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Resumen
El nuevo enfoque integral e integrado del manejo del fuego en siglo XXI implica entender

el comportamiento del fuego, asi como sus implicaciones ecoldgicas y sociales para
disminuir sus impactos negativos y fomentar los positivos. En México, desde principios del
siglo XX el manejo del fuego se han enfocado principalmente en el combate y la supresion
de los incendios forestales. También se ha desalentando el uso tradicional del fuego que
practican las comunidades rurales, el cual es sefialado como una de las principales causas
de los incendios. No obstante, son pocos los estudios que se han hecho sobre el uso y el
papel del manejo fuego en los ecosistemas forestales de México, principalmente desde un
enfoque de socio-ecosistemas. Esta tesis es uno de los primeros trabajos en México que
aborda el uso y manejo del fuego considerando a los propios actores involucrados en el
tema.

En el presente estudio se analiza el uso y manejo del fuego en México, tomando
como caso de estudio el area natural protegida Reserva de la Biosfera Mariposa Monarca
(RBMM). Dicha area natural protegida es una de las mas emblematicas de Norteamérica
pues en sus bosques de coniferas se encuentran los sitios de hibernacion de las mariposas
monarca (Dannaus plexipus). La mayor parte del territorio de la RBMM pertenece a ejidos
y comunidades indigenas que llevan a cabo actividades productivas en donde se utiliza el
fuego. Para abordar el tema se plantearon cuatro capitulos que se describen a continuacion.

El Capitulo 1 corresponde a una introduccién general de la tesis y plantea el marco
conceptual del manejo del fuego en el cual se insertan el resto de los capitulos. EI Capitulo
2 hace una caracterizacion inicial del estado del arte sobre el fuego y manejo del fuego en
la RBMM. Se encontré muy poca informacion publicada sobre estos temas en la region, sin
embargo se identificé un importante cimulo de conocimiento tradicional y empirico entre
los actores del manejo del fuego. Se hizo una primera caracterizacion de los incendios del
2012 y de las brigadas de incendios forestales que participan en su combate. Se
identificaron a los diversos actores, instituciones y personas que participan en el manejo del
fuego vy las actividades principales en las que se enfoca dicho manejo. EI combate de
incendios, y en menor medida la prevencion y restauracion de los sitios quemados, son las
actividades en las que se centra el manejo del fuego en la RBMM.

El capitulo 3, aborda el tema del uso del fuego por habitantes rurales en la RBMM.

Se caracterizd a los usuarios del fuego, encontrando que la mayoria de ellos son
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campesinos, propietarios de parcelas agricolas que aprenden a usar el fuego empiricamente
dentro de su unidad familiar. Se identificaron nueve tipos de uso del fuego. Al mas
utilizado se le nombr6 “extraer-apilar-secar-quemar"”, empleado en la agricultura para
eliminar las malezas, principalmente el pasto invasor Pennisetum clandestinum. También se
identificd que cuentan con un amplio conocimiento de aspectos biofisicos y reglas sociales
que determinan los usos del fuego y aparentemente disminuyen el riesgo de incendios
forestales. Con esta informacién se describe y respalda un sistema tradicional de
conocimiento del fuego propio de la RBMM.

En el capitulo 4 explica el manejo del fuego en la RBMM desde la percepcién de
los propios actores locales clave que lo hacen posible. Se caracterizaron a los actores
locales y sus relaciones que intervienen en algin aspecto del manejo del fuego. Se
construye una red de interacciones de dichos actores para explicar la relevancia de estos y
se identifican grupos desde los cuales se pueden implementar acciones mas eficientes para
el manejo del fuego. Se construyd un modelo conceptual del manejo del fuego para la
RBMM integrado por 10 categorias y 60 sub-categorias que se refieren a conceptos que
entienden los propios actores locales sobre este fendmeno.

El Capitulo 5 es una reflexién, a partir de lo encontrado en esta investigacion y de la
revision bibliogréfica, sobre el papel de los campesinos ante la regulacién de los incendios
forestales en México. Se explora como las politicas publicas de supresién y combate de
incendios forestales, asi como leyes agrarias y forestales en general, a lo largo de los
ultimos 100 afios, han afectado la forma en que los campesinos perciben, utilizan y se
enfrentan al fuego. Encontramos una falta de integracion de los sectores forestal y
agropecuario, un doble de papel del campesino como afectado y provocador de los
incendios forestales, asi como funciones no reconocidas del campesino como brigadista de
incendios forestales y como guardian del conocimiento tradicional del fuego.

Los resultados de esta investigacion permiten concluir que el uso y manejo del
fuego en la RBMM son fendmenos complejos, dinamicos y adaptativos en los participan un
importante nimero de actores locales. También se muestra que existe un importante
conocimiento sobre el fuego en esta area natural protegida. Se propone conducir estudios
similares en otros sitios de México, y valorar e integrar el conocimiento y los usos de los

habitantes locales en la planeacion del manejo del fuego en nuestro pais.
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Summary
The new integral and integrated approach to fire management in the 21st century implies

understanding fire behavior, its ecological and social implications, and how to reduce its
negative impacts and encourage positive ones. In Mexico, since the beginning of the 20th
century, fire management has focused mainly on the suppression and fighting of forest
fires. The use of traditional fire by rural communities has also been discouraged, because it
is identified as one of the main causes of forest fires. Nonetheless, very few studies have
evaluated the use and the role of fire management in forest ecosystems of Mexico,
particularly from a socio-ecosystem approach. This thesis represents one of the first
contributions about the use and management of fire considering the actors involved in the
subject.

In this study We analyze the use and management of fire in Mexico, through a case
study in the Natural Protected Area (NPA) Monarch Butterfly Biosphere Reserve (MBBR).
This NPA is very emblematic to North America, because its coniferous forests are the
winter hibernation sites of the monarch butterflies (Dannaus plexipus). Most of its territory
belongs to ejidos and indigenous communities that carry out productive activities where fire
is used. To address the research questions, this dissertation is divided into four main
research chapters.

Chapter 1 corresponds to a general introduction of the thesis and raises the
conceptual framework of fire management in which the rest of the chapters are inserted.
Chapter 2 characterizes the current state of fire and fire management in the MMBR. Very
little published information on these issues was found for the region, however an important
cumulative of traditional and empirical knowledge among fire management actors was
identified. A first characterization of the fires of 2012 and of the forest fire brigades
involved in their combat is described. The different actors, institutions and people involved
in fire management and the main activities in which this management is focused were
identified. Current wildfire management in the MBBR is centered in wildfire fighting, and
to a lesser extent, in prevention of future fires and restoration of burnt sites.

Chapter 3 addresses the use of fire by rural inhabitants in the RBMM. Fire users
were characterized, finding that most of them are farmers, owners of agricultural plots who
learn to use of fire empirically within their family units. Nine types of fire use were

identified. The most frequent was named extract-stack-dry-burn, which is used in
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agriculture to eliminate weeds, mainly the invasive grass Pennisetum clandestinum. | also
identified an important knowledge of biophysical aspects and social rules that determine the
uses of fire and apparently reduce the risk of forest fires. With this information, a
traditional fire knowledge system of the RBMM is described and supported.

Chapter 4 addresses the understanding of the fire management concept from the
perception of the key local actors in the RBMM. Were characterized local actors and their
relationships that intervene in some aspect of fire management. A network of interactions
of local actors is constructed, and groups of actors are identified from which more efficient
and coordinated fire management could be implemented. A conceptual model for fire
management was built for the RBMM integrated by 10 categories and 60 sub-categories
that refer to concepts understood by local actors about this phenomenon.

Chapter 5 is a reflection, based on what was found in this research and the literature
review, on the role of farmers in the regulation of forest fires in Mexico. It explores how
public policies of suppression and fire fighting, as well as agrarian and forest laws in
general over the past 100 years, have affected the way in which peasants perceive, use and
face forest fires. It states that there is a lack of integration of the forestry and agricultural
sectors, a double role of rural farmers as the main victims yet as the major sources of forest
fires, as well as an unrecognized function of farmer as fire brigades and as a guardians of
traditional fire knowledge.

The results from this research allow us to conclude that the use and management of
fire in the MBBR are complex, dynamic, and an adaptive phenomenon involving a
significant number of local actors. It also shows that there is an important body of
knowledge about fire in this NPA. It is suggested that similar studies are conducted in other
parts of Mexico, and to assess and integrate the knowledge and uses of the local inhabitants

in the planning of fire management in our country.



Capitulo 1. Introduccion general

El fuego ha desempeiiado un papel primordial en todas las sociedades y culturas del
mundo, incluyendo su uso por hominidos anteriores al Homo sapiens L., como fuente de
calor y coccidén de alimentos, y posteriormente en actividades como la caceria, la
agricultura y la ganaderia entre otras (Pyne 1994; Goren-Inbar et al. 2004). Hoy en dia, el
fuego sigue siendo ampliamente utilizado en actividades campesinas alrededor del mundo,
en donde México no es la excepcion (Huffman 2013; Rodriguez-Trejo 2015). Sin embargo,
este uso y dominio del fuego asociado a las actividades humanas ha alterado drasticamente
el impacto del fuego en los ecosistemas a nivel global (Scott et al. 2014). Es tal la
influencia y codependencia del fuego, los ecosistemas y el género Homo, que algunos
autores hablan de la época del piroceno (del griego pyro, fuego y kainos, nuevo) como
sinénimo del antropoceno (Scott et al. 2014; Judson 2017; Pyne 2017). En México por
ejemplo, se ha documentado un extensivo uso del fuego en la agricultura itinerante de las
selvas tropicales del &rea Maya desde épocas precolombinas hasta nuestros dias (Gémez-
Pompa y Kaus 1992; Rodriguez-Trejo 2015). Aunque no hay un censo del nimero de
campesinos que utilizan actualmente el fuego en actividades productivas, las cifras oficiales
indican que el uso del fuego en dichas actividades son la principal causa de incendios
forestales, con alrededor del 40% (Manson et al. 2009; CONAFOR 2017). A pesar de su
importancia e incipiente aumento en la investigacion del tema en las ultimas tres décadas,
hay poca informacién publicada sobre como impacta y que implicaciones tiene el uso y
manejo del fuego, términos que se explican a detalle méas adelante, en los ecosistemas y las
comunidades rurales de México (Jardel et al. 2010; Rodriguez-Trejo et al. 2011). Es el caso
de la Reserva de la Biosfera Mariposa Monarca (RBMM), en donde no se conoce el papel
del fuego en sus ecosistemas y el manejo del fuego se ha enfocado principalmente en el
combate de incendios forestales, mismos que son vistos como un problema para sus
bosques y al uso del fuego agropecuario como la principal causa de dichos incendios
(Rendon Salinas et al. 2007; Honey-Rosés 2009).

Los incendios forestales han sido sefialados como una de las principales
perturbaciones en ecosistemas terrestres, los cuales pueden causar modificaciones negativas

de los componentes bidticos, asi como pérdidas econdmicas y afectaciones a los humanos
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(Manson et al. 2009; North et al. 2015). Dichos incendios se pueden definir como la
propagacion del fuego sin control en la vegetacion forestal, y puede incluir la combustion
de uno o mas de sus estratos, como el arbéreo, arbustivo, herbaceo, material lefioso caido, y
la materia organica en proceso de descomposicion sobre o en el suelo (Rodriguez-Trejo
2015). En México cada afio se experimentan un promedio cercano a 8000 incendios
forestales que afectan cerca de 220 000 hectareas (Manson et al. 2009; CONAFOR 2017).
Si bien este nimero varia considerablemente afio con afio, como en 1998 en donde casi se
duplico el numero de incendios y se cuadruplico la superficie quemada, la tendencia es
creciente en namero, superficie e intensidad, asi como en la cantidad de recursos humanos
y financiaros que se destinan al combate de incendios forestales (Manson et al. 2009;
CONAFOR 2017). Dichas tendencias son similares en muchos paises, en donde situaciones
como el cambio de uso de suelo, conflictos sociales, sequias, malezas invasoras, plagas,
huracanes y otras, predisponen escenarios para una mayor cantidad de igniciones y una
mayor cantidad de combustibles forestales disponibles a incendios (Morton et al. 2008;
Balch et al. 2013; Scott et al. 2014). Ante la dificultad de atender algunos incendios
forestales, se han acufiado términos como el de "mega-incendios™ que si bien no tiene una
definicion cuantitativa, es cada vez mas usado para describir el nimero de incendios de
gran impacto por su tamario, intensidad, complejidad, resistencia a su control y dafios
(Williams et al. 2005; Zhang et al. 2015). De seguir las tendencias actuales los recursos
econdmicos y humanos destinados al combate de incendios seran insuficientes y éstos seran
mas peligrosos para los combatientes y para la poblacion en general (Lee et al. 2015; North
et al. 2015). Ademas se debe considerar el cambio global como un factor fundamental por
su potencial de alteracion en la dindmica de los incendios forestales (D" Antonio y Vitousek
1992; Flannigan et al. 2000; Schulte y Miller 2010; Lee et al. 2015).

Sin embargo, no todos los incendios forestales tienen efectos negativos. Hay
ecosistemas adaptados al fuego, con el cual han coexistido desde mucho antes de la
aparicion de los humanos (Agee 1993; Pausas y Keeley 2009). Es debido a la alteracion de
la dindmica de los incendios forestales y el cambio de percepcion y conocimiento de este
fendmeno que las sociedades actuales se han visto en la necesidad de manejar el fuego a
través de programas y politicas publicas en todo el mundo (Pyne 1996; Mbow et al. 2000;

Stephens y Ruth 2005; Rodriguez-Trejo 2015). La vision y la implementacion de dicho
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manejo del fuego a lo largo del tiempo ha sido dindmica, compleja y hoy en dia la mayoria
de los paises tratan de transitar de una etapa de supresion total de incendios y uso del fuego
a otra en donde se busca minimizar los efectos negativos pero también potencializar los
efectos positivos del fuego (Hardesty et al. 2005). Dicha transicion aun esta en proceso, su
éxito es incierto y requerira una importante colaboracion del sector gubernamental, el
academico y la sociedad en general (Jardel 2010; North et al. 2015). Para ello es
indispensable contar con la colaboracion, informacion, conocimiento y percepcion de los
actores locales que hacen posible el uso y manejo del fuego, los cuales han sido
sistematicamente excluidos de la planeacion y discusion de las politicas publicas que los
afectan (Mathews 2003, 2005). El presente trabajo describe y analiza el uso y manejo del
fuego por campesinos y otros actores clave, tomando como caso de estudio una de las
Areas Naturales Protegidas (ANP) mas embleméticas de Norteamérica (Hoth et al. 1999),
la Reserva de la Biosfera Mariposa Monarca (RBMM), en los limites de Michoacan vy el
Estado de Mexico.
Uso del fuego vs Manejo del fuego

Los términos uso y manejo del fuego han sido utilizados como sindénimos para
referirse, de forma muy general, a la manipulacién del fuego por el ser humano con un
proposito determinado, lo que ha generado confusion sobre su significado e implicaciones.
En la literatura cientifica, principalmente desde mediados del siglo XX, encontramos
dichos términos y algunas de sus variantes como "uso tradicional del fuego, manejo
tradicional del fuego, manejo integral del fuego, gestion del fuego, prevencion y combate
de incendios”, entre otros (Raish et al. 2005; Jardel 2010). Raish et al. (2005) hacen un
recuento de la terminologia utilizada y encuentran que el término "uso del fuego" es méas
comun para referirse a las practicas tradicionales y el conocimiento empirico que llevan a
cabo pueblos indigenas, pequefios agricultores y otros usuarios del fuego. En cambio el
término "manejo del fuego™ esta mas asociado a las practicas vinculadas al conocimiento
técnico que llevan a cabo los gobiernos a través de politicas publicas y programas del sector
forestal (Raish et al. 2005). Dicha diferencia ayuda a dar una idea general de lo que implica
cada caso, sin embargo es necesario profundizar en ambos conceptos y especificar en qué

sentido y con qué implicaciones se utilizaron en este trabajo.
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El uso del fuego, como préactica sustentada en el conocimiento empirico, siempre
estd inmerso en un contexto ecolégico y social local. Huffman (2013) propone referirse no
solo a los usos concretos del fuego sino a sistemas tradicionales de conocimiento del fuego
(STCF) que integren la complejidad socioecosistémica de una regiéon. La misma autora
define los STCF como un "cuerpo de conocimientos empiricamente adquiridos, creencias y
préacticas desarrolladas en el tiempo, las cuales determinan las actividades de quemas de
habitantes locales en un paisaje determinado”. En este trabajo se utiliza el término de "uso
del fuego™” considerando la definicion de los STCF de Huffman (2013). Posiblemente el
ejemplo mas conocido de uso del fuego en México es el asociado a la agricultura itinerante
en ecosistemas tropicales, en donde se cultiva por algunos afios un terreno de bosque recién
derribado y quemado, para después abandonarlo durante un tiempo en el que puede
recuperar su cobertura forestal y la fertilidad del suelo y estar listo para un nuevo periodo
de cultivos (Hernandez-Xolocotzi 1959; Conklin 1961; Alcorn 1981; Levy y Aguirre
2000). Bien ejecutado, este tipo de uso del fuego aprovecha la dinamica funcional del
ecosistema natural en donde se lleva a cabo, reconoce los mecanismos de resiliencia
ecologica que permiten contener el impacto de la perturbacion y asi fomentar de forma
eficiente la cobertura vegetal deseada y la fertilidad edafica (Gdmez-Pompa y Kaus 1992;
Levy y Aguirre 2000). En México a este tipo de usos del fuego en la agricultura itinerante,
se suelen agrupar bajo el llamado sistema "Roza-Tumba-Quema™ (Levy y Aguirre 2000).
Este término se ha generalizado para una amplia variedad de tipos de usos del fuego,
asumiendo que son iguales y sin considerar que ocurren en contextos socioecosistemicos y
con objetivos diferentes. A pesar de que la diversidad ecoldgica y cultural de México
(Challenger 1998) supondria una importante variedad de STCF, son pocos los sistemas que
se han estudiado y documentado en nuestro pais (Fulé et al. 2011; Rodriguez-Trejo et al.
2011; Huffman 2013).

En cuanto al termino manejo del fuego, se ha definido como un proceso de
intervenciones teécnicas, institucionales y comunicativas que buscan la conservacion,
aprovechamiento y restauracién de los ecosistemas forestales impactados por el fuego
(Castillo 2003; Jardel 2010). La concepcion mas actual del manejo del fuego, considera los
regimenes histdricos de fuego y los usos tradicionales del fuego, asi como la prevencion y

mitigacion de los impactos ecoldgicos y sociales causados por los incendios (Jardel 2010).

13



El manejo del fuego en el siglo XXI busca ser integral, transdisciplinario y adaptativo
(Williams et al. 2012; McCaffrey et al. 2013; Bosomworth et al. 2015), e incorporar una
nueva perspectiva méas holista y de sistemas que deje atrds la vision reduccionista de
supresion del fuego que ha prevalecido desde finales del siglo X1X hasta el presente. Dicha
perspectiva, formalizada en bajo el enfoque socioecosistémico, reconoce los aspectos
jerarquicos y adaptativos de los procesos socio-ecoldgicos, reconociendo el carécter
complejo de la realidad asi como la necesidad de abordarla con una estrategia
transdisciplinaria (Maass 2018). Para hacer énfasis en lo anterior, se acufiaron términos
como "manejo integral del fuego”, "manejo del fuego integrado al manejo de ecosistemas"
(Myers 2006; Jardel 2010; Rodriguez-Trejo et al. 2011), aunque cada vez es mas comUn
encontrarlo s6lo como "manejo del fuego”. Cabe sefialar que en algunos paises de habla
hispana se utiliza preponderantemente el término "gestion del fuego™ (Lloret 2003). Sin
embargo en México dicho termino alude mas a la serie de procedimientos vinculados con el
proceso administrativos-gubernamental que forma parte del manejo del fuego (Jardel
2010). El manejo del fuego, tal como aqui se plantea corresponde a la integracion de
diferentes visiones, acercamientos, perspectivas y modelos desde los que se ha abordado el
fuego en el socioecosistema. En las Gltimas décadas, algunos autores han articulado dichos
conceptos e ideas alrededor del manejo del fuego, que reconocen tres principales
perspectivas 0 modelos disciplinarios desde los que se han abordado: a) fisico-quimica, b)
bioldgico-ecoldgico y c) cultural-social (Myers 2006; Mbow et al. 2000; Huffman 2010;
Jardel 2010; Rodriguez-Trejo et al. 2011). Con base en ello se construyé un marco
conceptual de manejo del fuego en el que se inserta y busca aportar nuevas ideas el presente
trabajo.
Marco conceptual: Manejo del fuego integrado al manejo de socioecosistemas

Las propuestas conceptuales del manejo del fuego, ya sea que se aborden desde una
u otro perspectiva o0 modelo disciplinario, coinciden y hacen énfasis en la importancia de
su mutua integracion e interdependencia para lograr el manejo del fuego. La Figura 1
muestra las tres principales perspectivas 0 modelos disciplinarios que han aportado
conceptos e ideas al manejo del fuego, asi como algunos de los temas que han abordado.
Cada uno de ellos ha influido en mayor o menor medida en la forma en la que vemos el

manejo del fuego y ha predominado en diferentes momentos de la investigacion en los
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ultimos 100 afios en los que se pueden identificar al menos tres grandes enfoques del
manejo del fuego (Figura 1). En este trabajo se utiliza el enfoque maés reciente, que trata de
integrar las tres principales perspectivas 0 modelos disciplinares desde los que se ha
abordado el manejo del fuego y bajo una perspectiva de manejo de socioecosistemas.
Siguiendo la idea de Jardel (2010), dicho enfoque se puede referir como manejo del fuego
integrado al manejo de socioecosistemas y corresponde a la definicion de lo que se utiliza
en este trabajo como manejo del fuego.
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Figura 1. Marco conceptual del manejo integral del fuego integrado al manejo de
socioecosistemas (MIF-SES).

Los tres enfoques que se presentan en la Figura 1, corresponden a acontecimientos y
formas de ver el manejo del fuego en los Gltimos 100 a 150 afios aproximadamente y estos
a su vez corresponden al dltimo de las tres grandes etapas historicas que segun algunos
trabajos han marcado la relacién del humano-fuego (Bird et al. 2008; Pausas y Keeley
2009; Seijo y Gray 2012). La primer etapa corresponde a la época Paleolitica y Mesolitica,
Ilamada "fire-stick farming", en donde el uso del fuego en la caceria, limpieza de terrenos,

guerra entre tribus y otros, implican el primer impacto y modificacion de los patrones de
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vegetacion, biodiversidad y comportamiento del fuego influido por el humano (Bird et al.
2008; Pausas y Keeley 2009). Con la revolucion agricola en el Neolitico viene la segunda
etapa, en donde el humano intensifica el uso del fuego, modifica grandes extensiones del
territorio y utiliza el fuego para convertir grandes areas en asentamientos permanentes
(Pausas y Keeley 2009). La tercer etapa inicia con los cambios que se atribuyen a la
revolucion industrial, en donde la quema de biomasa transforma de manera significativa la
explotacion de bosques, mucha de la poblacién rural que utiliza fuego en actividades
agropecuarias se muda a las ciudades y surge una preocupacion de proteger paisajes
forestales de disturbios como los incendios (Pausas y Keeley 2009; Seijo y Gray 2012).

La tercera etapa, que llega hasta nuestros dias tienen sus inicios a finales del siglo
XIX y principios del XX, cuando toma fuerza y predominio la idea de que los incendios
forestales son totalmente perjudiciales para los bosques, principalmente para los incipientes
parques nacionales o areas naturales protegidas, y habria que suprimir su presencia en ellos
(Stephens y Ruth 2005; Rodriguez-Trejo 2015). Inicia la época en la que el manejo del
fuego era dominada por un enfoque de supresion de incendios y la principal politica
gubernamental fue combatir dichos incendios (Figura 1). Dicho enfoque predominé durante
toda la primera mitad del siglo XX, ademas de politicas y programas enfocados en la
supresion total de los incendios, se empled la tecnologia y una estructura militarizada,
como aviones y combatientes paracaidistas, para el combate de los incendios (Pyne 1996).
En México ademas de las politicas de supresion directa por el combate de incendios
forestales, se intentd desalentar e incluso prohibir el uso del fuego en actividades
agropecuarias de las comunidades de campesinas (Mathews 2003, 2005; Rodriguez-Trejo
2015). Mathew (2003) sefiala que dichas politicas formaron parte de una estrategia que
buscé quitar el control de sus bosques a las comunidades rurales bajo el alegato de que
dichas comunidades no podian enfrentar los incendio por si solas. Paraddjicamente otras
politicas como el Programa Nacional de Ganaderizacion y la Comisién Nacional de
Desmontes impulsaron un uso desmedido del fuego como herramienta de cambio de uso
del fuego (Merino-Pérez 2004). Una cuestidén poco estudiada en México es precisamente
como dichas politicas de supresion del fuego, sumadas a otras politicas que afectaron
fuertemente el ambito rural y forestal durante el siglo XX, como la reforma agraria, las

concesiones y vedas forestales (Warman 2001; Merino-Pérez 2004; Torres-Rojo et al.
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2016), han impactado y modificado la relacion, usos, conocimientos y percepcion de las
comunidades rurales con el fuego. Para atender dicho enfoque de manejo del fuego
predominaron los aportes hechos desde la perspectiva o modelo disciplinario fisico-
quimico.

La perspectiva fisico-quimica parte de la interpretacion del fuego como una
reaccion quimica de oxidacion que es posible por la combinacién de tres condiciones, una
atmosfera rica en oxigeno, un material combustible de biomasa y una fuente de calor
(Judson 2017). Las dos primeras condiciones fueron posibles hasta la aparicion de las
primeras plantas hace aproximadamente 420 millones de afios (Glasspool et al. 2004). Una
vez iniciado el fuego su comportamiento esta determinado por las propiedades fisicas de los
combustibles de biomasa que quema o combustibles forestales en caso de los incendios
forestales, los elementos del tiempo atmosféricos como velocidad del viento, temperatura,
humedad y otros y las condiciones topograficas como la pendiente (Brown 1971,
Rothermel 1972; Scott et al. 2014). Bajo estos principios surgieron las primeras ecuaciones
matematicas que buscaban predecir la dispersion del fuego en los bosques y con ello
plantear estrategias de control y combate de los incendios. Esta perspectiva considera el
estudio de propiedades fisicas como el tamafio de las particulas de biomasa que se quema,
la composicién quimica y humedad de las mismas, su distribucién espacial y cantidad, la
velocidad y direccion del viento, la temperatura y humedad atmosféricas, asi como la
pendiente y forma del terreno, entre otras. Cabe destacar que la mayoria de dichas
propiedades fisicas y su relacion con el comportamiento del fuego, que ahora han sido
estudiadas por la ciencia occidental, han sido consideradas de alguna u otra forma por las
sociedades tradicionales, que desde el conocimiento empirico, conocen y utilizan el fuego
(Huffman 2013). Por supuesto, la investigacion desde la perspectiva fisico-quimica sigue
siendo relevante y aplicable al manejo del fuego actualmente, pero ya no se emplea como la
unica forma de abordar los incendios forestales. No obstante, aun predomina en las
politicas publicas y esfuerzos de los gobiernos bajo el enfoque de supresion, a pesar de los
avances en la investigacion y de las nuevas aproximaciones que surgieron después de la
segunda mitad del siglo XX.

Fue tan exitoso el modelo de supresién en algunos lugares, como los parques

nacionales del Oeste de los Estados Unidos, que sus bosques acumularon una cantidad
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inusual de combustibles forestales, que antes se consumian de manera gradual con los
incendios forestales. Después de un tiempo acumulando combustibles, cuando ocurrian
incendios, estos eran una intensidad y severidad mayores a lo visto previamente, lo que
Ilevo a replantear si dicha politica de supresion realmente cumplia su objetivo de conservar
los bosques (Stephens y Ruth 2005). Para la segunda mitad del siglo XX la experiencia de
los devastadores incendios derivados de la supresion y el mejor entendimiento del papel de
los disturbios, como el fuego, en los procesos ecoldgicos, llevaron a otro enfoque, llamado
en este trabajo manejo ecologico del fuego (Figura 2). En dicho enfoque el fuego es visto
como un factor ecoldgico que forma parte de la dindmica de los ecosistemas (Jardel 2010).

La perspectiva bioldgico-ecoldgica parte de la premisa de que el fuego en los
ecosistemas es un producto de la interaccion de las plantas y biomasa con su entorno (Pyne
1994; Scott et al. 2014). La estrecha relacion evolutiva entre las plantas y el fuego ha
contribuido a dar forma a una amplia variedad de ecosistemas terrestres como los
conocemos hoy en dia (Bond y Keeley 2005; Pausas y Keeley 2009). Como perturbacion,
es decir como evento relativamente discreto en el tiempo que provoca un cambio en el
estado y trayectoria dindmica de los ecosistemas, el fuego interactia e influye en la
composicion, estructura, diversidad y funcionamiento de los ecosistemas en los que se
presenta (White y Pickett 1985; Agee 1993; Kelly y Brotons 2017).

En el centro de la perspectiva bioldgico-ecoldgica se encuentra el concepto del
régimen de fuego, que se refiere a la "amplitud en la variacion natural o histérica en la
frecuencia, estacionalidad, intensidad, severidad y tamafio de los incendios forestales y sus
sinergias con otros agentes de perturbacion” (Jardel 2010). Para cada tipo de ecosistema
terrestre se puede considerar un tipo de régimen de fuego diferente que a su vez determina
el impacto y adaptacion que tienen al fuego en éstos ecosistemas (Agee 1993; Cochrane
2003). De manera muy general, atendiendo a la influencia del fuego, los ecosistemas han
sido agrupados en dependientes o influidos por el fuego, sensibles al fuego e
independientes del fuego (Hardesty et al. 2005). Conocer los regimenes e influencia y
efectos del fuego en los ecosistemas, su alteracion histérica y su viabilidad, es actualmente
una de las prioridades y metas de las intervenciones técnicas del manejo del fuego (Agee
1993; Pyne 1996; Myers 2006; Jardel 2010; Scott et al. 2014). Aunque estos conceptos,

como los de regimen de fuego o perturbacion, han sido formulados a partir de la ciencia
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occidental, desde la Ilamada ecologia del fuego, se pueden encontrar similitudes con
algunos conocimientos tradicionales de sociedades con diversas culturas que han manejado
el fuego a nivel de paisaje desde hace miles de afios (Bird et al. 2005; Huffman 2013).

La perspectiva o modelo disciplinario cultural-social, parte de la idea de que ademas
de los factores fisicos y bioldgicos, el manejo del fuego se debe entender en un contexto
social y cultural determinado (Scott et al. 2014). Los primeros trabajos que abordaron esta
perspectiva corresponden a los usos tradicionales del fuego en la agricultura itinerante y sus
conocimientos asociados (Conklin 1961; Hernandez-Xolocotzi 1959; Alcorn 1981). Pero su
influencia en la planeacion y politicas publicas del manejo del fuego no repercutieron sino
hasta finales del siglo XX, impulsada sobre todo por las afectaciones econémicas y a la
salud que representaron algunos grandes incendios resultado de la supresion en sinergia con
condiciones climaticas adversas a partir de la década de 1980 (Pausas y Keeley 2009; Scott
et al. 2014; Rodriguez-Trejo 2015). La investigacion bajo al perspectiva cultural-social ha
sido creciente y se ha diversificado desde esa década (McCaffrey 2013; Bosomworth et al.
2015). Los temas que se han estudiado incluyen aspectos economicos (Rodriguez y Silva y
Gonzalez-Caban 2010), de politicas publicas, legislacién, gobernanza (Mbow et al. 2000),
ecologia politica (Gonzalez et al. 2012; Gutiérrez-Navarro et al. 2017), percepcion del
fuego por diferentes grupos sociales (Schulte y Miller 2010; Diaz et al. 2005), impactos a la
salud (Rodriguez-Trejo 2006), interfaz urbano-forestal afectada por incendios y
organizacion de las comunidades ante el riesgo y peligros de incendios (Brenkert-Smith
2010; McCaffrey 2015) y uso y conocimiento tradicional del fuego (Huffman 2013;
Christianson 2015). Como mencionan McCaffrey et al. (2013) "Aunque el fuego en si es un
proceso biofisico, el manejo del fuego es esencialmente social".

El aumento y desarrollo del interés e investigacién de esta perspectiva cultural-
social, el empoderamiento de las comunidades forestales para manejar sus recursos y el
enfoque socioecosistemico han impulsado un nuevo enfoque del manejo del fuego. En este
nuevo enfoque integra las tres perspectivas y sus objetivos finales estan dirigidos tanto a
minimizar los efectos negativos como, al mismo tiempo, fomentar los efectos positivos del
fuego. El enfoque del manejo del fuego integrado al manejo de socioecosistemas reconoce
al humano y su sistema social como un elemento integral del medio biofisico al que

pertenecen, asi como la relacion jerarquica de un socioecosistema especifico con otros
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(Berkes y Folke 1998; Maass 2018). Esto es particularmente relevante en un pais como
México en donde todavia existe una alta diversidad cultural, representada por més de 60
grupos étnicos, fuertemente relacionada con su entorno biofisico y una alta biodiversidad
(Challenger 1998; Toledo y Barrera-Bassols 2008). Pero ademas en donde alrededor del
60% de los bosques y selvas pertenecen a ejidos y comunidades rurales bajo propiedad
social (Merino-Pérez 2014).

Sitio de estudio y objetivos de esta investigacion

El sitio de estudio de esta investigacion es el Area Natural Protegida Reserva de la
Biosfera Mariposa Monarca (RBMM), en cuyos bosques de coniferas hibernan las
mariposas monarcas (Dannaus plexipus L.) que migran desde Canada y Estados Unidos a
México cada afio (Urquhart 1976; Slayback y Brower 2007). Se trata de una de las ANP
mas importantes por la vinculacion ecoldgica, simbolica, cultural y econdmica que detona
entre los tres paises (Hoth et al. 1999). Pero también de una de las ANP mas complejas por
la cantidad de recursos econdémicos, restricciones e imposiciones ambientales, intereses
politicos y afluencia de turistas que se han presentado en las Gltimas cuatro décadas (Barkin
2003; Merino y Hernandez 2004; Brenner 2009). La RBMM se distribuye entre los estados
de Michoacan y Estado de Meéxico, abarca parte de los municipios de Angangueo,
Contepéc, Ocampo, Seguio y Zitacuaro en el primero y Donato Guerra, San José del
Rincon, Temascalcingo y Villa de Allende del segundo (CONANP 2001; Ramirez et al.
2009). La mayor parte de su superficie pertenece a 57 ejidos y 13 comunidades indigenas
Mazahuas y Otomies bajo régimen de propiedad social (CONANP 2001). Un poco mas de
17 000 personas habitan dentro de la RBMM, la mayoria en poblaciones con menos de
2500 habitantes, y cerca de medio millon habita en la zona de influencia de ANP
(CONANP 2001; INEGI 2010).

Hay que considerar que aln no se cuenta con una caracterizacion de los regimenes
historicos de incendios en los dos tipos dominantes de bosques de coniferas en la RBMM
(Pérez-Salicrup et al. 2016), aunque la informacion para estos mismos tipos de vegetacion
en otros ecosistemas similares del pais sugiere que pueden ser contrastantes. Por un lado, se
ha reportado que los bosques de oyamel en el Parque Nacional EI Chico, Hidalgo,
experimentan incendios de alta severidad y baja frecuencia (Angeles-Cervantes y L6pez-

Mata 2009), mientras que los bosques de pino en el sistema neo-volcanico presentan
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incendios de baja severidad y alta frecuencia (Rodriguez-Trejo y Fulé 2003; Jardel et al.
2004). La informacion generada sobre los regimenes de fuego en la RBMM es escasa y
reciente, principalmente a partir del proyecto de investigacion "Efecto de perturbaciones
naturales y humanas en bosques de coniferas de la RBMM: implicaciones para el manejo
del fuego" SEP-CONACyYT 2010-154434 del cual forma parte la presente tesis de
investigacion.

Al igual que en la RBMM, en la mayoria de las ANP ocurren incendios forestales,
pero también habitan comunidades rurales que hacen uso del fuego para distintas
actividades productivas (Maass et al. 2010; CONANP 2011). Es dificil estimar el nimero
de personas o unidades familiares campesinas que utilizan el fuego dentro de la RBMM,
también es dificil estimar cuéles y cuantos de esos usos del fuego generan incendios, pues
los brigadistas de incendios que reportan esa informacién muchas veces no cuentan con el
tiempo o experiencia para reportar la informacion precisa de los de incendios. La relevancia
del manejo del fuego en esta ANP y otras del pais ha sido creciente en los Gltimos afios,
principalmente debido al impacto de los incendios de la temporada de incendios de 1998
gue quemo grandes extensiones en ANP principalmente en Oaxaca y Chiapas (Rodriguez-
Trejo y Pyne 1999). La Comision Nacional de Areas Naturales (CONANP) de México ha
establecido como una prioridad el manejo del fuego sus bosques mediante la estrategia y
lineamientos de manejo del fuego en las ANP (CONANP 2011). Sin embargo, son pocas
las ANP que han atendido dicha estrategia, como la RBMM para la que recientemente se ha
generado un plan integral y participativo de manejo del fuego, que integra parte de la
informacion generada en el presente trabajo (Pérez-Salicrup et al. 2017) aunque aun falta
por implementarse. De acuerdo al Plan de Manejo de la RBMM las principales fuentes de
dichos incendios son originados por quemas agropecuarias (el 43%), seguido de las
disputas por conflictos de delimitaciéon de ejidos y comunidades (28%) (CONANP 2001).
Para la temporada 2012 Cantu (2013) reporta 45 incendios forestales que afectaron 176
hectareas, la mayoria de los cuales son menores a 2.9 hectareas, de baja intensidad y
aparentemente no hay diferencias significativas entre el tipo de incendios en los bosques de
Oyamen y de Pino. A pesar de que el numero de hectareas afectadas por incendios es un
porcentaje pequefio de la RBMM, el temor a que un incendio grande e intenso afecte los

bosques donde hibernan las monarcas es muy alto (Pérez-Salicrup et al. 2017). Desde el
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establecimiento de esta Reserva en 1980, los incendios forestales han sido identificados
como una de las principales amenazas a la integridad de sus bosques, junto con las plagas
forestales, la tala ilegal clandestina y el cambio de uso del suelo (CONANP 2001; Rendon-
Salinas et al. 2007; Honey-Rosés 2009).

Aunque el uso del fuego en actividades agropecuarias es reportado como la
principal causa de los incendios forestales en México y en la RBMM, la mayoria de las
veces es un dato incierto y con mucha especulacién por parte de quienes toman dicha
informacién en campo. Ademas no se toma en cuenta la opinién y conocimiento de los
campesinos usuarios del fuego, supuestos generadores de incendios forestales para la
planeacion del manejo del fuego. Mas aln, no se suele tomar en cuenta la opinion de los
actores que actlan a nivel local, por ejemplo representantes gubernamentales de las
instancias forestales federales, estatales y municipales, para implementar el manejo del
fuego. Al desconocer los usos tradicionales del fuego, las razones para llevarlos a cabo y su
dinamica es imposible generar politicas publicas que atiendan y beneficien a los
campesinos (Monzon-Alvarado et al. 2014). Sin conocer y tomar en cuenta que perciben y
como aplican el manejo del fuego los actores locales, mas alla de lo que dictan las leyes
federales como la Ley General de Desarrollo Forestal Sustentable o la NOM-015
SEMARNAT-SAGARPA 2007 que establece las especificaciones técnicas de métodos de
uso del fuego en los terrenos forestales y en los terrenos de uso agropecuarios (DOF 2009),
es dificil generar politicas publicas y programas que vayan encaminados a un manejo del
fuego integrado al manejo de socio ecosistemas.

El objetivo general de la presente investigacion fue describir y analizar el uso y
manejo del fuego que actualmente se lleva a cabo en el Area Natural Protegida Reserva de
la Biosfera Mariposa Monarca, México. Para ello cual se buscO responder a
cuatro preguntas generales de investigacion, que corresponden a los siguientes cuatro
capitulos de este trabajo. El capitulo 2 busca responder ¢Qué antecedentes hay sobre el uso
y manejo del fuego en la Reserva de la Biosfera Mariposa Monarca?, para ello se hizo una
revision y primer acercamiento al conocimiento que se tiene sobre el fuego y su manejo en
la RBMM (Martinez-Torres et al. 2015). El capitulo 3 parte de la pregunta ; Como es, quién
lleva a cabo, con qué objetivos, el uso tradicional del fuego en la Reserva de la Biosfera

Mariposa Monarca?, para ello se caracterizo a los usuarios del fuego y el sistema
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tradicional del conocimiento del fuego en la RBMM (Martinez-Torres et al. 2016). El
capitulo 4 tiene como pregunta principal ¢Quiénes son, como perciben y como llevan a
cabo el manejo del fuego los actores locales clave en la Reserva de la Biosfera Mariposa
Monarca?, pregunta que llevé a analizar la red de relaciones entre los actores locales clave
y las ideas y conceptos sobre lo que es el manejo del fuego a nivel local (Martinez-Torres et
al. 2018). El capitulo 5 reflexiona sobre la pregunta ¢;Qué implicaciones ha tenido las
politicas publicas relacionadas con el manejo del fuego en los campesinos de México? y se
propone una serie de consecuencias que han tenido las leyes y politicas publicas
relacionadas directamente e indirectamente con el manejo del fuego sobre los campesinos
(Martinez-Torres y Pérez-Salicrup 2018).

Con la informacidn generada a partir de este trabajo se dan elementos que fortalecen
el marco conceptual del manejo del fuego integrado al manejo de socioecosistemas.
Muestra y propone una aproximacion desde el modelo disciplinario cultural-social, pero
integrando y reconociendo elementos de los modelos fisico-quimico y bioldgico-ecoldgico,
al manejo del fuego. Ademas genera informacion novedosa que puede ayudar a replantear
los sistemas tradicionales de conocimiento de fuego en México y propone uno particular
para la RBMM. Este trabajo ha contribuido con datos y elementos que se han retomado
para generar el primer plan de manejo del fuego integral y participativo de la RBMM, que
reconoce y toma en cuenta el conocimiento de los usuarios del fuego y a los actores locales

clave (Pérez-Salicrup et al. 2017).
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Capitulo 2. Fires and fire management in the Monarch Butterfly
Biosphere Reserve.

(Capitulo de libro publicado).

Cita: Martinez-Torres, H. L., M. Canti-Fernandez, M. I. Ramirez y D. R. Pérez-Salicrup.
2015. Fires and fire management in the Monarch Butterfly Biosphere Reserve. Chapter 15.
En: Monarch in a changing world. Karen S. Oberhauser, Kelly R. Nail, Sonia Altizer (Eds).
Cornel University Press, New York. pp 179-189.
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Fires and Fire Management in the Monarch Butterfly
Biosphere Reserve

Heéctor Martinez-Torres, Mariana Canti-Fernandez, M. Isabel Ramirez,
and Diego R. Pérez-Salicrup

Fire is a common disturbance that affects most terrestrial ecosystems and has become a high
priority in forest management in Mexico. Current practices of fire management, based mainly
on firefighting and fire suppression, have had negative effects on many forests worldwide. To
avoid such effects, it is important to provide forest management alternatives based on both
sound ecological research and social feasibility. In this chapter we document the forest fires
that occurred during 2012 in the Monarch Butterfly Biosphere Reserve (MBEBR) and evaluate
current knowledge of fire regimes in monarch overwintering forests. Based on information and
interviews with the authorities responsible for fighting fires in the MBBR in the states of Micho-
acan and México, we present preliminary summaries of current uses of fire by local inhabitants
of the reserve, and describe the current forest management strateqy followed by authorities.
We identify important gaps in our understanding of the role of fires in the reserve, and provide
recommendations for new fire management strategies for local authonties, forest managers, and

conservation organizations.

INTRODUCTION

Since the discovery in the 1970s of the monarch
migration phenomenon from the United States and
Canada to the mountains of central Mexico (Urqu-
hart 1976), forests of the overwintering sites have
been the target of international conservation atten-
tion. Significant efforts have been made to preserve
these forests by federal, state, and municipal authori-
ties; environmental groups and other nongovern-
mental organizations (NGOs); researchers; local
inhabitants; and other stakeholders. One of the most
important events in the efforts to secure the integrity
of these forests was the decree that established a Nat-
ural Protected Area (NPA) in 1980, after which two
more decrees were issued, resulting in today’s Mon-
arch Butterfly Biosphere Reserve (MBBR). Today,
the MBBR covers 56,259 ha, with 13,552 ha in three
core zones where only conservation, environmental
education, and research activities are allowed. The

remaining 47,707 ha are part of the two buffer zones
where forest management, centered on timber and
resin extraction, is permitted. Recently the MBBR
was designated a World Heritage Site (DOF 1980,
1986, 2000, 2009; UNESCO 2013).

Conservation efforts in the MBBR are based on
the premise that well-preserved forests are needed
to maintain the monarch populations that overwin-
ter year after year; therefore, the paucity of research
on the effects of human and natural disturbances
on these forests is surprising (Renddén-Salinas et al.
2007). Research on disturbances both natural and
caused by humans, as well as their effects on forest
structure and biological composition, is very impor-
tant. It is necessary to generate concrete recommen-
dations to guide forest management and conservation
practices, and to ensure those recommendations are
compatible with a forest structure and species com-
position that supports monarch colonies and, at the
same time, meets forest users’ demands.
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One of the most important disturbances that
occurs in coniferous forests worldwide is fire (Pyne
1996; Rowell and Moore 1999). Fires have influenced
terrestrial ecosystems for millions of years, and for
many ecosystems, fire is a fundamental process that
triggers regeneration of the arboreal community
(Agee 1993; Pausas and Keeley 2009).The effects of
fires differ drastically across ecosystems, and ecosys-
tems might differ substantially in their dependence
on fire as an ecosystem process. Fires, like other dis-
turbances, can be characterized for a given ecosystem
in terms of their return intervals (frequency), the
energy they liberate (intensity), their impact on veg-
etation (severity), their spatial extent (area affected),
the season of the year in which they occur (timing),
the spatial pattern they present (patchiness), and their
synergies with other known natural or human distur-
bances. The ranges of values in which these variables
naturally occur in a given ecosystem constitute the
Natural Fire Regime (Agee 1993; Jardel 2010). Fire
has also been used by humans for hundreds of thou-
sands of years, an interaction that has created an
extensive body of empirical knowledge among some
cultural groups, who have used and manipulated fire
in sophisticated ways for usages as diverse as agricul-
ture, livestock production, and even forestry (Pyne
1996, 2010; Pausas and Keeley 2009).

It is important to remember that fire can cause
social, economic, and ecological disasters. As a con-
sequence of those negative effects, the general per-
ception of fires was mostly negative during most of
the twentieth century (Pyne 2010), and that percep-
tion can explain, at least in the United States, the
development of fire policies focused on suppression
(Egan 2009). Perhaps the most important outcome
of these policies was the suppression of natural fire
regimes, particularly in western coniferous forests,
which had negative consequences for forest manage-
ment that are still being felt. One potential negative
consequence of fire suppression is the accumulation
of forest fuels that can promote catastrophic fire
events, with intensities and severities much higher
than those to which species might be adapted.
Another consequence is the modification of some
ecosystem functions provided by naturally occur-
ring fires, such as seed scarification and the open-
ing of adequate clearings where tree seedlings can
establish.

To avoid catastrophic fires and promote a fire
management strategy that can be incorporated

into a strong forest management scheme, it is fun-
damental to understand the natural fire regimes in
the dominant forest types within the MBBR. At the
same time, it is important to understand the fire risks
associated with activities conducted by inhabitants
of the 63 legally established settlements within the
reserve. These activities include income-generating
activities such as forest management and extensive
(as opposed to intensive) livestock production, and
activities meant for the direct support of families,
such as small-scale agriculture and the gathering of
fruits, mushrooms, and firewood.

Here, we document and synthesize informa-
tion on natural fire regimes and fire management
in the dominant coniferous forests in the MBBR.
We address four specific questions: (1) What do we
know about fire regimes in coniferous forests in the
MBBR? (2) What is the importance of fires as per-
ceived by local authorities? (3) How do local people
currently use fire? and (4) What is the institutional
response to wildfires? Answers to these questions
should help us identify research priorities that will
improve our understanding of the role of fire in the
reserve.

METHODS

We conducted a literature review of natural fire
regimes in the different coniferous forest types in
the MBBR. Natural fire regimes can be described in
relation to variables such as average return interval,
severity, intensity, affected area, and synergies with
other disturbances (Agee 1993). Few studies have
been conducted of fire within the MBER, so we used
data generated for similar forests, particularly for
those dominated by Pinus spp. (Minnich et al. 2000;
Park 2003; Rodriguez-Trejo and Fulé 2003; Jardel
et al. 2004) and by Abies spp. (Angeles-Cervantes
and Lopez-Mata 2009).

We also searched for relevant information on
fires in the reserve in scientific publications, technical
reports, and government files. We searched the online
Database on Fire Regimes and Fuels for Mexican Ter-
restrial Ecosystems (www.zotero.org/fuego_mex), a
compilation resulting from a systematic search con-
ducted by the National Autonomous University of
Mexico, University of Guadalajara, and University
of Washington. We also searched Thompson Reuters
'Web of Scienceand Google Scholar using the key words
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fire, Pinus, Abies religiosa, and Monarch Butterfly Bio-
sphere Reserve. These last searches were conducted
in August 2012.We requested information about fires
that occurred in 2012 from the Natural Protected
Areas National Commission (CONANP-MBER; for
a list of acronyms, see the glossary at the end of this
chapter) and in the offices of the National Forestry
Commission in the states of Michoacin and México
({CONAFOR-Michoacin and CONAFOR-Estado de
Meéxico). With these data, we were able to identify and
visit 14 sites that burned in the MBBR in 2012, and we
conducted a general evaluation of the size, intensity,
severity, and source of ignition of these fires. Data on
the size of fires were generated by walking around the
fire boundaries, making a polygon with a GPS unit,
and then estimating the area. Intensity was inferred
from apparent flame length, as estimated from charred
tree trunks and burnt vegetation. Fire intensity can be
divided into surface fires (flames < 1 m), understory
fires (flames 1-3 m), and crown fires (flames > 3 m)
(Agee 1993; Sugihara et al. 2006). Severity was also
estimated by visually evaluating vegetation mortal-
ity. Low severity implied that only herbaceous plants
died, while tree mortality would indicate high sever-
ity. The source of ignition was informed by mem-
bers of the firefighting brigades (see below). We also
inquired about fires for previous years but found that
information on fires was not systematically collected
until 2012.

We conducted four semistructured interviews
to understand the importance of fires in the per-
ception of federal, state, and municipal authori-
ties with an interest in the MBBR, and to identify
the institutional response to fires. Our interview-
ees included the fire manager of the MBBR (Ing.
Cesar Torres), the former head of the Michoacan
State Forestry Commission’s (COFOM) East Region
IV (Ing. Estanislao Esquivel), the fire chief of the
Forest Protection Agency of the State of México
(PROBOSQUE; Ing. José Mendez), and the Fire
Department chiefs of CONAFOR-Michoacan (Ing.
Javier Gonzilez) and CONAFOR-México (Ing. Mar-
tin Tapia). We also obtained information from open
interviews with the person in charge of coordinat-
ing the fire department of CONAFOR-Michoacin
East Region (Ing. Edilberto Sinchez), and the per-
son in charge of the permanent firefighting brigade
of CONANP-Michoacdn in Ziticuaro (Mr. Ubaldo
Garcia). Finally, we attended the Sixth Gathering
of the Restoration and Forest Protection East IV

Committee, in which the headmaster of COFOMSs
East Region IV (Ing. Efrain Sanchez) explained the
activities they conduct in regard to forest fires.

RESULTS
Natural and managed fire regimes

‘We found no literature sources that directly eval-
uate any of the components of natural fire regimes in
coniferous forests of the MBBE, but we found infor-
mation on similar vegetation types in other sites in
Mexico. We also found anecdotal information about
the effects of fires on forest structure, the use of fire
for income-generating and self-sustenance activities
by inhabitants of the MBBR, and about the ignition
of fires as an action to intimidate other local com-
munities (Table 15.1).

Coniferous forests in the reserve can be divided
into pine- and fir-dominated forests( Cornejo-Tenorio
et al. 2003, Giménez- Azcdrate et al. 2003). Pine for-
ests are dominated by Pinus psendostrobus and P
hartwegii (smooth bark Mexican and Hartweg’s
pines, respectively). Fir forests are dominated by
Abies religiosa (oyamel fir), although other pines and
Cupressus lusitanica (Mexican cypress) trees also
occur in fir forests. From studies conducted at other
sites in Mexico, we infer that these kinds of forests
have contrasting natural fire regimes. Pine forests
have fire regimes characterized by return intervals of
5-10 years, with fires of low severity (i.e., low mortal-
ity of the dominant canopy vegetation as a result of
the fire event) and low intensity (Le., superficial fires
with insufficient energy to ignite trees, though some
tree bases might show charred bark), which usually
cover 1-10 ha (Jardel et al. 2009, 2010; Fulé and Cov-
ington 1998). Fires in fir forests, on the other hand,
have longer return intervals (>40 years), with high
severity (ie., many canopy trees die after a fire, cre-
ating gaps for a regenerating tree cohort) and high
intensity (i.e., energy liberated by the fire ignites trees,
either from the base, which are passive crown fires, or
from one tree crown to the next, active crown fires),
covering areas greater than 10 ha ( Angeles-Cervantes
and Lopez-Mata 2009). This contrast between fire
regimes for pine- versus fir-dominated coniferous
forests suggests that these forests should have dif-
ferent fire management strategies. It is particularly
important to avoid severe and intense wildfires that
could destroy the Abies forests, where the wintering
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Table 15.1. Number of sources for each category of information found in the literature, and numbes and sources of anecdetal infwmation

Mo. of references
Information category or interviewees

Reference source or interviewee’s title

Fire in vegetation types 9
similar to those at
MBBR

Angeles-Cervantes and Lopez-Mata 2009; Fulé and Covington
1998; Jardel et al. 2004, 2009; Minnich et al. 2000; Park 2003;
Rodriguez-Trejo and Fulé 2003; Rodriguez-Trejo and Myers 2010;

Rodriguez-Trejo et al. 2011

Forest management in 18
the MBBR

Brenner 2009; Brower et al. 2002; Byers 2004; Hoth 1995;
Honey-Rosés 2008b; Honey-Rosés et al. 2009, 2011; lbarra 2011;

Martin 2002; Merino 1997 ; Merino and Hernandez 2004; Mavarrete
etal 2011; Ramirez et al 2003; Rendon-Salinas et al. 2007; Saenz et al.
2005; Sigala and Campos 2001 ; Tucker 2004; WWF 2004

Fire related laws and ]
rules that apply to
MBBR

Anecdotal information 8

CONAFOR 2012; CONANP 2001, 2011; Jardel 2010; Jardel et al.
2009; NOM-015-SEMARNAT/SAGARPA-2007

Fire manager of the MBBR (Ing. Cesar Torres);

former head of Michoacdn State Forest Commission's (COFOM)

East Region IV (Ing. Estanislac Esquivel); chief of the Forest

Protection Agency of the State of México (PROBOSQUE; Ing. José
Mendez); Fire Department chief of CONAFOR-Michoacan (Ing.

Javier Gonzdlez) and CONAFOR-State of México (Ing. Martin Tapia);
Fire Department coordinator of CONAFOR-Michoacan East Region
{Ing. Edilberto Sdnchez); head of permanent firefighting brigade of
CONAMP-Michoacan in Zitacuaro (Mr. Ubaldo Garcia); and headmaster
of COFOM's East Region IV (Ing. Efrain Sanchez)

sites are located; however, a suppression policy could
be counterproductive in the long term.

We found no information on the use of fire and
fire management within the MBBR; however, docu-
ments about the social, political, and economic
conflicts associated with forest management in the
reserve often report fire as an issue of importance,
although in most references only anecdotally. These
studies analyze the processes by which different
localities make common decisions, and the way they
have historically managed the ecosystems, includ-
ing how public policies have restricted their access
to forest resources since the MBBR was created
(Merino and Herndndez 2004).

2012 fire season in the MBER

According to the information provided by
CONANP-MBBR and CONAFOR-Michoacin, 45
forest fires occurred inside the reserve during the
2012 season, from January to June. They covered a
total area of 176.6 ha, or 0.31% of the total reserve
area. Of these, 18 fires were in the state of México
and affected 30.5 ha (409% of the fires and 17% of the
burned area). In Michoacdn, 27 forest fires affected

146.1 ha (60% of the fires and 83% of the burned
area) (Table 15.2, Figure 15.1).

The 2012 fires affected areas in eight different
municipalities. San José del Rincén had the high-
est fire incidence (11 fires), followed by Ziticuaro
(10 fires) and Ocampo (9 fires). The smallest wild-
fire covered 0.4 ha and the largest, 41.4 ha. Five fires
occurred inside the core zone and 38 in the buffer
zone, and two could not be appropriately located in
either one of these zones (i.e., data from the brigades
were not accurate enough).

In regard to fire severity, we could gather infor-
mation only for Michoacin, where all fires had low
severities, Le., fire-associated tree mortality was
none to low. Sixteen fires affected pine forests (total
area=107.5 ha), and 11 affected fir forests (total
area=38.6 ha). Ten different ignition causes were
reported (Table 15.2). The most frequent ignition
sources were agricultural activities (10 fires, 22%),
followed by campfires (8 fires, 18%), and forestry
activities (7 fires, 16%). The remaining fires were
ignited by miscellaneous human activities such as
garbage burning and tourist campfires. It is inter-
esting to point out that only one fire was reportedly
caused by a lightning bolt (Table15.2).
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Table 15.2. 2012 MBBR forest fire locations, extents, and causes

State*  Municipality Property MEBER Zone Ha Fire Causes®
1 Mex Temascalcingo Cemito de Céardenas Buffer 200 ND
2 Mex San José del Rincén  Ejido El Depésito Buffer 0.50 I
3 Mex San José del Rincdn Bl Depésito Buffer 1.00 Il
4 Mex San José del Rincén  Bjido la Meea Core 5.00 X
5 Mex San José del Rincdn  Ejido La Trampa Buffer 1.00 l
6 Mex San José del Rincdn  Ejido La Trampa Buffer 0.50 Il
7 Mex San José del Rincdn  Ejido La Trampa Buffer 1.50 Il
8 Mex San José del Rincédn  Ejido San Joaguin la Milla Buffer 3.00 Il
9 Mex San José del Rincén  Bjido La Esperanza Buffer 050 Il
10 Mex San José del Rincén  Bjido Jerdnimo Lamilla Buffer 3.00 Il
11 Mex San José del Rincén  Bjido El Depésito Buffer 1.00 I
12 Mex San José del Rincdn  Ejido San Juan Palo Seco Buffer 0.50 I
13 Mex Villa de Allende Ejido El Aventurero Buffer 200 W
14 Mex Villa de Allende Ejido El Aventurero Buffer 1.00 I
15 Mex Villa de Allende Ejido El Aventurero Buffer 1.00 ND
16 Mex Villa de Allende Ejido San José Villa de Allende  Buffer 1.00 ND
17 Mex Villa de Allende Ejido Cuesta del Camen Buffer 200 ND
18 Mex Donato Guerra Ejido El Capulin Buffer 400 v
19 Mich Ocampo Ejido Ascleadero Buffer 1.0 X
20 Mich Zitdcuaro C.I. Crecencio Morales Buffer 25 ]l
21 Mich Angangueo Ejido El Rosano Buffer 2 Vi
22 Mich Angangueo Ejido El Rosano Buffer 35 Vi
23 Mich Ocampo Ejido Hervidero y Plancha Buffer 1.00 v
24 Mich Zitdcuaro C.l. Crecencio Morales Buffer 05 m
25  Mich Ocampo Bjido Ascleadero Buffer 15 X
26 Mich Zitdcuaro C.I. Crecencio Morales Buffer 20 Vil
27 Mich Zitdcuaro C.l. Crecencio Morales Unidentified 20 Vil
28  Mich Ocampo Ejido Ocampo Buffer 6.0 v
29  Mich Angangueo Ejido Angangueo Buffer 8.0 W
30 Mich Zitdcuaro C.l. Crecencio Morales Core 15 Vil
3 Mich Zitdcuaro C.l. San Juan Zitacuaro Buffer 30 Vil
32  Mich Zitacuaro Ejido Crescencio Morales Care 6.0 Vi
33  Mich Senguio P.P. Rancho de Guadalupe Buffer 34.95 W
34  Mich Ocampo Ejido El Rosarno Buffer 0.96 v
35  Mich Ocampo C.l. San Cristobal Buffer 41.42 I
36  Mich Ocampo C.l. San Cristobal Unidentified 0.41 I
37 Mich Angangueo Ejido Rondanillas Buffer 30 I
38  Mich Zitdcuaro C.l. Crecencio Morales Buffer 1.25 v
39  Mich Ocampo Ejido Ascleadero Buffer 3.0 Vil
40  Mich Ocampo Ejido El Rosarnio Buffer 200 I
41 Mich Angangueo Ejido El Rosano Buffer 1.00 v
42  Mich Zitdcuaro C.l. Crecencio Morales Buffer 1.00 I
43  Mich Zitdcuaro Ejido Crecencio Morales Core 151 Vil
44  Mich Angangueo Ejido Angangueo Buffer 15 I
45  Mich Angangueo Ejido El Rosano Care 200 v

= Max = México; Mich = Michoacan
= | = agricultural activities; Il = forestry activities; Il = poachers; IV =lightning; ¥ = campfires; V| = tourist campfires; VIl = smokers; Vil =

intentional; IX = garbage burning; X = othar productive activities; ND = not daterminaed

Interviews with the authorities

According to information collected during
interviews about fire management and forest
fires, three different types of actions were imple-

mented by institutions: (1) fire prevention, (2)
direct fire suppression through firefighting, and

(3) monitoring and restoration of burned sites.
Fire prevention is carried out in three main ways:
(1) organization and communication between
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Figure 15.1. Forest fires in 2012 within the MBBR in the states of Michoacan and México. One fire, which took place in Cerro
Altamirano, in the northemn part of the MBBR, is not shown as it would force a change in scale that would make the remaining 44
fires illegible. Some fires appear outside MBBR boundaries; however, the brigades report that they occurred within the reserve, so
the locations might have been incorrectly determined from faulty GPS readings by the brigade.

different government sectors, (2) providing of
information on the causes and consequences of
forest fires to inhabitants and visitors, and (3)
physical actions.

All interviewees agreed that there is good com-
munication between federal and state institutions:

CONAFOR-Michoacin and CONANP-MBBR
(federal); COFOM (state of Michoacan) and PRO-
BOSQUE (state of México). They also reported
adequate communication among municipal authori-
ties within the reserve. We did notice, however, that
in Michoacan, COFOM follows many initiatives

36



proposed by CONAFOR, but in the state of México
PROBOSQUE takes the initiative. Institutional
communication between COFOM and PRO-
BOSQUE is usually mediated by CONAFOR and
CONANP-MBER.

Interviewees in Michoacan pointed out that
the Michoacin East Forest Regional Council is
a key institution in fire response and manage-
ment in the East Region of Michoacdn. COFOM’s
East Region IV coordinates this council. Within
its structure, a Fire Committee coordinates the
actions of different institutions to prevent and
fight forest fires. This council is also in charge
of evaluating firefighting operations once fires
are put out, with the aim of identifying mecha-
nisms to improve the efficiency of firefighting.
Key institutions that participate in the council
include CONANP-MBER, environmental NGOs
with local presence, members of the forest service
sector, and representatives from the indigenous
communities and efidos. Ejido is a communal land

tenure type in Mexico, where each independent
member might use a patch of land for personal
benefit, but there are also common areas which
are managed by the whole ejido community.

Much of the response to fires depends on bri-
gades in charge of fighting and preventing fires.
Each brigade is formed by a variable number of
people, usually between 5 and 10. In the Micho-
acin portion of the reserve there are currently
six kinds of fire brigades, all with different char-
acteristics (Table 15.3). Every vyear the number
of brigades changes, depending on local inter-
est and the resources available to the ejidos and
indigenous communities, municipalities, COFOM,
CONAFOR, CONANP, NGOs, and private compa-
nies. CONAFOR-Michoacdn and COFOM provide
material support (tools and appropriate clothing)
and training to the brigades, but this support must
be formally requested, because cases have arisen in
which the benefits granted by the institutions were
used for other purposes.

Table 15.3. Classification of prevention and firefighting bripades that work within the MBBR influence area

Support from
Time of CONAFOR, Support Resources No. of
functioning Supporting COFOM, or from other owned by brigades in
Erigade type in ayear institutions CONANP institutions the workers 2012
Permanent 12 months COMNAFOR-Michoacan Salary, training, Mone Mone 2
and CONAFOR- State tools, clothing,
of Mexico communication
devices,
transportation
Temporary Zord COFOM, Salary, training, Mone Mot identified 8
months COFOM-UMAFR, tools, clothing,
COFOM-Tlalpujahua,  communication
CONANP-REMM, devices,
PROBOSQUE transportation
Independentand 2 or3 Municipalities, forest  Training, tools  Salary, Mot identified 10
tempaorary months associations (i.e., clothing,
APFOMAC) transportation
From communities Not Community or gjido Training Maoney Clothing, Mot identified
or gjidos with identified from where the fire tools,
training fighters come transportation
From communities Not Community or gjido MNone Mot identified Mot identified Mot identified
or gjidos without  identified from where the fire
training fighters come
Volunteers Whenever a Community or gjido None Mone Mot identified Mot identified

fire presents from where the fire
inside their  fighters come
community
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Outreach and education

Authorities of the MBBR follow a national
strategy against wildfires. This campaign, run by
CONAFOR, includes brochures and workshops to
warn people about the dangers of forest fires and the
need to report them. NGOs and state and municipal
governments have also organized efforts to promote
a culture of fire prevention.

Another fire prevention strategy is the Offi-
cial Mexican Norm (NOM-015-SEMARNAT/
SAGARPA-2007), which provides mechanisms by
which agricultural and forest management fires
should be conducted. Because most of the fires in
2012 started as the result of agricultural activities,
this strategy is very important. The Department of
Agriculture, Livestock, Rural Development, Fisher-
ies and Food (SAGARPA) is primarily responsible
for disseminating this policy through its techni-
cians and developers. CONAFOR provides training
and outreach materials, and COFOM also promotes
NOM-015; however, all interviewees agreed that
NOM-015 has not been functional or successfully
applied in the MBBR region. They said that it would
be unrealistic to monitor each individual agricultural
burn conducted by each farmer in the reserve, and
to expect inhabitants to change their practices over-
night. Hence, they point out the need for a sustained
program to promote agricultural burns that do not
cause forest fires, and to inform residents about the
benefits of complying with NOM-015.

Prevention efforts in natural forests consist of
repairing firebreaks and reducing forest fuels. These
activities are conducted by some of the brigades out-
side the fire season. It is noteworthy that within the
MBBR buffer zone, prescribed fires to reduce fuels
are allowed, but this strategy has not been used as a
fire management tool. Fuel reduction in the reserve is
done mostly by extraction of downed woody debris
and standing dead or infected trees. In the case of the
former, downed woody debris might then be used
for domestic purposes, while the latter, depending
on quality, might be sold as round wood.

Firefighting

As a federal protected area, the MBBR receives
priority in terms of firefighting. When a fire occurs
within the reserve, human resources (brigades) and
materials (vehicles, tools, communication equip-

ment, and even helicopters, if necessary) are imme-
diately brought to the site, sometimes at the expense
of other fires outside the MBBE.

The first stage of firefighting is detection. This
happens through citizen calls (free of charge) to the
emergency phone number that CONAFOR pro-
motes at the federal level. The states of México and
Michoacdn also provide a free number to inform
about fires. Detection can also take place from
observation towers, seven in the state of Michoacin
{(which are run by COFOM) and one in the state of
Meéxico, that function during the fire season (Janu-
ary to June). One person per tower works during
the day, although no one stays in a tower at night.
The opening of these towers depends on the avail-
ability of funds from Michoacin and México state
ZOVErnments.

The second stage is communication within and
between the brigades and their movement to fire
sites; however, only some brigades are able to move
to different parts of the reserve (Table 15.3). Addi-
tionally, a lack of resources makes it impossible to
maintain the communication systems 24 hours a day,
even during the critical fire season.

The last stage of firefighting is the direct attack
on the fire front. Brigades use various techniques
to fight fires, depending on intensity, terrain, and
atmospheric conditions. Combat can be performed
directly, by extinguishing the fire, or indirectly, by
making firebreaks (ie., reducing forest fuels). The
brigades’ experience and knowledge of the local ter-
rain is essential. Usually, several brigades coordinate
to fight a single intense or large fire, regardless of
where it started or why. For safety reasons, the bri-
gades fight fires only during the day, with very few
exceptions.

The brigades must remain at the burned site per-
forming control activities until there is no chance
that the fire will reignite. In addition, starting in
2012, the brigade chief must complete a report with
details of the firefighting and the characteristics of
the fire.

Postfire: Restoration and monitoring

Each agency is responsible for collecting infor-
mation from the fire brigades it supports and that
fought the fire. Starting in 2012, CONAFOR estab-
lished forms that must be completed with details
characterizing the fire: location, site description,
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photographs, information about how the fire was
detected, time spent in mobilization and actual com-
bat, general data about the affected site, the equip-
ment used, the type of fire, environmental impacts,
and economic losses.

None of the institutions formally monitor sites
where the fires took place, so long-term fire effects
cannot be evaluated from official data. Soil erosion
prevention activities and reforestation are com-
monly carried out, usually by the owners of the
burned sites. These owners usually apply for finan-
cial or material support from government agencies
or to NGOs. Only in cases of a very severe fire do
COFOM or CONANP-MBBR take the initiative;
however, little or no monitoring is done of the short-
or long-term success of these actions.

DISCUSSION
MBER forest fire regimes

Although we found no published studies spe-
cifically addressing fire regimes in the MBBR, sparse
and anecdotal information allowed us to begin to
identify some characteristics of fire regimes in these
forests. We think the most valuable information will
be generated from the reports filed by brigades and,
of course, from their empirical learning gained from
fighting forest fires. Data are also available from vari-
ous federal, state, and even municipal institutions
covering several years; however, the heterogeneity
of these data makes it difficult to assess their quality.
Therefore, we used data only from the 2012 fire sea-
son, as data from previous years are not necessarily
accurate or consistent with current data.

The basic information collected from the fires
allows us to make some estimates of the fire regime
in the MBBR forests, such as size, intensity, severity,
and seasonality. Fires in 2012 covered, on average,
3.9 ha, a relatively small area; furthermore, most of
them were of low to moderate intensity according to
the descriptions of Agee (1993) and Sugihara et al.
(2006), since most were superficial and the height of
the flame in the line of fire was generally less than 2.4
meters. Severity can be evaluated from tree mortality.
While this parameter is not recorded on the forms
filled out by brigades after fires, and thus we cannot
know the severity of all of the fires, the fire sites we
managed to visit indicated low severities. Finally, in
regard to seasonality, fires occur mainly during the

dry season, from March through July, with occa-
sional fires starting in January and February.

It is impossible to distinguish a significant dif-
ference between fires in the pine forests and those
in fir forests using only data from 2012. It is essen-
tial to provide adequate monitoring of fire behavior
in these different ecosystems, given the differences
in return interval, intensity, and severity between
them (Angeles-Cervantes and Lopez-Mata 2009;
Rodriguez-Trejo and Myers 2010.)

Relevance of MBER fires

To understand the relative importance of MBBR
fires, we can compare reserve fires with fires from
the entire country of Mexico and from the states of
Meéxico and Michoacdn, using data from CONAFOR
(2012). In 2012, through the third week in Sep-
tember, the national average fire size was 48.59 ha,
while the state averages for Michoacdn and México
were 15.65 ha and 2.6 ha, respectively; fires affected
0.17%, 0.23%, and 0.11% of Mexico, Michoacdn,
and the state of México, respectively (CONAFOR
2012; INEGI 2012). The average size of fires in the
MBBR was 3.9 ha, and the affected area was 0.31% of
the reserve; thus, the proportion of land affected in
the MBER is higher than that of the country or the
states in which the reserve lies, but it is important
to consider that virtually all types of vegetation in
the reserve are prone to fires. Fires in the MBBR are
smaller, on average, than those in the entire nation
or within Michoacdn, but not those in the state of
Meéxico, suggesting that forest firefighting might be
more efficient in the state of México.

In regard to social perception, forest fires are
perceived as one of the most important problems
within the MEBR (CONANP 2001; Renddn-Salinas
et al. 2007). We do not know the perception of fires
in this region historically, but we have information
about the history and management of this forest land
from 1930 to 2000, and about how social relation-
ships and institutional organization have changed
during this period. As a result of the Mexican Revo-
lution, an intense land reform took place in Mexico
after 1930. Large landholdings (e.g., haciendas) pres-
ent in the region were subsequently subdivided and,
together with the remaining federal lands, either
granted to ejidos or reinstalled to indigenous com-
munities (comunidades indigenas). These ejidos and
indigenous communities engaged in agricultural
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and forest management activities; thus, when the
MBBR was finally decreed, most of the land where
it stands had already been granted to local inhabit-
ants, who saw conservation policies developed for
the newly created reserve as intromissions into their
livelihoods (Merino 1997; Martin 2002; Merino and
Hernédndez 2004; Ibarra 2011).This created tension,
and fire became one method of expressing land own-
ership by local communities. As reported for other
sites in Mexico, this use of fire might have aided in
the perception that local inhabitants degrade for-
est resources with fire, and it might have decreased
interest in learning traditional ways of managing fire
{Mathews 2003).

Three activities may influence people’s perception
of forest fires today. First and second, Payments for
Environmental Services (PES) and tourism (Romo
1999; Granet and Fonfréde 2005; Brenner 2006;
Orozco et al. 2008; Honey-Rosés et al. 2009; Esquivel
et al. 2011) are both likely to encourage fire suppres-
sion. The third one, and perhaps the most common
theme among the literature we reviewed, is illegal
logging and deforestation in the MBBR, recognized
by government entities (CONANP 2001; Sdenz
et al. 2005), NGOs (WWTF 2004; Rendon-Salinas et al.
2007), academia (Brower et al. 2002; Ramirez et al.
2003; Honey-Rosés et al. 2011; Navarrete et al. 2011),
and local people (Honey-Rosés 2009b). According to
our interviewees, forest fires might be intentionally
started to justify land use change or to remove evi-
dence of illegal logging. Hence the relevance of fires
should not be seen as a phenomenon outside the
socioeconomic and historical context of the region.

Local fire management and institutional response

In this work, intended as a first evaluation of fire
management, we address published information and
the visions of the academic sector and the govern-
ment institutions in charge of firefighting; however, in
the context of the MBBR, local inhabitants and their
role should clearly be incorporated into all phases of
a fire management plan, including an understanding
of how fire is managed by local people, and how that
knowledge can be incorporated into such a manage-
ment plan (Jardel 2010; Rodriguez-Trejo et al. 2011).
This research should consider the implications of
establishing the reserve on land previously given to
local farmers by the Mexican government, and the
development of new local organizations interested in

promoting sustainable forest management (SEMAR-
NAP 1998; Sigala and Campos 2001; Byers 2004;
Tucker 2004; Venegas 2010).

‘We identified three fire management strategies of
government institutions: prevention, which involves
organization and communication between institu-
tions; firefighting; and restoration and monitoring of
the burned sites. We note that most strategies reflect
a vision and policy of fire suppression, but informa-
tion is so scarce that we cannot evaluate whether this
policy might eventually lead to counterproductive
long-term effects, as have been reported for some
forests in the United States (Mathews 2003; Jardel
2010; Pyne 2010; Rodriguez-Trejo et al. 2011). It is
therefore essential to understand the natural fire
regimes of coniferous forests in the MBBR, and
to evaluate whether current firefighting policies
suppress them.

In terms of prevention, firefighting brigades are
the center of organization and action. Their tasks
consist primarily of establishing firebreaks and other
prevention activities, but except for CONAFOR per-
manent brigades, all brigades are active only during
the fire season, and thus do not participate in many
prevention activities. The lack of funds makes it dif-
ficult for them to stay active throughout the year,
although some municipal governments use their
own workers as part of the brigades, thus making
the brigade available for the whole vear. Volunteer
brigades of communities and ejidos engage in the
care of their forests constantly, but it is essential
to provide economic and technical resources to
communities to promote efficiency in prevention
efforts.

Information outreach and educational pro-
grams are clearly biased in favor of fire prevention.
Local inhabitants perceive that, because they are
settled within a Natural Protected Area, the MBBR
authorities have more institutional mechanisms
to fine or punish those who damage the environ-
ment. We also think dissemination and implemen-
tation of NOM-015-SEMARNAT/SAGARPA-2007,
setting norms for the use of fire in agriculture and
forestry activities, have been poor. Under this sce-
nario, MBBR authorities could develop an outreach
and education campaign to inform inhabitants about
natural fire regimes and adequate management of
fires to promote long-term forest maintenance. Some
governmental and nongovernmental institutions
in the MBBR are already making efforts to learn
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about fire management from the experience of other
protected areas. For example, in the Manantldn (state
of Jalisco) and La Sepultura (state of Chiapas) Bio-
sphere Reserves, fire management programs incor-
porating local expertise have been implemented
for more than 10 vears. It is also noteworthy that
National Forestry authorities have recently changed
their approach to fire management, moving toward
a management scenario, and away from compulsory
suppression (Rodriguez-Trejo et al. 2011).

‘We know very little about the traditional use of
fire in the MBBR, but from the information avail-
able about the causes of fires in 2012, the people
interviewed, and the MBBR management plan
(CONANP 2001), it seems that the use of fire by
local inhabitants is varied and not always intended
to improve forest structure. Agricultural activities
are the main cause of fires, so it is necessary to work
more closely with the agricultural sector, since to this
date, dissemination of NOM-015 is poor. Above all,
NOM-015 should be presented and explained in the
context of forest types and land uses in the MBBR.
Intentionally caused fires, either as a product of con-
flict between rural settlements or to promote land use
change, require special consideration. Other causes
of fires, such as their use as an expression of protest
{Hoth 1995) or for firewood (Merino 1997; Brenner
2009) should also be considered. For example, gath-
ering firewood could be synergetic with fuel man-
agement, which is a viable mechanism of controlling
fire danger and fire hazard. Finally, authorities of
the MBER should apply the new recommendations
on fire management outlined by CONANP (2011),
and include them in the new Reserve management

plan.

GLOSSARY OF ACRONYMS

COFOM (Michoacdn Foresiry Commission): The institution
that regulates activities concerning the ecosystems of
Michoacin, dependent on state power.

COMAFOR (National Forestry Commission): The Mexican in-
stitution that generates plans and programs to de-

velop and strengthen forest activities, dependent on
executive power.

CONANP (National Commission of Natural Protected Areas): The
Mexican institution in charge of guarding federal
natural protected areas, dependent on executive
pOWer.

DOF (Diario Oficial de la Federacidn): The official letter of the
Mexican Government. Any new law is official only
after it is published in DOE

INEGI (National Institute of Statistics and Geography): The Mexi-
can institution in charge of generating information
related to economics, population, and geography.
MBBR (Monarch Bufterfly Biosphere Reserve): Matural Pro-
tected Area between Michoacin and México, created
to protect the monarch butterfly migration phenom-
enon.

NOM (Official Norm of Mexico): Obligatory regulations that
establish procedures and specifications for conduct-
ing actions. Official Norms must always derive from
particular legislation.

PROBOSOUE: The institution that regulates activities
concerning forest management in the state of Méxi-
co, dependent of the state’s Ministry of the Environ-
ment.

SAGARPA (Ministry of Agriculture, Livestock, Rural Development,
Fisheries and Food): The Mexican institution that makes
policies for primary activities concerned with food
production, dependent on executive power.
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Abstract.  The use of fire for raditional agriculture, animal husbandry and foresty is highly important to farmers in
developing countries where this practice is continnously blamed as being the main cause of forest fires. That is the case in
the Monarch Butterfly Biosphere Reserve (MBBR), Mexico, where paradoxically, little is lmown about the inhabitants®
traditional uses of fire. In this study we characterise fire users, describe traditional fire uses and identify the ecological and
social rules involved in the use of fire in the MBBR. Through participant observation and semi-structured interviews we
found a robust body of knowledze among local people regarding the geophysical and ecological factors determming fire
behaviour. This mformation is transferred orally and through everyday practices from parents to children. We identified
nine types of fire uses. The most common 15 *mound bums’, which entails a process of extraction-piling-drymg-buming of
weeds from agricultural fields. Social rules are aimed at decreasing the risk of forest fires. Our results suggest there s a
traditional fire knowledge system in the MBBR that has undergone changes and has adapted to the ecological and social
reality of the region during the past few decades.

Additional keywords: fire management, Mexico, Monarch Butterfly Biosphere Reserve, Pennisetum clandestinum,

use of fire.
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Introduction

Fire is used m several activities for the benefit of farmers and
indigenous groups mhabiting a wide vanety of ecosystems
throughout the world (Pyne 1996; Huffman 2013). These fire
uses range from pasture management, to attracting wildlife for
hunting purposes, to the elimmation of weeds and diseases or
pestsin small agricultural plots and to the reduction of forest fuel
loads to prevent large-scale forest fires (Raish er ol 2005; Butz
2009; Rodriguez-Trejo er al. 2011). The use of fire is particu-
larly relevant for mral commumities, more so for those i
conditions of poverty, where it is used to prepare parcels for food
production (Kleinman er af. 1995). However, few studies have
evaluated the use of fire froma socio-ecological perspective that
may allow for integrated explanations to the problems associ-
ated with traditional fire use (Simmons er al. 2004 ; Raish ef al.
2005; Camoll er al. 2010; Christianson 2014).

Humans have dramatically altered the ecological dynamics
of fire in ecosystems on a global scale, modifying both the fire
regimes and landscapes (Pyne 1996; Pausas and Keeley 2009).
The long relationship between humans and fire has allowed for

the accumulation of empirical knowledge, which is tightly
linked to the ecological, social, cultural and economic condi-
tions of places where such fire knowledge has developed (Pyne
1996; LaRochelle and Berkes 2003; Raish er al. 2005; Miller
and Davidson-Hunt 2010; Huffman 2013). Based on the tradi-
tional ecological knowledge concept (Berkes ef al. 2000) and an
extensive review of literature regarding traditional uses of fire,
Huffman (2013) defined traditional fire knowledge systems
(TFKS) as the body of empirically acquired kmowledge, beliefs
and practices developed over ime, which dictates the buming
practices of local inhabitants in a given landscape.
Throughout most of the 20th century, central govermments in
several countries disdained, suppressed and even penalised
TFKS use and instead advocated a policy of fire suppression
(Pyne 1996; Mathews 2003, 2005; Stephens and Ruth 2005).
Consequently, numerous conflicts have arisen between fire
users and government agencies (Mbow er al. 2000; Kull 2002;
Mathews 2003, 2005; Rodriguez 2004; Butz 2009; Bilbao er al.
20100 In Mexico, for instance, 44% of forest wildfires are
attributed to escaped fires associated with agricultural and
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animal production activities (Manson efal. 2009; SEMARNAT
2009). That this number is quoted is alarming, given that no
published studies exist to monitor or support such an assertion
(Manson ef al. 2009; Martinez-Torres ef al. 2015).

Recently, there has been a growing interest in documenting
the uses of fire and the knowledge involved in such wses (Kull
2002; Raish ef al. 2005; Bilbao ef al 2010; Rodriguez-Trejo
et al. 2011; Christianson 2014). The importance of integrating
traditional fire uses by the stakeholders involved in planning,
regulating and implementing fire management activities has
been underscored (Mbow ef al. 2000; Rodriguez-Trejo and Fulé
2003; Raish er al 2005; Myers 2006; Jardel-Pelaez 2010).
Furthermore, successful experences in incorporating the tradi-
tional use of fire and communitanan fire management mto
govemment fire management plans have been documented
(Raish er al. 2005; Christanson 2014). Unsuccessful and con-
flicting cases of fire management plans have also been recorded,
apparently caused by a poor and biased understanding of TFKS
and their potential conflicts with public policies (Rodrgucz
2004; Fache and Moizo 2015). It is therefore essential to
document in detail the uses and management of fire by local
inhabitants within their specific socio-ecological environment.

In the case of Mexico, studies on TFKS have mamly
addressed slash-and-bum agrnicultural systems, mostly practiced
in humid and subhumid tropical forests (Hernandez 1959;
Alcom 1981; Gomez-Pompa and Kaus 1992; Levy and Aguirre
2000, Toledo et al 2003). These TFKES are in arcas where
ecological and social conditions are noticeably different from
other environments and regions, such as those in montane
ecosystems where little information exists regarding the tradi-
tional uses of fire (Cabrera-Gareia 2006; Fulé er al 2011;
Rodrguez-Trejo ef al. 2011). The lack of information about
the consequences of fire use In montane ecosystems is particu-
larly worrisome because these forests are the source of 80P of
the timber produced in Mexico (SEMARNAT 2014) and
because of the important ecological functions of fire in those
forests (Rodrguez-Trejo and Fulé 2003; Jardel-Peliez ef al.
2004; Rodriguez-Trejo and Myers 2010).

The montane ecosystems in the Monarch Butterfly Bio-
sphere Reserve (MBBR) have been recognised as a Natural
Hertage Site for Humanity for their role in the conservation of
the monarch butterfly (Danaus plexippus L.), which undertakes
a yearly migration from Canada and the United States (US) to
Mexico (Urgquhart and Urquhart 1976; UNESCO 2009; Brower
et al. 2009). The MBBR is one of the most emblematic protected
natural areas(PNAs) in North America (Oberhauser ef al. 2008),
despite significant social, political (Barkin 2003; Mermo and
Hemandez 2004) and ecological (Honey-Rosés 2009, Sienz-
Romero ef af. 2012; Ramirez ef al. 2015) threats to its integrity.
Despite the relevance of forests in the MBBR, hittle information
is available about their historical fire regimes and the impacts of
traditional fire uses on these ecosystems (Martinez-Torres ef al.
2015). Even though information gaps exist, use of fire by local
inhabitants has been blamed as being the main cause of forest
fires and forest fires have been identified as the main threat to
forests m the MBBR (CONANP 2001; Rendon-Salinas ef al.
2007).

In this context, our research aimed to: 1) charactense the
people (indigenous and non-indigenous) that use fire in the

MBBR; 2) desenbe local traditional fire uses and their relation-
ship to productive activities; 3) idenufy the ecological factors
taken into consideration by farmers when usmg fire and
4) identify the social factors involved in the traditional use of
fire. Based on this information we evaluated whether there are
sufficient elements to recognise the existence of a TFKS in the
MBBR, discuss its similanties with other TFKS and identify
those key elements of traditional fire use that should be incor-
porated into a fire management plan in the MBBR.

Methods
Study area

The MBBR is located in central-westem Mexico (outermost
coordinates of 1974427 and 1971832 northem latitude,
100°2226" and 100°09°07" western longitude; DOF 2000)
between the boundaries of the states of Michoacan and Estado
de Mexico (Fig. 1). The terrain is dominated by mountains and
volcanic domes ranging in altitude from 2200 to 3640 m above
sea level (Ramirez 2001). The dominant climate is temperate
sub-humid with summer rains (Cw), scarce winter precipitation,
an average annual temperature of 22°C and a total annual
precipitation of between 700 and 1250 mm (Garcia 1997). It was
iniially decreed a zone for the protection of wildlife in 1980, but
without specifically defined borders. In 1986, 16 000 ha were
designated for protection, and in 2000, it obtained the status of a
Biosphere Reserve and its surface area was extended to
56 259 ha. In 2008, UNESCO declared the MBBR a Natural
Heritage Site of Humanity (DOF 2000; UNESCO 2009).

The most extensive vegetation type in the MBBR is coniferous
forest dominated by Abies religiosa (Kunth) Schitdl. and Cham.
and Pinus pseudostrobus Lindl. This vegetation type harbors
maost of the biodiversity within the reserve ( Azcarate ef al. 2003;
Comejo-Tenorio ef al. 2003). Less than 20% of the MBBR. has
non-forest land cover, mainly due to land use changes into
agriculture in the buffer zones ( Ramirez et al. 2007).

The population of all the municipalities forming part of
the reserve s 500000 people (CONANP 2001) and 27 346
people live within the MBBR proper (INEGI 2010). Most of the
territory of the MBBR isunder communal land tenure, including
59 gjides and 13 indigenous communities of the Mazahua and
Otomi ethnie groups. Ejidois a kind of communal land tenure in
Mexico. Forests are managed by communal decision and each
member of the efido can use a patch of land for personal benefit.
Indigenous communities function under a land tenure system
that derives from colonial times, wherein lands belonging to
individuals of precolonial ethnic groups are recognised. Today,
these indigenous communities may keep some distinctive cul-
tural features, such as maintaming their native language, but in
our study re gion their agricultural and forestry practices are very
similar to those of local efidos. Not all inhabitants in ejidos or
indigenous communities are land entitled members (efidatarios
or comuneros). Non-giidatarios of non-comuneros are usually
referred to as avecindados, and do not participate in communal
assemblies or take part in local decisions (see Honey-Rosés
2009). The reserve also includes 21 provate properties and
2 federal and state properties; in the latter, only forest conser-
vation activities are allowed (CONANP 2001). The main eco-
nomie activities are related to agrniculture, livestock production,
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Fig. 1.
communities where interviews were conducted: 1. El Capulin, 2. Chincua, 3. Ocampo, 4. El Asoleadero, 5. El Paso,
6. Comunidad Nicolds Romero (¢jido Angangueo), 7. Ampliacion Ocampo, 8. Angangueo, 9. San Jerdnimo Pilillas,
10. Rosa de Palo Amarillo, 11. LaMesa, 12. Rincon de Soto, 13. Mesas Altas Xoconusco, 14. Mesas Altas El Mirador,
15, San Miguel Chichimequillas, 16. Community of Crescencio Morales, 17. Community of San Cristébal.

forestry and tourism (Barkin 2003; Brenner 2009; Navarrete et al.
2011). Most agriculture is rainfed and practised on small plots
(surface areas of between 0.5 and 2 ha) with litde technical input.
Historically, subsistence and local commercial agriculture have
been the dominant economic activities (CONANP 2001; Velasco
2002), although in recent years there has been a proliferation of
avocado plantations to meet the demands of foreign and domestic
markets.

Data collection techniques

We obtained information about fire uses in the MBBR through
participant observation and semi-structured interviews (Lopez
1998; Denzin and Lincoln 2000). Participant observation in this
study consisted of attending meetings where authorities and
farmers decided the fire management of their ejidos and

Studied locations in the Monarch Butterfly Biosphere Reserve (MBBR), Mexico. Ejidos and indigenous

indigenous communities, participating in local wildfire fire-
fighter courses and observing and participating in fire use
activities with local farmers. Three non-government organisa-
tions working in several ¢jidos and communities in the MBBR
mtroduced us to local authorities and leaders. During the study
period, we drove around the MBBR and located individuals or
families using fire. We approached them and explamed our
mterest in understanding their practices and tried to gain their
trust. In the case of these informal talks and the interviews, we
made it explicit that the anonymity of personal data was safe-
guarded according to Mexican regulations. Permission was
obtained from interviewees to audio record interviews. Data
were gathered between March and May of 2013 and 2014.

The semi-structured interviews included closed- and open-
ended questions and were divided into four sections. First, the
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profiles of fire users were documented, including the mfor-
mants’ age, gender, educational level, place of birth, main
economic activity and whether they considered themselves part
of an mdigenous group. Questions regarding how and from
whom the person leamed to use fire and whether fire uses were
associated with particular land tenure types were also meluded
here. Second, we asked about the procedures associated with the
use of fire, the tools employed and the season and hours of the
day when bums were conducted. Third, questions addressed
the ecological aspects considered for the use of fire, specifically
the geophysical and ecological characteristics taken mto
account for the use of fire based on the clements associated
with the fire behaviour triangle: a) topography, b) weather and
¢) fuels and vegetation. Finally, we ingquired about social aspects
and mechanisms underlying fire use (Berkes ef al. 2000), the
nsks associated with the use of fire and the rules and regulations
associated with the use of fire within the communities and at the
regonal level.

The research sample was determined using the snowball
method (Noy 2008), which consists of asking interviewed
individuals about other potential informants, in this case people
they knew that use fire in therr production practices. Interviews
were conducted until data saturation was reached, defined as the
moment no new responses were identified. Farmers were inter-
viewed individually and m small groups (Fontana and Frey
2008) belonging to the same household. It should be emphasised
that houscholds were considered the sampling unit because of
their reported importance in decision-making in rural areas
(Salcedo and Guezman 2014).

Based on the audio recordings and field notes, answers were
organised in a database and estimates of central tendency and
dispersion were obtained for quantitative responses. Qualita-
tive answers (those to open-ended questions) were grouped by
topic and, when possible, their frequencies were reported by
three simplified values: 1) low, when mentioned by less than
one-third of the households; 2) medium, when mentioned by
between one-third and two-thirds of the houscholds and
3) high, when mentioned by more than two-thirds of the
households.

Results
Frofile of fire users in the MBER

We interviewed 44 households from 16 gfidos and 2 indigenous
communities, 1 Mazahua and 1 Otomu (Fig. 1). In 32 of these
interviews only 1 person participated, whereas in the remaming
interviews 2—4 persons participated, making a total of 61 direct
fire users. The mean duration of interviews was 34 min

Of 61 fire users, 17 were women (27.8%) and 44 were men
(72.2%). The age of the informants mnged from 17 to 92 years;
the median age was 50 years. Education level had a modal value
of meomplete elementary school. All informants were native to
the commumnities in which they lived, or to a neighbounng
community. Six informants considered themselves members
of the Mazahua ethnic group and none thought they belonged to
the Otomi group. Our sampling method and level of analysis did
not allow us to idenafy differences in TFKS between these
2 indigenous groups, or between indigenous and non-indigenous

groups.

Some informants reported having emigrated outside the
region for brief periods of time to find work. Agriculture was
the main economic activity in 91% of the households. For the
remaimning households agriculture was secondary to other activi-
ties such as raising cattle, forestry, trade and masonry. Three
informants mentioned having worked as forest firefighters for a
municipal, state or federal agency.

Seventy-five percent of the informants reported learning how
to use fire from their parents, 6.8% (women) learned from their
husbands, 6.8% said they acquired the knowledge by them-
selves, and 11.4% did not answer the question. Eighty-six
percent of informants said they had used fire since they were
young and learned how to farm. Fire knowledge 1s pnimarily
passed omlly from parents to their children and in practice
through famming activities, a task commonly shared by all
houschold members. We also observed a continuous and
dynamic discussion among the community members on how
to improve their burning practices.

In 80% of houscholds, the head of the family was a commu-
nity member of an ejido or indigenous community, that is, they
had the nght to cultivate a small plot of land (commaonly less
than 2 ha) and to obtain benefits denved from the use of forests
owned collectively by the efido or community. These benefits
include payments from the selling of amber or payments for
environmental services. The memaining 20% of households
own private plots or rent farmland for agriculture and animal
husbandry and have limited access to forest resources.

According to interviewees, several members of the house-
hold take part in activities involving the use of fire, particulardy
in the preparation of fuels to be burned in agricultural plots.
Women are active in the use of fire, although constrained by a
buming plan that is usually determined by men. In most efidos
and communities in this study, men dominate the efido or
community assemblies, but women are becommg more numer-
ous as assembly participants and are gradually becoming more
active in discussions and decision making regarding land and
forest management.

Fire use in the MBBR

Fire uses inthe MBBR are closely related to four productive and
natural resource management activities: a) fires for agricultural
crops; b) fires for animal husbandry; ¢) fires for the extraction of
forest products and d) fires for cleaning irigation channels and
roads. We identified nine types of fire uses based on the aims and
activities of the people involved, including pile burning, con-
tinuous burning for weed elimmation, bums for cleaning and
expanding agricultural parcels (roza), continuous buming for
animal husbandry, lumber extraction, reforestation, gathening
roots of Muhlenbergia macroura (Kunth) Hitche., fires for
cleaning irngation channels and for cleaning roads (Table 1).
Agricultural fires are the most common, and mound burning
15 the primary method used. This type of buming demands
considerable efforts from the household members, namely pull-
ing out roots and thizomes from the soil, gathering them in piles
and drying them to be bumed. This task, which may by
summansed as extracting-piling-drying-burming, is carned out
intensively for a few days or gmdually over several wecks
(Fig. 2). The invasive grass Pennisetum clandestimon Hochst.
ex Chiov. was said to impose extra labour on families
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Fig. 2. Extracting-piling-drying-burning process in the Monarch Butterfly Biosphere Reserve, Mexico: a) Extracting kikuyu
grass (Pennisetum clandestinum) with hand tools, b) piling the grass for sun drying, and ¢) and d) pile burning within the

agricultural parcel. (Photographs: H. L. Martinez-Torres)

(as described below). Fires for livestock production were infre-
quent in the MBBR, because few ejidos and communities have
common grazing lands. Moreover, conservation policies
associated with the establishment of the MBBR have caused
extensive gazing to be curtailed.

Fires forthe extraction of forest products are infrequent in the
MBBR. All fire practitioners mentioned that forest fires were
negatively perceived or even forbidden by ejido or community
assembly agreements. However, such prohibitions can be flexi-
ble, asin the case of fires set to clean areas forreforestation or for
the gathening of M. macroura roots. Some elders mentioned the
former use of fire in the forest to promote non-timber forest
products such as mushrooms and blackberries (Rubus sp.), but
none of the interviewees was able to describe the procedures
used or practiced this type of burning.

Thetools employed to conduct burns and to prepare fuels are
the same ones used by farmers in the region for agricultural
tasks. The most commonly used tools are therake (locally called
in Spanish jalador), the hoe, the pickaxe (talacho), and the
machete. It is also quite common to use improvised tools such as
branches with green leaves or dry branches with a forked end
(called a yielgo) to control fires. Four informants used mule
yokesor tractors to facilitate the extraction of grasses and broad-
leaved weeds from theirr plots. Five farmers reported using
herbicides to kill and dry weeds to be bumed. The low frequency
of the use of herbicides was associated with their high costand to
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Monarch butterfly in overwintering sites

Fig. 3. Burning season in the Monarch Butterfly Reserve, Mexico. Bars:
Number of households that use fire during the buming season (agricultural
fires). Line: Forest wildfires (averages of 2012 and 2013, data fom Cantd
2013). The period of monarch butterfly presence in overwintering sites is
indicated on the x-axis (data from CONANP 2001).

the perception that they are harmful to the health of the user and
the soil.

Some households start using fires in October, at the end of the
agricultural cycle and the rainy season, and the lag burns take
place in June of the following year, when the rainy season resumes.
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Table 2.  Ecological conside rations in the traditional use of fire in the
Monarch Butterfly Biosphere Reserve, Mexico
Ecological and biophysical considerations taken into account for the use of
fire in the MBBR and their importance measured as frequency of mention by
mterviewed households (n = 44)

Table 3. Social considerations in the traditional wse of fire in the
Muonarch Butterfly Biosphere Reserve, Mexico
Social considerations taken into account for the use of fire in the MEBR
and their importance measured as frequency of mentions by interviewed
households (n=44)

Feature Ecological and Importance (frequency) Feature Social consideration Importance
geophysical considemtions (frequency)
Topography Slope Low Costs Economic cost of nol burning High
Weather Atmospheric humidity Medium Economic cost involved in burning Medivum
Temperature (heat) Medium Rules, laws, and Local rules of the efidos or indigenous  High
Wind direction High regulations community
Wind intensity High concerning the Limits betwesn land properties of High
Fuels Type (herbs, shiubs, trees) Medium use of fire households, efidos, and indigenous
Sire™ High communities
'lfi.mliru.lil;.IB High Direct or indirect restrictions imposed  Medium
Fuel moisture content High by the natural protected amea
Cirass species High Federal, state and municipallaws and  Low
Pennisetum clande stirmm regulations
Seasonality Time of the day High Risks, dangers and  Avold starting forest fires High
Day of the vear Medium damapges of the Contingency plans when fire mns out Medium
use of fire of control
Fuel sizes: light = grasses, leafs, stems smaller than ~ 1 em in diameter, Risks to the health, security, and Low
medium = branches 1-5cm in diameter, heavy = trunks and branches property of fire users and their
=5 em in diameter. neighbours

BCIJ‘TIliIILli.l}': vertical and horzontal arrangement of fuels allowing for the
propagation of fire,

Yet, 91% of informants reported that they wse fires between
Januwary and April (Fig. 3). Dunng these months each household
canmake 1 or more fires for any of the 9 fire uses descrbed above.

According to 70% of the informants, the times of the day
preferred for burning activities are during the morning, between
0600 and 1000 hours, or during the late aftemoon, between 1800
and 2100 hours, when the winds are calmer and the temperatures
are lower, and the fire can be better controlled. In contrast, 12%
of the fire users preferred conducting bums at noon, when the
wind and temperatures are at their maximum, conditions that
they associate with a more efficient burn, in terms of spending
less time on it and achieving a more complete combustion of
fuels. The memaining 18% of houscholds conducted bums
irrespective of the time of the day.

Fcological aspects related to fire

According to the type of bum each user will conduct, different
ecological and geophysical aspects are considered. A total of 12
different aspects were mentioned with varying frequencies of
use (Table 2). The ecological aspects with most weight in
decision-making are those related to mound buming, because
this 15 the method most frequently wsed in the MBBR.
Atmospheric hurmidity was a difficult concept to explain to
mterviewed farmers, who nonetheless associated it with mom-
mg (rocio) or evening (sereno) dew, which they reported are
caused by a combination of increased relative humidity and a
decrease in both temperature and wind intensity. Temperature
was mentioned for two reasons, first because fire 15 harder to
control at high temperatures and second, because it 15 more
exhausting to work with fire during the hotter part of the day.
Wind direction and wind speed were the most important aspects

Smoke peneration and propagation Low
affecting neighbours

of atmospheric weather considered when conducting burns.
Practitioners mentioned that for ideal buming, atmospheric
climate conditions should be “calm, quiet, silent, or windless”,
while fire should not be used when atmospheric climate is
‘strong, fierce, or very windy’.

Fuel size, continuity and moisture content are considered
particulardy mmportant by fire users, because they believe suc-
cessful agricultural burns depend on these fuel characteristics.
The invasive kikuyu grass (P. clandestinmum), locally called
garden grass or carpet grass, considerably mfluences decision-
making in agncultural fires. According to older fire users, this
grass has existed in the region for ~20-40 years but became an
agricultural pest ~10-15 years ago and that despite buming
{or repeated burnmg) and the use of herbicides it always
reinvades agricultural plots (Fig. 2).

Social aspects taken into account in the use of fire

Weidentified 10 major social considerations affecting the use of
fire in the MBBR. Social considerations were grouped accond-
mng to the ecconomic costs of the use of fire by a houschold,
federal and state laws and local rule agreements applied to the
use of fire and the risks, danger and damages derived from the
use of fire (Table 3).

The most frequently mentioned social consideration affecting
fire use was the economic cost associated with burning or the
consequences of not buming (i.e. the permanence and prolifera-
tion of weeds and the icreased cost of eliminating them the
following year). The cost of fire use is associated with several
factors such as plot size and the amount of work needed for the
preparation of fuels. Informants had difficulties estimating a
specific monetary value for the number of hours mvested by the
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members of a household in weed elimination. However, they did
mention that the cost of using fire was lower compared with the
cost of using herbicides or renting machinery for weed elmmina-
tion. They did mention a lack of govemment programs providing
finanecal aid to seek altematives to fire use for weed control.

We found that the MBBR inhabitants are unaware of official
laws regarding the use of fire. There is, however, wide agree-
ment that causing forest fires should be forbidden and punished
by the govemment through some sort of regulation. Only four
houscholds reported having received nformation and recom-
mendations from government agencies on how fire should be
used in agnculture. Inall the gjidos and indigenous communities
we visited, the use of fire was forbidden in communal forests by
assembly agreements, but m none was using fire prohibited for
individual agricultural plots or private properties. These com-
munal regulations do not consider clandestine bums in forests
carried out by members of the indigenous community or efidos,
or by external individuals. When the MBBR was decreed a
protected area the fire practices and uses of its inhabitants were
affected as illustrated by their cessation of fire use to promote
mushrooms or other forest products. The people interviewed
considered that there is more surveillance since the region
acquired the new status and that the promotion of forest
conservation involves prevention of forest fires.

Fire control was considered to be very relevant, because
when burns are conducted propery users reported a lower
impact on their health and that it was safer for the user and his
or her neighbours. Few informants mentioned that smoke from
agricultural fires could represent a health or environmental
problem, but some said it caused discomfort. Six households
reported expeniencing losmg control of agrncultural fires but
being able to control and suffocate them before they became
forest fires. According to informants, whenever the control of
fire is lost and a forest fire s started, the individual responsible
must attemnpt to extinguish it. In such cases it s common for
members of the giido or community and close relatives to
provide assistance. However, inhabitants not enttled to forest
rghts or to agricultural plots (avecindados) will only participate
in firefighting if they receive payment or some other form of
compensation from the community or efido. We found that the
fire users of the MBBR have a clear notion of fire control to
prevent bum escapes that would derive into forest wildfires.

Discussion
Our results support the notion of the existence of a TFKS in the
MBEBR (MBBR-TFKS) according to Huffman's (2013) pro-
posal. The MBBR-TFKS exhibits differences and similarities
with other TFKS previously studied m Mexico or in similar
ecosystems. For mstance, fuel prepamation for slash-and-bum
agnculture in tropical systems differs from the extracting-
piling-drying-buming method in the MBBR. A fully integrated
fire management plan is needed that recognises farmers that use
fire within this PNA and that takes their TFKS into account.
This study documents and explains the important body of
knowledge regarding the use of fire in the MBBR (see Table 1),
which is transmitted orally from parents to children within
family households. Houscholds are therefore the main forums
where traditional fire knowledge 1s preserved and passed on

{Berkes ef al. 2000; LaRochelle and Berkes 2003; Carroll ef af.
2010). However, not all households in the MBBR practice and
preserve such knowledge, because fire 15 used in communally-
owned agricultural and grazing lands, accessible to only efida-
tarios and comuneros, but not avecindados.

The fire knowledge shared among a wide age range of
interviewees mdicates that 1t has been passed over several
generations. We did not identify any differences in the use of
fire by efidatarios and individuals from the Mazahua ethnic
group. Although we interviewed one individual from an Otomi
settlement, the person did not consider that he/she belonged to
that ethnic group. However, our study was not designed to
identify specific differences among cultural groups within the
MBBR, but only as a first approximation of the use of fire by 1its
inhabitants in general. Further studies targeted specifically at
identifying cultural differences in the use of fire between these
groups should follow.

The abandonment of farming activities by young people is
also latent within the MBBR (Velasco 2002). This could be
detrimental to the long-term transmission and maintenance of
the TFKS, as pointed out by Huffiman (2013). Women's partici-
pation in traditional fire wses should be acknowledged and
addressed from a gender approach, as suggested by Eriksen
and Hankins {2015}, as this could provide new information and
perspectives on fire use. It is particulardy important to assess
whether women might be the reservoirs of traditional fire
uses data, as a consequence of men migrating to urban settings
{Eriksen and Hankms 20144, 20145). To owr knowledge, this
topic has not been investigated in Mexico, but it has been shown
that women in rural areas play a key role in decision-making and
management of natural resources (Valdivia and Gilles 2001;
Merino and Heméandez 2004).

The use of fire 15 strongly related to fammers” production
activities. We observed that farming activities determine the
time of yearwhen fire isused in the MBBR. The cntical period is
from February to Apnl, asit overlaps with the re gmonal forest fire
season, which generally extends from Aprl to May. It should
be noted that the season when fire is used coincides with the
presence, from November to March, of the monarch butterfly
hibemation colonies {Brower ef al. 2009). However, no direct
effects of the use of fire for agneultural burns on the monarch
buttedly colomies were reported by any of the mterviewed
inhabitants of the MBBR, neither is there any such mention m
the literature (MartinezTorres ef al. 2015). Hence, further studies
on the direct effects of the different uses of fire and the effect
residual smoke on the hibemating colomes should be conducted.

Land tenure has a strong effect on the types of fireuses inthe
MBBR. On the one hand, fire is intensively used on privately-
owned or individually-assigned permanent agncultural plots,
where households have full control of management activities.
On the other, in communal terntonies, such as forests, fire use
decisions depend upon agreements reached at the ejido or
communal assemblies. Currently, the use of fire in forests seems
to have a negative perception, so it i seldom allowed and
sometimes cven prohibited. These termtorial arangements,
which have been accentuated since the 1940s with land distri-
bution and the formation of new gjidos in the MBBR region
{(Velasco 2002), may have had an impact on fire dynamics in
Mexican ecosystems, as has been suggested to have occurred
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in the north of the country by Fulé and Covington (1997) and
Heyerdahl and Alvarado (2003 ). In the MBBR, these communal
agreements may have acted in synergy with federal campaigns
that portray forest fires negatively and consequently, may have
affected the MBBR-TFKS by inhibiting the use of fire in the
forest to promote mushoom production, as mentioned earlier.

The most common burning method in the MBBR-TFKS 13
pile buming (1.¢. extracting—piling—drying—burning method) in
agricultural parcels (see Table 1). This use differs consider-
ably from swidden TFKS such as those of shifting agriculture
(Huffman 2013) and the slash-and-bum systems that have been
amply studied in tropical areas of Mexico like the Yucatan
Peninsula (Herndndez 1959, Alcorn 1981; Levy and Agwrre
2000; Toledo ef al. 2003).

The use of fire by farmers to promote the regrowth of grass
for cattle grazing (tame pasture TFKS, Huffman 2013) is not
common in the MBBR, although it 1s apparently common in
other regions of Mexico with similar ecological conditions
(Cabrera-Garcia 2006; Rodriguez-Trejo ef al 2011). It is also
possible that buming carned out to promote native vegetation,
referred to as open burning of native vegetation (Huffiman
2013), was more important in the past than at present. An
example of the latter change in fire use in the MBBR 1s the
aforementioned apparent halting of burns conducted to stimu-
late the growth of mushrooms and blackberries within the forest.
This suggests that the MBBR-TFKS has expenienced changes to
adapt to current conditions and circumstances.

The social and ecological considerations involved in the
MBBR-TFKS are mainly aimed at controlling fire to avoid
damages to individual properties and community-owned forests.
These objectives coineide with Mexican regulations in terms of
the methods recommended for the use of fire while also
preventing forest fires (SEMARNAT 2009). However, certain
actions and recommendations in the same Mexican regulations
differ from the circumstances and conditions of the MBBR-
TFKS. Fire users in the MBBR. are unaware of the laws and
regulations that apply to the use of fire, but in tum, these
regulations do not recognise the existence of fire users in the
MBBR. In that sense, the recent fire management strategy and
guidelines for PNAs in Mexico (CONANP 2011) may represent
an opportunity for public policy, as long as it is capable of
legtimising and incorporating TFKS. Dismissing the true needs
and visions of traditional fire users may tum well intentioned
policies into adverse and counter-productive situations (Monzdn-
Alvarado ef al. 2014), result in the incorrect use of traditional
burmng practices (Fache and Moizo 2015) and even cause
conflicts between authorities and fire users (Kull 2002; Mathews
2003; Rodriguez 2004).

The mvasive species P. clandestinum deserves special con-
sidemtion because its elimmation from parcels represents a
considerable amount of time and effort for households. Pending
a future quantitative assessment, P. clandesfinum apparently
represents the largest amount of biomass bumed by farmers in
the MBBR. While the species is considered to be one of the main
mvasive weeds in Mexico (Villasenor and Espinosa 1998), it has
not been reported previously for the MBBR, where according to
our iterviews it has been present for at least the past 40 years.
Momitormg  this grass species i1 important given that, as
reported in other eccosystems (D' Antonio and Vitousek 1992

Balch ef al. 2013), the presence of an invasive grass can alter the
fire dynamics in the ecosystem.

In conclusion, we believe that the MBBR-TFKS has been
able to survive in spite of Mexican public policies amed at
suppressing and fighting forest fires, and the lack ofknowledge
and an underestimation of traditional fire uses by the same
legislation (Mathews 2003, 2005; Canti 2013). The TFKS in
the MBBR has adapted to the social and political changes that
have occurred during the past decades in the reserve, and to the
different ecological challenges that threaten the region. The
most important change was the imposition of the PNA with a
strong conservation mandate, which imposed land use nules
dictated by Mexican conservation legislation and not by local
land managers { Barkin 2003; Merino and Hemandez 2004) and
the subsequent hardening of environmental policies, meluding
wildfire fighting. From an ecological perspective, new chal-
lenges include loss of forest cover (Honey-Rosés 2009; Ramirez
etal. 2015) and P. clandestinum nvasion, which generate new
conditions for the use of fire. It1s not yet clear how local climate
change scenarios (see Sienz-Romero ef al. 2012) might affect
the MBBR-TFKS.

Our results and approach may contrnbute to promote and
strengthen the needed dialogue between farmers using f{ire,
administrators of the MBBR, scientists and non-govemment
organisations to accomplish the aims of an integrated fire
management plan that takes into account the TFKS of local
farmers (Hoth 1995; Barkin 2003; Brenner 2009). Our work also
adds to the information on traditional fire uses in Mexico and to
the challenge of coupling these traditional practices and know-
ledze with the development of an integrated fire management
plan (Jardel-Pelacz 2010; Rodriguez-Trejo ef al. 2011).

Acknowledgements

This paper fulfills ong of the requirements of UNAMs Graduate Program in
Biological Sciences undertaken by the first auwthor. The first author
acknowledges the PhD scholarship received from the National Council of
Science and Technology (COMACYT, Mexico) and the support received
from the Instituto de Investigaciones en Ecosisternas v Sustentabilidad and
the Graduate Program in Biological Sciences (UNAM). Fieldwork was
funded by the project SEP-CONACYT 2010-154434, “ERco de las
perurbaciones naturales v humanas en bosques de coniferas de la Reserva de
la Bitsfera Mariposa Monarca: Implicaciones pam el manejo del fuego’ and
by 2013 International Association of Wildland Fire scholarship. We thank
the COMNANP-Monarch Butterfly Biosphere Reserve authorities for
pemission (REMM.DIREC.00146.12) to conduct fieldwork, the NGOs
Altemare AC, Biocenosis AC, and Espacio Autonomo AC for contacts tothe
MBER and especial ly the users of fire that collaborated with us and for their
efforts to keep the MBER-TFES alive. We thank two anonymous reviewers
for thoughtful comments that enhanced the quality of this manuscript, and
Christing Harris for English corrections, Finally, we thank Alberio Valencia,
Heberto Ferreim and Atzimba Lopez for logistical support.

References

Alcorn JB (1981) Huastec noncorp resource management: implications for
prehistoric rain forest management, Human Ecology 9(4), 395-417.
doi: 10.1007/BFO1418729

Ascirate JG, Ramirez MI, Pinto M (2003) Las comunidades vepstalesde la
Sierm de Angangeo (Estados de Michoacin v México, México)
clasificacion, composicion v distribucion, Lazaroa 24, 87-111.

Balch JK, Bradley BA, D"Antonio CM, Gomez-Dans J (2013) Introduced
annual grass increases regional fire activity across the arid western USA

55



(1980—-2009). Global Change Biology 19, 173-183 doa: 10,1111/ GCB.
12046

Barkin D (2003} Alleviating poverty through ecotourism: promises and
reality in the Monarch Butterfly Ressrve of Mexico. Environment,
Development  and  Sustainability 5, 371-382.  doi:10.1023/
A1025725012903

Berkes F, Colding J, Folke C (2000) Rediscovery of traditional ecological
knowledge as adaptative management. Ecological Applications 1005),
12511262, doi: 10, IRV IOS1-076 1200000100 1 25 1 ROTEK A]2.0.00:2

Bilbao BA, Leal AV, Méndez CL (2010) Indigenous use of fire and forest
loss in Canaima National Park, Venezuela, Assessment of and tools for
alternative strategies of fire management in Pemdn indigenous lands.
Human Ecology 38, 663-673, doi:10.1007/S10745-010-9344-0

Bremmer L (2009) Aceplacion de politicas de conservaciin ambiental:
el caso de la Reserva de la Biosfera Mariposa Monarca, Econona.
Sociedad v Territorio 930, 259-295,

Brower LP, Williams EH, Slayback DA, Fink LS, Ramirez MI, Zubieta
RR, Limon-Garcia ML, Gier P, Lear JA, Van Hook T (2009)Oyamel fir
forest trunks provide thermal advantages for overwintering monarch
buttedlies in Mexico, Insect Convervation and Diversity 2, 163-175,
doi: 10 11T /T1752-4598.2009.00052.X

Butz RJ (2009) Traditional fire management: historical fire regimes and
land use change in pastoral east Africa. Intermational Jowrnal of
Wildland Fire 18, 442-450. doi: 10,107 1/ WFOT067

Cabrera-Garcia L (2006) Linking social and scological dyramics for bird
conservation: protecting the endangered Sierra Madre Spamow in
Chichinautzin, Mexico, PhD thesis, MoGill University, Montreal,
Canada.

Cantil MX (2013) Incendios de1 2012 en la Reserva de la Bios fera Mariposa
Mumarea: caraclerizacin v respuesta institucional. BSe thesis, Univer-
sidad Macional Autdnoma de México, Momlia, México,

Carroll MS, Cohn PJ, Paveglio TB, Drader DR, Jakes PJ (2010) Fire
burners to firefighters: the Mex Perce and fire. Jowrnal of Forestry 108
(2), T1-T6.

Christianson A (2014) Social science msearch on indigenous wildfire
management in the 2 st century and future researchneeds. International
Jourmal of Wildland Fire 24, 190-200. doi: 10,107 1/'WF 13048

CONANP (2001) Progmma de manejo Reserva de la Biosfera Mariposa
Muonarca, CONANP-SEMARNAT. (México, DF)

CONANP (2011) Estrategia v lineamientos de mangjo del fuego en Areas
Naturales Protegidas. CONANP. (México, DF)

Corngjo-Tenorio MG, Casas A, Farfin B, Villasenor JL, Tharra- iquez
G (2003) Flora y vegetaciin de las zonas nicleo de la Reserva de la
Bitsfera Mariposa Monarca, México. Bolein de la Sociedad Botdnica
de México 73, 43-62.

D’Antonio CM, Viwusek CM (1992) Biological invasions by exotic
grasses, the grass/fire cvele, and global change. Amnwal Review of
Ecology and Systematics 13, 63—87. doi:10.1 46/ANNUREV.ES 23,
110192.000431

Denzin NK, Lincoln S (Eds) (2000) “Handbook of qualitative research.”
Ind edn. (Sage Publications Inc.: USA)

Diario Oficial de la Federacitn (DOF) 2000) Decreto por el que se declara
Area Natural Protegida, con el cardeter de reserva de la biosfera, la
region denominada Mariposa Monarea. Diario O ficial de la Federacion
10 de noviembrs de 2000 (México, DF)

Eriksen C, Hankins DL (2014a) The retention, revival and subjugation of
indigenous fire knowledge through agency fire fighling in eastern
Australia and California, USA. Society & Natural Resources 27(12),
1288-1303. doi:10.1080/08941920.2014. 918226

Eriksen C, Hankins DL (2014h) Indigenous fire knowledge mtention:
spatial, temporal, gendered. In “Gender and wildfire: landscapes of
uncertainty’. (Ed. C Enlsen) pp. 94-111. (Routledge: New York)

Eriksen C, Hankins DL (201 5) Colonisation and fire. Gendered dimensions
of indigenous fire knowledge retention and mevival. In “The Routledge

handbook of gender and development’. (Eds A Coles, L Gray,
J Momsen), pp. 129-137. (Routledge: New York)

Fache E, Moizo B (2015) Do burning practicss contribute 1o canng for
country? Contemporary uses of fire for conservation purposes in
indigenous Australia. Jowmal of Ethnobiology 35(1), 163-182.
doi:10.2993/0278-0771-35.1.163

Fontana A, Frey JH (2008) The interview. From structured questions o
negotiated. In “Handbook of qualitative research’. (Eds NE Denzin,
Y Lincoln). pp. 115-160. (Sage Publications Inc.: Thousand Oaks, CA)

Fulé PZ, Covington WW (1997) Fire regimes and forest structure in the
Sierra Madre Occidental, Dumngo, Mexico. deta Botdnica Mexicana
41, 43-79.

Fulé PZ, Ramos-Gomez M, Corés-Montafio C, Miller AM (201 1) Fire
regime in Mexican forest under indigenous resource management.
Ecological Applications 21(3), 764-775, doi: 10, IB90/10-0523.1

Garcia E (1997) Climatologa de la zona de hibemaciin de la mariposa
monarca en la Sierra Transvolednica de México, invierno 1991-1992,
Serie Varia 16, 5-26.

Gimez-Pompa A, Kaus A (1992) Taming the wilderness myth. Bioscience
42(4), 271279, doi: 10,2307/ 1311675

Herndndez E (1959} La Agricultum en la Penmsula de Yucatin,
In ‘Los recursos maturales del Sureste v su apmvechamiento’. (Ed.
E Belirin) pp. 3-57. (Instituto Mexicano de Recursos Naturales
Renovables: México, DF)

Heverdahl EK, Alvarado E (2003) Influence of climate and land use on
historical surface fires in ping-cak fomsts, Sierra Madre Occidental,
Mexico. In ‘Fire and climatic change in temperate ecosystems of the
western Americas’. (Eds TT Veblen, WL Baker, G Montenegm,
TW Swetnam). pp. 196-217. (Springer-Verdag, Ecological Studies
160: New York, KY)

Honey-Rosés I (2009) IMlegal logging in common property forests. Society &
Natural Resources 22, 916-930. doi: 10,1080/ 08941 920903131 120
Hoth J (1995) Mariposa monarca, mitos v otras realidades aladas. Ciencias

37, 19-28.

Huffman M (2013) The many elements of traditional fire knowledge:
synthesis, classification, and aids to cross-cultural problem solving in
fire-dependent systems around the wodd Ecology and Society 18(4), 3.
doi: 10575 1/ES-05843- 180403

INEGI (2010) Censo de poblacitn v vivienda 2010 principales resultados
por localidad (Institule Nacional de Estadistica v Geografia: A guasca-
lientes, Mexico)

Janlel-Peliez E (2010) “Planificaci in del manejo del fusgo.” Universidad de
Guadalajara, Fundacion Maranilin pam la Biodiversidad de Occidente
AC, Consejo Civil Mexicano para la Silvicultura Sostenible AC. (Fondo
Mexicano para la Conservacion de la Naturaleza AC: Autlin, México)

Jardel-Peliez EJ, Castillo-Navamo F, Ramirez-Villeda B, Chacon JIC,
Balcizar-Medina OF (2004) Los incendios forestales en la Reserva de
la Biosfera Sierm de Manantlin, Jalisco-Colima. In *Incendios forestales
en México.” (Eds L Villers, J Lopez-Blanco) pp. 143-160. (Centro de
Ciencias de la Atmosfera UNAM: México DF)

Kleinman PJA, Pimentel D, Bryant RB (1995) The ecological sustai nability
of slash-and-burn agriculure. dgriculfure, Ecosystems & Environment
52, 235-249. doi: 10, 1016/0167-8 8090 40053 1-1

Kull C 2002) Mada gscar aflame: landscape burning as peasant protest,
resistance, or a resource management lool? Political Geography 11,
927953, doi: 10.1016/S0962-62 9802 IS 4-9

LaRochelle S, Berkes F (2003) Traditional Ecological knowledge and
practice for edible wild plants: biodiversity use by the Rardmuri in the
Sierra Tarshumara, Mexico. International Joumal of Sustainable Devel-
opment and World Ecology 10, 361-375. doi:10.1080/13504500
3470112

Levy 8, Aguirre B (2000) El aprovechamiento agricola intensivo de los
Hubchés (acahuales o comunidades secundarias) de Yucatin, Revista
Geografica 128, 79-103.

56



Lipez H (1998) La metodologia de la encuesta. In “Técnicas de investigacion
en sociedad, cultum v comunicacion.” (Ed. JL Galindo C) pp. 33-73.
(Pearson-Addison Wesley: México, DF)

Manson R, Janlel-Peliez, Jiménez-Espinoza M, Escalante-Sandoval C
(2009 Perturhaciones v desastres natumles: impacto sobre las ecorne-
giones, la biodiversidad v el bienestar sociosconimico. In “Capital
Natural de México, Volumen 11, Estado de conservaciin y tendencias
de cambio.” (Comps. R Dirzo, B Gomelez, 17 March). pp. 131-184.
(Comision Nacional para el Conocimiento v Uso de la Biodiversidad:
México, DF)

Martinez-Torres HL, Cantd M, Ramirez-Ramirez MI, Pérez-Salicrup D
(2015) Fires and fire management in the Monarch Butterfly Biosphen:
Reserve. In “Monarchs in a changing world: biology and conservation of
an iconic insect,” (Eds KS Oberhauser, KR Nail, S Altizer). pp. 179-189.
(Cornell University Press: Ithaca, New York, NY).

Mathews AS (2003 ) Suppressing fire and memory: environmental degrada-
tion and political restomtion in the Sierra Judrez of Oaxaca 1887-2001.
Enmvironmental History 8(1), 77-108. doi: 102307/ 3985973

Mathews AS (2005) Powerknowledge, power/ignorance: forest fires and
the state in Mexico. Human Ecology 33(6), 795-820. doi:10.1007/
S10745-005-8211-X

Mbow C, Niglsen TT, Rasmussen K (2000) Savanna fres in east-central
Senegal: distribution patterns, resources management and percsptions.
Human Ecology 28(4), 561-583. doi:10.1023/A: 1026487730947

Merino L, Hernandezx M (2004) Destruccion de instituciones comunitarias
y deteriomo de los bosques en la Reserva de la Biosfera Mariposa
Monarca, Michoacin, Mexico. Revista Mexicana de Sociologia 66(2),
261-309. doi:10.2307/3541458

Miller AM, Davidson-Hunt I 2010)Fire, agency and scale inthe creation of
aboriginal cul tural landscapes. Fuman Ecology 38, 401414, doi 10,1007/
S10745010-9325-3

Momzin-Alvarado C, Waylen P, Keys E (2014) Fire management and
climate vanability: challenges in designing environmental regulations.
Land Use Policy 39, 12-21.doi: 10.1016/J. LANDUSEPOL.2014.03.003

Myers RL (2006) ‘Living with fire: sustaining ecosystems and livelihoods
through integrated  fire maragement.” (The Nature Conservancy:
Arlington, VA)

Wavarrete JL, Ramirez MI, Pérez-Salicrup D (2011) Logging within
protected areas: spatial evaluation of the Monarch Butterfly Biosphens
Reserve, Mexico. Forest Ecology and Management 262, 646-654.
doi: 101016 FORECO.201 104033

Moy C (2008) Sampling knowledge: the hemmeneutics of snowhall sampling
in qualitative research. ftemational Jowrnal of Social Research Meth-
odology 11040, 327-344. doi:10.1080/1 364557070140 1305

Oberhauser K, Cotter D, Davis D, Décaire R, Elton A, Galindo-Leal C,
Gallina MP, Howard E, Lavrdault J, Macziewski W, Malcolm S,
Martinez F, Medina J, McRae M, Nernberg D, Pisanty I, Ramirez MI,
ReyesJI, Wilson A (2008). North Amerncan momarcheonservation plan,
(Commission for Environmental Coopemtion: Canada).

Pansas JG, Keeley JE (2009) A burning story: the role of fire in the history of
life. Bioscience S9(7), 593-601. doi:10.1525BI0.2009.59.7.10

Pyne 8] (1996) “World fire, the culture of fire on Earth.” (University of
‘Washington Press: Seattle).

Raish C, Gonzilez-Cabdn A, Condie CJ (2005) The importanee of traditi onal
fire use and management practices for contemporary land managers
in the American southwest, Emvironmental Hazards 6, 115-122.
doi: 101016 HAZARDS.2005.10.004

Ramimez MI (2001) Cambics en las cubierias del suelo en las Sierra de
Angangueo, Michoacin v Estado de México, 1971-1994-2000. [mvesti-
gaciones Geogrdficas 45, 39-55,

Ramirez MI, Mimnda R, Zubieta R, Jiménex M (2007) Land coverand road
network for the Monarch Butterfly Biosphere Reserve in Mexico, 2003
Journal of Maps 3, 181-190. doi:10. 1080/ JOM. 2007 9710837

Rarmirez MI, Saenz-Romem C, Rehfeldt GE, Salas-Canela L (2015) Threats
to the availability of overwintering habitat in the Monarch Butterfly
Biosphere Reserve: land use and clmate change. In “Monarchs m a
changing world: biology and conservation of an iconic insect.” (Eds KS
Oberhauser, KR Nail, S Altizer). pp. 157-168. (Cornell University Press:
Ithaca, New York).

Rendon-Salinas E, Ramirez-Galindo G, Pérez-Ojeda J, Galindo-Leal C
(Eds) (2007) Cuarto Foro Regional Mariposa Monarca Memirias.
(WWTF: México, DF).

Rodriguez 1 (2004) Conocimiento indigena vs cientifico: el conflicto por el
uso del fuego en el parque nacional Canaima, Venemela, Interciencia
29(3), 121-129.

Rodriguez-Trejo DA, Fulé P (2003) Fire ecology of Mexican pines and a
fire management proposal. International Journal of Wildland Fire 12(1),
2337, doi: 10107 1VWF 02040

Rodriguez-Trejo DA, Myers TL (2010) Using oak characleristics to guide
fire regime restoration in Mexican pine-oak and cak forests. Ecol ogical
Research 28(3), 304323, doi:10.3368/ER .28.3.304

Rodriguez-Trejo DA, Marinez-Hemdndez PA, Ortiz-Contla H, Chavarria-
Sinchez MR, Herndndez-Santiago F (2011) The present siatus of fire
ecology, traditional use of fire, and fire management in Mexico and
Central America. Fire Ecology T(1), 40-36. doi: 10 4996 FIREECOL
OCGY.070 1040

Sienz-RomeroC, Rehfeldt GE, Duval P, Lindig-Cisneros RA (2012) dbies
religiosa habitat prediction in climatic change scenarios and implica-
tions for monarch butterfly conservation in Mexico. Forest Ecology and
Management 275, 98-106. doi: 10,1016/ J.FORECO 201 2.03.004

Salcedo S, Guzman L (2014) El concepto de la agricullura familiar en
América Latina y el Caribe. In *Agricultura familiar en América Latina
y el Caribe: recomendaciones de politica.” (Eds S Salesdo, L Guemén).
. 17-34 (Food and A griculture Organization: Santiago, Chile).

SEMARNAT (2009) Norma oficial mexicana NOM-015-SEMARNAT/
SAGARPA 2007, que establece las especificacimes téenicas de métodos
de uso del fuego en los temenos forestales v en los temenos de uso
agropecuario. Diario Oficial de la Federacitn 16 enero 2009 (México, DF).

SEMARNAT (2014) Anuario estadistico de produccion forestal 2013,
(Secretaria del Medio Ambiente y Recursos Naturales: México, DF).

Simmons CS, Walker RT, Wood CH, Arima E, Cochmne MA (2004)
Wildfires in Amazonia: a pilot study examining the role of farming
systems, social capital and fire contagion. Journal of Latin American
Geography (1), 81-95. doi:10.135VLAG.2005.0016

Stephens SL, Ruth LW (2005) Federal forest-fire policy in the United
States. Ecological Applications 15(2), 532-542. doi: 10, 1 890/04-0545

Toledo VM, Ortiz-Espejel B, CortésL, Moguel P, Ondofiez MJ (2003) The
multiple use of tropical forests by indi genous peoples in Mexico: a case
of adaptative management. Conservation Ecology T(3), 9.

UNESCO (2009} Decisions adoptedat the 32nd session ofthe worl dheritage
committee, Quebec City 2008, (UNESCO World Heritage Centre: Paris,
France).

Urquhart FA, Urguhart NR (1976) The overwintering site of the sastern
population of the monarch butterfly (Danaus P. Plexippus; DANAI-
DAE) in southern Mexico. Journal of the Lepidopterists Society 30(3),
153158

Valdivia C, Gilles J (2001) Gender and resource management: households
and groups, strategies and transi tions, Agricu ture and Human Values 18,
5-9. doi: 10. 1023/ A: 10076087 17996

Velasco JJ (2002) “Subsistencia campesina v desarrollo sustentable en la
regibn monarca” (Universidad Auténoma del Estado de México:
Toluca, México).

Villasetior JL, Espincsa FJ (1998) ‘Catilogo de malezas de México.
(Universidad Macional Autdénoma de México, Consejo Nacional Con-
sultivo Fitosanitario, Fondo de Cultura Econdmica: México, DF)

57



Capitulo 4. Fire management in a Natural Protected Area: What do
key local actors say?

(Articulo publicado)
Cita: Martinez-Torres, H. L., D. R. Pérez-Salicrup, A. Castillo y M. I. Ramirez. 2018. Fire

management in a Natural Protected Area: What do key local actors say?. Human Ecology
46: 515-528. https://doi.org/10.1007/s10745-018-0013-z

58



Human Ecology
https://doi.org/10.1007/510745-018-0013-z

@ CrossMark

Fire Management in a Natural Protected Area: What Do Key Local
Actors Say?

H. Leonardo Martinez-Torres" - Diego R. Pérez-Salicrup ' (%) - Alicia Castillo’ - M. Isabel Ramirez?

© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract

Public policies on fire in forest ecosystems are changing from fire-fighting and suppression to an integrated management
approach that incorporates ecological and social considerations. However, policy implementation is usually directed by central
governments without considering local actors. We identified key local actors in the Monarch Butterfly Biosphere Reserve,
Mexico. This is an important natural protected area of high socio-environmental complexity and the overwintering sites of
monarch butterfly that migrate from Canada and United States every year. We applied network and grounded theories to analyze
qualitative information derived from semi-structured interviews with 28 key local actors including government employees, local
inhabitants, non-governmental organization and academic personnel. We identified actors who play essential roles in local fire
management. Aside from fire-fighting, local actors engage in fire prevention, habitat restoration, research, training, planning,
coordination, and communication activities that are specific to a spatial, temporal, institutional, and environmental context of fire
management. The incorporation of the concepts that local actors associate with fire knowledge, behavior, and regimes would

result in better planning for fire management in the short, medium, and long-term.

Keywords Fire adapted communities - Mexico - Monarch Butterfly Biosphere Reserve - Wildfires

Introduction

Fire management (FM) is a process that includes a series of
technical, communication, and institutional interventions to con-
serve, use, and restore fire prone forest ecosystems (Castillo
2003; Jardel 2010). It should consider fire regimes and cultural
uses of fire, while preventing and mitigating the ecological and
social impacts of wildfires (Jardel 2010), and should be part of
broader ecosystem management strategies (Agee 1993;
Christensen et al. 1996; Maass et al. 2010). In recent decades,
forest management based on adaptive, community inclusive,
trans-disciplinary, and integrated approaches has been promoted
(Jardel 2010; Williams et al. 2012; McCaffrey et al. 2013;
Bosomworth et al. 2015; Diaz et al. 2015).
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FM has been advanced as an alternative to forest fire-fighting
and suppression policies that were imposed by central govemn-
ments in various countries during most of the twentieth century
and frequently ignored the vision and interests of social groups
such as indigenous peoples and local farmers and consequently
often led to contlicts at various levels (Gottesfeld 1994; Kull
2002; Mathews, 2003; Mistry et al. 2005; Rodriguez 2006;
Bilbao et al. 2010; Christianson, 2015; Fache and Moizo 2015;
Rodriguez-Trejo 2015; Eid and Haller 2018). One of the main
challenges of FM as a public policy is to incorporate the vision,
knowledge, interests, and responsibilities of the local communi-
ties in forest ecosystems prone to fires (Mbow et al. 2000; Bilbao
et al. 2010; Williams et al. 2012; McCaffrey et al. 2013;
Monzon-Alvarado et al. 2014; Diaz et al. 2015; McLennan
and Eburn 2015), avoiding the imposition of ideas that are not
necessatily shared by local actors (Carroll ez al. 2010; Fache and
Moizo 2015; Eid and Haller 2018). Hence, it is crucial to identify
local actors and understand their views regarding fire
management.

‘We consider key local actors (KLA) as a set of institutions or
individuals linked to one another by social relationships whose
actions and decisions have direct repercussions in FM dynamics
(Lozares 1996). The diversity and complexity of KLA will vary

€) Springer
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depending on their cultural identity, socioeconomic situation, or
the complexity of the FM challenge. Far from being a homoge-
neous group, KLA linked to FM may have varied, both divergent
and complementary knowledge, opinions, background, and
values (Kull 2002; Schindler et al. 2009; McCaffiey et al.
2011; Diaz et al. 2015; Fache and Moizo 2015). Several studies
indicate the importance of identifying and recognizing KLA in
the study of FM, identifying their ideas and concepts (Kull 2002;
Koebele et al. 2015; McLennan and Eburn 2015), relating their
values and attitudes to FM (Vaske et al. 2001; Absher et al
2008), and documenting how they interact and coordinate to
make FM possible in an area (Schindler et al. 2009).

The number of fire studies with a socio-ecological orientation
has increased in the last two decades (Rodriguez-Trejo ef al
2011; McCaffrey et al. 2013; Bosomworth et al. 2015). For
example, Schindler et al. (2009) found differences in the
perceptions and treatments of fuels among localities in the
same ecological region. McCaffrey et al. (2013) suggest that
while fire is a biophysical phenomenon, its management is a
social process. A large number of case studies include descrip-
tions of indigenous fire management and burn regimes (Bird ez
al. 2005; Mistry et al. 2005; Raish et al. 2005; Butz 2009; Fulé
et al. 2011; Huffinan 2013) or of community-based FM plan-
ning in rural areas (Monzén-Alvarado et al. 2014; Sheridan et
al. 2015; Martinez-Torres et al. 2016). In these studies, we con-
sistently find adaptive fire management strategies that change
according to socio-ecological conditions and incorporate tradi-
tional practices with modern FM techniques (Carroll et al. 2010;
Martinez-Torres et al. 2016). We also find the emergence of new
FM perspectives encompassing gender, age group, cultural
background, or academic education (Diaz et al. 2015; Eriksen
and Hankins 2015; Towers 2015). Recent research has docu-
mented the benefits of understanding and incorporating local
views about FM into public policies (McCaffrey ef al 2013;
Eid and Haller 2018) but there very few studies conducted in
Mexico (Rodriguez-Trejo et al. 2011).

Other aspects of FM addressed in recent research include
perceptions of and reactions to risk of forest fires in fire prone
communities (McCafftey 2015). These projects have promoted
new strategies such as participatory mapping and Wildland
Urban Interface (WUI) analyses (Dennis et al. 2005; Brenkert-
Smith 2010, Mutch ef al. 2011; Williams ef al. 2012; McCaffiey
et al 2013; Diaz et al. 2015; McCafitey et al. 2015). They have
also been instrumental in identifying KLA previously
overlooked, such as organized citizen groups (Schindler ez al
2009), local leaders, farmers, and even children who can help
develop community FM plans (Koebele et al. 2015; Sheridan et
al. 2015; Towers 2015). This recent research has underscored
the importance of stakeholder interactions and fire learning net-
works (McCaffrey et al. 2013), such as the Fire Adapted
Communities Learning Network in the U.S. or the Fire
Management Learning Community (CAMAFU) in Mexico.
However, information is still lacking about how these concepts
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are permeating KLA who are external to these networks, aca-
demic groups, and the scientific literature.

Fire research is essential in Natural Protected Areas (NPA)
given their importance for the preservation of ecosystem pro-
cesses and services (Stephens and Ruth 2005; Maass et al.
2010). In the case of Mexico, most NPA were created duting
the twentieth century in areas already occupied by communities
of diverse backgrounds and cultures. Therefore, aside from
seeking ecosystem conservation, they also attempt to promote
sustainable use of natural resources by the residents (Durand
and Jimenez 2010). In this context, Federal Government insti-
tutions have attempted to incorporate social and ecological as-
pects of fire management in NPA (CONANP 2011; CONAFOR
2016), as well as partnerships among universities, local govem-
ment departments, and non-governmental organizations
(NGOs) related to fire in NPAs in Mexico (Maass ef al. 2010;
Jardel-Peléez et al. 2010; Rodriguez-Trejo et al. 2011).

Research on FM in the Monarch Butterfly Biosphere
Reserve (MBBR) is very recent (Martinez-Torres et al.
2015), despite the fact that since its creation in 1986 forest
fires were identified as one of the main threats to forest integ-
rity (CONANP 2001; Rendoén-Salinas et al. 2007; Honey-
Rosés 2009). During all these years the main strategy for
FM has centered on fighting and suppressing forest fires
(Canta 2013, Martinez-Torres ef al. 2015). Local stakeholders
have not been involved in decision-making (Merino and
Hernandez 2004; Brenner 2009; Martinez-Torres et al. 2016).

In this study, we bring focus on the perceptions, self orga-
nization, interests, knowledge, and ideas of KLA on FM. Our
objectives ate to: 1) identify KILA related to fire management
in the MBBR; 2) analyze the network of interactions among
KLA regarding FM; and 3) describe how KLA understand
and use concepts related to FM. Our results provide the basis
to incorporating KLA and other decision-makers input into
designing policies and planning FM in this NPA, but the pro-
cess could be replicated in other contexts.

Methods
Study Area

The MBBR has been declared a World Heritage Site by
UNESCO (2009). It contains the main overwintering sites of
monarch butterflies (Danaus plexippus L.) that migrate annu-
ally from Canada and the United States to Mexico (Brower et
al. 2009). The NPA is located in central Mexico on the border
of Michoacén and Mexico State (Fig. 1), with an extension of
56,259 ha in ten municipalities of both states (CONANP
2001). Its topography is rugged and hilly with elevations be-
tween 2400 to 3600 m (CONANP 2001). The prevailing cli-
mate is temperate sub-humid with summer rains and sparse
winter rains, with average annual temperatures of 22° C and
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Fig. 1 Location of the Monarch Butterfly Biosphere Reserve, Mexico

annual precipitation that ranges between 700 mm and
1250 mm in different portions of the reserve (Garcia 1997).
The dominant vegetation types include fir forests (Abies
religiosa (Kunth) Schltdl. & Cham.), pine and oak forests
(Pinus pseudostrobus Lindl. and Quercus spp.), and natural
grasslands (Cornejo-Tenorio and Ibarra-Manriquez 2017).
However, only 55% of the surface is dense forest, another
25% is disturbed open forest, and at least 20% has non-
forested land cover, consisting mainly of introduced crops
and pastures (Ramirez et al. 2009).

More than 28,000 people live in nearly 100 rural settle-
ments located within the MBBR, but the surrounding area,
which includes the towns and cities that maintain a close so-
cial, economic, or ecological interactions with the MBBR, has
a population of half a million (CONANP 2001; INEGI 2010).
Most of the MBBR is under social property regimes, which
include 57 ejidos and 13 Mazahua and Otomi indigenous
communities. There are also 21 private pieces of land, and
Federal and State Government properties (CONANP 2001;
Honey-Rosés 2009; Ramirez et al. 2009). Ejidos are a form

of land tenure derived from the 1910-1917 Mexican
Revolution that currently combines private and common use
areas in communal property (Warman 2001). Like ¢jidos, in-
digenous communities consist of a common-use area, usually
under formal forest management, as well as small agricultural
parcels, usually less than two hectares, assigned to individual
comunero families. Each ejidatario or comunero decides the
specific uses of his/her parcel, but decisions regarding
common-use areas are made collectively and the benefits ob-
tained from forest harvesting are shared. Authorities are
clected every three years by the ejidatarios and comuneros
themselves. However, ejidatarios and comuneros are current-
ly a minority of the inhabitants of the rural communities in the
MBBR. since most of the population currently consists of
“avecindados™ (settlers with no land rights). The main eco-
nomic activities within the MBBR are agriculture, low-density
livestock production, forestry, and tourism, although many
inhabitants migrate temporarily to work in nearby cities or
even to the United States (CONANP 2001: Brenner 2006;
Navarrete et al. 2011).
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Figura 6. Location of the Monarch Butterfly Biosphere Reserve, Mexico.
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Participatory Observation and Interviews

We used a qualitative approach (Taylor and Bogdan 1987;
Hernandez-Sampieri ef al. 2010) to understand FM from
the standpoint of the local actors involved in fire manage-
ment practices on their own land. Data were obtained
using participatory observation methods and through
semi-structured interviews (Lopez 1998; Herndndez-
Sampieri et al. 2010). Participatory observation consisted
of taking notes while we accompanied firefighting bri-
gades, farmers when they used fire in their activities, dur-
ing our attendance to meetings about FM planning, and to
local courses on fire prevention and forest firefighting.
We developed a semi-structured interview format based
on literature and previous FM research in the MBBR
(Cant 2013; Martinez-Torres et al. 2015). The interview
included questions about five topics: 1) information about
the institution or person being interviewed and their role
related to FM in the MBBR, 2) the institutions and/or
persons considered part of FM in the MBBR, 3) knowl-
edge and opinions about FM, 4) perceptions of the eco-
logical and social impacts of FM in the MBBR, and 5)
factors that may help or hinder their FM activities.
Participatory observation and interviews were catried out
between January 2012 and December 2015, with the bulk
of interviews conducted during the fire or burning seasons
(November—May) of 2013 and 2014.

At the beginning of each interview, we explained the re-
search objectives, asked for permission to audiotape the con-
versations, and guaranteed the protection of personal data as
defined in the Mexican legislation (LFPDP 2010). We used
photographs of different kinds of forest fires to help us de-
scribe forest fires and their impacts (Quigley ef al. 2014). The
interviews and data collection were cartied out to the theoret-
ical saturation point (Strauss 1987), i.e., the point at which our
interviews were not providing new information.

We interviewed 34 key informants from government insti-
tutions, NGOs, academia, firefighter brigadiers, and tradition-
al fire users in the MBBR. The interviews lasted on average
42.5 min (ranging from 6 to 90 min). Nine interviews were
held in the State of Mexico and 25 in Michoacan. The appar-
ent asymmetry between KLA in both States is due to the fact
that several Federal Government agencies and NGOs associ-
ated with the MBBR are located in Michoacén. Only three
interviewees were women, all of them belonging to NGOs
(Civil Society).

KLA Network Identification and Analysis
To identify the KLA we used the snowball method, which
consists of starting with a known key informant, and asking

hinvher about other stakeholders that he/she considers impor-
tant (Noy 2008). The first contact was with the person in
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charge of forest fire prevention and firefighting of the
National Commission of Protected Natural Areas
(CONANP) in the MBBR. When it was not possible to con-
tact some of the KLA for interviews, we described the KLA
based on the descriptions of other interviewees.

Through interviews and participatory observation, we
established the connections between each KLA when a rela-
tionship or mutual interest in some activity of FM existed.
From this data, we constructed a presence or absence relation-
ship matrix between the KLA (Lozares 1996; Morin-Lugo
2009). We used the NodeXL program (Basic Excel
Template 2014, Version 1.0.1.361) and estimated three param-
eters to evaluate this interactions network. The first parameter,
Betweenness Centrality indicates the importance of each KLA
(vertices) as a bridge or connector between the different parts
of the network; a larger number indicates a larger connectivity
to the rest of the network players. The second parameter was
Degree, which counts the number of times a KLA is related to
the rest. The third parameter was the Eigenvector Centrality,
which ponders the importance of each KLA considering the
number of his/her direct connections plus the connections of
their connections. Finally using the cluster Clauset-Newman-
Moore algorithm of NodeXL we generated affinity groups of
the KLLA network. This algorithm helps to optimize the value
of modularity, which is the most frequently used metric to
measure the division of a network in groups according to the
relationships that are established among its vertices (Clauset ez
al. 2004; Steinhaeuser and Chawla, 2010).

Key Concepts of FM with Grounded Theory

To identify the concepts, ideas, and knowledge of KLA about
FM, we used a qualitative approach supported by grounded
theory analyses (Strauss 1987; Taylor and Bogdan 1987;
Strauss and Corbin 1998). We transcribed the semi-
structured interviews applied to the KLA and conducted a line
by line analysis using ATLAS.ti version 7 software to identify
the concepts and main ideas of FM. We constructed codes i.e.,
words or groups of words that represent the concepts and ideas
mentioned by the interviewees. We used live codes (in vivo
coding, in the first cycle) when we used the same words inter-
viewees used to refer to a concept, and theoretical codes (the-
oretical coding, in the second cycle) when the concept they
were referring to was already recognized in the FM literature.
‘We were then able to identify groups or networks of codes that
were related to each other to form code families (sub-
categories) that in turn formed categories, i.e., concepts with
a large degree of abstraction that expressed similar ideas.
Among these categories, we chose a central category that re-
lates the most to the rest of the categories. As we worked
through the analysis we related the categories with each other
using diagrams that explain FM in the MBBR.
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Results
KLA Network Analysis

We identified 28 KLA based on the analyses of interviews
(Table 1). The KLA were grouped in four main sectors and a
variable number of subsectors:

1. Government sector (1.1 Federal, 1.2 State, and 1.3
Municipal subsectors);

2. MBBR inhabitants (2.1 Owners and holders of forest re-
sources, and 2.2 Non-holders of forest resources
subsectors);

3. Civil Society Organizations;

4. Academia (Table 1).

It is worth noting that we were unable to interview directly
representatives of five KLA from the 28 we identified: the
Secretariat of Agriculture, Livestock, Rural Development,
Fisheries, and Alimentation (SAGARPA), the Federal
Attorney for Environmental Protection (PROFEPA), owners
of private properties, urban population, and the army (see
Table 1).

The Betweenness Centrality parameter showed the
clearest differences among the KLA, although the other
parameters showed a similar trend (Table 2). The types
of KLA with the greatest number of relationships
(Degree) and Betweenness Centrality were state govern-
mental institutions in charge of forestry issues, such as
prevention and firefighting (COFOM-PROBOSQUE). In
second and fourth place were the forest fire municipal
manager and ejido and community authorities, that is,
the lower levels of government. In the third and sixth
place are the federal government institutions such as
CONAFOR and CONANP-Director. In fifth place was
the regional forest protection committees, which are
government agencies that group stakeholders from all
the identified sectors (Table 1). In the last places, with
little relation to other actors were PROFEPA, a Federal
Government agency, as well as research centers corre-
sponding to the academic sector (Table 2).

The cluster analysis of the KLLA network generated three
groups (Fig. 2). Group 1 clustered most of the KL A that par-
ticipate in the Regional Forest Protection Committees. Group
2, clustered all the forest firefighting brigades. Group 2 also
includes the detection towers, closely related to the
firefighting brigades and traditional fire users who form bri-
gades when they oversee fire during their burns. Group 3
includes some of the KLA that participate less in the formal
planning of FM, except for municipal fire managers and
Forestry Associations who actively participate in the
Regional Forest Protection Committees.

FM Categories

‘We identified three objectives of FM in the MBBR from the
qualitative discourse of KLA during the interviews. The most
mentioned and important objective for the KLA is forest
firefighting, and as part of this objective, some KLA also
mentioned fire prevention and restoration of the burned sites.
The second objective is the use of fire for agricultural, live-
stock, and forestry activities. This objective is essential to fire
usets, but also important in a very different way for govern-
ment authorities who acknowledge its importance, although
they associate it as the main cause of forest fires. The third
objective is the understanding of fire behavior, including tech-
nical research, training, and empirical knowledge in the short,
medium, and long-term. This objective was evident in the
interviews with researchers from universities and research
centers and was also mentioned by other KLA such as gov-
ernment sectors, brigades, and fire users for whom under-
standing fire is very important in the planning and develop-
ment of their activities.

Through qualitative analysis we identified ten categories
and 60 sub-categories that group together live codes and the-
oretical codes of FM (Table 3). The main category is “Fire
Management Activities” (Fig. 3). When KLA were asked
what they understood by fire management, they usually de-
scribed one or more of the activities they carry out to meet the
objectives mentioned above.

Around this main category, we recognized four categories
that describe and explain the context in which activities asso-
ciated with FM occur: “Temporary Dimension,” “Spatial
Dimension,” “Social Dimension,” and “Environmental
Dimension” (Table 3). Between the main category and these
four categories, we constructed five more categories (Table 3).
The “Fire Behavior” category refers to the behavior of forest
fires and agricultural burns while flames or residual heat re-
main. In contrast, “Fire Regime” refers to the effects of fire
and the characteristics that identify forest fires in the medium
and long-term. The “Fire Knowledge” and “Fire Management
Brigades” are closely related to the people that make FM
possible in the MBBR. Finally, the “Fire Risks and
Hazards” was identified as referring to how KLA perceive
the threats of fire in the socio-ecosystem (Fig. 3).

Discussion

Our results show an imiportant variety of KLA, a network of
interactions between them, and the diversity of concepts about
FM in the MBBR. This information can be relevant to plan
FM from a standpoint that acknowledges the needs, deficien-
cies, ideas, and strengths that are not always considered in
public fire policies implemented by central governments
(Kull 2002; Seijo and Gray 2012; Eid and Haller 2018).
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Table 1 (continued)

Description

Key Local Actors

Affiliation

FM due to lack of financial resources.
Participate in FM planning in the forest protection committees. Support firefighting and prevention but lack FM vision.

Support establishment and equipping of community firefighting brigades. Rarely provide medium and long-term follow-up to

Organizations (CSO)

3. Civil Society

Business associations, professionals, and forest producers

(Forestry-Associations).
Local communication media: local newspapers, radio and

Inform when there is a forest fire and the firefighting. Have a strong influence on public opinion. Have little knowledge about

ecology, local usage of fire and other aspects of FM.
Generate technical and scientific knowledge about FM in MBBR. Their participation has been sparse and only in recent years.

television (Local-Media).
Universities and research centers (Research-Centers).

4. Academia

They have not been able to disseminate knowledge generated about FM to the population.
Their lesson plans do not incorporate aspects related to knowledge about fire ecology, local usage of fire and FM.

Local schools of different levels (Local-Schools).

The KLA network analysis suggests that the group with the
greatest influence, considering the highest values in the param-
eters that were analyzed, are mainly government agencies, the
most relevant being state forestry agencies in charge of preven-
tion and forest firefighting (COFOM y PROBOSQUE). The
strong influence of the latter may be because these agencies
generate several connections between Federal Government in-
stitutions and those at the municipal, ejido, and community
levels. In this sense, they function as bridging institutions among
different stakeholders. The Forest Regional Committee also
groups various institutions that plan the FM, as well as the local
NGOs that serve as intermediaries between local inhabitants and
government institutions. Despite the fact that Federal
Government agencies have more financial and technical re-
sources, the municipalities, efidos, and communities were very
relevant in the FM network analysis.

We found stakeholders who have been under-
acknowledged in FM planning, such as fire brigades, or en-
tirely excluded, such as settlers (avecindados). In several com-
munities this last group outnumbers ejidatarios and indige-
nous community members (Honey-Rosés 2009), and com-
monly use fire for different purposes (Martinez-Torres et al.
2016). Another excluded KLA is the urban population that
surrounds the MBBR, which is larger than those living within
the boundaries of the NPA (INEGI 2010; CONANP 2001).
These utban and settler populations exert an increasing social
pressure on the actions of decision-makers when forest fires
occur near their settlements. This opens a whole new range of
demands for research projects, and the development of learn-
ing and citizen participation networks such as those function-
ing in other countries as “fire adapted communities” strategies
(Bird et al. 2005; Schindler et al. 2009; McCafirey et al. 2013;
Koebele et al. 2015; Towers 2015).

The least influential sector in the stakeholder network in-
cluded KLA who have not managed to integrate into local FM
despite their knowledge. These include research centers, local
media, and local schools that could otherwise have a consid-
erable influence on a broad sector of the population. We also
found KLA that despite a clear and important role according
to Mexican legislation are not adequately participating in FM,
at least in this NPA, such as SAGARPA, PROFEPA and pri-
vate landowners (RLGDFS 2005; NOM-015 2009).
Identifying the reasons why these KLA have not been in-
volved in FM is complex, however it is indicative of the rel-
ative neglect of the forestry sector in Mexico and the lack of
public policies that incorporate relevant sectors such as the
agricultural or academic into fire management planning
(Torres-Rojo et al. 2017).

‘We also identified KLA that have been constantly excluded
from FM due to factors such as gender discrimination, preva-
lent in the forest sector and FM (Eriksen and Hankins 2015;
Elias et al. 2017), or for not sharing the western vision of FM,
as happens with traditional fire users (Bird et al. 2005;
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Table2 Importance of Key Local Actors of Fire Management in the MBBR by three parameters of their interactions network: Betweenness Centrality,
Degree, and Eigenvector Centrality (Calculated using NodeXL Basic Excel Template 2014, Version 1.0.1.361)

Position in network Key Local Actors Betweenness Centrality” Degree! Eigenvector Centrality®
(Network’s vertices)
1 COFOM-PROBOSQUE 47,48 18 0,068
2 Municipality-Fires 24,97 14 0,054
3 CONAFOR 24,14 15 0,061
4 Ejido-Community-Authorities 21,96 14 0,057
5 Regional-Forest-Committee 17,93 14 0,057
6 CONANP-Director 14,88 13 0,054
7 NGO 12,58 12 0,051
8 CONAFOR-Brigades 1243 12 0,041
9 State-Brigades 11,89 10 0,028
10 SEMARNAT 9,50 11 0,045
11 Ejido-Community-Brigades 9,49 10 0,030
12 Fire-Users 9,24 8 0,023
13 CONANP-Brigades 8,30 10 0,030
14 CONANP-Fires 8,18 12 0,054
15 PS-Firemen-Police 7,50 8 0,026
16 Urban-People 542 6 0,019
17 Avecindados (settlers) 5,16 6 0,018
18 Forestry-Associations 4,91 8 0,038
19 Local-Leaders 424 10 0,046
20 Municipality-Brigades 348 9 0,030
21 Local-Media 3,15 8 0,037
22 Local-Schools 1,84 N 0,022
23 Private-Owners 1,53 4 0,013
24 Detection-Tower 1,058 7 0,026
25 SAGARPA 098 3 0,012
26 Amy 0,68 4 0,015
27 Research-Centers 0,09 4 0,020
28 PROFEPA <0,001 S 0,026

Rodriguez 2006; Fache and Moizo 2015). On this matter,
CONAFOR recently promoted the incorporation of women
in firefighting brigades (CONAFOR 2017) and academia
has stressed the importance of the role of women in traditional
fire knowledge (Fulé ef al. 2011; Rodriguez-Trejo et al. 2011;
Martinez-Torres et al. 2016). However, we consider that more
efforts are necessary to incorporate KLA that have been ex-
cluded from FM.

The KLA groups generated by network analysis may help
guide FM training, organization, and planning efforts
(Schindler et al. 2009). For example, Group 1 brings together
most KLA that participate in the Regional Forest Committee
promoted by the Forestry Law in Mexico (RLGDFS 2005).
These committees have turned into a meeting place where
KLA exchange information and negotiate, which is why we
consider that the Mexican Forestry Law should strengthen
them. Group 2 incorporated all forest firefighting brigades,
as well as traditional users of fire, who can be viewed as
brigades controlling fire during their burns (Martinez-Torres
et al. 2016). A KLA not included in this group but which is
important to consider is the PS-firefighters-police who partic-
ipate in firefighting mainly on the Wildland-Urban Interface
(WUI), who are frequently not trained to fight forest fires and
do not have adequate firefighting equipment. Group 3 includ-
ed stakeholders that are usually excluded from formal FM
planning and we observed that these playets frequently have
negative views of forest fires. For this reason, it is important to

&) Springer

create a broader vision of FM beyond fire suppression, partic-
ularly among this group.

One important aspect we detected is the temporal activities
of KLA associated with FM. We identified activities that are
repeated constantly, generating important temporary cycles
for KLA in the MBBR. This is the case of agricultural cycles,
which determine the periods when traditional burns are carried
out, which in turn are determined by climate, and by atmo-
spheric conditions specific to an area. Having sound knowl-
edge of this relationship may help in planning forest
firefighting by determining the adequate conditions under
which burns do not turn into uncontrolled wildfires (Bilbao
etal. 2010; Monzén-Alvarado et al. 2014). Another important
consideration for KLA is the period of time that brigade mem-
bers remain employed in FM. This determines the notions that
they consider in the short and medium terms as important FM
activities. Finally, municipal governments change every three
years, while Estate and Federal governments change every six
years, which results in an important turnover of employees,
limiting planning to these periods, and leaving aside long-term
planning which is key to FM (Jardel 2010).

Regarding the spatial dimension, we found that it is key to
understand FM regional dynamics and not only limit our-
selves to the borders of the NPA (see Maass ef al. 2010). In
this case, regional forest management areas of COFOM and
PROBOSQUE are key in local FM dynamics. We also found
that KLA identified various landscape units that are linked to
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Fig. 2 Diagram of the relationship and groups between key local actors of fire management in the MBBR, Mexico

the different kinds of fires. In this sense, considering land-
scape units is key for FM decision-making (Bird ez al. 2005;
Butz 2009; Fulé et al. 2011; Lake et al. 2017) because the
imposition of FM strategies that do not consider the spatial
expertise of local actors has been shown to be inefficient
(Rodriguez, 2006; Fache and Moizo, 2015).

Within the social dimension, we found a sub-category that
was particularly influential in the Mexican context, which is
land tenure. In Mexico, as well as in other countries, land
tenure has been identified as a central element in the conflicts
underlying many forest fires, in the organization of FM, and in
the determination of who can use fire (Murdiyarso et al. 2004;
Dennis et al. 2005; Sheridan et al. 2015; Martinez-Torres et al.
2016). In the particular context of the MBBR, it has been
shown that State and Federal properties, which lack the per-
manent surveillance observed in ¢jidos and indigenous com-
munities, are more exposed to illegal logging (Brower et al.
2017). Although ejidos and indigenous communities are not
exempt from these problems (Honey-Rosés 2009), the best

forest conservation and FM strategies should include a region-
al vision and consideration of the different uses and types of
land ownership, as well as the social and economic needs of
the local inhabitants (Porter-Bolland ef al. 2012).

The environmental dimension identified in this project is
highly related to how KLA perceive the effects of fire on the
environment. The ideas of good fire or bad fire have been used
to underscore the benefits as well as the damage that may be
caused by a fire (Myers 2006). But these largely depend on local
and cultural context. In this sense, we should not lose sight of the
particular ecological features of the MBBR’s coniferous forests
which host the overwintering of monarch butterflies, although
until now no direct effects of current fire use on the butterflies
have been documented (Martinez-Torres ez al. 2016).

In terms of FM, we found technical knowledge, traditional
fire use (Martinez-Torres et al. 2016), and empirical knowl-
edge developed by KLA in their daily planning, negotiations,
and firefighting activities. The latter is very important in KLA
decision-making. For example, personal experiences greatly
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Fig. 3 Diagram and relationships

of the main fire management TEMPORAL . M SPATIAL
categories by their Key Local D'M'ENS'ON : : DIMENSION
Actors, in the Monarch Butterfly H i | |
Biosphere Reserve, Mexico L___.‘ i f 2o )
v < i |
FIREREGIME === - i
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v
FIRE MANAGEMENT
BRIGADES
il FIREBEHAVIOR
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ENVIRONMENTAL SOCIAL
DIMENSION DIMENSION
Two-way Determineto —1» Shortterm influence
interaction sy

influence actions when facing fire risks and danger (Schindler
et al. 2009; Bilbao ef al. 2010; Brenkert-Smith er al. 2013;
McCaffiey 2015; Christianson 2015; Diaz et al. 2015). These
perceptions of fire risk and danger, which we grouped as one
category, reflect the concerns of KLA about fires. Despite
their importance, which has generated a growing research in-
terest in the last decade in the United States, Europe, and
Australia (Schindler ez al. 2009; Mutch ez al. 2011;
McCaffrey et al. 2015), social perceptions of the risks and
dangers in Mexico are research topics that have been rarely
addressed (Jardel-Pelaez et al. 2010).

Our qualitative analysis supported by grounded theory
proved useful in identifying KLA and gathering informa-
tion about their perceptions and perspectives on FM.
However, future feedback and verification of the codes
and categories identified in our analysis by the KLA are
necessary. This new and revised base of codes and cate-
gories may facilitate further discussion of the concepts
obtained or the emergence of new ones. In addition, this
exercise would allow contrasting the ideas on FM in other
NPAs, regions, or countries. Moreover, in this study, we
only established relationships between KLA, without
documenting their magnitude, direction, or type. After a
feedback and verification study, a network analysis might
allow documenting those relationship characteristics.
Hence, it will be necessary to continue investigating the
relationships of KLA networks although it is important
not to lose sight that these networks are dynamic and
subject to changes of the socio-ecosystem in which they
are immersed.

—"—» Shortandlongterm influence i--» Longterm influence

Finally, we can state that FM in the MBBR is the set of
activities developed by KLA to prevent, fight, use, and learn
about fire in a temporal, spatial, social, and environmental con-
text. This context, in tum, determines fire behavior, current fire
regimes, and the knowledge that KLA may have and use about
this phenomenon in the short, medium, and long-term. This case
study supports the idea of FM as a socio-ecological and collec-
tive phenomenon where there are no isolated stakeholders and
each player has different objectives that need to be reconciled
(Bird et al. 2005; Schindler et al. 2009; Bilbao et al. 2010;
Bosomworth et al. 2015; McLennan and Eburn 2015; Lake et
al. 2017; Eid and Haller 2018). For this reason, we consider it
urgent to foster more horizontal and inclusive dialogues that
allow the acknowledgement of ideas and interests of the great
diversity of KLA, their perceptions of FM (Schindler et al.
2009; Brenkert-Smith 2010; McCaffiey et al. 2011; Brenkert-
Smith et al. 2013; Christianson 2015; Towers 2015) and with
that, generate public policies adequate to each region, NPA or
territory (Jardel 2010; Monzon-Alvarado ez al. 2014).
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Capitulo 5. El papel del campesinado ante la regulacion de los
incendios forestales en México: consecuencias inesperadas.

Cita: H. L. Martinez-Torres y D. R. Pérez-Salicrup. 2018. El papel del campesinado ante la
regulacion de los incendios forestales en México: consecuencias inesperadas. Perspectivas
Rurales Nueva Epoca 16(31): 71-89. DOI: http://doi.org/10.15359/prne.16-31.5

*Nota: En la version de la biblioteca de la UNAM se encuentra la versién sin publicar de
este capitulo 5. Esta version sustituye Unicamente este capitulo (el resto de la tesis es
exactamente igual) por la versién publicada por la revista. Siendo el contenido de este
capitulo practicamente el mismo, salvo la palabra "campesino™ que fue sustituido por la
palabra "campesinado” en la version publicada por la revista.
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Resumen

De acuerdo con los datos oficiales de México,
las quemas agropecuarias son las principales
causas de los incendios forestales. Sin
embargo, los grupos campesinos casi nunca
son tomados en cuenta para participar en la
elaboracion de politicas publicas relacionadas
con estos eventos. En los ultimos 100 anos,
Meéxico generd leyes y politicas publicas que,
al menos hasta la década de 1980, alejaron
al campesinado del control sobre el manejo
de sus bosques, reconfiguraron la tenencia
de la tierra y la produccién agropecuaria,
y desalentaron el uso tradicional del fuego.
Durante este periodo dominé una visién
de supresién y combate de los incendios
forestales. Actualmente se busca transitar hacia
una visién del manejo del fuego, integrando
factores ecologicos y sociales para entender

y atender los incendios, pero es fundamental
evaluar el impacto y consecuencias que tuvo
un siglo de politicas relacionadas con los
incendios forestales en habitantes del sector
rural forestal. Algunas de estas consecuencias
incluyen la falta de integracion de los sectores
forestal y agropecuario, el doble de papel del
campesinado como afectado y provocador
de los incendios forestales y su papel como
brigadista de incendios forestales y guardianes
del conocimiento tradicional del fuego.

Palabras clave: Manejo del fuego, incendios
forestales, politicas publicas.

Abstract

According to Mexican official data, agricultural
burning is the main cause for forest fires.
However, seldom are farmers taken into
account to participate in the preparation of

"
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related public policies. Over the last 100 years,
Mexico has generated laws and public policies
that, at least up until the 1980s, have removed
farmers from the control and management
of their forests, reconfigured land tenure and
agricultural production, and discouraged
traditional use of fire. A vision to suppress
and combat forest fires dominated during
this period. Currently, authorities are seeking
to move towards a fire management vision,
integrating ecological and social factors to
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essential to assess the impact and consequences
of a century of public policies on forest fires
in the rural forest sector. Some of these
consequences include the lack of integration
between the forestry and agricultural sectors,
the double role of the farmer as the affected
party and the agent causing forest fires, and
their role as a fire brigades and guardians of
traditional fire knowledge.

Keywords: Fire management, forest fires,

understand and address fires; however, it is  Public policies.

Introduccion

Los incendios forestales son un disturbio que modifica la estructura y
composicion de los ecosistemas en los que se presentan (Agee, 1993). Hoy
sabemos que esta perturbacion forma parte de la dindmica natural de
disturbios de muchos ecosistemas forestales, y que existen incluso ecosistemas
que dependen de la presencia del fuego (Hardesty et al., 2005). En paises
como México, los ecosistemas forestales experimentan, desde hace miles de
afos, una conspicua presencia de pueblos y comunidades que interacttian
directamente con el medio forestal (Challenger, 1998; Le6n-Portilla, 2011).
Actualmente 25 millones de personas habitan en localidades rurales de
México, en donde tienen una relacion mas estrecha con el medio forestal que
las poblaciones de zonas urbanas (INEGI. 2010). El bienestar de la poblacién
rural depende, en gran medida, de las actividades productivas a las que se
dedica, en las cuales resaltan la agricultura, la ganaderia y el aprovechamiento
de recursos forestales. En estas actividades, el uso del fuego es comun para
propésitos como la eliminaciéon de residuos agricolas, malezas y plagas,
ademds de promover el rebrote de pastos u otras plantas atiles (Huffman
2013; Martinez-Torres et al., 2016; Rodriguez-Trejo et al., 2011). Pero es
precisamente por el uso del fuego que a las comunidades rurales y campesinas
se les sefiala como la principal causa de ignicién de incendios forestales.
Segtin datos histéricos de la Comisién Nacional Forestal (CONAFOR, 2013),
el 36% de los incendios forestales son causados por descuidos, accidentes o
negligencia en las quemas de actividades agropecuarias.

El papel del campesinado ante la regulacion de los incendios forestales en México: Consecuencias inesperadas
H. Leonardo Martinez-Torres, Diego R. Pérez-Salicrup
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A lo largo del siglo XX, el Estado Mexicano ha promulgado leyes y dictado
politicas publicas que han buscado atender la presencia del fuego en los
ecosistemas forestales. Estas politicas se enfocaron sobre todo en la supresion
y combate de los incendios forestales, al igual que en casi todos los paises
donde se presentan incendios forestales importantes (Jardel-Peldez, 2010;
Pyne, 2015; Rodriguez-Trejo, 2015). Ademds, otras leyes y politicas que no
fueron pensadas originalmente para abordar el control del fuego tuvieron
consecuencias importantes en la manera en que el sector campesino se
relaciona con los incendios forestales. Un ejemplo de estas politicas es
el reparto agrario durante el siglo XX, que cambié profundamente la
configuracioén de la tenencia de la tierra en México, dejando en manos del
campesinado, bajo propiedad social, un poco mds del 50% de la superficie
nacional (Warman, 2001). Sin embargo, al poco tiempo dicho reparto, y en
aparente contradiccion, una serie de leyes y politicas en el dmbito forestal
impulsadas por el Estado Mexicano fomentaron la pérdida del control del
campesinado sobre el manejo de sus bosques (Cedeno-Gilardi y Pérez-
Salicrup, 2005; Merino-Pérez y Segura, 2002) (ver tabla 1 ).

En las altimas tres décadas se ha transitado hacia una visién de manejo
del fuego que busca integrar aspectos ecoldgicos, econémicos, politicos y
culturales para disminuir los impactos negativos y fomentar sus aspectos
positivos en los ecosistemas de México (Jardel-Peldez, 2010; Rodriguez-Trejo
et al., 2011). Para que esta nueva vision del manejo del fuego tenga buenos
resultados se debe involucrar atodoslos actores sociales interesadosen el tema.
Por ello, los sectores campesinos, quienes han sido histéricamente excluidos
del debate, deberian ser actores centrales en este (Christianson, 2014; Jardel-
Peldez, 2010; Rodriguez-Trejo et al., 2011). Para incluirlos, es fundamental
hacer un recuento de cdmo las politicas publicas han afectado el manejo del
fuego en las zonas rurales con vocacion forestal del pais. En el presente trabajo
exponemos y discutimos las consecuencias de las leyes y politicas publicas que
consideramos han impactado la forma en que el campesinado ha modificado
y adaptado su visién y comportamiento ante los incendios forestales. Si bien
el caso mexicano tiene importantes singularidades, las lecciones aprendidas
pueden ser de utilidad e interés para otros contextos, sobre todo en el entorno
latinoamericano.

El papel del campesinado ante la regulacion de los incendios forestales en México: Consecuencias inesperadas
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Cien aios de politicas publicas relacionadas con los incendios forestales

La relacion de los sectores campesinos del territorio que hoy es México
con el fuego y los incendios forestales es compleja y milenaria (Rodriguez-
Trejo, 2015). Para documentar a fondo esa relacion, se debe abarcar un
largo periodo. Sin embargo, buena parte de lo que hoy entendemos como
manejo de fuego es el resultado de los errores y aciertos en la aplicacién de
las politicas publicas en relacién con los incendios forestales en los ultimos
cien anos (Jardel-Peldez, 2010; Mathews, 2003; Merino-Pérez y Segura, 2002;

Rodriguez-Trejo y Pyne, 1999; Rodriguez-Trejo et al., 2011; Warman, 2001).
La tablal resume los principales hitos en los sectores forestal, agricola y rural

que han impactado la relacién del campesinado con los incendios forestales
en México (dicho resumen no pretende ser exhaustivo, para mayor detalle
cronolégico del tema ver Rodriguez-Trejo, 2015). Si bien la presencia e
influencia del sector rural y forestal antecede por mucho el inicio del siglo
XX, nuestro andlisis parte de ese periodo, ya que con la Revolucién Mexicana
(1910-1927) se da una importante reconfiguracién de dichos sectores y del
actual gobierno (Warman, 2001).

Tabla 1
Politicas implementadas por el gobierno federal de México, durante las décadas del siglo XX,

que han impactado al campesinado en su relacién con los incendios forestales

Principales politicas federales que impactaron la relacién del

Anoipecina campesinado con los incendios forestales en México (1917-2017)

Publicacién de la Constitucién Politica de los Estados Unidos
1917 Mexicanos. El articulo 27 constituye las bases de las subsecuentes
leyes forestales y agrarias.

Primera Ley Forestal de México. Esta ley ordena al gobierno federal
combatir los incendios forestales con la perspectiva de proteger los
bosques.

1926 Inicios el proceso de la reforma agraria que consiste en dotar de
tierras para cultivo y su explotacién de recursos naturales a grupos
campesinos del pafs, bajo la figura de propiedad comunal en ejidos*
y comunidades indigenas.

Creacién de la oficina de incendios forestales, encargada de
Década 1930 coordinar los recursos humanos y materiales para el combate de

incendios. Tuvo recursos econémicos escasos.
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1940-1982

Periodos de concesiones del bosque parala explotacién de maderaa
empresas extranjeras y paraestatales, asi como imposicién de vedas
forestales. Estas tltimas generan un mercado ilegal de madera que
prevalece hasta nuestros dfas. Se marginé a los sectores duefos
de los bosques de aprovechar sus recursos forestales y de tomar
decisiones de manejo

1943 y 1947

Decretos de la segunda y tercer Ley Forestal respectivamente. La
visién sobre los incendios forestales sigue siendo la de supresion
y combate, y contintia la marginacién del campesinado en la
planificacién del manejo forestal.

Década de 1950

Se creala Comision Forestal de América del Norte (Canadd, Estados
Unidos y México), una de cuyas funciones es compartir experiencias
en la prevencién y combate de incendios forestales. Esta comision
sigue funcionando hasta hoy.

Inicia una etapa de impulso a la mecanizacién, industrializacién e
impulso de insumos agroquimicos al campo mexicano, aunque estas
no alcanzaron a la mayoria de empresas de pequena producciéon
campesina, y no implicaron una mejora en sus ingresos.

Década de 1960

Primeras quemas controladas para reducir combustibles y prevenir
incendios forestales. La prevencion de incendios forestales se suma
a los esfuerzos del combate y supresién.

Cuarta Ley Forestal, impulsé mayores recursos materiales y
humanos para el combate de incendios.

Aunque este fenémeno ya ocurrfa, en esta década aumenta el éxodo de
las zonas rurales a zonas urbanas. Al mismo tiempo, la creacién de ejidos
en las zonas despobladas del sureste y noroeste de México promovié un
movimiento de comunidades rurales a nuevas regiones del pafs.

Década 1980

Plan de entrenamiento de brigadistas forestales con apoyo y
capacitacion de los servicios forestales de Estados Unidos y Canadd.
Se regulariza el uso de aeronaves en el control de incendios.

Surgen las primeros casos de éxito de manejo forestal comunitario.

1982

Quinta Ley Forestal que incluye cambios importantes en la
promocién de empresas forestales comunitarias.

1992

Sexta Ley Forestal y reformas al articulo 27 constitucional que cierra
la etapa del reparto agrario y permiten la venta de terrenos de los
ejidos, representa un cambio importante en el sector agricola.

1998

Grandes incendios forestales, principalmente en el sureste
mexicano, en sinergia con las sequias provocadas por el fenémeno
climatico El Nifo. Implicaron un amplio despliegue de recursos
humanosy financieros para el combate de incendios y un empuje en
la investigacion de la ecologia del fuego.
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Publicacién de la NOM-015-SEMARNAP/SAGAR-1997 que
establece las especificaciones técnicas de métodos de uso del fuego
en terrenos forestales y en los terrenos de uso agropecuarios.

El Fondo Mexicano para la Conservacién de la Naturaleza y The
Nature Conservancy impulsan la organizacién y planes de manejo
comunitario del fuego.

Década de 1990

Creacién de la Comisién Nacional Forestal (CONAFOR), que agrupa
el programa nacional de prevencién y combate de incendios forestales.
Impulso del programa de empleo temporal en zonas rurales para activi-
Década del 2000 | dades relacionadas con la prevencién y combate de incendios forestales.
Creacién de la Comisién Nacional de Areas Naturales Protegidas
(CONANP) que se sumarfa al programa nacional de proteccién
contra incendios forestales en las ANP.

Séptima Ley General de Desarrollo Forestal Sustentable, fomenta la
participacién de comités municipales, estatales y federales para la
2003 planeacion, prevencién y combate de incendios forestales.

Actualizacién de NOM-015-SEMARNAT/SAGARPA-2007, con la
incorporacion de nuevos conceptos derivados de la ecologia del fuego.

La CONANP publica su Estrategia y lineamientos de manejo
integral del fuego en dreas protegidas (EMFAP).

PDiberada il 2010 La Gerencia de Prevencién y Proteccién de Incendios Forestales de

CONAFOR cambia su nombre a Gerencia de Manejo del Fuego.

Nota: Elaborado con informacién de Rodriguez-Trejo y Pyne, 1999; Warman, 2001; Merino-
Pérez y Segura, 2002; Mathew, 2002 y 2003; Cedefio-Gilardi y Pérez-Salicrup, 2005; Frausto

y Landa, 2007; Jardel-Peldez, 2010; CONANP, 2011; Rodriguez-Trejo et al., 2011; Del Angel—
Mobarak, 2012; CONAFOR, 2013; Rodriguez-Trejo, 2015.!

Consecuencias de las politicas de control de fuego en el campesinado de
México: Separacion de los sectores forestal y agropecuario

Las leyes y politicas mexicanas durante el siglo XX (tabla 1) fomentaron
directa e indirectamente la separacion de los sectores agricola y forestal.
Concretamente, durante el auge de la Revolucién Verde, muchas politicas
y recursos econdmicos fueron dirigidos al sector agricola para aumentar la
produccidn a través de la tecnificacién y aumento de insumos agroquimicos.
Enalgunas regiones del pais esto privilegié la produccion agricola mecanizada,
en donde se dejé de utilizar el fuego enla parcela. Durante ese siglo también se
foment¢ la expansion de la frontera agricola y pecuaria a costa de los bosques,
en donde se utilizé el fuego como un paso en el cambio de uso del suelo. Esto

1 Ejido: tipo de propiedad comunal en la que cada ejidatario es concesionario particular de una parcela para fines agricolas
y participa en el usufructo de la propiedad comun generalmente bosques o pastizales.
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tuvo un impacto particularmente relevante durante el periodo de 1970-1976,
cuando ocurri6 el segundo reparto agrario mds amplio en México, pero a

costa de terrenos otrora cubiertos con bosques tropicales (Cedefio-Gilardi y
Pérez-Salicrup, 2005; Masera et al., 1997).

En general, el sector forestal estuvo subyugado desde inicios del siglo XX ala
Secretaria de Agricultura (hoy SAGARPA) (Mathew, 2002; Rodriguez-Trejo,
2015). No es sino hasta 1994, al crearse la Secretaria de Medio Ambiente,
Recursos Naturales y Pesca, cuando el sector forestal pasa a formar parte
de dicha secretaria y a partir del 2001 se integra a la Comisiéon Nacional
Forestal (Del Angel-Mobarak, 2012). Las propias leyes y politicas forestales,
al menos hasta la década de 1980, menospreciaron el papel campesino
para manejar sus bosques y fomentaron la explotaciéon maderera través de
concesiones a grandes empresas extranjeras y paraestatales (Merino-Pérez
v Segura, 2002). Esto origind no pocos conflictos directos entre empresas,
gobierno, grupos conservacionistas y comunidades rurales por el control
de los bosques (Klooster, 2003; Mathew, 2002). En ese dmbito, el gobierno
federal y empresas madereras promovieron una visién negativa del fuego
que derivo en la supresion de los incendios forestales (Jardel-Peldez, 2010;
Klooster, 2003; Mathew, 2003). Mathews (2005) plantea c6mo las grandes
empresas forestales utilizaron los incendios forestales como pretexto para la
apropiacion del control de los bosques, argumentando que las comunidades
locales no podrian, ni sabrian controlar los incendios forestales.

Laseparacion delaspoliticasenlos sectores forestal yagropecuario contraviene
lal6gica productiva de los pueblos campesinos tradicionales, quienes buscan
la diversificacion de sus actividades productivas para asegurar su subsistencia
(Challenger, 1998; Toledo, 1990). En esta légica, los ecosistemas forestales
y las parcelas agricolas son parte de una misma unidad de manejo, que se
convierte en su territorio (Toledo, 1990). Posiblemente la expresion mads
clara de este continuo lo representa la agricultura itinerante, en donde la
distincién entre parcela y bosque no adquiere una dimension espacial, sino
temporal (Barrera et al., 1977; Gémez-Pompa y Kaus, 1992; Levy y Aguirre,
2000). En este tipo de agricultura, el fuego se utiliza para abrir espacios de
bosque para ser cultivados durante un nimero variable de cosechas, para
posteriormente dar paso la sucesién vegetal que permite el restablecimiento
del bosque secundario y consecuente recuperacion de su fertilidad (Levy v
Aguirre, 2000). De los parches de bosque secundario en diferentes edades
(acahuales) se obtienen diferentes productos y servicios (Barrera et al., 1977;
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Levy v Aguirre, 2000). En este sistema productivo, el manejo el fuego ha
sido una herramienta muy importante en pricticamente todos los sistemas
de produccién agroforestal (Barrera et al., 1977; Gémez-Pompa y Kaus,
1992). En los bosques montanos dominados por coniferas y encinos, el fuego
también forma parte de la produccién agricola y modificacién del paisaje,
incluso puede emplearse para detonar la regeneracion forestal, aunque esto
se ha documentado muy poco en este tipo de ecosistemas en México (Fulé et
al., 2011; Martinez-Torres et al., 2016).

Actualmente son pocos los esfuerzos para conciliar las politicas publicas de
ambos sectores. En este sentido, hay que destacar la publicacién de la Norma
Oficial Mexicana NOM-015 SEMARNAT/SAGARPA que establece las
especificaciones técnicas de métodos de uso del fuego en terrenos forestales y
terrenos de uso agropecuario (DOE, 2009). Si bien estaNOM-015 es compartida
y expedida tanto por la secretaria que agrupa el sector forestal (SEMARNAT)
como el agropecuario (SAGARPA), no ha logrado ser ampliamente conocida y
aceptada por el campesinado (Martinez-Torres et al., 2016). Ademds, no toma
en cuenta la amplia variedad de usos del fuego y consideraciones sociales y
ecologicas que tiene el campesinado para usar el fuego (Martinez-Torres et al.

2016; Monzén-Alvarado et al., 2014). Esto puede convertir esta NOM-015 en
un potencial instrumento inviable y contraproducente para el campesinado
que usa el fuego (Gutiérrez-Navarro et al., 2017).

Campesinado: Victima y victimario en los incendios forestales

Una de las consecuencias sociales mds importantes de la Revolucion Mexicana
fue el reparto agrario que consisti6 en dotar de tierras al campesinado que no
tenia acceso a ellas. El reparto agrario fue una de las principales politicas del
gobierno mexicano en el siglo XX, marcadamente en los gobiernos de Ldzaro
Cardenas (1934-1940) y Luis Echeverria (1970-1976) que repartieron cerca
de 18 y 16 millones de hectdreas, respectivamente (Warman, 2001). Esta
reparticion explica que alrededor del 80% de los bosques y selvas pertenecen,
con figuras de propiedad social, a comunidades indigenas y ejidos (Merino-
Pérez v Segura, 2002). Siendo el dueiio de los bosques, el campesinado se
convierte, entonces, en quienes padecen los incendios forestales por un lado,
y quienes son objeto de acusaciéon de provocar los incendios producto de
los accidentes y negligencias en sus quemas agropecuarias, por el otro. Se
convierte, asi, en victima y victimario de los incendios forestales.
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Como ya se menciond, las concesiones para la explotacion maderera en
manos de grandes empresas tuvieron como consecuencia que los grupos
campesinos perdieran control y toma de decisiones sobre sus bosques. Sin
embargo, a partir de la década de 1980, un giro en las politicas del sector
forestal permiti6 el empoderamiento de algunos grupos y comunidades
campesinas en el control de sus bosques (Merino-Pérez y Segura, 2002). Hay
ejemplos de buen manejo forestal comunitario (Klooster, 2003; Merino-Pérez
v Segura, 2002) incluso en el que se ha hecho una gestién del manejo del
fuego desde las comunidades rurales (Fraustoy Landa, 2007; Rodriguez-Trejo
et al., 2011). Sin embargo, aunque con mayores posibilidades de hacer un
manejo forestal comunitario, ain existen contradicciones importantes en los
instrumentos juridicos y las politicas publicas que fomentan ambigiiedades en
el papel del campesinado ante el manejo del fuego. Por ejemplo, la legislacion
mexicana actualmente sefiala que la primera obligacion en la prevencion y
combate de incendios forestales es de los sujetos duenos del terreno (DOE,
2009). Es decir, los grupos campesinos y habitantes del medio rural son los
responsables en primera instancia de atender los incendios forestales en sus
propiedades, ya sean particulares o bajo propiedad comunal. Por otro lado, la
legislacién también estipula sanciones a quienes causen incendios forestales.
De ser aplicada esta ley, miles de personas campesinas serian penalizadas
cada afo por el delito de provocar incendios forestales. Mds atin, no hay
datos verificables que justifiquen que los incendios son realmente provocados
por escapes de fuegos agricolas (Martinez-Torres et al., 2015). Lo mds ficil,
muchas veces, es culpar al campesinado.

Al referirnos alos grupos campesinos como victimas, nos referimos no solo alos
efectos negativos que puedan tener los incendios forestales sobre sus bosques,
los cuales pueden provocar pérdidas econdmicas importantes (Hardesty et al..
2005), sino también a que son victimas de la mala ejecucién y falta de politicas
que incluyan sus perspectivas sobre el fuego. Por ejemplo, una de las principales
causas de ignicién, ademds de las quemas agropecuarias, son los litigios o
conflictos por falta de claridad en los limites de los terrenos (CONAFOR, 2013)
que el Estado mexicano otorgé en el reparto agrario. Estos conflictos llegan a
escalar entre las comunidades, las cuales provocan incendios forestales como
forma de atacar a sus vecinos o vecinas o presionar a las autoridades para que
resuelvan los conflictos, convirtiéndose asi en victimarios también.
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Campesinado y brigadistas

Al ser los grupos campesinos los primeros en atender, por ley y por iniciativa
propia, los incendios forestales, se convierten de facto en brigadistas de incendios.
Estas brigadas voluntarias, la mayoria de las veces improvisadas y sin equipos
de proteccion ni herramientas especializadas para el combate del fuego, estan
compuestas por hombres, mujeres, prsonas ancianas y hasta menores de edad,
que suelen tener la virtud de conocer bien el terreno y las condiciones atmosféricas
locales. Pero ante incendios de copa (por ejemplo, alta intensidad), su capacidad
de respuesta es muy reducida (Martinez-Torres et al., 2015).

Hay poca investigacion relacionada con las brigadas de incendios forestales ylas
personas que las componen. Es necesario reconocer la diversidad y diferencias
que hay entre la gran variedad de tipos de brigadas que existen en México
para el manejo del fuego (Frausto y Landa, 2007; Martinez-Torres et al., 2015).
Muchas de ellas estdn compuestas por campesinado que trabaja por salario solo
por los pocos meses del ailo de la temporada critica de incendios y que, al igual
que las brigadas voluntarias, carecen de equipo y herramientas adecuadas para
el combate de incendios de copa (Martinez-Torres et al., 2015).

Estas brigadas campesinas y voluntarias representaron el 27% de los
dias-hombre aplicados al combate de incendios forestales durante 2016
(CONAFOR, 2016). En las ultimas décadas, dependencias gubernamentales
delos tres niveles de gobierno y algunas organizaciones dela sociedad civil han
impulsado la formacién de brigadas comunitarias en ejidos y comunidades
campesinas (Frausto y Landa, 2007). Algunas de ellas con mucho éxito, pero
en la mayoria de los casos no hay continuidad y los recursos econémicos
son limitados (Martinez-Torres et al., 2015). Hay que sefialar que la labor
de combate de incendios forestales es una actividad de alto riesgo que
puede ocasionar pérdidas humanas, entre ellas de los grupos campesinos
voluntarios, quienes se convierten una vez mds en victimas de los incendios

(Rodriguez-Trejo, 2015; Rodriguez Trejo y Pyne, 1999).

Las brigadas especializadas en combate de incendios forestales pueden
asociarse a un modelo de manejo del fuego occidentalizado, que muchas veces
no toma en cuenta a las comunidades rurales locales (Gutiérrez-Navarro et
al., 2017). Esta imposicién de modelo de brigadas puede generar conflictos,
ya que personas ajenas al territorio llegan a imponer una idea del manejo del
fuego que no corresponde a la que tradicionalmente usan las comunidades
locales (Fache y Moizo, 2015; Lake et al., 2017; Rodriguez, 2004). Se ha tratado
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de resolver esta situacién incorporando a personas de las comunidades locales
a las brigadas de combate de incendios. Esta integracién ha tenido resultados
positivos por la buena comunicacion e integracion de las diferentes visiones del
fuego (Lake et al., 2017); pero también ha resultado en conflictos al confrontar los
intereses y visiones de los campesinos brigadistas asociados a sus conocimientos
tradicionales (Fache y Moizo 2015; Rodriguez, 2004).

Guardianes del conocimiento del fuego

A pesar de las politicas de supresion y desaliento al uso tradicional del fuego
durante el siglo XX, hoy miles de personas campesinas en todo México siguen
utilizando el fuego en sus actividades agropecuarias y forestales. Estos usos
tradicionales del fuego pueden llegar a tener un vasto y complejo sistema de
conocimientos ecoldgicos, y estar asociados a practicas, reglas e instituciones
que dirigen, coordinan y rigen las decisiones de la utilizaciéon del fuego (Fulé
et al., 2011; Huffman, 2013; Martinez-Torres et al., 2016). Ejemplo de estos
en México son los sistemas de roza-tumba-quema del sur de México y el de
extraccién-apilado-secado-quemado en la Reserva de la Biosfera Mariposa
Monarca (Barrera et al., 1997; Herndndez et al..1995; Levy y Aguirre, 2000;
Martinez-Torres et al., 2016). Sin embargo, es muy posible que las politicas de
supresion del fuego hayan cambiado la percepcion del fuego y erosionado el
conocimiento del campesinado sobre su uso, al reprimirlo activa o pasivamente.
Hay ejemplos documentados de estas pérdidas de conocimiento del fuego en
otras partes del mundo, pero también ejemplos de cémo los usos y costumbres
fueron conservados, incluso desdela clandestinidad y a pesar de la prohibiciones
(Christianson, 2014; Huffman, 2013). Tampoco se ha evaluado el impacto que
han tenido en el uso y conocimiento del fuego fenémenos demograficos como
la migracién campesina a las ciudades, a otros paises, e incluso a otras regiones
ecologicas. En este sentido, el reparto agrario es un momento histdrico crucial,
pues durante esta etapa hubo un amplio desplazamiento de grupos campesinos
a regiones y climas totalmente diferentes a aquellas en donde aprendieron a
utilizar el fuego (Fulé y Covington, 1999).

El conocimiento sobre el manejo del fuego no es estdtico, asi que ademas
de conservarlo, los pueblos campesinos en su uso permanente del fuego lo
van adaptando, modificando y enriqueciendo. Bien adaptados y entendidos,
los sistemas de conocimiento de fuego pueden ser integrados a los planes
de manejo del fuego, como ha sucedido con algunos éxitos en Australia,
Estados Unidos y Canadé (Christianson, 2014). Pero sin una participacion e
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incorporacién de la visién y conocimientos del campesinado y comunidades
indigenas, se puede caer en planes y programas de manejo que no atienden
las necesidades reales del publico usuario del fuego (Fache y Moizo, 2015;
Gutiérrez-Navarro et al., 2017; Monzén-Alvarado et al., 2014). La apropiacién
o descontinuacién del conocimiento del fuego pasa por un complejo
entramado de consideraciones sociales, politicas, productivas y ecolégicas
ante las cuales los grupos campesinos deben tomar decisiones de manejo
adaptativo (Huffman, 2013; Jardel-Peldez-Peldez 2010; Martinez Torres
et al. 2016) que no siempre son compatibles con las politicas publicas que
promueven los gobiernos centrales.

Se ha senalado la investigacién del conocimiento local y usos tradicionales
del fuego como una prioridad de investigacion en México (Jardel-Peldez et
al., 2010). Si bien el estudio de algunos usos tradicionales del fuego en México
se remonta a la década de 1950, con los estudios de la agricultura itinerante
de Herndndez-Xolocotzi (Rodriguez-Trejo et al., 2011), atn falta mucho por
conocer y documentar sobre estas actividades. Quizd lo mds urgente sea la
documentacién misma de los conocimientos tradicionales que sustentan los
usos del fuego y la historia de dichos usos durante el siglo XX. Esto dltimo
es fundamental si consideramos que aun viven las personas mayores que
padecieron las politicas publicas que modificaron el manejo del fuego que
mencionamos en este trabajo. Otro acercamiento importante es conocer
la viabilidad y estabilidad de los conocimientos involucrados en el uso del
fuego y cémo han sido afectados por los cambios demograficos, culturales,
econémicos, politicos, ecoldgicos, de uso del suelo (Huffman, 2013).

Fallas en las politicas de supresion: ;Beneficios en el presente?

Las politicas publicas y leyes de supresion y combate de incendios forestales han
modificado de diferentes formas el papel del campesinado ante el fuego. Sin
embargo, también es necesario sefialar que la falta de presupuesto y los propios
intereses de los grupos campesinos han resultado en una aplicacién parcial de estas
politicas publicas en el territorio mexicano (Cedefio-Gilardi y Pérez-Salicrup, 2005).

La aplicacion parcial en las politicas de supresion del fuego en México quiza
representa ahora un beneficio, pues la supresién no llegé a impedir el uso
tradicional del fuego en algunos territorios, y tampoco derivé en modificaciones
en la calidad y cantidad de combustibles forestales, como si sucedié en otros
paises. Por ejemplo, en Estados Unidos, las politicas efectivas de supresion
provocaron una acumulacion atipica de combustibles forestales que, a su vez,
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derivé en incendios forestales de mayores magnitudes (Stephen y Ruth, 2005).
En México no se experimenté esa acumulacion exagerada de combustibles
forestales. Mds aun, pudo haber una reduccién en el tiempo de retorno entre
incendios forestales en el norte de México, posiblemente como efecto del
incremento de nuevos nticleos de poblacién rural creados a consecuencia
del reparto agrario (Fulé y Covington, 1999; Heyerdahl y Alvarado, 2003).
Por ello, se podria decir que los grupos campesinos han contribuido a evitar
la acumulacién de combustibles forestales y la subsecuente ocurrencia de
incendios forestales de alta magnitud en varios lugares de México.

Si el siglo XX fue marcado por las politicas de combate y supresion del
fuego, en inicios del siglo XXI se ha dado un mayor énfasis en promover el
concepto de manejo del fuego y de reintegrar este proceso de la mano de las
comunidades rurales (CONANP, 2011; Frausto y Landa, 2007; Jardel-Peldez,
2010). El manejo comunitario de los bosques, la integracion de la ecologia del
fuego, la participacion de las comunidades en el manejo del fuego, y el interés
y participacion ciudadana ante los incendios forestales son temas que estdn
cada vez mds en la agenda de las politicas publicas, aunque atin de manera
insuficiente (Frausto y Landa, 2007; Jardel-Peldez et al., 2010; Merino-Pérez
y Segura, 2002).

Mas alla de los grupos campesinos: Ciudadania ante los incendios forestales

A lo largo del siglo XX se experiment6 un cambio demogréfico importante
en México en las proporciones de poblacién rural y urbana. Hoy, el 77% vive
en entornos urbanos (INEGI, 2010). Esto tiene implicaciones importantes,
pues la poblacién urbana tiende a desconocer la problemdtica del sector
rural, a ver los incendios forestales como enemigos de los bosques, y a culpar
al campesinado de provocarlos. Para desarrollar politicas ptiblicas integrales
y funcionales, es necesario conocer la percepciéon que tienen los diferentes
sectores de la poblacién sobre los incendios forestales y como acttian ante
estos (McCaffrey, 2015). En especial, grupos de habitantes de la llamada
interfaz urbano forestal que cada vez son mds propensos a sufrir los efectos
del humo y del fuego de los incendios cercanos a las ciudades.

Si hablamos de la necesaria integracién campesina en la planeacién y toma de
decisiones en el manejo del fuego, también debemos involucrar a la poblacion
no rural. En ello desempefian un papel clave los nuevos actores del manejo del
fuego surgidos en los tltimos afios, como instituciones académicas, instancias
del gobierno federal como la Comisién Nacional Forestal y la Comisién
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Nacional de Areas Naturales Protegidas, y organizaciones de la sociedad civil
como el Fondo Mexicano para la Conservacion de la Naturaleza (Rodriguez-
Trejo et al., 2011). Esto representa un nuevo reto para el manejo del fuego,
pero sin duda una de las claves es la comunicacién y participacion ciudadana,
en donde el campesinado debe tener un papel protagénico (Jardel-Peldez,
2010). Al respecto, es necesario reconocer que el gobierno ha dado algunos
pasos en la direccién correcta, como la estrategia de uso del fuego en las
areas naturales protegidas y el interés de la CONAFOR por fomentar la
investigacion ecolégica del fuego, y de integrar a los sectores duefos de los
predios forestales en el manejo de este mismo (CONANP, 2011).

Conclusiones

Las politicas publicas relacionadas directamente con los incendios forestales,
y también aquellas asociadas a los sectores forestal y agropecuario en México,
modificaron la visién y comportamiento del campesinado ante los incendios
forestales y el uso del fuego en sus actividades productivas. El reparto agrario,
que dejo en manos del propio campesinado una proporcién importante del
territorio mexicano ysusbosques, ylas politicas que separaron el sector forestal
del sector agropecuario, modificé drasticamente la relacion de los grupos
campesinos con el fuego. Esto modificé algunas estrategias productivas, cre6
conflictos entre campesinado y gobierno, y alterd algunos usos tradicionales
del fuego y los conocimientos tradicionales asociados a estos.

Como consecuencia de las leyes y politicas publicas ya mencionadas, los
grupos campesinos adquirieron el doble papel como victimas y victimarios
ante los incendios forestales. Con los nuevos cambios, y la direccién hacia
el manejo integral del fuego, se han convertido en brigadistas de combate
de incendios forestales. Por ello, para avanzar hacia la implementacién de
politicas de manejo del fuego por parte de los sujetos duefios de los predios,
es fundamental incorporarlos al didlogo.

Si bien algunas politicas relacionadas con los incendios forestales ya empiezan
a considerar al campesinado e integrar al sector forestal y agropecuario, es
necesario debatir con mayor profundidad estos temas en la agenda nacional.
Esto puede incluir una mayor armonizacién de estos sectores que durante
muchos ainos han estado contrapuestos, y reconocer e incorporar el universo
de conocimientos tradicionales del uso del fuego de las comunidades rurales.

Es necesario poner en la agenda de las prioridades de investigacion el tema
de los incendios forestales, sus efectos sociales, los usos y conocimientos
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tradicionales del fuego, la adaptacion de las comunidades rurales y urbanas,
los problemas de las brigadas de incendios, y los efectos que sobre la
biodiversidad y el territorio ha tenido el campesinado que usa el fuego. Dicha
investigacion debe ser integral y abordada desde diferentes disciplinas que
consideren el papel del sector campesino como un actor clave en el tema de
los incendios forestales y la planeacién del manejo del fuego.
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Capitulo 6. Discusion general

El fuego en el socioecosistema es un fendmeno complejo y dinamico, y para comprenderlo
es conveniente un acercamiento integral desde diferentes perspectivas, que
tradicionalmente han sido la fisico-quimicos, la bioldgicos-ecologicos y socio-cultural. La
presente investigacion propone un acercamiento que considera un marco conceptual del
manejo del fuego integrado al manejo de socioecosistemas (Jardel 2010; Maass 2018) y es
una de las primeras investigaciones en México que aborda este tema desde dicho marco
conceptual. Este trabajo genera informacién y conocimiento que permiten entender y
analizar el uso y manejo del fuego que actualmente se lleva a cabo en el Area Natural
Protegida (ANP) Reserva de la Biosfera Mariposa Monarca (RBMM). El acercamiento
conceptual, metodoldgico y los resultados pueden ser aplicables y comparables para otros
socioecosistemas, incluyendo ANP, de México y de otras regiones del mundo.

Los resultados del capitulo 2, que buscé documentar qué antecedentes hay sobre el
fuego y manejo del fuego en la RBMM permitieron tener un panorama amplio del fuego en
esta ANP. Al igual que en la mayoria de las ANP del pais, la investigacién e informacion
generada sobre ecologia, uso y manejo del fuego para la RBMM es escasa (Jardel et al.
2010; Rodriguez-Trejo et al. 2011). Sin embargo, esta busqueda inicial de informacion
permitié identificar fuentes de datos y conocimiento no académico, como reportes y
bitdcoras de combate de incendios forestales, que fueron clave en el desarrollo de los
siguientes capitulos de este trabajo. También se encontré que el manejo del fuego en la
RBMM, al igual que lo reportado en trabajos previos en otras ANP y zonas forestales de
Meéxico, sigue influido por la vision de la supresién y combate de los incendios forestales
(Mathew 2003, 2005; Rodriguez-Trejo 2015; Gutiérrez-Navarro et al. 2017). Si bien, en
este primer acercamiento solo se consideraron los datos de incendios forestales para una
temporada de incendios, se pudo detectar la incongruencia entre la informacién reportada
oficialmente, sobre el tamafio, localizacion, intensidad y severidad, y la visita a sitios
guemados. Tanto la respuesta institucional a los incendios forestales como la
caracterizacion de los incendios de la RBMM fue abordada con mayor profundidad por

Cantu (2013), coautora del capitulo 2 de este trabajo, y fueron la base para el posterior
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seguimiento que se ha hecho a la caracterizacion de incendios forestales en esa ANP
(Pérez-Salicrup et al. 2016).

Este acercamiento a los incendios forestales y manejo el fuego en al RBMM
también evidencio el protagonismo de los brigadistas que previenen y combaten los
incendios forestales, cuya relevancia como grupo de actores locales clave se acrecentd
conforme avanzd esta investigacion. Un primer hallazgo fue documentar los diferentes
tipos de brigadas y sus diferencias laborales, asi como la relacion de las brigadas con los
habitantes rurales y otros actores locales del manejo del fuego. Dicha relacion tiene
implicaciones de fondo que llevé en capitulos posteriores a entender mejor la red de
relaciones y el papel de las brigadas en dicha red. También llevo a formular la idea del
doble papel del campesino como brigadista y como usuario del fuego (Martinez-Torres y
Pérez-Salicrup 2018) y de la importancia del conocimiento empirico del uso del fuego en el
posterior desempefio de las brigadas de ejidos y comunidades, asi como en las
institucionales (Martinez-Torres et al. 2018). A pesar de su importante papel en el manejo
del fuego, la investigacion en relacion directa con los brigadistas de incendios forestales ha
sido escasa en México. El unico antecedente publicado es el trabajo de Rodriguez-Trejo et
al. (2006) sobre el perfil de los combatientes de incendios forestales en México. Pero
incluso en dicho trabajo s6lo se abordan a los brigadistas de la Comisién Nacional Forestal
(CONAFOR) quienes son los mejor equipados, capacitados y con mejores condiciones
laborales para el combate de incendios como también lo confirman los resultados del
capitulo 2 de este trabajo (Martinez-Torres et al. 2015). Sin embargo, los brigadistas de
CONAFOR representaron apenas el 21% de los "dias-hombre™ aplicados en el combate de
incendios en el 2016 (CONAFOR 2016). El resto son brigadistas de otras dependencias
federales, estatales y municipales, pero también campesinos de ejidos y comunidades que
tienen pocos recursos para enfrentarse a los incendios forestales, arriesgando su vida en
ello. Es fundamental reconocer y abordar el papel de los brigadistas y los impactos a su
salud como ya se hace en otros paises (Fache y Moizo 2015; Rodriguez 2006; uno de salud)

El capitulo 3 se centr6 en caracterizar a los usuarios del fuego, los usos del fuego en
actividades productivas y los factores ecoldgicos y sociales considerados en dichos usos del
fuego. A pesar de la predominancia de la supresion y combate de incendios forestales en la

RBMM (Cantu 2013; Martinez-Torres et al. 2015), se encontraron elementos que apoyan la
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existencia de un sistema tradicional de conocimiento del fuego (STCF, propuestos por
Huffman 2013), en las comunidades campesinas de la RBMM (Martinez-Torres et al.
2016). Identificado como "extraer-apilar-secar-quemar™ por el tipo de actividades que se
Ilevan a cabo para preparar la quema (Martinez-Torres et al. 2016), este STCF se suma a la
documentacién de los usos tradicionales del fuego en México. Aungue uno de los usos del
fuego en la RBMM es llamado "roza™ y algunos entrevistados llegaron a mencionar
actividades de Roza-Tumba-Quema en esta ANP, es claro que no se trata de un uso del
fuego relacionado con la agricultura itinerante, como los descritos para ecosistemas
tropicales, (Hernandez-Xolocotzi 1959; Alcorn 1981; Gomez-Pompa y Kaus 1992; Levy y
Aguirre 2000; Monzén-Alvarado et al. 2014).

Una contribuciébn novedosa de esta investigacion son resultados de la
caracterizacion de los usuarios del fuego y las consecuencias sociales de las quemas que
Ilevan a cabo, pues la mayoria de los estudios hechos en México para este tema han puesto
su énfasis en la forma de uso del fuego y sus consecuencias ecoldgicas, dejando de lado a
los actores involucrados. Los resultados de esta investigacion reconocen que la cooperacion
y organizacion de las familias y comunidades en la RBMM es todavia importante, a pesar
del deterioro en las instituciones comunitarias agravado por la imposicion de esta ANP
desde la década de 1980 (Merino y Herndndez 2004; Honey-Rosés 2009). Son estos
usuarios del fuego quienes a pesar de las politicas de supresién e incluso criminalizacion
del uso del fuego durante el siglo XX (Mathews 2003) siguen conservando un STCF. Sin
embargo, también se encontraron elementos que pueden llevar a pensar en una fuerte
influencia de la vision occidentalizada del manejo del fuego sobre las visiones indigenas y
rurales del fuego. Por ejemplo el énfasis en la preocupacion por generar incendios
forestales o la pedida del uso de fuego dentro del bosque para fomentar especies de hongos
comestibles (Martinez-Torres et al. 2016). En algunos casos la imposicién de la vision
occidental sobre los usuarios tradicionales del fuego ha tenido efectos negativos sobre las
actitudes y conocimiento tradicional del fuego (Mathew 2003; Raish et al. 2005; Rodriguez
2006; Fache y Moizo 2015; Gutiérrez-Navarro et al. 2017). En otros casos, se ha generado
un debate sobre la importancia y necesidad de incorporar otras visiones y conocimientos al
discurso occidental del manejo del fuego generando sinergias que repercuten positivamente
en el manejo del fuego (Kull 2002; Raish et al. 2005; Lake et al. 2017).
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Se encontrd un importante cuerpo de consideraciones ecologicas y sociales que los
usuarios del fuego han desarrollado y adaptado de acuerdo a sus propias necesidades y sus
contextos familiares, comunitarios y ambientales. Por ejemplo, la llegada del pasto invasor
Pennisetum clandestinum, hace 30 afios aproximadamente, ha generado una estrategia de
division de trabajo para poder extraerlo y quemarlo para eliminarlo adecuadamente del
campo de cultivo (Martinez-Torres et al. 2016). Esto es un buen ejemplo de manejo
adaptativo en el STCF, el cual como mencionan Lake et al. (2017) es fundamental en
comunidades rurales tradicionales, como estrategia para conservar sus formas de vida.

A la luz de los resultados de esta investigacion, se puede pensar que adn existe una
gran cantidad de STCF sin identificar en aquellas regiones en donde existe una alta
presencia de comunidades campesinas que utilizan el fuego e que interactdan con sus
ecosistemas forestales. Para abordarlos sera necesario entender cada contexto
socioecosistemico particular, los objetivos que buscan los usuarios asi como el propio perfil
de quienes hacen uso del fuego y con ello ir construyendo un mejor entendimiento del uso
del fuego. En un pais mega biodiverso y mega cultural como México (Toledo y Barrera-
Bassols 2008) y con una cosmovisién mesoamericana tan relacionada con el elemento
fuego (LOpez-Austin 1985), es de esperar una amplia riqgueza de STCF por descubrir,
documentar, explicar e integrar al manejo forestal y manejo de los ecosistemas de este pais.

En el capitulo 4 se describe y analiza quiénes son y como se relacionan los actores
locales clave del manejo del fuego en la RBMM, asi como su percepcion, ideas y conceptos
sobre este tema. Si bien el trabajo de Cantu (2013) sobre la respuesta institucional ante los
incendios forestales en la RBMM muestra la relacion entre actores para la prevencion,
combate y restauracion en el manejo del fuego, en el presente trabajo se busca ir méas all&
del discurso oficial y las relaciones formales entre las instituciones. Para ello se abordé el
manejo del fuego desde la teoria de redes sociales, lo que permitié identificar la
importancia del contexto socioecositemico particular de la RBMM vy de las relaciones de
confianza entre actores, lo cual como se ha encontrado en otros trabajos es fundamental en
el manejo del fuego y eventual mitigacion de riesgos para las comunidades (Schulte y
Miller 2010; Diaz et al. 2015). En algunos paises, particularmente en Estados Unidos,
Australia y algunos paises del Mediterraneo, hay una revalorizacion de la importancia de

las redes de actores para la comunicacion, planeacion, prevencion, reaccion y restauracion
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ante los incendios forestales (McCaffrey 2015; Toman et al. 2006). Estos actores, muchas
veces ciudadanos sin conocimientos del fuego, pueden llegar a ser muy activos ante la
prevencion y mitigacion de riesgo a incendios forestales, rebasando incluso las atribuciones
de las instituciones especializadas en el manejo del fuego (Toman et al. 2006).

Considerar la opinion y percepcion del manejo del fuego por los actores locales
clave que lo hacen posible, busca la reinterpretacion, discusion o ampliacion de los
conceptos e ideas que se han propuesto hasta ahora. De acuerdo a los resultados del analisis
cualitativo de las entrevistas a actores locales clave, se pudo construir un concepto sobre lo
que es el manejo del fuego en la RBMM. Este consiste en "conjunto de actividades
desarrolladas por los actores locales clave para prevenir, combatir, usar y entender el fuego
en un contexto temporal, espacial, social y ambiental, el cual a su vez, determina el
comportamiento del fuego, los regimenes de fuego actuales y el conocimiento que los
propios actores locales puede tener y utilizar sobre este fendmeno a corto, mediano y largo
plazo™ (Martinez-Torres et al. 2018).

De la definicién anterior del manejo del fuego en la RBMM se desprende que los
actores locales entienden el manejo del fuego como un conjunto de acciones concretas que
ellos mismos llevan acabo de acuerdo a sus propios intereses personales e institucionales.
Dichas actividades incluyen bajo diferentes ideas, por ejemplo, las intervenciones técnicas,
institucionales y comunicativas que menciona Jardel (2010) y las acciones dirigidas a la
prevencion, educacion, legislacion, supresion y uso del fuego que menciona Myers (2006).
También incluye una estrecha relacion entre los aspectos temporales, espaciales, sociales y
ambientales en el uso y manejo del fuego, como ha sido sostenido en otros trabajos (Mbow
et al. 2000; Huffman 2010; Jardel 2010). Dichos aspectos se conjugan para entender el
comportamiento del fuego en el corto, mediano y largo plazo. Cabe destacar que la
consideracién del tiempo en la RBMM depende de aspectos relacionados con las
actividades productivas, los tiempos de la administracion publica, la permanencia en los
puestos de trabajo, entre otros que afectan a los actores locales. EI comportamiento del
fuego esta muy relacionado con las unidades de paisaje que identifican los propios actores
locales y qué, por ejemplo, también esta detras del concepto de camas de combustibles de
Ottmar et al. (2007) para explicar el ambiente del fuego. También es destacable que los

actores locales clave identificaron practicamente todos los elementos que componen los
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regimenes de fuego (Agee 1993; Jardel 2010), utilizando sus propias ideas y en ocasiones
Ilaméndolos de otra manera. También se debe mencionar que muchas veces estos conceptos
no son siempre iguales entre los distintos actores y a veces no estan integrados unos con
otros en el momento de la planeacion del manejo del fuego.

El capitulo 5 de esta tesis busca proponer una reflexién de las implicaciones que han
tenido las politicas publicas relacionadas con el manejo del fuego en los campesinos de
México. Se propone una serie de consecuencias que han tenido las leyes y politicas
publicas relacionadas directamente e indirectamente con el manejo del fuego sobre los
campesinos como la de ser forzados a convertirse en brigadistas de combate de incendios
forestales de facto. En ese sentido, es comun encontrar que, a nivel local en zonas rurales
forestales, muchos brigadistas de instituciones gubernamentales también sean campesinos y
como tales se convierten en una especie de mediadores entre las comunidades a las que
pertenecen y el gobierno. Los campesinos, como habitantes de las comunidades rurales y
relacionados con las actividades productivas primarias, fueron considerados desde un inicio
bajo la premisa de que estos han sido sefialados como los principales culpables de iniciar
incendios forestales (CONAFOR 2016) y ser los principales usuarios del fuego (Huffman
2010; Rodriguez-Trejo et al. 2011; Monzén-Alvarado et al. 2014). La informacion arrojada
por esta investigacion hace énfasis en su papel activo como generadores y transmisores de
conocimiento del fuego (Martinez-Torres et al. 2016). Con ello se muestra que a pesar de la
vision de supresion y desaliento del uso del fuego que predominaron en la politica publica
de México durante el siglo XX (Mathews 2003, 2005; Rodriguez-Trejo 2015) y otras
politicas relacionadas con el sector agropecuario y forestal (Warman 2001; Merino 2004),
el uso tradicional del fuego ha sobrevivido en el ambito rural.

El hecho de que los campesinos sean sefialados como los principales generadores de
incendios forestales del pais, causando 3200 incendios en promedio por afio considerando
los datos oficiales de la CONAFOR (2016), ya sea por descuido o negligencia en el uso del
fuego en actividades agropecuarias, los coloca en una posicién delicada ante la legislacion
forestal que criminaliza los incendios provocados intencionalmente. Por otro lado la
cantidad de campesinos que utilizan fuego, la cual es muy dificil de cuantificar,

considerando y siguiendo una serie de normas locales gracias a su conocimiento del
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comportamiento del fuego como es el caso de muchos en la RBMM (Martinez-Torres et al.
2016) pueden estar evitando y previniendo incendios forestales.

Ademas de las politicas publicas y leyes relacionadas directamente con el manejo
del fuego y del sector forestal de Meéxico, se consideraron otras leyes que afectaron
principalmente el sector rural. En ese sentido se eligié la publicacién de constitucion
politica mexicana de 1917, emanada de una guerra civil con una fuerte carga de
reivindicacion agraria, como punto de inflexion en el manejo del fuego en México. Con ello
se propone que ademas de las repercusiones sobre el enfoque del manejo del fuego
orientado la supresion y combate de incendios y en general relacion humano-fuego que
tuvo la Revolucion Industrial en el contexto global (Seijo y Gray 2012; Pausas y Keeley
2009) en México la Revolucién Mexicana juega un papel particular. Pocas investigaciones
han profundizado en este tema y en como las politicas de reparto agrario y bosques han
modificado los usos del fuego y los regimenes de incendios en México. Para profundizar al
respecto es importante la revaloracion y atencion a las necesidades de los campesinos,
indigenas y no indigenas, ante el uso y manejo del fuego y considerar a dichos actores en
las prioridades investigacion, planeacion y formulacién de politicas publicas del manejo del
fuego en México (Jardel et al. 2010; Rodriguez-Trejo et al. 2011).

Implicaciones para el uso y manejo del fuego

A partir de los resultados de esta investigacion, se ha discutido como algunos
elementos del conocimiento local pueden contribuir a la valoracion y planeacién del uso y
manejo del fuego. EI enfoque del manejo del fuego integrado al manejo de
socioecosistemas y los métodos utilizados en esta investigacion puede ayudar a abordar este
tema en otros territorios de México y el mundo, en especial de América Latina. Para ello es
necesario reconocer que a pesar de los esfuerzos de algunas instituciones de gobierno,
universidades y organizaciones de la sociedad civil por fomentar el nuevo enfoque del
manejo del fuego (Frausto y Landa 2009; Jardel 2010; CONANP 2011; Rodriguez-Trejo et
al. 2011) este sigue sin alcanzar a todos los actores involucrados en este tema. No es
suficiente que los investigadores desarrollen conocimiento sobre el fuego e incendios
forestales, también es necesario su difusion entre todos los actores involucrados
directamente y en la poblacion general (Murdiyarso et al. 2004). Pero sobretodo, es

necesario que se escuche y considere a todos los actores involucrados en el uso y manejo
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del fuego y como ellos los perciben desde su realidad socio-ecoldgica (Huffman 2013;
Burtz y Bright 2014; Monzon-Alvarado et al. 2014). Con ello se podran generar estrategias
adecuadas de manejo del fuego basadas en nuestro mejor entendimiento de las condiciones
y procesos ecoldgicos y sociales especificos de diferentes regiones del pais (Gonzalez-
Caban y Sandberg 1989; Jardel 2010). En ese sentido, el presente trabajo de investigacion
aporta elementos con el animo de que lleven a valorar en su justa dimension el uso
tradicional del fuego que hacen los campesinos y a aspirar a un verdadero manejo integral e
integrado del fuego al manejo de socioecosistemas.

Histéricamente, al menos en los ultimos 100 afios, las politicas de manejo del fuego
que se han implementado en México tienen una alta influencia de los que se desarrolla en
otros paises como Estados Unidos y Canada (Rodriguez-Trejo 2015). Algunas han
resultado exitosas pero otras chocan con la realidad mexicana con sus particularidades. En
términos generales la aproximacion o modelo disciplinario que influyd fuertemente en el
enfoque de supresion y combate fue importado de fuera hacia México desde inicios del
siglo XX. Para finales del mismo siglo surgieron algunos grupos de investigacion que
desarrollaron e impulsaron el enfogue de manejo ecolégico del fuego (Sanchez-Cérdova y
Dietrich 1983; Sanchez-Cordova y Zerecero-Leal 1983; Jardel et al. 2004; Rodriguez-Trejo
et al. 2011). Poco a poco en los inicios del siglo XXI ha crecido el interés del modelo
disciplinario cultural-social y algunas voces desde la academia, sociedad civil organizada e
incluso del gobierno ya hablan de transitar a un enfoque de manejo del fuego integrado a
socioecositemas (Frausto y Landa 2009; CONANP 2011). Este ultimo, como marco
conceptual bien puede beneficiarse de la investigacion, visiones y propuestas que surjan de
paises y regiones como México y Latinoamérica, fuera de los paises y regiones que han
marcado la pauta de la investigacion hasta ahora como Estados Unidos, Australia y Europa
Occidental.

En algunas regiones, el reconocimiento e incorporacion del conocimiento
tradicional del fuego de grupos indigenas ha ayudado a la ciencia occidental a entender
procesos ecoldgicos y explicar el comportamiento del fuego (Bilbao et al. 2010; Lake et al.
2017). En México es momento de rescatar ese conocimiento, pasando por su descripcion
pero también por su incorporacion en las leyes y politicas publicas. En ese sentido la

CONANP si considera la incorporacion de los intereses de los actores locales en el uso del
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fuego dentro de las ANP (CONANP 2011), al menos en el papel pues en la practica son
muy pocas las ANP que cuentan con un plan de manejo del fuego que tenga un enfoque
socioecosistemico. Por lo pronto para la RBMM se cuenta con una descripcion de los usos
tradicionales del fuego enfocado a actividades productivas derivado de la presente
investigacion (Martinez-Torres et al. 2016). Sin embargo, lejos de ser exhaustivo, ain hay
preguntas sobre los usos tradicionales del fuego en la RBMM que se deben abordar con
mayor profundidad, por ejemplo cdmo fueron los usos del fuego en el pasado, qué impacto
han tenido las politicas de conservacion en la percepcion de los incendios forestales, cual es
la cosmovision de las comunidades mazahuas y otomies sobre el fuego, entre otras.

La reciente Ley General de Desarrollo Forestal sustentable (LGDFS, 2018)
incorpora el concepto de manejo del fuego, el cual debe tener un enfoque ecolégico y
participacion social, sin embargo no reconoce la diversidad de usos del fuego en el pais. De
hecho la NOM-015 (DOF 2009) que regula el uso del fuego es demasiado estricta en sus
consideraciones para hacer uso del fuego, algunas de ellas imprécticas para los campesinos
como el llenado de formatos para dar aviso a las autoridades o el establecimiento de
horarios para quemar que no se ajustan a las necesidades de todos los campesinos. Al
respecto Monzoén-Alvarado et al. (2014) encuentran que los horarios y fechas para hacer
guemas segun el calendario oficial en la region de Calakmul no corresponde a las
condiciones que necesitan los campesinos para hacer sus quemas. Convendria en ese
sentido incorporar algo del espiritu de manejo adaptativo, como el encontrado para el STCF
y el manejo del fuego de los actores locales en la RBMM, que a través de la negociacion y
acuerdos formales y no formales son capaces de llevar a cabo sus diferentes objetivos.

La legislacién y los programas de manejo del fuego deben reconocer y ser méas
comprensivas e incluyentes con las variedad de tipos de brigadas que atienden el manejo
del fuego. Empezando quiza por cambiar su nombre de brigadas de prevencion y combate
de incendios, a brigadas de manejo del fuego, como se sugiere en este trabajo (Martinez-
Torres et al. 2018). Es necesario ampliar la idea de las brigadas a otros actores sociales, que
de hecho muchas veces ejercen como brigadistas para poder acotar en forma sus
capacidades y funciones. No solo los campesinos-brigadistas como se plantea en el
capitulo 5 de este trabajo (Martinez-Torres y Pérez-Salicrup 2018), que participan en

brigadas ejidades y comunales para atender los incendios en sus bosques (Sheridan et al.
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2015; Martinez-Torres et al. 2015), también avecindados, posesionarios, policias y
bomberos urbanos y otros habitantes rurales y urbanos que son afectados por incendios
forestales e incluso son reconocidos como actores locales clave en el capitulo 4 de este
trabajo (Martinez-Torres et al. 2018).

Al apreciar las brigadas desde una visién mas amplia se puede fomentar un dialogo
e intercambio de experiencias desde diferentes visiones del fuego (Bilbao et al. 2010),
aungue también existe el peligro de que se imponga la vision occidentalizada del manejo
del fuego (Fache y Moizo 2015; Gutiérrez-Navarro et al. 2017). Al ser conscientes de estas
implicaciones se puede promover un intercambio real de objetivos, conocimientos
empiricos, técnicos, e intereses de los diferentes actores. La idea de las brigadas de manejo
del fuego puede incluir, objetivos diferentes al combate de incendios. Por ejemplo brigadas
especializadas en divulgacion de informacion para la prevencion y mitigacion de incendios
forestales con especialistas en comunicacién ambiental y en incendios. Otras brigadas de
verificacion y caracterizacion de sitios quemados en donde grupos de la academia pudieran
coordinar funcionarios gubernamentales y brigadistas de incendios para fines de
investigacion (Cantu 2013). Este tipo de brigadas, en donde participen grupos de la
academia y otros actores locales podrian incluso incorporarse al monitoreo a largo plazo de
los incendios forestales en las ANP (Maass et al. 2010).

Con la informacién documentada en la presente investigacion sobre antecedentes de
fuego y manejo del fuego en la RBMM en el capitulo 2 (Martinez-Torres et al. 2015), el
sistema tradicional de conocimiento del fuego en el capitulo 3 (Martinez-Torres et al.
2016); la perspectiva de los actores locales clave en el manejo del fuego en el capitulo 4
(Martinez-Torres et al. 2018), y la reflexion sobre las consecuencias de las politicas
publicas a los campesinos en el capitulo 5 (Martinez-Torres y Pérez-Salicrup 2018) y otras
publicaciones generadas en el proyecto "Efecto de perturbaciones naturales y humanas en
bosques de coniferas de la RBMM: implicaciones para el manejo del fuego™ (Cantu 2013;
Pérez-Salicup et al. 2016), es posible asegurar que existen elementos para avanzar hacia el

manejo del fuego integrado al manejo de socioecosistemas en la RBMM.
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