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Preface

The Handbook 2026: Sustainability, Resilience, Equity, Education and Territorial Systems is framed
within both basic and applied academic research conducted at the Autonomous University of Guerrero
(UAGro), particularly within the Research and Social Impact Line (LIelS) Tourism, Environment, and
Society. This research line was established on January 2, 2010, within the School of Tourism and was
consolidated in 2013 as part of the Master of Science in Sustainable Tourism Management. Its founding
leadership is attributed to Dr. Nifio-Gutiérrez, who, in collaboration with high-level national and
international scholars, has promoted a research agenda focused on understanding and transforming
contemporary socio-environmental issues.

In the current context—characterized by the intensification of climate crises, persistent structural
inequalities, the reconfiguration of educational systems, and increasing pressures on territories—the
work Sustainability, Resilience, Equity, Education and Territorial Systems stands out as a highly relevant
academic contribution. From an interdisciplinary perspective, the volume articulates education,
sustainability, and resilience as strategic axes for social transformation, proposing comprehensive
approaches that bridge local and global dimensions.

The editorial significance of this book lies in its ability to integrate emerging theoretical
approaches, context-based empirical evidence, and innovative methodological proposals. Building upon
and advancing the contributions of the 2023 and 2024 Handbooks, this volume explicitly incorporates
mentoring and socioformation as key mechanisms for developing human, community, and institutional
capacities. It also places particular emphasis on territories in southern Mexico, while maintaining a
dialogue with comparative international experiences.

Conceived as a strategic reference work, the Handbook 2026 aims to strengthen scientific
production, graduate-level teaching, and informed decision-making. Its collective and international
character, along with the relevance of its themes, gives it strong potential for readership, citation, and
academic impact in fields such as education studies, sustainability, development studies, and territorial
research.

The general objective of the volume is to analyze, systematize, and project theoretical,
methodological, and empirical approaches that contribute to understanding and strengthening
educational, social, and territorial resilience in contexts of global crisis. Specifically, the work seeks to:
(i) examine the role of education, mentoring, and socioformation in building resilient capacities; (ii)
analyze sustainability and sustainable tourism experiences rooted in territorial contexts; (iii) articulate
local and global perspectives to interpret contemporary challenges in sustainable development; and (iv)
propose conceptual and methodological frameworks that can be replicated across diverse sociocultural
contexts.

The book brings together interdisciplinary contributions from the fields of education,
sustainability, tourism, territorial studies, agroecosystems, and applied social sciences. It includes case
studies, empirical research, theoretical reviews, and methodological proposals developed primarily in
Mexico—particularly in the southern region—as well as in other international contexts. The volume is
structured into eight chapters, authored by 30 scholars affiliated with various academic institutions across
Latin America.

The target audience includes researchers, university faculty, graduate students, public policy
decision-makers, tourism professionals, and community stakeholders interested in understanding and
promoting processes of resilience, sustainability, and territorial transformation from a critical, inclusive,
and forward-looking perspective.

In summary, the Handbook 2026: Sustainability, resilience, equity, education and territorial
systems not only contributes to advancing knowledge in areas such as environmental sciences, education,
territorial studies, and agricultural sciences, but also provides conceptual and methodological tools for
building more resilient, equitable, and sustainable communities. The contributing authors are recognized
scholars and professionals in their respective fields of expertise.



Finally, this work is the result of the collaborative efforts of numerous individuals and institutions.
The authors express their gratitude to the Ministry of Science, Humanities, Technology and Innovation
(SECIHTI) for its funding and support throughout the research and publication process. They also
acknowledge the support of universities and research centers that provided resources and platforms for
the development of this project. Special thanks are extended to the peer reviewers for their rigorous
evaluation, which ensured the academic quality of the volume. Lastly, the authors express their sincere
appreciation to their families and colleagues for their constant support and motivation throughout this
endeavor.

Rubén Dario Cardenas Espinosa, Ph.D.
Universidad de Caldas, Colombia
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Abstract

This study analyzes the role of the pedagogical advisor in higher education, a figure characterized by
conceptual ambiguity and a wide range of functions within the university context. The objective was to
conduct a theoretical-conceptual analysis of specialized literature to rethink its definition from a
socioformative approach. Methodologically, hermeneutics was used as an interpretative framework,
enabling a deeper understanding and reinterpretation of the pedagogical advisor’s praxis based on
documentary evidence. The findings reveal that this educational agent plays a transformative role in
academic environments through contextualized advisory actions, integrating functions such as mediator
of pedagogical practices, translator of educational knowledge, and facilitator of pedagogical models.
Additionally, the interdisciplinary nature of this role and its contribution to sustainable educational
development are highlighted. The study proposes a redefinition of the pedagogical advisor as a reflective
professional who articulates pedagogical knowledge across disciplines to enhance teaching and learning
processes. In conclusion, this work provides an innovative perspective that strengthens both the
theoretical and practical understanding of this role in improving higher education quality.

| Pedagogical advisor in higher education, an approach from socioformation |

®© @

Objectives Methodology Contribution
The objective of the study was to carry out The study used The article focused on addressing the
a theoretical-conceptual analysis to offer a hermeneutics as a phenomenon from a socio-formative
perspective of the Pedagogical Advisor in theoretical framework in approach that allowed unravelling its
higher education, rethink its theoretical- this analysis. empirical reality and approaching an
practical definition, and propose a new interpretation of its figure and praxis.
definition.

Pedagogical research, Counselling, Higher education, Universities.
Resumen

El presente estudio analiza la figura del asesor pedagogico en educacion superior, caracterizada por su
indefinicién conceptual y diversidad de funciones dentro del contexto universitario. El objetivo fue
realizar un andlisis tedrico-conceptual de la literatura especializada para replantear su definicion desde
el enfoque de la socioformacion. Metodoldgicamente, se empled la hermenéutica como marco
interpretativo, permitiendo comprender y reinterpretar la praxis del asesor pedagdgico a partir de
evidencia documental. Los resultados evidencian que este agente educativo desempefia un papel
transformador en los entornos académicos mediante acciones de asesoria contextualizadas, integrando
funciones como mediador de précticas pedagogicas, traductor del conocimiento educativo y facilitador
de modelos didacticos. Asimismo, se reconoce su caracter interdisciplinario y su contribucion al
desarrollo sostenible de la educacion superior. Se propone una redefinicion del asesor pedagdgico como
un profesional reflexivo que articula saberes pedagdgicos con distintas disciplinas para mejorar los
procesos formativos. En conclusion, el estudio aporta una vision innovadora que fortalece la comprension
tedrica y practica de este rol, destacando su relevancia en la mejora de la calidad educativa universitaria.



Asesor pedagdgico en educacion superior, un abordaje desde la socioformacién |

Objectivos Metodologia Contribucién |

El objetivo del estudio fue realizar El estudio utilizo la El articulo se centro en abordar el
un analisis tedrico-conceptual para hermenéutica como fendmeno desde un enfoque
ofrecer una perspectiva del Asesor marco teorico en este socioformativo que permitiera

Pedagdgico en la ensefianza andlisis. desentrafiar su realidad empirica y
superior, repensar su definicion aproximarse a una interpretacion
tedrico-practica y proponer una de su figura y praxis.

nueva definicion.

Investigacion pedagdgica, Asesoria, Educacion superior, Universidades
Introduction

The University of Colima has the figure of the Pedagogical Advisor (PA) in all its professional careers.
There is a broad consensus on the core functions that characterize their professional work in higher
education. These include facilitating pedagogical activities for students, coordinating administrative
activities, intervening in learning situations, guiding students, training teachers and advise schools in
curricular terms (Ford et al., 2023). These actions encompass the plurality of activities that shape the role
of the pedagogical advisor as: school administrator and manager, educational researcher, didactic guide,
in which they dynamically and diversely deploy their theoretical and practical disciplinary knowledge.

This situation illustrates the lack of a clear and specific definition of the PA's role. Their work
identity is diverse and is configured according to the educational ecosystem in which they operate. They
articulate their pedagogical knowledge with the disciplinary fields where they perform the complicated
and indeterminate action of advising (Shahjahan et al., 2022). The PA at the higher level holds a figure
that experiences an indefiniteness of their professional role because they have been attributed many tasks,
activities, programs, norms and guidelines (Liu, 2023).

In the reviewed literature on the PA and their professional practice, two primary lines of analysis
emerge; The first focuses on the advisory functions that are recognized as characteristic of this subject
(Leek, 2001) and on the second the focus in on the roles they play, their work experiences, trajectories
and educational contexts in which they influence (Castafieda-Pefia et al., 2016).

In the Mexican national perspective, studies on the PA in higher education are scarce, most
notably those related to the Technical Pedagogical Advisor (TPA) in basic education, which analyze the
historical development of this character in the country, their counselling attributions and the actions they
deploy to solve problems that arise in educational practices in all their modalities and services as well as
their training and/or training processes (Silva and Gutiérrez, 2020).

The studies on PAs in higher education, although varied and diverse, share two characteristics.
The first is that they refer to the PA in higher education as the university PA, thus creating a synonym
for these terms, which will be used in this work. The second is that, despite using these terms
interchangeably, the concept of PA is not precisely defined in any of the synonyms, but rather different
approaches to the conceptual phenomenon are given, without there being clarity regarding a specific and
agreed definition of this character.
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The university PA is a school agent that, regardless of gender, lacks a theoretical-conceptual and
practical definition. Therefore, the article focused on addressing the phenomenon from a socio-formative
approach that allowed unravelling its empirical reality and approaching an interpretation of its figure and
praxis (Molina, 2021; Leon de Herdé and Zerpa, 2022; Acevedo et al., 2022). The objective of the study
was to carry out a theoretical-conceptual analysis to offer a perspective of the PA in higher education,
rethink its theoretical-practical definition, and propose a new definition.

Methodology
Type of study

The study used hermeneutics as a theoretical framework in this analysis. The central characteristics of
the work were supported by the bases of "Explaining™ and "Understanding", since the human sciences
seek to interpret reality, in this case to discern what the university PA through the interpretation of
published knowledge reflecting both its conceptualization and empirical reality (Lopez, 2013; Pacheco,
2019; Fernandez and Bermudez, 2022).

Hermeneutics served to uncover meanings related to the roles, actions, and counseling functions
of the university PA, as recorded in institutional practices and archival materials. This interpretive
process was guided by the premise that PA, as an educational subject, can be examined and redefined
through documented experiences and critical (Lopez, 2013).

This methodology ensured that the analysis of the data produced an appropriate systematic
interpretation of the concepts and theoretical substrates on PA in higher education (Mancilla, 2021),
which made it possible to propose a new definition, supported by the approach provided by educational-
type socio-formation (Lopez et al., 2021; Martinez-ifiguez et al., 2021).

Axes for the analysis of the study

Three axes were proposed for the analysis of the information: 1) Conceptions about PA in higher
education, which inquired about the concepts, notions and definitions about this subject. 2) Concept of
complex and socio-formative university PA, which analyzed how the phenomenon involving the object
of study could be rethought from socio-training and address challenges of sustainable social
development. And, 3) Concept of PA in higher education and its characteristics in socio-formation (Table
1).

Table 1
Axes of analysis for the research

Axes Key questions
Conceptions of PA in | What are the current conceptions of PA in higher or university
higher education. education?

Concept of complex | What could be the distinctive elements of PA from socio-
and socio-formative | formation that considers the challenges of sustainable social
university PA. development?

Concept of PA in | How could the concept of PA be rethought from socio-formation
higher education and | to address the challenges of sustainable social development?

its characteristics in | What could be the distinctive elements of PA from
socio-formation. socioformation that considers the challenges of sustainable social
development?

Source personal
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Selection of information

Scientific articles published in journals with a focus on education were reviewed including: Revista de
Filosofia, Signo y Pensamiento, The International Journal of Management Education, Perception &
psychophysics, Journal for Multicultural Education, Digital Magazine of the Doctorate in Education of
the Central University of Venezuela, Educiencia, Review of Educational Research, Education Policy
Analysis Archives, Teaching Education, Multiverso Journal, Revista Sophia, Revista de Investigacion
Educativa, and Formacion Universitaria, among others.

The search favored specialized databases such as: Redalyc, EbscoHost, Scopus, Scielo, Sciense
Direct and Google Scholar, the descriptors in search order were based on the following equation:
"pedagogical advisor (and) university (or) higher education” and "pedagogy (and) pedagogical advisor
(and) university (or) higher education”. For articles in Spanish, the terms: "Asesor pedagogico”, "Asesor
en educacién superior”, "Asesor pedagogico universitario”, "Acompafiamiento pedagdgico”, "Asesor
académico" and "Asesor técnico pedagdgico” were used, the purpose was to review published empirical
evidence (Cohen et al., 2013), on the construction of this phenomenon and to reflect on the theoretical
implications that substantially contributed to the phenomenon in the national and Latin American
context.

Discussion and results
Conceptions of PA in higher education

The socio-formative perspective in the study was used as an analytical tool that revealed the conceptual
construction of what is currently understood as PA in higher education, from an integrative position that
stemmed from the analysis of the knowledge society and that resulted from considering the information
gathered as something novel-being reconstructed from a genuine human and reflective process, whose
basis lay in the experience and creativity surrounding the phenomenon that enveloped the object of study
(Rodriguez and Luna-Nemecio, 2019; Medina-Pefialoza and Luna-Nemecio, 2020; Valdez, 2021).

The university PA is an individual who takes on important academic responsibilities in any
professional career, such as the design and development of curriculum plans and programs (Flavian and
Kass, 2015). Therefore, they configure and develop teaching-learning practices, both for students and
teachers, which ensure the achievement of fundamental theoretical-practical knowledge in each
discipline (Lomba and Schuchter, 2023).

A PA with expertise in higher education is essential for the success of a university, they contribute
to the construction of didactics and pedagogy in the disciplinary area in which they operate (Tynjala,
2020). This activity is strengthened when the PA takes responsibility for updating professors to make
them “better teachers”, so that they can develop improved didactic skills and move away from traditional
training methods that are experienced in the university classroom commonly experienced in university
classrooms (Steinert et al., 2016), thus becoming a "trainer" and "trainer of trainers".

The PA in higher education is particularly characterized by the way their pedagogical praxis is
nourished and strengthened by the professional context to which they belong. Based on their training and
the academic demand of the discipline in which they are situated, they build interdisciplinary pedagogical
strategies and deploy a range of didactic possibilities. The aim, according to Liu (2023), is to find
solutions to problems presented in the academic ecosystem in which they operate, or to introduce
educational actions that innovate the act of teaching and learning in the profession.

The praxis of the university PA is undefined and variable. Zhang et al. (2019) consider that this
is due to the initial moment in which their tasks and responsibilities are assigned by administrators,
according to the needs of each faculty. This situation conditions the scope of their pedagogical advising
activities leads to a heterogeneous range of ways in which these are understood and carried out. Here,
the creativity between theory and pedagogical praxis employed by each PA in higher education is
exercised with full autonomy.
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How it is decided—or who assigns—the pedagogy professional who will work as a pedagogical
advisor in higher education is highly diverse and variable. The circumstances, selection processes, or
entry pathways that lead someone to become a university PA make it nearly impossible to build a specific
job profile for each of their roles (Blake, 2020).

A notion about the university PA, based on their training (bachelor’s, master’s, specialty,
doctorate) and work experience (often across multiple institutions), is that they are often perceived as a
"foreigner™ within the school where they work (Cuenca, 2010). This condition implies, in the words of
Lucarelli (2015) "perceiving oneself as different from others and at the same time accepting that
foreignness is present in others—the 'owners of the territory'—in every situation of interaction.” This is
a key factor in shaping pedagogical advisory actions and in determining the range of didactic solutions
applied in the educational contexts they serve.

There is often a disconnect between the pedagogical work of PAs across different university
careers. Each PA responds to the specific interest and demands of the profession they serve. These
functions are shaped more by bureaucratic requirements and traditional academic cultures than by
innovation, reinforcing passive didactic practices (Callejas et al., 2017). In such contexts, PAs are
challenged not only in their disciplinary expertise but also in their emotional, interpersonal, and
pedagogical mediation skills (Ma, 2022).

The notions, definitions and concepts regarding the university PA are constantly being
reconstructed. This is the case because everyday events and social requirements in higher education
conditions are the way of understanding and comprehending the PA as an educational agent (Herrington
et al., 2014). The following section analyses ideas that are more than new, aim to be innovative with
respect to the PA and their relationship with complex thinking and the socio-formative approach.

The concept of complex and socio-formative university PA

A complex and socio-formative understanding of the university PA involves reinterpreting the collected
information and creatively transforming it through metacognitive reflection. Throughout the research
process, this understanding evolved flexibly, adapting progressively to the object of study. Theoretical
approaches to the PA identified in the literature emphasized collaborative and socializing dimensions,
fostering a rich, humble, and specialized conceptual analysis. This analysis functioned as a tool for
transferring and exchanging empirical knowledge between the researcher and the authors consulted.

The PA in higher education and complex thinking

Complex thinking served as a hermeneutic pathway to methodically construct new knowledge by
proactively identifying concepts related to lifelong learning, and its explanatory and interpretative
processes, in response to the challenges posed by the knowledge society (Lopez, 2013). Within this
framework, the concept of lifelong learning in higher education can be redefined from a socio-formative
perspective—collaboratively with the authors consulted—to respond to the demands of sustainable social
development (Tobon and Luna-Nemecio, 2020).

Using the socio-formative approach as an analytical axis (Medina-Pefialoza and Luna-Nemecio,
2020; Valdez, 2021; Flores-Salazar, 2021), it becomes evident that the role of the university PA and their
various tasks gain deeper meaning. This meaning is shaped by the socio-educational thinking of the
profession in which they operate and influenced by the prevailing school and historical traditions at the
time their pedagogical advisory work is carried out (Ma, 2022).

This reality permeates the thinking of the university PA, who often strives to establish a
professional identity in an academic setting where their role may be contested or undefined. The
complexity and, at times, instability of this environment positions the PA as a transdisciplinary, socio-
formative agent—motivated by academic and personal values to transcend their original disciplinary
boundaries and challenge the dominance of traditional disciplinary structures (Parra et al., 2022). This
positioning allows them to embrace the formative essence of the profession and actively engage with its
curricular, didactic, and pedagogical dynamics.
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The socio-formative perspective encourages a rethinking of the functions of pedagogical advising
considering the educational transformations demanded by the knowledge society (Pérez et al., 2018).
Reflecting on the praxis of the university PA involves examining and strengthening the professional skills
they bring—particularly in areas such as school administration, educational guidance, curriculum design,
and didactic intervention—to reinforce their academic presence and relevance (Xing, 2022).

Socio-formative view of the PA in higher education

The socio-formative approach, used as a central analytical axis, was grounded in the interpretation of
both theoretical and empirical evidence gathered throughout the study. As such, it enabled the discussion
and interpretation of issues documented in the specialized literature on the university PA, framed within
a model of reflective action research. This process highlighted key conceptual elements necessary to
integrate new knowledge about PAs in higher education (Acevedo et al., 2022; Quintal-Berny and
Bolafios-Arias, 2021).

The field of pedagogical advising is broad and not restricted solely to professionals in pedagogy.
Documentary evidence indicated that academics with significant experience have also taken on this role
(Donnelly et al., 2016). However, these individuals primarily focus on mentoring activities (Castafieda-
Pefa et al., 2016). In contrast, the university PA, in addition to mentoring, operates both within and
beyond disciplinary boundaries, critically analyzing training processes and guiding them through various
didactic pathways (Beck et al., 2022).

Advising in higher education consistently involves addressing complex educational challenges
that arise in interdisciplinary pedagogical contexts. This demands that the university PA adopt a
pluralistic vision of their professional competencies, allowing them to bring meaning and coherence to
the strategies they use to resolve problems in the educational environments in which they work. In this
capacity, PAs can establish effective benchmarks in their advisory roles, enabling them to navigate
pedagogical issues across diverse disciplines (Lester et al., 2025).

Ultimately, the role of the PA in higher education becomes a sustained advisory process for the
academic discipline. As Liu (2023) argue, this work translates into pedagogical support that—beyond its
immediate instructional value—constitutes a deeper process of educational guidance rooted in the
ongoing pursuit of learning, institutional development, and student academic achievement.

Challenges of sustainable social development in pedagogical advising

The philosophy of sustainable development is broad and evolving, continually shaped by the expansion
of the knowledge society. This growth opens up new opportunities for actions and initiatives that promote
cultural, educational, and socially harmonious development (Tobon and Luna-Nemecio, 2020; Vazquez
and Tobon, 2020; Ivanhoe-Valdez, 2021).

Universities are increasingly called upon to assess their educational offerings and distinguish
between long-established professions and those that are newer or have an interdisciplinary foundation—
such as Pedagogy—in order to reinforce their epistemological foundations and ensure the sustainable
development of graduates’ professional practices (Callejas-Restrepo et al., 2017). The sustainable role
of the PA in higher education depends on the level of institutional recognition granted to their
pedagogical practice, which is often carried out in interdisciplinary settings. When this practice is
institutionally valued, advisory activities gain relevance and help cultivate a cultural identity rooted in
the school space—one that promotes sustainable educational development (Liu, 2023).

In this context, the PA has emerged as a critical educational agent—capable of analyzing the
pedagogical practices of those they advise, reflecting on the rationale behind educational actions, and
proposing alternative strategies. Their role contributes to the ongoing and dynamic nature of pedagogical
advising, particularly for professionals with diverse academic backgrounds (Lozano-Salmoran, 2021).
This enables the PA to engage deeply with the school environment, design systematic action plans, and
establish consistent channels of communication with students, faculty, and administrators (Lahiri et al.,
2021).
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The contribution of the PA to sustainable social development lies in the competencies they
develop to shape their professional practice in alignment with the educational demands and didactic needs
of the disciplines they serve. This work also reflects the expectations of the university and the broader
socio-educational context. By continuously adapting pedagogical processes, PAs can propose context-
specific intervention models that respond to the needs of students, educators, and institutional leaders
(Caduff et al., 2023).

The concept of PA in higher education and its characteristics in socio-training
Proposal for the term ""pedagogical advisor in higher education™

The notion of a university PA is constantly evolving. It originates not only from their advising
experiences but is also shaped by the perspectives of other professionals and teachers engaged in related
roles, as well as by the educational challenges they raise—challenges that prompt reflection and the
search for solutions on the part of the PA (Ma, 2022).

It is risky to propose a single definition of the PA in higher education that transcends the historical
and evolving nature of this professional role within the university. However, from a socio-formative
perspective and based on the documentary analysis presented, the following definition of “Pedagogical
Advisor in Higher or University Education” is proposed:

“A professional deeply reflective of their pedagogical praxis, who recognizes that their academic
training differs from that of the discipline they advise. This condition places them in a continuous
academic and intellectual effort to establish a meaningful presence within the space where they carry out
their advisory functions. In doing so, they assume ownership of the formative essence of that profession,
designing and implementing contextualized didactic and pedagogical actions. As a result, they become a
transformative agent in educational environments, developing a pluralistic vision of their competencies
and drawing on interdisciplinary capabilities to observe the educational performance of all school actors.
They seek to understand what is done, how, and why, in order to reflect, intervene, and contribute to the
ongoing and evolving process of academic advising”.

In the previous concept, four dimensions underline:

Colonizer of other professional areas,
Mediator of pedagogical practices,
Translator of pedagogical knowledge and
Facilitator of pedagogical models,

PwnE

which, in the judgment of this work, represents the essential core of a definition of the PA in
higher or university education. These dimensions, while potentially redefined in future interpretations,
should remain integral over time.

1. Explorer of other professional domains (Figure 1): The university PA frequently engages with
disciplines outside their own academic background. This ongoing interaction allows them to
critically confront and compare their pedagogical training with the professional expertise of those
they advise. Such engagement is crucial for timely and meaningful interventions in the
educational contexts they serve. It also fosters a renewed appreciation for the epistemological
foundations of pedagogy as a science capable of coexisting and dialoguing with all areas of
professional training.
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Figure 1
Explorer of other professional domains

Source Free Online Al Generator

Mediator of pedagogical practices (Figure 2): By developing strong interdisciplinary
competencies, the PA serves as a conduit between pedagogical frameworks and the specific
knowledge structures of the disciplines in which they operate. Their role is to integrate
pedagogical strategies into disciplinary teaching practices, thereby supporting the effective
transmission of specialized knowledge within professional training programs.

Box 3

PEDAGOGICAL
FRAMEWORKS

Figure 2
Mediator of pedagogical practices

Source Free Online Al Generator

Interpreter of pedagogical knowledge (Figure 3): As an expert in pedagogy, the university PA
assumes the role of interpreter—clarifying, contextualizing, and communicating scientific
concepts, theoretical frameworks, and didactic strategies. This translation work enables faculty
in other disciplines to apply pedagogical principles in their own teaching, thus enhancing both
classroom instruction and broader academic processes.
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Box 4

Figure 3
Interpreter of pedagogical knowledge

Source Free Online Al Generator

Facilitator of pedagogical models (Figure 4): The PA is fundamentally an agent of change—
committed to transforming and enriching the educational environments in which they operate.
They design and implement context-sensitive pedagogical models tailored to the unique
challenges and needs of each discipline. Their interventions are intentional, guided, and
impactful, contributing directly to improved educational quality and the long-term pedagogical
sustainability of the profession.

Box 5

Figure 4

Facilitator of pedagogical models
Source Free Online Al Generator

Professional profile of the PA in higher education with a socio-formative approach

Proposing a profile for the PA in higher education from a socio-formative position involved a critical
analysis of what is currently understood about this agent (Lucarelli, 2015; Castafieda-Pefia et al.,
2016). The result presented is first and foremost an approximation to the phenomenon, which can be
questioned. It considers seven key elements that, in accordance with this work, are to be revealed in

the professional practice of university PA:
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- Contextualizes counseling tasks rather than only intervening guided by a pedagogical
prescription.

- Ensures collaborative work with other professionals and encourages communication exchanges.

- Promotes spaces for teachers to reflect on the problems identified in the school.

- Contributes to the curricular, didactic and pedagogical development of the disciplinary area in
which he/she performs his/her advisory functions.

- Designs and develops contextualized, responsible pedagogical models that promote educational
quality and sustainable development of the profession.

- Instruments interdisciplinary didactic and pedagogical actions in all the formative fields of the
career he/she advises.

- Engages in face-to-face and virtual, personalized and group mentoring processes with students,
teachers and managers.

Conclusions

There is currently no unified or theoretically agreed-upon definition of the PA in higher education. On
the contrary, the role remains diffused, shaped by a wide range of interpretations. The PA is variously
understood as someone who supports curricular design and development (Roman, et al., 2021), provides
educational guidance—even without formal pedagogical training (Héndez-Puerto, 2023)—or contributes
to institutional development and student academic success (Gonzalez-Pérez, 2015).

This study aimed to conduct a theoretical-conceptual analysis of the specialized literature on this
topic, offering a redefinition of the university PA through a socio-formative lens grounded in
hermeneutics. The goal was to explore and reinterpret the empirical reality of the PA’s role and praxis in
higher education.

The documentary research process allowed for a comprehensive understanding of the
phenomenon. Thematic Analysis (Braun and Clarke, 2006) enabled a renewed examination of the PA's
professional practice and supported the development of an innovative definition that highlights the
university PA’s collaborative, socio-formative function. This redefinition also incorporated elements of
sustainable development, contributing to a proposed professional profile.

Applying hermeneutics to the documentary data made it possible to interpret situations observed
in the advisory activities of university PAs. This methodological approach was essential in understanding
the complexity of their work and in supporting the conceptual redefinition proposed.

The resulting definition reflects the theoretical sources consulted and remains open to refinement.
However, this work asserts that the four core ideas—PA as colonizer of other disciplines, mediator of
pedagogical practices, translator of pedagogical knowledge, and facilitator of pedagogical models—
represent a significant contribution to the academic understanding of the role.

The findings of this study suggest that pedagogical advising is an ongoing, adaptive process. It
involves addressing complex academic challenges that emerge from interdisciplinary teaching and
learning dynamics. These challenges require the PA to construct and refine their own pedagogical model
to respond effectively to the needs of the discipline they support.

The success of the PA is closely tied to the recognition and legitimacy conferred by the university

and the academic discipline. Although their background often differs from the field in which they advise,
this diversity enhances rather than limits their effectiveness—allowing them to continuously adjust their
pedagogical actions and develop competencies that position them as transformative academic agents.
In conclusion, the definition proposed here is not intended to represent a national, international, or Latin
American consensus. Instead, it constitutes a modest, context-specific contribution, derived from the
experience of pedagogical advising across 66 academic programs at the University of Colima. This work
invites further investigation and comparative analysis in other institutions of higher education, with the
aim of broadening the dialogue and understanding of this vital academic role.
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Abstract

This chapter analyses the territorial, human, and socioeconomic impacts caused by Hurricane John
(2024) in the state of Guerrero, with a particular focus on the municipalities of Acapulco and Coyuca de
Benitez, within a context of increasing intensity and frequency of extreme hydrometeorological events.
Using a territorial and comparative approach, the chapter examines the meteorological characteristics of
the event, patterns of differentiated impacts, and the structural vulnerability conditions that shaped the
magnitude of damage. The findings show that although Hurricane John exhibited lower wind intensity
than previous events such as Hurricane Otis (2023), its extraordinary rainfall produced widespread
impacts, including flooding, landslides, and significant socioeconomic disruptions, especially in rural
and peri-urban areas. Furthermore, the assessment of post-disaster recovery processes reveals persistent
structural gaps related to socioeconomic inequality, fragile urban infrastructure, and the limited
integration of climate adaptation criteria into territorial planning. Overall, the chapter highlights the
urgent need to move toward risk management and resilient reconstruction models that incorporate
preventive, participatory, and territorially differentiated approaches, aimed at reducing future exposure
and strengthening community adaptive capacity in the face of increasingly extreme climate scenarios.
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Resumen

El capitulo analiza los impactos territoriales, humanos y socioeconémicos ocasionados por el huracan
John (2024) en el estado de Guerrero, con énfasis en los municipios de Acapulco y Coyuca de Benitez,
en un contexto marcado por la creciente intensificacion de eventos hidrometeoroldgicos extremos. A
partir de un enfoque territorial y comparativo, se examinan las caracteristicas meteoroldgicas del
fendmeno, los patrones de afectacion diferenciada y las condiciones estructurales de vulnerabilidad que
condicionaron la magnitud de los dafios. Los resultados evidencian que, si bien John present6 una menor
intensidad de viento respecto a eventos previos como el huracan Otis (2023), las lluvias extraordinarias
generaron impactos extensivos asociados a inundaciones, deslaves y disrupciones socioeconémicas,
particularmente en zonas rurales y periurbanas. Asimismo, el analisis de los procesos de recuperacion
revela persistentes brechas estructurales vinculadas a la desigualdad socioeconémica, la fragilidad de la
infraestructura urbana y la insuficiente integracion de criterios de adaptacion climatica en la planificacion
territorial. En conjunto, el capitulo subraya la necesidad de transitar hacia modelos de gestion del riesgo
y reconstruccion resiliente que incorporen enfoques preventivos, participativos y territorialmente
diferenciados, con el fin de reducir la exposicion futura y fortalecer la capacidad adaptativa de las
comunidades ante escenarios climaticos cada vez mas extremos.
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1. Introduction

The objective of this research is to examine the impacts derived from the occurrence of Hurricane John
along the coastal strip of the municipality of Coyuca de Benitez, Guerrero. This hydrometeorological
event took place in September 2024 and, for analytical purposes, the study considers key dimensions
such as flooding, damage to buildings, human losses, and disruptions to essential services, including
hotels, restaurants, educational institutions, and health centres. The relevance of this research lies in the
need to develop a comprehensive understanding of the repercussions of Hurricane John, encompassing
not only material damage but also its social and economic effects, with particular emphasis on the hotel
sector and its influence on the local economy.

From the 1930s to the 1960s, Gilbert White gained prominence for his studies focused on the
analysis of flood-prone areas and other natural hazards in the United States. He is credited with
establishing a fundamental distinction between “hazardous natural phenomena,” “disasters,” and “risks”
(White, 1945; 1974). Subsequent literature has emphasized that natural risks (Espinosa Rodriguez, 2021),
together with anthropogenic risks, encompass a wide range of threats, including seismic and volcanic
hazards, slope processes, and hydrometeorological events, a perspective shared by Lopez Marrero and
Heartsill Scalley (2021). In addition, contemporary analyses incorporate factors such as climate change,
environmental degradation, soil erosion, vulnerability (Rodriguez, 2017), and the epistemological
foundations of disaster risk management (Quesada-Roman, 2017).

This conceptual evolution can be explained by the fact that the “geography of risk model,” in
conjunction with contributions from other disciplinary fields, has played a significant role over recent
decades in shaping a framework of new sensitivities toward natural catastrophes, allowing for more
integrated and multidimensional interpretations of disaster processes (Buj Buj, 1997, p. 563).

Among the studies published in relation to Hurricanes Otis and John, particular emphasis can be
placed on the work of Cruz Martin del Campo (2024), who documented the impacts derived from
Hurricane Otis, including the loss of natural environments and critical infrastructure such as electrical,
hydraulic, and communication networks, as well as damage to buildings. A similar pattern was observed
during the passage of Hurricane John through the municipality of Coyuca de Benitez, especially from
the municipal seat toward the Pacific Ocean coastline. In addition to the impacts directly associated with
the hurricane, incidents of looting affecting businesses, banks, and private dwellings were also reported,
primarily in Acapulco and, to a lesser extent, in the neigh boring municipality of Coyuca de Benitez,
Guerrero. These findings are consistent with the conceptual foundations established by pioneering works
that laid the groundwork for geographic research during the nineteenth century and were later
consolidated within the School of Human Ecology at the University of Chicago in the late 1920s under
the influence of John Dewey. Dewey argued that humanity coexists within a hazardous natural
environment, which poses constant threats to human societies, thereby situating human populations
within a persistent cycle of unresolved environmental problems (Toscana, 2006).
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The research problem addressed in this study stems from the limited availability of scientific
literature on the combined effects of wind and water, particularly on residential buildings ranging from
two to nine stories located along the coastal zone of the municipality of Coyuca de Benitez, as noted by
Ramirez-Fernandez, Salinas-Jasso, and Alva-Nifio (2023). Accordingly, this study focuses on the land—
sea and continental interface in the municipality of Coyuca de Benitez along the Mexican Pacific coast.
One of the main motivations for this research is therefore to understand how Hurricane John affected
vegetation, communities, and infrastructure along its trajectory, in line with the approach proposed by
Garcia-Méndez et al. (2020). Such knowledge is essential to support informed decision-making at local,
national, and international levels (Wang & Kim, 2018).

According to information compiled by the World Meteorological Organization (WMO) between
1970 and 2019, cyclones have caused an average of 43 deaths per day, as well as economic losses
amounting to approximately 78 million U.S. dollars over the past fifty years. This figure represents nearly
one third of the total fatalities and economic losses attributed to water-, weather-, and climate-related
disasters worldwide. Nevertheless, “the number of deaths has decreased significantly due to
improvements in forecasting, early warning systems, and disaster risk reduction measures facilitated by
the WMO Tropical Cyclone Programme” (Andrew, 2023, p. 2).

In Mexico, the National Meteorological Service of the National Water Commission (Conagua),
in coordination with the United States National Hurricane Center and the WMO Regional Specialized
Meteorological Centre in Miami, issued warnings regarding the potential for catastrophic storm surges,
deadly winds, and flash flooding in urban areas as a result of Hurricane Otis in Acapulco. Approximately
eleven months later, a comparable situation occurred with the tropical cyclone that affected Coyuca de
Benitez, Guerrero (UN News, 2023, p. 1). According to the National Meteorological Service, Otis
“surpassed even the intensity of Hurricane Patricia in October 2015, which made landfall in the state of
Jalisco, Mexico” (BBC Mundo, 2023, p. 1).

Recent studies, such as that conducted by Gao, Zhou, Wang, Lin, and Murtugudde (2022),
indicate that the EI Nifio phenomenon in the central-northern region of the Pacific Ocean plays a decisive
role in the formation and evolution of tropical cyclones. Furthermore, a specific characterization has been
developed for the North American context, with particular emphasis on Mexico (Nifio-Gutiérrez, 2022a).

In 1973, Tropical Storm Claudia made landfall approximately 30 miles east of Acapulco,
generating intense rainfall across southern Mexico. Nevertheless, aside from this episode, there are no
recorded instances of tropical storms or hurricanes making landfall within a 50-mile radius of Acapulco,
according to Henson, Masters, and Marvell (2023). This historical pattern supports the notion that direct
impacts from tropical cyclones in the area are relatively infrequent, thereby reinforcing the exceptional
nature of Acapulco’s climatic context.

In 1997, Hurricane Pauline caused severe devastation by destroying approximately 5,000 homes
as a result of flash flooding and landslides in various areas of the port city. The event particularly affected
elevated zones with steep slopes within EI Veladero National Park, located near the urban core.
Consequently, a large portion of Acapulco’s population was left without electricity or access to potable
water. The magnitude of the disaster is reflected in the loss of up to 500 human lives, in addition to 29
fatalities recorded in the municipality of Coyuca de Benitez.

2. Methodology

This chapter adopts a research-oriented approach, and its methodology was based on the development of
a hurricane hazard map encompassing events that have impacted Acapulco and Coyuca de Benitez,
Guerrero, Mexico, during the period from 1921 to 2023 (Arroyo, 1983). The study is grounded in an
interpretive paradigm, which seeks to understand phenomena from the perspective of their specific
territorial and socio-environmental contexts. Accordingly, the primary objective was to search for, select,
compile, and analyse high-quality bibliographic sources, with particular emphasis on key themes such as
the geography of risk, disasters, vulnerability, sustainability, and tourism.
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The theoretical foundation of this study is grounded in the geography of natural disasters in
Mexico. Dr. Irasema Alcantara Ayala (2019) has conducted extensive research on various dimensions of
natural disasters, including earthquakes, floods, landslides, and hurricanes. This scientific perspective
provides a crucial analytical framework for examining Hurricane Otis in Acapulco and Hurricane John
in Coyuca de Benitez, Guerrero. Geographic information constitutes a fundamental element for territorial
planning and management, as it enables the identification of infrastructure locations, guides sustainable
urban development, promotes the conservation of natural resources, and strengthens strategies for
mitigating natural hazards.

The study is framed within a mixed-methods approach, integrating qualitative and quantitative
techniques in order to achieve a more comprehensive understanding of the impacts of Hurricane Otis in
Acapulco and Hurricane John in the municipality of Coyuca de Benitez, Guerrero. The methodological
strategy is supported by the theoretical contributions of disaster geography, which make it possible to
analyse and connect physical and geographic components with socioeconomic dimensions. The
theoretical-methodological elements of the disaster approach have gained increasing relevance due to
the rise of global environmental and tourism-related challenges, such as erosion, water and food scarcity,
pollution, and deforestation, among others (Nifio-Gutiérrez, 2014, p. 23).

The type of research is exploratory and descriptive, as it seeks to identify and describe the
characteristics and effects of Hurricanes Pauline, Ingrid—Manuel, and Otis in the Acapulco region, as
well as Hurricane John in 2024 in Coyuca de Benitez, Guerrero, Mexico. Within this framework, a set
of fundamental phases was developed, ranging from the initial formulation of the study to the final
preparation and writing of the chapter. The main stages included the following:

First phase: This phase involved a comprehensive review of both printed and digital literature
related to the geography of risk, disasters, tourism, and hurricanes that have affected Acapulco and
Coyuca de Benitez from 1921 to 2023 (Arroyo, 1983; Nifio Gutiérrez, 2025a). In addition, specialized
literature on risk geography and disasters was consulted, including the works of Arraya-Cornejo, Lizana,
and Abarca (2023), sustainability studies (Mercado & Ramirez, 2023), and tourism research (Fernandez-
Palacios & Haroun, 2007). This process made it possible to examine questions concerning the
vulnerability of Acapulco Bay and the Coyuca de Benitez lagoon to flood-related disasters associated
with hurricanes, as well as the spatial distribution of impacts and the strategies implemented to manage
and reduce risks linked to such events.

Second phase: This phase focused on the collection of secondary information. Digital archives
and printed documents of a bibliographic and hemerographic nature were reviewed, providing data on
the evolution of Hurricanes Otis and John, as well as on their economic, tourism-related, social, and
environmental impacts. The primary objective was to ensure an appropriate balance between the quality
and relevance of the sources, with particular emphasis on the geography of risk and disasters, while also
identifying potential information gaps and delimiting the scope and limitations of the study.

Third phase: An analysis was conducted of the hurricanes that affected Mexico between 1921 and
2023. In addition, a cartographic representation at a scale of 1:22 000 000 was produced to depict the
trajectory of each hurricane that passed either directly or indirectly through Acapulco, Guerrero, Mexico.
Furthermore, the Acapulco E14-C57 topographic map at a scale of 1:50 000 was used (INEGI, 2015). In
order to obtain an overall view of the areas affected by Hurricanes Otis and John, fieldwork was carried
out in both municipalities under study between November 2023 and April 2024. For this purpose,
equipment for visual documentation, including cameras, was employed, along with a field log designed
to record qualitative and quantitative information, as well as complementary instruments for data
collection and systematization.

Fourth phase: A detailed statistical analysis of the impacts caused by Hurricanes Pauline, Ingrid—
Manuel, Otis, and John were developed with the aim of identifying the consequences of each event within
its corresponding period. This exercise made it possible to assess the magnitude of these
hydrometeorological disasters in southern Mexico. Data processing was conducted within the Master of
Science in Sustainable Tourism Management program at the Autonomous University of Guerrero
(AUG), where activities related to data organization, analysis, and the concise presentation of results in
tabular form were also carried out.
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Fifth phase: Documentary information, statistical data, and demographic databases were
analysed. In addition, explanatory texts were prepared and the final version of the chapter was integrated.
Overall, the methodological strategy is consistent with the objectives outlined in the introduction. The
sampling technique employed was non-probabilistic convenience sampling. This method was selected
due to the exploratory nature of the study and the need to access specific information from relevant and
readily available sources. The sampling framework included historical documents and archival records
of hurricanes, as well as direct field observation for the collection of qualitative and quantitative data in
areas affected by Hurricanes Otis and John.

3. Results and discussion

The state of Guerrero is located in the southern portion of the Mexican Republic. It borders the State of
Mexico to the north (216 km), the state of Puebla to the northwest (128 km), the state of Oaxaca to the
east (241 km), and the Pacific Ocean to the south (500 km) (INEGI, 2024). Coyuca de Benitez, in turn,
is situated between the extreme geographic coordinates of 16°54° to 17°28’ north latitude and 99°48’ to
100°19” west longitude relative to Greenwich, with an altitudinal range between 0 and 3 400 meters
above sea level (INEGI, 2025). It borders the municipalities of Atoyac de Alvarez, General Heliodoro
Castillo, and Chilpancingo de los Bravo to the north; Chilpancingo de los Bravo and Acapulco de Juarez
to the east; Acapulco de Juarez, the Pacific Ocean, and a portion of the municipality of Benito Juarez to
the south; and the Pacific Ocean, part of Benito Juarez, and Atoyac de Alvarez to the west. Its territory
represents approximately 2.8% of the total surface area of the state of Guerrero. In 2010, the municipality
had a population of 73 460 inhabitants distributed across 134 localities (INEGI, 2010).

Nature has endowed the municipality of Coyuca de Benitez with a privileged geographic position,
favoured by a tropical climate, low-wave-energy waters, and warm average temperatures of
approximately 26°C, along with high salinity levels exceeding 35 parts per thousand (Fernandez-Alamo
& Farber-Lorda, 2006). Marine flora and fauna, which are essential for tourism development, have
benefited the inhabitants of the Guerrero coastline from 1940 to the present, particularly in the cases of
Acapulco and Coyuca de Benitez (Nifio-Gutiérrez, 2022b).

The physical characteristics of the coastline of Acapulco and Coyuca de Benitez are of
considerable physiographic and geomorphological interest. From a tourism planning perspective, the
landscape is regarded as a crucial attribute, requiring the preservation of vegetation stability and
dynamics, as well as the prudent use of scenic beach resources, in order to ensure ecologically sustainable
tourism operations. From an administrative standpoint, particular importance is attributed to the Federal
Maritime—Terrestrial Zone (FMTZ) (Zona Federal Maritimo Terrestre, ZOFEMAT) (Nifio-Gutiérrez,
Nifo-Castillo, & Nifo-Castillo, 2018).

In Coyuca de Benitez, sedimentary rocks are composed of the weathering and fragmentation of
local gneiss and schists, giving rise to a variety of beaches, rivers, and a coastal lagoon system that
includes the Mitla Lagoon, Coyuca Lagoon, and The Zarzal. A slope of approximately 10% has
facilitated the development of a significant hotel and restaurant zone, followed by condominium towers
and residential housing located on the alluvial plain of the Pacific Ocean coastal lowlands (Nifio-
Gutiérrez, 2025b).

Coyuca de Benitez exhibits a warm subhumid climate with summer rainfall (Aw1). Torrential
precipitation is concentrated during the period from May to November, with an average of 72 cloudy
days recorded annually. Thermal variation may reach up to 0.6°C, with temperatures fluctuating between
26.5°C and 28°C, and an annual average temperature of approximately 26.5°C. The sea functions as a
local thermal regulator due to maritime influence (Vidal, 2005, p. 173). This warm climate, together with
abundant summer rainfall and proximity to the Pacific Ocean, contributes to Coyuca de Benitez
possessing a tropical environment that is highly attractive for tourism and the development of diverse
coastal activities along the Guerrero shoreline, where even commercials, television series, and
internationally released and recognized films have been produced.
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In Coyuca de Benitez, prevailing winds predominantly flow from the west—southwest between
January and June, and from the west-northwest during August, October, and November, with wind
speeds ranging between 2.5 and 8.6 km/h. During this latter period, the occurrence of cyclones is
frequent, associated with atmospheric contrasts between the continent and the ocean, characterized by
higher temperatures and lower pressure over land, in contrast to relatively lower temperatures and higher
pressure over the sea. This pressure gradient causes winds to move from the ocean toward the mainland,
in accordance with Buys Ballot’s first law, which establishes that winds flow from areas of high pressure
to areas of low pressure (Fabian & Escobar, 2002, p. 241).

The hydrological region encompassing 91.1% of this municipality corresponds to the Costa
Grande, while 8.8% falls within the Costa Chica—Rio Verde region and 0.04% within the Balsas River
basin. The surface hydrography of Coyuca de Benitez is limited to the presence of intermittent streams,
whose flow occurs primarily during the rainy season. Local marine wave conditions register an average
height of approximately 75 cm above sea level, with wave periods of around 1.3 seconds. These
hydrographic and maritime conditions are characteristic of the Mexican Pacific coastal region that
includes both Acapulco and Coyuca de Benitez, Guerrero.

It is noteworthy that lithosol-type soils are distinguished by the presence of rocky outcrops, which
are utilized as a foundation for the construction of residential housing and vertical condominium
buildings of up to nine stories, intended for both permanent residents and the tourist population. The soils
present, in hierarchical order according to territorial coverage, are Regosols, Luvisols, Cambisols,
Phaeozems, Leptosols, Fluvisols, Arenosols, Gleysols, and Umbrisols. The land-sea interface is
characterized by saline Solonchak soils (SPP, 1981). The characteristics of the marine ecosystem, in
terms of relief, soils, vegetation, climate, flora, and fauna, have favoured the development of sun-and-
beach tourism in the municipality under study.

The flora includes tropical dry forest vegetation and species such as coconut palms (Cocos
nucifera L.), tamarind (Tamarindus indica L.), and amate (Ficus sp.). Marine fauna is highly diverse due
to the abundance of rocky reefs. Most fish species inhabiting the continental shelf of the central Pacific
belong to the Panamic biogeographic region. The bay is located within a transition zone between the
California Current and the southern equatorial counter current (Palacios Salgado, 2005, p. 47).

Over the past 50 years, cyclones have generated, on average, 43 deaths per day and economic
losses amounting to approximately 78 million U.S. dollars. According to statistics compiled by the World
Meteorological Organization (WMO) for the period 1970-2019, these figures account for roughly one
third of the fatalities and economic damages associated with climate-, weather-, and water-related
disasters. Nevertheless, the number of deaths has declined significantly as a result of improvements in
forecasting, early warning systems, and disaster risk reduction measures facilitated by the WMO Tropical
Cyclone Programme (Andrew, 2023, p. 2).

In Mexico, the National Meteorological Service of the National Water Commission (Conagua),
in coordination with the United States National Hurricane Center and the WMO Regional Specialized
Meteorological Centre in Miami, issued a warning regarding Hurricane Otis, which was expected to
primarily affect Acapulco Bay and Coyuca de Benitez (National Hurricane Center, 2025). The alert
cautioned about the potential occurrence of catastrophic storm surges, deadly winds, and flash flooding
in urban areas of both municipalities (UN News, 2023, p. 1).

At the same time, the formation of a tropical depression in the Pacific Ocean was being monitored.
According to the National Meteorological Service, Cyclone Otis is the most powerful event recorded in
recent memory, surpassing even the intensity of Hurricane Patricia in October 2015, which impacted the
state of Jalisco, Mexico (BBC Mundo, 2023; Garcia-Franco, Gomez-Ramos, & Dominguez, 2024).

The tropical cyclone season in the Atlantic Ocean, which affects Mexico’s eastern coast—
particularly the states of Tamaulipas and Veracruz—extends from June to November, with peak activity
occurring in September (Matias, 1998, p. 9). In the Pacific Ocean, the primary centre of cyclogenesis is
located in the Gulf of Tehuantepec and generates effects along a broad coastal corridor extending from
Chiapas to Baja California. A second, less recurrent formation centre is situated in the Gulf of California
and influences adjacent coastal zones.
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Furthermore, recent studies, such as that by Gao and Wang (2022), indicate that the El Nifio
phenomenon in the central-northern Pacific region constitutes a determining factor in the development
of tropical cyclones in this basin.

In 1973, Tropical Storm Claudia made landfall approximately 30 miles east of Acapulco and
produced intense rainfall across southern Mexico. Nevertheless, aside from this episode, there are no
records of tropical storms or hurricanes making landfall within a 50-mile radius of Acapulco, according
to Henson et al. (2023). This historical evidence supports the low frequency of direct tropical cyclone
impacts in the region and helps to explain the distinctive characteristics of Acapulco’s climatic regime.

In 1997, Hurricane Pauline reached its maximum intensity as a Category 4 hurricane over the
ocean and subsequently made landfall more than 200 miles east of Acapulco as a Category 2 system. It
then followed a typical trajectory parallel to the coastline while moving inland, which contributed to a
reduction in its intensity; nevertheless, it generated extraordinary rainfall along its path. As the system
approached the minimum threshold of cyclonic intensity, its circulation shifted directly north of
Acapulco.

This episode resulted in the destruction of approximately 5,000 homes due to flash flooding and
landslides in various areas of the port city, with particularly severe impacts in higher-altitude zones and
steeply sloped areas of El VVeladero National Park, located near the urban core. As a consequence, a large
proportion of the population was left without electricity and without regular access to potable water. The
magnitude of the tragedy is reflected in the loss of up to 500 lives, underscoring the severe humanitarian
impact of Hurricane Pauline on the port of Acapulco (Rodriguez, 2017).

The main scientific finding, aligned with the objective of this study, addresses cyclonic activity
in the Pacific basin. Following Hurricane Lidia, which recorded maximum sustained winds of 165 km/h,
Hurricane Otis exhibited even greater intensity, with sustained winds of 165 mph, equivalent to 265.5
km/h. This contrast highlights a marked intensification of hurricanes in the region during that specific
period. Other notable hurricanes in the history of the Mexican Pacific include Patricia in 2015 (150 mph
or 241.4 km/h), Madeline in 1976 (145 mph or 233.3 km/h), Kenna in 2002 (140 mph or 225.3 km/h),
Hurricane 12 in 1957 (225.3 km/h), Hurricane México in 1995 (225.3 km/h), and Hurricane Lidia in
2023 (225.3 km/h), all of which were characterized by exceptionally strong winds (Poveda, 2004).

These events underscore the importance of closely monitoring cyclonic activity in this region,
which is highly prone to intense impacts. In this regard, the present study represents the first scientific
contribution in the field of risk geography applied to Hurricane Otis conducted by local researchers,
documenting a total of eight hurricanes that have traversed the Acapulco area, of which five have also
passed through the municipality of Coyuca de Benitez.

According to the Government of the State of Guerrero, in 2023 tourism generated an economic
impact of six million pesos, with a flow of 977 000 visitors and an average hotel occupancy rate of 65.3%.
This sector has become the primary source of income for the state. Nevertheless, Hurricane Otis caused
severe damage to approximately 80% of the hotel infrastructure, according to the Association of Hotels
and Tourism Companies of Acapulco (AHETA). In addition, the National Business Council for Tourism
of Mexico reported estimated losses of 15 billion U.S. dollars in infrastructure damage, and
approximately one billion dollars in the case of Coyuca de Benitez, Guerrero.

The results obtained underscore the vulnerability of Coyuca de Benitez to extreme climatic
phenomena, such as Hurricanes Otis and John, which severely affected tourism infrastructure that is
essential to the regional economy. This situation highlights the urgent need to strengthen preparedness
and response capacity in the face of disasters.

The most important localities include Coyuca de Benitez (municipal seat), located at 20 meters
above sea level; The Papayo, also at 20 meters above sea level; The Embarcadero, The Espinalillo, and
Bajos del Ejido, all located at 0 meters above sea level, among others. These settlements lie within the
study area and are highly susceptible to flooding as a result of torrential rainfall during the wet season of
the year (INEGI, 1995).
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Within the context of tourism recovery in Coyuca de Benitez, authorities indicated that Hurricane
John generated numerous flooding events, “in which population sectors reported water levels rising to
nearly one meter and shortages of basic goods following the event, requiring food assistance and
emergency aid” (Rodriguez et al., 2024). These impacts resulted in food shortages, lack of electrical
power, intermittent telephone service, and limited road connectivity. In many homes, it was necessary to
relocate furniture and household appliances. Additional consequences associated with the hurricane
included automotive repair shops with vehicles submerged under water, sinkholes exceeding 10 meters
in depth, soccer fields covered in mud, and the accumulation of debris and waste in various parts of the
municipality.

It is important to note that the meteorological and geographic characteristics of Hurricane John
(Tropical Cyclone EP102024) correspond to an event that developed in the eastern Pacific Ocean and
rapidly evolved before making landfall along the southern coast of Mexico between September 23 and
27, 2024. According to the technical report issued by the United States National Hurricane Center, John
initially made landfall as a Category 3 hurricane in the state of Guerrero and subsequently weakened
before re-intensifying prior to a second landfall in the state of Michoacan (National Hurricane Center,
2025).

This hydrometeorological phenomenon was characterized by: (a) maximum sustained winds
exceeding 195 km/h, consistent with a major hurricane (Category 3 on the Saffir—Simpson scale)
(National Hurricane Center, 2025); (b) extraordinary rainfall, with accumulations exceeding 1,000 mm
in Acapulco over a four-day period, representing more than 84% of the state’s average annual
precipitation recorded within the same interval (Guillén, 2024); and (c) the combined effect of sustained
winds and torrential rainfall, which triggered flooding, landslides, and soil saturation in urban and rural
areas of the Costa Grande and Costa Chica regions of Guerrero, including the Coyuca River basin
(ACAPS, 2024).

This hydrometeorological pattern multiplies risk levels in a region already highly exposed due to
its tropical monsoon climate, coastal geomorphology, low-permeability soils, and accelerated urban
growth—conditions that favour urban flooding and mass movements during extreme events, as
documented in previous studies (Pitchaimani et al., 2025).

From a climatic perspective, the relative rarity of direct cyclone impacts on Acapulco contrasts
sharply with the intensity of Hurricane John. Its trajectory and recirculation over warm waters allowed
for extreme rainfall accumulations that exceeded traditional statistical thresholds for the region, that is,
precipitation levels typically associated with lower-category systems (Guillén, 2024).

As a result of record-breaking rainfall, Hurricane John generated extensive flood damage and
mass wasting processes, affecting the territory in a more spatially distributed manner, particularly in rural
and peri-urban areas. Ultimately, Hurricane John revealed the persistence of structural vulnerabilities in
residential and agricultural zones, with significant impacts on livelihoods, transportation systems, and
small-scale services.

Implications for risk management: The differing natures of the two cyclones underscore the need
for dual mitigation strategies that address both extreme wind events and those dominated by
extraordinary rainfall (i.e., watershed management, urban drainage systems, and territorial planning)
(Government of the State of Guerrero, 2025).

Resilience and reconstruction: The persistence of damage following successive events highlights
the importance of resilient reconstruction policies that incorporate building standards adapted to extreme
climatic conditions, as well as equitable financing mechanisms aimed at reducing structural vulnerability
(Programas para el Bienestar, 2024).

The demographic trajectory of the municipality of Coyuca de Benitez shows sustained growth
throughout the period from 1950 to 2025. In 1950, the population totalled 18 812 inhabitants; ten years
later, this figure increased to 28 755, and by 1970 it reached 38 747. By 1980, the municipality registered
47 483 residents, and at the beginning of the 1990s the population rose to 60 761 (INEGI, 1995).


https://www.milenio.com/estados/john-michoacan-guerrero-30-septiembre-vivo?utm_source=chatgpt.com
https://www.nhc.noaa.gov/data/tcr/EP102024_John.pdf%20Centro%20Nacional%20de%20Huracanes
https://www.nhc.noaa.gov/data/tcr/EP102024_John.pdf%20Centro%20Nacional%20de%20Huracanes
https://www.nhc.noaa.gov/data/tcr/EP102024_John.pdf%20Centro%20Nacional%20de%20Huracanes
https://elpais.com/mexico/2024-10-04/el-balance-final-del-huracan-john-en-guerrero-270000-afectados-y-23-fallecidos.html
https://www.acaps.org/en/countries/archives/detail/mexico-impacts-of-hurricane-john
https://editorial.inudi.edu.pe/index.php/editorialinudi/catalog/view/150/269/364
https://elpais.com/mexico/2024-10-04/el-balance-final-del-huracan-john-en-guerrero-270000-afectados-y-23-fallecidos.html
https://programasparaelbienestar.gob.mx/gobierno-realiza-pagos-directos-a-damnificados-por-huracan-john/
https://www.inegi.org.mx/contenidos/productos/prod_serv/contenidos/espanol/bvinegi/productos/historicos/1290/702825924881/702825924881.pdf
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With the turn of the century, the population recorded in 2000 was 62 656; subsequently, 67 347
inhabitants were reported in 2010. By 2020, the population stood at 73 056 inhabitants (Alva, 2023), and
according to INEGI (2025), an estimated total of 74 000 inhabitants was projected for 2025.

The population increase observed during this period can be attributed to the fact that, between
1950 and 2000, demographic growth remained moderate due to the predominance of primary economic
activities—agriculture, livestock farming, and fishing—and, to a lesser extent, the initial development of
tertiary activities, particularly commerce. This demographic trend, in turn, implies an increase in
exposure to high-intensity hydrometeorological phenomena. Consequently, population expansion is
associated with higher levels of vulnerability and with the intensification of impacts derived from events
such as hurricanes and floods.

From 2001 onward, the expansion of commerce in Coyuca de Benitez, together with the
dynamism of the tourism sector, fostered sustained growth in these activities, which by 2025 had a direct
and intensive influence on the inflow of visitors and tourists. This process was closely linked to
population growth and, consequently, to greater exposure to high-intensity hydrometeorological
phenomena such as hurricanes, whose effects have been particularly devastating over the past 43 years.
A notable example was the passage of Hurricane Pauline along the coast of Guerrero, which at the time
represented the most significant disaster in the recent history of Acapulco and Coyuca de Benitez
(Rodriguez, 2017, p. 149).

The coastal littoral barrier of Coyuca de Benitez exhibits a tropical climate with summer rainfall
(Aw). Combined with its low-energy marine currents and fine sands, these characteristics have enabled
the municipality to consolidate itself as an internationally recognized tourism destination, capable of
attracting both domestic and international visitors. Although precipitation is more frequent between June
and November, it is during the September—October bimester that the arrival of catastrophic hurricanes
typically imposes high costs in terms of environmental recovery and the economic restoration of affected
infrastructure. Notable examples of such events include Hurricanes Pauline in 1997, Ingrid—Manuel in
2013, Otis in 2023, and John in 2024 (Table 1).

Table 1
Hazards Associated with Hurricanes Pauline, Manuel, Otis, and John in Acapulco-Coyuca
de Benitez, Guerrero

Hazard Hurricane Hurricane Hurricane Otis Hurricane John
Pauline Manuel
Fatalities 102 169 500 or more; 30|29
missing
Affected dwellings 500 437 274 000 2 000
Damages (units) 9000 6 500 548 000 3200
Evacuated population |10 000 21 767 36 900 2700
Economic losses USD 448 million |USD 2 270 USD 15 000 million |2 578 million
Road infrastucture 11 road cuts or{20 road cuts or|5 vroad «cuts or|3 road cuts or
collapses collapses collapses collapses
Affected tourists Undetermined 40 000 50 000 1369
Accumulated rainfall
in 24 and 48 hours|46/360 206/226 75/150 360/1 015
(mm)

Source: Rodriguez (2017, p. 147); Hernandez (2023); Guzman (2023); Conagua—Marca (2023); and Nifio-
Gutiérrez (2023)

This comparative analysis represents the third scientific contribution in the field of risk
geography, as it identifies and specifies the elements that rendered these hydrometeorological phenomena
tragically notorious. It was found that, across the three meteorological events presented in Table 1, the
comparison of the impacts of Hurricane Otis with earlier events such as Pauline (1997) and Ingrid—
Manuel (2013) reveals a persistent pattern of severe damage and underscores the need for more robust
strategies for risk mitigation and post-disaster recovery, in addition to the comparison with Hurricane
John, which constitutes the central object of analysis in this academic research.


https://lasillarota.com/nacion/2023/11/5/que-nos-dice-el-inegi-de-acapulco-455336.html
https://www.inegi.org.mx/app/areasgeograficas/?ag=12021
https://www.inegi.org.mx/app/areasgeograficas/?ag=12021
http://dx.doi.org/10.12804/revistas.urosaio.edu.co/disertaciones/a.4778
http://dx.doi.org/10.12804/revistas.urosaio.edu.co/disertaciones/a.4778
http://dx.doi.org/10.12804/revistas.urosaio.edu.co/disertaciones/a.4778
https://www.nmas.com.mx/nacional/huracan-otis-muertos-desaparecidos-viviendas-afectadas-hasta-noviembre-2023/
https://www.nmas.com.mx/nacional/huracan-otis-muertos-desaparecidos-viviendas-afectadas-hasta-noviembre-2023/
https://elcomercio.pe/mundo/mexico/acapulco-permanece-devastado-un-mes-despues-del-huracan-otis-pese-a-esfuerzos-mexico-amlo-coyuca-de-benitez-advisory-council-of-tourism-secretary-of-welfare-latest-news/
https://elcomercio.pe/mundo/mexico/acapulco-permanece-devastado-un-mes-despues-del-huracan-otis-pese-a-esfuerzos-mexico-amlo-coyuca-de-benitez-advisory-council-of-tourism-secretary-of-welfare-latest-news/
https://elcomercio.pe/mundo/mexico/acapulco-permanece-devastado-un-mes-despues-del-huracan-otis-pese-a-esfuerzos-mexico-amlo-coyuca-de-benitez-advisory-council-of-tourism-secretary-of-welfare-latest-news/
https://www.marca.com/mx/actualidad/2023/10/25/6539346046163f
https://www.marca.com/mx/actualidad/2023/10/25/6539346046163f
https://doi.org/10.9734/SAJSSE/2023/v20i4753
https://doi.org/10.9734/SAJSSE/2023/v20i4753
https://doi.org/10.9734/SAJSSE/2023/v20i4753
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Federal authorities issued meteorological information aimed at early warning, directed to state
and municipal governments as well as to populations exposed to risk. Nevertheless, despite these actions,
the information disseminated proved insufficiently effective in preventing the occurrence of disasters.
Particularly critical was the lack of compliance with effective risk communication, which comprises five
phases: preparedness, onset, control, recovery, and evaluation (Presidencia de la Nacion, 2016).

In practice, all stages were implemented to a greater or lesser extent. This resulted in inadequate
preparedness on the part of both authorities and the local population to cope with the emergency,
ultimately leading to disasters in the cases mentioned (IFRC, 2023). This finding suggests a tendency
among authorities to strengthen the provision of meteorological information and early warning systems;
however, risk communication continues to exhibit insufficient levels of effectiveness.

Within this context, the limited preparedness of the local population emerged as a determining
factor in the magnitude of the disaster. Following the impact of Hurricane John, relevant findings indicate
that the phases of onset, control, recovery, and risk evaluation were addressed through coordinated
actions under a unified command structure, with the participation of multiple governmental agencies in
the emergency response, particularly considering that eleven months earlier the region had already
experienced the impact of Hurricane Otis in Acapulco de Juarez, Guerrero.

The findings are closely linked to the economic impact and resilience of the tourism sector, insofar
as Hurricane John caused severe damage to infrastructure associated with this activity, with significant
repercussions on the local economy of the municipality of Coyuca de Benitez. In this regard, the need
for accessible credit mechanisms for reconstruction is emphasized, as well as the relevance of insurance
instruments to support economic recovery, both of which constitute critical measures for strengthening
the resilience of the commercial and tourism sectors.

The institutional response was largely adequate, particularly due to the experience gained eleven
months earlier during Hurricane Otis (Pitchaimani, et al., 2025). Consequently, federal support
announced an economic recovery and rehabilitation package amounting to 8 billion Mexican pesos,
which included direct assistance to households registered in the census of affected families. On average,
8 000 pesos per household were allocated for cleaning activities, along with additional amounts ranging
from 15 000 to 60 000 pesos, depending on the level of structural damage (Mexico News Daily, 2025).

These support measures were designed to address immediate recovery and housing repair needs,
contributing to the mitigation of household economic losses and the reduction of post-disaster housing
insecurity. In addition, federal investment plans included the rehabilitation of critical infrastructure
(roads and basic services) and the implementation of a tourism recovery program, which is essential for
diversifying income sources following the dual impact of Hurricanes Otis and John (Mexico News Daily,
2025).

Among state and municipal actions, the Government of the State of Guerrero, through the
Guerrero Operational Force, deployed assistance in severely affected localities such as The Papayo in
Coyuca de Benitez. This comprehensive support included: (i) the reopening of roads and removal of solid
waste; (ii) the distribution of food supplies, bottled water, mattresses, and emergency kits; and (iii) social
assistance coordinated with municipal authorities (Government of the State of Guerrero, 2024c). The
acting governor, Evelyn Salgado Pineda, directly supervised these actions at several locations within the
municipality, strengthening intergovernmental coordination and the local emergency response
(Government of the State of Guerrero, 2024a).

In this context, the Secretariat of Social Inclusion and Welfare (SIBISO), headquartered in
Chilpancingo, was responsible for coordinating public policies related to social development, food
security, equity promotion, recreation, social information, and community social services in the state of
Guerrero (Government of the State of Guerrero, 2024b).

The hotel sector was among the most severely affected along the coastal strip of Coyuca de
Benitez, Guerrero, following the passage of Hurricane John. Under these circumstances, small owners
of commercial establishments, restaurants, bars, and hotels required accessible credit to rebuild and
replace movable assets. In response, the federal government offered financial support through National
Finance for the Wellbeing of Mexico (Nacional Financiera para el Bienestar) under two schemes.


http://www.msal.gob.ar/salud-y-desatres/index.php/informacion-para-comunicadores/ique-es-comunicacion-de-riesgo
https://disasterlaw.ifrc.org/dmi/dmi_country/52
https://editorial.inudi.edu.pe/index.php/editorialinudi/catalog/view/150/269/364
https://mexiconewsdaily.com/news/acapulco-tourism-hurricane-recovery/
https://mexiconewsdaily.com/news/acapulco-tourism-hurricane-recovery/
https://mexiconewsdaily.com/news/acapulco-tourism-hurricane-recovery/
https://www.guerrero.gob.mx/2024/10/llega-el-apoyo-a-el-papayo-una-de-las-localidades-mas-afectadas-por-el-huracan-john/
https://www.guerrero.gob.mx/2024/09/encabeza-evelyn-salgado-acciones-de-ayuda-humanitaria-para-familias-de-localidades-de-coyuca-de-benitez-afectadas-por-john/
https://www.guerrero.gob.mx/articulo/positiva-temporada-de-verano-2023/
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The first targeted microenterprises, providing financing of 25,000 pesos at a zero-interest rate,
repayable over 30 months, with a six-month grace period, following the model previously implemented
after Hurricane Otis in 2023.

The second financing scheme considers loans ranging from 30 000 to 300 000 Mexican pesos,
with an annual interest rate of 6.5%, a repayment term of 24 months, and a four-month grace period.
Another option consists of specific financial support for restaurants provided by National Finance
(NAFINSA) (El Sol de Acapulco, 2024). These measures aim to facilitate access to financing for local
entrepreneurs affected by the damages caused by Hurricane John, with the purpose of stimulating the
economic reactivation of the region.

The findings of this study contrast with research that documents a rapid recovery of the tourism
sector following disasters, largely attributable to effective reconstruction strategies (Poveda, 2004). In
the case of Coyuca de Benitez, however, the results indicate an urgent need for investments and public
policies that support a sustainable and resilient recovery.

The effects of Hurricane John were also expressed through a process described as a “real estate
depreciation or housing market crisis” (Valentin, 2024, p. 4), with adverse social and economic
repercussions. In particular, evidence of spatial segregation was observed in low-income areas, along
with the devaluation of residential developments, hotels, and restaurants located near the coastal zone.
This study aligns with research advocating for more sustainable and resilient urban planning in vulnerable
areas (Zarate, 2024), where strengthening infrastructure, public services, and green spaces in the
municipal centre is essential to reduce future risks and promote balanced, safe, and sustainable
development.

The results presented are aligned with the objectives of the study and underscore the need to
consolidate a community with greater resilience to extreme climatic events, both current and future, such
as Hurricane John. To this end, it is essential to strengthen preparedness, optimize risk communication,
and enhance the population’s adaptive capacity. These actions will enable more effective responses to
the challenges associated with large-scale natural hazards and will help reduce their impacts on
infrastructure, the economy, and the social well-being of the population of Coyuca de Benitez.

Laura Polanco (2024) shares this perspective by arguing that Acapulco and Coyuca de Benitez
require a catalytic development project supported by substantial capital investment. According to
Polanco, it is necessary to adopt a comprehensive approach aimed at consolidating a sustainable and
resilient destination, capable of responding to economic fluctuations, pandemics, natural disasters, and
transformations in global tourism trends (p. 4).

According to the EM-DAT database, 231 disasters were recorded in Mexico between 1900 and
2018 (Alcantara-Ayala, 2019, p. 4). Nationwide, the most significant disasters are primarily associated
with storms, followed by floods, earthquakes, and mass movement processes, while volcanic activity
occurs less frequently. Along the coastal strip of Coyuca de Benitez, all these hazards are present—with
the exception of volcanic eruptions—showing a notable parallelism in both the magnitude and frequency
of disasters at the local and national levels (Delgado-Ramos et al., 2024).

It is crucial to consider that the future research agenda should focus on improving the availability
and quality of residential infrastructure and facilities (Zarate, 2024), as well as hotel and restaurant
infrastructure along the coastal fringe of Coyuca de Benitez. Complementarily, efforts should be made
to maintain and, where necessary, strengthen municipal public services, while also preserving the balance
of public green spaces, both in the municipal seat and in the main localities of the municipality, where
public transportation systems require greater efficiency. In this way, the discussion remains fully aligned
with the objectives of the study.

Hurricane John, which occurred in September 2024, represented a high-intensity
hydrometeorological phenomenon that exposed the structural vulnerability of the coastal strip of the state
of Guerrero to extreme climatic events. Its effects were widely manifested in the municipalities of
Acapulco and Coyuca de Benitez, where severe damage was recorded in the housing stock, urban and
tourism infrastructure, the provision of basic services, and, indirectly, in the conditions of well-being and
human security of the local population.


https://www.elsoldeacapulco.com.mx/local/abren-modulos-para-atender-a-restauranteros-afectados-por-otis-11303082.html
https://raccefyn.co/index.php/raccefyn/article/view/1991
https://editorial.inudi.edu.pe/index.php/editorialinudi/catalog/view/150/269/364
https://upcommons.upc.edu/bitstream/handle/2117/408108/9788410008373-20.pdf?sequence=1
https://doi.org/10.14350/rig.60025
https://www.nature.com/articles/d41586-024-00904-0
https://www.nature.com/articles/d41586-024-00904-0
https://upcommons.upc.edu/bitstream/handle/2117/408108/9788410008373-20.pdf?sequence=1
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The magnitude of the observed damage confirms the convergence of physical, social, and
territorial factors that increase vulnerability in coastal areas characterized by accelerated urban growth
and limited capacity to absorb extraordinary rainfall.

In the post-impact phase, the coordinated response among the three levels of government
constituted a key element in containing the emergency and facilitating an early recovery. The
implementation of direct financial assistance to affected households, together with housing
reconstruction programs, infrastructure rehabilitation, and the restoration of strategic services, made it
possible to address immediate needs and partially mitigate the socioeconomic effects derived from the
disaster. These intervention mechanisms reflect a relevant level of institutional capacity for crisis
management; however, their scope was primarily concentrated in the reactive phase, prioritizing the
attention to visible and urgent damage.

From an integrated risk management perspective, the findings suggest that the recurrence and
intensification of hydrometeorological phenomena in the Mexican Pacific require a transition from post-
disaster response—centered policies toward long-term preventive and adaptive approaches. In this regard,
it is imperative to strengthen urban planning through territorial ordering criteria, land-use regulation, and
the control of settlements located in flood-prone areas or zones with high susceptibility to mass
movement processes. Likewise, the consolidation of more effective early warning systems and
improvements in risk communication mechanisms are essential to reduce human and material losses.

Additionally, the evidence derived from Hurricane John underscores the need to integrate climate
change adaptation policies through a territorial and participatory approach that takes into account the
socioeconomic specificities of the most vulnerable communities. The incorporation of the local
population into prevention, preparedness, and recovery processes not only strengthens community
resilience, but also contributes to a more equitable and sustainable risk governance framework.

Taken together, these findings reinforce the urgency of reconsidering urban and coastal
development models in Guerrero, reorienting them toward frameworks that prioritize risk reduction,
territorial justice, and sustainability in the face of increasingly extreme climate scenarios.

The comparison between Hurricanes Otis and John allows for a more precise assessment of the
magnitude and differentiated nature of their territorial impacts. Hurricane Otis was characterized by
exceptional intensity, which resulted in concentrated, large-scale material destruction, causing severe
damage to critical infrastructure and the urban fabric, particularly in densely urbanized areas. In contrast,
although Hurricane John exhibited lower wind intensity, its extraordinary rainfall generated significant
impacts associated with flooding and mass movement processes.

These impacts, while extensive and substantial, were more spatially dispersed, disproportionately
affecting rural and peri-urban areas with lower levels of infrastructure and response capacity. This
differentiation demonstrates that the magnitude of impact does not depend solely on cyclone intensity,
but also on the mechanisms of damage and the pre-existing territorial configuration.

The comparative analysis of both events also highlights substantive differences in underlying
vulnerability factors. In the case of Hurricane Otis, the damage revealed the fragility of the formal urban
fabric and the high economic dependence on tourism, a sector whose disruption produced immediate and
profound effects on local socioeconomic dynamics.

In turn, Hurricane John made visible the persistence of structural vulnerabilities in residential and
agricultural areas, where impacts were manifested primarily through the disruption of livelihoods, the
deterioration of secondary transportation infrastructure, and the interruption of lower-scale basic
services. These differences confirm that vulnerability is not homogeneous, but rather responds to specific
territorial and socioeconomic contexts, which decisively condition the magnitude and duration of impacts
derived from hydrometeorological phenomena.
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The differences in the nature and mechanisms of impact between Hurricanes Otis and John have
direct implications for integrated disaster risk management. In particular, the findings underscore the
need to adopt dual mitigation strategies that simultaneously and complementarily address events
characterized by extreme winds and those dominated by extraordinary rainfall. This approach entails
strengthening actions aimed at integrated watershed management, improving and maintaining urban
drainage systems, and implementing land-use planning policies that reduce the exposure of human
settlements and critical infrastructure in high-risk areas.

Within this framework, the recurrence of damage caused by successive hydrometeorological
events highlights the urgency of transitioning toward resilient reconstruction policies. Such policies must
incorporate building standards adapted to extreme climate scenarios, as well as equitable financing
mechanisms that prioritize social sectors with lower recovery capacity. The integration of these elements
IS essential to prevent the reproduction of vulnerability cycles and to strengthen the adaptive capacity of
territories in the context of an increasing intensification of extreme climatic events.

Hurricane John, identified as tropical cyclone EP102024, developed in the eastern Pacific Ocean
and underwent rapid intensification before making landfall along the southern coast of Mexico between
September 23 and 27, 2024. According to the technical report issued by the United States National
Hurricane Center (USNHC), the system initially made landfall as a Category 3 hurricane in the state of
Guerrero; it subsequently weakened temporarily and later re-intensified before making a second landfall
in the state of Michoacan (National Hurricane Center, 2025). This dynamic evolution increased the
duration of the event and amplified its effects across extensive portions of the territory.

From a meteorological perspective, Hurricane John was characterized by maximum sustained
winds exceeding 190 km/h, consistent with a major hurricane under the Saffir—Simpson scale. However,
the most distinctive feature of the event was the exceptional magnitude of the associated precipitation,
with cumulative rainfall exceeding 1 000 mm recorded in Acapulco over an approximate four-day period.
This volume represented more than 84% of the state’s average annual precipitation concentrated within
an extremely short time frame, significantly surpassing the historical climatic parameters of the region.

The combination of intense winds and torrential rainfall triggered a wide range of
hydrometeorological impacts, most notably widespread flooding, landslides, and soil saturation
processes in both urban and rural areas of the Costa Grande and Costa Chica regions of Guerrero,
including strategic zones within the Coyuca River basin. These effects highlight the critical interaction
between the intensity of the meteorological phenomenon and the physical conditions of the territory.

In this context, the observed hydrometeorological pattern multiplied risks in a region that already
exhibits high structural exposure, associated with its tropical monsoon climate, coastal geomorphology,
the presence of low-permeability soils, and accelerated—often poorly planned—urban growth. These
conditions, widely documented in previous studies, favour the occurrence of urban flooding and mass
movement processes during extreme climatic events.

From a climatic perspective, it is particularly relevant that the intensity and impacts of Hurricane
John contrast with the historically low frequency of direct cyclone landfalls in Acapulco. The hurricane’s
trajectory and its recirculation over warm ocean waters enabled the accumulation of exceptional
pluviometric volumes, exceeding the statistical thresholds traditionally associated with lower-category
systems. This behaviour reinforces the hypothesis of increasing complexity and intensification of
hydrometeorological risks in the context of climate change, with direct implications for territorial
planning and disaster risk management in the region.

Hurricane John generated widespread and multidimensional impacts that significantly affected
urban infrastructure, housing, public services, agricultural activities, and the tourism sector in the state
of Guerrero. The magnitude of human impacts was particularly high, with more than 236 000 people
affected statewide (Forbes México, 2024; Campuzano, 2024). Of this total, approximately 127 844
affected individuals were concentrated in the municipality of Acapulco, where damage was documented
in 39 241 dwellings located in both urban and rural areas, underscoring the extensive territorial reach of
the event.


https://www.nhc.noaa.gov/data/tcr/EP102024_John.pdf%20Centro%20Nacional%20de%20Huracanes
https://forbes.com.mx/reportan-mas-de-236000-afectados-en-el-estado-de-guerrero-tras-el-paso-del-huracan-john/
https://www.excelsior.com.mx/nacional/huracan-john-dano-mas-39-mil-casas-acapulco-127-mil-damnificados/1677350
https://www.excelsior.com.mx/nacional/huracan-john-dano-mas-39-mil-casas-acapulco-127-mil-damnificados/1677350
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Beyond the impacts concentrated in major urban centres, the phenomenon directly affected 29
municipalities across Guerrero, causing significant disruptions in the provision of basic services, the
functioning of local commerce, and the development of productive activities. These disruptions had
immediate repercussions on the regional economy and on the living conditions of the population,
particularly in municipalities with more limited institutional capacity and emergency response
capabilities.

In the specific case of Coyuca de Benitez, the extraordinary rainfall associated with Hurricane
John triggered recurrent and large-scale flooding, with reported water level rises of nearly one meter in
several residential areas. As a result, shortages of basic goods were recorded, along with the need to
implement food assistance and emergency support measures, highlighting the vulnerability of local
supply systems and social protection mechanisms to extreme hydrometeorological events.

Additionally, intense precipitation triggered landslides that resulted in the loss of human lives,
with at least 28 to 29 fatalities reported in the state of Guerrero. This outcome underscores the critical
exposure of settlements located on unstable slopes and flood-prone areas, where the absence or
insufficiency of mitigation infrastructure substantially increases risk to the population.

Taken together, these impacts are consistent with vulnerability patterns observed in previous
events, particularly during Hurricane Otis in 2023 and Hurricane John in 2024. In both cases, the
combination of unplanned urban densification, the occupation of high-risk areas, and deficiencies in
urban drainage systems exacerbated exposure to hydrometeorological hazards, confirming the
persistence of structural factors that condition disaster severity in Coyuca de Benitez, Guerrero.

Despite the implementation of various institutional support measures, the post-Hurricane John
recovery process reveals the persistence of structural gaps that constrain recovery capacity between 2025
and 2030. First, pre-existing socioeconomic inequality significantly shaped reconstruction processes, as
lower-income local residents faced greater difficulties in rehabilitating their homes and restoring their
livelihoods. The lack of insurance coverage and formal financial protection mechanisms across large
segments of the population further exacerbated these limitations, replicating patterns observed after
recent events such as Hurricane John (Campuzano, 2024).

Second, the continuity of damage to local infrastructure and equipment highlighted the
persistence of high levels of physical vulnerability in Coyuca de Benitez, Guerrero. The high cumulative
rainfall recorded during Hurricane John, combined with historical deficiencies in drainage systems in the
municipal seat of Coyuca and in the infrastructure and equipment of government facilities and housing,
underscores the need to transition toward structural, resilience-oriented solutions. In this context,
integrated watershed management and the strengthening of adaptive infrastructure emerge as key
components for reducing exposure to future extreme events along the entire Pacific coast of Guerrero.

Finally, the impacts derived from Hurricane John emphasize the importance of strengthening
climate adaptation processes in the municipal seat and surrounding communities through stricter and
more forward-looking urban planning. The expansion of human settlements into floodplains and unstable
slopes, such as in The Papayo, often without adequate regulatory controls, substantially increases the
likelihood of recurrent disasters in a scenario marked by the growing frequency and intensity of extreme
climatic events. Taken together, these findings reinforce the need to integrate climate adaptation as a
cross-cutting axis in urban and territorial development policies.

4. Conclusions

The analysis of the impacts of Hurricane John in Coyuca de Benitez demonstrates that tourism and
housing infrastructure constitute key pillars of the municipal economy, both of which suffered severe
damage and significant economic losses. The evaluation of the data collected reveals that approximately
80% of hotel and residential infrastructure was affected, underscoring the high vulnerability of the
tourism-housing sector to large-scale hydrometeorological events.
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The examination of population growth in Coyuca de Benitez from 1900 to 2025 shows a
continuous upward trend, particularly from the 1960s onward, coinciding with the expansion of
commerce and tourism within this coastal ecosystem of the Pacific region of Guerrero. This demographic
increase has resulted in greater exposure to disasters, a pattern evidenced during events such as Hurricane
Pauline (1997), Ingrid—Manuel (2013), Otis (2023), and John (2024).

The comparative analysis with other catastrophic events in the Mexican Pacific, including
Hurricanes Patricia (2015), Madeline (1976), and Kenna (2002), indicates a regional trend toward
hurricane intensification. The magnitude of the damage caused by Otis and John, with winds reaching
up to 165 mph, highlights the urgent need to continuously monitor and study the evolution of these
phenomena in the coming years.

Finally, post-John insurance and compensation data reflect a high economic cost for the insurance
sector, with more than one million U.S. dollars paid in claims. This finding illustrates the significant
financial burden imposed by contemporary disasters and demonstrates how such events can become
among the costliest disasters in Mexico’s recent history.

Hurricane John in September 2024 constituted a major hydrometeorological event for the coast
of Guerrero, generating widespread impacts on housing, infrastructure, public services, and the quality
of life of the population in Acapulco and Coyuca de Benitez. The intergovernmental response—including
direct financial assistance to affected households and multi-million-peso reconstruction packages—
played a central role in the initial recovery phase. Nevertheless, the available evidence indicates that
resilience to future extreme events will require strengthening urban planning, early warning systems, and
climate change adaptation policies grounded in territorial and participatory approaches, particularly for
residents facing high levels of local socioeconomic vulnerability.
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Abstract

Gender equality has been a topic of study since the last century. In Mexico, the implementation of
measures to promote gender equity and guarantee women's rights began on December 4, 1946, as
indicated in Article 115 of the Mexican Constitution, and went into effect on February 12, 1947, when it
was published in the Official Gazette of the Federation. Including a gender perspective in school curricula
IS essential to raising awareness and promoting equality and respect among students. Strategies that
address educational practices that break stereotypes and promote equality in the classroom are essential.
UNESCO shows that in Latin America, contributions have been made to raising awareness among young
people about respect for diversity, although the implementation of effective policies still requires greater
commitment to achieve profound and lasting change. Based on the results of this study, it is concluded
that, although participating students show a slight development toward the adaptive phase in the
sociocultural sphere, sexist stereotypes still prevail in the relational and personal spheres, where gender
roles are very important.

Gender equality and inclusion

Scope

Sociocultural

* Domestic
responsibility
* Social norms

Personal

) 1. Ensure equal access to education.

* Relationship
with teachers

* Family and

students

* Individual
Aspirations and
* Expectations

)2. Eliminate illiteracy among women. |

3. Increase women's access to vocational training, science and
technology, and continuing education.

) 4. Establish non-discriminatory education and training systems.

5. Allocate sufficient resources for education reforms and monitor
their implementation.

) 6. Promote the lifelong education and training of girls and women |

Human rights, discrimination, feminism, gender equality, sexism
Resumen

La igualdad de género ha sido un tema de estudio desde el siglo pasado. En México, la implementacion
de medidas para promover la equidad de género y garantizar los derechos de las mujeres comenzo el 4
de diciembre de 1946, como lo indica el articulo 115 de la Constitucion Mexicana, y entrd en vigor el 12
de febrero de 1947, cuando se publicé en el Diario Oficial de la Federacién. La inclusién con una
perspectiva de género en los curriculos escolares es esencial para crear conciencia y promover la igualdad
y el respeto entre los estudiantes. Las estrategias que abordan préacticas educativas que rompen
estereotipos y promueven la igualdad en el aula son esenciales. Por su parte, la UNESCO muestra que
en América Latina se han realizado contribuciones para crear conciencia entre los jovenes sobre el
respeto de la diversidad, aunque la implementacion de politicas efectivas aun requiere un mayor
compromiso para lograr un cambio profundo y méas duradero. Con base en los resultados del presente
estudio se concluye que, si bien los estudiantes participantes muestran un ligero desarrollo hacia la fase
adaptativa en la esfera sociocultural, los estereotipos sexistas aun prevalecen en las esferas relacionales
y personales, donde el rol de género es muy importante.
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Ilgualdad de género e inclusion

Ambitos

Sociocultural

* Responsabilidad en
la familia
* Normas sociales

ional

Personal

) 1. Garantizar la igualdad de acceso a la educacion. |

) 2. Eliminar el analfabetismo entre las mujeres. |

* Relacion con
profesores

* Familiares y
estudiantes

 Aspiracionesy
* Expectativas
individuales

3. Aumentar el acceso de las mujeres a la formacion profesional,
la cienciay la tecnologia, y la educacion continua.

4. Estak sistemas de educacion y form: nno
discrimina torios.

5. Asignar recursos suficientes a las reformas educativas y
supervisar su aplicacion.

) 6. Promover la educacion y la formacién permanentes de hombres y

mujeres.

Derechos humanos, discriminacion, feminismo, igualdad de género, machismo
Introduction

The connections of domination between men and women have been a topic of debate and research for
decades. In Mexico, the historical trajectory of women has been addressed, showing evidence of the
discrimination inflicted on them by an androcentric society (Martinez Garza, 2013). It was not until 1948
that gender equality was recognized worldwide through the adoption of human rights, although progress
toward equality has been challenging and extensive (Naciones Unidas, 1995). In Mexico, the
implementation of measures to promote gender equity and guarantee women's rights began on December
4, 1946, as reflected in article 115 of the Mexican Constitution and became effective on February 12,
1947, when it was published in the Official Gazette of the Federation (Martinez Garza, 2013). Despite
this, the problems of inequality between men and women continue to this day, and gender and feminism
specialists continue to address this issue from different perspectives. This is due to the minimal female
representation in various social spheres. However, the current changes represent a major step forward for
women's well-being, participation, and integration into society. Traditionally, women's role had been
restricted to domestic work, motherhood, and childrearing, and only two out of ten women participated
in the labor market in the 1960s. However, this number has tripled in the last decade (Torres Garcia et
al., 2022).

One of the fields where the role of women in gender equality and inclusion is being researched is
in education. As a result, current university-level curricula seek to integrate courses into the curriculum
of various undergraduate programs that include topics where students can develop both personal and
social qualities, allowing them to interact appropriately with others. This is essential in their training
process to achieve success in the workplace and personal life. This is related to the commitment of
teachers to be the protagonists in empowering their students in gender equality (Mayorga, 2018). In
addition, universities have the great task and responsibility of fostering and developing good social habits
and behaviors in students, through teaching classes and developing projects that integrate all students
regardless of their sexual orientation.

Furthermore, universities are considered an important part of society as dynamic agents for
education with gender equality and diversity. Education plays a crucial role in promoting equal
opportunities and social justice by being a transformative engine capable of reducing socioeconomic
disparities and creating equity for all (Durand Reinaga & Arteaga Alcivar, 2024).

Discussing gender studies involves addressing approaches, positions, ideologies, and
epistemological references developed from multiple points of view. These debates are the product of
several decades of reflection and have been addressed within the framework of feminist studies, women's
studies, and gender studies.
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Therefore, it is important to define the concepts of gender and inclusion to better understand the
context of the topic addressed. The term gender refers not only to issues of identity, being a man and
being a woman, but also to the relationships between men and women, as well as those that exist between
men and between women. Rather than viewing the biology of men and women as the source and origin
of gender, gender is seen as a social structure and as a set of social relations in which masculinity and
femininity are produced (Mayorga, 2018). Gender theory is of great significance for analyzing problems
outside the biological realm and understanding gender differences from a symbolic perspective. It
questions assumptions about the origin of female subordination, explaining its mechanisms and allowing
us to clearly and rigorously delineate how differences enter a dimension of security in the game of powers
and counterpowers (Godina Herrera, 2001). From a critical pedagogy perspective, gender is understood
as a social construct that can be deconstructed through educational practices that question traditional
roles (Zabalgoitia Herrera, 2019). Therefore, the objective of the study was to analyze some factors that
influence the attitudes of secondary and higher education students towards gender equality and inclusion.

2. Gender equality and inclusion in education

The fourth report of the United Nations (Naciones Unidas, 1995) states that to address unequal access to
education and insufficient educational opportunities, governments and other social actors should promote
an active and visible policy of integrating a gender perspective into all policies and programs, so that
their potential effects on women and men are analyzed before decisions are made. Therefore, it proposes
six strategic objectives:

1. Ensure equal access to education.

2. Eliminate illiteracy among women.

3. Increase women's access to vocational training, science and technology, and continuing
education.

5. Establish non-discriminatory education and training systems.

6. Allocate sufficient resources for education reforms and monitor their implementation.

7. Promote the lifelong education and training of girls and women

Education in general has been viewed as one of the necessary tools to strengthen and ensure the
growth and development of countries. International organizations, national governments, researchers,
and education scholars have raised their voices to highlight the role of education as one of the primaries
means to achieve a democratic, participatory, and pluralistic society. Education has been considered an
essential human right, a fundamental element for the sustainable development of countries, and an
essential tool for citizen inclusion in social and economic systems (Trejo Sirvent et al., 2015). Therefore,
various studies in education address how gender roles and inequalities influence students' educational
experiences.

The socially and economically relevant studies have a higher presence of men, compared to a
higher number of women in social sciences (nursing, teaching, psychology, pedagogy, psychology,
humanities, etc.). Therefore, gender is a differentiating factor in vocational choice and one of its
determining factors (Mosteiro Garcia, 1997). Gender analysis in the educational field allows us to
identify how social structures produce inequalities and can be challenged from the school environment
(Walby, 2011). From academic performance from different perspectives, including the analysis of
differences between men and women in learning approaches (Buendia Eisman & Maria Olmedo Moreno,
2002), study habits, and learning styles (Pefia Escalona et al., 2023). While in relation to academic
expectations (Barbera et al., 2008) they show that the presence of stereotypes about professional roles
based on gender determines career choice in a biased and discriminatory way. Therefore, the inclusion
of gender in educational programs is important to promote equality and equity, as this is a space for social
transformation where traditional gender stereotypes are questioned. Because of this, educational policies
must reflect a greater commitment to gender equality to achieve profound changes (Butler, 2022). To
eliminate inequalities that intersect in the educational environment and gender experiences cannot be
addressed in isolation (Crenshaw, 1991).

The inclusion of a gender perspective in school curricula is essential for raising awareness and
promoting equality and respect among students (Cauich Uicab et al., 2025). Strategies that address
educational practices that break stereotypes and promote equality in the classroom are essential.
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Several studies in Latin America show that university-level students' attitudes toward inclusion
and gender equality are undergoing transformation and change, despite persistent challenges. In many
Latin American educational institutions, there is a growing awareness of promoting a culture of inclusion
and gender equality, although deep-rooted prejudices and stereotypes still prevail among some student
groups (Pedrero-Garcia et al., 2018). Due to the influence of previous social and cultural contexts
regarding gender equality, although a trend toward acceptance of inclusive principles is observed among
higher education students, showing a variety in their way of thinking regarding the subject (Méarquez
Cabellos & Andrade Sanchez, 2020), pointing out that there are underlying prejudices that hinder their
acceptance of inclusive practices, mainly where a context marked by traditionalist cultures prevails
(Mejia Reyes et al., 2023).

On the other hand, a study found that gender equality awareness and training significantly
increase behavior when educational programs are focused in this way, which promotes favorable
attitudes in students. Therefore, the incorporation of these topics into university curricula is of great
importance (Martinez Pérez & Pefia Garcia, 2022). However, despite academic awareness and advances
in public policies, reality indicates that attitudes towards gender equality and inclusion at the higher
education level require greater pedagogical and cultural intervention that fosters greater respect and
openness towards diversity (Gurdian-Fernandez et al., 2020; VVazquez Parra et al., 2022). For its part,
UNESCO (UNESCO, 2018) shows that in Latin America, contributions have been made to raise
awareness among young people about this freedom to respect diversity, although the implementation of
effective policies still requires greater commitment to achieve profound and more lasting change.

Table 1
Gender policies in education by Latin American countries

Year | Country Politics Author

2008 | Argentina | Inclusive education faces challenges related to raising awareness among | (Aparicio, 2008)
teaching staff and adapting teaching resources to diverse needs.

2010 | Mexico Educational policies have begun to incorporate gender perspectives, but|(Aguilar Nery, 2010)
implementation in classrooms and communities still needs to be strengthened.

2013 | Chile Public policies have promoted gender equality in education, but greater | (Torres, 2013)
commitment is still needed in teacher training and school culture.

2015 | Brazil Progress in inclusive education with a gender perspective faces cultural | (Finco, 2015)
obstacles and a lack of adequate resources.

2016 | Cuba Efforts to incorporate gender perspectives into education have shown progress, | (Serrano Lorenzo & Toledo
although they still face cultural challenges. Cabrera, 2016)

2017 | El Salvador | Gender policies in education have made progress, although violence and social | (Osegueda-Osegueda et al.,
inequality remain obstacles. 2017)

2017 |Honduras | Educational policies have begun to incorporate a gender perspective, but|(L6pez Recinos et al., 2017)
institutional action still needs to be consolidated.

2017 | Uruguay Gender-sensitive educational inclusion has been a priority in public policies, | (Bordoli et al., 2017)
although further training of educational personnel is still required.

2020 | Panama The challenges of gender equality in education are related to social and cultural | (Rodriguez Blanco et al.,
inequalities that still persist. 2020)

2020 | Bolivia Gender policies in education have generated changes in pedagogical practices, | (Gomez Gomez & Cela
but greater awareness is needed in educational communities. Valifio, 2020)

2021 | Peru Policies have made progress in creating specific programs to promote gender | (Segura VVasquez et al., 2021)
equality, but their impact is still not uniform across the country.

2021 | Costa Rica |Educational policies are beginning to integrate a gender perspective, but they | (Castro Flores, 2021)
require greater monitoring and evaluation to ensure their effectiveness.

2021 | Dominican |Public policies have promoted gender equality in education, although social | (Pidn, 2021)

Republic inequality remains a challenge.

2023 | Ecuador Equality policies have made progress in the creation of laws and programs, but | (Morales & Villamediana,
their effective implementation still presents difficulties. 2023)

2023 | Venezuela |Efforts to promote gender equality in education have been significant, but the | (Suarez Ledn et al., 2023)
socioeconomic crisis limits their reach.

2023 | Nicaragua | Inclusion and gender equality in education have shown progress but require | (Hernandez Bricefio, 2023)
greater attention in rural areas.

2023 | Colombia | Despite progress, there are cultural and structural obstacles that limit full | (Pérez Salamanca, 2023)
gender equality in education.

2024 | Paraguay Gender-based educational inclusion is in the process of consolidation, with | (Ferreira Bueno et al., 2024)
challenges in infrastructure and teacher training.

Source: Prepared by the authors
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2.1. Some instruments for measuring gender equality and inclusion
2.1.1. Attitudes against gender equality scale (Pana et al., 2024).
This scale consists of 15 items designed to assess attitudes that oppose gender equality. The response
format is a Likert-type scale with five options: 1, Strongly disagree; 2, Disagree; 3, Neither agree nor
disagree; 4, Agree; and 5, Strongly agree. This is an assessment instrument with direct item direction.
2.1.2. Gender sensitivity questionnaire in teaching practice (Rosas Guevara et al., 2023).
This instrument has 32 items, and its questions aim to explore situations in university students related to
classroom dynamics, language, and interpersonal relationships, among other activities within the
teaching-learning process. Responses are on a Likert-type scale with: Always (close to 100%);
Frequently (close to 75%); Occasionally (close to 50%); Rarely (close to 25%); Never (close to 0%).
2.1.3. Social roles questionnaire (Baber & Tucker, 2006).
The short version of the Social Roles Questionnaire. It consists of 13 items referring to the roles that
people of different sexes should play in society. It was developed through a factor analysis of a previous
41-item version.
2.1.4. Gender equity scale for men (Pulerwitz & Barker, 2008).
The instrument has a total of 35 items, with a response scale that included the following: agree (3),

somewhat agree (2), disagree (1), and don't know (4). The gender equity scale for men aims to develop
four important aspects:

1. Be multifaceted and measure multiple domains within the construction of gender norms, with a
focus on supporting equitable or inequitable gender norms.

2. Address program goals related to sexual and intimate relationships, and sexual and reproductive
health and disease prevention.

3. Be broadly applicable, yet culturally sensitive, so that the indicators can be applied and compared
in diverse settings and be sufficiently relevant to specific cultural contexts.

4. Be easily manageable so that a range of actors, including the organizations implementing the

interventions, can undertake this type of evaluation.
2.1.5. Student attitudes toward coeducation scale (Garcia Pérez et al., 2010).

This scale assesses student attitudes toward coeducation and the construction of a new gender culture in
schools based on equality. It consists of 30 items on a scale ranging from strongly disagree; disagree;
don’t know; agree and strongly agree.

2.1.6. Gender attitudes questionnaire (De Sola et al., 2003).

The objective of this questionnaire is to determine your opinion on several topics related to gender
equality. You are presented with a series of statements on a scale of 1 to 7, with 1 being total
disagreement, 2 being somewhat disagreement, 3 being somewhat disagreement, 4 being neither
agreement nor disagreement, 5 being somewhat agreement, 6 being somewhat agreement, and 7 being
total agreement.

3. Methodology

The study consisted of a survey to determine students' attitudes toward building a gender culture in
schools based on gender equality. The questionnaire developed by Garcia Pérez et al. (Garcia Pérez et
al., 2010) was used to administer the scale. The survey was administered through the Forms platform to
208 students in four institutions: one with high school and undergraduate studies of Polytechnic
University of Texcoco (UPETEX), another with undergraduate students of Regional Teaching Center of
the State of Mexico (CREDOMEX) from the municipality of Texcoco.
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And another with high school students in the southeast of Chapingo Autonomous University and
Autonomous University of Campeche (UACAM). Students' ages were classified as young (under 19
years), adults (20 to 24 years), and mature (equal to or greater than 25 years). Student gender and
educational level were also recorded, which was classified as high school (middle) and undergraduate
(superior) (Table 2). The survey consisted of three scales; each composed of 10 items. The scales were:
1) Sociocultural, which considers assigned family and domestic responsibilities, adherence to social
norms, and gender stereotypes as assessment aspects; 2) Relational, which assesses students'
relationships with teachers, relationships between students and between students and parents, leadership,
gender violence, and participants' affectivity; and 3) Personal, which considers academic preferences and
choices, aspirations, and expectations based on individual gender, as well as beliefs and gender identity.

Each item of the three scales allows the student to self-position (between 1=completely disagree,
2= Disagree, 3= I don't know, 4= Agree and 5= Completely agree) (Garcia Pérez et al., 2010).

Table 2
Classification data of students participating in the survey on student
attitudes toward building gender equality

Variable Level Count Percentage
Age of students Young (£19) 135 64.9
Adult (20-24) 59 28.4
Mature (>24) 14 6.7
Student gender Man 77 37.0
Woman 131 63.0
Academic training Bachelor's degree 170 81.7
High School 38 18.3
Institution of origin CREDOMEX 24 115
Other 14 6.7
UPTEX 170 81.7

The cutoff points used to determine attitudes were (Garcia Pérez et al., 2010): less than 89, sexist
attitude; 90 to 119, adaptive attitude; and greater than 120, egalitarian attitude. Within each scale, the
thresholds determined were < 29, sexist attitude; between 30 and 39, adaptive attitude; and > 40,
egalitarian attitude. This was based on students' predisposition to collaborate and act to promote equality
between men and women. A sexist attitude reproduces gender stereotypes and social mandates based on
male and female roles. An adaptive attitude assumes a more formal and public stance, which allows for
the recognition of the inequality present in social discourse. An egalitarian attitude implies the
recognition of inequality and the positive evaluation of those models of behavior and thought that imply
an equitable vision between men and women.

3.1. Statistical Analysis

The statistical analysis of the data was performed by initially creating a database imported from Forms
to Excel. After a thorough review and confirmation of the database's integrity, it was exported to the
JASP program (JASP Team, 2023), where descriptive statistics were performed, including frequencies
and confidence intervals, percentages, and parameters of the study variables. The reliability of the scales
was determined by obtaining Cronbach's alpha coefficient, and comparisons between the study factors
were performed using Dunn's test. To determine the effect of students’ age, gender, education, and
institution of origin, the Kruskal-Wallis test was performed on variables that were not normal, such as
the relational and personal levels. An analysis of variance was performed at the sociocultural level, given
that it was normally distributed. Normality was verified using the Shapiro-Wilk test.

Results

The students participating in the study showed overall that attitudes in the sociocultural sphere are in the
adaptive phase, which implies that those interviewed do not fully embrace family and domestic
responsibilities, and that social gender mandates are largely adopted. In addition, gender stereotypes
marked by Mexican society are still followed.
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Although the activities assigned to gender roles have already been surpassed, equality has not yet
been achieved, given that the average obtained was 29.71 points and the threshold for determining an
egalitarian relationship must be 40 on each of the scales. Meanwhile, in the relational and personal
spheres, the students were sexist, which indicates that aspects of machismo and feminism are deeply
rooted, and the roles of women and men are very marked in their relationships with their peers and with
other people in general (Table 3). The average values for the relational plane were lower than in the
other two spheres. On a personal level, values below the classification threshold were also recorded, and
this led to the conclusion that the students are sexist, implying that their ideas conform to machismo and

Table 3

Descriptive statistics of the three areas of study of the attitudes of upper
secondary and higher education students

Scope Median Mean 95% Confidence Limit SD Attitude
Lower Upper
Socio-cultural 30.00 29.71 29.1 30.4 4.7 | Adaptive
Relational 18.00 19.53 18.4 20.7 8.4 | Sexist
Personal 20.00 21.82 20.9 22.7 6.6 | Sexist

SD: Standard deviation

The sociocultural aspect presented a distribution that adjusted to the normal distribution, while
the relational and personal areas presented a large number of students with responses below the average
and the distributions generated did not adjust to the normal distribution (Figure 1).
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Distributions of the sociocultural, relational and personal spheres of secondary and higher education
students regarding gender culture.
Source Own
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Of the study variables: age, gender, institution of origin, and level of education, differences were
observed only between students' gender (P<0.01). Men had an adaptive attitude, while women had a
sexist attitude in the sociocultural sphere (Table 4).

Table 4
Mean and confidence interval for the study variables in the sociocultural sphere
regarding gender culture

Category N Mean 95% Confidence interval std
Lower | Upper

Sociocultural

Young 135 29.6 28.8 30.5 4.8
Adult 59 30.3 29.1 314 44
Mature 14 28.0 25.1 30.9 4.9
Man 77 31.42 30.1 32.6 5.5
Woman 131 28.7° 28.1 29.4 3.9
Bachelor's degree 170 29.6 28.9 30.4 4.7
High School 38 30.0 28.4 31.6 4.8
CREDOMEX 24 30.5 29.0 32.0 3.5
UPTEX 170 29.5 28.8 30.3 4.9
Other 14 30.9 28.5 33.2 4.0

In the relational area, although there were statistical differences (P>0.01) between men and
women, with a higher score in men, in both cases the attitude was sexist because they did not exceed the
threshold of 30 points (Table 5).

Table 5
Mean and confidence interval for the study variables in the relational area regarding
gender culture

Category N Mean 95% Confidence interval SD
Lower Upper

Young 135 20.1 1.86 215 8.7
Adult 59 18.9 2.88 21.0 8.0
Mature 14 17.3 2.08 21.6 7.5
Man 77 24.42 22.4 26.3 8.7
Woman 131 16.7° 15.5 17.9 6.8
Bachelor's degree 170 19.3 18.0 20.6 8.4
High School 38 20.6 17.9 23.4 8.4
CREDOMEX 24 17.9 14.8 21.0 7.3
UPTEX 170 19.5 18.2 20.8 8.7
Other 14 22.9 19.1 26.7 6.6

In the personal sphere, the average values were less than 23.6, resulting in a sexist attitude in all
categories (Table 6), indicating that
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Table 6

Average and confidence interval of the study variables in the personal sphere regarding

gender culture

Category N Mean 95% Confidence Interval std
Lower Upper

Young 135 21.9 20.8 23.0 6.5
Adult 59 21.7 19.8 23.6 7.4
Mature 14 21.8 19.1 24.4 4.6
Man 77 23.6° 22.0 25.3 7.3
Woman 131 20.8° 19.7 21.8 6.0
Bachelor's degree 170 21.9 20.9 22.9 6.7
High School 38 21.5 19.4 23.7 6.6
CREDOMEX 24 21.8 19.5 24.1 5.5
UPTEX 170 21.7 20.7 22.7 6.7
Other 14 23.0 18.5 27.5 7.9

Overall, without considering the area, the majority of students had a sexist attitude (83.2%), while
the egalitarian attitude was only observed in two students with 1%, the adaptive attitude was recorded in
33 students, which represented 15.9% (Table 7).

Table 7
Number of students with the attitude towards gender culture
Variable Level Count Total Proportion p
Result Adaptive 33 208 0.159 <.001
Egalitarian 2 208 0.010 <.001
Sexist 173 208 0.832 <.001

Reliability

Reliability coefficients were highest at the relational and personal levels (r = 0.8 to 0.9) and lowest at the
sociocultural level (r = 0.4 to 0.6), with an overall correlation coefficient of 0.642 (Table 8).

Table 8
Correlation coefficients between the items and reliability for each of the scales

Sociocultural |  Relational Personal |  Overall
Coefficient Estimate SE Estimate | SE Estimate SE Estimate | SE
Coefficient @ 0.49 | 0.045 0.88 0.01 0.79 | 0.02 0.89 0.01
Coefficient a 0.42 0.08 0.88 0.01 0.76 | 0.03 0.83 0.03
Guttman's A2 0.60 0.05 0.89 0.01 0.79 | 0.03 0.86 0.03
Correlation between items 0.06 0.44 0.28 0.64
Mean 29.71 0.33 19.53 0.56 21.82 | 0.46 71.06 1.22
Variance 22.13 2.18 71.26 7.00 4411 | 4.34 30.80 3.03
Standard deviation 4.70 | 0.308 8.44 0.50 6.64 | 0.46 17.55 1.16

Regarding construct validity, the scale shows high saturation rates for all items in the principal
component, especially in the relational and personal scales, which had the highest Cronbach's o

coefficients, while the sociocultural scale had the lowest values.
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Table 9
Frequentist Individual Item Reliability Statistics for each scale

Coefficient o (if item dropped) Mean
Item Estimate Lower 95% CI | Upper 95% Estimate Lower 95% CI | Upper 95%
Cl Cl
Sociocultural
V1 0.279 0.073 0.484 2.649 2471 2.827
V10 0.542 0.434 0.650 4.231 4.075 4.386
V2 0.267 0.068 0.466 1.909 1.748 2.069
V3 0.302 0.119 0.484 1.769 1.625 1.913
V4 0.448 0.307 0.588 4.159 3.993 4.324
V5 0.361 0.190 0.531 1.841 1.693 1.989
V6 0.314 0.133 0.496 1.894 1.740 2.048
V7 0.485 0.353 0.617 4.529 4.398 4.660
V8 0.247 0.027 0.466 2.409 2.211 2.606
V9 0.493 0.369 0.617 4.322 4.165 4.479
Relational
V11 0.869 0.840 0.897 1.986 1.826 2.145
V12 0.881 0.855 0.908 2.779 2.589 2.969
V13 0.877 0.849 0.904 2.404 2.214 2.594
V14 0.872 0.841 0.903 1.832 1.650 2.013
V15 0.873 0.847 0.900 1.625 1.492 1.758
V16 0.865 0.834 0.895 1.856 1.694 2.017
V17 0.866 0.838 0.895 1.798 1.646 1.950
V18 0.873 0.846 0.900 1.433 1.311 1.555
V19 0.869 0.841 0.896 1.841 1.683 1.999
V20 0.867 0.838 0.896 1.971 1.795 2.147
Personal

V21 0.736 0.674 0.798 1.644 1.491 1.797
V22 0.714 0.644 0.783 1.582 1.450 1.714
V23 0.716 0.647 0.785 1.548 1.415 1.681
V24 0.717 0.645 0.789 1.865 1.718 2.012
V25 0.705 0.629 0.780 1.808 1.665 1.950
V26 0.710 0.638 0.783 1.817 1.668 1.966
V27 0.807 0.753 0.861 3.404 3.191 3.617
V28 0.721 0.653 0.789 1.798 1.640 1.956
V29 0.711 0.635 0.787 2.236 2.060 2.411
V30 0.820 0.768 0.871 4.115 3.930 4.301

Discussion

For more than two decades, the Economic Commission for Latin America and the Caribbean (ECLAC)
has integrated gender, feminist thought, and praxis into its scope of study. ECLAC's proposal focuses on
moving toward a care society; this implies equality between men and women, and the recognition,
redistribution, and reduction of care work within the framework of human rights and the commitments
assumed in the Regional Gender Agenda and the 2030 Agenda for Sustainable Development. At the same
time, equality between men and women is part of the United Nations (UN) 2030 Global Agenda for
Sustainable Development, which in its fifth objective proposes "achieving gender equality and
empowering all women and girls.” Therefore, it is essential to reaffirm the central role of the State in the
process of building the care society through actions aimed at the universalization of quality services, the
coordination and intersectoral nature of policies, financial sustainability, and co-responsibility (Gliezmes
et al., 2022). Gender equality has been addressed, and international treaties on women's human rights
have been signed, such as the Convention of the elimination of all forms of discrimination against women
and the Inter-American Convention on the prevention, punishment, and eradication of violence against
women (Fernandez Darraz et al., 2023).

One of the most important challenges facing Higher Education Institutions (HEIs) in Mexico, and
in almost every country around the world, is eradicating the gender inequality that still exists and is
reproduced within them. Since their origins, universities have historically been unfavorable spaces for
women, who for centuries did not even have the right to access this level of education (Ordorika, 2015).
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Several studies evaluate gender equity in educational institutions to understand the contribution
of education to promoting equal education and reducing the inequalities that still exist among citizens
(Diaz Garcia, 2025). In Argentina, educational reforms implemented in 1990 have created links between
education and work through inclusive programs that seek equality for young people from schools to the
labor market and adult life (Aparicio, 2008). Through the Federal Education Law (24.195), we sought to
reduce inequality in access to education based on people's economic, social, ethnic-cultural, and family
backgrounds. Generally, the wealthier sectors had greater opportunities to enter and remain in the social,
economic, and labor market. An empirical study revealed significant improvements in attitudes towards
science, as well as progress in gender equality, with the integration of music in STE(A)M, which fosters
positive and equitable scientific attitudes among students, highlighting the pedagogical value of the arts
to promote inclusion and improve future employability (Sepulveda-Duran et al., 2026).

Since 1990, Chile has developed plans and policies across various government sectors with the
aim of reducing gender-based gaps that impact women's lives and the development of society as a whole.
One of these gaps is found in higher education institutions, related to the horizontal gender segregation
recorded in enrollment (Fernandez Darraz et al., 2023).

In Cuba, the pursuit of permanent gender equity is translated into terms of justice, impartiality,
and social equality. The defense of equality between men and women in the control and use of goods and
services has been in the hands of the State through policies, services, and programs aimed at equal
opportunities (Serrano Lorenzo & Toledo Cabrera, 2016). Education, in general, has been viewed as one
of the necessary instruments to strengthen and ensure the growth and development of countries, as one
of the primaries means to achieve a democratic, participatory, and pluralistic society. Education has been
considered an essential human right, a fundamental element for the sustainable development of countries,
and an essential tool for citizen inclusion in social and economic systems (Contreras Tinoco & Alfaro
Beracoechea, 2026).

Although women are more likely to be enrolled in higher education in most countries, in Mexico,
coverage rates and the gender parity index (GPI) in education enrollment have not been homogeneous.
In 1997, coverage was the highest in Mexico City and the lowest in Chiapas, at 8.6%. However, in
Tlaxcala, the GPI was 1.09, favoring women in 2009. There is also disparity in the distribution of
enrollment by academic discipline or profession. The percentage of women in science disciplines was
41% and 57% in social sciences, business, and law. Engineering, manufacturing, and construction were
largely dominated by men in all countries (Ordorika, 2015). Some institutions have proposed gender
equity as part of their fundamental principles, established in their statutes and regulations; In addition,
they have formulated policies and guidelines to achieve equity and have created various organizations to
develop specific campaigns, programs, and policies for this purpose. In particular, many universities are
beginning to establish protocols and bodies to address complaints of discrimination, harassment,
bullying, and other forms of gender-based violence. One study have been conducted in secondary
education to address this problem, it presents an analysis of the relationship between gender equity,
school discipline and formative processes in high school students from two educational institutions
(private and public) of the Mexican Educational System (Espericueta Medina, 2026).

Unlike other studies, the men in this study show an Adaptive attitude in the sociocultural field,
while other studies indicate that women have this attitude more pronounced (Garcia Pérez et al., 2010),
an aspect that was contradictory and in this case men would have less stereotyped difference in the gender
role associated with tasks and care at home. An article analyzes this problem and proposes the design
and implementation of teaching strategies aimed at education with a gender perspective and the
promotion of a culture of equality in secondary school classrooms (Herrera Araiza et al., 2026).

Conclusions

It is concluded that, although the students participating in the study show a slight development toward
the adaptive phase in the sociocultural sphere, sexist stereotypes still prevail in the relational and personal
spheres, where the gender role is very important. Therefore, aspects of sexism and feminism continue to
be attitudes in the majority of students, both in high school and undergraduate levels. The sociocultural
aspect had a normal distribution, while the relational and personal scales had a strong inclination toward
values below 40, confirming the sexist attitude on both scales.
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Of the study variables, the most significant differences were between men and women. Men
displayed an adaptive attitude, while women had a sexist attitude in the sociocultural sphere. In the
relational sphere, both displayed sexist attitudes, although there were numerical differences between
them, the values did not exceed the threshold, and sexist attitudes occurred in the relational and personal
spheres. In terms of the number of students, the majority had a sexist attitude and only 15.9% had an
adaptive attitude. This suggests that it is important for higher education institutions to include a greater
emphasis on gender equality in their plans and programs, given that the results obtained show that
differences between men and women still prevail at the secondary and higher education levels.
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Abstract

The objective was to carry out a review of the value of the ecosystem services of the Tropical Ecosystem
of the Low Deciduous Forest (LDF) of the Yucatan Peninsula and its value as cultural heritage. A review
of scientific articles was carried out in the main search engines and those that met the search criteria were
used. Human activities have led to a high deterioration in the native vegetation of the Yucatan Peninsula,
as a result of the lack of knowledge of the great benefits that it provides to its inhabitants. The LDF
provides nutrients for livestock that produces animal protein for the population of the cities and in the
same way the hunting of wild species is used in rural communities, on the other hand, large areas are
deforested that are used for grain cultivation without knowing the consequences of this change in
vegetation. There are tree species in the LDF that have been exploited for use in furniture making,
construction or in the charcoal industry and the nutraceutical value of LDF species is not widely
disseminated in traditional human medicine and ethnoveterinary medicine for the control of parasitic
species that affect traditional livestock. The above must be done in a rational way to continue with the
benefit of its ecosystem services and not change the dynamics in this ecosystem of soils, water that can
even change air quality.

Yucatan Peninsula Ecosystem: Ecosystem Services and Cultural Heritage

Objective

To review the value of the
Tropical Deciduos Firest (TDF) in
the Yucatan Peninsula. focusing
on its ecosystem services and

Metodology

Systematic review of scientific
articles on TDFs Ecosystem
services and cultural significance.

Contribution

TDF provides food, medicine, and
resources, but faces threats from
deforestation and unsustainable
practices. Conservation initiatives

cultural heritage. are essential.
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negative effects

Resumen

El objetivo fue realizar una revision sobre el valor de los servicios ecosistémicos del ecosistema Tropical
de la Selva Baja Caducifolia (SBC) de la peninsula de Yucatan y su valor como patrimonio cultural. Se
realiz6 una revision en los principales motores de busqueda de articulos cientificos y se usaron aquellos
que cumplieron los criterios de busqueda. Las actividades humanas han propiciado un alto deterioro en
la vegetacion nativa de la peninsula de Yucatan, lo anterior producto del desconocimiento de los grandes
beneficios que ésta provee a sus habitantes. La SBC provee nutrientes para la ganaderia que produce
proteina de origen animal para la poblacion de las ciudades y de igual forma se aprovecha en las
comunidades rurales la caza de especies silvestres, por otro lado, se deforestan grandes extensiones que
son usadas para cultivo de granos sin conocer las consecuencias de este cambio en la vegetacion. Existen
especies arbdreas en la SBC que se han explotado para su uso en la fabricacién de muebles, construccion
0 en la industria del carbdn y no se difunde ampliamente el valor nutracéutico de las especies de SBC en
la medicina tradicional en humanos y en etnoveterinaria para el control de especies paréasitas que afectan
a la ganaderia tradicional. Lo anterior se debe realizar de manera racional para continuar con el beneficio
de sus servicios ecosistémicos y no cambiar la dindmica en este ecosistema de suelos, agua que pueden
cambiar incluso la calidad del aire.



Ecosistema de la Peninsula de Yucatan: Servicios Ecosistémicos y Patrimonio cultural

Objetivo

Se revis6 el valor de la selva baja
caducifolia (SBC) de la peninsula
de Yucatan, resaltando los
servicios ecosistémicos y
patrimonio cultural.

Metodologia

Se revisaron de manera
sistematica articulos cientificos
sobre los servisio ecosistémicos y
patrimonio cultural de la selva
baja cadufolia.

Selva Baja Caducifolia... &

g/if\

Contribucién

La SBC provee alimento, medicina y
recursos pero enfrenta problemas
de deforestacion y practicas no
sostenibles, las iniciativas  de
conservacion son indispensables.

Efectos positivos
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Introduccion

Natural ecosystems provide human beings with different services because of their conformation and their
diversity. These systems have been transformed into production systems, mainly livestock, to produce
animal protein and some others, such as the production of grains and, fodder, timber, among others,
without considering that this transformation reduces the capacity of ecosystems to provide us with other
types of benefits that are not always valued by society and that in the long term improve our quality of
life.

Among these ecosystem services, we can mention the contribution of ecosystems to the control
of the climate of the different regions and their fundamental role in the water cycle, which is vital for our
life. On the other hand, artificial grain production systems and livestock systems generate deforestation
processes. It is essential to consider that the social well-being and economic development of nations and
their most vulnerable communities are focused on the continuity of environmental services provided by
ecosystems and their biodiversity.

On the other hand, the 2030 Agenda for Sustainable Development has been oriented entirely
towards the conservation and sustainable use of natural resources and biodiversity protection. This
situation is reported in several parts of the world, and Mexico is no exception; since the expansion and
intensification of human activities have altered the ecosystems of vast terrestrial regions, this has resulted
in the loss of enormous areas that represent habitats for many species, in addition to altering their
distribution, their abundance and putting them at risk of extinction, which compromises the functionality
of many ecosystems.

The livestock section has contributed significantly to the change in land use since extensive areas
of natural pastures have been transformed into sites dedicated to cattle breeding. Agricultural and
livestock lands grew around 11.5 million hectares, extending to 26.4% of the national territory. On the
other hand, human activities such as air and maritime transport have increased the dispersal of invasive
species from different habitats, which has been considered the second cause of biodiversity loss in the
world (Mendoza-Alfaro & Kolleff-Osorio, 2014).


https://agua.org.mx/wp-content/uploads/2016/01/Especies-acu%C3%A1ticas-invasoras-en-M%C3%A9xico.pdf
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Due to the above, knowledge of the impact of these human activities on ecosystems is of utmost
importance in order to propose strategies aimed at reducing their impact through development models
and management alternatives that result in the knowledge and protection of the plant and animal
components of ecosystems, which allow them to give the tangible cultural value that these components
deserve to preserve their services in the long term and maintain them in the long term a better quality of
life for the inhabitants of these ecosystems. Therefore, this work aimed to review the value of the
ecosystem services of the native vegetation, Tropical Deciduous Forest (TDF), of the Yucatan Peninsula
and its value as ecosystem services and cultural heritage.

Methodology

A detailed search was carried out in the databases provided by the Autonomous University of Campeche
through CONRICYT, such as Ebsco, Elsevier, Springer and the Google Scholar search engine using as
keywords selection Yucatan peninsula, ecosystem services, use of land, native vegetation, impact of
human activities (livestock, crops culture and harvest forest), nutraceutical use of vegetation,
Ethnoveterinary, heritage value of ecosystem services, ecosystem services in mores, always using the
criterion of used in the field. Those articles that met the criteria established in the search were selected
for review, and those that contained relevant information were used for the review.

Results

A large diversity of articles and books published in the different integrators was found; however, only
those that provide a better understanding of ecosystem services, their high value and their little
understanding of each impact criteria analyzed were selected in this review to provide a better
understanding.

Ecosystem services

The literature divides ecosystem services into goods and services that can be consumed and are known
as tangible and non-tangible; however, for a better understanding, the Millennium Ecosystem
Assessment (2005) divides them into provision services, which are the tangible goods inherent to
ecosystems or that can be obtained from them, such as food, water, and wood, which are the basis of
human life. On the other hand, regulatory services or intangible goods are more difficult to recognize, so
they are given less importance since they have an action in the regulation of the environment, within
which people and their productive activities are immersed.

These include climate regulation, arthropod vectors of diseases, and processes such as soil erosion
caused by deforestation during the establishment of production systems (Table 1). On the other hand, in
this area, intangible services can also be found that fall into cultural, spiritual, or even recreational
services. Finally, Knowlton and Flaspohler (2018) also consider support services, such as the processes
essential for other ecosystems to function, such as water and nutrient cycles and biodiversity in
ecosystems modified and not modified by humans.

The use and care of ecosystem services are influenced by the level of knowledge of these services,
which are influenced by cultural conditions (there are ethnic groups that have a deep respect for nature
and its benefits), economic conditions: exploitation of natural resources by communities or companies,
and policies: negotiations on the use of these resources between entrepreneurs and political actors. On
the other hand, societies and communities may suffer from social or political problems when they
perceive that these ecosystem services are failing.


https://www.millenniumassessment.org/documents/document.356.aspx.pdf
https://www.researchgate.net/publication/328202031_The_quest_for_jatropha_biodiesel_and_sustainability_in_Yucatan
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Table 1

Ecosystem services, benefits to human life and associated ecosystem processes

Service Importance for human | Type of ecosystem | Ecosystem processes | Human activities involved in
well-being providing the | involved in the service obtaining the service
service
Food Providing Basic sustenance of | Meadows, Secondary productivity/ Removal of vegetation cover, Use of
derivatives of the production  species  and | enclosures, cutting | tertiary: transfer of chemical inputs, irrigation, machinery
animal husbandry economic resources pasture areas (add- | energy  from producers' | or organic  substitutes,  species

d Providing
derivatives of the
agriculture

Food Providing
derivatives of the
fishing

Food Providing
derivatives of the
aquaculture

ons
food), scrubland,
jungles, and forests

primary levels of upper trophic

introduction, selection
or genetic improvement

Agricultural field

Primary productivity:

Sunlight transformation

in plant tissue utilizing
photosynthesis

Cattle rearing on pastures, enclosures
or areas with coverage of vegetable
supplementation

Introduction of species, selection, or
breeding

genetic

Oceans,
ecosystems

(e.g. lagoons) and
aquatic ecosystems
Continental

Marine product Extraction
Wildlife, Ecosystem Management

Bodies of water
Natural & Man-
Made

Introduction of species,
pond construction,
establishment of farms,
Dietary Supplementation

Timber and
miscellaneous uses

Use in woodworking,
Construction & Wellness
economic

Forests and jungles

Primary Productivity

Extraction of individuals of size and
Commercial Species, Management
Forest

Firewood and | Power Source Forests, jungles, Primary Productivity Extraction
charcoal shrubland,
mangroves,
deserts
Various fruits, | Foods All ecosystems Maintenance of the Extraction, species management,
nutraceuticals, medicines, materials of the country biodiversity and Ecosystem Management
floristic resources Construction Populations of useful species
Economic resources
Cultural Significance
(present or future)
Water Basic sustenance, Terrestrial Interaction between patterns Dam construction, water system
(quantity and | Productive activities ecosystems and climate, vegetation, soil and Irrigation/Sewerage, Water
quality) (agriculture, industry), inland aquatic | Hydrological Cycle Processes | Management
How the Ecosystems. areas, Basins
Oceans & | Chemical and physical
Regulation of Atmosphere Interactions Reduction in the release of
concentrations of and biological ecosystems pollutants, maintenance of
pollutants and aquatic and terrestrial Ecosystems and processes
organisms that are harmful to
human health and that of the
ecosystem
Regulation Regulation: All ecosystems of | Biological interactions | Maintenance of biodiversity,
pests, Pollinators in the country between management of individual species,
Vector cash crops. agencies and with the ecosystem management,
diseases Regulation: Pests and abiotic components of Species Introduction
and the Vectors diseases; control ecosystems: mutualism
pollination biological organisms harmful (pollination), competition,
predation, maintenance
Regulation Maintenance of the Terrestrial Interactions  between  the | Biodiversity Maintenance
of erosion soil, cycle moderation ecosystems of the | vegetation and macro and soil | soil, vegetation cover, and processes
hydrological, support | country microorganisms that keep this
physical for plants, retention, and its functions
and availability of nutrients
processing
waste and matter dead
organic, maintenance of the
soil fertility, and cycle
regulation nutrient supply
Regulation Regulation  of  harmful | Atmosphere and | Interactions between the | Reduction of emissions of pollutants
of quality pollutants for health and the | all the terrestrial | atmosphere and its | and management of Mulch
of the air visibility ecosystems, components, the earth, and its
aquatic and marine | type of
coverage, and activities
Services Safety, beauty, spirituality, | All ecosystems Evolution throughout the time | Maintenance of biodiversity and the
Cultural recreation of the country and space of the interaction | country's ecosystems,

cultural and social culture for
the populations

between humans and

ecosystems

knowledge maintenance, and

perceptions

Source (Balvanera et al., 2009)


https://ri.ibero.mx/xmlui/bitstream/handle/ibero/6400/GSA_Cap_03.pdf;jsessionid=74A435F8269994283E5A5EDD46025AEA?sequence=1
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Yucatan Peninsula's Tropical Deciduous Forest (TDF) provides ecosystem services.
Products obtained from TDF or processing: Miscellaneous crops

Convert the TDF area to fields to produce maize or other crops for human or animal food. Small-scale
agriculture has some negative effects by dividing the deciduous lowland forest and allowing natural
disasters, such as hurricanes, to further fragment this type of forest. In addition, it allows hunting
pressures to diminish local fauna in different areas of the peninsula. These activities affect biodiversity,
biomass, soils and forest structure (Lawrence et al., 2004).

Throughout the Yucatan Peninsula, indigenous communities practice different grain production
systems, which have been preserved for thousands of years; the most widely used planting system is the
milpa, in which different varieties of corn, beans, squash and other vegetables are planted. In addition to
using fruit trees and conserving the species, it helps maintain the ecosystem and reduce the risk of climate
change (Varns et al., 2018). However, this subsistence planting has been replaced by large-scale
plantations, and the Yucatan loses around 80,000 hectares of forest per year, mainly to establish pastures
for cattle ranching and medium and large-scale agriculture, in addition to losses caused by forest fires
(Varnsetal., 2018). The growing demand for food to achieve food security has brought changes in TDFs;
for example, the intensification of production in Chile has fragmented the forest due to the combination
of techniques such as burning and long-term crops. Consequently, these practices favour species invasion
and could increase plant pests and diseases (Lawrence et al., 2004).

The use of land for agriculture affects the diversity of the local fauna. On the one hand, some
species are permanently eliminated from agricultural areas because they live specifically in the forest as
monkeys and felines (Tovar et al., 2009), while others of the generalist type adapt to changes and increase
their population due to variations in vegetation and others decrease is due to the change in vegetation, to
the change to secondary vegetation that offers alternatives which are included in their diet (Garcia-
Escalona, 2003). Using the forest for agriculture reduces biotic diversity, and the region's carbon storage
appears to reduce carbon capture in the future due to the proven effect of milpa burn management on the
regenerative capacity of forests and long-term soil productivity (Miller et al., 2001).

The recovery of disturbed areas is a slow process that involves several stages; the structure of
vegetation in disturbed areas undergoes a process of change, initially: it starts with a secondary forest
with a large number of stems that represent more than 50% of the available biomass up to 10 years. In
mature forests, the stems represent only 15% of the total biomass, and this process continues until the
forest reaches maturity after 25 years. However, most of the areas in use do not reach this time before
being used again because it is difficult to have undisturbed forest areas (Lawrence et al., 2004).

Products obtained from the TDF or its processing: Livestock

It is important to know the impact of livestock production systems since they occupy about 20% of the
earth's surface, specifically the production of ruminants, which produce greenhouse gases, require a large
amount of land and leave a carbon footprint greater than any other type of production and that is expected
to continue growing in the future (Tilman & Clark, 2014). Balancing food production and ecosystem
conservation is paramount when planning biodiversity conservation so as not to affect climate change
(Ekroos et al., 2016). In this sense, land sharing, wildlife-friendly production systems, and low-yield
agriculture are preferred to respect ecosystems (Mastrangelo & Gavin, 2012).

The Yucatan Peninsula has a large area dedicated to cattle raising, and since the 20th century,
livestock has beenne of the dominant production systems (Busch & Vance, 2011). Cattle production has
become the largest land use in the Yucatan Peninsula, and food is obtained from livestock products such
as meat and milk from cattle, sheep, goats, and the labour force of species such as horses. Some reports
even suggest that 72% of Yucatan is used for cattle ranching (Garcia & Contreras, 2011). A severe impact
on ecosystems is fragmentation, which is the process by which land is separated to produce different
types of products, such as grains or grasses of different types to support livestock production, which is
fostered by conditions such as land tenure, environmental conditions, and production activities
(Chakravarty et al., 2012).
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On the other hand, the impact of livestock depends on the type of management it has since there
are different types of production with greater or lesser impact (Thornton, 2010). In Yucatan, traditional
agriculture is replaced on a large scale by pastures for cattle feed (50% of the total deforested land). On
the other hand, this change is subsidized by the government, and farmers usually use these incentives to
live and produce (Varns et al., 2018). Tizimin, in the state of Yucatan, is a clear example of the functions
of ecosystem services that provide material for animal feed. According to Fernandez-Concha et al.
(2010), the main land cover in Tizimin is pasture for cattle ranching, followed by sub-deciduous forest.
The latter is because, since the 70s, there has been a conversion from dry deciduous forests to pastures
for cattle ranching. The consequence of this conversion of deciduous lowland forest is the growth of new
plant communities, such as grasslands and shrubs (Knowlton & Flaspohler, 2018).

Box 2

Figure 1

Goats browsing in the Low deciduous forest in Mérida, Yucatan Mexico.
Source [Dr. Pedro G. Gonzalez-Pech]

Products obtained from the intact TDF: wild game animals

Food is obtained from wild species such as deer, wild boar, ocellated turkey, and armadillos. The low
deciduous forest of the Yucatan Peninsula has a wide variety of species of animals used for self-
consumption, which are cultivated or obtained through hunting, which is at risk due to human activities
such as cattle ranching, urban development and overexploitation by the Use and trade of wild species
(Selem-Salas et al., 2021). Game species represent a source of protein for families in rural communities
since, in most cases, they do not have sites dedicated to the sale of food or do not have the necessary
economic resources to buy it, which represents a real value (Asprilla-Perea & Romafa-Romana, 2022).
It is known that the inhabitants of rural communities know the behaviours of the local fauna, from which
they feed and obtain different satisfactions (Chablé-Pascual et al., 2015). It is essential to know how the
interactions and ecosystem services that rural communities obtain from the TDF take place to highlight
the importance of the TDF and its conservation. In this sense, Barranco-Vera et al. (2023), in their study
carried out in two rural communities of the Yucatan Peninsula, report that these communities have in
their stock 28 species of animals that they consider essential for their way of life; of these 11 they grow
in their family gardens, while 17 are harvested directly from the TDF, mammals are the most important,
followed by birds and reptiles; Among the species grown in the orchards, the most important are the
chicken, the dog, the pig, the turkey, the sheep and the cow, either for their meat and eggs in the case of
the birds, while the dog is kept for protection, company and help in hunting. On the other hand, these
same authors mention that from the TDF, these communities obtain native species such as white-tailed
deer (Odocoileus virginianus), the most mentioned in the applied survey, as well as ocellated turkey
(Meleagris ocellata), peccary (Pecari tajacu), rabbit (Sylvilagus floridanus), quail (Cuniculus paca),
among others Table 2.
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Fauna from family gardens and wild species harvested in rural communities of the Baja Deciduous

Forest of the Yucatan Peninsula

Fauna of Family Orchards Name (Maya) Uses
Gallus gallus domesticus Linnaeus, 1758 Hen (Kax) F, S, Md, C
Canis lupus familiaris Linnaeus, 1758 Dog (Pek’) M, L, N, P
Sus scrofa domestica Linnaeus, 1758 Pig (K'ek'en) F,C, S, Md
Meleagris gallopavo Linnaeus, 1758 Turkey (Ulum) F,.C S
Anas platyrhynchos domesticus Linnaeus,1758 Duck (Kuts) F, M, S, Md
Bos taurus Linnaeus, 1758 Cow-Bull (Wakax) F,S, Md
Felis catus Schreber, 1775 Cat (Mis) M, L
Ovis aries Linnaeus, 1758 Sheep (Taman) F, Md, S
Capra aegagrus hircus Linnaeus, 1758 Goat (Yuk) N
Columbia livia Gmelin, 1789 Pigeon (Ki'tzutzuy) F
Equus caballus Linnaeus, 1758 Horse (Tsimin) M, L
Wild Fauna
Odocoileus virginianus Zimmermann, 1780 White-tailed deer (Keh) R,S,Md,N,C, T, F
Meleagris ocellata* Cuvier, 1820 Ocellated Turkey (Kutz) F, S
Pecari tajacu Linnaeus, 1758 Peccary (Kitam) F, Pr
Sylvilagus floridanus J. A. Allen, 1890 Rabbit (T'ul) F, M, S
Colinus nigrogularis Wagler, 1830 Quail (Bech') F
Cuniculus paca Linnaeus, 1766 Lowland paca (Haleb) F
Ctenosaura similis* Gray, 1831 Iguana (Huh) F,C, Pr
Ortalis vetula Gould, 1843 Chachalaca (Bach) F
Procyon lotor Linnaeus, 1758 Raccoon (K'ulu®) F, Pr
Apis mellifera Linnaeus, 1758 Bee F, S
Nasua narica Linnaeus, 1766 Badger (Chi'ik) Pr
Mazama sp. Merriam, 1901 Deer Temazate (Yuk) F, Md
Crotalus tzabcan Klauber, 1952 Rattlesnake (Ahaw kan) F, Md
Dasyprocta punctata Gray, 1842 Sereque (TsUp) F, Pr
Dasypus novemcinctus Linnaeus,1758 Armadillo (Wech) F, Pr
Orthogeomys hispidus Le Conte, 1852 Pocket Ghoper (Ba) F, Pr
Trachemys sp. Turtle (Aak) F,M

F = food, C = ceremony, T = tool, L = help in work, M= pet, Md = medicine, N = narratives, O = ornament-decoration, P
= protection, Pr = harmful, S = sale. *Threatened species according to NOM-059-SEMARNAT-2010 (Secretaria de Medio
Ambiente y Recursos Naturales (SEMARNAT), 2010) .

Source (Barranco-Vera et al., 2023)

On the other hand, Barranco-Vera et al. (2023) calculated the use-value index using the formula
proposed by Phillips (1996). When calculating this index, they report that for the inhabitants of these
communities, the hen has the highest use value with 0.92 and 0.80 for the communities and with the
highest use value index. At the same time, in the species harvested from the TDFs, the white-tailed deer
showed the highest use value index with values of 0.92 and 0.72 for Sahcab4 and Sanahcat, respectively,
with up to seven uses recognized by the inhabitants. These authors highlight that food use was the primary
Use for garden species and TDF, of which meat is the main use, followed by chicken eggs. Likewise, the
medicinal Use is significant since the by-products of the species grown and harvested in the TDF are
used to treat various ailments such as headaches, malnutrition and respiratory disorders. It is essential to
mention that although in the work of Barranco-Vera et al. (2023), the inhabitants do not get a glimpse of
the problem of scarcity of wild species due to overhunting, government institutions have already
catalogued some of these as endangered.

Products obtained from the intact TDF: Timber or biofuel:

Use of TDF timber products for furniture manufacturing and the construction industry (Cabral &
Odriozola, 2026). In Mexico, forestry activities represent significant potential due to the extent occupied
by forests and jungles and their importance for rural communities' social and economic development. Of
the total national territory (196,437,500 ha), 553 thousand hectares (28%) have timber forest use
(Mendoza & Del Angel-Perez, 2002) and have resources that have turned out to be an important source
of economic income for families in the ejidos and communities; in addition to providing them with food,
medicinal plants, construction materials and fuel.
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Forest plant products have many other uses. Hardwoods such as jabin (Piscidia piscipula) and
precious woods such as mahogany (Swietenia macrophylla) and cedar (Cedrela odorata) are used in the
construction of houses and furniture. The leaves of the guano palm (Sabal yapa) are widely used in the
construction of houses, mainly among the Mayan population. These materials are also marketed between
local and foreign inhabitants. Obtaining firewood for family consumption is another important use of
forest species. They use species such as the chakte' or beam (Caesalpinia violacea) and the granadillo
(Platymiscium yucatanum). Ramon (Brosimum alicastrum) is used as feed for cattle and backyard cattle.
In addition, it was recorded in the field that, in the ejido of San Felipe I, the production of pan de ramén
uses the ejido house of San Felipe Il as a production centre (Comision Nacional de Areas Forestales
Protegidas (CONANP), 2007).

Products obtained from intact TDF as nutraceuticals: medicinal plants

The animals can choose from a diversity of plant species from the TDF of the Yucatan peninsula that
allows them to meet their nutritional requirements and, at some point, use these plant species' medicinal
potential. The studies were carried out throughout the year and were divided for a better understanding
into the dry season, where it was observed that small ruminants consume around 33 species of plants
from the TDF, of which 13, due to their botanical classification, could have nutraceutical potential.
During the rainy season, small ruminants consumed 61 plant species, of which 12 have been documented
to have nutraceutical potential (Gonzalez-Pech et al., 2015; Ventura-Cordero et al., 2019) (Table 3).

Table 3
Plants with nutraceutical potential are consumed by small
ruminants in low deciduous forests throughout the year

Plant species Time of year
Rainfall | Dry

Acacia pennatula

Acacia collinsii

Cordia alliodora
Diospyros anisandra
Eragrotis amabilis
Gymnopodium floribundum
Havardia albicans
Leucaena leucocephala
Lysiloma latisiliquum
Mimosa Bahamensis
Neomilspaughia emarginata
Piscidia piscipula
Viguiera dentata

Chloris inflata

X
X
X

XXX XX XX XXX XX

XXX XXX XXX X

Source (Gonzalez-Pech et al., 2015; Ventura-Cordero et al., 2019)
Use of plant extracts with anthelmintic (AH) potential

During browsing, herbivores consume nutrients and plant secondary metabolites (PSMs). These
compounds are considered secondary to the plants that produce them and function as herbivory
deterrents, i.e. they make these plants less palatable to browsing animals either by being toxic or by
reducing the digestibility of the plants (lason & Wieren, 1999). One of the most widely distributed PSMs
in the plant kingdom is tannins, which are divided into hydrolyzable and condensed, aversive to
herbivores, and toxic at high concentrations (Mueller-Harvey, 2006). However, it has been found that
certain doses can have beneficial effects on animal nutrition and health, and one of the most studied
concerns is their AH properties (Hoste et al., 2012). On the other hand, because of their secondary
metabolites, parasitized animals can select certain plants, which have action at different levels on parasite
biology and thus reduce the harmful effects of parasites (De Roode et al., 2013).
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In vitro tests are a way to know the AH potential of plants (Jackson & Hoste, 2010); in this sense,
the larval stages of nematodes (larvae L3) can be affected by PSMs, for example, the process of
unsheathing, necessary for the larvae to penetrate the mucosa of their hosts (Brunet & Hoste, 2006),
proteins that are a constituent part of the larval sheath or enzymes related to the larval ecdysis process
are a key part of the action of tannins, which is suspected to be related to the ability of tannins to bind to
proteins (Hoste et al., 2012). In this study, the role of tannins on larval development inside eggs (ovicidal
activity) and larval hatching was validated by using different plant extracts and a tannin blocker and the
effect was evaluated. Leaf extracts of tannin-rich plants were used: Lysiloma latisiliquum, Laguncularia
racemosa, Rhizophora mangle, and Avicenna germinans. In addition, extracts of agro-industrial by-
products, Coffea arabica and Theobroma cacao were tested. These products were ground and mixed with
acetone:water to extract the tannins to determine their AH effect; the following bioassays were used:
Larval hatching inhibition assay, Egg hatching assay, and Larval migration inhibition assay.

In the case of the larval shedding inhibition test, this study reports that all extracts (plants and by-
products) show a significant dose-dependent AH effect from 600 pg/ml to 1200 pg/ml and the Use of the
tannin-blocking agent polyvinylpolypyrrolidone restored the level of larval shedding, which confirms
the effect of tannins in effecting the biological process of nematodes. L. racemosa plant extracts showed
a highly significant dose-dependent AH result, while A. germinans and L. latisiliguum showed a
significant dose-dependent effect in the egg hatching assay; these plant extracts' effects were shown at
2400 and 3600 pg/ml concentrations. In the case of agro-industrial by-products, T. cacao showed a dose-
dependent effect at concentrations of 1200 to 3600 ug/ml, while C. arabica showed no effect at any
concentration.

During the development of the larval migration inhibition assay, it was recorded that no plant
extract showed a significant AH effect at any concentration. In contrast, in the case of agro-industrial by-
product extracts, T. cacao showed a significant dose-dependent AH effect. The above shows that to
evaluate the AH potential of plant extracts and agro-industrial by-products, larval development and egg
hatching inhibition assays can be used as tools to choose plants to be tested in vivo assays with animals
from different grazing production systems, in vitro assays can be used as screening tests.

Use of plants as nutraceuticals

Many of the plants that animals consume in production systems with crop biodiversity can be considered
nutraceuticals, i.e. in addition to their nutritional potential (energy, protein), they have secondary
compounds that can be associated with improving the health of the animals that consume them
(bactericidal, fungicidal, antiparasitic action). Therefore, in production systems, using a diversity of
nutraceutical and non-nutraceutical crops could bring an economic benefit to producers because it would
allow animals to meet their nutritional requirements better and, at the same time, exploit the medicinal
potential of consuming nutraceutical plants. Various works have been done with plants to explore their
possible use as nutraceuticals.

They have been used in different forms: leaves, leaf meal, pods, fruits and agro-industrial by-
products, to name a few examples. Thus, Martinez-Ortiz-de-Montellano et al. (2010) evaluated the
nutraceutical activity of L. latisiliquum foliage in artificially infected sheep; this foliage was previously
used in vitro tests. The results with this foliage showed an effect on the parasites' size and in utero eggs.
Another experiment, using hair sheep fed Havardia albicans foliage infected with the Haemonchus
contortus parasite, showed that, despite reducing the digestibility of the foliage-fed group, there was a
58.8% reduction in gastrointestinal nematodes, and this effect was attributed to the presence of the
polyphenols (Méndez-Ortiz et al., 2012).

A more recent experiment using hair sheep fed a whole-grain diet containing different levels of
Gymnopodium floribundum (GF) and infected with H. contortus determined the nutraceutical value of
GF through its effect on consumption, digestibility and parasite load in sheep infected with H. contortus.
To achieve the above, it was decided to use the methodological steps proposed by Hoste et al. (2015) for
in vivo evaluation of a nutraceutical plant including: (i) the plant must be food with acceptable nutrient
content and apparent in vivo digestibility, (ii) the host must readily consume the plant, (iii) the plant must
be confirmed to have active secondary metabolites, and these must have confirmed AH activity in vitro,
(iv) the plant's PSMs must have little or no negative impact on animal production, (v) measurable in vivo
AH activity must result from consumption of the plant.
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The results showed that GF decreased the parasite load, reducing the number of females present
when this plant was included in the whole animal diet by 40%. No effect of GF on dietary dry matter
intake was observed. However, the 40% GF diet had a lower digestibility (Méndez-Ortiz et al., 2019).
Likely, a fraction of the condensed tannins (CTs) from G. floribundum interacted with dietary proteins,
causing a reduction in digestibility (Waghorn, 2008). On the other hand, CTs could have a direct AH
effect against H. contortus females, as reported by Martinez-Ortiz-de-Montellano et al. (2010). G.
floribundum can be considered a plant with nutraceutical value because it presents an acceptable
consumption by sheep, a medium protein quality, a high TC concentration, and its AH effect on H.
contortus. However, it slightly reduces the digestibility of the diet. Therefore, the consumption of G.
floribundum seems to be a trade-off between reducing the worm burden of H. contortus despite the lower
digestibility of the diet.

In addition to the AH effects found in plants with nutraceutical potential, other beneficial effects
have been reported, such as (i) protein overshooting, i.e. binding of tannins to feed proteins preventing
their degradation in the rumen and making this available for absorption in the small intestine (Rahman
et al., 2015) (ii) reduction of nitrogen excretion in urine resulting in a reduction of the energy cost for
urea synthesis (Somda et al., 1995); iii) in animals consuming nutraceutical plants there is a reduction in
methane concentrations due to the decrease in protein available for fermentation bacteria (Carulla et al.,
2005); iv) reduction of the adverse effects of excess protein.

The latter has been observed through a meta-analysis where the effect of different plants with
condensed tannins on consumption and daily weight gain of sheep was studied, in which it was observed
that animals with good quality diets (high concentration of protein and energy) and the presence of
condensed tannins presented better weight gain than animals with good quality diets without condensed
tannins (Méndez-Ortiz et al., 2018). It is important to mention that the secondary metabolites present in
nutraceutical plants, due to their nature, may cause a reduction in the digestibility of the diet. However,
it is a cost-benefit that the animal chooses to reduce the harmful effects of parasites and improve its
health.

Ecosystem service related to water dynamics: water cycle. Traditions

Water is essential for life, and the functioning of societies, as it is used for food production, and the
ability to use, protect and regenerate it has a direct impact on the development of societies; therefore,
raising the standard of living has a direct impact on water consumption (Huang et al., 2013). There is a
relationship between society and the amount of water extracted to meet its needs, without thinking about
its role in the maintenance of the ecosystem and the functioning of natural cycles (Perevochtchikova,
2013). The sustainable use of groundwater requires a holistic vision where all parties, such as
government, productive sector and society, are involved in the economic development of the regions, but
also in the protection of the environment and its ecosystems since water systems are associated with
ecosystems as well as societies (Klgve et al., 2014).

The water cycle can be analyzed as the flow of water between the metabolism of a region so the
input and output of the system can be linked to the amount of water that leaves and enters the region
from the point of view of a water balance, this primary metabolism is based on the reproduction of
resources: water, air and biomass of plants and animals, ensuring the satisfaction of current needs and
the preservation of resources (Rodriguez-Huerta et al., 2019). The Yucatan Peninsula, according to
CONAGUA, is located in Region XII, which is divided into four hydrographic regions: Grijalva-
Usumacinta, West Yucatan, North Yucatan and East Yucatan and has an average annual rainfall of 1100
mm (Instituto Nacional de Estadistica Geografia (INEGI), 2015). The soil has a high filtration capacity,
and there is no sewage collection system in cities and rural communities, an efficient sewage system, and
low efficiency or no water treatment plants (Diario Oficial de la Federacion, 2015). In addition, industries
such as poultry and pork consume enormous amounts of water, and the grain production industry uses
many pesticides and fertilizers that pollute the waters (Batllori Sampedro, 2016). To ensure the water
balance, Rodriguez-Huerta et al. (2019) calculate that the maximum amount of water that can be
extracted from the aquifer is 7926 hm?®year, which corresponds to the annual recharge that enters the
aquifer, which implies that by 2018, 56% of the maximum available is already being used. Of this
consumption, the primary sector of grain and livestock production consumes 56% of the region; Industry
and other services consume the remaining percentage.
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Regarding the metabolic rate of water in the Yucatan Peninsula, 5000 m3/person per year is
consumed, which exceeds what the World Water Assessment Programme (2012) suggests. However, this
increase is notorious for the increase in tourism investment in Quintana Roo. The demographic and
economic growth of the peninsula in recent years has caused tension in ecosystem services, and the
change in ecosystem services should be valued. Water management and prioritizing conservation over
economic growth (Rodriguez-Huerta et al., 2019). In 2016, the goals to avoid climate change were
established, based on the climate change agreements of 2010; with the Peninsular reducing emissions
from deforestation and forest degradation in developing countries plus project, a commission was
established that promotes aligning strategies to improve production in the rural environment, reduce
climate change, conserve biodiversity and take care of water resources, which are thought to need a high
degree of attention at different levels of government, the private sector and society in general (Varns et
al., 2018). The federal government grants subsidies for environmental protection, and the CONAFOR
(National Forestry Commission), since 2003, pays subsidies for ecosystem services to ejidos or
landowners to conserve the forest to conserve biodiversity, water and carbon, among others; these
payments promote comprehensive actions to achieve sustainable economic development with
environmentally friendly production activities, that seek to reduce climate change (Comisién Nacional
Forestal (CONAFOR), 2023).

Cultural or traditional services are defined as the non-material benefits obtained from the
ecosystem and include aspects such as cultural diversity, spiritual and religious values, aesthetic values,
cultural heritage values, with which the Yucatan Peninsula counts, the Mayan religion is based on nature,
for example, its story about creation, myriad of gods and Mayan spirituality are closely linked to the
elements of nature in which a great diversity of plants and animals are included (Barrera-Bassols &
Toledo, 2005). For the Maya, humans are connected to all the elements that surround us, such as other
humans, plants, animals and soil; therefore, we depend on these elements for food, water, medicine and
the sustainable use of the land and its resources (Barrera-Bassols & Toledo, 2005). The inhabitants of
the Yucatan Peninsula use the flora for their spiritual and cultural needs, manifesting in the relationship
between humans and plants in the natural environment.

The same happens in the Yucatan Peninsula, where the Mayan people use different parts of plants,
such as stems, leaves, flowers, and bark, in their protection ceremonies as offerings to the deities
(Herrera-Flores & Gotz, 2014), on the other hand, the plants are selected based on the symbology they
represent for each of the rituals, so they have historical, cosmological and mythological value; their uses
range from appeasing the gods, rituals associated with fertility and agricultural production, and political
rituals (Morehart, 2011). These plants include corn, beans, squash, hot chilli peppers and tree species
such as avocado, habin, copal and cacao, as well as species such as peralejo (Byrsonima crassifolia) and
enzyrocardio palms (Attalea cohune) (Morehart, 2011). The latter highlights the high value of native and
cultivated species, which are still preserved today, in the traditional ceremonies of the Mayan area
inhabitants.

Ecosystem services related to air quality: changes in air quality

The impact of native vegetation changes when TDF is removed, or its population structure changes. The
Yucatan Peninsula has a great variety of flora within which endemic species are found; it presents a great
diversity of forests such as the decidua, semi-green and evergreen and is one of the largest in Latin
America, as well as other types of vegetation such as coastal dunes, mangroves among others (Flores &
Espejel, 1994). The increase in human activities results in the destruction of habitats and the different
species found there, among which we can name some endemic species within which SEMARNAT (2010)
reports 40 native species of the peninsula that are legally protected, within which seven are considered
endemic species.

Although 198 endemic species are reported for the Yucatan Peninsula, these plants provide
regulatory ecosystem services that modulate the environment as they regulate air and water quality since
the terrestrial ecosystems of the peninsula protect and help regulate one of the largest karst aquifers in
the world, protect against floods, drought (Rada et al., 2015). Regarding the air quality of the Yucatan
Peninsula, Golub (2014) reports annual particulate matter with a diameter of less than 2.5 microns
(PM2.5) values with an average of 7.3 pug/m3, so it is assumed that there is no health risk. However, it
can be noted that 70% of the population living in cities is exposed to PM2.5 values associated with health
problems; thus, some deaths can be associated with air pollution in large cities.
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Between 2002 and 2011, the states that lost their natural vegetation the fastest were Chiapas
(0.69% per year), Jalisco (0.68%), Yucatan (0.62%), Sinaloa (0.62%) and Aguascalientes (0.48%). Most
of the regional or state-level ecological ordinances decreed are located in the centre of the country, the
Yucatan Peninsula and the north of the Baja California peninsula. The tourism and urban development
sectors have played a decisive role in these regulations. In the case of both peninsulas, through the
regulations, it is intended not only to conserve the environment but also to be a focus of development
and attraction of tourist activities that improve the quality of life of local communities while preserving
the beauty of the landscape. The latter implies the participation of other sectors oriented towards
ecological preservation and productive activities, such as agriculture, fishing and forestry (Secretaria de
Medio Ambiente y Recursos Naturales (SEMARNAT), 2018).

The role of women using ecosystem services

Mayan communities adapted milpa systems to work with the weather and adapt to climate extremes to
allow socio-environmental resilience to these systems, but there is a drive through public policies to make
these areas more profitable. Pesticides are used to make the milpa areas more profitable in the breast milk
and are linked to breast and uterine cancers in Mayan women (Méndez-Lopez et al., 2022).

Home gardens provide a small income source for women. Very few women have agricultural
endowments, but they do a lot of the work on the plots, although a lot of this work is invisible and not
well quantified. Women mostly manage poultry on plots. When women work on the plots, there is a
higher diversity of plants planted, higher maize and squash genetic diversity and a higher number of
plants planted for consumption. Women seem to prefer local squash varieties (a Yucatec diet staple)
(Blundo Canto, 2014).

The type of natural resource knowledge taught to children depends on their gender. Salt
harvesting and weed clearing are jobs done more by women. While weed clearing, women will teach
children to identify edible and non-edible plants. Women have lower access than men to natural
resources, and since they are not taught about these things, they have lower cultural capital (Castillo-
Burguete et al., 2019).

Some women are part of women's groups that participate in conservation activities, but women's
participation in these groups depends on approval by the husband and the economic status of the family.
The conservation activities of these groups depend on their ability to obtain land and often require
external funding. Conservation activities are often seen as a means to an end to improve agricultural
yields rather than as being of value in their own right. Women often join these groups for societal
interaction and to increase social capital (Radel, 2005).

Behavioural barriers such as societal norms limit women's participation in reducing emissions
from deforestation and forest degradation activities. Women prefer to undertake traditional activities, but
natural resource programmes offer women important empowerment opportunities. Fewer women receive
subsidies for forest management than men. Less than 20% of landowners with rights over decision-
making on the land are women and the majority of these are older women who inherited the land from
their husbands and thus are less able to work on the land. Additionally female, headed households have
higher levels of poverty and lower educational levels. Women's differential resource and environmental
useake them more vulnerable to external events such as environmental influences (Siegmann & Afif,
2018).

Conclusions

The Yucatan Peninsula has a wealth of flora and fauna used by the local inhabitants as food and for their
traditions, as well as an area of land that allows its exploitation and, in most cases, focuses on the
economy without considering the ecosystem services that are difficult to perceive. Many hectares are lost
because large amounts of land are cleared for cattle ranching and agriculture. However, through the
review of the Conservation of Agriculture and Livestock Farming, it was found that there are initiatives
that seek the care and preservation of this ecosystem that provide enormous benefits to its inhabitants not
only by ecologists and scientists but also by the Ministry of Agriculture. However, different international
and local organizations working together seek to rescue this ecosystem, home to a large amount of flora
and fauna and a large reserve of water and coal.
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There are initiatives at the local level, such as the accompaniment of producers from the different
production systems for sustainable use; at the state level, work is being done on policies to protect the
peninsular ecosystem; tripartite initiatives, such as the MexicoRED alliance in the Yucatan Peninsula,
which commits the states of Yucatan, Campeche and Quintana Roo to the conservation of the ecosystem.
The latter includes payment for ecosystem services and the management of protected natural areas, as
well as funding for research to mitigate environmental damage.
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AH anthelmintic

C ceremony

CONAFOR Comision Nacional Forestal

CONAGUA Consejo Nacional de Ciencia y Tecnologia
CTs condensed tannins

F food

GF Gymnopodium floribundum

L help in work

M pet

Md medicine

N narratives

0] ornament-decoration

P protection

Pr harmful

PSMs plant secondary metabolites

S sale
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Abstract

Higher education in southern Mexico faces socio-environmental vulnerability, territorial inequality, and
rising demand for sustainable and regenerative tourism professionals, requiring socioformative
approaches and academic mentoring aligned with the Sustainable Development Goals and regional
needs. Objective: This study designs and implements an integrative Learning Unit linking tourism,
environment, and socioformative mentoring to strengthen comprehensive higher education training.
Methodology: A qualitative Participatory Action Research approach was applied between September
2023 and December 2024 at the Autonomous University of Guerrero, through contextual diagnosis,
collaborative curricular design, and pilot evaluation using interviews, document analysis, workshops,
field observation, and a competency-based rubric. Results: Results show strong student acceptance of
active, situated learning, improved critical thinking, territorial awareness, and sustainability
competencies. Mentoring enhanced motivation, self-regulation, and professional orientation, while dual
education reinforced theory—practice integration. Conclusions: The model is viable, replicable, and
context-sensitive, fostering transformative learning and supporting equitable territorial development in
southern Mexico within higher education tourism programs globally.

Learning Unit: Sustainable tourism and socio-formative mentoring

Objetive Methodology Results Conclusions
Design and implement Qualitative research Critical thinking Viable and replicable mode
Integrated Learning Unit Participatory action Integration of theory-practice Contextualized training
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Resumen

La educacion superior en el sur de México enfrenta vulnerabilidad socioambiental y desigualdad territorial, ademas
de demanda de profesionales en turismo sostenible y regenerativo, lo que exige enfoques socioformativos y
mentoria académica alineados con los Objetivos de Desarrollo Sostenible. Objetivo: Disefiar e implementar una
Unidad de Aprendizaje que articule turismo, medio ambiente y mentoria socioformativa para fortalecer la
formacion integral. Metodologia: Se aplicd Investigacion Accion Participativa cualitativa entre 2023 y 2024 en la
Universidad Autonoma de Guerrero, mediante diagnostico contextual, disefio curricular colaborativo y pilotaje
con entrevistas y analisis documental. Resultados: Se registro alta aceptacion del aprendizaje activo y situado, con
mejoras en pensamiento critico, conciencia territorial y competencias en sostenibilidad. La mentoria fortalecid
motivacion y orientacion profesional, y la educacién dual integrd. Conclusiones: EI modelo es viable y replicable,
promueve aprendizaje transformador y contribuye al desarrollo territorial equitativo en el sur de México.

Unidad de aprendizaje: Turismo sustentable y mentoria socioformativa

Objetivo Metodologia Resultados Conclusiones
Disefiar e implementar Investigacién cualitativa Pensamiento critico Modelo viable y replicable
Unidad de Aprendizaje Accion participativa Integracion teoria-practica  Formacion contextualizada
Integradora
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1. Introduction

In recent years, higher education in Latin America-and particularly in Mexico-has shifted toward more
inclusive and sustainable models, in line with the Sustainable Development Goals (SDGs) of the 2023
Agenda. This transformation has prioritized equitable access and retention for historically vulnerable
groups through public policies aimed at mitigating structural inequalities in Higher Education Institutions
(HEIs) (Didou Apetit, 2023; Ramirez-Montoya et al., 2022).

Within this horizon, the 2030 Agenda and Education for Sustainable Development (ESD) argue
that universities should develop capacities to act on complex socio-environmental problems, beyond
transmitting content. UNESCO’s Roadmap for ESD 2030 emphasizes mainstreaming sustainability
across curricula, teacher training, and community engagement through action-based learning (UNESCO,
2020). Likewise, the proposal for a new social contract for education reinforces social justice,
cooperation, and care for the planet as core axes of higher education (UNESCO, 2021).

Consistent with the above, several sustainability competency frameworks are useful for guiding
tourism education. Highlighted competencies include systems thinking, anticipatory, normative,
strategic, and interpersonal competencies (Wiek et al., 2011). A Delphi study identified key competencies
for addressing global challenges, for example, critical thinking, dealing with complexity, cooperation,
and participation, and recommended incorporating them explicitly into university teaching (Rieckmann,
2012). In practice, these competencies are strengthened through experiential pedagogies (service-
learning, projects with territorial stakeholders, problem-solving) and authentic, evidence-based
assessments (Lozano et al., 2017; Condori-Chura et al., 2024).

From the socioformation perspective, proposed by Tobdn (2017) and further developed in the
tourism context by Nifio-Gutiérrez (2020, 2025a), university education should focus on developing life
competencies and solving real-world problems (Bastida-1zaguirre & Nifio-Gutiérrez, 2025). This
approach is particularly relevant in regions such as southern Mexico-Guerrero, Oaxaca, and Chiapas-
where social, environmental, and economic challenges converge and call for comprehensive educational
interventions.

Within this framework, socioformative methodology applied to tourism, the environment, and
effective mentoring constitutes a pertinent approach to articulate knowledge, skills, and attitudes that
foster sustainable development (Nifio-Castillo, 2019). This proposal aligns with the Guidelines of the
National Development Plan 2019-2024, particularly initiatives such as the “Jovenes Escribiendo el
Futuro” program, which provided financial support to students living in poverty-preferably Indigenous
or Afro-descendant-to ensure their persistence in higher education (Pérez Ramos et al., 2025).

Sustainable tourism has gained strategic importance in academic programs in the south of the
country, given the need to balance economic growth, environmental conservation, and community well-
being (UNWTO, 2022). In this context, the design and implementation of a Learning Unit (LU) is
proposed that integrates principles of regenerative tourism, environmental management, and
socioformative mentoring to train professionals capable of contributing positively to their territories.

This emphasis becomes even more relevant in the face of climate change, which increases risks
for tourism destinations (extreme events, water stress, coastal degradation) and demands mitigation and
adaptation capacities in the sector. IPCC syntheses emphasize that tourism is vulnerable to climate
impacts and that effective responses require multi-actor coordination, territorial planning, and shifts in
consumption and mobility patterns-issues that should be reflected in university education (IPCC, 2021;
IPCC, 2022).

Regional context and institutional background. In states such as Guerrero, Oaxaca, and Chiapas,
several public universities have incorporated courses related to tourism and the environment. For
example, the Autonomous University of Guerrero (AUGro) has strengthened its offer in Tourism
Management, while in Oaxaca institutions such as the Autonomous University Benito Juarez of Oaxaca
(UABJO) and the System of State Universities of Oaxaca (SSUQO) address topics of sustainability and
biocultural heritage. In Chiapas, the Autonomous University of Chiapas (AUCH) offers programs in
alternative tourism and environmental education.
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According to Gonzalez et al. (2022), the higher education offers in Oaxaca shows marked
territorial inequalities, so access should be prioritized in areas with high levels of marginalization.
Likewise, in Chiapas 921 educational programs were registered across 183 HEIs during the 2022-2023
cycle, with a low percentage of researchers affiliated with the National System of Researchers (NSR),
which indicates a limited scientific production capacity in the region (Bermudez, 2024). An illustrative
case is the 'Centro de Cultura Ambiental Nu Dhute' in San Andrés Ixtlahuaca, Oaxaca, which promotes
community environmental education and sustainable tourism through experiential learning strategies
(Almaraz Alonso, 2024).

Objectives

The general objective is to design and implement a Learning Unit that articulates tourism, environment,
and socioformative mentoring to strengthen the comprehensive training of higher education students in
southern Mexico. The specific objectives are: (a) to integrate sustainability and regenerative tourism
approaches into the unit’s curricular design; (b) to implement academic mentoring strategies focused on
developing research, social, and ethical competencies; and (c) to synthesize the impact of dual and
participatory methodology on students’ academic and professional performance.

Justification

The regions of southern Mexico are territories of high biodiversity and cultural richness, but they also
face structural poverty, educational lag, and environmental degradation (UNESCO, 2023). In this
scenario, it is strategic to train professionals with territorial sensitivity, environmental awareness, and
capacities for social transformation through higher education. Academic mentoring, in particular, has
proven to be an effective tool to improve student persistence, emotional resilience, and academic
performance in adverse contexts (Herrera-Sanchez et al., 2023; Nifio-Gutiérrez, 2025b).

Theoretical framework

Tourism education has evolved toward a more critical, interdisciplinary, and sustainability-centered
perspective. According to Ramirez-Montoya et al. (2022), higher education should adopt pedagogical
models that integrate competencies for sustainable development, adapted to complex territorial contexts.

In tourism, education for sustainability has been strengthened by transformative learning
approaches that connect classroom and territory. Service-learning experiences and projects with local
stakeholders foster socio-environmental responsibility when students work with real destination
problems and reflect on conservation, justice, and governance (Jamal et al., 2011). Complementarily, in
tourism and hospitality programs, active learning strategies, case studies, simulations, role play,
fieldwork, and problem-based learning have been reported to increase participation and facilitate transfer
to workplace contexts (O’Connor, 2021).

In recent years, alongside the sustainability paradigm, a regenerative approach has gained
prominence. This approach proposes moving from minimizing impacts to contributing to the ecological
and sociocultural revitalization of territories. Conceptual frameworks have been proposed to guide
regenerative transitions in tourism (Bellato et al., 2023), and the need to rethink mindsets, systems, and
practices through collaborative governance has been emphasized (Dredge, 2022). Incorporating these
debates into the Learning Unit broadens the discussion and responds to current challenges in the sector.
Socioformation (Tobdn, 2017) proposes an education based on solving contextualized problems,
collaborative work, and ethical self-regulation. This approach is key in settings such as Guerrero, Oaxaca,
and Chiapas, where professional development should be linked to community well-being.

Academic mentoring, for its part, is recognized as a key formative strategy for strengthening the
relationship between teachers and students. Highlights its value in reflective accompaniment processes
that guide autonomous learning and foster research skills in degree programs such as tourism and
environment. Mentoring promotes meaningful bonds between students and faculty, fostering critical
thinking, self-directed learning, and research skills (Crespo-Garcia et al., 2023; Zamora-Antufiano et al.,
2024).
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Regarding mentoring design, it should not be treated as a generic resource: it is advisable to define
roles, purposes (academic, psychosocial, and professional support), intensity, duration, and follow-up
mechanisms. A design framework suggests describing mentoring through components (structure,
relationship, activities, and evaluation), which facilitates replicability and continuous improvement in
institutions (Dawson, 2014). Evidence indicates that, on average, mentees show better academic and
professional development outcomes, although effects depend on the type of relationship and the quality
of implementation (Eby et al., 2008).

Finally, dual education makes it possible to integrate theoretical training with real work
experiences, strengthening practical competencies in areas such as sustainable tourism (Secretaria de
Educacion Publica, 2024). In Mexico, this model has been adopted by institutions such as the
Autonomous University of Guerrero in order to consolidate contextualized teaching.

Regarding dual education, diagnoses of higher education in Mexico indicate that these models
seek to strengthen the school-business relationship and employability through structured training
placements (OECD, 2019). In the tourism sector, studies on cooperation between learning venues in
hotels show that institutional coordination, clear responsibilities, and joint assessment are necessary
conditions for practice to contribute transferable competencies rather than being reduced to operational
activities with no formative value (Vogelsang et al., 2021).

2. Methodology

The study adopted a qualitative approach aimed at understanding in depth the formative and contextual
processes associated with higher education in tourism in southern Mexico. This approach is particularly
useful when the goal is to interpret complex educational phenomena and construct meaning from the
experiences of the actors involved, beyond statistical quantification.

To remain consistent with participatory action research, it is advisable to make explicit the plan-
act-observe-reflect cycle and participation agreements, ensuring process traceability and the ethical
aspects of working with communities and institutions. Critical action research emphasizes that
participation entails collective learning oriented toward transforming practices; therefore, it is pertinent
to document decisions, evidence, and changes throughout the project (Kemmis et al., 2014). Likewise,
in document and policy analysis, approaches such as READ (Ready your materials, Extract data, Analyze
data, Distill findings) help make transparent criteria for selection, extraction, and synthesis of
information, strengthening the methodological quality of findings (Dalglish et al., 2020; Bowen, 2009).

In line with this approach, a Participatory Action Research (PAR) strategy was adopted,
characterized by actively involving participants in all stages of the research process. IAP not only seeks
to generate knowledge but also to bring about concrete transformations in the setting where it is
conducted. In this case, the transformative action focused on the curricular redesign of a Learning Unit
(LU) in the Tourism Management Bachelor’s program taught by the School of Tourism of the
Autonomous University of Guerrero (AUGro).

This methodology drew on the foundations of socioformation, a pedagogical proposal that
emphasizes collaborative problem solving in the environment, the construction of projects with social
value, and the development of ethical and practical competencies. According to Nifio-Castillo (2019),
this approach is highly relevant in educational contexts where themes such as sustainable tourism,
environmental conservation, and formative inclusion converge.

The methodological design was structured into three sequential phases carried out between
September 2023 and December 2024, detailed below. Phase 1: diagnosis and contextualization
(September 2023-January 2024). In this initial stage, curricular, pedagogical, and territorial needs related
to training in tourism and environment were identified. Semi-structured interviews were conducted with
fifth-semester students, as well as a document analysis of the current curricula. This diagnosis made it
possible to identify strengths and weaknesses in the current curricular design and to make visible
students’ expectations regarding their professional training (Crisp & Cruz, 2021).
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Phase 2: collaborative design of the Learning Unit (February-June 2024). Based on the findings
from Phase 1 and the Learning Unit model proposed by Nifio-Gutiérrez (2025a), collaborative workshops
were conducted with fifth-semester students in the Tourism Management Bachelor’s program (School of
Tourism, AUGro). These workshops focused on articulating three cross-cutting axes: (i) sustainable and
regenerative tourism, (ii) academic mentoring, and (iii) dual education (linking classroom learning with
the work environment). The purpose was to co-construct a curricular proposal centered on students’
territorial reality, thus promoting comprehensive and contextualized training.

Phase 3: validation, piloting, and evaluation of the proposal (September-December 2024). In this
final stage, the designed Learning Unit was implemented in pilot sessions both in the classroom and in
field settings. An evaluation rubric developed by Nifio-Gutiérrez (2025a) was applied to assess the
relevance, feasibility, and formative impact of the new curricular design. The rubric included criteria for
thematic coherence, methodological adequacy, territorial contextualization, and effectiveness of the
academic mentoring component.

Throughout the process, continuous feedback among students was promoted in order to adjust the
curricular design to the real needs of the sociocultural and ecological environment. This methodological
breakdown reflects an innovative educational proposal in which professional training in tourism is
articulated with values of sustainability, social justice, and active participation. By integrating research
with educational action, the study not only generates knowledge but also fosters meaningful
transformations in the academic and community context.

In summary, the study was conducted under a qualitative approach through Participatory Action
Research (PAR), aimed at the collaborative curricular redesign of a Learning Unit for the Tourism
Management Bachelor’s program at AUGro. It drew on the socioformative methodology applied to
tourism, environment, and effective mentoring in higher education in southern Mexico (Nifio-Castillo,
2019).

Three phases were implemented between September 2023 and December 2024. Building on the
Learning Unit content design proposed by Nifio-Gutiérrez (2025a), collaborative workshops were carried
out with fifth-semester students in the Tourism Management Bachelor’s program at the School of
Tourism (AUGro) in 2024, supported by academic mentoring and dual education. In January 2025, a
feasibility and relevance evaluation rubric was also proposed.

3. Results

In Latin America and Mexico, higher education has been oriented toward achieving the Sustainable
Development Goals and equity in order to increase coverage and inclusion of vulnerable groups and to
reduce barriers to entry and retention in Higher Education Institutions (HEIs) (Didou Apetit, 2023).

The socioformation-by-competencies perspective in higher education emphasizes analysis and
proposals for solving contextual problems such as alteration of natural elements, degradation of natural
landscapes, increasing global drought, and increasing flooding in coastal areas with tourism potential,
among others (Nifio-Gutiérrez, 2020; Tobén et al., 2020).

The pilot group consisted of 30 fifth-semester students from group 501 of the Tourism
Management Bachelor’s program (School of Tourism, AUGro). It included 23 women and seven men,
with an average age of 20 years. This was aligned with the socioformative educational model, which
seeks to achieve sustainable social development in local contexts as far as learning proposed from
academia is linked with civil society to implement territorial actions that enable the gradual recovery of
natural elements-water, soil, vegetation, fauna, air, and fire-in balance with economic activities as
harmoniously as possible (Martinez-ifiiguez et al., 2025).

To follow up on the Guidelines of the National Development Plan 2019-2024 (Gobierno de
México, 2019), corresponding to the federal administration between 2018 and 2024, actions aimed at
persistence in higher education were implemented. A recognized program was “Jovenes Escribiendo el
Futuro”, which provided monthly financial support, targeting students under 29 years of age "in situations
of poverty, preferably Indigenous or Afro-descendant, who are enrolled in an in-person bachelor’s
degree" (Pérez Ramos et al., 2025, p. 3).
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Sustainable tourism has become a priority in academic programs linked to regional development
and environmental conservation. In contexts such as southern Mexico-especially Guerrero, Oaxaca, and
Chiapas-tensions between economic growth, ecological preservation, and community well-being require
innovative educational approaches that train professionals capable of intervening in complex realities.
This study proposes a Learning Unit that combines principles of regenerative tourism, environmental
management, and socioformative mentoring within higher education (Nifio-Gutiérrez, 2025a).

In Guerrero, Oaxaca, and Chiapas, several public universities offer learning units related to
tourism and environment. For example, in Guerrero the Autonomous University of Guerrero (AUGro)
offers programs in areas related to tourism and environmental sciences. In Oaxaca, the Autonomous
University Benito Judrez of Oaxaca (UABJO) and the State University System of Oaxaca (SUNEO) offer
programs that address topics related to tourism and environment. In Chiapas, the Autonomous University
of Chiapas (UNACH) and other institutions offer degrees and courses related to tourism and
sustainability.

In the state of Oaxaca, higher education institutions offer undergraduate and graduate programs
that cover tourism, environment, and effective mentoring. The example of the “Centro de Cultura
Ambiental Nu Dhute” stands out for teaching care for the natural environment and promoting sustainable
tourism flows in the locality of San Andrés Ixtlahuaca, Oaxaca (Almaraz Alonso, 2024, p. 10).

Higher education provision in Oaxaca was analyzed by Gonzalez et al. (2022) through two main
lenses: social justice and the right to educational access. Their conclusions highlight that higher education
provision is unequal, inequitable, and unjust across the state at the regional, interregional, and
intraregional levels. In synthesis, they suggest rethinking the location logic and prioritizing areas with
higher levels of marginalization.

In the case of Chiapas, “During the 2022-2023 school year, 921 educational programs were
registered in Chiapas, attached to 183 higher education institutions (HEISs); 42 institutions are public and
serve 48% of the student body. The registered private HEIs were 141 and served 52% of the higher
education enrollment”. According to National Association of Universities and Higher Education
Institutions (NAUHEI), during the 2022-2023 cycle the undergraduate and graduate enrollment was
124,609 students: 65,826 women and 58,783 men. During this cycle, 38,692 new students enrolled and
31,726 graduated, representing 6,966 net new entrants to higher education; only 5% (565) belonged to
the National System of Researchers (NSR) (Bermudez, 2024).

The proposal is framed within recent transformations promoted by the New Mexican School and
dual education guidelines, which seek to articulate theoretical training with practical experiences in the
work environment. In particular, the role of academic mentoring is recognized as a catalyst for
developing transversal competencies such as critical thinking, professional ethics, and social
commitment, which are essential in tourism-related degree programs.

Through workshops, field observations, and collaborative curriculum design, this Learning Unit
was developed based on the model applied at the Autonomous University of Guerrero, with adaptations
for comparative analysis in communities of Oaxaca’s Costa Chica and ecotourism areas of Chiapas.

Implementing the designed Learning Unit is expected to have a significant impact on students’
comprehensive training. First, it is expected to contribute to the development of analytical, ethical, and
practical competencies that are fundamental for managing tourism sustainably in local contexts
characterized by social, cultural, and environmental diversity. These competencies will enable future
professionals to understand territorial complexities and intervene responsibly in the destinations where
they work.

In addition, thanks to the academic mentoring component integrated into the proposal,
improvements are anticipated in students’ emotional self-regulation, as well as increased motivation and
academic commitment. This formative accompaniment is also expected to strengthen students’ sense of
belonging both to the institution and to collective projects with social impact, which is crucial for
persistence and success in higher education. This approach was grounded in the capacity to capture
meanings, expectations, and tensions in dynamic educational settings settings (Creswell & Poth, 2018).
This was achieved through semi-structured interviews and document analysis.
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Document analysis is also useful for producing a comprehensive synthesis of the current curricula
in the School of Tourism at AUGro, as well as institutional evaluation reports, academic regulations, and
public policies on sustainable tourism, environment, environmental education, and effective mentoring
in higher education issued between 2020 and 2025. Bowen (2009) argued that official documentation
can provide solid evidence regarding formal structures and institutional orientations.

The academic staff of the School of Tourism at AUGro currently totals 64, of whom 12 are
affiliated with the National System of Researchers (NSR): seven men and five women. Institution-wide,
345 academics are members of this National System (UAGro, 2025).

In southern Mexico, despite vulnerabilities and challenges in academic leadership, the following
strengths are observed: (a) a faculty body with professional experience in community and environmental
tourism; (b) students’ interest in engaging with territorial problems; and (c) partial incorporation of
content on climate change and hurricane impacts on tourism destinations (Nifio-Gutiérrez, 2023),
biodiversity, and local culture in some elective courses offered to undergraduate, master’s, and doctoral
students in public and private institutions that contribute to addressing contextual problems.

The reviewed documents make clear that there are structural weaknesses related to format, time,
space, and technology that reveal: (i) limited articulation between theory and practice; (ii) insufficient
updating of curricular content; and (iii) limited incorporation of active and collaborative learning
methodologies.

In parallel, the Learning Unit seeks to strengthen links between the university and local
communities through intervention projects that respond to real needs in emerging tourism destinations.
This interaction will enable bidirectional knowledge transfer: on the one hand, the university will
contribute technical and methodological tools; on the other, communities will provide local knowledge
and practical experiences that enrich student training.

In this sense, analysis of current student expectations shows a strong desire for more
contextualized training, with emphasis on competencies for interdisciplinary work, sustainable tourism
management in rural communities in Guerrero, Oaxaca, and Chiapas, and, above all, applied territorial
approaches to educational intervention (Table 1). These results align with recent studies highlighting the
need to restructure tourism training programs to align them with the Sustainable Development Goals
(SDGs) and local demands (Lozano et al., 2023; Gonzalez-Morales & Pérez-Rincon, 2021).

Table 1
The integrative competencies of the course unit

Dimension Specific competency Achievement indicator
Knowledge Understands principles of | Applies regulations and key concepts in
sustainable tourism field diagnosis
Skills Develops tourism territorial | Submits a proposal with cartographic
planning projects basis and zoning
Attitudes/values | Promotes  environmental | Actively participates in ethical and
and social responsibility community-based proposals

Source: Authors’ own elaboration

The diagnosis carried out by Nifio-Gutiérrez (2025a) contributes to consolidating comprehensive
assessments of the current state of training in tourism and environment, making visible existing
challenges and opportunities in the region, as well as guidelines for a relevant, situated curricular redesign
that is ethically committed to the territory and its actors.

Finally, at the institutional level, this educational model is expected to be replicable in other public
universities in southern Mexico, particularly those located in contexts of high social or environmental
vulnerability. The proposal is also expected to foster closer links among academia, the productive sector,
and social actors, thereby facilitating knowledge transfer, local innovation, and the building of alliances
for sustainable territorial development.
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Preliminary results reveal high student acceptance of active methodologies centered on real
problems. An increase in participation, commitment, and students’ critical capacity was observed in the
pilot sessions. Socioformative mentoring was particularly valued as a strategy for emotional support and
professional guidance. Analysis of studies conducted in southern Mexico on the central themes of this
work emphasizes the collaborative design of learning units aimed at strengthening comprehensive
training in sustainable tourism, with emphasis on territorial contextualization, academic mentoring, and
dual education. A useful reference is the Socioformative Learning Unit model proposed by Nifio-
Gutiérrez (2025a), which integrates principles of active participation, real-problem solving, and linkage
with the local environment.

It is worth emphasizing that collaborative curriculum design should be centered on critical
pedagogy and socioformation approaches, which promote shared knowledge construction between
students and teachers aimed at solving concrete challenges in the sociocultural and productive context
(Tobon, 2023; Freire, 2021). The participatory design process makes it possible to build flexible
curricular proposals that are applicable and replicable according to local contexts. Key products include:
the modular structure of the Learning Unit, a socioformative competency matrix, a bank of contextualized
problem situations, a formative assessment strategy, and a continuous mentoring system.

The participatory approach, in addition to promoting students’ pedagogical empowerment,
supports the development of faculty capacities for educational innovation with a territorial perspective,
as reported by similar experiences in sustainable tourism programs in Latin American countries (Ruiz-
Ballesteros & Hernandez-Ramirez, 2023). This perspective consolidates a space for collective and
horizontal knowledge construction, articulating academic knowledge, student trajectories, and local
realities. This participatory methodology not only contributes to the relevance of curricular design, but
also strengthened student-faculty cohesion and laid the foundations for contextualized, transformative,
and sustainable pedagogical implementation.

The methodology responds to current recommendations regarding the value of experiential
learning approaches in tourism education, particularly when the aim is to strengthen professional
competencies associated with critical thinking, environmental ethics, and territorial linkage (Kolb &
Kolb, 2022; Taff et al., 2023). Learning Units that address problem situations related to regenerative
tourism, community planning, and environmental risk management are highly valued today. Therefore,
comprehensive practical activities are recommended, including personalized mentoring, collaborative
project development, local case studies, and field visits to tourism cooperatives and protected natural
areas.

To strengthen competency-based assessment, it is pertinent to return to the principle of
constructive alignment: formulate observable learning outcomes, design coherent activities, and assess
with instruments aligned with expected performance. This approach improves assessment validity and
facilitates useful feedback for continuous improvement (Biggs & Tang, 2022).

To assess the performance of the curricular design under real conditions, an evaluation rubric
developed by Nifio-Gutiérrez (2025a) was used, structured around four analytical dimensions: thematic
coherence, methodological adequacy, territorial contextualization, and effectiveness of the academic
mentoring component. Each dimension was assessed on a qualitative scale of four levels (incipient, basic,
competent, and outstanding), based on formative and socioformative assessment principles proposed by
Tobon (2023). The rubric was applied by three external evaluators and by the faculty responsible for the
piloting through direct observation, analysis of evidence portfolios, and participatory feedback sessions.

Thematic coherence: alignment among the contents addressed, learning objectives, and needs
identified in the territorial diagnosis was assessed. Most evaluators agreed that the Learning Unit clearly
integrated the axes of sustainable tourism, dual education, and mentoring, with 89% agreement at the
“competent” level or higher. Methodological adequacy: the didactic structure, diversity of resources, and
the capacity of activities to foster active learning were analyzed. This dimension received a positive
evaluation, consistent with recent research highlighting the effectiveness of flexible, student-centered
learning environments (Biggs & Tang, 2022).
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Territorial contextualization: the degree to which contents were integrated with the ecological,
social, and cultural realities of the environment was assessed. This was one of the aspects most valued
by students, who considered that the activities strengthened their sense of belonging and commitment to
sustainable development in their region (Lozano et al., 2023).

Effectiveness of academic mentoring: the accompaniment mechanisms implemented, the quality
of feedback, and students’ perception of support were analyzed. Results revealed that mentoring
significantly favored motivation, self-regulation, and consolidation of students’ individual formative
projects, as has also been reported in similar studies in Latin American contexts (Crisp & Cruz, 2021;
Zepeda-Hernandez et al., 2024).

Evaluation findings indicated that the curricular proposal has a high degree of relevance in
pedagogical and territorial terms, as well as operational feasibility in university contexts in southern
Mexico. However, areas for improvement were identified, including the need to increase time devoted
to fieldwork, strengthen links with community actors in activity planning, and diversify formative
assessment instruments (Higgins-Desbiolles, 2022).

These results made it possible to refine the Learning Unit design for future, larger-scale
institutional implementation by incorporating specific adjustments to assessment criteria, the academic
calendar, and mentoring strategies. Overall, this phase consolidated the pedagogical, contextual, and
transformative validity of the proposal, reaffirming the importance of a situated, collaborative
educational approach oriented to the challenges of sustainable development in territories with high
ecological and social vulnerability (Caballero-Meneses et al., 2025).

These findings are consistent with recent studies indexed in Scopus and available through
EBSCO, which highlight that integrated educational programs that simultaneously address sustainability,
mentoring, and dual training promote higher levels of retention and academic success (Fernandez-Garcia
et al., 2023; Contreras-Villanueva & Ldépez-Moreno, 2024).

In addition, the model was found to foster territorial appropriation of knowledge by promoting
projects linked to local problems such as ecotourism, waste management, or the recovery of ancestral
knowledge. These results confirm the relevance of articulating tourism and environment from an integral
formative approach. Therefore, the following should be considered in the immediate future:

1) From “sustainability” to territorial regeneration as a key to justice: Learning Units should move
from approaches that only mitigate impacts toward designs that restore local socio-ecological
systems (mangroves, tropical dry forests, karst aquifers, ejidos, and coastal communities, among
others), integrating community knowledge and territorial well-being indicators. Recent literature
positions regenerative tourism as a curricular and management response that goes “beyond”
sustainability by incorporating justice and co-governance with local actors; this is crucial for
southern Mexican states where impacts are distributed unequally (Higgins-Desbiolles, 2025).

2) Structured, culturally relevant academic mentoring with disciplinary emphasis: Including formal
mentoring (faculty-student and peer mentoring) aligned with the curriculum improves transition
to employment, sense of belonging, and student persistence, especially for first-generation
university students common in the region. Evidence from 2021-2024 recommends clear role
definition, frequent contact, career goals, and mentor training; integrating mentoring as an
assessable component of tourism and environment courses strengthens outcomes and equity
(Leavitt et al., 2022).

3) Situated learning and dual education to close the classroom-territory-employment gap: Curricula
that combine classroom, fieldwork (site work, visits to natural areas, experiential laboratories in
rural and peri-urban communities), and dual placements in organizations (community tourism
cooperatives, protected natural areas, tourism SMEs, among others) develop professional
competencies and socio-environmental sensitivity beyond purely theoretical modalities. Evidence
in tourism and in the Mexican case of dual training shows greater job readiness and relevance
when there are systematic alternation and joint assessment by academia-business-community
(Valenzuela-Gémez & Salas Durazo, 2024).
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4) Competency-based assessment for the SDGs and continuous improvement through co-creation:
To ensure relevance, Learning Units should operate with learning outcomes expressed as
sustainability competencies (systems thinking, anticipation, collaboration, and justice), with
rubrics that include thematic coherence, territorial contextualization, and mentoring
effectiveness; in addition, they should articulate cycles of co-design and feedback with students
and local actors (Table 2). Regional initiatives and higher education frameworks for the SDGs in
Latin America reinforce this institutional and curricular orientation (Makrakis et al., 2025).

Table 2
General competency-based assessment rubric

Criterion Excellent Satisfactory Insufficient
Analysis of | Justifies using regulatory | Partially  identifies | Generalizes without
environmental and territorial framework causes and | depth
problem consequences
Tourism Includes zoning and local | Presents a general | Lacks structure and
intervention stakeholders plan without technical | field evidence
proposal details
Collaborative Coordinates  roles and | Participates in most | Limited or passive
work contributes with leadership | tasks participation

Source: Authors’ own elaboration

These orientations are consistent with international discussions on regenerative tourism and
tourism justice, evidence on structured mentoring, diagnoses of work-integrated learning, and
contributions on competency-based assessment in higher education, which reinforces the relevance of
the proposed approach (Bellato et al., 2023; Dredge, 2022; Dawson, 2014; Eby et al., 2008; OECD, 2019;
Vogelsang et al., 2021; Wiek et al., 2011; Rieckmann, 2012).

Conclusions

The creation of integrative Learning Units, such as the one proposed here, makes it possible to move
beyond fragmented approaches in university training. Collaborative work among faculty, students, and
local actors strengthens a critical and contextualized vision of tourism and sustainability in southern
Mexico. The development of integrative Learning Units represents a viable and necessary pedagogical
alternative for training professionals with critical awareness, environmental sensitivity, and community
commitment. The combination of tourism, mentoring, and sustainability helps overcome fragmented
approaches and advance toward more inclusive, contextualized, and transformative educational models.
Including academic mentoring as a cross-cutting axis promotes stronger learning trajectories, and dual
education provides a practical approach that is indispensable in a sector as dynamic as tourism. The
proposal presented here constitutes a replicable model that contributes to professional development as
well as community and environmental well-being. This model is replicable and adaptable to diverse
realities in southern Mexico, with the potential to improve academic performance and the well-being of
local communities.
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copper in dairy cow

Nutritional biochemistry of minerals: zinc, manganese, selenium, and
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Introduction

The authors present “Nutritional biochemistry of minerals: zinc, manganese, selenium, and copper in
dairy cow”. This chapter analyzes mineral biology, reviews the historical background, and highlights the
importance of minerals in biochemistry and human and animal medicine. The content is organized into
seven sections. Tables and figures summarizing relevant and supplementary information are included.
Section i) presents the main historical background of mineral research, beginning with the microscopy
revolution in the 17" century and ending with the identification of 22 minerals at the end of the 20"
century. This section highlights our theoretical and practical understanding of minerals, progressing from
passive molecules to elements that regulate metabolism and homeostasis. Section ii) analyzes the general
functions of minerals. It covers their participation in osteogenesis, enzymatic activity, antioxidant
defense, and cell communication. Section iii) analyzes mineral absorption and transport. Special attention
IS given to bioavailability, intake, and physiological requirements during growth, production, and
reproduction. Section iv) discusses the chemical properties of zinc (Zn). It details their absorption,
storage, and role in immunity, proteogenesis, and genetic regulation. Section v) examines manganese
(Mn). It highlights its redox activity, enzymatic functions, and importance in osteogenesis and
antioxidant defense. Section vi) analyzes the discovery of selenium (Se). It describes its metabolic
pathways, its role in the structure of selenoproteins (SelPs), and its relationship with vitamin E in
antioxidant regulation. Section vii) reviews the absorption and storage of copper (Cu). It also studies the
antagonistic effects of molybdenum (Mo) and sulfur (S) in ruminant diets. In summary, the document
emphasizes the importance of trace minerals.

1. Background of the study of minerals
Research on minerals in animal organisms, conducted between the 17" and 20" centuries (Figure 1),
exposed their fundamental biological significance (Brown et al., 2025). Ciosek et al. (2023) indicated

that early studies established that all living tissues contain mineral, primarily in the form of inorganic
compounds, e.g., i) oxides, ii) phosphates, iii) carbonates, and iv) sulfates.
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Box 1

The invention of the microscope
allowed scientists to observe
tissues and begin linking
structure with mineral content

Calcium in bones

Researchers identified
calcium salts (mainly cal

Iron in blood

The identification of
h lobin’s iron

phosphate) as the structural
basis of bones and teeth,
establishing minerals as

essential for skeletal strength

Phosphorus in metabolism

h

explained oxygen transport,

marking a breakthrough in
understanding mineral
function in physiology

Trace elements recognized

Discovery of phosphorus
compounds in animal tissues
connected minerals to energy

metabolism and growth

El ts like iodine (thyroid
function) and zinc (enzyme
activity) were discovered to
play critical roles, showing

that even minute mineral
quantities were vital

Rise of biochemistry

Systematic chemical analysis
of animal tissues expanded
knowledge of mineral
distribution and function

Nutritional science

Minerals were firmly established
as dietary essentials, with
deficiencies linked to di
(e.g., rickets from lack of
calcium/vitamin D, anemia from
iron deficiency)

Physiological integration

Research demonstrated
minerals’ involvement in nerve
conduction, muscle contraction,
enzyme catalysis, and hormone
regulation

Trace element explosion

By mid-century, copper,
manganese, selenium, and
others were identified as
crucial, cementing the idea
that minerals underpin nearly
all biological processes

Figure 1

Timeline of mineral research (17""-20" century)
Source: own elaboration based on (Brown et al., 2025)



https://www.ncbi.nlm.nih.gov/pubmed/40615084
https://www.ncbi.nlm.nih.gov/pubmed/36767564
https://www.ncbi.nlm.nih.gov/pubmed/36767564
https://www.ncbi.nlm.nih.gov/pubmed/40615084

91

A major revolutionary in this field was the identification of calcium phosphate [Cas(PO.):] as a
structural component of bone (Libera et al., 2021). This was followed by the discovery of potassium (K)
in plant residues, which provided the foundation for the emerging chemistry of essential minerals (Cui
and Tcherkez, 2021). Vlok et al. (2023), indicated that the physiological importance of these elements
became evident when observations showed that certain bird species required supplemental calcium (Ca?*)
to maintain health and reproductive success. These findings ultimately led to the therapeutic application
of mineral supplementation, notably in the prophylaxis of mineral pathologies e.g., rickets (Pettifor,
2004).

Leung et al. (2024), identified that iron (Fe) is a central constituent of blood, with its deficiency
directly associated with anemia. Concurrently, the essential role of sodium (Na) in livestock nutrition
was established (Arthington and Ranches, 2021), and the detrimental consequences of Ca®* deficient
diets in dairy cows were demonstrated (Libera et al., 2021). Gutierrez et al. (2015), exposed that the bone
eating behavior observed in certain animals represented a compensatory response to phosphorus (P), and
Pearce and Zimmermann (2023), highlighted that iodine (1) deficiency in the environment promoted the
development of goiter in both humans and animals.

Research conducted during the first half of the 20" century further consolidated the relationship
between minerals and other nutrients, e.g., vitamin D, by demonstrating its regulatory role in Ca/P
metabolism (Grunberg, 2023). Collectively, these findings established that minerals are not passive
constituents, but vital elements required for sustaining health, growth, and the physiological functions of
humans and animals (Prados et al., 2017).

By 1981, the recognition of 22 mineral as essential for life had been established. These comprised
seven macronutrients: i) Ca, ii) P, iii) K, iv) Na, v) chlorine (ClI), vi) magnesium (Mg), and vii) S, and
fifteen micronutrients: i) Fe, ii) 1, iii) Zn, iv) cobalt (Co), v) Cu, vi) Mn, vii) Mo, viii) tin (Sn), ix) Se, X)
chromium (Cr), xi) vanadium (V), xii) nickel (Ni), xiii) fluorine (F), xiv) silicon (Si), and xv) arsenic
(As) (Suttle, 2022c). Allen (2020), pointed out that recognition extended the conceptual framework of
minerals beyond their roles as structural or catalytic agents, highlighting their importance as modulators
of metabolic processes and regulators of homeostasis.

Research throughout the twentieth century demonstrated that minerals are not passive constituents
but active participants in the formation of intracellular molecules, e.g., metalloproteins (Selvaraj et al.,
2024). For example, Allen (2020), showed that K utilize at least ten distinct transport mechanisms across
cellular membranes. Zhang et al. (2022), highlighted that Zn deficiency alter gene expression governing
the synthesis of uroguanylin (peptide involved in satiety regulation), and Wang et al. (2021), indicated
that Cu, contributes to alkylation reactions and can activate methionine synthase, suggesting that it may
partially substitute for Co, in certain metabolic pathways. In the 21™ century, evidence has demonstrated
that protein bound Se, and selenite elicit immune responses in birds with heat stress (Jain et al., 2021).
Lopez (2021), showed that Co, by contrast, represents a singular case among mineral, as its biological
role derives from its incorporation into the nucleus of cobalamin (Bi2). Contemporary understanding
recognizes that minerals fulfill diverse functions, which can be categorized in: i) structural, ii)
physiological, iii) catalytic, and iv) regulatory (Lautrou et al., 2021).

2. General functions of minerals

Minerals perform a wide array of essential functions in animal organisms. Elements, e.g., Ca, P, and Mg
are fundamental to the osteogenesis and formation of teeth (Gutierrez et al., 2015; Prados et al., 2017),
with Si further contributing to their mechanical strength. Within myofibrillogenesis in skeletal muscle,
P and S are critical for maintaining the integrity and stability of cellular structures. Similarly, Zn and P
enhance the stability of membranes and polymers in which they are incorporated (Grunberg, 2023).

Ramirez et al. (2024) exposed that minerals also act as electrolytes in body fluids. Na, K, Cl, Ca,
and Mg are central to osmotic/oncotic regulation, acid/base balance and cell membrane permeability, as
well as for muscle innervation (Lautrou et al., 2021). Several trace minerals serve as enzymatic cofactors
and metalloenzymes in various biological systems (Suttle, 2022c). As a general rule, they activate
enzymes that participate in the removal of reactive oxygen species (ROS). Selvaraj et al. (2024). exposed
that through these roles, they facilitate anabolic and catabolic reactions, alongside oxidative and
antioxidant mechanisms indispensable to life.
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Beyond these functions, minerals exert direct influence on cellular processes, e.g., replication and
differentiation (Arthington and Ranches, 2021). Ca?*, for example, are key mediators of intracellular
signaling, while selenocysteine (Sec) modulates gene expression. The latter has been denominated as
twenty-first amino acid discovered in the early'80s (Lautrou et al., 2021).

3. Absorption, transport, and mineral requirements

Mineral absorption begins in the intestinal mucosa, where minerals interact with the apical membranes
of enterocytes (Goff, 2018). Suttle (2022c) pointed out that digestive processes may liberate minerals
bound to organic molecules, thereby facilitating absorption, or conversely restrict uptake through the
formation of insoluble complexes. Unlike organic nutrients, minerals are not subject to digestion; their
bioavailability depends primarily on their chemical form and on interactions with other dietary
components (Overton and Yasui, 2014). Transport mechanisms can be either active and energy
dependent, e.g., ATPase activated Na pumps or passive, occurring through diffusion or solvent drag
(Goff, 2018).

The absorption of microminerals frequently involves competition among elements that share
transport pathways (Genther and Hansen, 2014). For example, Fe and Mn utilize the same divalent metal
transporters (DMT1) and subsequently associate with transferrin to ensure safe circulation (Charan,
2022). Goff (2018) showed that in certain cases, minerals are absorbed as organic molecules for example,
e.g., Se or Mn bound to methionine which can significantly influence their bioavailability.

Following absorption, minerals are transferred from the enterocytes of the intestinal mucosa to
hepatocytes in the liver via the portal vein (Stein, 2024). Within circulation, they may exist in free form
or bound to plasma proteins (Byrne and Murphy, 2022). From the liver, minerals are distributed through
peripheral blood to diverse tissues and organs, where uptake is mediated by specific transporters located
in cell membranes (Hambidge, 2003). Mineral turnover rates vary across tissues: they are rapid in the
enterocytes of the intestinal mucosa and hepatocytes of the liver, moderate in soft tissues, and slow in
osteocyte (Millward, 2017). Suttle (2022c) exposed that these rates are highly responsive to physiological
conditions, e.g., pregnancy and lactation, as well as to nutritional states of deficiency or excess.

Studies employing radioisotopes have enabled the quantification of mineral fluxes, e.g., those of
Ca?" and P (Sokolova and Epple, 2021). These investigations have demonstrated and characterized the
accumulation and mobilization of minerals from osteocytes during lactation (Prados et al., 2017). At the
cellular level, calmodulin functions as a critical transporter, facilitating both the intestinal uptake of Ca?*
and its intracellular mobilization (Yang and Tsai, 2022). In contrast, microminerals, e.g., Cu require
highly specific transport systems at each cellular interface (Suttle, 2022a).

The concept of maintenance mineral requirement refers to the obligatory losses that must be
replenished to sustain homeostasis (Suttle, 2022c). Such losses occur through perspiration, urinary
excretion, exhalation, and fecal elimination, including minerals contained in shed intestinal cells,
unabsorbed secretions, and microbial debris (Hambidge, 2003). When mineral intake exceeds
physiological needs, animals regulate homeostasis by enhancing intestinal or urinary excretion or by
reducing intestinal reabsorption, thereby preventing toxic accumulation (Hambidge, 2003). Mineral
requirements vary according to physiological and productive activities:

—  Work: Increased energy expenditure slightly elevates mineral demand, particularly for Na, P, and
Cl, due to sweat losses (Baker et al., 2018). Enhanced oxidative metabolism during exercise also
raises requirements for Se and other elements involved in antioxidant defense (Suttle, 2022d).

—  Reproduction: Mineral requirements rise during fetal growth and placental development,
increasing exponentially toward the end of gestation (Kapper et al., 2024). Elements, e.g., Cu and
Se depend on maternal nutrition to establish fetal reserves (Suttle, 2022d; Zambrano et al., 2025).
Caixeta and Omontese (2021) highlighted that although maternal physiology prioritizes mineral
supply to the fetus, temporary deficits can be compensated through mobilization of bone and tissue
reserves. Classical studies have shown that animals maintained on marginal Ca?* and P diets can
sustain normal reproductive cycles if recovery periods are allowed between lactations, though
longevity and bone integrity may be compromised (Tufarelli et al., 2024).
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—  Production: Requirements are defined by the mineral content of the product generated (e.g., meat,
milk, and wool) (Suttle, 2022c). However, under deficiency conditions, animals may alter the
composition of tissues and products, often at the expense of structural quality (National Research
Council, 2001). For example, the strength of wool fibers or eggshells is critical for maintaining
vital functions (Anas et al., 2023).

—  Growth: Mineral requirements depend on body mineral density, which varies with age and tissue
type (Suttle, 2022¢). The skeleton, rich in Ca?* and P, contributes substantially during early growth,
but its relative contribution declines with maturity (Gross, 2023). Animals also employ homeostatic
strategies by storing or mobilizing minerals according to dietary availability (Arthington and
Ranches, 2021).

4.7Zinc

The Zn placed in the 30" position in the periodic table, is a transition metal characterized by a relatively
low melting point (Aqgarab et al., 2021). Its electronic configuration is [Ar]3d*%4s?, with Zn>* being its
most common oxidation state (Jomova et al., 2025). Although redox inactive, Zn plays a crucial role in
antioxidant protection mechanisms (Hubner and Haase, 2021). In tropical and subtropical soils, Zn
availability is frequently limited by environmental factors, e.g., pH (Suttle, 2022¢). Agarab et al. (2021),
identified that in alkaline soils (pH>7.5), Zn precipitates as insoluble oxides, thereby reducing its
bioavailability. Moreover, interactions with other soil minerals, e.g., P, can inhibit Zn uptake (Verma et
al., 2022).

Absorption of Zn occurs in enterocytes of the intestinal mucosa, from which it is subsequently
released into the bloodstream (Mittag et al., 2022). In circulation, Zn is transported primarily by aloumin
(ALB), a-macroglobulin (aM), and transferrin (Tf) (Stiles et al., 2024). Intracellular Zn levels regulate
the expression of metallothioneins (MTs), proteins rich in cysteine residues that serve as intracellular
reservoirs of Zn (Maares and Haase, 2020; Krezel and Maret, 2021). Beyond this storage system, Zn is
also maintained in protein bound and vesicle bound reserves (Stiles et al., 2024). Approximately 80-90%
of total body Zn is located in myocytes and osteocytes (Molenda and Kolmas, 2023), while about 10%
is distributed across the: i) liver, ii) gastrointestinal tract, iii) skin, iv) kidneys, v) brain, vi) lungs, and
vii) prostate (Frederickson and Bush, 2001).

Intracellular Zn can be mobilized from MTs in response to oxidative stress through
sulfide/disulfide exchange mechanisms (Krezel and Maret, 2021). Once released, Zn functions as a
modulator of both innate and adaptive immunity. It promotes polymorphonuclear lymphocyte
chemotaxis and macrophage phagocytosis (Planeta, 2022), while in adaptive immunity it activates T cells
by facilitating autophosphorylation of the tyrosine kinase via interactions with the cytoplasmic domains
of helper T cells (CD4) and cytotoxic T cells (CDs) (Bonaventura et al., 2015). Dendritic cell maturation
also depends on Zn, particularly through the activity of Zn transporters (Shao et al., 2024).

Extracellular Zn serves as a mediator in multiple signaling pathways: i) endocrine, by regulating
hormone secretion (Shao et al., 2024); ii) autocrine, by facilitating the release of chemical messengers
(Frederickson et al., 2005); and iii) paracrine, by transmitting signals to adjacent cells (Millward, 2017).
Lim et al. (2013) exposed that as a trace mineral, Zn is indispensable for proteogenesis, being an integral
component of approximately 2 500 proteins. Also, contributes to cell development, reproductive health
(Kiouri et al., 2023), and neuronal excitation by enabling neurotransmitter release for intercellular
communication (Ren et al., 2020).

Zn plays a fundamental role in genetic regulation, preserving the structural integrity and
deoxyribonucleic acid (DNA) binding capacity of more than 2 000 transcription factors (Qu et al., 2023).
It also acts as a cofactor in over 300 enzymes, e.g., dihydroorotases, alanyl-tRNA synthetases, and class
I tRNA synthetases (Vasu et al., 2021). Also, Zn stabilizes sulfhydryl groups, thereby protecting against
oxidative reactions (Agarab et al., 2021).

Zn interacts with other minerals: 1) it competes with Fe for intestinal transporters (Kondaiah et
al., 2021), ii) elevated Ca?" levels can reduce Zn absorption (Stiles et al., 2024), and iii) Cu, at high
concentrations, acts as an enzymatic antagonist (Maret and Sandstead, 2006). Molenda and Kolmas
(2023), exposed that Zn deficiency is frequently associated with increased oxidative tissue damage.
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This manifests as elevated lipid peroxidation and enhanced oxidation of lipoproteins and DNA
(Suttle, 2022e). Deficiency also stimulates the secretion of proinflammatory mediators, including
interleuking (IL-g), tumor necrosis factor alpha (TNF.), and interleukine (IL.s), thereby directly
amplifying the inflammatory response (Kim and Lee, 2021).

Zn supplements can be taken orally in the form of salts of organic acids, , e.g., Zn/gluconate,
Zn/acetate, or Zn/propionate. Table 1 summarizes the Zn requirements across different physiological
stages in dairy cow.

Table 1
Zinc requirements in dairy cow

Milk production Period
kg/d
<20 | 20-30 | 30-40 | prepartum | lactation | dry period
15d 45d
CC 3.5 3.5 3.0 3.5
Zn, ppm 40.0 40.0 40.0 40.0

CC: body condition, Zn: zinc. Source: (National Research Council, 2001)
5. Manganese

The Mn placed in the 25" position in the periodic table, is the fifth most abundant metal in the Earth’s
crust (Studer et al., 2022). Its electronic configuration, [Ar]3d°4s?, enables participation in redox
reactions and catalytic activity in chemical processes (Jomova et al., 2025). Baj et al. (2023), exposed
that Mn can exist in six distinct oxidation states In its natural form. Mn is commonly found in the reduced
Mn?* state, which dissolves readily in water. It can also occur as Mn**, forming various insoluble oxides
(Liu et al., 2024).

In circulation, Mn is primarily present as Mn?" and Mn** (Karyakina et al., 2022). The Mn?* form,
is typically bound to molecules, e.g., ALB (84%), hexahydrate ions (6%), bicarbonate (6%), citrate (2%),
and transferrin (1%) (Silva and Rangel, 2022; Su et al., 2022). By contrast, Mn** is mainly associated
with transferrin (Liu et al., 2021). Serum Mn concentrations are generally lower than those in whole
blood, as approximately 85% of Mn is bound to hemoglobin within erythrocytes (Baj et al., 2023).

Mn absorption occurs in enterocytes of the intestinal mucosa via active transport, with diffusion
contributing when dietary intake is high (Suttle, 2022b). Fe plays a critical role in Mn homeostasis, since
both elements utilize transferrin for transport and absorption. Consequently, Mn absorption decreases
when dietary Fe content is elevated. Functionally, Mn serves as a cofactor for numerous enzymes, e.g.,
superoxide dismutase (SOD), arginase (Arg), and glutamine synthetase (Cane et al., 2025).

These enzymes are essential for processes, e.g., ammonia (NH3) detoxification, proteogenesis,
and DNA replication (Jomova et al., 2025). Mn also participates in gluconeogenesis and lipogenesis
through its role in pyruvate carboxylase (Sun et al., 2023). As a key component of mitochondrial SOD,
Mn provides the primary defense against ROS (Studer et al., 2022). Additionally, Mn contributes to
prothrombin synthesis, thereby supporting blood clotting (Oliveira-Paula et al., 2024).

The importance of Mn in animal nutrition was first established in poultry, where deficiency led
to skeletal malformations and pathologies, e.g., perosis (Suttle, 2022b). Subsequent research has
demonstrated its fundamental role in numerous physiological functions, particularly in livestock species.
Mn deficiency can compromise the integrity of the enterocytes of the intestinal mucosa and increase the
expression of proinflammatory cytokines, e.g., TNF., (Baj et al., 2023). It is also associated with reduced
bone density, thereby heightening susceptibility to fractures. In addition, Mn plays a critical role in
vitamin B1 metabolism (Kippler and Oskarsson, 2024).

Table 2 summarizes the Mn requirements across different physiological stages in dairy cow.
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Table 2
Manganese requirements in dairy cow
Milk production Period
ka/d
<20 | 20-30 | 30-40 | prepartum lactation dry period
15d 45d

cC 35 35 3.0 35
Mn, ppm 40.0 40.0 40.0 40.0

CC: body condition, Mn: manganese. Source: (National Research Council, 2001)
6. Selenium

The Se was discovered in 1817 by the Swedish chemist Berzelius, in the course of research on a new
method of producing sulfuric acid (Kieliszek and Bano, 2022). The Se placed in the 34" position in the
periodic table, is an essential trace mineral whose scientific understanding has evolved considerably
(Raturi et al., 2025). Early investigations emphasized its potential toxicity (Ryabova et al., 2024), as
excessive intake was linked to alkaline pathologies, which initially fostered a negative perception of the
Se (Wagar, 2025).

In 1973, Se was discovered to be an important component of the active center of the enzyme
glutathione peroxidase (GPx). However, subsequent studies revealed that small amounts of inorganic Se
were indispensable for preventing specific pathologies, e.g., hepatic necrosis in mice (Ahsan et al., 2025),
lower response in the immune organs of broilers with exudative diathesis due to Se deficiency (Pan et
al., 2018), and in oxidative stress in coccidiosis of domestic animals (Razavi et al., 2024).
Supplementation was also shown to alleviate muscle degeneration in lambs and calves, prompting a
reassessment of Se as a nutrient of both preventive and functional importance (Marin et al., 2025).

From a metabolic perspective, the uptake and utilization of Se in mammals depend on its chemical
form (Zhao et al., 2024). Inorganic species include selenate (Na>SeOs) and selenite (Na2SeOs) (Kieliszek
and Blazejak, 2013), while organic forms comprise selenomethionine (SeMet) and selenocysteine
(SeCys) (Kieliszek and Bano, 2022). In plants, the absorption of Na>SeOsz and NaxSeOs is generally
greater in alkaline soils than in acidic soils, although environmental factors, e.g., altitude and vegetative
growth stage also influence availability (Kieliszek and Blazejak, 2013).

Within animals, organic and inorganic forms follow distinct metabolic pathways (Zhao et al.,
2024). SeMet and SeCys are absorbed through the enterocytes of the intestinal mucosa; SeMet enters
general protein pools via the methionine pathway, whereas SeCys is uniquely incorporated into SelPs
(Yuan et al., 2024a). The major SelPs and their functions in the body are elaborated in Table 3.

Collectively, the SelPs control redox stability and protein quality. As research advanced, Se
deficiency was increasingly associated with impaired growth, fertility, and overall health, often in
conjunction with vitamin E (Suttle, 2022d). This led to recognition of the synergistic interaction between
Se and vitamin E in antioxidant defense systems (Chen et al., 2022). A pivotal discovery was the
identification of SelPs, whose primary function is the transport and delivery of Se to peripheral tissues
(Yuan et al., 2024a).

At the molecular level, Se exerts its biological functions predominantly through SelPs, of which
at least 25 have been identified in mammals (Little et al., 2025). Most possess oxidoreductase activity,
playing a critical role in cellular protection against ROS (de Man et al., 2025). While ROS are
unavoidable by products of oxidative metabolism, they can also initiate damaging peroxidation chain
reactions (Tinkov et al., 2020; Saadh et al., 2024). Se, through its incorporation into SelPs, provides a
vital defense against these processes (Banerjee et al., 2022).
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Table 3
Mammalian selenoproteins

Name Abbreviation Function
Glutathione peroxidase GPx Prevents oxidative stress, regulation of antitumor immunity
lodothyronine deiodinase | DIO Regulation of thyroid gland secretion, neuron health
Selenoprotein H SelH Cell cycle regulation and cancer prophylaxis
I Sell Phospholipid biosynthesis
K SelK Immunity and inflammation
M | SelM Maintenance of Ca?*
N SelN Growth and development of muscles
0 SelO Redox reactions
P SelP Transportation of Se to brain and other tissues of body
S SelS Regulation of inflammation and redox reactions
T SelT Regulation of endocrine secretion
\Y SelV Expression of taste
W | Selw Oxidative stress regulation, bone remodeling
Thioredoxin reductase TrxR1-3 Tumor cell apoptosis, oxidative stress, and reduction of disulfide bonds

Source: (Kotepui et al., 2023; Yuan et al., 2024a; Shahidin et al., 2025)

Among the most extensively studied SelPs are the GPx, widely regarded as the principal
mediators of Se antioxidant activity (Sun et al., 2022). These enzymes reduce hydrogen peroxide (H205),
and diverse hydroperoxides by utilizing glutathione as a substrate, thereby preventing the propagation of
oxidative damage to lipids and proteins (Trigueira et al., 2025). At least six GPx isoforms with distinct
functions have been identified. GPx1, the most abundant and first to be characterized, plays a central role
in cytosolic antioxidant defense. However, its absence does not necessarily result in pathology due to
compensatory activity from other peroxidases (Kotepui et al., 2023).

GPx2 is localized primarily in the enterocytes of the intestinal mucosa, where it protects against
hydroperoxides of dietary and metabolic origin (Mohideen et al., 2023). GPx3, an extracellular enzyme
synthesized mainly in the kidney and lung, contributes to plasma antioxidant defense and facilitates Se
transfer into milk (Zinellu and Mangoni, 2021). GPx4, a phospholipid hydroperoxidase, uniquely
safeguards cell membranes and maintains structural stability, with its activity preserved even under Se
deprivation (Barbosa et al., 2022).

In the endocrine system, Se is indispensable for iodothyronine deiodinases (DIOs) and
thioredoxin reductases (TrxR) (Zuhair et al., 2024). These selenoenzymes demonstrate that Se role
extends beyond neutralizing ROS to include modulation of hormonal activity, transcriptional regulation,
and preservation of tissue integrity (Shahidin et al., 2025). DIOs catalyze the activation and inactivation
of thyroid hormones through selective iodine removal (Giri and Mugesh, 2025). Specifically,
iodothyronine 5'-deiodase type | (ID1) converts thyroxine (Ts) to triiodothyronine (T3) by deiodinating
the outer (5') ring (Kohrle and Fradrich, 2022). Se deficiency disrupts this conversion, elevating the
plasma T4:T3 ratio in cow and sheep (Giri and Mugesh, 2025).

Thioredoxin reductases (TrxR1-3) constitute another group of SelPs involved in gene
transcription, recycling of antioxidant vitamins, e.g., C and E, and modulation of mineral absorption
(Yuan et al., 2024b). They also contribute to bone health by protecting osteoblasts and osteoclasts from
ROS induced damage during bone remodeling (Kotepui et al., 2023; Shahidin et al., 2025). Taken
together, the functional diversity of SelPs underscores Se role as a key micromineral in maintaining redox
balance, endocrine metabolism, and regulation of inflammation (Hariharan and Dharmaraj, 2020; Qazi
et al., 2020). Its importance extends to reproductive health across species. In poultry, Se yeast, as an
organic food additive, is utilized to enhance laying performance and egg quality in aged laying hens and
extending the laying cycle (Liu et al., 2023).
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The feeding organic Se to sows during pregnancy significantly increased newborn piglet weight,
piglet weight at weaning, litter weight at weaning, Se content in sow colostrum, milk and serum, and
GPx activity in piglet serum (Zhou et al., 2021). Maad (2024), exposed that ensuring that sheep have
access to enough Se helps to maintain optimal semen quality and reproductive performance In cattle, the
Se can prevent uterine pathology, ensure uterine development, and maintain pregnancy (Wu et al., 2025).
The organic supplementary forms of Se include SeMet and SeCys. Table 4 summarizes the Se
requirements across different physiological stages in dairy cow.

Table 4
Selenium requirements in dairy cow

Milk production Period
ka/d
<20 | 20-30 | 30-40 | prepartum lactation dry period
15d 45d
cC 35 35 3.0 35
Se, ppm 30.0 30.0 30.0 30.0

CC: body condition, Se: selenium. Source: (National Research Council, 2001)
7. Copper

The Cu placed in the 29" position in the periodic table (Byrne and Murphy, 2022). Neonatal animals
generally begin life with significant hepatic Cu reserves (Ciosek et al., 2023). These initial reserves
reflect the maternal dietary Cu history, and maternal deprivation can markedly reduce neonatal reserves,
thereby accelerating subsequent depletion (Jomova et al., 2025). As animals mature, dietary Cu
absorption is mediated by specific transport proteins, e.g., Crt1 (Suttle, 2022a), as well as nonspecific
DMT: located in the enterocytes of the intestinal mucosa (Byrne and Murphy, 2022). In monogastric
animal, Cu absorption and biliary secretion are efficiently regulated, ensuring effective enterohepatic
recycling (Hambidge, 2003). In contrast, ruminants exhibit poor Cu absorption and rely heavily on
hepatic storage (Wang et al., 2025). Wang et al. (2021), highlighted that inefficiency originates in the
rumen, where Mo, in conjunction with S, substantially reduces Cu bioavailability. These elements form
non-absorbable tetrathiomolybdate (TTM) complexes, a small inorganic tetrahedral molybdenum sulfur
anion (Mo0S4%) which can lead to hypocuprosis (Rupp and Weiss, 2019). The TTM reduces Cu, yielding
a stable non-catalytic cluster, Mo/S/Cu, through a Cu/TTM interaction (Figure 2), known as Mo/Cu
antagonism (Suttle, 2022a).

blood / tissue

omasum
intestine
reticulum

S-aa ' mo-rich plant CHDCLE

dietary S-amino acids ‘—7—’

Figure 2
Tetrathiomolybdate (TTM) complexes

Source: Own Elaboration based on (Suttle, 2022a).
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The problem is not confined to ruminal metabolism, as Mo and S are also present in soils
(Fernandez-Villa et al., 2025). Consequently, several Cu deficiency pathologies have been documented
in grazing animals (van Ryssen and Bath, 2024). Mo concentrations in pastures increase with soil pH,
and both Mo and S tend to be elevated in soils rich in organic matter (Shi et al., 2023).

Pastures that rely on legumes as a nitrogen source, rather than fertilizers, are particularly
susceptible to hypocuprosis in Mo-rich soils, since legumes readily accumulate Mo (Banerjee and Nath,
2022). Similarly, animal production in coastal regions, where pasture S levels are high, often requires Cu
supplementation to mitigate deficiency risks (Clarkson et al., 2025).

Experimental studies in Pernambuco, northeastern Brazil have demonstrated that neonatal,
delayed, and atypical ataxia can be induced in ruminants fed diets deficient in Cu or enriched with
antagonists, e.g., Mo and S (Almeida et al., 2022). Cattle are generally more susceptible to hypocuprosis
than sheep, with breed-specific differences also observed (Hussein et al., 2025). For example, Simmental
cattle are more vulnerable to Cu deficiency compared to Aberdeen Angus (Sager and van Saun, 2023).

Horses, however, appear unaffected by Mo-rich pastures, likely because TTM complexes does
not occur until ingesta reaches the large intestine, by which time most dietary Mo has already been
absorbed (Rupp and Weiss, 2019). Nevertheless, impaired growth has consistently been reported across
species as a hallmark of hypocuprosis, typically associated with Mo exposure (Almeida et al., 2022).

Dietary Cu concentration alone has limited diagnostic value due to substantial variability in
bioavailability (Byrne and Murphy, 2022). More reliable indicators include dietary Cu:Mo ratios, with
thresholds ranging from greater than 2:1 for normal growth in cattle to approximately 4:1 for the
prophylaxis of enzootic ataxia (Sager and van Saun, 2023).

Clinical manifestations of hypocuprosis include incoordination, hind limb paralysis, blindness,
deafness, and anemia (Solaiman et al., 2024). Rosa et al. (2016) identified that at the cellular level,
blastogenesis is impaired in ovine and bovine cell cultures deprived of Cu. Both in vitro and in vivo
studies have demonstrated that restricted Cu transport hinders wound healing by slowing smooth muscle
cell migration (Zhang et al., 2020). Furthermore, coagulation factors V and VIII are cuproproteins with
Cu dependent activity; thus, Cu deficiency may compromise hemostasis by weakening platelet adhesion
(Marongiu et al., 2023). Histopathological findings reveal cerebellar lesions and loss of Bergmann glial
cells (Locatelli and Farina, 2025). The primary cause of most cerebellar lesions is impaired function of
Cu dependent enzymes (Table 5).

Table 5
Copper dependent enzymes

Name Function

Amine oxidase (Flavin containing) | Metabolism of neurotransmitters, e.g., noradrenaline, dopamine, serotonin
and selected dietary amines

Lysyl oxidase Cross/linking of collagen and elastin during connective tissue synthesis

CuAO Metabolism of amines, histamines, putrescine, and cadaverine

Cytochrome C oxidase Oxidative phosphorylation, and electron transport in the mitochondrial
membrane

Cu/Zn-SOD4 Antioxidant and free radical scavenger

Ceruloplasmin Oxidation of Fe** to Fe*', Cu storage and transport, antioxidant and free
radical neutralizer

Ferroxidase Oxidation of Fe** to Fe* in enterocytes of the intestinal mucosa

Dopamine f-monooxygenase Conversion of dopamine into norepinephrine

Tyrosinase Melanin synthesis

Adenosylhomocysteinase Conversion of S-adenosyl-L-homocysteine to homocysteine: a central step
in the methylation cycle

CuAO: copper aminooxidase. Source: (Kardos et al., 2018; van Ryssen and Bath, 2024)
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Particularly SOD, which protects tissues from oxidative stress generated by ROS during
respiration (Islam et al., 2022). Three isoforms of SOD (SOD1, SOD,, and SOD3) catalyze the conversion
of Oz into H.0: (Bandodkar et al., 2025). Notably, SOD: activity in neutrophils is reduced when dietary
Cu is insufficient, further underscoring the systemic consequences of deficiency (Yang et al., 2024). The
complementary form of organic Cu is mainly the complex of Cu in combination with gluconic acid
(Wang et al., 2021). Table 6 summarizes the Cu requirements across different physiological stages in
dairy cow.

Table 6
Copper requirements in dairy cow

Milk production Period
kg/d
<20 | 20-30 | 30-40 | prepartum lactation dry period
15d 45d
cC 3.5 3.5 3.0 3.5
Cu, ppm 10.0 10.0 10.0 10.0

CC: body condition, Cu: copper. Source: (National Research Council, 2001)
Conclusions
Minerals are essential molecules for animal nutrition. They have evolved from being considered passive
molecules to regulatory and active elements. They play a fundamental role in i) osteogenesis, ii)
enzymatic processes, iii) antioxidant defense, iv) cell communication, v) protein translation, vi) genetic
control, vii) nerve signaling, viii) formation of selenoproteins, ix) hormone regulation, and x) the immune
response. Deficiencies can lead to bone, cardiovascular, and neuromuscular pathologies. Maintaining
adequate mineral levels through a balanced diet and appropriate supplementation is essential for good
health. This material will be particularly useful for students, as it provides a clear, organized, and
scientifically sound overview of mineral biochemistry in animal nutrition.
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Abstract

This literature review aims to analyse the available scientific evidence on the effects of heat stress on the
physiology and reproductive function of sows, as well as to identify mitigation strategies to improve
reproductive efficiency in pig production systems located in warm environments. Methodologically, the
study is based on a comprehensive review of the most relevant scientific literature addressing heat stress
in sows from a reproductive perspective, integrating findings related to thermoregulation, endocrine
responses, and reproductive performance. The review compiles and synthesizes recent evidence
demonstrating that heat stress disrupts key physiological mechanisms, including alterations in the
hypothalamic-pituitary-gonadal axis, reduced oocyte quality, impaired embryonic survival, and
decreased fertility and litter size. Additionally, it examines practical mitigation strategies such as
environmental cooling systems, improved ventilation, and reproductive management adjustments aimed
at reducing thermal load and enhancing productivity. As a contribution, this work provides a
comprehensive and updated understanding of the biological and productive implications of heat stress,
linking fundamental physiology with applied solutions. In conclusion, mitigating heat stress is essential
to ensure animal welfare, optimize reproductive performance, and promote the sustainability of swine
production systems under challenging climatic conditions.

| Heat stress in sows: Reproductive performance and efficiency |

Objectives Methodology Contribution

The objective of this literature review is to A literature review was The review integrates recent
analyze the available scientific evidence on conducted on the most evidence on heat stress in sows,
the effects of heat stress on the physiology relevant aspects of heat stress explaining physiological and
and reproductive performance of sows, as in sows for reproductive reproductive mechanisms, as well as
well as to identify mitigation strategies studies. mitigation strategies to improve
aimed at improving reproductive efficiency reproductive efficiency and pig
in pig production systems located in hot sustainability.

environments.
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Resumen

El objetivo de esta revision de literatura es analizar la evidencia cientifica disponible sobre los efectos
del estrés calorico en la fisiologia y el funcionamiento reproductivo de las cerdas, asi como identificar
estrategias de mitigacion orientadas a mejorar la eficiencia reproductiva en sistemas de produccion
porcina ubicados en ambientes calidos. Como metodologia, se realiz6 una revision integral de la literatura
cientifica mas relevante sobre estrés calérico en cerdas, con énfasis en aspectos fisioldgicos, endocrinos
y reproductivos. La revision integra evidencia reciente que demuestra que el estrés térmico altera
mecanismos clave como la termorregulacion, el eje hipotdlamo-hipofisis-gonadas, la calidad ovocitaria,
la supervivencia embrionaria y parametros productivos como fertilidad y tamafio de camada. Asimismo,
se analizan estrategias de mitigacion, incluyendo sistemas de enfriamiento, mejoras en ventilacion y
ajustes en el manejo reproductivo para reducir la carga térmica. Como contribucidn, este trabajo articula
el conocimiento basico con aplicaciones practicas para mejorar la eficiencia reproductiva y la
sostenibilidad de los sistemas porcinos. En conclusion, el control del estrés calorico es fundamental para
garantizar el bienestar animal y la productividad en escenarios de cambio climatico.
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Introduction

The sustained increase in ambient temperature recorded over recent decades represents one of the main
challenges for animal production worldwide. This phenomenon has intensified in desert, semi-desert,
and tropical regions, where high temperatures and relative humidity favor an increase in the temperature-
humidity index (THI), creating environmental conditions that can exceed the thermoneutral zone of
various domestic species (Liu et al., 2022). In pig production, heat stress (HS) is a particularly relevant
problem because pigs have a limited capacity to dissipate body heat, mainly due to the poor functionality
of their sweat glands and the presence of a relatively thick layer of subcutaneous adipose tissue (Romo-
Valdez et al., 2022). As a result, pigs rely heavily on behavioral and respiratory mechanisms to maintain
their thermal homeostasis.

Prolonged exposure to high temperatures triggers a series of physiological responses aimed at
maintaining the body's thermal balance, including increased respiratory rate, changes in peripheral
circulation, and alterations in energy metabolism. These responses, although initially adaptive, can have
negative effects on the productive and reproductive performance of animals when adverse thermal
conditions persist for prolonged periods (Lee et al., 2021). In the case of breeding sows, susceptibility to
HS is particularly high due to the metabolic demands associated with gestation and lactation, as well as
high endogenous body heat production (Lucy and Safranski, 2017).

Several studies have documented that exposure to high ambient temperatures can significantly
affect the reproductive efficiency of sows. This phenomenon, known as seasonal infertility, is most
observed during the warm months of the year and is characterized by reductions in key reproductive
parameters such as fertility rate, conception rate, and litter size (Akhavizadegan et al., 2025). In this
context, the following question arises: how do increases in the temperature-humidity index and exposure
to HS affect the physiological mechanisms that regulate the reproductive efficiency of sows?

Scientific evidence indicates that HS can alter multiple processes related to reproduction. At the
behavioral level, a decrease in the intensity of estrus and an increase in the proportion of undetected
estrus have been reported, which makes it difficult to identify estrus in a timely manner and reduces the
efficiency of artificial insemination programs (Bortolozzo et al., 2024). Likewise, HS can affect ovarian
function, alter hormone secretion, and compromise critical reproductive processes such as ovulation and
early embryonic development (Das et al., 2023). These alterations result in reductions in fertility rates
and embryo survival during the early stages of gestation.
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In addition, several studies have indicated that exposure to heat during the peri-conception period
can increase early embryonic mortality and affect maternal recognition of pregnancy, which directly
impacts conception rates and the number of piglets born per litter (Lunney et al., 2016).
Complementarily, HS can induce metabolic and cellular alterations that affect oocyte quality and
embryonic development, thus contributing to the decrease in prolificacy observed in sows exposed to
high ambient temperatures (Knox, 2019).

From a production perspective, these alterations represent a significant challenge to the
sustainability of pig production systems, especially in warm regions where high temperatures are
frequent throughout much of the year. For this reason, in recent years there has been increased interest
in the development of strategies aimed at mitigating the effects of HS on swine reproduction. These
strategies include the implementation of cooling systems in swine facilities, improved ventilation, and
the use of evaporative systems to reduce the heat load in pens (Mykhalko et al., 2023; Ross et al., 2015).
Likewise, adjustments in reproductive management have been proposed, such as the application of estrus
synchronization protocols and the optimization of artificial insemination programs, to improve
reproductive efficiency in hot environments.

In this context, understanding the physiological and reproductive mechanisms through which HS
affects reproduction in sows is essential for designing management strategies that reduce its impact on
the productivity of swine systems. Therefore, the objective of this literature review is to analyze the
available scientific evidence on the effects of HS on the physiology and reproductive performance of
sows, as well as to identify mitigation strategies aimed at improving animal welfare and reproductive
efficiency in pig production systems located in hot environments.

1. Physiology of heat stress

The term "stress" is defined as: the action of nervous and emotional stimuli caused by the environment
(Abbas et al., 2022). Whether in increases or decreases in ambient temperature and the animal's inability
to compensate to maintain its thermal balance (Francois et al., 2022). Acting on an animal's nervousness,
metabolism, reproductive, endocrine, circulatory, and digestive systems (gastrointestinal health) (Figure
1) (Abdel Aziz et al., 2022). Presenting a relationship between the aggressiveness of the environment
and the animal's response (Aboul-Naga et al., 2022). As a defensive reaction to stress-inducing factors,
these so-called stress responses can alter the body's homeostasis (Aderao et al., 2023).

Figure 1
Physiology of heat stress
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Adapted from Ross et al. (2017)
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The normal body temperature of pigs ranges between 37.8-38.8°C (Table 1) (Adjassin et al.,
2022). Temperature at which cellular and biochemical activities work most efficiently (Adur et al., 2022).
The EC can increase its temperature by up to 2°C (Aguilar-Quinones et al., 2022). It is described as the
inability to maintain thermal balance in the body (Ahmad et al., 2022). The animal exceeds the upper
limit of the thermoneutral zone (Gai et al., 2022). Therefore, its normal body temperature begins to alter
its basal metabolic rate (Ghulam Mohyuddin et al., 2022).

Table 1

Recommended ambient temperatures for different production phases in
pigs

Production phase Ambient temperature (°C)

Piglets 30-31
Development 22-24
Fattening 16-18
Pregnant and lactating sows 20-26

Adapted from Zhang et al. (2022)

HS occurs when various environmental factors such as temperature and humidity persist for a
prolonged period (Franks et al., 2023). The consequences of HS vary depending on the duration and
intensity of exposure to the conditions that cause it (Hu et al., 2022).

All animals are susceptible to HS (Hu et al., 2022). Pigs have a disadvantage because they
naturally have few functional sweat glands (Kim et al., 2022). They also have a thick subcutaneous layer
of adipose tissue, which makes them less efficient at losing heat. They have a fast metabolic rate, higher
basal metabolic heat production, rapid growth, and high production levels (Ramirez et al., 2022).

Pigs can suffer various consequences from HS, such as: a decrease in fertility of up to 9% during
the hottest season (summer) (Zheng et al., 2022b), that farrowing occurs up to 1.5 days earlier than
expected (Zou et al., 2022), progesterone (P4) concentrations in pregnant sows are reduced (Zheng et al.,
2022b), and the composition of the placenta is affected because it synthesizes P4 (Zheng et al., 2022a),
ovarian function is affected, reflected in anestrus (Liu and Zhao, 2022), longer intervals between weaning
and estrus, increased embryonic mortality (Lucy and Safranski, 2017), affects farrowing rate and litter
size, in first-time sows and boars, the onset of puberty is delayed (Zhao et al., 2023), levels of pyrogens
(cells that trigger fever) increase (Zhang et al., 2022), genetic input is reduced , decreased feed intake,
reduced nutrient utilization (Fonseca et al., 2019), changes in metabolite and metabolic hormone
concentrations (during gestation, parturition, and lactation) (Romo-Valdez et al., 2022), reduced growth
of piglets at birth, lower carcass quality, increased mortality and morbidity, less rigid adipose tissue
(flabby fat) (Yin et al., 2022).

Some authors mention that sows with a higher number of farrowing’s and a higher number of
piglets born are more susceptible to HS (Dodd et al., 2022). Pregnant females in the early embryonic
stages are at greater risk of pregnancy loss than females with more advanced pregnancies (Tang et al.,
2022a).

Boars are also affected, as during periods of high temperatures, ejaculate volume and sperm
concentration decrease (Tang et al., 2022b). A higher percentage of sperm with abnormalities can also
be observed (Zhao et al., 2023). Constant or extreme exposure to EC has repercussions on animal welfare,
productivity, and health, and can even lead to the death of the pig due to multiple organ failure (Ramirez
etal., 2022).
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2. Environmental responses
2.1 Thermoregulation and thermoneutral zone

Pigs are homeothermic (Lezama-Garcia et al., 2022). They can maintain their body temperature (Chen
et al., 2022). This is governed by thermoregulation mechanisms or the thermoneutral zone (Deb et al.,
2022). Pigs' anatomical and physiological characteristics make them susceptible to HS, as they are
warm-blooded animals (Ramirez et al., 2022). Under very high temperature conditions, pigs maintain
their homeothermy by decreasing metabolic heat production (Domingues et al., 2022). Increasing heat
loss through physiological mechanisms such as (Figure 2): vasodilation, evaporation, conduction,
convection, and radiation (Liao et al., 2023). Heat loss through chemical reactions related to the body's
heat production (Liu and Zhao, 2022).

Figure 2

Physiological mechanisms to heat loss in pigs
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Radiation is the loss of heat through infrared or heat rays (Yasoob et al., 2022). It can vary with
the animal's body surface area. Conduction is the loss of heat caused by the temperature difference
between the animal and its environment (Yablonskaya et al., 2022). Convection is heat transfer through
contact with a fluid (Tokunaga et al., 2022). Pigs can disperse less than 50% of their heat production
through respiratory evaporation (Lezama-Garcia et al., 2022).

The thermoneutral zone (TNZ) is defined as the minimum rate of heat production (Ghaffari,
2022). A normal rectal temperature, minimum physiological cost, and maximum productivity (Ferraz et
al., 2022). The TNZ is between the lower and upper critical temperatures (Thornton et al., 2022). The
upper critical temperature is the temperature at which the animal must increase heat loss to maintain its
thermal balance (Tadesse et al., 2022). The TNZ of each animal may vary depending on its age, species,
breed, sex, dry matter intake, diet composition, environment, and behavior (Flowers, 2022).

The center responsible for thermoregulation and thermal sensations is the hypothalamus (Roth,
2022). Blood is the medium through which heat is distributed evenly throughout the body (Abdel-
Moneim et al., 2022). When blood passes through the body at a very high or low temperature, nervous
mechanisms are activated to lose or conserve heat (Carabano et al., 2022). There are also mechanisms
to regulate the amount of blood circulating in the body (Chikkagoudara et al., 2022). Modifications in
physiological processes to maintain thermal balance alter the productive and reproductive behavior of
animals (Gujar et al., 2022).
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When the ambient temperature (AT) is below 32 °C, relative humidity (RH) (Emiliani et al., 2023), is
not important, but if the temperature is above 32 °C, relative humidity decreases the water vapor pressure
gradient between the evaporation surface of the respiratory system and the air, thereby decreasing the
capacity for latent heat loss (Govindasamy et al., 2022; Landi et al., 2023).

The sweat glands of pigs are not stimulated by HS, which means that pigs cannot lose heat
through sweating (Gupta et al., 2022). The water content in the air is called relative humidity. Pigs have
a wide range of adaptations to humidity levels (Capela et al., 2022). However, an environment with high
humidity can promote the transmission of pathogens (Liu et al., 2022). The recommended RH percentage
is 50-70% (Tables 2, and 3) (Choudhury et al., 2022).

Table 2

Optimal relative humidity (%) by production stage in pigs

Production stage

Relative humidity (%)

Piglets 60-65
Fattening (35-60 kg) 50
Fattening (60-110 kg) 50-75
Breeding sows (empty/pregnant) 65-75
Breeding sows (lactating) 60

Table 3

Adapted from Aguilar et al. (2007)

Percentage of heat loss through different mechanisms and ambient

temperature

Percentage of heat lost at

Percentage of heat lost at

Heat loss mechanism 24°C ambient temperature 34°C ambient
temperature

Radiation 25 10

Conduction 15 5

Convection 30 15

Evaporation 30 15

2.3 Temperature-humidity index

Adapted from Hut et al. (2022)

HS occurs when the organism is unable to regulate its internal temperature (Wallage et al., 2022). Various
factors combine, such as high relative humidity and high ambient temperature (Vittorazzi et al., 2022).
This hinders sweat evaporation and therefore thermoregulation (Toghdory et al., 2022). To find this
relationship, the THI (Figure 3) is used, which predicts when such stress will occur (Theusme et al.,

2022).
3. Physiological responses

3.1 Respiratory rate

The frequency of respiratory movements increases to accelerate the rate of evaporation and therefore
heat loss (Dado-Senn et al., 2023). This process occurs after vasodilation and sweating (Fontoura et al.,
2022). The greater the volume of air that can be inhaled, heated, and moistened, the greater the resulting
heat loss (Zhou et al., 2022). In addition, an increase in respiratory rate is usually seen when the

temperature is above 29 °C.
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Elevated respiratory rate is an indicator of excessive heat load (Stewart et al., 2022). It has been
reported that respiration can increase by 3 to 4 breaths per minute (bpm) more than normal for every
degree that the temperature increases (Roth, 2022). Respiration is the primary mechanism of heat loss
through evaporation, and an increase in air temperature leads to an increase in respiratory rate (Brandt
etal., 2024).

Figure 3
Physiology of heat stress
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Adapted from Wiersma (1990)

Pigs reduce their activity above 19 °C and modify their behavior to lose body heat through
conduction, stretching their bodies and lying on their sides. In young sows weighing 60 kg, the inflection
point for respiratory rate was determined to be 21-23 °C; for rectal temperature, 25-27 °C; and for
voluntary feed intake, 23-26 °C (Huynh et al., 2007). However, in another study with heavier castrated
pigs (83 kg), it was observed that respiratory rate increased at >18 °C; feed intake decreased at 28—32
°C, and water intake increased at 32 °C.
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Figure 4
Respiration rate responses of sows under heat stress and thermoneutral conditions
during gestation (above) and peripartum (below)
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Adapted from Lucy et al. (2012)

Respiratory rate helps dissipate heat during gestation, but not as much after farrowing. In fact,
during gestation, respiratory rate increased in sows subjected to heat stress (Figure 4, above); indeed,
maternal heat load correlates with fetal growth and increased metabolic demand. Under thermoneutral
conditions, respiratory rate remains constant, meaning that breaths per minute increase according to the
heat load. On the other hand, respiratory rate remained similar (Figure 4, below) among treatments from
the day of farrowing (d 0) to the postpartum period (d 20), suggesting that once sows enter thermoneutral
conditions at farrowing, the previous gestational heat load no longer produces a strong residual
ventilatory effect. Therefore, respiratory rate is an excellent indicator of continuous heat stress during
pregnancy, but not necessarily of persistent postnatal thermoregulatory dysfunction.

3.2 Rectal temperature

This is a physiological constant that helps us determine the animal's health status (Bah et al., 2022). This
temperature is based on the balance between body heat load and heat release, in relation to ambient
temperature and heat production (Kawano et al., 2022). Pigs have a normal rectal temperature of 38-39
°C, and when the air temperature is lower than their body temperature, pigs can dissipate heat through
convection, conduction, and evaporation (Sipos et al., 2013).

Heat production in healthy animals is the combination of their metabolic rate, the thermal effect
of feeding, and physical activity (Manica et al., 2022). Brandt et al. (2022) mentions that pigs can
maintain their temperature in balance if the ambient temperature remains within an appropriate range.
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The specific temperatures at which animals exhibit responses may vary depending on sex,
genotype, and environmental conditions, but they provide insights into how management practices can
help mitigate HS. For example, the effects on sow fertility under HS conditions (33 °C) between 150 and
180 days of age were associated with low levels of follicle-stimulating hormone (FSH) and luteinizing
hormone (LH) and a reduced number of small follicles (Kim et al., 2022). This delays the onset of puberty
in young sows and could explain anestrus and ovulation failure in summer (Knox, 2019). Sows under
HS experience an increase in rectal temperature of 0.5 to 1.0 °C (Parois et al., 2018).

Interestingly, a recent study reported that young sows housed at 35 °C showed no reductions in
feed intake, weight gain, or fertility, while water intake increased significantly. Thus, HS-tolerant young
sows maintained their body temperature 0.27 °C below that of susceptible young sows (Byrd et al., 2025).
In contrast, in much older pregnant and lactating sows (30 °C), rectal temperature (39.5-40.0 °C) and
respiratory rate (75 breaths/minute) increased, but there were no effects on fertility, farrowing, or
weaning (Knox, 2019). Exposure of pigs to HS conditions in experimental settings, or through prolonged
exposure to direct sunlight in hot summer climates, resulted in linear increases in respiratory rate and
rectal temperatures up to a core temperature of 41.6 °C, at which point symptoms of HS became evident
(Gourdine et al., 2021). Although the studies were not designed to assess reproductive impact, they do
raise the question of whether the rise to very high internal temperatures damages tissues and organ
function. Although the answer is unclear, an in vitro model of porcine follicle culture at 41.0 °C showed
that the cells remained viable, but that proliferation and steroid production were impaired.

Box 8

Figure 5
Rectal temperature responses of sows under heat stress and thermoneutral
conditions during gestation (above) and peripartum (below)
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Rectal temperature is an excellent indicator of heat stress during gestation. Sows under HS
maintain a consistently higher rectal temperature than sows under TN conditions throughout gestation
(Figure 5, above), indicating sustained hyperthermia and incomplete dissipation of metabolic and
environmental heat. Conversely, during the peripartum period (Figure 5, below), both groups
experienced a marked increase in rectal temperature after farrowing (d 0). This pattern suggests that
farrowing itself imposes a new thermobiological state, likely linked to inflammatory and metabolic
adjustments. Thus, gestational heat stress chronically elevates maternal core temperature, while the
postpartum increase appears to reflect a further physiological readjustment of body temperature, rather
than conserving the low prenatal heat load.

3.3 Skin temperatures

This physiological constant is the first to increase when animals are subjected to HS (Shu et al., 2022).
This is because blood is diverted to the peripheral circulation (Abidin et al., 2022). In pregnant sows,
maximum vasodilation can be observed at mid-gestation, making it more difficult to regulate their
temperature after this time (Brandt et al., 2022). Temperatures in different parts of the skin serve as
indicators of heat loss; when combined with rectal and ambient temperatures or THI, a thermal
circulation index can be calculated as an indicator of blood flow to the skin to facilitate heat loss
(Renaudeau et al., 2011).

This is because blood flow to the reproductive organs is also reduced as flow to areas where heat
can be dissipated is increased (Zhou et al., 2022).

Figure 6
Scapula temperature responses of sows under heat stress and thermoneutral
conditions during gestation (above) and peripartum (below).
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Scapula temperature reflects peripheral thermoregulatory adjustments and provides information
on blood flow redistribution under HS (Gomez-Prado et al., 2022). Scapula temperature increases
markedly in sows subjected to heat stress during gestation (Figure 6, above), consistent with peripheral
vasodilation as a mechanism to increase heat loss through the skin by radiation. This response appears to
stabilize by day 50 of gestation, suggesting that maximum peripheral heat dissipation has been reached.
Around farrowing and during early lactation (Figure 6, below), scapula temperature increased similarly
in both groups, indicating that peripheral thermal responses are more closely associated with the
physiological transition to lactation than with prior gestational treatment. Consequently, scapula
temperature is useful for identifying maternal peripheral adaptation to HS during pregnancy, but after
farrowing, it appears to reflect a broader thermophysiological adjustment shared by both heat-stressed
and thermoneutral sows.

4. Reproductive responses
4.1 Reproductive consequences of gestational heat stress in sows

The HS reduces fertility in sows, a phenomenon that typically manifests during seasonal infertility (De
Rensis et al., 2017; Love et al., 1993). Increased ambient temperature reduces farrowing rates and is
thought to delay the onset of puberty (Prunier and Messias, 1997). Furthermore, during the summer, both
male and female pigs exhibit delayed puberty, prolonged intervals between weaning and estrus,
pregnancy losses, reduced farrowing rates, and smaller litters (De Rensis et al., 2017). Tolerance to
extreme heat and the exacerbation of heat-induced infertility appear to vary among different genetic lines
(Figure 4). For example, Bloemhof et al. (2008) demonstrated that sows selected for a higher farrowing
rate were more sensitive to HS (i.e., reduced litter size and total number of piglets born) and that the
farrowing rate per first insemination was compromised compared to lines not selected for a higher
farrowing rate. It is not well understood exactly how heat affects female fertility, although it most likely
involves impaired production of gametes and embryos capable of development.

The HS has been associated with reduced developmental competence and the induction of
apoptosis in porcine embryos fertilized in vitro and activated by parthenogenesis (Isom et al., 2007).
Although the heat shock protein (HSP) pathway is constitutively expressed in ovarian somatic cells, a
change in its abundance is observed only in the oocyte in response to HS throughout the ovary
(Pennarossa et al., 2012), suggesting that regulation in response to hyperthermia may occur within the
porcine oocyte.

Among the reproductive parameters affected by HS (Zeng et al., 2023), is the delay in the onset
of puberty (Stewart et al., 2022), due to the animal reducing its food intake, resulting in a level of
malnutrition that prevents it from completing its physiological development correctly (Rodrigues et al.,
2022).

Another important problem is the absence or delay in follicular development and ovulation
(Zeitoun et al., 2022), due to an effect that inhibits glucocorticoid function and gonadal steroid secretion
(Zhou et al., 2022). The HS directly affects the hypothalamic-pituitary-gonadal axis (HPG) (Yang et al.,
2022), causing an imbalance in hormone production (Vilela et al., 2022). This is because blood flow to
the reproductive organs is also reduced as flow to areas where heat can be dissipated is increased (Ubuka,
2023).
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Box 10

Figure 7
The effects of gestation heat stress on the pregnant sow and her in utero heat
stress (IUHS)
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Adapted from Lucy and Safranski (2017)

Gestational HS has effects on pregnant and lactating sows and their offspring exposed to in utero
heat stress (IUHS). In Figure 4, maternal heat load is associated with increased rectal temperature,
respiratory rate, and skin temperatures, as well as decreased P4 synthesis, shorter gestation, and lower
birth weight (Lucy and Safranski, 2017). IUHS refers to prenatal thermal hostility that induces effects on
thermoregulation, body composition, and reproductive performance in piglets. Therefore, the IUHS
provides a useful framework for understanding how gestational HS can compromise productivity beyond
immediate pregnancy and extend its impact to the postnatal period and even the pig's future reproductive
life.

4.2 Maternal recognition of pregnancy under heat stress

The success of maternal recognition of pregnancy in sows depends on precise synchrony between the
embryo and maternal physiology at the beginning of gestation. Around day 12 post-mating, elongated
porcine embryos secrete abundant amounts of estrogen, a signal that prevents luteolytic secretion of
PGF2a into the maternal circulation and allows the corpus luteum to be maintained (Bazer, 2013). Any
factor that interferes with this early dialogue can lead to failure of maternal recognition and early
pregnancy loss.

The HS is one such factor: it has been documented that sows exposed to heat in the period close
to conception experience early pregnancy disruptions, evidenced by an increase in irregular returns to
estrus and a decrease in the farrowing rate in sows bred in summer (Chandra et al., 2025). This indicates
that gestation is often interrupted within a few days or weeks, rather than a failure of fertilization.

Physiologically, heat can affect the uterine and hormonal environment critical for pregnancy
recognition. Studies suggest that elevated temperatures around implantation can reduce the secretion or
effective action of embryonic estrogen, or cause an imbalance between P4 and maternal estrogens that
compromises the recognition signal (Lucy and Safranski, 2017). The same authors reported that poor
embryo survival under high temperatures is associated with an imbalance in the concentrations of P4 and
circulating estradiol in the sow.
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The P4, produced by the corpus luteum, is essential in the first few weeks to prepare the
endometrium and sustain the embryos; however, HS can decrease luteal P4 levels or uterine sensitivity
to this hormone, compromising implantation. Similarly, stressed embryos may produce less estrogen or
fail to elongate sufficiently to distribute the signal throughout the uterus (Das et al., 2023). In addition,
it has been proposed that heat causes oxidative damage to oocytes and early embryos, compromising
their viability (Pearce et al., 2013).

Maternal temperatures above ~29 °C can induce oxidative stress in the oocyte-cumulus complex
and in the oviductal/uterine environment, resulting in lower-quality embryos and higher embryonic
mortality before day 30 of gestation (Bloemhof et al., 2013). Consequently, sows suffering from HS more
frequently present irregularities in their post-mating cycles (untimely returns to estrus) attributable to
early embryonic losses due to failure of maternal recognition of pregnancy. In summary, HS interferes
with the embryo-uterus-ovary endocrine axis during the critical period of gestational recognition,
increasing the likelihood of premature luteolysis and termination of early pregnancy (Byrd et al., 2025).

4.3 Effects of heat on the placenta, uterus, fetus, and postnatal development

The impact of HS on swine reproduction spans several anatomical levels. At the level of the pregnant
uterus, heat can compromise endometrial function and uterine blood flow, as mentioned (Pearce et al.,
2013). A decrease in endometrial function due to HS could produce abnormal amounts of prostaglandins
or cytokines, affecting both early embryonic survival and placental growth (Lian et al., 2022). The
placenta, as a maternal-fetal exchange organ, undergoes morphological and functional changes under
heat: in addition to the increased mass and decreased efficiency already described, adaptations such as
placentomes with larger surface areas but lower vascular density and changes in the composition of
chorioallantoic membranes that could limit nutrient transport have been observed (Zhao et al., 2020).

These changes reflect an attempt by the placenta to adapt to the hostile environment, although
they are insufficient to fully compensate for fetal needs. In the embryo/fetus, HE can induce cell death
in early stages (increasing retained or mummified embryos) and, in later stages, reduce the proliferation
of muscle and bone cells. For example, it has been documented that gestational heat exposure decreases
fetal muscle fiber formation (myogenesis) during the mid-gestation period (Johnson et al., 2015), which
has implications for postnatal skeletal muscle growth potential.

Similarly, developing organs such as the intestine and endocrine system may be affected: pigs
born to sows under CE are reported to have less developed intestines and altered endocrine function
compared to pigs from thermoneutral gestations (Lucy and Safranski, 2017). The consequences of these
intrauterine alterations manifest themselves in the postnatal development of the offspring. A consistent
effect is reduced birth weight and neonatal vigor: litters gestated in summer tend to have lighter piglets,
some with intrauterine growth retardation, leading to lower neonatal viability and higher mortality in
heat-complicated births (De Rensis et al., 2017).

Even piglets born apparently healthy to hyperthermic mothers show physiological adaptations
that can be harmful. For example, these piglets have been found to have a higher proportion of adipose
tissue and lower lean muscle mass at growth, evidencing a change in nutrient partitioning programmed
in utero (Boddicker et al., 2014). This is related to hyperinsulinemia, as elevated insulin promotes
lipogenesis at the expense of muscle growth. In addition, offspring of sows under CE exhibit an
exaggerated response to stress after birth: studies have found that, when faced with common stressful
stimuli (handling, weaning, transport), these animals release more cortisol than their peers not exposed
to prenatal heat, indicating a hypersensitive HPG axis (Johnson et al., 2020). This hypersensitivity to
stress may predispose them to behavioral or immunological disorders.

Speaking of the immune system, recent evidence suggests that fetal heat programming also affects
the immunocompetence of offspring. Piglets born to sows pregnant under heat showed exacerbated
inflammatory responses; in one study, when simulating a bacterial challenge, these piglets had
significantly higher levels of proinflammatory cytokines and cortisol compared to piglets from sows in
a cool environment (Campos et al., 2017). This exaggerated inflammatory response means that animals
may become more susceptible to damage from infections or immune stress, as a hyperactivated immune
reaction can lead to high fever, tissue damage from inflammation, and reduced efficiency in fighting
pathogens.
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Furthermore, effects of fetal programming by heat on the reproductive capacity of offspring have
been reported. In particular, males (boars) gestated under hot conditions exhibited lower sperm
production, a higher incidence of sperm abnormalities (tail defects), and reduced testicle size at puberty
(Pinart and Puigmule, 2013).

Females born to sows exposed to heat may experience subtle reductions in performance
throughout their reproductive lives, such as slightly smaller litters or lower milk production when they
become mothers (Lucy and Safranski, 2017). These negative effects on offspring—slower growth,
increased body fat, heightened stress response, and potential reproductive losses—highlight the insidious
nature of HS-induced fetal programming. Taken together, all of this evidence supported by the scientific
literature indicates that exposing pregnant sows to heat causes multiscale harm: it compromises uterine
and placental function, alters metabolic pathways (hormonal signaling, neuroendocrine axes, glucose and
lipid metabolism), and causes cellular/molecular changes (oxidative stress, inflammation, epigenetic
modifications) that affect the embryo/fetus and the born individual throughout its life (Chai et al., 2025).

It is worth mentioning that many of these findings in sows are consistent with observations in
ruminants under HS (e.g., reduced uteroplacental flow in cattle, compromised antiluteolytic signaling in
dairy cows, and deleterious effects on offspring), suggesting the existence of conserved physiological
principles across species, albeit with particularities in each case (Ramirez et al., 2022).

4.4 Fetal programming under heat conditions: cellular and molecular mechanisms

The term fetal programming refer to all the stimuli received by the fetus or embryo during its intrauterine
life (Amat et al., 2022), from implantation (Cattaneo et al., 2022) through fetal development, which may
have lasting consequences into adulthood (Ghaffari, 2022). During the prenatal period, an individual’s
genome is programmed to express different genes in specific tissues and at specific times during their
life (Laporta et al., 2022).

Once pregnancy is established, exposure of the sow and her fetuses to chronic HS continues to
have profound implications for fetal development (fetal programming). High temperatures during
gestation affect placental physiology, the availability of nutrients and oxygen to the fetus, and the
hormonal signals that shape fetal tissue growth and differentiation (Das et al., 2023). One consistent
finding is heat-induced placental insufficiency. Controlled studies have shown that sows exposed to
elevated temperatures during mid-gestation (e.g., 27.7-32.7 °C from days 40 to 60) develop abnormally
enlarged placentas that are less efficient at nourishing the fetus (Zhao et al., 2020).

Under hot conditions, the placenta increases in weight (~22% heavier), possibly as a
compensatory mechanism, but the fetal weight/placental weight ratio decreases, indicating reduced
efficiency of the placenta to support fetal growth. A decrease in the expression of glucose transporters
such as GLUT-3 in the placenta under HS has been observed, which would limit energy supply to the
fetus (Pearce et al., 2013). Likewise, uteroplacental blood flow may be reduced under high temperatures,
as has been documented in cattle and extrapolated to sows (Renaudeau et al., 2011). Reduced uterine
perfusion leads to relative hypoxia and poor nutrient supply to the fetus, contributing to intrauterine
growth restriction (IUGR) and poor organ development.

Although direct experimental evidence of IUGR caused by heat has been difficult to obtain in
pigs due to the complexity of isolating the effect of HS, a reduction in birth weight of piglets from sows
pregnant in summer has been consistently reported (Lucy and Safranski, 2017). This suggests that the
fetuses experienced some degree of deprivation during hot gestation. In fact, by analogy with studies in
sheep and cows, it is presumed that maternal hyperthermia compromises placental functionality (lower
nutrient/gas exchange) and, therefore, fetal growth.

At the cellular and molecular level, fetal programming under HS involves multiple pathways. The
aforementioned oxidative stress can damage developing fetal cells or placental trophoblast cells,
activating apoptosis or senescence pathways that limit the growth of critical fetal tissues (Johnson et al.,
2015). Similarly, a maternal inflammatory environment can cross the uteroplacental interface: it has been
proposed that proinflammatory cytokines produced by the mother or placenta in response to heat (e.g.,
IL-6, TNF-a) alter placental signaling, affecting processes such as placental vascularization and amino
acid transport (Thornton, 2024).
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Another key factor is the alteration of hormonal and metabolic signaling. For example, HS during
early gestation has been associated with insulin resistance in sows (Pearce et al., 2013), which can lead
to transient maternal hyperglycemia followed by hypoglycemia and compensatory hyperketonemia. Such
energy imbalances impact glucose availability to the fetus and may induce changes in fetal metabolic
gene expression.

An increase in postnatal circulating insulin has been observed in piglets born to sows under heat,
indicating possible changes in insulin sensitivity or pancreatic function programmed during intrauterine
life (Johnson et al., 2015). Activation of the fetal HPG axis is another mechanism: fetuses exposed to
elevated maternal cortisol or directly to elevated temperatures may experience accelerated maturation or
dysfunction of their own stress axis.

For example, piglets from heat-exposed pregnancies have been reported to have higher cortisol
levels immediately after birth (Johnson et al., 2020), reflecting an adjustment of the endocrine set point
during fetal life. Additionally, studies in other species and laboratory models suggest that fetal HS can
induce epigenetic modifications that persist after birth, affecting the expression of genes related to energy
metabolism, muscle growth, and immune response (Jianfang et al., 2025). In fact, epigenetic
modifications serve to observe changes in gene expression that are not due to alterations in the DNA
sequence; therefore, DNA methylation is a crucial epigenetic process involving the addition of a methyl
group (CHsa) to a cytosine base in a DNA sequence.

In sows, although research on HS-specific epigenetics is in its infancy, epigenetic programming
is a recognized component of fetal programming (Wang et al., 2008). This epigenetic modulation could
partly explain why the negative effects of heat during gestation can transcend to the offspring
(transgenerational effects).

5. Analytes and hormonal responses
5.1 Glucose

Glucose is the main source of energy in animals (Gurbuz and Ogut, 2020). The main source of glucose
for pigs is starch (Pan et al., 2020). Glucose is found and transported in the blood; in pigs, the normal
concentration is 70-100 milligrams (mg) per 100 ml of blood (Fang et al., 2022).

|Animals subjected to HS can be observed to eliminate glucose from their bodies more quickly
(Almohawes and Alruhaimi, 2020). Insulin sensitivity has been shown to be higher in pigs in the growth
phase because the animals require more glucose to maintain their thermal balance (Fan et al., 2020).

Glucose levels drop because the immune system requires large amounts of glucose and this
system is stimulated in the presence of HS (Yang et al., 2020). When pigs are subjected to HS and there
is a decrease in feed intake, there is a chain of reactions that alters insulin production, which controls
glucose levels (Serviento et al., 2020).
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Figure 8
Serum glucose concentrations of sows under heat stress and thermoneutral
conditions during gestation, lactation, and weaning
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In general, blood glucose levels showed the same pattern in both groups of sows (Figure 8).
However, in TN sows, these levels decreased initially, increased towards the end of gestation, and then
steadily decreased from lactation to weaning. On the other hand, HS sows showed no changes in glucose
levels during the first 60 days of gestation, but did experience an increase towards the end, which
continued to rise and remain elevated at the beginning and middle of lactation, respectively. This leads
to persistent metabolic alterations, such as a refractory effect to the period of thermal exposure. In fact,
high glucose levels do not necessarily indicate insulin resistance; on the contrary, it is important to report
blood insulin and NEFA levels because they indicate the following: 1. Transient metabolic alteration
and adaptation during lactation. 2. Changes in nutrient distribution and endocrine regulation. 3. Influence
on lactation efficiency and subsequent reproductive recovery (Canovas et al., 2024). However, during
late gestation in sows under normal conditions, blood glucose levels increase substantially as part of
fetal programming (Theil et al., 2022). This increase is driven by metabolic needs: high fetal growth,
mammary gland development, preparation for lactation, and hormonal changes, including leptin, which
increase nutrient availability for the fetuses. However, in sows under HS, blood glucose levels also tend
to increase (hyperglycemia) as part of the metabolic stress response, where reduced feed intake is known
to occur. This is primarily due to activation of the HPA axis, which releases cortisol, promoting hepatic
gluconeogenesis to supply emergency energy related to hyperthermia in pigs (Huau et al., 2024; Li et
al., 2025; Luo et al., 2025).

5.2 Triglycerides

These are a group of important lipids present in the blood (Marins et al., 2020), When blood glucose
levels are altered, this affects triglyceride levels because when there is a glucose deficiency, triglycerides
are used as an energy source, causing a negative energy balance (Sarandol et al., 2020). Most
triglycerides leave the hepatocyte to be used as an energy source, so in the long term, liver problems can
develop if the animal is subjected to chronic HS (Peng et al., 2021).

5.3 Cholesterol

Both cholesterol and glucose are strongly related to energy metabolism (Kaseda et al., 2020). It also
participates in organs such as the adrenal glands, gonads, and liver as a precursor to steroid hormones
(glucocorticoids, mineralocorticoids, and sex hormones), bile acids (glucocolic and taurocholic), and
vitamin D. It is used by connective, muscle, nerve, and epithelial tissue to form cell membranes
(Romoser et al., 2022).
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The levels of this metabolite can vary depending on the age, breed, sex, environmental
conditions, physiological status, and diet of the animals (Faheem et al., 2021). It has been shown that
levels are related to environmental adaptability through the alteration of metabolic activity (Kaseda et
al., 2020). Under HS conditions, cholesterol levels decrease (Pu et al., 2020).

5.4 Progesterone

The P4 is a hormone that helps maintain pregnancy (Kawano et al., 2022). When a pregnant sow
undergoes HS, her levels of this hormone are reduced (Ake et al., 2023). During the luteal phase of the
cycle, P4 production is altered (Chikkagoudara et al., 2022).

This can prevent the formation of the corpus luteum and cause early luteolysis through the
induction of prostaglandin F, (Giersch et al., 2022). Overall, there is an increase in lipopolysaccharides,
which alters the receptivity of P4 in the uterus, which can also be reflected in the development and
survival of the embryo (Pantoja et al., 2023).

Young sows exposed to 35 °C exhibited altered concentrations and patterns of P4, estradiol (E>),
and glucocorticoids (Lucy and Safranski, 2017). In fact, HS directly activates the hypothalamic-
pituitary-adrenal axis (HPA), stimulating the adrenal gland to release glucocorticoids (cortisol) and
mineralocorticoids (aldosterone) into the bloodstream. However, if these levels increase, this triggers a
cascade of effects on the HPG axis and gonadotropin-releasing hormone (GnRH), FSH, LH, E, and P4,
which in turn affects follicular development, oocyte maturation, the induction of estrus, ovulation, and
pregnancy (Ross et al., 2017).

Figure 9
Serum progesterone concentrations of sows under heat stress and thermoneutral
conditions during gestation, lactation, and weaning.
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The behavior of serum P4 levels in HS and TN animals at the beginning and during gestation is
very similar (Figure 9). However, after adjustment of the number of corpora lutea and P4 synthesis, HS
sows begin to show a decrease in P4 levels from day 30 onwards, compared to TN sows, where there is
a slight drop 60 days later. A marked decrease is then observed at the beginning of lactation, followed
by a recovery after weaning. The most relevant biological characteristic is that sows subjected to HS
tend to have lower P4 concentrations during the second half of gestation, especially towards the end of
pregnancy, suggesting that gestational HS may compromise the endocrine support necessary for
maintaining pregnancy. However, despite the combined efforts of the placenta, corpora lutea, and
adrenal glands, which synthesize serum P4 during gestation, there is deficient steroidogenesis.
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Therefore, under HS conditions, alterations in luteal function may occur and decrease P4 levels,
resulting in decreased embryonic or fetal survival, gestation time, birth weight, and reproductive
efficiency in pigs and other mammals (Blitek et al., 2016; Correa-Calderon et al., 2021).

5.5 Thyroxine and triiodothyronine

These two thyroid hormones are essential for the proper functioning of the body (Zeitoun et al., 2022).
They participate in multiple biochemical reactions and influence muscle tissue (Stewart et al., 2022).
They are extremely relevant for determining metabolic and nutritional status (Rodriguez et al., 2022).

Various studies have found that HS can reduce the secretion of these hormones (Sengupta and
Kumar, 2022). In very high ambient temperatures, the body reduces the production of these hormones
as a strategy to decrease food consumption and thus reduce metabolic heat production (Devi et al., 2021).

When the animal's body temperature rises, thermal receptors are stimulated and tyrosine-
inhibiting factors are released, which reduces the production of thyroid-stimulating hormone (Correa-
Calderon et al., 2021). This can lead to malnutrition, developmental delays, anemia, anestrus, among
other conditions (Rodriguez et al., 2022).

6. Strategies for mitigating heat stress
6.1 Nutrient management

The HS poses a major challenge in pig herds, as a decrease in feed intake leads to problems with
metabolism and animal welfare across various stages of production, including weaning, growth,
development, reproduction, gestation, and lactation (Katiyar et al., 2025). Therefore, the primary
nutritional strategy is to reduce the metabolic heat load. A low-calorie diet can alleviate the effects of HS
(Zhang et al., 2020). Therefore, adjusting the energy content of diets can reduce the caloric load and
improve physiological responses in pigs exposed to HS. Oxidative stress occurs due to an imbalance
between the production of reactive oxygen species (ROS) and antioxidant capacity, and the
administration of antioxidant supplements during HS has been used as a strategy to mitigate oxidative
damage (Cottrell et al., 2015). Then, HS can cause intestinal permeability. Therefore, dietary strategies
to reduce intestinal hyperpermeability include antioxidants (selenium, vitamin E, vitamin C, etc.),
specific amino acids (e.g., glutamine, betaine), and minerals (e.g., zinc). In addition, functional molecules
such as chromium and vitamin C possess immunomodulatory effects that could mitigate the negative
effects of HS and reduce production losses during HS in pigs (Katiyar et al., 2025).

On the other hand, low-calorie diets are achieved primarily by increasing the fat content of the
diet and reducing the amount of protein or fiber (Mayorga et al., 2018). Digestion, absorption, and
assimilation of dietary fat generate the least amount of heat compared to other nutrients. The fermentation
of fiber in the digestive tract generates heat, and excess protein in the diet is also associated with increased
heat production; therefore, minimizing fermentable diets and adjusting protein content during the
summer helps reduce HS in pigs (Patience et al., 2015).

6.2 Genetic management

Various studies have examined adaptation and the negative effects of HS on livestock production,
focusing primarily on environmental modifications and dietary changes without regard to economic and
environmental costs (Avendario et al., 2012; Cottrell et al., 2015; Mayorga et al., 2018; Renaudeau et al.,
2011). Currently, genetic management is focused on HS-tolerant genotypes, which includes the
possibility of implementing other mitigation strategies in production units (Gourdine et al., 2021). This
ensures that new livestock can produce and reproduce in heat-hostile environments.

In fact, heat susceptibility is a heritable trait in pigs; therefore, genetics could offer a strategy for
improving production performance during the summer (Katiyar et al., 2025). Currently, heat-tolerant
pigs have been identified in specific regions with extreme climates; however, these pigs have been poorly
characterized (Thornton et al., 2021). Despite this, much research remains to be done on the genetic
aspects of heat tolerance, especially since genetic management is an area where results are seen over the
long term.
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A study conducted during the lactation period of Creole sows (>24.5 °C) and Large White sows
(around 24.5 °C) under critical THI conditions revealed that physiological responses—such as rectal
temperature, skin temperature at various sites, and respiratory rate—were higher in Large White sows
than in Creole sows (Gourdine et al., 2007). Under these conditions, growing pigs exhibited the same
adverse effects of HS in the Large White breed as in Creole pigs under chronic HS conditions
(Renaudeau, 2005). Finally, it has been reported that daily feed intake (DFI) in Creole and Large White
pigs under HS conditions is similar, but feeding behavior differed, with Creole pigs exhibiting less
frequent but higher DFI due to a lower feeding rate (Renaudeau et al., 2006). Therefore, feeding behavior
can likely be used as an indicator of thermoregulation in pigs (Cross et al., 2018).

6.3 Environmental management

Several studies indicate differences between heat dissipation mechanisms and physiological responses in
animals (Table 4). Environmental modifications, such as evaporative cooling systems, sprinkler and fan-
based cooling systems, conduction systems (cooling floor), and/or continuous dripping at the snout,
appear to provide efficient relief from the negative effects of high humidity, resulting in increased daily
feeding efficiency (DFI) and overall well-being. The use of fans without an integrated hydraulic sprinkler
system, relying solely on air velocity, can improve convective heat loss, provided that relative humidity
(RH) is low and the facility design considers cooling to benefit from their use; however, if the facilities
are inherently hot, heat dissipation is usually minimal or nonexistent (Godyn et al., 2020; Johnson et al.,
2020). It is important to remember that pigs, due to their inefficiency in dissipating body heat through
evaporation, naturally tend to stay in cool, damp areas within the pen. Currently, the combination of
systems such as floors cooled with chilled drinking water or localized air conditioning systems improves
sow comfort and reduces physiological responses during hot periods, depending on the production stage
(Cabezon et al., 2017; Perin et al., 2015; Roth, 2022).

Table 4
Strategies for mitigating heat stress in sows: physiological and productive effects.

Cooling Heat transfer Key references Species / Variables Main effects Level of Limitations
system / mechanism stage evaluated evidence
Strategy
Increased Convection / | Quiniou and Noblet | Lactating Rectal temperature, | Reduced heat load, | Moderate Limited effect
ventilation rate | evaporation (1999); Williams et al. | sows feed intake, | improved thermal | (indirect when
(2013) performance comfort evidence) ventilation is
already high
Increased  air | Convection Bjerg et al. (2018) Growing Effective Improved heat | Low Lack of direct
velocity (tunnel pigs temperature dissipation evidence in
ventilation) (extrapolated SOWS
to sows)
Directed Convection Heard et al. (1986) Lactating Respiration rate Improved localized | Low Limited
airflow toward | (targeted) SOWS cooling quantitative
animals data
Snout cooling Convection + | Heard et al. (1986); | Lactating Feed intake, piglet | | respiration rate, 1 | High Installation
localized McGlone et al. (1988); | sows growth, rectal | feed intake, 1 piglet complexity and
cooling Perin et al. (2015) temperature growth cost
Air Ambient — General Ambient High  theoretical | Low (limited | High  energy
conditioning temperature temperature cooling capacity field use) cost
reduction
Evaporative Evaporation Kiefer et al. (2012) Lactating Feed intake, litter | 1 feed intake, 1 | Moderate Reduced
cooling SOWS weight litter growth efficiency  at
high humidity
Floor cooling Conduction Van Wagenberg et al. | Lactating Respiration  rate, | | respiration rate, | | High Installation
(2006); Cabezon et al. | sows rectal temperature, | body temperature, requirements
(2017); Maskal et al. feed intake 1 intake, 1 litter
(2018) growth
Radiative Radiation Pang et al. (2011) Sows Surface Reduced thermal | Low Technical
cooling temperature, load complexity
respiration rate
Drip cooling Evaporation Murphy et al. (1987); | Lactating Respiration  rate, | | respiration rate, | | High Water
(direct skin | Dong et al. (2001); | sows body temperature, | temperature, I management
wetting) McGlone et al. (1988) feed intake intake, 1 litter required
weight
Water Evaporation — General Not specified Potential  cooling | Low (poorly | Lack of
sprinkling effect documented) | scientific
validation
Increased Radiation /| — Housing Indoor temperature | Reduced heat gain | Low Limited effect
insulation conduction systems from environment in modern
control facilities

Adapted from Bjerg et al. (2019)
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Summer temperatures can easily exceed 25 °C, reaching highs of 40 °C in the afternoon and
remaining high for hours. Maximum temperatures inside the facilities are influenced by their design and
cooling systems and affect how pigs respond to HS (Mayorga et al., 2018). Both humidity levels and
temperatures can be higher in certain locations during the summer and affect the pig’s ability to cool
itself. Outdoor humidity in summer often exceeds 50% for hours throughout the day in northern Mexico,
suggesting that the THI might be a better measure for linking the environment to reduced fertility in pigs
(Avendaio et al., 2012). Finally, although no cooling system is 100% effective, successful heat
mitigation must consider various factors in an additive manner, such as genetic crossbreeding, nutritional
management, and cool facilities that improve the productive and reproductive efficiency of sows.

Conclusions

Heat stress has negative effects on the reproductive performance and efficiency of sows in various arid
and tropical regions of the world. Sows are highly vulnerable to ambient heat, and dissipating it is
physiologically challenging. Decreases in reproductive responses such as estrus expression rate, fertility
rate, farrowing rate, conception rate, and prolificacy rate have been reported. Heat stress also affects
ovarian activity, follicular development, embryonic survival, maternal recognition of pregnancy,
progesterone and glucose synthesis. Gestational heat stress compromise’s placental function, fetal
development, and postnatal performance. Heat stress mitigation strategies in sows should integrate
environmental, nutritional, genetic, and reproductive management, aimed at improving thermal comfort,
animal welfare, and productivity. Deep physiological, endocrine, and molecular understanding is key to
designing innovative and sustainable strategies that optimize sow reproductive efficiency in the face of
heat stress.
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Abbreviations

HS Heat stress

THI Temperature-Humidity Index

P4 Progesterone

GnRH Gonadotropin-releasing hormone

FSH Follicle-stimulating hormone
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LH Luteinizing hormone

=) Estradiol

HPG Hypothalamic-pituitary-gonadal axis
HPA Hypothalamic-pituitary-adrenal axis
TNZ Thermoneutral zone

bpm Breaths per minute

IUGR Intrauterine growth restriction

IUHS Intrauterine heat stress
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Abstract

This research is a contribution to the critical analysis on the reproduction of gender stereotypes in the
field of agricultural education, a space historically marked by the masculinization of knowledge and the
systematic exclusion of women and other gender identities in the construction, transmission, and
application of agronomic knowledge. It adopts an interdisciplinary approach that integrates gender
perspective with studies in education, sociology, and the epistemology of agricultural sciences. The
findings of this research reveal how institutional structures, academic discourse, and power relations
within agricultural schooling contribute to the reproduction of gender inequities. Particularly, it examines
how these dynamics influence students’ self-perception, academic performance, and career trajectories,
as well as equitable access to opportunities for specialization, leadership, and professional development
in the agricultural sector. From an applied perspective, this study provides input for the formulation of
institutional policies aimed at promoting a more equitable, inclusive, and gender bias-free agricultural
education. Identifying practices and discourses that reinforce the exclusion or marginalization of certain
groups within the academic sphere enables the design of intervention strategies that support the
mainstreaming of a gender perspective into curricula, teaching methodologies, and the organizational
structures of educational institutions. By situating the discussion within the specific context of
agricultural education offered in the Agricultural Preparatory School classrooms at the Universidad
Auténoma Chapingo, this study presents a contextualized analysis with both theoretical and practical
implications for advancing gender equity in the teaching of scientific and technological disciplines in
specialized educational settings.

| The academic classroom as a space for the reproduction of gender stereotypes in agricultural education |

@ ‘ (2

| Objectives Methodology | | Contribution |
The objective of the study was to analyse Following the principle of This research offers an analysis of the
gender inequality in the context of methodological triangulation, case at UACh, which may result useful
Mexican agricultural education, using the four data collection strategies for  managers, teachers, and
Agricultural Preparatory School of the were implemented and policymakers interested in building
Universidad Auténoma Chapingo (UACh) subsequently analysed. fair and inclusive educational
as a case study. environments.

Gender equity, Agricultural education, Gender perspective in education, Stereotypes in the
teaching of agricultural sciences

Resumen

Esta investigacion constituye una contribucion al anélisis critico sobre la reproduccion de los estereotipos
de género en el ambito de la educacion agricola, un espacio histéricamente marcado por la
masculinizacion del conocimiento y la exclusion sistematica de las mujeres y otras identidades de género
en la construccion, transmision y aplicacion de los conocimientos agrondémicos. Adopta un enfoque
interdisciplinario que integra la perspectiva de género con los estudios en el &mbito de la educacion, la
sociologia y la epistemologia de las ciencias agricolas. Los resultados de esta investigacion revelan como
las estructuras institucionales, el discurso académico y las relaciones de poder dentro de la formacién
agricola contribuyen a la reproduccion de las desigualdades de género. En particular, examina como estas
dinamicas influyen en la autopercepcion de los estudiantes, su rendimiento académico y sus trayectorias
profesionales, asi como en el acceso equitativo a oportunidades de especializacion, liderazgo y desarrollo
profesional en el sector agricola. Desde una perspectiva aplicada, este estudio aporta elementos para la
formulacion de politicas institucionales destinadas a promover una educacién agricola mas equitativa,
inclusivay libre de sesgos de género. La identificacion de practicas y discursos que refuerzan la exclusion
0 marginacion de determinados grupos en el ambito académico permite disefiar estrategias de
intervencion que apoyen la integracion de la perspectiva de género en los planes de estudios, las
metodologias docentes y las estructuras organizativas de las instituciones educativas.
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Al situar el debate en el contexto especifico de la educacion agricola que se imparte en las aulas
de la Escuela Preparatoria Agricola de la Universidad Auténoma de Chapingo, este estudio presenta un
andlisis contextualizado con implicaciones tanto tedricas como practicas para promover la equidad de
género en la ensefianza de disciplinas cientificas y tecnoldgicas en entornos educativos especializados.

| Asesor pedagdgico en educacion superior, un abordaje desde la socioformacién |

@ ‘ (2

| Objetivos Metodologia | | Contribucién
El objetivo del estudio fue analizar la Siguiendo el principio de La presente investigacion ofrece un
desigualdad de género en el contexto de triangulacién metodoldgica, analisis del caso en la UACh, que
la  educacion agricola  mexicana, se implementaron cuatro puede ser Util para directivos, docentes
utilizando como estudio de caso la estrategias de recoleccién de y formuladores de politica interesados
Preparatoria Agricola de la Universidad datos y su posterior analisis. en construir entornos educativos justos
Auténoma Chapingo (UACh). e inclusivos.

Equidad de género, educacion agricola, perspectiva de género en la educacion, estereotipos en la
ensefianza de las ciencias agricolas

Introduction

Agricultural education in México has historically faced pronounced gender gaps. For much of the 20th
century, agronomic institutions were characterized by predominantly male environments, where female
participation was minimal. A notable example is the Universidad Autonoma Chapingo (UACh), the
oldest agricultural school in the country, which for decades operated almost exclusively with men and
under a military-style discipline. It was not until 1974 that Susana Azpiroz Riveiro became the first
woman to earn a degree in agricultural engineering from Chapingo, paving the way for more women to
enter this academic field traditionally closed to them. This milestone marked the beginning of a slow but
steady increase in female participation in agricultural education (Azpiroz Riveiro, personal
communication, 2022).

In recent decades, there has been a significant increase in the enrollment of women in agronomy
and related fields at the national level. In fact, women currently make up the majority in Mexican higher
education overall, slightly outnumbering men and completing their studies at a higher rate (INEGI, 2023).
However, these advances are not evenly distributed across all areas of knowledge. Agricultural and
livestock-related programs still have female participation rates below 50%, although higher than in other
Science, Technology, Engineering, and Mathematics (STEM) disciplines. During the 2021-2022
academic year, women accounted for 45.6% of enrollment in Agronomy and Veterinary programs,
compared to 54.4% for men (ANUIES, 2021; ANUIES, 2022). This figure contrasts with fields like
Engineering and Technology, where female representation is just around 31.9%, and with highly
feminized areas such as Health Sciences or Education, where women make up over 70% (INEGI, 2023).
The UACH clearly reflects these national trends.

Following the trail blazed by pioneers like Azpiroz, the female student population has grown
steadily. Today, nearly half of UACh’s student body is made up of women—approximately 44 to 45%,
according to recent estimates. For instance, in 2022, Chapingo reported 5,984 undergraduate students, of
whom 2,719 were women (45.4%) and 3,265 were men (54.6%) (UACh, 2023). This progress is notable
considering that, in the early 2000s, female participation in agronomy graduates nationwide was around
25% (Lechuga et al., 2018). Positive signs are also beginning to appear in academic performance: in
2022, women represented 55.2% of Chapingo’s graduating class (117 out of 212 graduates), suggesting
that once enrolled, female students tend to persist and successfully complete their studies (UACh, 2023).


https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=889463907381
http://www.anuies.mx/informacion-y-servicios/informacion-estadisticade-educacion-superior/anuario-estadistico-de-educacion-superior
https://www.anuies.mx/informacion-y-servicios/informacion-estadistica-de-educacion-superior/anuario-estadistico-de-educacion-superior
https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=889463907381
https://www.cuentapublica.hacienda.gob.mx/work/models/CP/2023/tomo/VII/MAT_Print.8A1I.03.AEPE_A.pdf
https://www.scielo.org.mx/pdf/eunam/v15n43/1665-952X-eunam-15-43-110.pdf
https://www.cuentapublica.hacienda.gob.mx/work/models/CP/2023/tomo/VII/MAT_Print.8A1I.03.AEPE_A.pdf
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It is also worth noting that preferences for specializations within agronomy show gender-based
differences. Programs such as Agroindustrial Engineering and Phytotechnics have a high female
presence, while others like Agricultural Mechanics are still predominantly pursued by men. Nevertheless,
in overall terms, the gender gap in enrollment has substantially decreased both at Chapingo and at similar
agricultural institutions, such as the Universidad Auténoma Agraria Antonio Narro (UAAAN), which in
2022 has reported between 42% and 45% female students in recent years.

Despite these quantitative advances, significant qualitative gender challenges persist in Mexican
agricultural education, many of them related to institutional and cultural barriers. Gender gaps are not
limited to enrollment figures; they also affect the education conditions for both women and men. Various
studies have highlighted that female students face deeply rooted gender stereotypes and both subtle and
explicit forms of discrimination that hinder their full academic development (Belmonte & Guillaman,
2008; Sainz & Muller, 2018).

At UACHh, an institutional diagnosis conducted in 2013 revealed high levels of gender-based
violence against female students — ranging from everyday harassment to serious assaults — generally
perpetrated by male members of the community. The report concluded that the normalization of violence
and the authorities' inaction were the main obstacles to achieving equality and urged the university to
adopt a legal framework with a gender perspective and to create a specialized unit for equity (Chavez-
Arellano, 2020). This situation became visible in recent years through student protests. In May 2022, a
group of female students organized demonstrations on campus demanding greater safety and an end to
harassment, posting complaints and photos of aggressors on university walls (La Jornada, 2022). “We
want a university where we can go without risk. We need to build a Chapingo free of violence against
women,” they declared at the time (La Jornada, 2022).

In response to this situation, institutions have begun to take action with initiatives to promote
gender equity in agricultural education. At the Universidad Autdnoma Chapingo, the authorities formally
acknowledged the problem and implemented initial measures. In 2020, the Honorable University Council
approved a Comprehensive University Security Program that declares a policy of “Zero Tolerance” for
any form of violence and establishes the creation of a Gender Committee focused on preventing and
addressing violence against women (UACh, 2020). Likewise, UACh joined national movements for
equality, such as the “A Day Without Us” initiative on March 9, 2020, allowing female faculty, students,
and staff to be absent in protest against gender-based violence (La Jornada, 2020).

While these actions and the implementation of safe transportation on campus represent positive
progress, recent assessments indicate that much remains to be done in terms of institutionalizing equality.
In an evaluation of 40 universities conducted by the Observatorio Nacional para la Igualdad de Género
en las Instituciones de Educacion Superior (ONIGIES), UACh received the lowest overall gender
equality index — just 0.3 out of 5 points — with several indicators scoring zero due to the lack of gender-
sensitive policies, resources, and data.

This reveals significant shortcomings, such as the absence of effective protocols for handling
harassment cases and, until recently, the lack of a comprehensive gender equality plan. Nevertheless, the
dissemination of disaggregated data — such as enrollment and graduation rates by sex — and the
development of studies on the situation of female students are early signs of progress (ONIGIES, 2023).
In conclusion, female participation in agricultural education in Mexico has increased significantly
between 2020 and 2024, approaching parity in key institutions such as UACh. However, the gender
challenge goes beyond numbers: it involves transforming institutional structures and academic cultures
to eliminate the barriers that women still face. Recent statistics — from the 45% of female students in
agronomy nationwide (INEGI, 2023) to the growing proportion of female graduates — are encouraging
and highlight the potential of women when provided with equitable conditions. The current challenge is
to consolidate this progress through effective gender equality policies, violence-free environments, and
support programs that ensure not only women’s admission but also their retention and academic success
in agricultural fields.

Addressing these gaps is crucial, as closing them will also benefit the country’s agricultural and
scientific development. International organizations emphasize that promoting equal opportunities for
women and girls in science and agriculture drives innovation, sustainable development, and helps reduce
economic inequalities (UNESCO, 2015).
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1.1.1. Gender challenges in agricultural education in Mexico

Agricultural education in Mexico has historically faced significant gender gaps. Traditionally, agronomy
and related fields were considered "male territory,” which was reflected in the low participation of
women. Although female presence has increased in recent decades, underrepresentation persists. For
instance, in the 2019-2020 academic year, women made up only 34% of graduates in agronomic
engineering at the undergraduate level, despite having slightly surpassed 50% participation in higher
education overall. This 34% is the highest female proportion among engineering branches in Mexico —
higher than in other engineering specialties — yet it still falls short of gender parity. Two decades ago,
the figure was around 25%, indicating slow but steady progress.

These figures show that although women have gained ground in agronomy and agricultural
sciences classrooms, they remain a minority. The gap starts early: according to the PISA 2018 report,
15-year-old Mexican boys were three times more likely than their female classmates to aspire to a career
in science or engineering. This finding suggests that gender stereotypes are at work from secondary
education, shaping aspirations and expectations before university enrollment. At the upper secondary
agricultural level, challenges are also evident: in specialized agricultural schools, female enrollment
tends to be lower, though with regional variations. In Michoacan, for example, the "Presidente Juarez"
Faculty of Agrobiology recently reported that 4 out of 10 of its students are women — a figure above the
historical average, but still indicative of imbalance.

Another challenge appears in subsequent professional paths. Even with a degree in hand, many
female agronomists face obstacles entering the formal labor market. Studies show that women represent
less than 20% of the engineering workforce in Mexico, and in the agricultural sector, they often struggle
more than their male counterparts to find employment aligned with their specialty. For example, in the
case of agronomy graduates in Michoacan, only five out of ten women were able to secure a job matching
their profile within a reasonable timeframe. These indicators underscore that achieving greater equity in
agricultural education requires not only increasing female enrollment but also ensuring conditions for
their full academic and professional development. Gender challenges in this field thus encompass both
quantitative dimensions (access and retention) and qualitative ones (educational experiences and post-
graduation opportunities) that demand sustained attention.

1.1.2. Barriers and biases in the education of women in agriculture

The gaps mentioned are not the result of neutral, free choice, but rather of persistent gender-based barriers
and biases in agricultural education (Zamudio Sanchez y Nufiez, 2011). Various sources indicate that
young women interested in agricultural studies face obstacles from their families, schools, and society at
large. A telling example comes from testimonies of Mexican female agronomists: many recall that when
they expressed interest in studying agronomy, “the first to oppose it was my father, and my family in
general” who encouraged them to pursue careers considered “easier for women” such as accounting or
administration. This initial resistance is often rooted in stereotypes that associate farm work exclusively
with men, seeing it as rough, physically demanding, or incompatible with traditional norms of femininity.
Indeed, it was “unusual for women to study agronomy’” and those who did had to face criticism over their
appearance or comments like “Do you really know how to drive a tractor?” from male classmates during
their training (Santana-Vega et al., 2023). Such attitudes can undermine students’ self-confidence and
sense of belonging in the field.

In the academic setting, institutional biases also contribute to the reproduction of these
inequalities. Educational institutions, far from being fully neutral spaces, often reflect and reinforce
social dynamics that disadvantage women (Flores Palacios, 2021). This manifests in several ways. On
one hand, the low proportion of female teachers, administrators, and role models in agricultural schools
has historically limited points of reference for female students. On the other hand, the gendering of
disciplines persists certain areas within agricultural sciences (e.g., agricultural machinery and
engineering) are associated with masculinity, while women are often steered toward or self-select into
subfields considered more “feminine,” such as administrative or agroindustrial areas (Sanchez Bello,
2015). This horizontal segregation reflects deep-seated stereotypes about the roles men and women can
or should occupy in the agricultural sector.


https://cedoc.inmujeres.gob.mx/Salida_ficha_php.php?registroID=14090
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Gender-based violence and harassment in educational settings have also been documented, posing
a significant barrier to the academic retention and development of female students. At UACh, for
example, students have publicly denounced cases of harassment and sexual abuse committed by
professors or staff, demanding safer conditions for their education (Cruz, 2022). These situations not
only violate rights but also create a hostile environment that can lead to dropout or declining academic
performance due to stress and fear. The lack of effective institutional mechanisms to prevent and punish
such behavior, as highlighted by various researchers (Flores Palacios, 2021), has begun to be addressed
under pressure from student groups and feminist organizations.

In summary, Mexican women who choose to pursue education in agriculture face a set of
challenges that include gender prejudice, differentiated expectations, lack of specific support (such as
maternity facilities or safety measures on regional campuses), and various forms of violence. These
factors contribute to many students leaving or redirecting their professional paths throughout their
education. Those who persist often do so by overcoming obstacles that their male peers do not face.
Identifying and dismantling these barriers is essential to advancing toward an inclusive and equitable
agricultural education.

1.1.3. The agricultural preparatory school of the Universidad Autonoma Chapingo: a case study

The Agricultural Preparatory School of the UACh offers a revealing case for analyzing both the progress
and persistence of gender inequalities in Mexican agricultural education. For decades, UACh was a
predominantly male institution. Although the first female students enrolled in 1937, for various reasons
they did not complete their studies, and it was not until 1966 that the permanent admission of women
resumed. From that point on, coeducation was formally established, though female integration proceeded
gradually. The first woman to graduate did so in 1971, in the Agricultural Economics program — a
symbolic milestone marking the break of a historic barrier.

Today, the presence of women at UACh has grown significantly compared to its exclusionary
beginnings. By 2018, women represented nearly half of the total student body, indicating a feminization
of enrollment that mirrors national trends of increasing female access to higher agricultural education. A
significant proportion of these students come from rural and Indigenous backgrounds — historically
marginalized groups. According to institutional data, approximately 28.5% of the student body belongs
to Indigenous communities, and around 40% of them are women, reflecting a growing diversification of
the student profile.

However, the distribution across degree programs still shows signs of horizontal segregation:
female students are more likely to enroll in programs such as Economics or Rural Sociology, rather than
in fields like Irrigation or Agricultural Machinery. This pattern is influenced in part by the masculinized
discourses that continue to dominate some technical specialties, often strongly associated with the so-
called hard sciences. This demonstrates that quantitative parity does not automatically ensure substantive
equality across all academic spaces.

The Agricultural Preparatory School —the upper secondary level affiliated with UACh— has
also been a site of transformation and tensions related to gender roles and stereotypes. A recent milestone
occurred in 2022, when M.C. Lavinia Espinosa Heredia was elected as the first female director of the
Agricultural Preparatory School in the institution's history. Her appointment broke a longstanding
tradition of exclusively male leadership and sent a symbolic message in favor of equity.

The case of Chapingo illustrates a coexistence of progress and ongoing challenges. On the one
hand, the opening of previously inaccessible spaces —such as the admission of female students since
1966, the steady growth of female enrollment, and women’s access to leadership positions— marks
significant strides toward gender equity. On the other hand, the persistence of exclusionary practices and
gender-based violence highlights the need to continue the institutional transformation process.
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1.1.4. Theoretical framework: social reproduction and gender stereotypes

To gain a deeper understanding of exclusionary dynamics in agricultural education, it is pertinent to
examine them through the lens of social reproduction theory and the analysis of gender stereotypes.
According to Bourdieu and Passeron (1990), the school is not merely a space for the transmission of
knowledge, but also a mechanism that tends to reproduce existing social structures, legitimizing
inequalities under the discourse of meritocracy. From a gender perspective, this implies that educational
institutions may perpetuate traditional roles and expectations assigned to women and men, unless explicit
mechanisms for transformation are implemented. In the Latin American context, organizations such as
the Economic Commission for Latin America and the Caribbean have identified gender inequality as
being sustained by structural patterns, including the sexual division of labor and patriarchal cultural
mandates, which manifest across various social spaces, including schools.

These cultural patterns often take shape through everyday practices that reinforce gender
hierarchies. A common example is the belief that men possess a “natural” aptitude for physical or
scientific activities, while women are assumed to excel in caregiving, emotional intelligence, or
interpersonal relationships. These conceptions, even when implicit, are embedded in what has been called
the “hidden curriculum” as well as in everyday classroom interactions, reinforcing stereotypes that shape
students’ educational and professional trajectories.

Gender stereotypes thus operate as self-fulfilling prophecies within the educational environment.
From an early age, boys and girls are socialized differently: boys are encouraged toward fields like
technology, engineering, or physical labor, while girls are steered toward social, domestic, or less
physically demanding roles. These sociocultural constructions influence vocational decisions, and the
perception individuals develop of their own abilities. Gender discrimination, in this sense, is rooted in
socially constructed prejudices that are reproduced daily, limiting the full exercise of rights and
opportunities. In the case of agricultural education, this translates into a collective imaginary that still
associates the figure of the “agronomic engineer” with a robust man, physically suited for fieldwork,
while women are linked to support or administrative tasks — reinforcing their minority presence in
technical areas.

However, social reproduction theory does not deny the possibility of change. Educational
institutions can also become spaces of cultural contestation and symbolic redefinition. When pedagogical
strategies with a critical and inclusive approach are adopted, conditions are created to interrupt the
automatic reproduction of stereotypes. A concrete example can be seen in the implementation of content
on new masculinities and gender equity through extracurricular activities in institutions such as
Chapingo, which seek to transform the professional habitus of the agronomist and expand the possibilities
of representation for women. Similarly, public policies promoted by agencies such as the Ministry of
Public Education, the National Institute for Women, and CONAHCYT have encouraged the
mainstreaming of gender perspectives in the education sector, promoting equity as a guiding principle.

In this process, denaturalizing stereotypes is a key component. Making visible the prejudices that
have traditionally limited female participation — for instance, the belief that women are not capable of
operating machinery or leading agro-productive projects — allows for the questioning and redefinition
of the discourses that have upheld inequality. Likewise, recognizing that men can and should also
participate in caregiving tasks is part of rebuilding a more equitable school culture.

In sum, the framework of social reproduction highlights the tendency of agricultural education to
reflect the structural inequities of rural and patriarchal contexts, while the analysis of gender stereotypes
helps identify the cultural mechanisms at play in this process. Understanding both dimensions is essential
for designing affirmative actions, transformative pedagogical strategies, and institutional policies aimed
at equity. Only through deep transformations in curricular content, teaching practices, institutional
climate, and access and retention policies will it be possible to reverse the patterns that have historically
placed women at a disadvantage in the field of agricultural education. From this perspective, education
becomes a key space for social justice and substantive equality in rural areas.
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1.2. Research objectives
1.2.1. General objective

To analyze gender inequality in the context of Mexican agricultural education, using the Agricultural
Preparatory School of the Universidad Autdbnoma Chapingo as a case study. The aim is to understand the
magnitude of existing gender gaps within the institution and their implications for educational equity in
the national agricultural sector.

1.2.2. Specific objectives

- To characterize the participation of women and men in the Agricultural Preparatory School of
UACh by quantifying gender-based enrollment distribution and its recent evolution.

- To identify the social, cultural, and institutional barriers and factors that contribute to the
persistence of gender inequalities within the school.

- To examine the policies and measures implemented both at the Agricultural Preparatory School
and at the national level to promote gender equity in agricultural education, evaluating their scope
and effectiveness.

- To propose recommendations aimed at reducing the gender gap in the Agricultural Preparatory
School, aligned with current public policies on education and gender equity in Mexico.

1.2.3. Justification of the study

This study is justified by the need to address gender disparities in agricultural education, which is a key
sector for the rural development of the country. Historically, agricultural activity has been associated
with male roles, which has limited women's participation both in the productive sphere and in academic
training linked to the sector (Chavez-Arellano, 2020). Reducing the gender gap in this field is not only a
matter of social justice but also a fundamental strategy for sustainable development. Various
organizations have noted that including more women trained in agricultural disciplines can enhance
productivity and contribute to the well-being of rural communities (Zamudio et al., 2017).

Recent data supports this claim. In Mexico, only 19% of individuals responsible for agricultural
production units are women, and a significant proportion of them lack formal education (INEGI, 2024).
This situation reflects a historical inequality in access to education for rural women, limiting their
development opportunities within the agricultural sector. At the upper secondary level, notable progress
has been made toward gender parity: between 2000 and 2020, the enrollment gap between men and
women at this level decreased from 6.9 to 2 percentage points (INEGI, 2023). However, when examining
specific areas of knowledge, such as agricultural sciences, disparities persist. In the 2021-2022 academic
year, women represented 45.6% of students in Agronomy and Veterinary programs, compared to 54.4%
of men (INEGI, 2023).

In the case of the Agricultural Preparatory School of UACh —one of the most important
institutions for agronomic training at the upper secondary level— women have reached a participation
rate of nearly 45% of the student body. While this figure suggests near numerical parity, qualitative
studies indicate that such presence does not guarantee equitable conditions. Various investigations have
documented that, despite their numbers, female students must constantly prove their competence to be
fully accepted, facing stereotypes, institutional biases, and even episodes of discrimination or harassment
(Chavez-Arellano, 2020). These conditions reflect a school culture still marked by male dominance,
which limits the academic and personal development of women in the agro-educational environment.

The relevance of this study is also grounded in the national legal framework and public policies
aimed at promoting equity. The 2021 constitutional reform mandates that education provided by the state
must guarantee full access to educational rights with a gender perspective.
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In alignment, the 2020-2024 Sectoral Education Program promotes the mainstreaming of gender
perspectives at all educational levels, prioritizing the elimination of barriers to access, retention, and
graduation for female students, particularly in historically excluded contexts. In the agricultural sector,
the Secretariat of Agriculture and Rural Development (SADER) has implemented strategies to reduce
gender gaps in access to productive resources, participation in projects, and capacity building.

These policies reflect a clear institutional will. However, for their implementation to be effective,
it is essential to have up-to-date diagnostics that identify how and where inequalities persist. In this
context, the present research offers a situated and detailed analysis of the case at the UACh, valuable
both for its academic relevance and for its potential contribution to public and institutional decision-
making. Given Chapingo’s emblematic role in training professionals for the agricultural sector, the
findings of this study can be seen as a reflection of the broader challenges facing agricultural education
in Mexico. Likewise, they may be useful for administrators, educators, and policymakers seeking to build
more just, inclusive, and rights-based educational environments.

2. Background
2.1. Origins and development of the Universidad Auténoma Chapingo

Under the government of Antonio Lépez de Santa Anna, the national project to formalize agricultural
and veterinary training was launched, aiming to professionalize labor in a predominantly rural country.
On August 17, 1853, the decree for the creation of the Colegio Nacional de Agricultura was signed. This
institution would later be renamed Escuela Nacional de Agricultura y Veterinaria (ENAyV or ENAV),
and subsequently Escuela Nacional de Agricultura (ENA) (Hernandez Alva, 2024).

The Agricultural Preparatory School was established in 1941 under the leadership of Manuel
Marquez. Applicants were required to complete secondary school and were admitted to a three-year
preparatory school program with an agricultural orientation, serving as a prerequisite for entering the
agronomic engineering degree.

In 1969, the militarized discipline regime that had characterized student life since the institution’s
beginnings was abolished, following the demands of the student movement. In 1973, a model of self-
discipline and more democratic participation was established. Finally, on December 30, 1974, the law
establishing the UACh was published in the Diario Oficial de la Federacion, granting the institution
academic and administrative autonomy. In 1978, the General Statute of UACh came into effect,
formalizing its new university status.

A distinctive feature of UACh has been its welfare-oriented model. Over time, the institution has
provided its students with comprehensive services, including boarding, meals, and cultural and sports
activities. Today, Chapingo maintains a national admissions process and operates satellite units in states
such as Durango, Tabasco, and Zacatecas.

UACHh has evolved from a national school founded in the 19th century into a leading agricultural
university in Latin America. Its history reflects broader transformations in the country’s agrarian and
educational policies, and the institution has played a strategic role in the professionalization of Mexican
agriculture (UACh, 2009).

2.1.2. Impact of the traditional educational model on gender equity

Throughout much of the 20th century, agricultural education in Mexico was structured around a deeply
masculinized traditional model, generating multiple challenges for gender equity. Institutions such as the
UACh and the “Antonio Narro” Superior School of Agriculture operated as environments almost
exclusively for men (Ramirez Valenzuela, 2020), reflecting social imaginaries that linked agronomic
sciences with traits traditionally associated with masculinity. A symbolic milestone in gender equity was
achieved by Maria Elena Jiménez Lozano, who in 1952 became the first woman to earn an agronomy
degree in Mexico, graduating from the Antonio Narro School. However, her case was an exception within
a landscape marked by stark female underrepresentation.
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Several institutional and sociocultural factors contributed to this gap. On one hand, strict
disciplinary norms and internal structures —such as military-style boarding systems— created
unwelcoming environments for women (Chiappe & Salgado Noel, 2014). On the other hand, persistent
stereotypes assigned physical agricultural labor to men and caregiving or administrative roles to women,
influencing both vocational decisions and public perceptions of women's capabilities in the agricultural
field. In many cases, families discouraged young women from pursuing agronomic careers, deeming
them inappropriate or “unfeminine.”

It wasn’t until the 1970s and 1980s, spurred by social and legal changes and the progress of the
feminist movement, that female enrollment in agrarian institutions began to rise. Nationally, the
proportion of women graduating in agronomic engineering increased from 25% in 2000 to 34% in 2019—
2020, making it one of the engineering fields with the highest female presence. At UACh, the progress
has been notable: by 2022, nearly 47% of the student body and a similar proportion of bachelor's degree
graduates were women — suggesting a trend toward numerical parity in access.

Traditionally, agronomy curricula were centered on technical content, lacking a gender
perspective. This omission resulted in limited understanding of the differentiated dynamics affecting men
and women in rural contexts. Additionally, faculty and leadership structures reflected a clear male
dominance for decades, with minimal female participation in positions of authority or academic visibility.
This institutional monoculture restricted the diversity of pedagogical approaches and may have
discouraged potential female students (Mota Lopez, 2023).

In recent years, however, important changes have been introduced. Higher education institutions
have established gender equity offices, implemented gender-based violence protocols, and developed
specific support programs for female students — including those who are mothers. Nationally,
organizations such as the Secretariat of Public Education (SEP) and the National Council of Humanities,
Sciences, and Technologies (CONAHCYT) have promoted policies and incentives to increase female
participation in STEM areas, including agricultural sciences. These efforts have been accompanied by
awareness campaigns, scholarships, and mentorship programs aimed at reducing structural inequality.

Nonetheless, UACh has not fully aligned with these public policies, despite the formation of
agronomist women’s networks, rural women’s forums, and professional associations working to
highlight women’s contributions in the agri-food sector, while creating spaces for support and leadership
development. This grassroots organizing is key to strengthening the presence and agency of women in
traditionally male-dominated environments.

It is important to note that gender challenges in agricultural education are not unique to Mexico.
Internationally, numerous studies have documented similar barriers to women's access, retention, and
professional development in agrarian careers. Organizations such as FAO and UNESCO have pointed
out that agriculture is still perceived in many contexts as a “male domain,” complicating women’s full
integration into agricultural education systems. Global recommendations include the implementation of
institutional policies with a gender perspective, such as anti-discrimination protocols, support for
students with caregiving responsibilities, promotion of female role models, and strengthening gender-
sensitive content in academic curricula.

2.2. Women incorporation at UACh

The incorporation of women at UACh has been a complex process, marked by key moments, social
movements, and persistent challenges. This trajectory can be understood through three fundamental
dimensions: the arrival of the first female students and their initial impact, the role of feminism in
institutional transformation, and the persistence of structural barriers that still exist today.

2.2.1. First female students and their impact on the academic community

In 1958, female students were formally admitted to UACh for the first time, breaking with a historic
tradition of gender exclusion. During the early years, these students faced significant restrictions
regarding their access to campus spaces: they were allowed into classrooms and the library, but barred
from other academic, residential, or recreational areas — reflecting the institutional conservatism of the
time.
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A symbolic precedent of this exclusion was the case of Maria Elena Jiménez Lozano, who was
denied admission to Chapingo in the 1940s due to her gender. She later graduated in 1952 as the first
female agronomist in Mexico from the Antonio Narro Superior School of Agriculture. Her story
illustrates the entry barriers faced by women in agricultural education, even before official access was
granted at Chapingo. After the opening in 1958, female incorporation progressed slowly. The first woman
to graduate as an agronomist from Chapingo did so in 1974, considered a major achievement in an
environment still marked by a militarized internal discipline. Between 1972 and 1980, only 97 women
graduated, underscoring the low female participation in those early years.

Nevertheless, the presence of these early female students had a profound impact. Their
participation challenged deeply rooted gender stereotypes in the agricultural field and gradually forced
institutional attitudes to shift. Their academic and professional performance demonstrated that women
could contribute on equal terms with their male peers. Their integration laid the groundwork for future
coeducational policies and fostered the creation of more inclusive spaces within university life. By the
late 20th century, growing female enrollment began to shape a more equitable academic culture. Women
gained greater visibility in academic projects, student activities, and representative bodies. The creation
of the Chapingo Women Graduates Association in 1981 symbolizes this process of consolidation and the
emergence of professional female networks within the Chapingo community.

2.2.2. Feminist movements and institutional changes

The transformation toward gender equality at UACh has not been a spontaneous process, but the result
of student mobilizations, feminist demands, and broader social pressures. During the 1960s and 1970s,
the climate of student unrest in Mexico, along with the emergence of second-wave feminism, influenced
the questioning of authoritarian and patriarchal structures within the university. At Chapingo, these
currents were reflected in the elimination of the militarized disciplinary regime and the transition to an
autonomous university with collegiate student participation bodies.

Although these reforms did not specifically respond to a feminist agenda, they allowed for greater
female participation in institutional spaces. From the 1990s onward, and more strongly in the 21st
century, feminist collectives began to emerge within the UACh community, composed of students and
professors who brought attention to gender-specific issues in the institution. A landmark moment was
the publication, in 2005, of the book Cuéntame tu historia, mujer, a collection of testimonies from 49
female students and graduates documenting experiences of discrimination, violence, and exclusion. This
work marked a turning point in the institutional recognition of gender inequalities at Chapingo.

In recent years, following the femicide of a student on campus in December 2019, demonstrations
were held within the university, generating pressure for the implementation of structural reforms. As a
result of these demands, UACh announced the creation of a Gender Unit and the adoption of institutional
protocols for the prevention and handling of gender-based violence. However, their implementation has
been slow and faced bureaucratic and cultural obstacles. Despite this, as part of these strategies, some
progress was achieved: awareness campaigns, revision of internal regulations with a gender perspective,
and agreements with institutions such as the National Institute for Women (INMUJERES) to train
university staff.

One of the most evident changes has been the progressive gender parity in student enrollment. By
2022, women represented 45.4% of the total student body. Their participation has also increased in
representative spaces such as student societies, unions, and departmental and university councils. This
generational and political shift has been largely driven by the spontaneous and collective organization of
women at UACh in all areas, who, through their voices, have generated normative and cultural
transformations within the institution.

In summary, the feminist struggle at Chapingo has been crucial in advancing the gender equality
agenda. From denouncing violence to promoting institutional reforms, these movements have brought
the need to build an inclusive university to the forefront of the debate. Although major challenges remain,
each achievement has required sustained collective participation and demands by university women.
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2.2.3. Persistence of structural barriers in agricultural education

Despite the achievements gained over more than six decades of female inclusion, structural barriers
continue to limit full gender equality at UACh and, by extension, in Mexican agricultural education.
Currently, Chapingo’s enrollment is approaching numerical parity, but substantive equity still faces
entrenched obstacles rooted in cultural practices, power imbalances, and persistent social dynamics.

One of the most evident barriers is the underrepresentation of women in leadership roles and in
the highest academic ranks. To date, no woman has ever held the position of Rector at UACh, and most
leadership and decision-making roles remain dominated by men. Even in academic recognition, the
disparity is clear: no female faculty member has been awarded honorary distinctions such as Profesor
Emeérito or Agrénomo llustre in recent years, despite the presence of outstanding female academics with
sufficient merits. This leadership gap reflects systemic obstacles, such as potential biases in selection and
promotion processes, a lack of support for women’s academic careers (e.g., insufficient work-life balance
measures), and the persistence of a traditional institutional culture that still tends to associate —
consciously or unconsciously— authority and expertise in agriculture with male figures.

Gender segregation within academic specialties also persists. While more women are enrolling in
agricultural engineering programs, career distribution continues to reflect gendered patterns: certain
Chapingo specialties, such as Agricultural Mechanics or Irrigation, show a strong male bias, while fields
like Agro-industries or Agricultural Economics are female majority (Secretaria de Economia, 2023).
These trends suggest that gender stereotypes about “male” versus “female” careers remain prevalent even
within the university, influencing students’ vocational choices and future professional opportunities.
Studies show that women in traditionally male-dominated fields face added pressures, from constant
questioning of their abilities to a lack of female faculty role models (Lopez & Ramirez, 2019). These
structural factors can undermine students' confidence and performance, perpetuating inequality
throughout their academic journey.

One of the most concerning barriers is the continued presence of gender-based violence and
harassment in everyday university life. Despite greater awareness and recent reports, many Chapingo
students still experience sexual harassment, discrimination, and even assaults on and off campus (Peralta,
2020). Testimonies have revealed patterns of abuse ranging from normalized sexist remarks in class to
extreme cases of rape on university grounds (Ruiz & Ayala, 2016). The prevalence of such violence
stems from structural factors: a long-standing tolerance of macho behavior, impunity due to complicity
or indifference from authorities, and a lack of effective resources for prevention and victim support. For
instance, between 2012 and 2019, UACh registered at least 13 formal complaints of sexual assault against
female students; however, few resulted in serious sanctions, revealing gaps in enforcement (EIl Universal,
2020). This indicates that deep cultural change is progressing slowly, leaving students vulnerable within
the educational setting.

Broader structural gaps that extend beyond the university but directly affect it also persist,
especially for women from rural backgrounds. Due to its agricultural mission, Chapingo attracts a large
percentage of students from peasant and Indigenous communities — nearly 30% of its student body.
Many of these students face overlapping disadvantages: economic hardship, social marginalization, and
gender-based barriers (Zamudio et al., 2014). Research shows that rural and Indigenous women often
juggle their studies with family or community responsibilities, contend with prejudice both in their home
communities and at the university, and must overcome linguistic and cultural barriers (Chavez-Arellano,
2020). These challenges impose an additional “burden” that their male peers generally do not face to the
same extent. Even with scholarship programs and support, dropout rates among female students are
higher in this segment — representing a loss of talent caused by structural factors beyond individual
control. The “triple workload” (studying, working, and domestic duties) faced by many agronomy
students is a clear example of how gender inequities intersect with socioeconomic realities to hinder
women’s full educational development (Zamudio Sanchez y Nafez, 2011).

As shown, UACh has made significant quantitative progress in women’s inclusion, but qualitative
challenges remain. Structural barriers —in leadership, institutional culture, specialization choices, the
persistence of violence, and intersecting inequalities— continue to restrict real equality.
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Overcoming them requires deepening current measures: rigorously enforcing gender violence
protocols, actively promoting gender parity by advancing women into top academic and administrative
positions, fostering female role models in agricultural sciences, and maintaining constant oversight to
ensure that gender equality is reflected not only in numbers but in the lived experience of the Chapingo
community.

By addressing these root barriers, the Universidad Autdnoma Chapingo can fully establish itself
as an equitable, discrimination-free, and safe environment for women — setting a national example in
agricultural education.

2.3. Current situation and remaining challenges
2.3.1. Gender statistics in agricultural university enrollment

In recent decades, the participation of women in higher agricultural education in Mexico has steadily
increased, although significant disparities remain across institutions, academic levels, and regions of the
country. Nationally, statistics show that women now make up the majority of undergraduate students: in
2021, they accounted for 54% of total enroliment at the bachelor's level. However, in the field of
agricultural sciences, equity has not yet been fully achieved. During the 2021-2022 academic year,
women represented 45.6% of enrollment in Agronomy and Veterinary programs, compared to 54.4% for
men. This indicates that, although the “feminization” of enrollment is advancing in several areas,
agricultural careers still show a slight underrepresentation of women compared to the national average.
In specialized institutions, the UACh has shown significant progress. In 2022, it recorded an
undergraduate enrollment of 6,396 students (including preparatory programs), of which 46.7% were
women. This represents a substantial increase compared to previous years: in the 2018-2019 cohort,
women made up only around 40% of the student body, reflecting progress toward parity.

At the graduate level, national trends slightly favor women. Statistics show that, at the master’s
and doctoral levels, women outnumber men with a proportion of 54.4% to 45.6%. This trend suggests
increasing academic continuity among female graduates of agricultural programs.

In contrast, the UAAAN maintains a more pronounced gender gap. In 2022, its undergraduate
enrollment totaled 6,048 students, with only 39.9% being women. While this figure represents an
improvement from the estimated 30% in 2018, the gap with Chapingo remains notable. It is worth noting
that more than 94% of UAAAN’s students are at the undergraduate level, so its equity figures primarily
reflect that academic stage.

In agricultural preparatory school or technical programs —such as UACh’s preparatory course—
there is also growth in female enrollment, though with regional variations. In summary, current statistics
indicate a positive trend toward gender equity in higher agricultural education, especially in institutions
like Chapingo. Nonetheless, disparities across states, academic levels, and career paths show that fully
equitable distribution has yet to be achieved.

2.3.2. Gender equity programs and policies at UACh and other public universities

In response to the growing visibility of gender inequalities, several Mexican agricultural universities
have implemented policies, protocols, and institutional structures aimed at promoting equity and
preventing gender-based violence. Both the UACh and the UAAAN have adopted relevant measures in
this regard.

At UACHh, student demands and current legal frameworks have driven concrete actions. In 2020,
the University Council publicly acknowledged the existence of gender-based violence within the
university community and approved the development of an institutional diagnosis. As part of this process,
periodic reporting on progress and actions was mandated, and the entire community was invited to take
part in prevention and response efforts.
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Consequently, the Gender Committee was established, a body affiliated with the central
administration, tasked with coordinating substantive equality policies and monitoring complaints.
Protocols were also implemented to channel harassment or violence cases to the appropriate authorities,
including referral to the Public Prosecutor's Office when necessary. In the academic sphere, gender
perspectives have begun to be mainstreamed into various areas. For example, the Division of Economic-
Administrative Sciences has promoted codes of conduct against harassment and inclusion and non-
discrimination guidelines in its graduate programs. These efforts align with the Ley General de
Educacion Superior (2021), which mandates the incorporation of gender equality into institutional plans.
UAAAN has followed a similar path. In March 2022, its rectorate presented a Protocol for Addressing
Gender-Based Violence to the University Council. This document outlines specific procedures for
receiving and addressing complaints and was accompanied by the creation of administrative units
responsible for supporting victims, both at the main campus and regional units. The university also issued
a “Zero Tolerance” declaration against violence toward women and has led awareness campaigns on
various forms of violence within educational spaces.

Both universities participate in national networks such as the Red Nacional de Instituciones de
Educacion Superior comprometidas con la Igualdad de Género (RENIES), linked to ANUIES. These
platforms facilitate the exchange of best practices, institutional training, and collective diagnostics.
However, a recent study revealed that only 45% of higher education institutions have implemented a
gender equality plan and that Gender Units still have limited influence in decision-making bodies.

Despite these limitations, important steps have been taken toward the institutionalization of
equity. Strategies include the incorporation of gender-focused courses, the use of inclusive language in
official documents, the promotion of mentorship programs for female students, and the organization of
events that highlight women's contributions to the agricultural sector. Within this framework, both
Chapingo and Narro have commemorated the International Day of Rural Women and Agronomist Day
with a gender focus, showcasing their female students and alumni as professional role models.

In summary, Mexico's public agricultural universities have adopted institutional policies aimed
at gender equality through gender units, response protocols, and educational initiatives. While progress
is evident, challenges remain in achieving effective and far-reaching implementation. As will be
developed further, cultural, structural, and symbolic gaps persist and require sustained efforts to achieve
substantive gender equity in agricultural education.

2.3.3. Gender gaps in training and professional development

As documented in previous sections, agricultural education in México has undergone a process of
opening to female participation. However, this opening has not been sufficient to ensure substantive
equality. Structural gaps persist that affect women’s academic development, educational trajectories, and
professional integration in the agricultural sector. This section explores in greater depth the areas where
these inequalities are expressed and proposes action lines to address them.

One of the most visible manifestations of this gap is specialization-based segmentation. Although
female enrollment has increased, many students concentrate in engineering programs perceived as more
“accessible” or “safe,” such as Agroindustry, Agricultural Economics, or International Trade, while men
predominate in specialties perceived as technical or field-oriented. This distribution is far from random;
it responds to persistent gender stereotypes that define which types of knowledge and functions are
considered appropriate for each sex. The result is differentiated training that, in the long term, limits
women’s access to certain professional or research niches.

Another critical dimension is unequal access to academic opportunities. While institutional and
government scholarships do not exclude by gender, social factors —such as pressure to stay close to
home, caregiving responsibilities, or safety concerns in rural contexts— often prevent many women from
applying for or completing academic grants or study-abroad programs. Furthermore, the lack of gender-
disaggregated data on indicators such as dropout rates, academic performance, or resource utilization
hinders the design of evidence-based, gender-sensitive strategies.
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In the area of formative research and early professional development, women also face unequal
role distribution. While male students more frequently access fieldwork or technical leadership roles in
projects, female students are often placed in administrative or analytical tasks. This differentiation, rooted
in preconceived ideas about physical ability, leadership, or time availability, directly affects the
construction of academic and professional résumés. Statistics from the National System of Researchers
in the agricultural area, as well as the low number of women serving as lead technical personnel in
outreach and extension projects, reinforce this pattern.

In terms of student leadership, there have been symbolic advances —such as the recent election
of a female Secretary General in Chapingo’s Student Executive Committee— but decision-making
spaces are still predominantly male. Women’s political participation within universities remains low, and
many students report having to prove themselves more to be heard or respected. According to the Gender
Equality Observatory in Higher Education Institutions, UACh ranks among the universities with the
greatest setbacks in equitable student representation, highlighting a disconnect between institutional
equality discourses and daily practices.

Finally, upon graduation, women face an agro-productive sector that remains male-dominated,
where prejudices about their technical ability, leadership, or “fitness” for field conditions are still
widespread. Agronomic engineers who are women often must work twice as hard to prove their
competence to producers, employers, or communities. These structural resistances not only affect their
access to decent employment but also influence their decisions regarding specialization or life projects.
In many cases, female graduates choose to work in areas such as teaching, laboratory work, or
agribusiness administration, while productive leadership or field supervision continue to be
predominantly male spaces.

These inequalities also translate into wage gaps and limited access to leadership positions.
Nationally, women professionals in the agricultural sector face higher rates of informal employment and
lower average incomes, reflecting their limited insertion into strategic roles in both the public and private
sectors. The lack of female role models in high-level positions also acts as a symbolic ceiling that
discourages professional ambition among young students.

Thus, gender challenges in agricultural training and professional development go beyond
numerical parity. Real equity requires transforming the structural, symbolic, and institutional conditions
that continue to place women at a disadvantage. To achieve this, affirmative actions are needed,
including:

- Redesigning institutional information systems with a gender perspective, to monitor and correct
inequalities in real time.

- Expanding mentorships, support networks, and leadership programs for women, especially in
underrepresented fields.

- Strengthening job placement programs and employment platforms with a gender perspective, in
coordination with employers committed to diversity.

- Ensuring the effective enforcement of protocols addressing violence and discrimination, with
mechanisms for monitoring, evaluation, and sanctions.

- Promoting institutional campaigns that highlight the potential of female agricultural
professionals, not as exceptions, but as a fundamental part of the future of Mexican agriculture.

- Achieving truly inclusive agricultural education means that women not only access and remain
under equal conditions but also have the same opportunities to decide, lead, and transform the
sector through agronomic knowledge.
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3.1. Social reproduction theory and gender stereotypes
3.1.1. Bourdieu and Passeron: the school as a reproducer of inequality

The theory of social reproduction, developed by Pierre Bourdieu and Jean-Claude Passeron, argues that
educational institutions are not neutral spaces but rather mechanisms that legitimize and perpetuate
existing social inequalities. Far from democratizing access to knowledge, schools tend to reproduce
social hierarchies through the unequal valuation of inherited cultural capital. This process is upheld by
what the authors call symbolic violence: implicit mechanisms that transform social differences into
seemingly natural academic differences without openly questioning them (Vain & Schewe, 2017).

From a gender perspective, this theory gains particular relevance. As transmitters of a dominant
social habitus, schools also reproduce the gender stereotypes that structure the patriarchal order.
Traditional expectations that associate women with caregiving, docility, or support roles are validated,
while technical and productive leadership is reserved for men. This symbolic assignment is expressed at
multiple levels: from curricular content to pedagogical interactions, including language, teacher
expectations, and the distribution of academic recognition (Buquet, 2011).

What is most problematic is that these constructions are not presented as explicit impositions but
as part of the “educational common sense.” For this reason, Bourdieu and Passeron warn that schools do
not merely reflect society — they also reconfigure and legitimize it. Within this framework, gender
stereotypes are not anomalies but structural components of the symbolic reproduction that operates
within the educational system (Bourdieu & Passeron, 1990).

3.1.2. Agricultural education and the naturalization of gender roles

Agricultural education in Mexico offers a clear example of how social reproduction with a gender bias
operates. Although women actively participate in rural life and agri-food production, their presence in
the formal educational sector remains marginalized. According to recent data, only 15.2% of the
agricultural labor force are women and less than 20% of production units are headed by them (INEGI,
2022). These figures are not accidental: they reflect a structural exclusion that largely originates in how
agriculture is conceived and taught in the classroom.

Curricula and pedagogical practices in agricultural institutions tend to reinforce the idea that the
countryside is a male space. Tasks associated with tilling, machinery, or intensive production usually
take center stage in technical curricula, while women's contributions to rural development —such as the
preservation of traditional knowledge, community management, or agroecological farming— remain
invisible or relegated to the periphery (Biermayr & Rodriguez Gonzalez, 2016; Patel-Campillo, 2015).
In this way, a sexual division of agricultural knowledge is reproduced, distributing symbolic power and
employment opportunities along gender lines. Even when an institutional discourse of equity is adopted,
training practices still operate under a segregative logic. Female students, perceiving hostile or
unreceptive environments, tend to gravitate toward programs considered more "neutral” or "feminine,"
such as Agroindustries or Agricultural Business Administration (Chavez-Arellano, 2020).

This phenomenon, documented by qualitative studies, is not merely a matter of individual
preference but rather an adaptive response to an environment where the patriarchal habitus remains active
(Buquet et al., 2013). The FAO has warned that, globally, rural girls face structural limitations in access
to and retention in education, especially in technical fields (Biermayr & Rodriguez Gonzéalez, 2016). In
Mexico, this gap translates into many rural young women dropping out before reaching higher education
or, if they do, choosing paths that are less valued in the agricultural market. Thus, the educational system
helps solidify a form of inequality that is not only academic but also productive and territorial. In
institutions like the Agricultural Preparatory School of UACh, these processes become evident:
discourses of inclusion coexist with curricular structures and symbolic practices that continue to privilege
the male role (Vazquez Garcia et al., 2023).
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Technical training, focused on tasks associated with intensive agriculture, continues to be
presented as the “natural” domain of men. As a result, a training narrative is consolidated in which men
are prepared to be producers and leaders of the countryside, while women are socialized into auxiliary
or administrative roles. As can be observed, agricultural education not only reproduces general social
inequalities but deepens them through the naturalization of gender stereotypes. In light of social
reproduction theory, it becomes clear that the school cannot be transformative unless it recognizes and
dismantles the symbolic mechanisms that perpetuate exclusion (Bourdieu & Passeron, 1990; Buquet,
2011).

In the case of the agricultural sector, this demands a deep review of curricula, content,
methodologies, and evaluation methods, incorporating a critical perspective that questions assumptions
of neutrality, merit, and vocation. Only then will it be possible to build truly emancipatory agricultural
education —one that does not reproduce the established order but actively contributes to transforming
the social, economic, and cultural structures that uphold gender inequality in the Mexican countryside.

4.1. Analysis of gender-inclusive educational programs at UACh

UAChH has taken initial steps toward mainstreaming gender perspective in its educational programs.
However, progress has been uneven. Most academic programs still do not systematically incorporate
content that challenges traditional gender roles, and gender-focused courses remain exceptional and
marginal. This is partly due to a lack of teacher training and the absence of a clear institutional policy to
guide curricular reform from an equality perspective.

The UACh Gender Committee, though officially in place, has not yet had a significant impact on
curriculum design or the evaluation of educational materials. Furthermore, the institutional protocol for
the prevention and handling of gender-based violence remains at an early stage of implementation.
Therefore, it is urgent to strengthen coordination between educational, administrative, and community
actions through a comprehensive strategy for mainstreaming the gender perspective.

4.2. Diagnosis of teaching practices and biases in educational materials

The institutional diagnosis of UACh reveals that agronomic culture continues to operate under a
patriarchal logic, which affects both curricular design and everyday pedagogical practices.
Approximately 40% of the total student body —and of Indigenous female students— are women
(Chavez-Arellano, 2020), yet this proportion is concentrated in administrative rather than technical
programs. This segregation reflects a cultural construct that still equates masculinity with technical and
rational knowledge, while femininity is associated with auxiliary, emotional, or domestic roles
(FLACSO, 2020).

This discourse is reproduced in pedagogical materials: agricultural textbooks tend to render rural
women invisible, omit their role in agrarian production, and naturalize sexist language and imagery. For
example, the absence of women producers or agronomists in content, and the exclusive use of male
images in illustrations, reinforces the notion that agriculture is a male domain (FLACSO, 2020; UNAM,
2021).

Moreover, a widespread lack of teacher training in gender perspective has been identified,
perpetuating the uncritical transmission of these stereotypes in the classroom. This contradicts national
legislation that prohibits content or methodologies that reinforce gender stereotypes (UNAM, 2021).

4.3. Proposed strategies for gender equity in agricultural education

Various agricultural universities have developed strategies or programs aimed at implementing gender-
focused interventions. Table 1 compares the actions taken by some universities.
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Tabla 1

Comparative Table: Gender-Focused Interventions in Agricultural Universities of Mexico

University Strategy or program Approach or Key Action Observed Results
Universidad Gender-based violence | Prevention, response, and | Greater visibility of the issue, but low
Auténoma Chapingo | response protocol | sanction of gender-based | effectiveness due to lack of
(UACh) (2020) violence; Gender Committee | awareness of the protocol (Martin

Moreno, 2020)

Universidad Gender Equality | Teacher training, awareness | Reduction in incidents of symbolic
Autonoma  Agraria | Training Program | campaigns, and  support | violence and increase in formal
Antonio Narro | (2019) network for female students | complaints (UAAAN, 2022)
(UAAAN)
Universidad “Universidad Participatory diagnosis, | Inclusion of gender topics in at least
Auténoma de Chiapas | Inclusiva” Project | psychosocial support, | 6 undergraduate programs (UNACH,
(UNACH) (2018-2021) curricular review 2021)
Universidad Gender and Institutional | Monitoring of institutional | Design of institutional gender
Autdnoma de Yucatan | Development policies, applied | equality policy (UADY, 2020)
(UADY) Observatory (OGDI) investigations, incidence

proposals

However, to advance toward equitable agricultural education, a multisectoral strategy is required,
encompassing curricular, institutional, and community-based approaches.

At the curricular level:

- Update study plans to include content on gender equality, sexual and reproductive health, and

human rights.

- Incorporate courses such as "Gender and Rural Development™ in all academic programs.
- Include case studies of women leaders in agriculture.

At the institutional level:

in technical fields.

At the community level:

Establish gender-based violence protocols and monitoring mechanisms.
Strengthen the Gender Committee with its own budget and operational capacity.
Implement affirmative actions: scholarships, mentoring programs, and reserved spots for women

Include parity criteria in competitions and awards such as the Arturo Fregoso Urbina Award.

— Organize educational brigades with students in rural communities, working alongside peasant

women.

- Promote extension programs with a gender perspective.
- Create training and leadership spaces for women from rural areas.

These strategies should be accompanied by an institutional campaign that highlights the
achievements of female agronomists, raises awareness within the educational community, and promotes
women’s empowerment at all levels. Table 2 outlines several proposals by level of intervention.


https://reencuentro.xoc.uam.mx/index.php/reencuentro/article/view/1044
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Table 2
Proposed Gender-Focused Interventions by Level of Action

Level of Concrete proposal Objective
intervention

Institutional Comprehensive curriculum reform incorporating | Transform training through educational
gender-focused content design

Teachers Ongoing training on inclusive practices and non-sexist | Eliminate biases and stereotypes in the
language classroom

Students Creation of mentorship networks among women Strengthening leadership and sorority

Community Association  with  rural  women  producers' | Connect training with the country’s socio-
organizations productive reality

4.4. Design of gender-focused educational interventions
The design of interventions must be comprehensive, progressive, and measurable.
The following is recommended:

- Conduct curriculum audits to detect and eliminate sexist biases.

- Develop an "institutional catalog of best practices™: inclusive glossaries, non-sexist imagery,
examples of projects led by women.

- Implement active methodologies (seminars, collaborative projects, case studies).

- Establish equity indicators in teaching evaluations.

Training:

- Mandatory workshops on human rights and gender education for teaching and administrative
staff.

— Extracurricular interventions:

- Conferences with rural women leaders and female researchers.

- Forums on gender equality and agriculture.

- Pilot programs for rural outreach and service with a gender perspective.

Monitoring and evaluation:

Annual surveys based on the ENADIS model, adapted to the student community.
- Joint committees to review progress in equity.

With these measures, UACh can become a national and international benchmark in gender-
equitable agricultural education, aligning its commitment with social justice, educational transformation,
and sustainable rural development.

5. Methodology

This study is framed within a qualitative, interpretative approach, suitable for deeply exploring the
perceptions and subjective experiences of the educational community regarding gender inequalities
(Creswell, 2014; Hernandez-Sampieri et al., 2014). A unique and intrinsic case study was chosen (Stake,
1995), focusing on the Agricultural Preparatory School of UACh, which allowed for an understanding
of the phenomenon within its specific context and with a high degree of complexity. This approach
prioritizes the interpretation of the meanings participants assign to their experiences (Taylor & Bogdan,
1987), enabling a holistic appreciation of gender dynamics within the school environment.

The methodological choice responded to the need for a flexible and humanistic approach, capable
of capturing the nuances of a complex and sensitive topic such as gender. The research aimed to give
voice to students and teachers, prioritizing the account of their practices, attitudes, and narratives within
the institution (Merriam, 2009; Kvale & Brinkmann, 2009).
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5.1. Information gathering techniques

Following the principle of methodological triangulation (Denzin, 1978; Patton, 2015), various qualitative
data collection strategies were implemented to strengthen the understanding of the phenomenon from
multiple perspectives. The techniques used were:

a) In-depth semi-structured interviews

Individual interviews were conducted with key members of the school community: students (both female
and male) and teachers. The interviews followed a flexible guide of open-ended questions that explored
academic experiences, perceptions of differential treatment, barriers faced, and suggestions for
improvement. This technique captured the personal and emotional experiences of the participants, in a
trusting environment that encouraged detailed accounts of gender inequality situations (Kvale &
Brinkmann, 2009).

b) Focus groups

Two focus groups were organized (one female and one male), with the aim of exploring the collective
construction of meanings and perceptions about gender roles (Krueger & Casey, 2015). This gender-
homogeneous setup fostered an open and safe space to discuss sensitive issues. Group interaction allowed
the identification of shared views, tensions, and discursive patterns around the social and educational
norms shaping the school experience.

c) Participant observation

An active-moderate type of participant observation was carried out over one academic semester
(Angrosino, 2012). The researcher naturally integrated into the daily activities of the preparatory school:
classes, extracurricular activities, institutional events, and informal gatherings (dormitories, rest areas,
etc.). This immersion enabled the documentation of behaviors, language, attitudes, and micro-practices
that might reflect inequalities or gender stereotypes (Taylor & Bogdan, 1987; Kawulich, 2005). The
observation contrasted individual discourse with actual dynamics, revealing normalized practices such
as differentiated task assignments, sexist remarks, or unequal classroom participation.

d) Document analysis

Relevant institutional documents were examined, such as regulations, curricula, sex-disaggregated
enrollment and performance statistics, disciplinary reports, and gender equity protocols (Bowen, 2009).
This analysis contextualized individual experiences within the institution’s structural framework,
comparing formal discourse with actual practices. Enrollment records from the past decade and UACh
guidelines on the inclusion of indigenous or rural students were reviewed (Pérez & Martinez, 2019),
confirming that female enrollment accounts for approximately 40% of the student body (Chavez-
Arellano, 2020).

5.2. Data analysis

The data were processed through thematic analysis using the ATLAS.ti software (Friese, 2014).
Interviews, focus groups, and field notes were transcribed verbatim and integrated into a coded database
following the inductive-deductive method of Braun and Clarke (2006). Emerging codes were identified
from the participants' own voices (in vivo coding), as well as categories derived from the theoretical
framework (e.g., stereotypes, exclusion, differentiated participation). The codes were grouped into
analytical themes following the steps proposed by the authors: familiarization, code generation, theme
search, review, definition, and naming (Segura et al., 2016).

Source and technique triangulation was applied (Denzin, 1978; Carter et al., 2014) to verify
recurring patterns across different instruments. For example, observed findings (such as the exclusion of
female students from certain technical practices) were cross-checked with student and teacher
testimonies and documentary data.
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Member checking was also used during the preliminary analysis stage, sharing key findings with
selected participants to validate the interpretations (Lincoln & Guba, 1985). The integration of textual
quotes in the results aims to make visible the voices of those who experience gender inequalities daily,
adding depth and legitimacy to the interpretive analysis.

5.3 Attitudes and institutional responses to gender equity

The third section of findings focuses on the attitudes and institutional practices observed at the
Agricultural Preparatory school, both from teaching staff and departmental authorities, regarding gender
equity. Although in recent years UACh has attempted to adopt an institutional discourse that
acknowledges the importance of substantive equality between women and men, the study's findings
reveal a persistent gap between formal discourse and everyday practice.

Interviews with teaching staff revealed a range of positions. While some female teachers
expressed active concern for promoting female participation and countering stereotypes in the classroom,
other teachers (particularly male) held a more neutral or even skeptical view of gender policies. For
example, a male teacher with over 15 years of experience commented, "We're all equal in class, I don’t
make distinctions, whoever wants to learn, learns,” downplaying the structural inequalities that affect
students' opportunities. This stance, though seemingly fair, reflects what Buquet (2011) describes as
“gender blindness”: a form of denial of real inequalities under the argument of formal equal treatment.

In contrast, some female teachers reported taking on informal mentorship roles for their female
students, offering emotional or academic support in the face of discriminatory situations. One teacher
shared: “When a student tells me she felt left out in the lab, I try to encourage her to speak up and claim
her space.” These individual efforts are meaningful, but they also highlight the lack of institutionalized
support mechanisms to confront everyday sexism.

At the administrative level, both progress and setbacks were identified. Document analysis
showed that the Preparatory school has regulations that mention equality and respect for human rights
but lacks a specific protocol against gender-based violence at the preparatory school level. While UACh
as a university has adopted guidelines and created a Gender Committee, many of its initiatives have not
been fully implemented at the Preparatory school. Interviews with management confirmed this gap:
although they recognize the need to work toward equity, they pointed to limitations in budget, training,
and coordination with higher university levels.

Participant observation revealed that gender-focused institutional activities are rare or occasional.
For example, during the observed semester, no campaigns or workshops on equity were held at the
school, and on key dates like March 8, the commemoration was limited to an informational poster shared
digitally.

This scenario suggests a weak institutional framework on gender issues, with normative progress
still disconnected from everyday practice. Good intentions from staff are necessary but insufficient
without a clear institutional policy, with resources, follow-up, and accountability. The fact that some
female students chose not to report harassment, bullying, or discrimination—either out of fear of
retaliation or lack of knowledge of formal channels—underscores the urgent need to strengthen
institutional frameworks in this area.

Strategies of agency and resistance among female students

The fourth thematic axis highlights the strategies that female students themselves have developed to
confront, resist, and transform gender inequalities in their educational experience. Far from adopting a
passive role in the face of obstacles, the interviewed students demonstrated a remarkable capacity for
agency: they recognize the barriers and seek both collective and individual ways to overcome them.

One common strategy is the creation of peer support networks. Students reported that building
bonds with other female classmates allows them to share experiences, warn each other about
inappropriate behavior from certain teachers or peers, and exchange practical advice to get through
difficult moments. These networks also serve as spaces for emotional support and empowerment.
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As one student put it: “Among us, we encourage each other, we warn each other about things, we
give each other strength. Sometimes one alone can’t, but together we can.” This form of sorority has
been documented in other studies on women in male-dominated educational spaces (Vega & Gonzélez,
2010) and represents a key resource for resistance.

Another form of agency is the active occupation of extracurricular and leadership spaces. While
men still hold the majority in some representative bodies, recent years have seen an increase in women
taking on student leadership roles. During the observed semester, a female student chaired a council
committee, and several others participated in cultural and sports organizations. Their involvement
highlights female leadership and challenges stereotypes that associate leadership with masculinity.

Some students have also chosen to report situations of discrimination or violence, either formally
or informally, although they acknowledge the risks involved. A few shared that they had reported sexist
comments to academic authorities; while clear sanctions were not always enforced, they felt it was
important “not to stay silent.” These actions reflect a growing awareness of their rights and a willingness
to confront inequality, even in challenging contexts.

Additionally, a critical appropriation of gender discourse was detected among some students. In
the focus groups, several girls used terms such as “microaggressions,” “symbolic violence,” or
“patriarchy,” indicating a process of reflection and politicization that could lead to future collective
actions. Some expressed interest in forming a feminist collective within the Preparatory School or
launching awareness campaigns. This political awakening among students is an encouraging sign of the
transformative potential that new generations hold.

Finally, it is important to highlight that student agency is not only expressed through reporting or
formal participation but also in how they reframe their presence at school. For many, studying agronomy
represents a way to challenge social and family expectations and to build an autonomous life project. As
a second-year student stated: “My parents wanted me to study something easier, not related to the field,
but I want to prove that I can do it, that women belong in agriculture too.” This statement captures the
spirit of resistance and the pursuit of epistemic justice that underlies their experience.

Taken together, these findings show that although female students face multiple barriers, they are
also actively building paths of transformation. Recognizing and strengthening these strategies of agency
must be central to any gender-focused educational policy, as it is the students themselves who, from their
lived experience, chart the most genuine paths toward equity.

Attitudes of teaching staff and the institution toward gender equity

The findings in this section address how faculty and administration at the Agricultural High School
perceive and handle gender-related issues, as well as the policies (or lack thereof) that shape these
attitudes. Overall, a range of positions was observed among staff—from teachers with a strong awareness
and commitment to gender equality, to those who minimize the issue by claiming “there’s no difference
here, everyone is treated the same,” and even some who express resistance or hold traditional views. This
heterogeneity indicates that, institutionally, there is not yet a unified or explicitly integrated gender
perspective within the organizational culture (Buquet, 2011; Stromquist, 2007).

Interviews with teachers revealed contrasting examples. On one hand, several female teachers
(and some male teachers) demonstrated critical awareness of inequalities: they mentioned observing that
female students tend to feel less confident in practical settings or that certain behaviors among colleagues
reinforce stereotypes, and they expressed a clear intention to foster greater equity in their classrooms.
One teacher described how she modifies group compositions to ensure that female students take on
leadership roles while male students take support roles, aiming to break the usual gender-based division.
A young male teacher shared that, after conversations with his female students, he became more aware
of everyday microaggressions and now tries to intervene when he hears sexist comments among students.
On the other hand, there remains a sector of the teaching staff that holds traditional or denialist views of
the gender gap. Some male teachers insisted that “women and men here have exactly the same
opportunities” and attributed any differences solely to “personal interests” or “individual capabilities.”
Even more concerning were openly sexist remarks, such as one claiming that “women are less tough for
hard fieldwork,” thereby perpetuating harmful stereotypes.
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At the administrative level, the analysis revealed both symbolic progress and structural
shortcomings. The appointment in 2023 of the first female director in the school’s history, Humberta
Gloria Calyecac Cortero, marked a significant milestone, and many students viewed her as a positive role
model. However, beyond this exemplary figure, the institutionalization of a gender perspective at the
school remains limited: there is no formal Gender Unit, nor specific protocols to address violence,
harassment, or sexual misconduct.

Most faculty members interviewed acknowledged they had not received formal training on gender
issues. This lack of training results in highly varied individual responses to situations of inequality and
limits the institution’s capacity to implement systemic change (UNESCO, 2015). Furthermore, no
systematic analysis is conducted of the gender-disaggregated data generated by the institution itself,
which hinders the identification of exclusionary or unequal patterns (World Bank, 2018).

Strategies of agency and improvement proposals from the student body

Despite the challenges identified, the female students at the Agricultural Preparatory School do not
present themselves as passive subjects; on the contrary, they demonstrate various strategies of agency
and resilience to confront and overcome gender inequalities in their educational environment. This
section presents the ways in which the students (with support from some allies) actively respond to the
situation, as well as the proposals for change that emerged from their voices to build a more equitable
school (Lagarde, 2012; Stromquist, 2015).

A central strategy identified is the creation of support networks and sorority among the students
themselves. The interviewed students shared that they often unite to confront sexist attitudes or daily
obstacles. Additionally, when one of them faces a sexist comment or an uncomfortable situation, the
others provide emotional support and advice. This sorority is key to strengthening young women’s self-
esteem and perseverance in a challenging environment. Personal affirmation tactics were also noted:
many students pursue academic and extracurricular excellence as a way to challenge stereotypes. Several
stated that this gives them a voice and respect among their peers. While some acknowledged the
emotional toll—stress, excessive self-demand—many see it as an effective way to gain visibility and
recognition.

Another form of agency is engaging with school authorities. Some students have submitted
petitions, participated in commemorative events on March 8, and promoted initiatives to raise awareness
about gender issues within the school. These include proposals such as protocols for addressing
harassment cases, inclusive language campaigns, sensitivity workshops, and demands for equitable
participation in academic and extracurricular activities. Among the most prominent proposals are:

(a) the inclusion of courses or workshops on gender perspective; (b) the creation and enforcement
of clear institutional protocols; (c) promotion of awareness campaigns and inclusive language; (d)
establishing gender parity goals in representative activities; and (e) increasing the presence of female
teachers and role models.

All the above reflects a strong sense of both collective and individual agency among the students.
Through daily actions, institutional activism, and concrete proposals, they are actively contributing to
the construction of a more equitable school culture. Their voices represent a vital engine for change at
the Agricultural High School and deserve to be heard and supported by the authorities and educational
staff.

Results

The qualitative findings reveal deep-rooted gender inequalities structured across various dimensions of
school life at the Agricultural Preparatory School of UACh. Based on the analysis of interviews, focus
groups, participant observation, and institutional documents, four main thematic axes were identified:

(1) gender-differentiated academic participation, (2) the persistence of gender stereotypes in
student leadership roles, (3) curricular invisibilization through an androcentric bias in educational content
and practices, and (4) the ineffectiveness of institutional mechanisms to address inequity.
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Additionally, related sub-dimensions emerged, such as female students’ professional self-
perception, manifestations of symbolic violence, and cultural resistance within the educational
community, as well as the significance of peer support networks among female students to confront these
disparities. Each of these findings is developed below, supported by empirical evidence and recent
theoretical contributions.

Gender-differentiated academic participation

Numerical Inequality and Classroom Roles: The student population reflects a significant disparity:
historically, male enrollment has far exceeded that of females. Previous research indicates that at the
Agricultural Preparatory School, the number of male students has been nearly three times that of female
students (Castro & Vazquez-Garcia, 2008), a situation that interviewees described as “constantly being
in the minority” within the classroom. This numerical imbalance has tangible effects on daily dynamics:
classroom observations showed that female voices tend to carry less weight in academic discussions. In
focus groups, several students noted that during class sessions, their opinions are sometimes minimized
or go unnoticed compared to those of their male peers. This aligns with patterns documented in similar
agronomic education contexts, where men dominate classroom interaction (\Vazquez Garcia et al., 2023).
In fact, Vazquez Garcia et al., (2023) identified gender discrimination in classroom interaction,
manifested in practices such as assigning more speaking opportunities or technical responsibilities to
male students than to females—thus reproducing gender-based capacity stereotypes. These findings
suggest that classroom socialization continues to favor male students in terms of visibility and
recognition, echoing Shortall’s (1998, cited in VVazquez Garcia et al., 2023) observation that agricultural
education often reinforces gender differences by offering men and women unequal experiences and
opportunities in agrarian training.

Task Distribution and Extracurricular Participation: Participant observation in practical and
extracurricular activities supported this finding. In fieldwork and laboratory settings, a tendency to assign
tasks based on traditional gender roles was evident. For example, in heavy machinery or equipment
handling sessions, male instructors and students often took the lead, while female students were
frequently relegated to logistical support or note-taking. Several interviewed young women expressed
feeling underutilized in these settings, perceiving that “women aren’t expected to do the hard jobs”
(Interview, 2024).

This subjective perception is supported by theoretical analyses of the sexual division of
educational labor, in which women are often assigned secondary or less visible roles (Bustos & Blazquez,
2003). While not all instructors consciously reproduce these differences, the net result is a differentiated
participation that limits female students’ practical learning and can undermine their confidence.

In summary, academic participation at Chapingo is marked by inequalities that range from
numerical representation to everyday classroom and fieldwork dynamics—reflecting the persistence of
an environment that favors male over female agency.

Gender stereotypes in student leadership roles
Bias in leadership assignment

Interviews with both teaching staff and students revealed the persistence of stereotypes that
unconsciously associate leadership with masculinity. Several teachers admitted—when asked
anonymously—that during group work or student representative selections, they tend to “trust” male
students more to coordinate activities, assuming they possess greater authority or leadership skills. This
bias aligns with the classical notion of “think leader, think male” (Schein, 2001), and was corroborated
by female students in focus groups. They recounted situations in which, when selecting class
representatives or project leaders, their male peers would almost automatically propose other men,
sidelining or questioning the suitability of women for such roles.

One student summarized the situation by stating: “Whenever someone has to be picked as
coordinator, they think of a man first; we have to prove ourselves three times more to even be considered”
(Focus group, 2024). This testimony illustrates how the burden of proof falls disproportionately on young
women due to gender biases.
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Theoretically, this phenomenon is explained by the lack of congruence between the leadership
role and the socially perceived female gender role (Eagly & Karau, 2002), which creates an invisible
ceiling that hinders women from assuming leadership positions without facing resistance or stigma.

Consequences in student life

The presence of these stereotypes has tangible implications. On one hand, it limits the voice of female
students in collective decision-making—such as the organization of academic events, student
representation before school authorities, or leadership in student associations—since these positions are
frequently held by male students. On the other hand, when a female student breaks this implicit norm
and takes on a visible leadership role, she often faces increased scrutiny.

In-depth interviews revealed that several young female leaders were labeled as “bossy” or had
their femininity questioned for exercising authority—reflecting the social sanction imposed on those who
challenge traditional gender roles. This mirrors patterns observed in broader academic settings: studies
at UNAM indicate that women in academia and female students who assume positions of power face
more criticism and receive less initial legitimacy compared to their male counterparts (Bustos &
Blazquez, 2003).

At Chapingo, although there has been recent progress, the organizational culture still carries
traditional ideas where female leadership is the exception rather than the norm. This finding underscores
the need to dismantle deeply ingrained gender stereotypes that hinder equitable participation in leadership
roles within the student community.

Curricular invisibility and biases in teaching
Androcentric bias in content

The documentary analysis of curricula, course programs, and pedagogical materials revealed a marked
invisibilization of women in the formal curriculum. A review of syllabi from key courses uncovered a
clear androcentric bias: nearly all referenced authors and case studies feature male figures, with virtually
no inclusion of contributions by female agronomists, scientists, or rural leaders. This absence is not
accidental but reflects a traditional perspective that has normalized men as the universal subject of
agriculture.

Vazquez Garcia et al., (2023) specifically report this phenomenon in Chapingo's agronomy
curriculum, noting that the content taught tends to erase women's contributions and reinforce stereotypes
about the "proper” roles of each gender in the agricultural field. Similarly, Caballero Alvarez (2011)
argues that many curricular designs in higher education lack a gender perspective, perpetuating partial
and exclusionary views of knowledge. In this study, none of the core compulsory courses analyzed
included discussions on gender equity in the agricultural sector or acknowledged the specific challenges
faced by rural women. This curricular omission means that students are not exposed to critical
perspectives on inequality, perpetuating a hidden sexist curriculum that conveys the idea that the
agricultural profession is, above all, a male domain.

Hidden curriculum and teaching practices

In addition to formal content, the qualitative research highlighted the powerful influence of a hidden
curriculum that reinforces the undervaluation of women. Participant observation in classes revealed
meaningful micro-messages and everyday dynamics: for example, in several sessions, instructors were
documented using masculine generic language, which symbolically excluded female students. Anecdotal
examples also emerged where stereotypical jokes were made—such as references to physical strength
being “naturally male”—comments that, though seemingly harmless, normalize sexist assumptions.

These interactions form part of the hidden curriculum, understood as the set of implicit values
and norms transmitted in the educational environment (Maceira Ochoa, 2005). According to Millan
(2001), the symbolic dimension of academic life plays a decisive role in the reproduction of inequalities:
female students not only learn official content but also internalize implicit messages about their place
within the professional field. Our findings support this view.
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Interviewed students pointed out that, throughout their studies, “we almost never saw successful
female agronomists in the material; it makes you think there just aren’t any female role models”
(Interview, 2024). This absence of references, combined with the bias in teaching practices, contributes
to a diminished academic self-image among female students, who may begin to question their belonging
and potential in the field of agronomy. In sum, there is a dual curricular invisibility: in formal content,
which silences female contributions, and in the daily hidden curriculum, which—through language and
attitudes—reinforces the notion of agricultural education as something “by and for” men.

Ineffective institutional mechanisms and limited response
Gaps in institutional policy

Despite the magnitude of the gender gaps described, the institutional response has, until recently, been
regarded as delayed and insufficient by participants in the study. The review of official documents and
historical accounts indicates that for decades, UACh lacked formal protocols to address cases of
harassment, discrimination, or gender-based violence, as well as comprehensive equity programs. Older
interviewees (alumnae and faculty) recalled that in the past, reports of sexist behavior rarely led to any
consequences: “There was simply no one to go to, and if you did, nothing happened” (Interview, 2024).
This lack of effective channels led to a normalization of silence in the face of abuse.

In line with this, Castro and Vazquez Garcia (2008) documented that Chapingo operated as a
space where gender-based violence was reproduced at various levels precisely because there were no
institutional counterweights to stop it. They identified a “habitus of submission” among female
students—a social learning process in which “they have learned to tolerate and live with” everyday
violence—aggravated by the institution’s minimization of the problem.

Our current findings confirm that, although there have been normative advances, the perception
persists that the authorities do not respond decisively to situations of inequity or violence.

Recent advances and limitations

It is important to acknowledge that in recent years, the university has undertaken actions to address these
institutional gaps. For instance, in 2020, UACh adopted a “zero tolerance” declaration against gender-
based violence and began developing response protocols (UACh, 2020). Additionally, a Gender
Committee or Unit was established, tasked with handling complaints and promoting awareness activities.
These measures partially respond to student demands and to the national climate calling for safe
educational environments.

However, their implementation faces significant challenges. According to Martin Moreno (2020),
most gender violence protocols recently adopted in Mexican public universities only partially comply
with international recommendations and exhibit substantial operational limitations. UACh is no
exception: while interviewed students recognized the protocol as “a positive step,” they also noted
shortcomings in its dissemination and credibility. Several reported not knowing clearly how or to whom
report incidents or expressed mistrust in whether their cases would be addressed without retaliation.

This discrepancy between written policy and everyday practice reflects what Freire (1972) would
describe as an incomplete process of “conscientization” at the institutional level. Despite an official
discourse of equity, the existing mechanisms have yet to fully penetrate the organizational culture. During
the study period, narratives of impunity persisted regarding verbal harassment among students and the
lack of psychological support for victims.

In summary, while the institution has begun to lay a normative foundation for gender equality, its
real effectiveness remains limited. A deeper and more sustained commitment is needed to transform not
only policies but also the daily practices and lived culture of the educational environment.
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Symbolic violence and normalization of sexist attitudes
Subtle manifestations of violence

In addition to explicit forms of discrimination, the study identified numerous expressions of symbolic
violence (Bourdieu, 2000) in the everyday life of Preparatoria Agricola UACh’s. This type of violence
is expressed through normalized practices, gestures, or discourse that reproduce gender domination
without physical coercion, and is often imperceptible to both those who enact it and those who experience
it (Bourdieu, 2000; Maceira Ochoa, 2005).

One of the most significant examples documented was the use of gossip as a tool of social control.
In line with findings by Chavez Arellano (2020), gossip in the student dormitories was observed to have
gendered effects: although practiced by both men and women, its consequences are more harmful for
female students, particularly when it targets their emotional, sexual, or moral conduct. Interviewed
students shared feelings of vulnerability when faced with rumors that questioned their integrity or
reputation, creating an environment of surveillance and informal sanction that forced them to self-
monitor their behavior to avoid “giving people something to talk about”. This phenomenon exemplifies
gendered symbolic violence that disciplines women through seemingly trivial means like rumor,
functioning as a tool of collective surveillance (Vazquez-Garcia & Chavez-Arellano, 2006). Young
women who stand out, take on leadership roles, or simply deviate from traditional notions of femininity
are especially vulnerable to this form of scrutiny, which restricts their freedom of expression and action
on campus. In this way, gossip acts as a moralizing mechanism that regulates female presence in
historically masculinized spaces, reinforcing structural gender subordination.

Normalization of sexist attitudes

In addition to the aforementioned practices, other forms of symbolic violence have been naturalized
within the school culture. Interviews and classroom observations documented sexist comments
circulating without objection, often disguised as jokes or upheld as part of tradition. Nicknames such as
“marimacha” (tomboy) for assertive female students, or the ironic use of “la princesa” to refer to
academically outstanding women, reflect a dismissive attitude toward any transgression of traditional
gender roles. As Millan (2001) points out, such microaggressions reinforce women’s secondary status in
the student imaginary.

Furthermore, some veteran faculty members acknowledged that until only a few years ago,
“hazing” rituals were conducted in which not only young male students, but also female students were
subjected to public humiliation, without any institutional sanction. While such practices have decreased
under pressure from the feminist student movement, a permissive environment still exists regarding other
expressions of symbolic violence, such as exclusionary language or patronizing behavior toward women
in the classroom. This has a direct impact on students’ participation and well-being: many reported
avoiding speaking up in class for fear of being ridiculed or misinterpreted, thus perpetuating domination
over their subjectivity (Bourdieu, 2000). This set of practices confirms the persistence of a school culture
that, although beginning to change, still harbors deeply rooted patriarchal patterns. As Lagarde (2005)
warns, symbolic violence is one of the most effective mechanisms for reproducing inequality without the
need for overt violence, and it requires deliberate interventions for its dismantling. Therefore, it is
essential that the Agricultural Preparatory School implement educational actions aimed at recognizing
and eradicating these subtle forms of violence, starting by making them visible as part of the ongoing
system of gender domination.

Cultural resistance to the gender perspective
Persistence of traditional values

The incorporation of a gender perspective at UACh’s Agricultural Preparatory School has not been a
smooth process; rather, it has been marked by tensions and resistance. Interviews revealed that a
significant segment of the educational community expresses skepticism or outright rejection of gender
equity policies, viewing them as “foreign” or “excessive.” This reaction is rooted in the cultural
reproduction of deeply entrenched traditional values, particularly among individuals from rural
backgrounds with consolidated patriarchal norms (Castro & Vazquez Garcia, 2008).
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According to Martin Moreno (2020), such resistance tends to emerge when long-standing
symbolic privileges are challenged. At Chapingo, expressions such as criticism of inclusive language,
ridicule directed at feminist student groups, and the delegitimization of harassment complaints are
symptoms of an institutional culture still shaped by the mandates of traditional masculinity (Connell,
2005). These forms of resistance have also been documented in public universities across Latin America,
where the introduction of gender agendas often generates discomfort, fear of losing privilege, or
narratives of reverse victimization (Huacuz Elias, 2020).

The subtle discrediting of feminist actions or indifference toward sensitization workshops are
examples of symbolic sabotage that slow institutional transformation. Freire (1972) warned that the
process of conscientization often provokes, especially in its early stages, a defensive reaction from those
in positions of power, as it requires confronting their role within structures of oppression.

In this context, resistance is not merely a barrier to policy implementation but a reflection of
deeper ideological tensions that must be addressed through sustained dialogue, education, and inclusive
community engagement.

Impact on the implementation of change

These forms of resistance are far from harmless. During the implementation of initiatives such as gender-
focused mentoring programs or equity committees, the study documented disinterest, avoidance of
“sensitive” topics, and a lack of willingness to follow through on recommendations—particularly among
older male faculty and administrative staff. This passive-resistant attitude can undermine or dilute the
goals of such programs. As Sanchez Jasso et al., (2016) point out, without strong institutional will, gender
policies risk becoming mere simulations rather than effective tools for transformation.

Nevertheless, the very emergence of these resistances signals that institutional culture is being
challenged. Identifying, understanding, and confronting them through a critical and inclusive pedagogy
is essential for advancing the true democratization of educational spaces (Freire, 1972; Stromquist,
2015).

Conclusions
Historical and structural exclusion of women in agricultural education

Throughout much of the 20th century, formal agricultural education was constructed as a predominantly
male space—in its content, its structure, and its culture. This exclusion has operated on multiple levels:
numerically (low female enrollment), epistemically (the omission of women’s knowledge), and
symbolically (the delegitimization of women’s roles in agriculture) (Biermayr & Rodriguez Gonzélez,
2016; Patel-Campillo, 2015).

At UACN, this trend was particularly evident: women were admitted late into several programs,
and even after being accepted, they continued to face implicit barriers to participation and recognition
(Castro & Vazquez Garcia, 2008). As the FAO (2002) emphasizes, agrarian education systems have
systematically ignored traditional knowledge held by rural women, such as seed preservation, diversified
soil management, and community organization. This historical omission has produced a biased academic
narrative that presents men as the primary agricultural actors and relegates women to peripheral tasks.
The structural invisibility of women is not only a historical injustice but also an epistemological
limitation: it narrows the range of knowledge and reinforces a one-dimensional view of agriculture and
rural development. To build a more inclusive and accurate educational framework, it is essential to
recognize and integrate the diverse contributions of women in agronomy—past and present.

Impact of the invisibility of female role models

The absence of female role models in agricultural education has significant implications for the academic
identity of female students. This systematic invisibilization contributes to self-doubt regarding their
abilities and potential—a phenomenon identified as “impostor syndrome” by Clance and Imes (1978), in
which high-achieving women attribute their success to external factors and feel undeserving of their
achievements, particularly in male-dominated environments.
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At UACH, interviews reveal that female students often struggle to envision themselves leading
agricultural projects or occupying complex technical roles, precisely because they rarely see women in
such positions. This phenomenon is not unique to Chapingo. International literature has documented
gender bias in teaching evaluations, where female instructors consistently receive lower ratings than their
male counterparts, especially from male students (Mengel, Sauermann & Zélitz, 2019).

Showcasing female agronomists, scientists, innovative rural women, or engineers in the
classroom is not an aesthetic gesture—it is a proven pedagogical strategy that positively impacts female
students’ self-esteem and aspirations. Actively making these figures visible can counter the notion that
“technical fields are masculine,” and open pathways toward more equitable participation in agricultural
decision-making spaces.

Symbolic reproduction of gender stereotypes in curriculum and practice

Beyond formal exclusion, the reproduction of stereotypes is perpetuated through the hidden curriculum
and everyday classroom interactions. Kelsey (2007) documented that in many agrarian institutions, even
where women are present, content continues to prioritize masculinized views of the field: models of
extensive production led by men are presented as the norm, technical knowledge is emphasized over
caregiving roles, and the diversity of tasks performed by rural women is often ignored.

In this sense, education does not only transmit knowledge—it also conveys symbolic values and
hierarchies (Maceira Ochoa, 2005). At UACh, when female students are consistently assigned lab or
administrative tasks while male students take the lead in machinery or fieldwork, this reinforces a sexual
division of knowledge (UNESCO, 2015). Such unequal distribution of learning opportunities directly
affects skill development and limits young women’s professional trajectories.

Even among faculty, differentiated practices persist: women who wish to teach traditionally
“masculine” subjects often face institutional or cultural resistance that confines them to “nurturing” or
“support” roles, reinforcing what Kelsey (2007) refers to as the academic glass ceiling.

Therefore, transforming agricultural education from a gender perspective requires more than
simply including women in classrooms. It demands a profound reexamination of the content, pedagogies,
and symbolic structures that sustain inequality.

Institutional Reproduction of gender inequality: school culture as a mechanism of legitimation

The dynamics of exclusion and subordination faced by women at UACh’s Agricultural Preparatory
School are neither accidental nor emerging in a vacuum: they are sustained by an institutional culture
that has historically normalized gender hierarchies. As Castro and Vazquez Garcia (2008) argue, UACh
has functioned as a space that reproduces male domination through everyday practices that appear
“natural” but conceal symbolic and structural forms of violence. This school culture manifests at multiple
levels: from the use of masculine generic language to institutional tolerance of harassment or the
disqualification of female students.

Case studies have documented that the school environment at Chapingo can become openly
hostile toward women. Vazquez Garcia (2013) identified the existence of “institutionalized symbolic
violence,” operating through comments, attitudes, and omissions by teachers, administrative staff, and
even peers—creating a setting in which female students feel constantly scrutinized and delegitimized.
When authorities fail to sanction such behaviors, a clear message is conveyed: female subordination is
acceptable within the institutional order. This permissiveness reinforces the hidden curriculum—
transmitted beyond formal content—that shapes the educational experience on a symbolic level (Maceira
Ochoa, 2005).

Students interviewed in various studies have described their institutional experience in stark
terms, using metaphors like “hell” or “monster” to refer to the shock of entering a masculinized space
and trying to inhabit it from a female subjectivity (Castro & Vazquez Garcia, 2008). This cultural
resistance, upheld by a logic of adaptation to patriarchal “rules of the game,” reproduces a form of
symbolic disciplining of women: they are expected to endure, adjust, and eventually “fit in” without
disrupting the order.
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Therefore, it is essential not only to question explicit norms, but also to critically examine the
cultural logics that govern institutional life.

Beyond access: the urgency of structural transformation

While the increase in female enrollment in agricultural education marks an important step forward, access
alone does not ensure substantive equity. As UNESCO (2015) warns, rising participation of women does
not automatically translate into equality if institutional conditions remain unchanged. Chapingo is a clear
example: despite the progressive feminization of student enrollment in recent decades, gender-blind
curricula persist, women remain underrepresented in positions of power, and the organizational culture
continues to resist transformation.

Studies such as those by the FAO (2002) have shown that even in contexts where women
comprise a significant share of enrollment in agricultural education, structural obstacles persist—
manifesting in their limited presence in research, high-level teaching, and decision-making roles. This
gap between access and actual power reveals the presence of “glass ceilings” and systemic biases that
are not resolved merely by open-door policies. The challenge, therefore, lies not only in allowing women
to enter, but in ensuring they can fully thrive and lead within the institution.

As Martin Moreno (2020) argues, efforts to include women in higher education must involve a
deep transformation of institutional culture: curricula must be reviewed, faculty must be trained, clear
equity protocols must be implemented, and spaces for collective reflection must be fostered. Without
such changes, inclusion becomes a performance, and women’s presence remains a statistic without real
impact on power distribution.

For agricultural education to become truly equitable, it must be rethought from its foundations:
what it teaches, how it teaches, and whom it represents. Only through a structural commitment to change
can the symbolic and material inequalities that have historically excluded women from agronomic
knowledge be dismantled.

Proposals for change from feminist, decolonial, critical, and intersectional perspectives

Overcoming gender inequalities at UACh’s Agricultural Preparatory School requires more than isolated
reforms; it demands a deep, integrated transformation across curricular, institutional, and cultural
domains. Drawing from feminist, decolonial, critical, and intersectional frameworks, the following
proposals aim to build a more just and equitable model of agricultural education:

1. Curriculum revision and feminization

Integrating a gender perspective systematically into academic programs makes visible the historical and
contemporary contributions of women in agriculture, science, and rural production (Patel-Campillo,
2015). The curriculum should also acknowledge ancestral and community knowledge—much of it
preserved and transmitted by women—as legitimate forms of knowledge (FAO, 2002). This decolonial
approach expands the epistemological horizon and revalues women as producers of knowledge.

2. Teacher training and critical pedagogies

To break the cycle of stereotype reproduction, continuous training in gender equity and inclusive
pedagogical approaches is essential. UNESCO (2015) and FAO (2002) agree that faculty training is one
of the most effective strategies for transforming educational environments. Hooks (1994), critical and
feminist pedagogies based on dialogue, power analysis, and transformative action should be promoted.

3. Safe and equitable institutional environment

A “zero tolerance” policy toward gender-based violence must be supported by clear protocols, victim
support services, and effective sanctions. In addition, the physical environment must respond to the
specific needs of female students, including safe housing, childcare services, and reliable transportation
(Castro & Vazquez Garcia, 2008). An intersectional approach requires acknowledging the differentiated
realities of Indigenous women, mothers, and those from marginalized communities.
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4. Mentorship and active role models
Creating mentorship networks between students and professional women in the agricultural sector
significantly strengthens female students’ professional identity (World Bank, 2018). These initiatives
counteract impostor syndrome and provide access to symbolic capital through connections with
successful models. Activities such as talks, seminars, and intergenerational meetings should become a
regular part of the academic calendar.
5. Cultural change and institutional leadership
Equality should not rely on individual effort—it must be institutionalized. Mainstreaming gender across
regulations, practices, and structures requires that university leadership drive these changes with
conviction (FAO, 2002). Increasing female representation in leadership roles, revising institutional
language, and questioning traditional practices and symbols are key steps in dismantling normalized
patriarchal logics.

These proposals are not utopian ideals, but achievable paths grounded in lived experience,
empirical evidence, and the principles of social justice. Feminism provides the ethical and
epistemological impulse to center women and their knowledge; decolonial theory challenges the
supremacy of Western epistemologies; critical pedagogy encourages questioning imposed orders; and
intersectionality ensures we remain attentive to the multiple, overlapping forms of oppression.

Together, they offer a robust framework for structural transformation that—if implemented with
genuine institutional will—can position UACh as a national model of gender-equitable agricultural
education.
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ANUIES Anuario Estadistico de la Poblacion Escolar en Educacion Superior

ATLAS.ti Archiv fir Technik, Lebenswelt, Analyse und Systematik (Software de analisis
cualitativo asistido por computadora)

CDI Comision Nacional para el Desarrollo de los Pueblos Indigenas

CGIAR Consultative Group on International Agricultural Research

CONAHCYT  Consejo Nacional de Humanidades, Ciencia y Tecnologia

ENADIS Encuesta Nacional sobre Discriminacion

FLACSO Facultad Latinoamericana de Ciencias Sociales

FAO Organizacion de las Naciones Unidas para la Alimentacion y la Agricultura (Food and
Agriculture Organization)

IDRC International Development Research Centre

INEE Instituto Nacional para la Evaluacion de la Educacion

ONIGIES Observatorio Nacional para la Igualdad de Género en las Instituciones de Educacion
Superior

ONU Organizacion de las Naciones Unidas

SADER Secretaria de Agricultura y Desarrollo Rural

SAGARPA Secretaria de Agricultura, Ganaderia, Desarrollo Rural, Pesca y Alimentacion (nombre
anterior de SADER)

STEM Ciencia, Tecnologia, Ingenieria y Matematicas (Science, Technology, Engineering and
Mathematics)

UAAN Universidad Autonoma Agraria Antonio Narro

UACh Universidad Autonoma Chapingo

UNAM Universidad Nacional Auténoma de México

UNESCO Organizacion de las Naciones Unidas para la Educacion, la Ciencia y la Cultura
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