
are: Liometopum apiculatum M. (escamolera ant), Comadia redtenbacheri H. (red 
worm) and Aegiale hesperiaris W. (white worm). In this region, the escamolera 
ant has been the most studied. This species inhabits a wide variety of climates 
and soils, representing a thermophilic, monogynous and polyandrous species 
in its reproduction, with an omnivorous diet and low biological vulnerability 



ASyD 2025. DOI: https://doi.org/10.22231/asyd.v22i2.1752
Artículo Científico 280

(Berumen et al., 2021). Some of the studies focus on foraging and nesting 
substrates, where the ant forages on Yucca spp., Agave salmiana and Opuntia 
rastrera and built its nest under A. salmiana, Yucca spp., O. rastrera and Dalea 
bicolor (Rafael et al., 2017). Regarding habitat use, it does not make use of 
habitat components according to their availability, avoids bare soil, sites at 
low elevation and selects slopes with southwest exposure (Cruz et al., 2014). 
Likewise, the escamolera ant forages in a territorial area of about 1 565.65 ± 
535.63 m2, where the main nesting substrates consist of Agave salmiana, Yucca 
spp., Prosopis spp., Acacia farnesiana, bare soil, woody material and shrub 
cover (Rafael et al., 2019). The highest nest density has been recorded in the 
crasicaule scrub (3.8 nests/ha) (Hernández et al., 2017) and 4.8 nests/ha (Cruz 
et al., 2023). The ant larvae (escamoles) are rich in proteins, amino acids, 
lipids, vitamins and minerals but the composition of these nutrients varies 
depending on the type of vegetation (Cruz et al., 2018). It has been proposed 
that this species should be included in the NOM-059, in the category of Subject 
to Special Protection (SSP) (Berumen et al., 2021). Additionally, the productive 
characteristics have been studied, indicating that the length and width of the 
larvae (N = 1,100) were similar in all nesting substrates, and that their weight 
varies from 0.09 g, in the Prosopis laevigata substrate to 0.16 g, in the dry palm 
substrate (Yucca spp.); therefore, to complete one kg, between 11,111 and 6,250 
larvae respectively, are required (Romero et al., 2024).
The red worm (Comadia redtenbacheri) or chinicuil, is associated with the maguey 
and feeds mainly on its roots, where it completes its larval development 
(Granados et al., 1993). Its size ranges between 3 and 4 cm in length, and it 
is consumed in its larval phase (Quintero and Ramos, 2018). It is collected in 
the states of Hidalgo, Puebla, Tlaxcala, Querétaro, San Luis Potosí, Oaxaca, 
Chiapas, Jalisco and Mexico City (Llanderal et al., 2010). In recent years, its 
exploitation has intensified in Zacatecas, Coahuila, Nuevo León, and Jalisco. 
The white maguey worm (Aegiale hesperiaris), also known as the butter worm, 
is the larvae of a jumping butterfly that lives in the maguey leaves. This worm 
is abundant in the states of Hidalgo, State of Mexico, Tlaxcala, and Puebla 
(Quintero and Ramos, 2018) and is currently marketed in Zacatecas and San 
Luis Potosí. These species of maguey worms contain between 28% and 81% of 
protein (Ramos and Pino, 2001; Esparza et al., 2008).
Collection of larvae from the escamolera ant begins during the second half 
of February and when adequately exploited, this collection can extend until 
June. However, poor nest management shortens this period to May (Briones 
et al., 2022). The white worm is collected between May and August, extracted 
from agave leaves (Ramos et al., 2006; Briones et al., 2022). Collection is carried 
out among magueys with yellowish or reddish leaves, which have lost turgor, 
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coinciding with the rainy season, from August to October (Briones et al., 2022). 
Extraction of the red worm implies the destruction of the plant, but if not 
collected, the insect would end up killing the plant anyway, so its exploitation 
can be considered beneficial (Ramos et al., 2006).

METHODOLOGY
Study area

This research was carried out in the municipalities of Pinos, General Pánfilo 
Natera and Villa Hidalgo in Zacatecas, as well as in Salinas de Hidalgo and 
Charcas, San Luis Potosí. The rural communities included La Pendencia, 
Santiago, El Zacatal, Pámanes, Guadalupe Victoria, Guadalupe de los Pozos, 
El Salto, El Tecomate, Trinidad, and San Juan Sin Agua (Figure 1).

Social Intervention Model
The Social Intervention Model (SIM) was applied; a comprehensive 
methodology based on a dialogue format with rural inhabitants (Castro et al., 

Source: self-elaborated.
Figure 1. Macro -location of the rural communities in the territory where social intervention was implemented.
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2018). The SIM facilitated the active participation of key agents, ensuring that 
the data collected reflected the realities and perspectives of the actors involved, 
as accurately as possible (Greenwood and Levin, 2007).
A qualitative approach was applied through directed interviews, which allowed 
for an in-depth exploration of the experiences, practices and perceptions of 
key stakeholders. This qualitative method was essential to capture complex 
details and specific aspects that could not have been addressed through 
quantitative techniques. Building relationships of trust was fundamental to 
the success of the intervention. Deliberate efforts were made to establish open 
and transparent communication with participants, explaining the objectives of 
the study and ensuring confidentiality (McKnight and Chervany, 2006). The 
selection of key stakeholders was undertaken by consulting with local experts 
and peasant organizations. Invitations were made to explain the purpose 
of the study and the role of participants. In addition, pilot interviews were 
conducted in order to fine-tune the questions and validate their relevance.
The final selection of key stakeholders was made, based on the results from 
the pilot interviews and the availability of participants, ensuring adequate 
representation of all groups involved.
Regarding ethical considerations, prior informed consent was obtained from 
participants, ensuring that they understood the purpose of the research and 
their right to privacy, and codes were used instead of names (American 
Psychological Association, 2020). Each key agent represented a larger sample 
of people who are involved in collecting edible insects.

Elaboration of interviews
The interviews were designed to include a combination of open-ended and 
multiple-choice questions to provide both flexibility in responses and specific, 
quantifiable data. Open-ended questions allowed participants to express their 
experiences, perceptions, and knowledge in their own words, which facilitated 
the collection of contextualized information (Strauss and Corbin, 1998). 
Multiple-choice questions helped to obtain more structured and comparable 
data on specific aspects of insect collection and management.
The interview script included three sections, each focused on a type of edible 
insect: ant, white worm, and red maguey worm. Each section addressed 
particular aspects related to the insect in question. This structure allowed 
the interview to comprehensively cover the various aspects of edible insect 
collection, ensuring an overall perspective.
Interviews were conducted considering four thematic strata: social, economic, 
technical, and environmental. This stratified approach enabled addressing 
the topic from multiple points of view, providing an integrated view of 
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the harvesting activity. The social stratum explored aspects of the specific 
information of the key agents, while the economic stratum focused on the 
income generated and market dynamics. The technical stratum addressed the 
productive figures in the harvest, and the environmental stratum examined 
the impact of the harvest on the ecosystem. Strategies of coexistence and 
dynamism were applied, to help maintain the interest of the interviewees 
(Greenwood and Levin, 2007).

Statistical analysis 
Observation frequency analysis

Data from individual interviews were used to determine and graphically 
compare the social, technical, economic, and environmental situation of edible 
insect collectors. The information used to determine social circumstances 
included: gender, age, education, productive activity, and location; this 
information was analyzed using the Observation Frequency Index (Fo) (Curts, 
1993) and basic statistics. Current product prices and economic spillover 
by season were analyzed to determine the economic situation. Likewise, to 
determine the technical (productive) situation, data such as insect harvest 
per day and per season were analyzed, and this information was also 
used to identify variations in production in recent years. To determine the 
relationship between the yield and production of edible insects with particular 
characteristics of their environment, the key actors were questioned about 
the effect of precipitation, overgrazing and deforestation on the activity of 
collecting edible insects.

Principal Component Analysis 
A multivariate analysis by Principal Components PCA (Pearson, 1901; Rentería 
et al., 2011) was applied to reduce the variance of the variables describing the 
responses of key agents, in three axes that explained the greatest variance in 
variables (questions) that reflected the current situation of the use of escamoles, 
white and red worm, submitting 18; 15 and 12 variables respectively for each 
insect, in order to identify the association between variables using Xlstat 
v.2021.4 (Bald et al., 1999; Navarro et al., 2010).

Hierarchical Agglomerative Clustering Analysis (HAC)
Differences between variables in the responses of key actors by location were 
performed using a Hierarchical Agglomerative Clustering (HAC) analysis. 
This multivariate statistical analysis minimizes a large and complex data set 
into a small number of data groups called clusters, where members of some of 
the groups share characteristics (similarity) (Lin and Chen, 2006). This analysis 
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was undertaken using Xlstat v.2021.4. Figure 2 shows images of edible insects 
and their habitat in the study area.

RESULTS 
Social situation

A total of 31 key agents were interviewed. 38.7% of the collectors were older 
adults (52 to 84 years), 45.1% were adults (32 to 50 years) and 16.1% were 
young people (16 to 27 years). Age distribution indicates a critical situation 
regarding generational differences among collectors which may signify the 
abandonment of traditional practices.
The interviewees’ education levels vary, which affects their ability to adapt 
to innovations in the sustainable exploitation of edible insects. Of the 31 
interviewees, 48.4% completed secondary school, which is the most common 
level of education among key agents. 35.5% completed primary school, 9.7% 
completed high school, and 6.4% have no formal education (S/E).
Regarding productive activity, most key agents (54.8%) are farm-workers and 
16.1% work in construction (Figure 3).
Notably, none of the key actors considers insect collection as their main 
principal productive activity; however, due to economic importance of 
this activity, they engage in it annually as an alternative source of income. 
Regarding location and gender, the communities of El Tecomate and Charcas 
were outstanding for the participation of key actors at 19.3%, followed by San 
Juan Sin Agua (16.1%), Guadalupe de los Pozos, El Patrocinio and Zacatal, 
each with a participation of 9.6%, whereas Pámanes only had 6.4%. Other 
locations such as La Pendencia, La Trinidad and Santiago had a lower value 
(3.2%). The collectors are mainly men (90.3%) and women (9.7%); generally, 
this relationship is maintained for other productive activities.

Source: self-elaborated.
Figure 2. Edible insects in their habitat.

Habitat of edible insects L. apiculatum larvae C. redtenbacheri larvae
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Economic situation 
The prices of escamol and red and white worms show notable differences, 
usually depending on demand, availability, cultural perception, and time of 
year. For example, according to those interviewed, the price of escamol varied 
between USD$16.00 and USD$42.00 per kilogram (Figure 4).
The minimum price of red worm was USD$47.00 and the maximum was 
USD$53.00. This insect is generally the most expensive of the three. The prices 
of white worm show a similar behavior to that of escamol (USD$21.00 to 
USD$42.00) (Figure 5).
Maximum per capita incomes derived from the collection of escamol and red 
worm were similar. In contrast, minimum incomes for escamol and white 
worm were similar (Figure 4), reflecting annual income from the three insects 
of USD$351.00 and USD$1,580.00 as minimum and maximum, respectively.

Technical/productive situation
The amount of insects collected per person per day fluctuates between 1.0 and 
10.0 kg of escamol and between 0.5 and 2.0 kg of white and red worms (Figure 6), 
resulting in 200 kg of escamol, 30 kg of red worms and 20 kg of white worms per 
year (Figure 7). This indicates an annual income of USD$4,390.00 for individual 
collectors. According to the information provided,100% of the key agents agreed 
that insect collection has decreased considerably in recent years.
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Source: self-elaborated with data from interviews, 2024.
Figure 3. Main productive activities of key actors involved in edible insect collection activity in 
central-northern Mexico.
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Environmental Situation
Most key stakeholders perceive significant environmental deterioration in the 
exploitation areas. 95% of those interviewed mentioned that droughts have 
severely modified the ecosystem and hindered natural regeneration. Similarly, 

Source: self-elaborated with data from interviews, 2024. 
Figure 4. Prices for edible insects in dollars per kilogram.
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Figure 5. Per capita income of key actors, from annual insect collection in central-northern Mexico.
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90% consider that deforestation caused by expanding the mezcal and cattle 
industry has negatively impacted local biodiversity. 60% of participants also 
relate this environmental deterioration to soil erosion, further aggravating 
environmental problems (Figure 8).
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Figure 6. Collection of edible insects by key actors per person, per day.

Source: self-elaborated with data from interviews, 2024.
Figure 7. Collection of edible insects by key actors per capita/year.
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Principal component analysis
Results from the PCAs showed that the first three components explained 52% of 
the accumulated variance for escamol, 66% for red worm and 60% for white worm, 
related to the variables (questions) that describe the perception of key agents 
assessing edible insect collection. The most important variables in Component 1 
(PC1) were collection per season (0.793), number of nests (0.582) and income per 
season (0.537), indicating that this component is linked to the use of escamol based 
on collection season and production. PC2 relates to nest and livestock management 
practices and PC3 to demographic and experience characteristics (Table 1).
In the case of the red worm, the outstanding variables of PC1 were income per 
season (0.834), harvest per day (0.780) and per season (0.701). These variables 
are mainly related to production and income derived from the use of this insect. 
PC2 reflects a relationship between experience and adequate management of 
the resource and PC3 describes the sociodemographic characteristics (Table 2).
Regarding the white worm, the PC1 was related to physical and biological 
aspects, as the most important variables consisted of the number of worms 
per maguey leaf (0.654), size of the worm (0.531), number of leaves per 
maguey (0.433) and the leaves containing the worm (0.365). PC2 includes the 
economic importance of use, and PC3 includes experience and demographic 
characteristics, as was the case with the escamol (Table 3).

Hierarchical Agglomerative Clustering (HAC) Analysis
Hierarchical Agglomerative Clustering (HAC), for the data  concerning the 
perception of key agents by location related  to edible insect harvest, formed 

Source: self-elaborated with data from interviews, 2024.
Figure 8. Environmental limitations to the collection of edible insects.
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two clusters for escamol; suggesting that these groups are based on harvesting 
experience, geographical location, management practices and perception of 
sustainability (Figure 9).

Table 2. Accumulated variance reflected in the variables integrated into the first 
three principal components that reduce dimensionality in the exploitation of the 
red worm.

Variable  CP1 CP2 CP3

Gen 0.238 0.050 0.207
Ag 0.130 0.631 0.064
Sc 0.000 0.077 0.161
Em 0.113 0.035 0.677
HarYea 0.386 0.377 0.074
LivStHe 0.002 0.538 0.165
AgMag 0.011 0.594 0.024

Table 1. Accumulated variance reflected in the variables integrated into the first 
three principal components that reduce dimensionality in the exploitation of 
escamol.

Variable  PC1 PC2 PC3

Ag 0.037 0.124 0.109
Ge 0.256 0.033 0.050
Sc 0.010 0.016 0.418
Em 0.383 0.185 0.011
NuMe 0.024 0.000 0.453
Hy 0.239 0.217 0.281
LvHe 0.000 0.453 0.169
CoNu 0.582 0.028 0.002
FoPh 0.196 0.104 0.001
HarNu 0.252 0.131 0.235
NeRe 0.273 0.353 0.194
ReTi 0.314 0.301 0.155
Wa 0.027 0.282 0.025
ClTi 0.097 0.051 0.010
HaperDay 0.266 0.279 0.009
HarPerSea 0.793 0.001 0.001
Wor 0.094 0.316 0.027
ProPerSEs 0.537 0.009 0.004

Note: PCA loading factors performed on the correlation matrix of 18 descriptive 
variables related to the use of escamol in north-central Mexico. (Ag: age, Ge: 
gender, Sc: education level, Em: employment, NuMe: Number of members, 
Hy: years of harvest, LvHe: heads of Livestock, ConNu: number of nests, FoPh: 
foraging paths, HarNu: number of harvests, NeRe: nest rest, ReTi: rest time, Wa: 
water, ClTi: cleaning, HaperDay: harvest per day, Har-PerSea: harvest per season, 
Wor: prices, ProPerSEs: income per season.
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Three clusters were identified regarding the collection of the red worm: those 
who are concerned about overexploitation, those who depend economically 
on the red worm, and those who manage sustainable collection strategies 
(Figure 10).

Table 3. Accumulated variance reflected in the variables integrated into the first 
three principal components that reduce dimensionality in the exploitation of 
the white worm.

Variable  PC1 PC2 PC3

Ag 0.035 0.009 0.525
Ge 0.272 0.216 0.036
Sc 0.035 0.089 0.000
Em 0.095 0.078 0.003
HaYe 0.349 0.002 0.541
LivSHe 0.374 0.019 0.286
AgA 0.096 0.330 0.306
LeaMa 0.365 0.036 0.209
LeaWo 0.433 0.004 0.233
WorLea 0.654 0.001 0.036
WorWid 0.531 0.053 0.029
HarvPDay 0.349 0.421 0.007
HarvPSea 0.003 0.334 0.226
Wor 0.116 0.544 0.010
WorPerSea 0.072 0.686 0.095

Note: PCA loading factors performed on the correlation matrix of 15 descriptive 
variables related to the use of white worm in north-central Mexico. Ag: age, 
Ge: gender, Sc: education level, Em: employment, HaYe: harvest years, LivSHe: 
heads of livestock, AgA: Agave stage, LeaMa: maguey leaves, LeaWo: leaves with 
worm, WorLea: worm per leaf, WorWid: worm size, Har-vPDay: harvest per 
day, HarvPSea: Harvest per season, Wor: price, WorPerSea: income per season.

Table 2. Continuation.

Variable  CP1 CP2 CP3

WorWid 0.032 0.272 0.288
HarvPerDay 0.780 0.106 0.002
HarvPerSea 0.701 0.140 0.065
Wor 0.080 0.023 0.001
WorPerSea 0.834 0.039 0.012

English: Note: PCA loading factors performed on the correlation matrix of 12 
descriptive variables related to the use of red worm in north-central Mexico. 
Gen: gender, Ag: age, Sc: education level, Em: employment, HarYea: years of 
harvest, LivStHe: heads of livestock, AgMag: agave maturity, WorWid: worm 
price, HarvPerDay: harvest per day, HarvPerSea: harvest per season, Wor: prices, 
WorPerSea: income per season.
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Concerning the collection of white worms, two clusters were identified, 
which are related to perceptions about the harvest’s economic viability or 
environmental impacts (Figure 11).

DISCUSSION
This study identif﻿ied that the main problems included the low participation 
of young people in the activity, the lack of formal education among collectors, 
and the impacts of climate change and human activities such as deforestation 
and intensive grazing. Likewise, the need for strategies that integrate training, 
modernization of practices and gender equity was emphasized to promote 
sustainable management and ensure the economic and cultural viability of 
this activity.
Based on analysis of age distribution, there is a low average of young key actors 
involved in the edible insect harvest. This coincides with previous studies on the 

ElTe: El Tecomate, Zac: Zacatal, Sant: Santiago, Pam: Pámanes, Guad: Guadalupe de los Pozos, ElPat: El 
Patrocinio, Char: Charcas, SaJu: San Juan sin Agua, LaTri: La Trinidad, LaPe: La Pendencia.
Figure 9. Hierarchical Agglomerative Clustering (HAC), for variables recorded from key stakeholders in the 
escamol harvesting activity by location.

La
Tr

i

Dendrogram

7000000

6000000

5000000

4000000

3000000

2000000

1000000

0

El
Te Za
c

Sa
nt

Pa
m

El
Te Za
c

G
ua

d
El

Pa
t

C
ha

r
C

ha
r

El
Te

Sa
Ju

El
Pa

t
El

Te
Sa

Ju
G

ua
d

Sa
Ju

Sa
Ju

La
Pe

C
ha

r
El

Te
El

Te
G

ua
d

El
Pa

t
C

ha
r

C
ha

r

C
ha

r
Pa

m

Za
c

Sa
Ju

C1

C2D
iss

im
ila

rit
y



ASyD 2025. DOI: https://doi.org/10.22231/asyd.v22i2.1752
Artículo Científico 292

abandonment of rural activities by these people, who tend to migrate to urban 
areas in search of better job opportunities (Mercado and Nava, 2013). Various 
authors have pointed out that the modernization of rural practices and the 
implementation of value-added projects could revitalize this sector, making it 
more attractive to young people (Guerrero et al., 2022). Integrating innovative 
research, technologies and business strategies could change this phenomenon, 
but a joint effort by government and community actors is necessary to promote 
this transition (Dallin et al., 2021). The aging of the collecting population poses 
a risk to the continuity of this activity, as traditional knowledge associated 
with the location, extraction and conservation of insects may be lost if it is 
not transmitted to younger generations (Chiswell et al., 2018). It is essential to 
create programs that train and motivate young people to get involved in this 
practice, which would help preserve biodiversity and rural sources of income, 
as younger people are usually involved in more efficient and innovative 

ElTe: El Tecomate, Zac: Zacatal, Sant: Santiago, Pam: Pámanes, Guad: Guadalupe de los Pozos, ElPat: El 
Patrocinio, Char: Charcas, SaJu: San Juan sin Agua, LaTri: La Trinidad, LaPe: La Pendencia.
Figure 10. Hierarchical Agglomerative Clustering Analysis (HAC), for the variables recorded from key 
stakeholders in the red worm harvesting activity by location.
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production practices (Zagata and Sutherland, 2015).
The educational level of collectors significantly influences their ability to 
adopt innovative techniques when exploiting edible insects, as those with 
secondary or high school education have greater analytical and problem-
solving skills (Góngora et al., 2020). This facilitates the integration of advanced 
practices; those with primary or no formal studies face significant barriers to 
implementing more complex innovations, related to the high dropout rates 
from basic education in Mexico (Solís, 2018). This underscores the need to 
diversify and strengthen educational programs in rural areas, as suggested by 
Castellanos and Carrasco (2021), in order to encourage the adoption of more 
efficient and sustainable techniques.
The analysis of the productive activity of key actors shows that a significant 
proportion is dedicated to agriculture, suggesting that harvesters have solid 

ElTe: El Tecomate, Zac: Zacatal, Sant: Santiago, Pam: Pámanes, Guad: Guadalupe de los Pozos, ElPat: El 
Patrocinio, Char: Charcas, SaJu: San Juan sin Agua, LaTri: La Trinidad, LaPe: La Pendencia.
Figure 11. Hierarchical Agglomerative Clustering Analysis (HAC), for the variables recorded from key 
stakeholders in the white worm harvesting activity by location.
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experience in natural resource management and practical knowledge that can 
facilitate the implementation of appropriate practices for insect exploitation 
(Tarango, 2005); however, benefits from trade represents the other main 
economic activity (Dinwiddie et al., 2013). Familiarity with agriculture 
can influence the way in which these actors integrate insect collection and 
management techniques into their existing agricultural practices.
Community location can result in variations concerning the availability of 
natural resources, the cultural tradition related to insect collection or the 
degree of development of sustainable practices when dealing with these 
species (Hernández et al., 2017).
Regarding the analysis of gender participation in insect collection, apparently 
cultural tradition and access to economic resources tend to favor greater 
male participation, limiting women’s access to key roles in insect collection 
(Juárez et al., 2012). However, recent studies suggest that the inclusion of more 
women in this work would enrich the diversity of approaches and techniques 
in collection, promoting more timely and equitable practices (Suárez, 2005). 
The incorporation of women would not only diversify perspectives, but 
also promote innovation in the production-collection chain of edible insects. 
Likewise, reducing the gender gap in these activities is crucial for promoting 
the adoption of technologies that improve the management and conservation 
of these natural resources (Torcuato et al., 2017).
Variability in the price of escamol suggests that it is an accessible product, 
but with a niche willing to pay more, probably driven by its increasing use in 
haute cuisine. The price fluctuation could be linked to its seasonality and the 
exclusivity of certain harvesting areas (Ramos et al., 2006; Briones et al., 2022). 
The use of the maguey worm in traditional dishes reinforces its value in the 
market, consolidating its prestige in local and international commerce (Ramos 
et al, 2012).
Price range among edible insects is related to their regional popularity and the 
ability of producers to adjust supply to demand (Ramos et al., 2006). Although 
the use of the white worm in gastronomy is less frequent than that of the 
red worm, in certain areas it still has significance, ensuring its competitive 
value in the market (Van Huis et al., 2013). While the red worm stands out for 
its stability and high value, the escamol and the white worm show greater 
variation in price, indicating a more dynamic and segmented market. These 
findings coincide with studies that highlight the revaluation of edible insects 
as a sustainable and nutritious source, with a growing interest on the part of 
specialized markets (Barrios et al., 2022).
Seasonal range in income received from the escamol collection suggests 
that collectors in areas with high demand or access to premium markets can 
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obtain substantial income, whereas those in less favored areas receive modest 
amounts; likewise, Briones et al. (2022) indicate that collectors disagree with 
the amounts they receive. Variation in income may relate to a less diversified 
market, where demand and supply are more homogenous (Van Huis et al., 
2013).
Collectively, these revenues not only provide a livelihood for rural communities, 
but also underscore the importance of preserving and sustainably managing 
these natural resources (Rafael et al., 2019). The importance of these insects 
in generating significant economic spillover highlights their value as a food 
source and economic driver, in regions with limited employment opportunities. 
If properly managed, this natural capital can contribute to local economic 
development and promote sustainable practices and thus the conservation of 
associated biodiversity.
Wide variability in the amount of edible insects collected per day can be 
explained by factors such as geographical location, collector experience, and 
seasonal availability (Ortiz et al., 2023). This high yield, coupled with high 
market prices, underscores the economic potential of the escamol as a key 
resource for rural communities (Esparza et al., 2008). Despite the low daily 
production of the red worm, the market value, which exceeds that of other 
insects, compensates for its limited extraction, positioning it as a major luxury 
product in specialized markets (García et al., 2023).
Variations in the production of these species reveal an inverse relationship 
between the amount collected and the market price. The insect with the lowest 
daily collection, such as the red worm, tends to reach higher prices, due to its 
relative scarcity, greater demand, and food stability (García et al., 2023). This 
highlights the importance of carefully managing natural resources to maintain 
the sustainability of the edible insect market, promoting species conservation 
and the economic capacity of collectors (Van Huis et al., 2013). Competition 
for land use between livestock activities, the mezcal industry, and agriculture 
is limiting suitable spaces for the collection of edible insects (Romero et al., 
2024). According to the widespread perception that edible insect production 
is declining, coinciding with that documented by Briones et al. (2022); this 
reflects a significant risk for this harvest to continue, as current policies fail to 
mitigate the negative impact of human activities on ecosystems.
Principal Component Analysis revealed that insect use is interrelated and offers 
a comprehensive view of the collection process. For example, considering the 
information on the collection of the three insects, PC1 results emphasize the 
importance of maximizing collection during critical seasons to obtain higher 
income. However, this component cannot work in isolation without including 
the Sustainable Management and Resource Management Component (PC2). 
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The Sociodemographic Component (PC3) highlights the importance of 
experience and human capital for success concerning insect use. Collectors 
with more experience and family support enjoy an advantage in terms of 
collection, which, together with good resource management practices, may 
result in a more efficient activity. This is significant, as few studies explore the 
holistic vision of edible insect collectors.
Likewise, the Hierarchical Clustering Analysis show clustering patterns that 
vary depending on the type of insect. It seems that the red worm generates 
diversity in perceptions, probably due to greater variability in its extraction 
or handling, whereas key actors in the collection of the escamol and white 
worm, divide into two more specific and homogeneous groups, in terms of 
their collection and handling.
It is crucial to implement sustainable management strategies and design 
management policies that ensure balanced and profitable extraction in the 
long term (Berumen et al., 2021). This approach would contribute to ecosystem 
preservation and local economic development, as suggested by previous 
research on the management of edible insects in rural communities (De Luna 
et al., 2013).

CONCLUSIONS
Collection of edible insects faces a challenge in terms of sustainable use. The 
results indicate that implementing initiatives that promote sustainable rural 
development, combined with the cultural and economic valorization of this 
activity, are essential to ensure its viability.
The use of edible insects in central-northern Mexico depends on a combination 
of efficient harvesting, adequate management of natural resources and harvest 
experience. Undertaken in a balanced manner, these factors could guarantee 
the economic development of collectors in the short term and the sustainability 
of the activity and resources in the long term.
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