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RESUMEN

En este estudio se analizaron: (1) la capacidad de conservacion de la biodiversidad de los
sistemas agroforestales (SAF) de la region del Valle de Tehuacan Cuicatlan (VTC), México, (2)
su contribucion a la satisfaccion de necesidades de las familias que los manejan, (3) los motivos
culturales y sociales para la conservacion de esta diversidad y las practicas de manejo
involucradas en lograrlo, (4) las probleméticas que enfrentan estos sistemas asi como los riesgos
de poner en peligro su capacidad de conservacion.

Se trabajo en seis comunidades del VTC, cuatro de ellas son comunidades indigenas,
Coyomeapan y Axusco son de origen nahuatl, mientras que en Ixcatlan son ixcatecos y en San
Lorenzo Papalo son cuicatecos, las otras dos comunidades son mestizas con origenes indigenas,

Santiago Quiotepec, de origen cuicateco y Zapotitlan Salinas de origen mixteco.

Se estudiaron los SAF de la parte montafiosa, donde se encuentran los bosques templados, y los
SAF de los valles aluviales, donde se localizan los sistemas agricolas mas intensivos de la
region. Se evaluo6 la riqueza, diversidad y composicion de especies de plantas perennes que se
mantienen en los SAF a través de muestreos de vegetacion (de 500 m? cada uno) en 29 parcelas
agricolas, los resultados se compararon con muestreos de vegetacion de los bosques naturales
circundantes (27 parcelas de 500 m? cada una). Mediante entrevistas, se documentaron las
practicas de manejo de la vegetacion mantenida en los SAF, asi como las practicas agroforestales
y el manejo del sistema, las razones por las cuales las personas deciden mantener arboles y
arbustos dentro de los sistemas productivos, y los factores que influyen en los cambios en las
decisiones que favorecen la intensificacion agricola. Los resultados del presente estudio se
compararon y complementaron con lo documentado por otros estudios realizados en la franja

arida del Valle. Con ello se aspir6 a contar con un panorama regional de los SAF.

Los resultados mas importantes de este trabajo son: En los SAF de los bosques templados, se
registraron un total de 79 especies de arboles y arbustos, 86% de los cuales son especies nativas
y representan el 43% de todas las especies de arboles y arbustos registrados en el muestreo de los
bosques silvestres de los que derivan. Las razones por las cuales la gente decide mantener una
cobertura vegetal se relacionaron mas frecuentemente con su uso, para la obtencion de frutos y

lefia, con beneficios como la sombra, también con razones estéticas como la belleza, y con



aspectos éticos como el respeto a la naturaleza. Los principales factores que se identificaron que
influyen en las caracteristicas de los SAF fueron, la disponibilidad de agua para el riego, la
tenencia de la tierra, el grado de dependencia a la agricultura y la importancia de los bosques
para la obtencién de recursos para la subsistencia de la gente.

En los SAF de los valles aluviales se registraron 66 especies de arboles y arbustos, de los cuales
el 81% son especies nativas y representan el 38% de las especies de plantas perennes registradas
en los bosques asociados muestreados. En todos los sitios estudiados de esta parte del VTC, las
personas combinan practicas agricolas tradicionales e intensivas. De acuerdo con las entrevistas,
las razones para el mantenimiento de arbustos y arboles en los SAF son en orden de importancia:
la belleza y la provision de sombra, el suministro de frutas, la proteccidn contra el viento fuerte,

y favoreciendo la retencion de agua y suelo.

Integrando los estudios realizados en todo el VTC se encontré que los SAF mantienen en
promedio 70 especies de arboles y arbustos, siendo el 88% nativos, manteniendo en promedio el
45 % de la vegetacion natural. Se identificaron cinco practicas agroforestales principales, siendo
la més frecuente y extendida las cercas vivas. Se enlistaron 25 distintas razones para mantener la
vegetacion, incluyendo criterios utilitarios, los asociados a beneficios ecosistémicos y razones
éticas. Los resultados permitieron concluir que los SAF del VTC son importantes reservorios de

biodiversidad y el patrimonio biocultural y deben ser claves para las politicas de conservacion.



ABSTRACT

The Tehuacan Cuicatlan Valley (TCV) is a region where human presence is more than 12,000
years old, with records of early agriculture about 9000 years old. Agroforestry Systems (AFS)
have accompanied agricultural practices since its origins. AFS are valuable alternatives for
designing production systems concerning benefits provision with conservation of biodiversity
and ecosystem services. In this study we analyzed: (1) the biodiversity conservation capacity of
AFS at regional scale in the TCV, (2) the role of AFS in satisfying needs of people managing
them, (3) the human cultural motives for conserving such diversity and management actions

involved to achieve that purpose, and (4) problems endangering that capacity.

We analyzed AFS of the lowland alluvial valleys, the most intensive the agricultural systems in
region, as well as in the temperate highlands. We evaluated the richness and diversity of
perennial plant species maintained in AFS through vegetation sampling of 29 agricultural plots
and compared their composition with that of natural forests (27 plots of 500 m? each). We
examined the situations among communities of Nahuatl, Ixcateca, Cuicateca and mestizo people,
documenting through interviews the management practices of plant species and the whole
system, reasons why people maintain vegetation cover within AFS, and factors influencing
changes in decisions favoring agriculture intensification. With this information we constructed a
management intensity index compared among plots and villages. We compared the results of this
study with in the arid fringe of the region in order to have a more complete panorama of AFS of
the region.

In the AFS in temperate highlands studied, we recorded 79 species of trees and shrubs, 86% of
them being native species and representing 43% of all species of trees and shrubs recorded in the
sampling of the natural forests the AFS derive from. People leave standing on average a total of
40 individual trees and shrubs per agricultural plot. Reasons for leave plant species standing
were more frequently associated with their use as fruit trees, firewood, shade, beauty, respect to
nature and other environmental benefits. Water availability for irrigation, land tenure, and
dependence on agriculture and forest for peasant’s subsistence were main decision factors
influencing AFS variation in their composition. In the AFS of the alluvial valleys we recorded 66

species of trees and shrubs in the AFS studied, 81% of them being native species that represent



38% of the perennial plant species recorded in forests sampled. Land tenure and institutions vary
among sites but do not influence the vegetation cover in AFS. Plant diversity decreased
according to management intensity. In all studied sites people combine traditional and intensive
agricultural practices. Main agroforestry practices are ground terraces and borders surrounding
AFS plots where vegetation is maintained. According to people, the reasons for maintaining
shrubs and trees in AFS were, in order of importance, beauty and shade provision (14% of
people), fruit provision (7%), protection against strong wind, and favouring water and soil

retention.

AFS in TCV are important reservoirs of biodiversity and biocultural heritage and should be
keystones for conservation policies, where there is available information on plant species and
local techniques potentially useful for such purposes in a regional program of biodiversity
conservation considering AFS as keystone.
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INTRODUCCION GENERAL

La creciente demanda de alimentos asociada al crecimiento de la poblacion humana a nivel
mundial y a patrones de consumo excesivos e insostenibles, que predominan en las sociedades
industriales contemporéaneas, han planteado un dilema entre la produccién de alimentos y la
conservacion de los ecosistemas y su biodiversidad (Lappe et al., 1998; Altieri y Rosset, 1999;
Brussaard et al., 2010). Sin embargo, como se discute méas adelante y a traves de los textos que
componen esta tesis, tal dilema es cuestionable, debido a que es necesario considerar elementos y
modelos alternativos a los sistemas de produccion hegemonicos. Desde los afios 60’s y70’s, con
el impulso de la Revolucién Verde, en México se ha buscado aumentar la produccién del campo
mediante la agricultura intensiva, mecanizada, con grandes extensiones de monocultivos y una
alta dependencia de insumos externos (Rosset y Altieri, 1997; Altieri y Nicholls, 2000). Sin
embargo, este modelo no ha sido capaz de solucionar el problema de la produccion suficiente de
alimentos asi como de otras materias primas para la industria, tampoco ha logrado apuntalar
formas sostenibles de desarrollo, ni ha logrado resolver el gran problema de la pobreza rural

(Astier, 1994; Altieri y Toledo, 2011).

Al mismo tiempo que el modelo de produccion intensiva se ha expandido, se ha documentado la
pérdida de biodiversidad debido principalmente a la pérdida de habitat, en buena medida
asociada al crecimiento de areas agro-pecuarias y la sobreexplotacion de los recursos naturales,
el gran impacto de las compafiias mineras y petroleras, la expansién urbana y como consecuencia
de ello, la fragmentacion del paisaje (Bawa et al., 2004; MA, 2005; DeClerck et al., 2010).
Alrededor de 13 millones de hectareas de bosques fueron destruidas cada afio entre 2000 y 2010
(FAO, 2005; Frey et al., 2010), siendo el principal motor de cambio la expansion de la frontera

agricola (Gibbs et al., 2010).



En contraste, es pertinente mencionar que aunque hoy en dia existe suficiente produccion para
alimentar adecuadamente a la poblacion mundial, el mundo padece de grandes problemas en este
rubro. De los més de 7,000 millones de habitantes que poblamos el planeta, cerca de 900
millones se encuentran en estado de desnutricion severa, otros 1000 millones tienen deficiencias
en la incorporacion de micronutrientes esenciales y aproximadamente 1000 millones tienen
problemas de sobrepeso, mientras que 500 millones padecen problemas severos de obesidad
(OMS, 2013). A ello habria que agregar que hoy en dia cerca del 30% de la produccion agricola
mundial se desperdicia o se pierde por problemas asociados al almacenamiento y procesos de
distribucion. Por lo que nos encontramos en una situacion en la que se mantienen grandes
problemas de inseguridad alimentaria, no resueltos no obstante que la produccion agricola es mas
que suficiente para atenderlos y, sin embargo, el cambio de habitats naturales y pérdida de

biodiversidad siguen en aumento (Brussaard et al., 2010).

El panorama anterior impone un replanteamiento acerca de la ruta seguida por el modelo de
produccion hegemonico, la busqueda de perspectivas distintas y retos gigantescos para la ciencia
y la sociedad contemporanea. En particular, los cuestionamientos y retos pueden dirigirse a
lograr: (1) la seguridad y suficiencia alimentaria a nivel local, regional y global, (2) la
conservacion de los ecosistemas y la biodiversidad. Por ello, hay grandes esfuerzos en sectores
académicos y diversos grupos sociales y culturales en la busqueda de principios, disefio y
construccién de sistemas en los que esas dos metas no sean contrapuestas y encontrar estrategias
de integracion y conciliacion entre la produccion y la conservacion (Rosset y Altieri, 1997; Jose,
2012). Para ello es necesario conocer las multiples experiencias que han desarrollado distintos
sectores de la sociedad, como lo son algunas practicas tradicionales que muestran que es posible

la coexistencia de practicas productivas y la conservacion de biodiversidad (Altieri, 1991,
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Toledo et al.,, 2003). También son importantes los esfuerzos técnicos actuales que han
desarrollado herramientas y tecnologias para mejorar la produccion en campo con medidas
menos dafiinas para el medio (Grau et al., 2013), conformando en su conjunto propuestas

integradoras (Altieri y Toledo, 2011).

Sistemas Agroforestales

La conciliacion de los propositos productivos y de conservacion encuentra en la agroecologia un
soporte fundamental. Esta es una disciplina cientifica que provee bases ecoldgicas para la
conservacion de la biodiversidad en la agricultura, promueve el desarrollo rural recuperando el
conocimiento local y aportando nuevas técnicas (Krishnamurthy y Avila, 1999). Su principal
enfoque consiste en considerar de manera integral los componentes y funciones de los sistemas
agricolas desde una perspectiva ecosistémica. Dentro de la agroecologia, los sistemas
agroforestales (SAF) han sido estudiados reconociendo el alto potencial para conciliar las metas
de la produccién y la conservacién de biodiversidad y de funciones ecosistémicas (Noble y

Dirzo, 1997; Altieri y Nicholls, 2000; Perfecto y Vandermeer, 2008).

Los SAF integran elementos de la vegetacion natural dentro del sistema agricola. Por lo tanto,
son sistemas que incluyen componentes agricolas (plantas domesticadas) y componentes
forestales (plantas silvestres, arvenses, ruderales y semi-domesticadas), que se manejan y valoran
dentro del sistema productivo (Casas et al., 1997; Moreno-Calles et al., 2014). Frecuentemente
se consideran los elementos forestales lefiosos dentro de estos sistemas, pero en realidad pueden
incluirse también los elementos herbaceos, asi como otros grupos taxonémicos como animales y
hongos. Resultando en un manejo de la biodiversidad silvestre y domesticada en un sentido

amplio (Moreno-Calles et al., 2014). En estos sistemas los componentes son manejados en una

11



complejidad temporal y espacial, que en conjunto constituyen un enfoque integral del uso de la

tierra (Krishnamurthy y Avila, 1999; Sinclair, 1999; ICRAF, 2000; Schroth et al., 2004).

Las précticas agroforestales pueden apreciarse en sistemas como los huertos caseros o solares, de
los que existe una gran diversidad de expresiones en todo el mundo (Torquebiau, 1992; Kumar y
Nair, 2004; Montagnini, 2006; Pulido et al., 2008). También se aprecian en diversos sistemas de
roza, tumba y quema, y en sistemas que involucran cultivos en rotacion. Numerosos sistemas de
temporal, de riego, en valles o en pendientes con terrazas pueden incluir manchones de
vegetacion, arboles aislados o en conjuntos al interior de la parcela o formando cercos vivos.
Todos ellos son SAF. Diferentes estudios han mostrado que estos sistemas son capaces de
combinar una alta diversidad de recursos y propdésitos productivos, al mismo tiempo que
favorecen el mantenimiento de especies de los ecosistemas originales o de los SAF vecinos. Por
lo tanto, pueden incrementar los beneficios sociales, econdmicos y ambientales del sistema, méas
alla de lo que redittan los componentes agricolas (ICRAF, 2000; Bhagwat et al., 2008; Moreno-

Calles et al., 2010).

Existen evidencias de practicas agroforestales desde los inicios de la agricultura (Gordon y
Newman, 1998). Los SAF son expresiones de las etapas tempranas de coexistencia de elementos
agricolas dentro de los contextos forestales (Casas et al., 1997). Por ello, son el resultado de
siglos de relacion del hombre con la naturaleza, con un conocimiento acumulado que se ha ido
incorporando a activos procesos de innovacion tecnoldgica al paso de los afios, y por ello son
sistemas que tienen una importancia cultural y ecoldgica milenaria (Altieri y Toledo, 2005;
McNeely y Schroth, 2006; Nabhan, 2007). Al mismo tiempo son practicas vivas, es decir, se
siguen realizando manteniéndose como espacios de creacion e innovacion continua (Moreno-

Calles et al., 2014).
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El papel de los sistemas agroforestales en la conservacion

La presencia de SAF influye en los procesos ecoldgicos, en la estructura y caracteristicas de la
vegetacion circundante, en los procesos de dispersion de la flora y la fauna, asi como en el
mantenimiento de importantes beneficios o funciones de los ecosistemas. Pueden incluir
componentes que actlan como pesticidas naturales, o albergar depredadores de insectos que
potencialmente pueden convertirse en plagas. Son importantes almacenes de carbono,
contribuyen a la conservacion de suelos, a la regulacion de los flujos de agua y nutrientes asi
como a los microclimas que favorecen las précticas agricolas (Daily, 1997; Soto-Pinto et al.,

2002; Schroth et al., 2004; Jose, 2012; Nair, 2011; Tscharntke et al., 2011).

Actualmente estd ampliamente documentada la capacidad que tienen los sistemas agroforestales
para mantener diversidad bioldgica a escala local y regional (Schroth et al., 2004; McNeely y
Schroth, 2006). A escala regional, se reconoce que en el mosaico agricola y de vegetacion
natural remanente, dichos sistemas permiten el mantenimiento de habitat para distintas especies
de flora y fauna, asi como el incremento de conectividad y el intercambio genético entre areas
protegidas o en paisajes fragmentados (Prasad, 2006; Bhagwat et al., 2008; Harvey et al., 2008;
Perfecto y Vandermeer, 2008; Scales y Marsden, 2008; DeClerck et al., 2010). A escala local se
ha evaluado el aumento de la complejidad floristica, ya que incluyen una mezcla dindmica de
especies Utiles y manejadas con especies asociadas, que en apariencia no tienen ningin uso
(Swift et al., 1998), con ello se da un incremento de la riqueza de especies. Ademas, los arboles
que los constituyen proveen una complejidad en la estructura vertical que permite crear habitats

para otras especies (Altieri, 1991; Schroth et al., 2004).
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Un sistema, al mantener una alta diversidad bioldgica y con conectividad, habilita la coexistencia
y las interacciones entre las especies, 1o que permite un sistema mas estable, mas resiliente, ante
lo cual se propone que la productividad serd méas duradera (Altieri y Nicholls, 2000; Donald,
2004; Perfecto et al., 2007; Perfecto y Vandermeer, 2008). Por lo tanto, la biodiversidad dentro
de los sistemas agroforestales puede ser vista como una estrategia de manejo, que permite un uso

eficiente de los recursos y que le confiere sustentabilidad al sistema en su conjunto.

El papel de los manejadores de los sistemas agroforestales

En los paisajes rurales dominados por la presencia humana, los que toman las decisiones sobre su
medio son los que ahi viven, son duefios o trabajan la tierra (Flores et al., 2014), los campesinos
en gran parte de nuestro pais. Las decisiones de los campesinos sobre su medio, su terreno y el
manejo que le dan a sus sistemas productivos dependen en alguna medida de su cultura, del
conocimiento sobre el territorio, de las practicas agricolas implementadas, del acceso a insumos
agricolas o a programas gubernamentales (Moreno-Calles et al., 2013). Los recursos vegetales
mantenidos dentro de los SAF dependen directamente del manejo humano, dandose una
interaccion estrecha con practicas agricolas desarrolladas por culturas particulares (Nabhan,
1982). Asi, en los SAF se expresa una variedad de relaciones entre el hombre y la naturaleza, las
cuales reflejan las multiples formas de la creatividad humana en el trato con los recursos

forestales (Wiersum 1997; Nandy y Kumar, 2013).

Por todo lo anterior, se plantea que las caracteristicas de los SAF estan estrechamente ligadas con
las razones que tienen los campesinos en mantener los elementos silvestres dentro de sus tierras

productivas.
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Razones para el mantenimiento de la vegetacion

Se han registrado numerosas razones que motivan a los campesinos a conservar los arboles,
arbustos y hierbas silvestres en los sistemas agroforestales. Se pueden mencionar los aspectos
utilitarios, el valor intrinseco de las plantas, de la vida, del bosque; también son comunes las
razones estéticas, lo asociado a la belleza del paisaje y de la parcela, asi como a los procesos de
transmision de conocimientos sobre los bosques entre generaciones (Ansong and Reskaft, 2011;
Dawson et al., 2013). Se ha documentado la contribucion de las especies como alimentos, su uso
en la medicina y ceremonias tradicionales, las valoraciones culturales y religiosas, el papel que
juegan en la reposicion de la fertilidad del suelo o su capacidad para brindar sombra (Dawson et
al., 2013; Moreno-Calles et al., 2013). Asimismo, diversos trabajos han profundizado en el
andlisis de la percepcién de los campesinos sobre la disponibilidad de especies de interés en la
vegetacion natural como importante motivador del manejo de précticas agroforestales
(Assogbadjo et al., 2012). También se ha registrado como una razén importante, la preocupacion
por la degradacién de las tierras y con ello la pérdida de la capacidad para la produccion de

cultivos (Ansong and Reskaft, 2011).

El mantenimiento de la cubierta forestal diversificada dentro de una pequefia area productiva es
un elemento de la estrategia campesina de subsistencia en diversas partes del mundo (Haines-
Young, 2009). Las plantas silvestres juegan un papel para los habitantes de las comunidades
rurales, particularmente cuando hay problemas econémicos o escasez de alimentos o de otros
productos importantes en la subsistencia, como lefia 0 medicinas (Assogbadjo et al., 2012). Todo
ello sugiere que segun la valoracion que los manejadores tienen sobre los recursos y sus
funciones utilitarias directas o indirectas, en beneficio del sistema de produccién tiene una

influencia directa en el uso y manejo de los paisajes agricolas.
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Limitaciones

Los SAF también tienen sensibles limitaciones, en algunos casos pueden requerir una mayor
inversion en términos de mano de obra y tiempo de trabajo (Dagang y Nair, 2003). Esto puede
estar aunado a que la produccidon que se obtiene del sistema puede considerarse de bajo
rendimiento (Green et al., 2005), sobre todo cuando se basan Unicamente en la produccion del
cultivo. Tales condiciones pueden desmotivar al productor cuando compara su experiencia con el

espejismo y el prestigio que otorgan las préacticas agricolas intensivas.

Se reconoce que la capacidad de conservacion de la biodiversidad y de funciones ecosistémicas
no es total. Los SAF logran mantener mayor biodiversidad en comparacion con los monocultivos
intensivos, pero no logran mantener lo mismo que los sistemas naturales (Phalan et al., 2011a,
2011b). En ello suele ser determinante la distancia de los SAF con respecto a los bosques
primarios, asi como el tipo de manejo al que sean expuestos (McNeely y Schroth, 2006). En
especial se reconoce que las especies raras se pierden en estos sistemas (Moreno-Calles et al.,
2010). Sin embargo, la conduccion deliberada del sistema hacia el reforzamiento de sus
capacidades de conservacion de biodiversidad y de funciones ecosistémicas, es posible,

técnicamente viable y en consonancia con los propdsitos productivos.

Una de las principales debilidades de los sistemas agroforestales es la presion social y econémica
para la intensificacion de los sistemas productivos, asi como la erosion cultural que se presenta
dia con dia. Ademas, algunos programas gubernamentales incentivan a derribar todos los arboles
en pie para dar paso a sistemas intensivos con la esperanza que serdn mas rentables. Todo esto ha
llevado en muchos sitios a la reduccién de dichos sistemas (Altieri y Toledo, 2005). De igual

manera, cuando existen programas de gobierno que tratan de fomentar practicas de reforestacion
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o implementacion de SAF, sin considerar los conocimientos tradicionales, ni tomar en cuenta a
las autoridades locales, ni involucrar de manera directa los pobladores, son programas que

tienden al fracaso (Nabhan et al., 1982; Boffa, 2000; Tougiani et al., 2009; Frey et al., 2013).

Sistema de estudio

Algunos factores que se han documentado que intervienen en la capacidad para mantener
diversidad bioldgica de los sistemas agroforestales son: (1) Los sistemas forestales de los que se
derivan, las especies que contienen y la diversidad con que cuentan; (2) el grado de intensidad de
manejo que se ha aplicado, lo cual varia dependiendo del propoésito de la produccién y de la
capacidad natural del sistema original para soportar distintos niveles de intensidad de manejo
(Swift et al., 1998); y (3) culturales de la poblacién que los maneja (p. ej. uso multiple de los
recursos) y elementos tecnoldgicos dirigidos a mantener deliberadamente multiples especies, lo
que promueve sistemas altamente heterogéneos (Tscharnake et al., 2005). Esta informacion
sugiere fuertemente que el disefio de estrategias de aprovechamiento de los recursos naturales y

la conservacion de biodiversidad requiere tomar en cuenta a estos sistemas.

La presente investigacion se realizo en el Valle de Tehuacan Cuicatlan (VTC), ubicado en el
sureste del estado de Puebla y noreste de Oaxaca. Es un estudio con un enfoque regional, que
aspird a documentar las condiciones de los SAF en las tres grandes zonas agricolas de la region:
(1) Los valles aluviales, en el fondo del Valle, principalmente los que reciben riego de los rios
Salado, Grande, Cacahuatal y Santo Domingo, es la zona agricola méas antigua de la region y
sometida a sistemas de produccion relativamente mas intensivos; (2) la zona montafiosa
templada de la Sierra de Zongolica, altamente transformada por practicas agricolas y (3) la franja

arida y semiarida en las laderas, derivadas de bosques secos, matorrales xeréfilos y bosques de
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cactaceas columnares (Casas et al., 2008). En estas regiones existen SAF, tanto de temporal
como de riego, asi como sistemas de traspatio que incluyen diversos tipos de huertos y solares

(Larios et al., 2013).

En la franja arida y semiarida Moreno-Calles et al. (2010) documentaron que los sistemas
agrosilvicolas logran mantener en promedio 58% de la riqueza de especies de plantas de los
sistemas silvestres, registrando 87 especies pertenecientes a 24 familias botéanicas, siendo el 94%
flora nativa, ademéas de mantener hasta el 94% de la diversidad genética de algunas especies de
cactdceas columnares dominantes. Este estudio sugiri6 que los SAF son almacenes de
biodiversidad, muy importantes de considerar para el disefio de estrategias de conservacion. Sin
embargo, aun faltaba informacién de los SAF presentes en las demas zonas agricolas de la

region.

El propdsito de este estudio es ampliar y sistematizar la informacién disponible sobre este tdpico
y desarrollar una estrategia regional de conservacion de diversidad bioldgica con base en los
SAF. En particular, la investigacion se orienta a contestar las siguientes preguntas: (1) ¢Qué
capacidad tienen los sistemas agroforestales para mantener la biodiversidad regional? (2) ¢Es
similar la capacidad de mantener biodiversidad en distintos contextos ambientales? (3) ¢Qué
factores socio-econdmicos y culturales influyen en la capacidad de los sistemas agroforestales de

mantener biodiversidad?

HIPOTESIS

Se espera que en general los SAF tradicionales tengan alta capacidad de mantener biodiversidad,
y que las diferencias en tal capacidad entre los sistemas estudiados dependera de los siguientes

factores: (1) EI contexto ambiental; la riqueza y diversidad del sistema forestal del que se
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deriva el SAF influira de manera directamente proporcional a la riqueza de especies que se
encuentre en el SAF. (2) La intensidad de manejo; relacionada a su vez con el proposito de la
produccion, el valor del cultivo y de la capacidad intrinseca del ecosistema de intensificarse, a
mayor intensidad de manejo (evaluada en términos de energia invertida, herramientas usadas y
productividad), menor diversidad. (3) El aprovechamiento multiple de los recursos; la mayor
presencia de uso multiple (incluyendo elementos culturales y organizacion social, economia de

auto-subsistencia) significara una mayor capacidad de mantener biodiversidad y viceversa.

OBJETIVOS

Analizar los SAF de la region y evaluar su potencial en la conservacion de biodiversidad.

Describir las caracteristicas biofisicas de los SAF y una tipologia de éstos a escala regional.

Evaluar la capacidad de los SAF para el mantenimiento de la diversidad biologica, medida en

riqueza de especies vegetales y estructura de la comunidad vegetal.

Diagnosticar los procesos regionales que influyen en la degradacion de los sistemas y que ponen

en riesgo su mantenimiento a largo plazo.

Analizar el potencial de estos sistemas para la conservacion de biodiversidad y servicios
ecosistémicos de provision a nivel regional, para incorporarlos a una estrategia regional de

aprovechamiento y conservacion de recursos naturales.

Con base en estos objetivos, la presente tesis se compone de cuatro capitulos, los cuales se

mencionan a continuacion.
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Capitulo I. Agroforestry systems: management and biological diversities in variable
socio-ecological contexts. Es un articulo de revision en el que se documentan el funcionamiento,
las problemadticas, las estrategias de manejo y capacidades de conservacion de biodiversidad de
los SAF en distintos contextos socio-ambientales del mundo, con énfasis en México. Se
exploraron las caracteristicas de los SAF de acuerdo con la regién ecoldgica y el contexto

sociocultural en el que se desarrollan.

Se encontr6 que los SAF pueden tener diversos propositos productivos y caracteristicas
diferentes, dependiendo de las practicas agricolas implementadas, de las condiciones ambientales
asi como de factores sociales, economicos y culturales. Se analizaron contextos indigenas y
tecnificados de zonas de trépico, zonas templadas y zonas aridas. En cada tipo de ecosistema se
ponen en préctica formas de manejo propias de cada cultura y cada contexto ecolégico, las cuales

permiten obtener el mayor beneficio y resolver problematicas locales.

Se documentd que en la zona tropical particularmente sobresalen los cultivos bajo sombra de
café y cacao, con riqueza de especies, pero donde existe un mayor nimero de especies exoticas,
son sitios propicios para arboles frutales tropicales y maderas. En las zonas templadas una de las
preocupaciones frecuentes son las condiciones climaticas, por lo que se piensa en los SAF como
una medida de aminorar algunos problemas ambientales como lo son los fuertes vientos y las
heladas o nevadas. Es usual encontrar barreras rompevientos con arboles nativos o arboles con
usos especificos como frutales y maderas, principalmente. En las zonas aridas, las presiones del
medio son particularmente agresivas y la limitante principal es el agua, por lo que los SAF se
piensan en funcién de como aprovechar al maximo ese valioso recurso, por lo que los

campesinos mantienen los elementos forestales que son principalmente para beneficios
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ecosistémicos, como agua, sombra, suelo, microclima, etc. Todo esto repercute en las

caracteristicas de los SAF y en su capacidad de conservar diversidad bioldgica.

Capitulo I1. Agroforestry systems in the highlands of the Tehuacan Valley, Mexico:
indigenous cultures and biodiversity conservation. En este capitulo, publicado en la revista
Agroforestry Systems, se analiz6: (1) La capacidad de conservacion de biodiversidad de los SAF
en las tierras altas templadas del VTC, (2) los motivos culturales y las acciones para la
conservacion de esta diversidad y (3) cuéles son los problemas presentes en estos sistemas que
ponen en peligro dicha capacidad. Se evalud la riqueza y diversidad de especies de plantas
perennes mantenidas en los SAF, mediante muestreos de vegetacién en bosques naturales y
parcelas agricolas, permitiendo hacer comparaciones de composicion, diversidad y estructura. Se
trabajo en tres comunidades de origen indigena nahuatl, ixcateca y cuicateca, documentando a
través de entrevistas las practicas de manejo de las especies de plantas y de todo el sistema, las
razones por las cuales la gente mantiene la cobertura vegetal dentro de los SAF, y los factores

que influyen en los cambios o en las decisiones que favorecen a la intensificacion agricola.

En los SAF estudiados se registraron un total de 79 especies de arboles y arbustos, siendo el 86%
nativas y representando el 43% de todas las especies de arboles y arbustos registrados los
bosques circundantes. Se documento6 que las razones para dejar en pie el componente forestal se
asocian mas frecuentemente con su uso, como arboles frutales, lefia, sombra, belleza, respeto a la
naturaleza y otros beneficios ambientales. Se identificd que los principales factores que influyen
en el manejo de los SAF y en su composicion vegetal, son la disponibilidad de agua, la tenencia

de la tierra, la dependencia a la agricultura y a los bosques para la subsistencia de los
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campesinos. Se concluy6 que los SAF en zonas templadas son reservorios importantes de
biodiversidad y del patrimonio biocultural y deben ser considerados para politicas de

conservacion en el VTC.

Capitulo 111. Agroforestry systems of the lowland alluvial valleys of the Tehuacan-
Cuicatlan Biosphere Reserve: An evaluation of their biocultural capacity. Este capitulo
constituye un articulo de investigacion aceptado en la revista Journal of Ethnobiology and
Ethnomedicine. Se centra en el estudio de los SAF de la parte mas baja del VTC, en los valles
aluviales. Se trabajaron en tres comunidades rurales de la region, documentando las practicas
agricolas, la frecuencia de uso de insumos quimicos y de maquinaria, y la cobertura de
vegetacion dentro de las parcelas. Se identificaron las razones por las cuales las personas
mantienen plantas silvestres dentro de los sistemas campesinos y las practicas agroforestales
tradicionales. Se analiz0 la riqueza, la diversidad y otros indicadores ecolégicos de los sistemas
agroforestales y del bosque, mediante muestreos de vegetacion. Se encontr6 que en todos los

sitios se combinan practicas agricolas tradicionales e intensivas.

En esta parte del Valle, la principal practica agroforestal que se realiza es la semi-terraza o
bancales, donde los arboles y arbustos juegan un papel fundamental. Las razones documentadas
para el mantenimiento de arbustos y arboles en los sistemas son, en orden de importancia, la
belleza y la provision de sombra, la obtenciéon de fruta, la proteccion contra el viento y la
retencién de agua y suelo. Se registraron 66 especies de arboles y arbustos, el 81% de los cuales
son especies nativas que representan el 38% de las especies de plantas perennes registrados en
los bosques muestreados. En este capitulo se muestra como el mantenimiento de la cubierta
vegetal no necesariamente se confronta con las practicas de agricultura intensiva. Se plantea que

es posible la ampliacién y el enriquecimiento de la vegetacion dentro de los SAF, asi como que
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existe informacion disponible para sugerir a los SAF en programas de conservacion de la

biodiversidad.

Capitulo 1V. Los sistemas agroforestales del Valle de Tehuacan: una perspectiva regional.
Este es un capitulo integrador que permitio encontrar patrones generales de los SAF en la region.
Es un capitulo aceptado para su publicacién en el libro “El Manejo Etnoagroforestal en
Meéxico”. En esta seccion se recopild la informacion disponible sobre los diferentes sistemas que
se han estudiado en el VTC, sus caracteristicas regionales y su capacidad de mantener diversidad
bioldgica. Se registraron las categorias de uso y formas de manejo de los diferentes componentes
de la vegetacion, las razones que considera la gente para el mantenimiento de las especies dentro

de los sistemas, asi como los aspectos culturales de los manejadores de los mismos.

Se encontrd que en los SAF asociados a las milpas de la regidn, se mantienen en promedio 183
especies de arboles y arbustos, siendo el 88% nativos, y en los huertos se documentaron 376
especies con el 65% de especies nativas. En promedio los SAF regionales mantienen el 45% de
las especies de la vegetacion natural. Se registraron cinco practicas agroforestales principales,
siendo la mas frecuente y extendida la de cercas vivas; se encuentran también islas de
vegetacion, manchones, franjas y arboles aislados. Se enlistaron 25 razones para mantener
plantas silvestres dentro de los SAF, las mas mencionadas incluyen criterios utilitarios, como
alimento, forraje o lefia. Se identifico que las distintas caracteristicas locales de las comunidades
humanas como tenencia de la tierra, posibilidad del uso de maquinaria y situacién econémica;
aunadas a las caracteristicas ecoldgicas, como disponibilidad de agua, temperatura y

biodiversidad regional; influyen en las caracteristicas de los SAF del VTC.
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Por dltimo, en la Discusién General y las Conclusiones, se evallan las hipdtesis generales
planteadas para este trabajo, en relacion a los patrones de manejo de los SAF y la capacidad de
conservacion de biodiversidad en distintos ecosistemas, lo cual permite hacer una propuesta para
que estos sistemas sean considerados como estrategias de conservacion bioldgica dentro paisajes

con dominancia de presencia de grupos humanos.
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Introduction

Transformation of natural ecosystems to intensive agricultural systems is among the factors
determining the highest biodiversity loss in the world (Donald, 2004; Schroth et al., 2004; Foley
et al., 2005; Tscharntke et al., 2005; Tscharntke et al., 2011). The expansion of agricultural and
grassland frontier is progressively growing; from 1980 to 2000 more than 55% of the new
agricultural fields were established in primary forests and nearly 28% in secondary forests
(Gibbs et al., 2010). Consequently, the main efforts of biodiversity conservation have been
directed to decree natural reserves and protected areas, but these efforts only have been effective
in nearly 7.7% of the planetary forests (Schmitt et al., 2009). Most of the natural protected areas
are surrounded or contain agricultural landscapes, and they commonly have environmental
problems such as fragmentation, agrochemicals contamination, and illegal hunting and taming
(DeFries et al., 2005; Harvey et al., 2008). Therefore, threat to biodiversity within protected

areas are closely linked with phenomena occurring at the surrounding or contained landscapes,

26



including the matrix of agricultural and forest lands, and the management of agricultural systems

(Wallace et al., 2005; VVandermeer and Perfecto, 2007).

In the agricultural matrix, processes that are crucial for the maintenance of the forest remains
occur. Migration of plant and animal species is common among fragments of forest and remnants
conservation; the way an environmental matrix remain permeable to individuals and propagules
is a form of preventing declining or extinction of elements of biodiversity (Perfecto and
Vandermeer, 2010). A high proportion of species of primary forests visit the agricultural matrix,
including numerous specialist species (Gascon et al., 1999). For this reason, the quality and
characteristics of the matrix may significantly affect the dynamics of the landscape; influence the
nature of the border, area, and isolation effects of the patches of primary or protected forest
(Gascon et al., 1999; Guevara et al., 2004; Perfecto and VVandermeer, 2010). In these landscape
types the agroforestry systems (AFS) may play important roles in maintaining biodiversity
(Schroth et al., 2004) and, therefore, agroecology may be crucial for optimizing such a role in

conservation programs.

Agroecology is the science that investigates the complexity of ecological and socioeconomic
processes influencing agricultural systems and constructs agricultural strategies and practices for
conserving biodiversity, sustainable management of the systems and rural development, and
generates new techniques based on local knowledge and contribution of several scientific
disciplines (Altieri, 1991; Krishnamurthy and Avila, 1999). AFS are very important in
agroecology, since it is recognized their high potential for reconciling production and
conservation (Combe and Budowski, 1979; Noble and Dirzo, 1997; Altieri and Nicholls, 2000;

Perfecto et al., 2007; Perfecto and Vandermeer, 2008).
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AFS traditionally managed by peasants throughout the world commonly include among their
components trees, shrubs and herbs that are part of the natural vegetation, having thus a good
capacity for conserving native species that may be planted, cared or at least let standing their
sprouts (Casas et al., 2007; Moreno-Calles et al., 2010; Blancas et al., 2010). These systems may
also include exotic and even invasive species (Schroth et al., 2004). Components of AFS are
managed in a complex systemic way of land use (Krishnamurthy and Avila, 1999; ICRAF,
2000). Practices of AFS are evident since the earliest forms of agriculture (Gordon and Newman,
1998), which has been considered by a number of authors that agriculture derives from
experiences of managing vegetation (Casas et al., 1997). Current AFS are, therefore, expressions
of centuries and even millennia of interactions between humans and nature, as well as knowledge
and techniques resulting from such interactions. Therefore, AFS summarize ancient biocultural

interactions (Altieri y Toledo, 2005; McNeely and Schroth, 2006; Nabhan, 2007).

AFS have been studied from ecological perspectives (Perfecto and Vandermeer, 2008; Bhagwat
et al., 2008), economic (Donald, 2004; Boffa, 2000), cultural (Altieri and Toledo, 2005; Moreno-
Calles et al., 2013), landscape analysis (Tscharntke, 2005), among others. It is generally
recognized that AFS integrate multiple wild and domesticated plan and animal elements (Moreno
Calles et al., 2013) in a coherent totality (Sinclair, 1999). Crops and forest components are
disposed in dynamic mosaics determining a high diversity of biophysic and socio-economic
processes (McNeely and Schroth, 2006) that favour the conservation and resilience of both
components and functions (Vandermeer et al., 1998; Holt-Giménez, 2002; Vandermeer and

Perfecto, 2007; DeClerck et al., 2010; Eakin et al., 2012).

From an ecological perspective, AFS favour processes of dispersion of native flora and fauna, as

well as maintenance of ecosystem functions such as carbon sequestration, presence of
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pollinators, natural pesticides, soil conservation, regulation of water and nutrient flows and
microclimate (Daily, 1997; Soto-Pinto et al., 2002; Schroth et al., 2004; Jose, 2009; Nair, 2011,

Tscharntke et al., 2011).

It has been documented that soils of AFS may be productive enough to sustain long term
agricultural production (Altieri, 1991; Krishnamurthy y Avila, 1999; DeClerck et al., 2010) and
are highly beneficial to maintain and improve production in areas of low fertility and high or low
humidity soils (Jose, 2009). Presence of a cover of wild and domesticated plants favours the
availability of nutrients like nitrogen and absorption of nutrients in deep layers of soil (Jose,

2009; Nair, 2011; Tscharntke et al., 2011)

AFS may favour maintenance of local and/or regional biodiversity (Schroth et al., 2004,
McNeely and Schroth, 2006). At regional level, the mosaic of agricultural and natural vegetation
patches permit the maintenance of habitats, connectivity and gene flux among populations of
species of flora and fauna in conserved and fragmented areas (Otero-Arnaiz et al., 2005; Prasad,
2006; Bhagwat et al., 2008; Harvey et al., 2008; Perfecto and Vandermeer, 2008; Scales and

Marsden, 2008; DeClerck et al., 2010; Parra et al., 2010, 2012).

At local scale, AFS may increase the floristic complexity, including both useful and not useful
plants species (Swift et al., 1998), and thus significantly contributes to increase the species
richness in fragmented landscapes. In addition, some components of AFS, particularly trees,
provide habitats that are favourable to other plant and animal species (Altieri, 1991; Schroth et
al., 2004; Moreno Calles et al.,, 2010). These processes in turn, favour coexistence and
interactions among species, stability and resilience, as well as a more durable productivity than

in monocultures (Altieri and Nicholls, 2000; Donald, 2004; Perfecto et al., 2007; Perfecto and
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Vandermeer, 2008). Conserving biodiversity within AFS can therefore be seen as a management
strategy, allowing efficient use of resources while favouring a matrix of high quality and

permeability to species moving among natural areas.

Another aspect of ecological importance is the potential of AFS to favour the regeneration of
forests which were disturbed for establishing an agricultural system, as well as to ease its
restoration and that of the neighbouring systems. While conserving soil, water, animals
dispersers of seeds, pollinators and native species, AFS permit that abandoned agricultural plots
keep their good conditions for a faster succession and regeneration of natural ecosystems than

those systems drastically transformed (Chazdon, 2003; Harvey et al., 2006; Harvey et al., 2008).

AFS have been maintained throughout the time since the origins of agriculture. In the Tehuacéan
Valley, one of the earliest areas of agriculture of the New World (MacNeish, 1967), AFS
predominate in the regional agricultural landscape (Moreno-Calles et al., 2010, 2012). AFS have
been used with the basic principle of multiple use of resources and functions of the systems,
which has favoured the diversification of production of rural people subsistence and, at the same
time has permitted to generate monetary incomes to households (Nabhan, 1982; Boffa, 2000;
Altieri and Toledo, 2005). Such management strategy allows AFS to provide agricultural
products along with forest resources used as construction, fuel, medicines, food, and other
benefits (Donald, 2004; Perfecto and VVandermeer, 2008; Montagnini, 2006; Moreno-Calles et
al., 2012), which in turn may contribute to decrease pressure on resources extraction and clearing
of forest areas. The strategy of multiple use of resources prevail in peasant contexts, mainly
where traditional agriculture is predominant, and where people have a close relationship with the
land and perceive and know its multiple components, functions and interactions (Altieri and

Toledo, 2005; Harvey et al., 2008).
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Among the main risks of AFS, it can be mentioned the increasing social and economic pressures
to intensify the production system (Armbrecht et al., 2005; Moreno-Calles et al., 2013), as well
as loss of traditional cultures, knowledge and techniques (Altieri and Toledo, 2005). In addition,
some governmental programs enhance the removing of vegetation cover in crop fields arguing
that the remaining vegetation decreases productivity (Moreno-Calles et al., 2010, 2013). Some
programs of governmental agencies and NGOs are careless, enhancing reforestation or AFS
without considering local knowledge and opinion. These programs are generally unsuccessful

(Nabhan et al., 1982; Boffa, 2000; Tougiani et al., 2009).

A high diversity of AFS has been reported in literature (Schroth et al., 2004; Tscharntke et al.,
2011; Nair, 2011; Moreno-Calles et al., 2013). Their potentialities and limitations vary according
to the ecologic, cultural, social and economic characteristics of the context in which they are
practiced. Therefore, this review aimed at examining some general questions in relation to this
panorama: How variable are SAF in different environmental contexts? How does their capacity
to conserve biodiversity in those different contexts change? Which processes mainly influence
such changes? In order to analyse these questions, we review information of studies from

different socio-ecological areas of the world.

Agroforestry systems in tropical areas

The more studied AFS are those located in tropical zones (Perfecto and Snelling, 1995; Schroth
et al., 2004; Harvey et al., 2006; Oke and Odebiyi, 2007; Okubo et al., 2010; Schroth et al.,
2011). It has been documented that these systems are able to maintain an average of nearly 60%
of species of plants, birds, insects and mammals recorded in the neighbouring forest zones

(Bhagwat et al., 2008). Consequently, it has been proposed that AFS are particularly important in

31



the conservation policies in these areas, which are the reservoirs with the highest biodiversity
and indigenous cultures (Scales and Marsden, 2008). The tropical zones are also recognized as
the most strongly disturbed areas in the planet (Tilman et al., 2002; Steffan-Dewenter, 2007).
Approximately 70% of their plant cover has been converted to agricultural lands (Perfecto and
Vandermeer, 2008), which has determined local extinction of numerous species and threatened
tropical biodiversity (MEA, 2005). Habitat is progressively decreasing, according to the FAO
(2005) in Mexico and Central America the deforestation rate is nearly 1.2% per vyear,
proportionally increasing fragmentation and pressure on remaining forest (DeClerck et al.,

2010).

In numerous tropical landscapes, AFS are the managed ecosystems more similar to natural
forests (Tscharntke et al., 2011). During the last decades, in tropical areas, agroforestry has
promoted a balanced strategy to manage natural resources among the main goals of agriculture
and soil, water and biodiversity conservation (Izac and Sanchez, 2001; Harvey et al., 2008) and
ecosystem services (Jose, 2009; DeClerck et al., 2010). Removing trees from AFS may
determine the reduction of resistance and resilience of the agricultural system and the household
units that manage them, increasing the incidence and vulnerability to pests and climate change

(Tscharntke et al., 2005, 2011).

The more documented tropical AFS with higher evidence of effectiveness in biodiversity
conservation are coffee and cocoa plantations (Perfecto et al., 2007). These are systems that may
be “rustic”, “traditional” or “shade crops”, or “intensified” monoculture crops (Soto-Pinto et al.,
2002; Tscharntke et al., 2011). The shade cultivation is well known for its high capacity of
biodiversity conservation (Schulze et al., 2004; Perfecto et al., 2007; Sonwa et al., 2007; Steffan-

Dewenter et al., 2007; Clough et al., 2010; Tscharntke et al., 2011). The AFS where coffee and

32



cocoa are rustically cultivated, have been recorded with the highest levels of native tree cover
(Armbrecht et al., 2005; Perfecto and VVandermeer, 2008; DeClerck et al., 2010). These are also
propitious to diversify the peasant system to obtain fruits and forest products (Tscharntke et al.,

2011).

In the tropics of the world there are numerous examples of AFS of coffee and cocoa favouring
conservation. For instance, those of Camerin (Bobo et al., 2005) report that these conserve
nearly 40% of the species richness of the primary forests while the intensive systems maintain
20% of the species. In cocoa AFS of Nigeria, nearly 44 species of 24 plant families are fruit

trees, much more than other types of productive systems of the region (Oke and Odebiyi, 2007).

In Central America, where the deforestation rate for establishing coffee plantations is particularly
high, the AFS are refuges of local biota (Perfecto et al., 1996; Donald, 2004). In these systems it
is important the composition of trees that are let standing during the clearance of vegetation; for
instance, presence of trees of the genus Inga, coffee harbour more plant and animal species than
others which are managed with trees of the genus Gliricidia (Donald, 2004). In many cases, trees
composing AFS are useful introduced species, but a high number of native species are also
maintained. In Nicaragua, for instance, Donald (2004) recorded that managers of coffee
plantations may maintain nearly 25 species of fruit and timber from native tree species, whereas
in El Salvador a total of 10 exotic species vs. 119 native species of trees were recorded in coffee

plantations.

In Indonesia, Clough et al. (2010) explored the capacity of biodiversity conservation of cocoa
plantations at landscape scale, finding that proximity of plantations to primary forests

significantly determine species richness of plants, invertebrates, and vertebrates. These authors
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documented that endemic and specialist species are particularly benefited by native species of
shade trees, whereas important functional groups such as insectivorous and seed disperser birds
are benefited by tall trees and diversity of shade trees, as well as the proximity of the plantation

to forest.

In the tropical regions the AFS combining production of staple grain crops combined with fruit
trees are also common. These systems have also demonstrated to be relevant in biodiversity
conservation, maintaining levels of richness, diversity and structure similar to that described to
cocoa AFS above (Leakey, 1999; Clough et al., 2010; Okubo et al., 2010). Trees of these
systems are used for producing fruit, fuel wood, medicine, and wood. Studies by Asase and
Tetteh (2010) confirm that trees maintained in these systems provide shade, reduce

evapotranspiration, erosion and effects of strong wind.

One case of traditional AFS is the Bambo, in Java. Okubo et al. (2010) recorded 76 plant
species, 42 of them having as main use edible fruit, vegetables and grains, timber, medicines and
firewood, and 34 species of native trees with no uses were also present. Species richness values
of these systems were similar to those recorded in that area during the 1980s, which illustrates
their stability (Okubo et al., 2010). Other AFS from Indonesia report 92 spp. of trees and 266 of
a total of 332 plant species recorded in the area, which contrasts with intensive systems including
only six plant species (Leakey, 1999). In relation to other ecosystem benefits, for instance,
Dechert (2004) documented in Indonesia, that the organic matter is much higher and more stable
in soils from natural forests, which contrasts with the significant decrease of soil fertility in

successive events of maize cultivation.
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A common problem in AFS of the tropical region is the increasing mechanization and use of
agrochemicals, which has in turn favored the increasing of pest problems (Tilman et al., 2002;
Donald, 2004; Steffan-Dewenter, 2007). The industrialization of agriculture and public policies
favoring intensive agricultural systems have been a main cause of transformation from a
diversified traditional agriculture to highly dependent agro-industrial systems (Perfecto et al.,
1996, 2007; Harvey et al., 2008). However, problems and needs for sustainable management

may differ among the main different regions of the world.

Agroforestry systems in temperate zones

Temperate zones have demonstrated high potential for favoring long term sustainable
management practices of AFS and natural resources use (Gordon y Newman 1998, Quinkenstein
et al., 2009; Thevathasan et al., 2012). Systems in these areas are as ancient as in tropical zones.
In the temperate zones of the Americas, there are abundant records of annual crops such as maize
combined with trees like pines, oaks and other species (Budowski, 1994). In these areas, there
are specific problems such as climatic and microclimatic conditions including snow, hailstorms,
and frosts, maintaining of soil nutrients, control of underground water level, maintenance of
favorable habitats for plants, insects or animals; stabilization of soils protection against wind,

among the most common factors (Jose et al., 2004).

The most common agroforestry practices in temperate zones are the combination of annual crops
combined with fruit and timber producing trees, frequently forming terraces, as well as a great
variety of practices for establishing fences for protecting plots against strong winds, soil erosion,
and other multiple purposes. Sundemeyer and Scott (2002) reported that wind velocity may be

reduced up to 20% because of the presence of trees. Other practices that can be mentioned are
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riparian buffer strips, isolated trees for shade, material for construction, firewood and timber or

nitrogen fixing (Gordon and Newman, 1998; Jose et al., 2004).

Diversity and structure of plant components of AFS in these zones allow regulating
microclimatic conditions, to favor moderate temperatures, reducing the intensity of solar
radiation and improving the water management (decreasing effects of frosts, snow and storms,
increasing the humidity and buffering erosion effects of rain and reducing the loss of evaporation
of superficial water). Although trees may compete for water with crops, benefits are higher

(Quinkenstein et al., 2009).

Some agroforestry practices are specific for particular regions. For instance, in the North
American central plains, windbreaks are particularly necessary. In regions where climate is less
extreme, some species of fast growth and soft and hard wood or fruit trees in mixed systems
combined with cereal crops, and commonly the raising of livestock (Kort et al., 2009). In parts of
North America one of the more extended classic agroforestry systems is conformed with rows of

the shell nut tree (Juglans nigra L.) (Stamps et al., 2009).

AFS of temperate zones have been documented as reservoirs of biodiversity, including a high
number of species and crop varieties specifically adapted. For instance, nearly 10,000 varieties of
apples and 1000 to 2000 varieties of plums are maintained in situ in these systems (Herzog,
1998). Studies of traditional home gardens in Europe have recorded 2391 species of plants and
animals, among them 408 recorded as in risk of extinction (Herzog, 1998). Puckett et al. (2009)
found that in agricultural fields of Nebraska, trees maintained for living fences and barriers are
visited by bird species foraging their products. These birds are not found beyond 20 m from the

tree lines, which indicates their importance as specific habitat them.
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One important recognized function of AFS is their capacity for regulating pests. In a study
conducted in Missouri by Stamps et al. (2009), production of alfalfa was recorded to be
drastically affected because of the weevil Hypera postica; however, the authors found that the
presence of Juglans nigra in the plots significantly contributed to control that pest. The authors
even analyzed the way of optimizing the spatial arrangement of the system components in order

to reduce competition among crops while increasing the pest control.

Studying several AFS in Germany, Herzog (1998) found significantly higher plant species
richness in plots where livestock was excluded and chemical fertilizers were not used. In
overgrazed areas the number of species decreased while plant association of disturbance

dominated.

Recently, Vallejo et al. (2014) documented that in temperate forests of central México, AFS
associated to the multicrop traditional system called milpa (commonly cultivating maize, beans
and squashes) maintain 79 species of trees and shrubs, 86% of them being native species natives
and representing nearly 43% of woody flora of the forests surrounding the AFS. Local people
said that the main reasons for maintaining trees and shrubs in their agricultural plots are their use

as fruit trees, firewood, shade, beauty, and respect to nature, among other purposes.

The heterogeneity of landscapes has being decreasing with agroindustrialization, a phenomenon
that is more pronounced in developed countries, but even in those zones AFS have adapted to
changes, maintaining and providing ecological structure for species inhabiting the agricultural
landscapes (Plieninger and Schaar, 2008). These landscapes provide essential services for human

wellbeing.
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Agroforestry systems of arid zones

Arid zones are characterized for their high hydric stress and the biotic communities living there
have particular adaptations; biodiversity of these areas has been recognized to be highly
specialized to survive in such extreme conditions (Sharma and Gupta, 1996). Ecosystems of
these zones are particularly fragile, and relatively small disturbances may determine great
consequences including the irreversible loss of components (MAE, 2005), such loss may be
more drastic than in other ecosystems (McNeely, 2003; Moreno-Calles et al., 2010; Sharma and
Gupta, 1996; Whitfield and Reed, 2012). Production activities have required fine and deep
ecological knowledge and management practices according to particular ecological, cultural, and

social components (Whitfield and Reed, 2012).

In order to minimize negative effects associated to environmental conditions, local peoples of the
arid lands have developed production systems in which the woody perennial species have an
important role in terms of production and conservation (Tewari et al., 2000). The real value of
AFS is hardly represented in monetary terms, but rather in how management of trees and shrubs

improve life quality (Boffa, 2000).

Several studies show the capacity of AFS of arid zones for conserving biological diversity. In
arid lands of India, for instance, studies of the natural vegetation have recorded nearly 862 plant
species, nearly 131 of them used in some way (Bhandari, 1990). Sharma and Gupta (1996) have
described seven types of agroforestry practices for these areas. Most of the tree species are
resistant to drought and are managed because of their timber and non-timber products, as well as

ecosystem services. The systems have been designed to diversify management strategies of risk
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to drought and to use in optimum form natural resources that are commonly of difficult access

(Shankarnarayan et al., 1987; Prasad et al., 2004).

In the arid zones of Western Africa, local people consider that trees are integrating parts of
agriculture (Boffa, 2000). During centuries they have used the land through traditional
management of AFS, in which trees show spread patterns of spatial distribution in plots; trees are
intentionally and selectively maintained according to their medicinal and edible uses. Some
timber products are also valuable because they generate monetary incomes to households (Boffa,
2000). In Nigeria, for more than 20 years, a governmental program has enhanced recovery,
maintenance and improving of AFS, taking into account the traditional knowledge and involving
local people through participatory approaches (Tougiani et al., 2009). Hermann et al. (2005)
reported that after the first 15 years since the program started, there was a significant increase of
plant cover in that region. Adoption of agroforestry practices has also allowed increasing
harvests and incomes of households thus reducing migration of people; these practices have also
favored density and diversity of trees in agricultural land. Promotion of AFS may contribute to

improve wellbeing of rural people and enhancing the efforts of reforestation and restoration.

It has been documented that in the Saharan desert traditional agriculture has been maintained
throughout time. In the oasis ancient techniques such as maintenance of trees resistant to soil
salinity and favoring keeling humidity, shade and providing fruits are commonly practiced
(Nabhan, 2007). In Mexico, in the Sonoran Desert, Nabhan (1982) documented the traditional
agricultural techniques practiced by the Papago people, who have conserved the oasis of their
territories and have developed a complex system of biotic interactions. This author identified
eight plant associations and various agroforestry practices including living fences and windbreak

barriers, as well as high levels of diversity of trees, birds and mammals. The Papago have
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modified the landscape geomorphology through terraces, channels and flood zones (Nabhan,
1982; Altieri and Toledo, 2005). In the Mezquital Valley in central Mexico, the Nafih(i people
have constructed terraces and borders to manage water and sediments to improve soil and
humidity for crops. Particularly important for these purposes is agave, which in addition

provides other multiple uses such as food, beverages, and fibers (Altieri and Toledo, 2005).

In the Tehuacén Valley, AFS are managed at small scale, mainly associated to maize milpa, with
low use of chemical inputs and mechanization, and most commonly their products, which are
destined to direct consumption by households (Moreno-Calles et al., 2012). Several studies
conducted in the area, reveal that AFS play an important role to satisfy human needs and to
conserve biodiversity in terms of species richness and genetic diversity of particular species
(Casas et al., 2007; Blancas et al., 2010; Parra et al., 2010). Moreno-Calles et al. (2010, 2012)
reported that an average of 59% of plant species of natural forests is maintained in AFS, and that
some endemic species such as Escontria chiotilla and Lemaireocereus hollianus may increase
their abundance in these systems. Blanckaert et al. (2007) found nearly 161 of herbaceous plant
species in agricultural systems of the area, nearly 49% of them being present in the local forests.
Dominant tree species of the region such as Stenocereus stellatus, S. pruinosus, Escontria
chiotilla, Polaskia chende and Poskia chichipe have been reported to maintain in AFS on
average 93.8% of genetic variation occurring in wild populations, but some plots were recorded
with higher levels of genetic diversity than in wild populations (Casas et al., 2006; Parra et al.,
2010; Moreno-Calles et al., 2010). In addition, it is relevant to mention that populations of the
species mentioned in AFS maintain a dynamic gene flow with wild populations, which also

indicate that AFS are key areas for implementing policies of regional biodiversity conservation.
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In the arid zones of the world, numerous human cultures have interacted with the difficult
conditions of these zones for thousands of years, and a significant amount of knowledge and
techniques have been developed (Altieri and Toledo, 2005; Nabhan, 2007), which are all crucial
at present for designing the future. Investigating trees and shrubs associated to crops may
provide valuable information for improving the AFS, conserving biodiversity and supporting
techniques for restoring disturbed areas of arid zones (Nabhan, 2007; Moreno-Calles et al.,

2011).

Discussion

Particularities of AFS in specific environmental contexts

Local peoples manage AFS according to environmental particularities in order to make them
functional, productive and viable. In tropical zones AFS are commonly multicrops deliberately
let standing or planting components of naturally diverse forests. Coffee and cocoa plantations are
among the most outstanding systems that conserve their biological diversity. Soil degradation
associated to rain and pests are main problems that are faced by people through conserving high

species richness of fruit and fine timber trees.

In temperate zones the main challenges are erosion caused by rain and wind, as well as the loss
of production caused by frosts, snow, storms and wind. In these areas the windbreak barriers,
terraces and borders, as well as isolated trees contributing to favorable microenvironments are

properties of AFS particularly valued through trees providing fruit, fire and wood.

In the arid zones the environmental pressures are mainly associated to drought and erosion
caused by wind and the infrequent but heavy rains. These zones are particularly fragile since the

removal of particular species may determine drastic alterations in biotic interactions (pollination,
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seed dispersal, facilitation of establishment of numerous plant species by nurse plant species),
and because native species of perennial plants generally have particularly slow growth rates.
AFS in these areas are designed and managed in order to attend these problems and to optimize
and ensure availability of valuable natural resources, as well as procuring ecosystem benefits

associated to humidity, shade, favorable microenvironments and soil conservation.

How does capacity of biodiversity conservation changes with environmental contexts?

A higher richness of AFS species has been reported in tropical areas, which is congruent with the
also naturally higher species richness recorded in natural ecosystems; however, when
considering the proportion of maintained species, the ratios are similar in the three environmental
zones analyzed. This result suggests that the biodiversity conservation capacity is not an

exclusive function of the nature of ecosystems.

Conclusions

Agroforestry systems have been widely used since agriculture began. They keep both an
ecological and cultural ancient wealth. Thanks to all the available research, it is clear how
important are these systems in terms of biodiversity conservation and benefits in ecological
processes at the landscape scale, in improving lives of peasants and maintaining traditional
crops, with all the knowledge that is immersed. Traditional agriculture provides knowledge of

ecosystem management.

Depending on the ecological region in which they operate, the SAF will have different
characteristics, different production purposes and different environmental conditions, and thus

the various problems that farmers face. At each site, different ways of management specific to
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each region are put into practice, which allow them to obtain the greatest benefit and to solve
local problems. Resources are maximized by taking advantage of useful species in each region
and to satisfying many of the immediate needs of the smallholder. What they do have in
common, agroforestry systems in different areas, is the ability to conserve biodiversity and
ecosystem processes, and provide more benefits to a broader section of society, as opposed to

more intensified systems.

In recent years, research on these systems has increased significantly and today there are several

projects around the world that seek to finally understand and promote these systems.
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Abstract In this study we analysed: (1) the biodi-
versity conservation capacity of Agroforestry Systems
(AFS) in temperate highlands of the Tehuacan—
Cuicatlan Valley, Central Mexico, (2) human cultural
motives and actions for conserving such diversity and
(3) problems endangering that capacity. We evaluated
the richness and diversity of perennial plant species
maintained in AFS through vegetation sampling of 14
agricultural plots and compared their composition
with that of natural forests (14 plots of 500 m? each).
We examined the situations among communities of
Nahuatl, Ixcatec and Cuicatec people, documenting
through interviews the management practices of plant
species and the whole system, reasons why people
maintain vegetation cover within AFS, and factors
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influencing changes in decisions favouring agriculture
intensification. In the AFS studied we recorded a total
of 79 species of trees and shrubs, 86 % of them being
native species and representing 43 % of all species of
trees and shrubs recorded in the sampling of the
natural forests the AFS derive from. People leave
standing on average a total of 40 individual trees and
shrubs per agricultural plot. Reasons for leave plant
species standing were more frequently associated with
their use as fruit trees, firewood, shade, beauty, respect
to nature and other environmental benefits. Water
availability for irrigation, land tenure, and dependence
on agriculture and forest for peasant’s subsistence
were main decision factors influencing AFS variation
in their composition. AFS in temperate zones are
important reservoirs of biodiversity and biocultural
heritage and should be keystones for conservation
policies in the Tehuacan—Cuicatlan Valley.

Keywords Agroforestry systems -
Biodiversity conservation - Forest management -
Traditional plant management - Tehuacan—
Cuicatlan Valley

Introduction
Forests of temperate areas in Mexico include a variety
of vegetation types dominated by conifers and oaks

that cover nearly 18 % of the total vegetation of this
country (Ricker et al. 2007). These forests are of
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particular value in the context of global biodiversity
conservation, since they constitute important reser-
voirs of species richness and endemism of plant genera
representative of these ecosystems, such as Pinus and
Quercus, which have their main centres of diversifi-
cation in Mexico (Valencia 2004; Sanchez-Gonzalez
2008). Temperate forests of Mexico have been
inhabited by humans for thousands of years (MacNe-
ish 1967; Bye 1993; Toledo and Ordéiiez 1993) and
currently 28 of the 57 main groups of indigenous
cultures of México (Toledo et al. 2001) are users and
managers of these forests. Human history in these and
other areas of Mexico have determined their progres-
sive transformation. In Mexico, some of the most
important pre-Columbian cultures, the Aztec, the
P’urhepecha, the Tlaxcaltec, the Mazahua, the Mat-
latzinca, among others, constructed their main cities in
these areas (Caballero and Mapes 1985; Boege 2008).
The Spanish Conquest and the Colonial period devel-
oped particular European influence on these zones
because of their similarity with European ecosystems.
The Spanish Haciendas in temperate forests zones
determined particularly high impacts on both ecosys-
tems and human cultures. However, it was during the
last century when human impact on Mexican temper-
ate forests has been really dramatic, associated to
modern mechanized agriculture, the establishment of
new human settlements, the high extraction of wood
by industry, and other practices such as raising of
cattle and sheep (Melville 1999), all of which have
determined significant degradation of these ecosys-
tems (Toledo and Orddiiez 1993; MEA 2005; Sar-
ukhan and Soberdén 2009).

Nowadays, conservation of the Mexican temperate
areas as well as maintaining their crucial role of
satisfying human needs, require developing sustain-
able ways of appropriation of goods and services
provided by local ecosystems, guaranteeing the
maintenance of both diversity of their components
and functions (Sarukhan and Soberon 2009). In the
context of attending such a challenge, agroecologists
and ethnoecologists have identified agroforestry sys-
tems (AFS) as interesting technical options for
harmonizing the purposes of biodiversity conservation
and ecosystems integrity while satisfying human
needs and biocultural recreation (Gordon and New-
man 1997; Quinkenstein et al. 2009). This goal is
possible since AFS combine agricultural practices
with the maintenance of a significant number of trees,
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shrubs and herbs of natural vegetation inside and
surrounding the crop fields, allowing biodiversity
conservation and utilization of several ecosystem
services that benefit agricultural practices (Krishna-
murthy and Avila 1999; Altieri and Toledo 2005;
McNeely and Schroth 2006).

Transformed managed areas have particular interest
in ecological science since most of the terrestrial
ecosystems of the world are already in this condition
(MEA 2005) and actions for managing this situation
requires stronger theoretical tools. Processes occurring
inthe AFS have been documented to have repercussions
on ecological processes that influence whole landscapes
(Wallace et al. 2005; Vandermeer and Perfecto 2007).
Therefore, AFS may play significant roles in regulating
important ecosystem processes such as biodiversity
conservation and maintenance of biotic interactions,
carbon sequestration, soil conservation, and regulation
of water and nutrient flows, among others (Daily 1997,
Soto-Pinto et al. 2002; Schroth et al. 2004; Shibu 2009;
Nair 2011; Tscharntke et al. 2011).

It has been widely documented that AFS may host
high levels of local and regional biodiversity (Schroth
et al. 2004; McNeely and Schroth 2006); at regional
scale, these systems may favour connectivity and gene
flow between conserved and fragmented areas (Bhag-
wat et al. 2008; Harvey et al. 2008; Perfecto and
Vandermeer 2008; Scales and Marsden 2008; DeCl-
erck et al. 2010); at local scale these systems conform
a complex floristic mosaic of useful managed species
through a variety of agricultural and silvicultural
practices (Altieri 1991; Swift et al. 1998; Schroth et al.
2004; Casas et al. 2007; Moreno-Calles et al. 2010,
Moreno-Calles et al. 2013). High levels of biodiversity
and connectivity allow species interactions, signifi-
cantly contributing to the system resilience and long
term use, which is crucial for the purposes of stopping
land clearing and improving conditions of sustainable
production systems (Altieri and Nicholls 2000; Don-
ald 2004; Perfecto et al. 2007; Perfecto and Vander-
meer 2008). Biodiversity conservation capacity of
AFS is directly determined by the system of people’s
management decisions, which is in turn influenced by
social, cultural and economic factors of households, as
well as by ecological conditions of the agricultural
system and the surrounding landscape (Moreno-Calles
et al. 2012). Therefore, developing strategies for
maintaining and increasing such capacity requires
integral understanding and attention of these issues.
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Temperate forests have particular features necessary
to be considered for understanding the associated AFS;
for instance, these forests are resistant to frosts, drought,
recurrent fire, cattle and sheep raising, and other
disturbance types (Challenger 1998; Sanchez-Gonzalez
2008). In addition, they are systems with a relatively fast
regeneration compared with tropical or dry forests
(Rzedowski 1978; Quintana et al. 1993). AFS of
temperate zones maintain ancient traditional manage-
ment forms that are on-going processes in numerous
areas and have demonstrated to be important reservoirs
of indigenous knowledge and techniques of great value
for designing sustainable forms of agriculture (Gordon
and Newman 1997). Historical records of pre-Colum-
bian systems combining maize cultivation with remains
of pine and oak forests were recovered by Budowski
(1994). 1t is recognized that at present AFS of these
areas commonly combine cultivation of annual crops
with native or introduced species destined to make use
of their fruits or wood, but that at the same time are a
useful barrier for protecting crops against wind,
preventing soil erosion, and benefiting with their shade,
firewood, and fodder (Gordon and Newman 1997).

Studies of AFS and biodiversity conservation have
centred their attention on tropical regions (Bhagwat
et al. 2008; Scales and Marsden 2008; Harvey et al.
2008; Tscharntke et al. 2011). In temperate areas of the
New World, the available studies are focused on topics
related to their practices and production (Kort et al.
2009; Puckett et al. 2009; Quinkenstein et al. 2009),
but there is relatively fewer information on their
capacity for conserving biodiversity than in tropical
areas. Therefore, contributing information related to
biodiversity conservation capacity of AFS of temper-
ate areas is one main issue of our study; we
documented plant diversity in these systems and
studied the reasons why local people belonging to
different indigenous cultures let woody plants standing
in their agricultural systems. Studies throughout the
world have documented that one main problem of AFS
are processes degrading their capacity for maintaining
plant cover (Moreno-Calles et al. 2010); we therefore
consider that understanding of such processes is
crucial for designing policies for conservation of AFS.

Our study was conducted in the Tehuacan—Cuicatlan
Valley, Central Mexico. It is an arid and semi-arid zone
with high biological and human cultural diversity
(Casas et al. 2001; Davila et al. 2002). Its aridity is
caused by the rain shade determined by the surrounding
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mountains that are part of the Sierra Madre Oriental.
Highlands of these mountains host important areas of
pine and oak forests (Valiente-Banuet et al. 2009) that
significantly contribute to the regional biodiversity.
This area has been inhabited by Cuicatec, Mazatec,
Ixcatec, Mixtec, Popoloca, Chinantec and Nahuatl
people that for long time (human presence has been
recorded to be there for more than 10,000 years,
according to MacNeish 1967) have managed both
forest and agricultural systems and whose technical
experience is now of high value for designing conser-
vation of culture and biodiversity in the region.

Highlands and lowlands of the Tehuacan—Cuicatlan
Valley host an exceptionally important biocultural
heritage. There, the most ancient remains of agriculture
in Mexico were found by archaeologists and the greatest
inventory of plant resources in any region of Mexico has
been documented by ethnobotanists (more than 1,600
plant species used by local peoples, according to Casas
etal. 2001, and Lira et al. 2009), nearly 120 native plant
species of them have been recorded occurring and
managed within AFS, but the inventory of these species
and the management techniques is still far to be
completed (Blancas et al. 2010).

Moreno-Calles et al. (2010, 2012) conducted stud-
ies of the AFS of the arid zone of the region, finding
that these systems maintain on average 59 % of plant
species belonging to the surrounding natural ecosys-
tems, from which nearly 94 % are native species.
Other studies found that AFS in the arid zones of the
region maintain on average 94 % of genetic variation
of populations of arboreal species dominant in natural
vegetation (Otero-Arnaiz et al. 2005; Casas et al.
2006; Parra et al. 2010; Cruse-Sanders et al. 2013).

However, such a kind of studies in highlands is to be
documented yet. This zone is in elevations oscillating
between 1,800 and 2,400 m, with a variety of pine and
oak forests. Indigenous villages have pre-Columbian
origin, practicing the traditional agriculture called
“milpa”, for cultivating maize, beans, and squashes in
1-3 ha plots. Our study aimed to explore the following
questions: what capacity do the AFS of highlands have
to conserve the biodiversity? is this capacity endan-
gered?, which socio-cultural and ecological factors
influence such a capacity? Based on our studies of
other AFS of the region (Moreno-Calles et al. 2010) we
expected that traditional AFS of the highlands would
maintain a high proportion of native biodiversity. We
hypothesized that such a capacity is higher in
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México

Fig. 1 Study area. The Tehuacan—Cuicatlan Valley and the
communities in whose territories the forests and AFS analyzed
were sampled

association with the patterns of indigenous peasant
way of life and cultural values and therefore, their
degradation would be caused mainly by social pro-
cesses influencing cultural change. We aspire that our
study may help to develop policies directed to include
traditional knowledge and techniques in biodiversity
conservation and recovering and preserving valuable
autochthon technology, which is useful for this and
other regions of Mexico.

Methods
Study area
The Tehuacan—Cuicatlan Valley is located at the south

eastern area of the state of Puebla and the north
western portion of the state of Oaxaca (Davila et al.
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2002, Fig 1); it comprises 10,000 km? with a high
environmental heterogeneity (Valiente-Banuet et al.
2009; Davila et al. 2002). It is a biodiverse region, with
36 types of plant associations (Valiente-Banuet et al.
2009) and nearly 3,000 plant species recorded.

Our study was conducted in the temperate high-
lands of the region, where vegetation includes differ-
ent association types of pine, oak, and pine-oak
forests. Particularly, we studied forests and AFS in
the territory of the communities of Coyomeapan in the
state of Puebla, and San Lorenzo Papalo and Santa
Maria Ixcatlan in the state of Oaxaca, which are
inhabited by Nahuatl, Cuicatec and Ixcatec people,
respectively.

The traditional multi-crop system called milpa
(commonly combining maize, beans and squashes
with other crops) is the main agricultural system and
we studied AFS practicing it. The milpas are culti-
vated in plots no more than 2 ha extent. We evaluated
their capacity of conserve native biodiversity through
analysing vegetation richness, composition and diver-
sity, by sampling vegetation in AFS and natural forests
and comparing these parameters among them. Sam-
pling of vegetation of natural forests was conducted in
rectangles of 50 m x 10 m (500 m?), subdivided in
five squares of 10 m x 10 m (100 m?) (Table 1). In
total we sampled 3 sites of forest and 5 AFS in
Coyomeapan, nine forest sites and four AFS I San
Lorenzo Papalo, and 6 forest sites and 5 AFS in Santa
Maria Ixcatan. In each sampling plot we recorded all
individuals of woody plant species measuring their
height, two perpendicular diameters of their canopies
and, in the breast height diameter (BHD) of trees.
Voucher specimens of all plant species recorded were
collected for identification and supporting our
research. The nomenclature of the plant species was
verified in the database TROPICS. Vegetation sam-
pling in AFS was conducted by mapping the spatial
components of each agricultural plot in order to
estimate the percentage of vegetation cover, and all the
species, number, height and biomass of individual
plants of each species occurring within the system
were listed in order to complement our records of plant
species richness within the sampling plots. In each
agricultural plot we identified the agroforestry prac-
tices and interviewed people managing them in order
to document in detail the agricultural and agroforestry
practices, as well as the plant composition of patches
forming agroforestry practices. Also, we carried out
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Table 1 General characteristics of the farming systems evaluated in the communities studied

Community  Crops Variety of crops Introduced  Fallow Irrigation Machinery Agrochemicals Livestock
trees
Coyomeapan Corn, beans, Corn: white thick, 7 spp. 1 year No Mattock No Yes
squashes, white thin, blue,
pumpkins, yellow gourd
peas pumpkin beans:
black bushy, black
vine, brown
S. L. Papalo Corn, bean,  One variety per 3 spp. 1-3 years No Plough Yes Yes
gourd, crop and
fava beans, mattock
peas
S.M. Corn, beans  Corn: white, blue 0 6 months No Tractor No Yes
Ixcatlan and squash: gourd and
squashes beans: black thin, mattock

frijol de milpa

interviews with managers of each agricultural plot in
order to record indicators of intensification degree of
the system, productivity, and the reasons why local
people decided to let woody plant species stand. In
addition, we documented the communitarian rules in
relation to these decisions and about the utilization of
the plant species recorded, governmental programs
influencing their decisions, and land tenure, following
the method developed by Moreno-Calles et al. (2010).

Ecological parameters

Vegetation sampling allowed calculate the species
richness, diversity and composition, as well as the
ecological importance value (EIV) relating density,
frequency and biomass of each species in the sampling
areas in both forests and AFS. Plant composition was
evaluated through the number of plant families, genera
and species, considering all species and only native
plant species. Richness was estimated by the rarefac-
tion method developed by Colwell using the program
estimates, particularly the non-parametric estimate
Chao (Colwell and Coddington 1994; Gotelli and
Colwell 2001; Colwell 2013). Curves of abundance-
rank were performed, in order to describe the numeric
relations among the ranks of species (order) and their
abundances (Magurran 1988). Because values of
abundance were markedly different we transformed
them to a logarithmic scale, obtaining log-abundance
curves as response variable of ranks. Differences
among curves slopes were tested through ANCOVA.
Diversity was calculated through the Simpson
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(Magurran 1988) and Shannon indexes (Shannon
and Weaver 1949), which allow analysing homoge-
neity-heterogeneity of the plant community. Statistical
differences of diversity (according to Shannon
indexes) among populations were tested through
T student tests. Richness and diversity parameters
were calculated for the territories of the communities
that were studied and for the whole temperate zone of
the region. In addition, we analysed separately trees
and shrubs because the parameters studied were
markedly different among plants of these life forms.
Average height and biomass of plants composing
forests and AFS were compared through ANOVA and
Bonferroni multiple range tests.

Management types

Interviews and field observations focused on identi-
fying the reasons behind the people’s decision to leave
woody plants standing on their agricultural plots. In
addition, we identified and documented those species
managed by tolerance, those especially protected,
transplanted and cultivated by sexual and asexual
propagules, sensu Blancas et al. (2010). Finally, we
documented in detail all agroforestry practices, as well
as their purpose and techniques.

Agriculture intensification

Information from interviews was used for constructing
an index of use intensification of each agricultural plot
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studied, in order to compare these indicators among
the indigenous communities studied. We included
both, qualitative and quantitative indicators related to
agricultural practices, animal raising (animal type
raised and frequency of grazing) within AFS plots and
amount and frequency of use of forest products from
AFS. We considered the number of years the AFS
have been managed, the surface that has been man-
aged, the annual frequency of the activities, the use of
inputs (organic or agrochemical), the tools and
machines used, crops used, the duration of agricultural
cycles, as well as, the weeding and tilling regimes. We
assigned numerical standardized values of all indica-
tors referred to above in order to use them for
calculating the infensification index developed by
Trilleras (2008). Particular attention was dedicated to
document the amount of harvested products per
agricultural plot, per agricultural cycle in relationship
to the plot area, in order to evaluate and compare the
plots’ production.

Results

In the whole sample of AFS studied we recorded a
total of 79 species of trees and shrubs belonging to 27
plant families (Appendix 1 see Table 5). Nearly 49 %
of the plant families recorded in the studied area is
present in both forests and AFS, 34 % is only
distributed in natural forests, and 17 % is only found
in AFS. The main plant families recorded are Faga-
ceae, Asteraceae, Fabaceae, Rosaceae and Pinaceae.
Nearly 86 % of the plant species recorded in AFS are
native to the Tehuacan Valley based on Davila et al.
(1993); the AFS maintain on average 43 % of the
perennial native plant species and 65 % of the native
tree species found in sampling sites of temperate
natural forests of the region.

According to the EIV, the most important species
in AFS were Amelanchier denticulata, Quercus
conzattii, Prunus persica, Yucca elephantipes and
Pinus lawsonii (Fig 2). The AFS from Coyomeapan
had 19 tree species and 20 species of shrubs,
whereas in Santa Maria Ixcatlan there were 11 tree
species and 18 shrub species, and in San Lorenzo
Papalo we recorded 15 tree species and three shrub
species.
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Fig. 2 Ecological importance values (EIV) calculated through
vegetation sampling based on density, frequency and biomass of
plant species in all the sites studied

Plant richness and diversity

AFS had similar species richness than natural forests.
The rarefaction curves (Fig 3) indicate that although
forest host a higher number of species, the differences
are not significant. It is possible to appreciate that AFS
of Coyomeapan maintain higher richness than those of
other communities, even higher than the local natural
forests. In Santa Maria Ixcatlan and San Lorenzo
Papalo the species richness decreases significantly
compared with natural forests (Fig 4). Plant species
diversity decreases significantly in AFS compared
with natural forests (Fig 5), particularly in San
Lorenzo Papalo and Santa Maria Ixcatlan; however,
in Coyomeapan the diversity of AFS was higher than
in natural forests.

Curves of abundance rank (Fig 6) show that species
dominance in AFS is generally higher than in natural
forests; also, that rare plant species in AFS are lost
more rapidly than in the forests, and that AFS have
significantly less individual plants than forests, which
was expected due to the vegetation clearing for setting
up crops. In the AFS of San Lorenzo Papalo, rare
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Fig. 3 Sampling rarefaction curves comparing the species
richness of the forests and AFS involved in the study. FS Forest
system (black line), AFS agroforestry systems (gray line),
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Fig. 4 Sampling rarefaction curves comparing the species
richness of the natural forests and AFS in the different
communities studied. FS Forest system (black line), AFS
agroforestry systems (gray line), confidence limits (95 %,
dashed line)

species are lost faster than in Coyomeapan where
natural forests are dominated by fewer species and
AFS maintain more species with restricted distribution
range.
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Vegetation structure

Agricultural plots conserving higher number of individ-
uals of perennial plants are those from San Lorenzo
Papalo (50 &+ 6.08 individual plants per plot, aver-
age £+ SE); Santa Maria Ixcatlin and Coyomeapan
maintain on average 30-40 £ 11.23 individual plants
per plot. However, in AFS of Coyomeapan height of
individual plants is significantly higher (2.5 & 0.35 min
height on average £+ SE), than in San Lorenzo Papalo
and Santa Maria Ixcatlan (1 £0.30m and
1.5 £ 0.14 m, respectively; F = 85,032; P = 0.0059).
Similarly, agroforestry plots of Coyomeapan and San
Lorenzo Papalo maintain significantly higher plant
biomass (800 4 255 and 500 + 94 m’ on aver-
age + SE, respectively than in Santa Maria Ixcatlan
(225 + 72 m*; F = 76,531; P = 0.0091).

Agricultural and silvicultural management
in agroforestry systems

In all communities studied we found as a general
management pattern the particularly high importance of
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Fig. 6 Dominance/diversity curves of Coyomeapan, Ixcatlan
and San Lorenzo Pépalo forests (black line) and AFS (gray line).
Species are plotted from highest to lowest abundance along the x
axis, and their abundance is displayed in log;q in the y axis

the surrounding areas of the AFS plots maintaining
vegetation cover; in these areas people keep the higher
number of species and individual plants which are
generally larger than those in other areas of the plots.
However, each community had particular agricultural
practices that confer specific features to AFS of their
territories (Table 1). For instance, the spatial arrange-
ment of trees and shrubs within the AFS plots are
different in each community. In Coyomeapan the
standing trees are sparsely distributed scattered in the
plot, sometimes in small groups forming short lines but
without forming real strips of vegetation, keeping
distance among them to make room to crops. The trees
that are present in these plots are generally non-native
fruit trees but along with them, it is common to find some
native shrubs. The native tree species that are commonly
found within AFS plots are Pinus spp., Quercus spp. and
Alnus acuminata, which are considered valuable trees
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for their wood, firewood and leaves. Particularly
relevant to mention are leaves of Alnus trees, which
are considered a good fertilizer, as well as leaves of
Quercus trees used for preparing food. In contrast, in
San Lorenzo Papalo, people keep fruit trees as small
islands within the AFS plots, although, other native
species are tolerated. The AFS plots studied are close to
oak forests and numerous young plants of Quercus spp.
grow within them and people let them grow. Com-
monly, adult oaks are pruned, fact that enables a faster
recovering of forest when an agricultural plot is left. In
Santa Maria Ixcatlan trees are not let standing inside the
AFS plots, except for those highly valued, as it is the
case of palms used for making handcrafts. In this village
AFS plots are relatively larger than in the others, which
commonly favours that people leave part of them as
natural vegetation that is used as shade, and for
obtaining firewood and medicinal plants (Fig 7).
Agroforestry systems of the highlands in the region
maintain trees and shrubs through different manage-
ment practices. Nearly 61 % are tolerated, 24 %
protected, 10 % cultivated, and 5 % transplanted. In
other words, most perennial plants survive in the AFS
plots because people let them grow and they invest
relatively low effort in enriching or maintaining them
(Table 2). People let trees to grow within the agricul-
tural plots mostly to produce edible fruits to obtain
firewood, timber and shade as well as for aesthetic
motives, or environmental benefits. In Coyomeapan
the main reasons to leave the trees is to have fruits and
firewood or even as support of climbing crop plants
such as passion fruit (Passiflora edulis). In Ixcatlan
people decide to maintain woody plants mainly for
shade and others like the palms Brahea spp. whose
leaves are used for weaving handcrafts, whereas in San
Lorenzo Péapalo because trees provide shade, fruits and
firewood (Table 3). These reasons were mentioned by

Table 2 Plant management of trees and shrub in the agro-
forestry systems in the whole sample and in the different
communities studied

Community Management type
Tolerated  Protected  Cultivated  Transplanted
(%) (%) (%) (%)
Coyomeapan 56 21 20 3
S. M. Ixcatlin 69 24 0 7
S. L. Papalo 50 28 16 6
Whole Sample 61 24 10 5
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Fig. 7 Schematic spatial arrangement of AFS in the commu-
nities studied. The figure indicates that in Coyomeapan a the
trees and shrubs are tolerated along the whole surface of the
agricultural plots including the boundaries. In San Lorenzo

Papalo b the trees and shrubs are maintained in the boundary and
in small islands inside, whereas, in Santa Maria Ixcatlan c trees
and shrubs are in the boundary and in the adjacent crops

Table 3 Percentage of

. . Reasons Whole sample Coyomeapan S.M. Ixcatlan S.L. Papalo
people interviewed that (%) (%) (%) (%)
gave explicit reasons for 7 ? 7 ?
maintaining trees and Shade 20 11 27 25
shrubs in AFS ] .

Edible fruit 13 26 9 0
Firewood 13 16 18 6
Does not affect 9 0 27 6
Other edible product 7 16 0 0
Boundary 7 5 0 13
Handcraft manufacturing 7 0 0 20
Medicine 4 11 0 0
Timber 4 10 0 0
Suppor to climbing crops 4 0 10 6
Windbreaks 2 5 0 0
Regulation 2 0 9 0
The second column Ornamental ) 0 0 6
indicates the results of the .
whole sample and the rest Attractor of rain 2 0 0 6
indicate the responses in Part of nature 2 0 0 6
each of the communities Fodder 2 0 0 6

studied

the people for those species intentionally maintained,
but additionally there is a high proportion of plants that
are tolerated because people consider that they do not
interfere with the agricultural purposes, or because
they are pretty or part of nature.

Agricultural intensification
In all AFS plots studied, people feed goats and sheep

after harvesting maize and other crops. They also
extract plant resources, mainly firewood. The

60

intensification index, with values ranging from 0 to
1, indicates that in Coyomeapan, AFS plots are less
intensified (0.1 & 0.04, average & SE), where there is
not any agrochemical inputs or machines used. The
highest intensification index was found in AFS plots of
Santa Maria Ixcatlan (0.6 & 0.14), where there is not
any agrochemical input, but where the agricultural
land is flat terrain, which allows utilization of
machines (e.g. tractors) and consequently the removal
of vegetation. Intensification index in San Lorenzo
Papalo was on average 0.5 & 0.12, since use of
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agrochemical inputs is high, particularly favoured by
governmental programs (e. g. the program Procampo),
which promote the use of pesticides, herbicides and
fertilizers. The average productivity in Coyomeapan
was 174.16 £ 20.93 kg/ha on average £ SE, whereas
San Lorenzo Papalo it was 106.25 £+ 6.25 kg/ha and
in Santa Maria Ixcatlan 136.66 £ 16.79 kg/ha.

Land tenure

We recorded three types of land tenure, which clearly
influenced the management of the AFS. In Coyomea-
pan, 44 % of land is private, 29 % ejido and 27 %
communal (ejido and communal are two forms of
collective land tenure in Mexico). In San Lorenzo
Papalo, 70 % is communal and 30 % is private,
whereas in Ixcatlan 100 % is communal. Land tenure
influences several aspects but especially the AFS plots
size. In Ixcatlan, where land tenure is entirely
communal, people have an integrated use of land-
scape, where agriculture is developed almost exclu-
sively in flat terrains of larger size than in other
communities. In contrast, in Coyomeapan where
nearly half of the land tenure is private, the use of
the natural resources and the space is mainly organized
by AFS plots.

Communitarian regulations and governmental
programs

In the three communities studied we recorded regu-
lations for managing trees. Pines are tree species
mainly protected by regulations; consequently people
need to obtain a permit with the local authorities for
using logging them. In Santa Maria Ixcatlan there is a
specific norm for regulating any tree cutting. In
Coyomeapan, where private property is dominant
people think that owners have the right to decide
whether the trees are cut or not, but local authorities
express that cutting trees requires authorization. In
general, local authorities allow local people to cut
trees for wood and firewood when it is used for
domestic consumption, but when trees are used for
other purposes such as construction they need to issue
a permit. The most penalized action is cutting trees for
commercialization of wood. In fact, any use of trees
for people external to the community is forbidden.
Two persons of the community said that cutting trees
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is prohibited because they are part of a Biosphere
Reserve.

People mentioned a governmental program enhanc-
ing maintenance of trees in agricultural systems (the
program Proarbol, supported by the Mexican National
Forestry Commission, CONAFOR), which pays $1.00
(nearly 8 cents of US dollars) per planted tree. The
program provides young pine trees that are non-native
species; however, people plant them for receiving the
monetary incentive, but they do not monitor for their
survival rate.

Discussion

Before the current dual need of producing food and
conserving biodiversity and ecosystems, AFS repre-
sent an attractive option to be maintained and devel-
oped. The results of our study show that nearly 43 %
of native species of perennial plants are maintained in
the AFS, which is close to the range of conservation
levels reported by Noble and Dirzo (1997), who
identified that between 50 and 80 % of the local
vegetation may be maintained in these systems. Our
study focused on woody perennial plant species (not
herbaceous plant species), but our data may also be
comparable with those reported by Bhagwat et al.
(2008), who proposed that the AFS of tropical areas,
may maintain on average 60 % of the local biodiver-
sity. Also, our results are comparable with those
obtained in the semi-arid areas of the lowlands of the
same region where Moreno-Calles et al. (2010) found
that these systems may maintain on average 59 % of
the plant species of the surrounding natural vegetation.

AFS maintain similar species richness than the
natural forests, however, its diversity is generally
lower than in forests because of the dominance of
some particular species deliberately tolerated or
promoted by people, which is a common pattern of
silvicultural management associated to AFS in the
region (Casas et al. 1997, 2007). However, the AFS of
Coyomeapan show that diversity, in these systems,
may be even higher than in natural forests, which may
be considered as a model of what it is technically
possible to achieve. We recorded absence or scarcity
of rare species in agroforestry systems of these areas,
similarly to that pattern documented for the semiarid
areas of the Tehuacan Valley by Moreno-Calles et al.
(2010).
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practices. AFS plots are also delimited by living
fences and people make efforts to maintain such
resources, since they depend more from their plots,
than people of the other communities. This situation
reflects in its higher rates of plant richness, diversity
and cover, tree size and biomass than in AFS plots of
the other communities.

In contrast, in Santa Maria Ixcatlan, where the
whole territory is communal and more extended, the
agricultural plots are placed in flat terrains where it is
viable to use machines for cultivation. Plots are mainly
dedicated to agriculture, whereas forest areas are large
enough for providing other goods and services. In
these conditions, AFS had lower plant richness and
diversity rates than in Coyomeapan, but it is consti-
tuted mainly by native species. This fact may also be
explained since Ixcatlan is drier than Coyomeapan
(Table 4).

In San Lorenzo Péapalo the vegetation islands are
more important than in the rest of the communities.
This pattern of agroforestry practices allowed the
utilization of machines for cultivation. People tolerate
young plants of the adjacent natural forests within the
isles. For this reason these were the AFS plots with
higher number of individual plants, but with the
smaller size and biomass. In this site, we found only
three species of shrubs and 15 of trees, which indicates
a strong selection on those species allowed to remain
in the AFS plots.

Management of AFS may be influenced by the
degree of access to forest and to landscape
resources that are allowed by the collective tenure,
as in Santa Maria Ixcatlan. In contrast, people may
be forced to optimize the use of AFS plots
increasing diversity of resources in the systems,
as for instance in Coyomeapan and San Lorenzo
Papalo. Accordingly, land tenure, land size and
resources availability and environmental aspects,
such as topography and rainfall regime may all be
significantly influencing the management patterns of
the AFS.

Conclusions
AFS are reservoirs of both diversity and living

strategies with high actual and potential contribution
for conserving native biodiversity. This attribute at
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least in theory allows the connectivity of fragmented
and conserved areas, and may favour the maintenance
of soils and water, and providing products to house-
holds that manage them.

All communities studied are inhabited by indige-
nous people. Human culture in each community is
different and preservation of indigenous features is
variable. In general, indigenous patterns of life are
more favourable for biodiversity conservation in
relation to the multiple use of ecosystems and
resources. However land use history, agricultural
intensification, land tenure, and ecological aspects
influencing agricultural techniques and access to
forest resources are all aspects significantly influenc-
ing management patterns and capacity of AFS to
maintain plant species diversity.

People enhance the presence of natural plant
resources in their agricultural plots using different
criteria, which are influenced by both culture and
ecological contexts, as well as economic motives.

Conservation of biodiversity in the Tehuacan—
Cuicatlan Valley needs to include policies for con-
serving and improving native AFS. Local experience
is highly variable according to the socio-cultural and
ecological contexts, but interchange of local experi-
ences would be a way of promoting the recovery and
improvement of these systems in areas where they are
being lost.

Studying ecological, social, economic and cultural
aspects motivating construction of AFS, as well as
those determining their loss may significantly con-
tribute to develop technology and criteria for public
policies enhancing these valuable systems.
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Table 5 List of species recorded in the sampling of forests Table 5 continued
and agroforestry systems studied — -
Families Species Forest AFS
Families Species Forest AFS
Cactaceae Ferocactus recurvus (Mill.) Borg X
Adoxaceae Sambucus nigra L. X Mammillaria sp. X
Anacardiaceae Rhus chondroloma Standl. X Opuntia lasiacantha Pfeiff. X
Rhus standleyi F.A. Barkley X X Opuntia sp. X
Rhus virens Lindh. ex A. Gray X X Campanulaceae  Lobelia laxiflora Kunth X
Annonaceae Annona cherimola Mill. X Caricaceae Carica papaya L. X
Araliaceae Oreopanax sp. X Clethraceae Clethra sp. X
Arecaceae Brahea dulcis (Kunth) Mart. X X Cupressaceae Juniperus communis L. X
Asparagaceae Agave potatorum Zucc. X X Juniperus flaccida Schitdl. X X
Agave salmiana Otto ex Salm-Dyck X X Ericaceae Arbutus xalapensis Kunth X X
Yucca guatemalensis Baker X Arctostaphylos sp. X
Asteraceae Ageratina collodes (B.L. Rob. and X Comarostaphylis polifolia (Kunth) X
Greenm.) R.M. King and H. Rob. Zucce. ex Klotzsch
Ageratina espinosarum (A. Gray) X Comarostaphylis spinulosa X
R.M. King and H. Rob. (M. Martens and Galeotti) Diggs
Ageratina hebes (B.L. Rob.) X Gaultheria hirtiflora Benth. X
RM. King and H. Rob. Vaccinium leucanthum Schltdl. X
Aﬁﬁ?ﬁi%ﬁfg(ﬁa]{i?) X Euphorbiaceae Euphorbia sp. X X
Ageratina sp. X X Sebastiania sp. X
Artemisia vulgaris L. X Fabaceae Acacia farnesiana (L.) Willd. X X
Baccharis conferta Kunth X Ac];l;: kfemmtula (Schltdl. and Cham.) X X
Baccharis serrifolf'aA].)CA. X Acacia sp. X
Baemps sl (oo x x
Bidens sp. X Desmodium conzattii Greenm. X
Brickelia veronicifolia (Kunth) A. X Erythrina americana Mill. X
Gray Erythrina leptorhiza Moc. and Sessé ex DC. X
Compuesta 1 X Hybosema ehrenbergii (Schitdl.) X
Compuesta 2 X Harms
Compuesta 3 X Lysiloma sp. X
Compuesta 4 X Mimosa sp. X
Eupatorium sp. X Quercus candicans Née X X
Gymnosperma glutinosum (Spreng.) X X Quercus castanea Née X X
Less. Quercus conspersa Benth. X
Montanoa sp. X Quercus conzattii Trel. X X
Perymenium discolor Schrad. X Quercus crassifolia Humb. and Bonpl. X X
Porophyllum ruderale (Jacq.) Cass. X Quercus crassipes Humb. and Bonpl. X X
Psacalium amplifolium (DC.) H. Rob. X Quercus glaucoides M. Martens and X
and Brettell Galeotti
Stevia lucida Lag. X X Quercus laurina Humb. and Bonpl. X X
Stevia sp. X Quercus magnoliifolia Née X X
Verbesina sp. X Quercus obtusata Humb. and Bonpl. X
Vernonia sp. X Quercus peduncularis Née X X
Viguiera sp. X Quercus rugosa Née X
Zaluzania montagnifolia X Quercus salicifolia Née X
(Sch. Bip.) Sch. Bip. Quercus scytophylla Liebm. X
Berberidaceae Berberis sp. X Quercus urbanii Trel. X X
Betulaceae Alnus acuminata Kunth X X Garryaceae Garrya ovata Benth. X
Bignoniaceae Tecoma stans (L.) Juss. ex Kunth X Lamiaceae Salvia purpurea Cav. X
Buddlejaceae Buddleja cordata Kunth X Lauraceae Litsea glaucescens Kunth X X
Buddleja parviflora Kunth X Persea americana Mill. X
Buddleja sp. X Malvaceae Sida sp. X
@ Springer

64



138

Agroforest Syst (2014) 88:125-140

Table 5 continued

Families Species Forest AFS

Melastomataceae  Clidemia sp. X

Melastomatoceae 1 X

b

Tibouchina scabriuscula (Schltdl.)
Cogn.

Morella cerifera (L.) Small X X

Forestiera rotundifolia (Brandegee) X
Standl.

Myricaceae
Oleaceae
Pentaphylacaceae  Ternstroemia pringlei (Rose) Standl.
Pinaceae Pinus lawsonii Roezl ex Gordon

X
X
Pinus devoniana Lindl. X
Pinus pseudostrobus Lindl. X

X

Pinus patula Schiede ex Schltdl. and
Cham.

Pinus teocote Schiede ex Schltdl. and
Cham.

Pinus 1

b
>

Plantaginaceae Russelia obtusata S.F. Blake

Polygalaceae Monnina xalapensis Kunth
Pterostemonaceae  Pterostemon rotundifolius Ramirez

Myrsinaceae Rapanea juergensenii Mez

XX X X XX

o

Rosaceae Amelanchier denticulata (Kunth) K.

Koch
Cydonia oblonga Mill.
Prunus americana Marshall

Prunus persica (L.) Batsch

o

Prunus serotina Ehrh.

Mo M KX

Pyrus malus L.

Rubus liebmannii Focke

b

Rubus sp.
Bouvardia ternifolia (Cav.) Schltdl.

Rubiaceae 1

Rubiaceae
Rutaceae Ptelea trifoliata L.
Rutacea 1
Rutacea 2
Sapindaceae Dodonaea viscosa Jacq.

Solanaceae Cestrum laxum Benth.

T T T

Solanum cardiophyllum Lindl.

Solanum hamatile Brandegee X

>

Solanum lanceolatum Cav.
Styracaceae Styrax argenteus C. Presl X
Citharexylum affine D. Don X

Lantana velutina M. Martens and X
Galeotti

Sp 1 X

Verbenaceae
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Abstract

Background

Agroforestry systems (AFS) are valuable production systems that allow concealing benefits
provision with conservation of biodiversity and ecosystem services. We analysed AFS of the
zone of alluvial valleys of the Tehuacan-Cuicatlan Valley (TCV), Mexico, the most intensive
agricultural systems within a region recognized for harbouring one of the most ancient
agricultural experience of the New World. We hypothesized that the biodiversity conservation
capacity of AFS would be directly related to traditional agricultural features and inversely related
to management intensity.

Methods

Agricultural practices, use frequency of machinery and chemical inputs, and proportion of forest
and cultivated areas were described in 15 AFS plots in alluvial valleys of the Salado River in
three villages of the region. With the information, we constructed a management intensity index
and compared among plots and villages. We documented the reasons why people maintain wild
plant species and traditional practices. Perennial plant species were sampled in vegetation of
AFS (15 plots) and unmanaged forests (12 plots 500 m?) in order to compare richness, diversity
and other ecological indicators in AFS and forest.

Results

In all studied sites, people combine traditional and intensive agricultural practices. Main
agroforestry practices are ground terraces and borders surrounding AFS plots where people
maintain vegetation. According to people, the reasons for maintaining shrubs and trees in AFS
were in order of importance are: Beauty and shade provision (14% of people), fruit provision
(7%), protection against strong wind, and favouring water and soil retention. We recorded 66
species of trees and shrubs in the AFS studied, 81% of them being native species that represent
38% of the perennial plant species recorded in forests sampled. Land tenure and institutions vary
among sites but not influenced the actions for maintaining the vegetation cover in AFS. Plant
diversity decreased with increasing agricultural intensity.

Conclusions
Maintenance of vegetation cover did not confront markedly with the intensive agricultural
practices. It is possible the expansion and enrichment of vegetation in terraces and borders of

AFS. Information available on plant species and local techniques is potentially useful for a
regional program of biodiversity conservation considering AFS as keystones.

Keywords

Agroforestry systems, Biocultural heritage, Biodiversity conservation, Mezquital, Silvicultural
management, Sustainable management, Tehuacan Valley, traditional agriculture
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Background

Alluvial valleys are sites particularly propitious for agriculture, because of their nutrients rich
soils, irrigation and flat terrains favouring intensive practices [1,2]. These ecosystems are also
important areas for designing strategies to control floods, watershed recharge, carbon storage,
and biodiversity conservation [3]. However, these functions are in high risk, because of the high
transformation these ecosystems have experienced. The remaining natural areas are generally
degraded and fragmented, and their transformation has affected the hydrological systems,
increasing sediments and water contamination [4]. These ecosystems are therefore a priority for
conservation worldwide.

Forest loss worries the contemporary societies not only because of the associated biodiversity
decline, but also because of the degradation of ecosystem services. Rural peoples are greatly
affected, particularly those of tropical areas where communities traditionally depend on the
diversity of products provided by forests [5]. For this reason, current science and society direct
great efforts in designing systems capable to combine the provision of benefits with biodiversity
conservation [6]. For designing management programs it is crucial that decision makers consider
opinions of scientists, as well as knowledge and experience of local people that have practiced
for long time local ecosystem management [7,8]. Traditional agriculturalists continually change
their natural resources management techniques, influenced by changes in economic, technical,
and social variables, and human values [9-12]. In some contexts, such changes may favour
biodiversity conservation, but in others, these may influence severe ecosystems degradation.
Understanding both situations is thus crucial for constructing knowledge for sustainability.

In rural areas of the tropical zones, indigenous peoples maintain the main reservoirs of traditional
agriculture knowledge and techniques [13], as well as germplasm diversity highly important for
in situ conservation of genetic resources [9]. Because plant resources of forests maintained in
these systems depend on human management, a parallel evolution of crops and forest resources
through practices modelled by humans can be found [14]. Indigenous communities are
recognized because of their ecological knowledge, experience in local ecosystem management,
and socio-cultural practices and values that contribute to maintain natural resources [15,16].

Among agricultural practices carried out by indigenous communities, the agroforestry systems
(AFS) are outstanding, since join wild and domesticated plant and animal components [17,18].
The practice of AFS is a historical tradition in different parts of the world [8,15], representing a
variety of relations between humans and nature involving multiple forms of managing resources
[16,19]. Nearly 1.2 billion people practice AFS in the world [20,21], México being recognized
because of the high diversity of these systems occurring in its territory [22,23].

AFS conform strategies to maximize in small spaces agriculture, livestock and forest
management, combining production of food, fodder, fuel wood and multiple useful products.
Some of them provide resources and ecosystem services similar to those provided by forests,
such as water infiltration, conservation of wild species habitat and corridors, maintenance of
pollinators, seed dispersers, and predators of insects that constitute potential pests, and an
outstanding contribution to biodiversity conservation [6,24]. For these reasons, AFS produce
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significant benefits to people that directly manage them, as well as to human societies in a wider
context; these systems are generally recognized as sustainable management systems [25].

A high variety of AFS have been described; they may be diverse, multi-stratified systems with
intimate interrelationships among wild and domesticated components, but also these may be
plantations of wood and/or fruit producing trees of few species [8]. Composition and attributes of
AFS are determined by the role the components play in people’s economy and environmental
values. Among reasons recorded about why people leave standing wild plants in agricultural
plots, their usefulness is the most common and it is usually related to the perception people have
about the availability of useful plants in forests [26]. Other reasons such as their intrinsic value,
aesthetic aspects, ceremonial and religious rituals, and transmission of knowledge on forest
among generations have been recorded [5,27]. Faye et al. [28] documented that agriculturalists
clearly explain that increasing the number of tree species in plots minimize the risk in the
functioning of the whole agricultural system. Maintaining diversified forest cover in small
production plots is a subsistence strategy [29], which in turn favours resilience of both, the
agricultural system and the household that manage the agricultural system.

It has been widely documented that AFS play an important role in biodiversity conservation at
different scales [26,30-32] and may significantly contribute to ecological restoration [24,33].
However, since plant species vary in functional features such as dispersion capacity and
vulnerability to agricultural activities, biodiversity in different taxonomic groups may respond
differently to agricultural intensification [34]. According to [34], species richness of vegetation
has a direct correlation with landscape complexity and local management. Numerous AFS not
only maintain biodiversity of the forests they derive from but also they may increase the
diversity including non-native species [16,35-37].

However, not all AFS are designed for conservation of native biodiversity [5]. Some intensive
AFS systems look for producing commercial value trees, in which conservation and interaction
among the species maintained in the system are not considered. For this reason, the design of
AFS and reasons for such a design are determinant of the characteristics of the system and their
conservation capacity. Main variables to consider for characterizing AFS are: (1) structural and
floristic diversity, (2) level of agricultural intensification, (3) features of the original forest
system, (4) technical aspects of the system, (5) distance to urban and forest areas [6].

Our study was conducted in the Tehuacan-Cuicatlan Valley (TCV), Mexico, a region recognized
for its high biological diversity [38], outstanding human cultural richness [39], with a history of
more than 10000 years old, early signs of agriculture [40], and a high richness of ethnobotanical
knowledge and plant management techniques [39,41-43]. In the alluvial valleys of the Salado
and Grande Rivers, it is established the main intensive agricultural zone of the region, with
irrigation systems, use of machines and chemical inputs [44]. In this zone, peasants are the
managers of intensive agriculture through AFS. The predominant original vegetation was and in
some parts still is the mezquital forest dominated by Prosopis laevigata [45]. In the region, AFS
have been studied in different zones to construct a regional diagnosis of systems capacity for
conserving biodiversity and provision of resources for household’s wellbeing. The general
purpose of these studies is the design of a regional strategy of biodiversity conservation based on
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AFS. Studies by Moreno-Calles et al. [46] in the arid zones and by Vallejo et al. [37] in the
highlands allow a partial view of the panorama. This study complements the previous efforts.

In our current study, the main questions were how the structure of AFS of the intensive
agriculture of the traditional Tehuacan Valley is and how it is related to the management
practiced by local communities. Which are the main reasons people maintain these systems and
what is their capacity for maintaining biodiversity. We expected that the communities managing
the system combine features of intensified agriculture with traditional agroforestry practices.
Such combination of techniques could provide important lessons about the current trade-offs
about conservation and production. We hypothesized that the traditional techniques favour
biodiversity conservation, whereas the modern intensification techniques counterbalance such
capacity; however, we expected to identify optimum characteristics of the system for achieving
both purposes. Our study therefore aimed to characterize strengths and weaknesses of AFS of the
alluvial valleys, in order to identify key aspects for improving their sustainable management.

Methods

Study area

The TCV is located at the southeast of the state of Puebla and the northwest of the state of
Oaxaca [47], covering an area of 10,000 km? with a high environmental heterogeneity including
36 vegetation types [45,48]. Most of the regional territory is semiarid with annual mean
precipitation of 300-500 mm [49]. This zone is recognized for its high biodiversity, with more
than 3,000 plant species, nearly 400 of them being endemic to the region [38]. It is also culturally
diverse, with eight indigenous ethnic groups inhabiting the area [39]. These entire elements make
the TCV one of the most important biocultural regions of Mexico (Figure 1).

Figure 1 Study area. Location of the communities studied in the alluvial valleys of the Salado
and Grande Rivers at the Tehuacan-Cuicatlan Biosphere Reserve in Puebla and Oaxaca, central
Mexico.

Our study was conducted in forests and AFS of the lowlands of the region, which is an extent
alluvial valley formed by the Salado and Grade rivers, both of them tributaries of the Papaloapan
River, one of the greatest rivers of Mexico. The original vegetation in this zone is formed by a
combination of thorn-scrub forest, tropical dry forest, and riparian vegetation dominated by the
mezquite Prosopis laevigata, reason why Valiente-Banuet et al. [50] describe them using the
term mezquitales. We conducted the study in three areas following the main rivers. One of them
is part of the territory of the community of Santiago Quiotepec, Oaxaca, which is inhabited by
Mestizo and Cuicatec people. The second area is part of the community of San José Axusco,
Puebla, inhabited by Nahua people. The third area is part of the community of Zapotitlan de las
Salinas, Puebla, inhabited by Mestizo, Mixtec and Popoloca peoples (Figure 1). In Quiotepec,
people are predominantly dedicated to agriculture, cultivating the multi-crop maize system called
milpa, complemented by commercialization of lemon and mango; it is located at an elevation of
545 m, where vegetation is tropical dry forest. In Axusco people complement resources from
milpa with monetary incomes from intensive cultivation of sugar cane; it is located at elevation
of 900 m, where vegetation are thorn and tropical dry forests dominated by mezquite. In
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Zapotitlan the milpa system is complemented with incomes from the extraction of mineral salt
and mining and handicrafts manufactured with onyx; it is located at elevations of 1400 m, with
patches of thorn forest and columnar cacti forests dominated by mezquite.

Study system

In all communities, we studied the milpa system that combines management of maize, beans,
squashes, and in some cases chili peppers. In general, the milpa is a small system of nearly one-
hectare extent, whose production is for direct consumption by households. We sampled five plots
of AFS in each site, in total 15 AFS units. We carried out characterizations at both regional and
local levels per community, considering human cultural, technological, and economic aspects
related to the management of each AFS plot, as well as ecological and biodiversity conservation
issues. For characterizing AFS we mapped each plot, identifying and measuring the area covered
by each type of agroforestry practices. Based on these maps we calculated the percentage of
vegetation cover of each plot and we censed all species of shrubs and trees occurring in the
vegetation patches. We conducted semi-structured interviews to people managing each plot
analysed, all of them being the owners of the plot. Interviews focused on five main topics: (1)
Physical aspects of the terrain, plot size, use period, land tenure. (2) Agricultural practices, crops
managed, fallow periods, patterns of crop rotation, use of fire, instruments, tools and /or
machines used, use of agrochemical inputs, irrigation, labour hand invested. (3) Techniques of
vegetation management associated to each type of agroforestry practices, reasons why people
maintain or remove wild plants, caring actions, and the most valued plant species. (4)
Governmental and non-governmental programs enhancing or not AFS, and communitarian rules
regulating use and management of forest. (5) Pastoralist practices, how people manage livestock
associated to AFS.

Maintenance of shrubs and trees in AFS

Based on information obtained from the interviews, as well as on fieldwork observations, we
identified the main reasons why people let standing trees and shrubs in their AFS, as well as the
percentages of the more mentioned attributes. We also analysed the reasons why people carry out
the different agroforestry practices.

Agricultural intensification

Based on the interviews we calculated an index of agriculture intensification, in order to compare
the relative state of management intensity of AFS among the communities studied (Table 1). The
index is an algorithm that sum indicators of three main components: use of machinery,
agrochemical inputs and agricultural practices. For each activity we obtained quantitative values
of several indicators and we assigned numerical values for some qualitative variables, in order to
standardize and make comparable the information [51]. The component machinery included the
type of tools used (spade, machete, plough, tractor) at different moments of the agricultural
cycle. The component agrochemicals included the record of using fertilizers, herbicides and
insecticides, their frequency and amounts used. The component agricultural practices considered
use of fire, frequency and intensity, the number of years practicing agriculture in the plot, the
area of the terrain in relation to the practices, the number of times that the land has been
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cultivated consecutively, the duration of fallow periods, weeding and tilling regimes, irrigation
frequency and labour invested. Each component was standardized to percentage 0-100 values,
with 300 as the maximum (100%) value. We called this index Intensification Value Index. In
addition, in the interviews we included questions about the amounts of maize harvested per
agricultural cycle, then dividing the data by the cultivated area to estimate productivity. With this
information we calculated the relation between intensification and productivity.

Table 1 Factors included in the index of agriculture intensification

Variables Lower value Higher value Values range
Machinery Using machinery Manual, machete, Plough, Tractor 1 manual, 2 Plough, 3 tractor
spade
Frecuency of use No using All along 0 no, 1 occasionally, 2 all along
Agrochemical Using agrochemical No using Using chemical fertilizer, 0 no, 1 organic fertilizer, 2 chemical
pesticide and herbicide fertilizer, 3 pestice and herbicide
Frecuency of use No using All along 1 no, 2 all along
Agricultural practices Use of fire No using Yes 0 no, 1 yes
Frequency No using All along 0 no, 1 all along
Intensity No using high flame 0 no, 1 high flame
Number of years practicing 1 year 60 years 1la60
agriculture in the plot
Irrigation frequency No using All along 0 no, 1 occasionally, 2 all along
Labour invested Family Payment of wages 1 Family, 2 family and support

community, 3 family and occasionally

payment, 4 all payment

Biodiversity conservation

The capacity of biodiversity conservation of AFS was evaluated through vegetation studies,
analysing species richness, composition and diversity. We focused our attention on identifying
native plant species and estimating the proportion that are maintained in agricultural plots
compared with those occurring in the forest from which the AFS derive. We conducted
vegetation sampling in 27 plots of 500 m? (50 m x 10 m), subdivided in 100 m? squares (10 m x
10 m); 12 plots sampled in the forest areas and 15 plots in the AFS in each of the communities
(Table 2). This is a sampling methods that is conducted at regional level by several research
groups in order to make comparable information on vegetation [45,48]. All individual of shrubs
and trees were recorded, measuring their height, two perpendicular diameters of their canopies
and, in trees, we also measured the breast height diameter of the trunk (BHD). We collected
botanical sampled, and the samples are in the Herbarium of the Centro de Investigaciones en
Ecosistemas, UNAM.

Table 2 General characteristics of agricultural plots of the SAF sampled in the study

Parcels Land Tenure Lot size Cultivated land Sampling
1 Zapotitlan Communal 4 ha 3 ha 500 m?
2 Zapotitlan Communal 1ha 0.5 ha 500 m?
3 Zapotitlan Communal 4ha 3 ha 500 m?
4 Zapotitlan Communal 4 ha 3 ha 500 m?
5 Zapotitlan Communal 3 ha 3 ha 500 m?
1 Axusco Ejidal 1ha 1ha 500 m?
2 Axusco Ejidal 3 ha 1ha 500 m?
3 AXusco Ejidal 1.5 ha 0.5ha 500 m?
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4 AXusco Ejidal 2 ha 1.5 ha 500 m?

5 AXUSCO Ejidal 2 ha 2 ha 500 m?
1 Quiotepec Private 3 ha 1ha 500 m?
2 Quiotepec Communal 1 ha 0.5 ha 500 m?
3 Quiotepec Private 2 ha 1ha 500 m?
4 Quiotepec Private 1ha 0.5 ha 500 m?
5 Quiotepec Private 1.5 ha 1 ha 500 m?

Data analyses

Vegetation

For each plot sampled (in both AFS and forests) we calculated species richness, diversity,
species composition, and the el Ecological Importance Value (EIV). In addition, in AFS we
calculated structural parameters such as total biomass, frequency of heights and total number of
individual plants in order to compare amounts and state of perennial plants inside the agricultural
plots. Composition was evaluated by identifying the number of plant families, genera, species,
distinguishing those of native species from the total numbers. The Ecological Importance Value
(EIV) is a quantitative relation of the relative frequency, density and biomass of each species in
the sampled area. Species richness was estimated through the rarefaction method developed by
Colwell through the programme EstimateS, using the non- parametric estimator Chao [52-54].

Based on Jost et al. [55] and using the SPADE program [56], for each site we calculated the true
diversity measure; this is analytical approach that has been recognized as the most appropriate
for diversity evaluations. We calculated for each site studied the 'D value (exponential of
Shannon’s entropy), ‘D weights each species according to its abundance in the community, and
hence, it can be interpreted as the number of ‘common’ species in the community [55,57].

To compare abundance values between forest and agroforestry sites, we used a generalized linear
model (GLM) through Poisson error by data counting; we also compared biomass, height and
Shannon exponential (continuous data) through linear models [58]. Finally, we compared
Shannon exponential values between wild and agroforestry sites, using Student’s t-tests, which is
useful when there is a single factor and two levels [58]. Before conducting t-tests we checked the
homogeneity of variance | order to be sure about the validity of the tests.

Results

Characterization of AFS and their management

AFS studied have a spatial arrangement according to the specific type of terrain, which are
organized in ground terraces or ‘bancales’, which is a pre-Columbian technique practiced in
terrains over soft slopes, slightly modifying the surface. This is generally a system directed to
retain and protect soils through hedgerows of bushes and ground borders along edges [59,60]. In
this region the technique has the Néhuatl name of ‘metepantle’, meaning “space between agaves”
[61], although some variations of the technique use other specific names; for instance, they can
be called ‘apantle’ when agaves are absent or ‘melgas’ (term that makes reference to the space
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destined to cultivation) and ‘estacadas or cabezales’, properly to the ground border. It is just on
the ground borders where people maintain wild plant species, sometimes combining with
cultivated shrubs and trees (Figure 2). This AFS is so important at the regional level that
significantly model the landscape and makes conspicuous the spatial arrangement of terrains in
alluvial valleys (Figure 3).

Figure 2 Aspect of agroforestry systems and forest of the alluvial valley of the Tehacan-
Cuicatlan Valley, Mexico. (A) Plot of agroforestry system showing the ground borders with
vegetation forming flat terrains. (B) Aspect of the “mezquital” thorn forest described by
Valiente-Banuet et al. [45,48].

Figure 3 Aspect of the terraces formed by ground borders stabilized with vegetation cover
in the basin of the Salado River and smaller tributaries in Zapotitlan Salinas, Puebla.

According to the interviews, the establishment of ground terraces helps to manage water from
rainfall (retaining it and controlling the run-off causing erosion) as well as from the irrigation
system (directing its flow and favouring infiltration). In addition, terraces helps to prevents soil
erosion; in both roles, vegetation maintained on the borders plays a central role (Table 3). But
maintaining vegetation has more reasons; people mentioned a total of 20 reasons, including
utilitarian explanations mainly provision of fruits (7%) and other edible resources (7%), fuel
wood (5 %), medicines (2%) and fodder for livestock (5%). People also made reference to
functions (ecosystem services) such as preventing soil erosion (2%), ( make the terrain planner
(2%), protection against strong wind (7%), retention of water (7%), provision of shade (14%),
barrier of access to domestic animals (2%), as well as attractors of wild animals that may affect
the crops (2%). For instance, they mentioned birds, which in wild vegetation find food that
otherwise is looked for in the crops. People in addition mentioned reasons related to provision of
habitat to other desirable specie (9%); for instance, the edible caterpillar called ‘cuchama’ the
larvae of the butterfly Paradirphia fumosa, which are food highly appreciated in the region and
has considerable economic value. The larvae ‘cuchamd’ grow associated to the tree ‘manteco’
Parkinsonia praecox, which for this and other reasons is particularly appreciated and maintained
by people in AFS. Another animal protected in AFS are the edible insects (Hemiptera),
‘cocopache’. Also important is the ‘pitahaya’ Hylocereus undatus, associated to mezquite
(Prosopis laevigata), which produces edible fruits. We also recorded aesthetic reasons (14%)
(beauty) for maintaining trees and shrubs, in some areas people call these beautiful plants “wild
luxury”, these are the cases of ‘sotolin’ (Beaucarnea gracilis), the ‘viejito’ (Cephalocereus
columna-trajani) and other succulent plants. In addition, people gave ethic and spiritual reasons
(“if there is no reason to remove them, why to do it”; the ‘pirul’ Schinus molle provides
protection against ‘bad spirits’) (2%). Not all reasons are equally important, the most frequently
mentioned were those of beauty and shade provision (14%), followed by provision of fruit,
protection against strong wind and water retention (7% each) (Table 3).
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Table 3 Reasons expressed by people of the communites studied in the Tehuacan Valley for
maintaining shrubs and trees in their agroforestry plots.

Total Zapotitlan AXxusco Quiotepec
Reasons % % % %
Asthetic (beauty) 14 25 7.5 0
Shade 14 15 75 18
Maintaining water 7 10 0 9
Windbreaker 7 5 75 9
Food (other than fruit) 7 0 15 9
Unnecessary to remove them 7 0 15 9
Fruit 7 0 0 27
Fuel wood 5 10 0 0
Habitat of the edible larvae cuchama 5 10 0 0
Other uses 5 5 75 0
Fodder 5 0 75 9
Maintaining of soil 2 5 0 0
Habitat of pitahayas 2 5 0 0
Tools 2 0 75 0
Ritual 2 0 75 0
Atractor of other species 2 0 7.5 0
Rules 2 0 75 0
Medicinal 2 0 0 9
Habitat of edible Hemiptera cocopaches 2 5 0 0
Making the terrain plainer 2 5 0 0

In each community studied, the reasons for maintaining shrubs and trees in AFS were variable,
but two reasons were mentioned in all sites: protection against strong wind and beauty of the
plot. Each person mentioned from one to five reasons. In Zapotitlan, people mentioned 11 of the
20 reasons referred to in the whole region, each person mentioned on average four reasons, the
most important being beauty of crop field (25% of mentions). In Axusco people mentioned on
average 2.6 reasons, the most important being provision of food and ethic motives (15% each).
In Quiotepec people mentioned on average 2.2 reasons, the most important being obtaining of
fruit (27%, Table 3). However, when asking the question about the most interesting attribute of
shrubs and trees maintained, people mentioned specific uses (65%) followed by their size, they
prefer big trees (35%).

Trees and shrubs more valued by people interviewed were mezquites (Prosopis laevigata),
‘guajes’ (Leucaena esculenta), lemon (Citrus limon), ‘manteco’ (Parkinsonia praecox) and
‘nopales’ (Opuntia spp.) (Table 4). Prosopis laevigata had the highest record of preference and
the highest number of uses. It is valued as protection barrier against strong wind, levelling the
terrain, its pods and leaves are good fodder, its wood is very good fuel wood and material for
construction and handicrafts. It is particularly good support for growing ‘pitahaya’ (Hylocereus
undatus), the edible insects ‘cocopaches’ live on this tree, and it provides shade and beauty to the
plot.
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Table 4 Most important trees according to the mention of people interviewed

Todos Zapotitlan Axusco Quiotepec
Mezquite (Prosopis laevigata ) 13 5 4 4
Guaje (Leucaena esculenta) 7 1 4 2
Lemon (Citrus limon) 5 1 1 3
Manteco (Parkinsonia praecox) 4 3 1 0
Nopal (Opuntia sp.) 4 1 3 0

The number of trees and shrubs and vegetation cover maintained in AFS is highly variable. On
average, vegetation cover is 12% of agricultural plots. In Zapotitlan the cover was on average
18% while in Axusco it was 5% and in Quiotepec 10%. Reasons mentioned to remove vegetation
cover were: “...plants cause obstruction to the pass of tractor and plough”, and “...it is necessary
to remove plants growing fast and difficult to control which affect crop growing”. People also
mentioned to remove those plants with spines that hurt persons, those that compete with crops,
and those determining excessive shade that affects maize growth and that do not provide any
other important function to the system.

People prevent problems associated to maintain trees and shrubs through agroforestry practices
that allow them getting benefits and reducing negative effects. In general people maintain
vegetation in ground borders (75%), and they function as windbreaker barriers, whereas those in
limits of the plot function as live fences. Put in these ways vegetation maintained allow free
passing to tractors and plough in the cultivated areas. Trees and shrubs should be pruned to
control shade, and the resulting material provide fuel wood. In 80% of the plots studied, people
extract fuel wood for direct consumption by the households. The species more valued for this
purpose are Prosopis laevigata and Parkinsonia praecox. These important trees are tolerated as
isolated trees within the cultivation areas. Other species are usually transplanted from the centre
of the plot to the terraces or borders, but not all of them establish successfully after
transplantation. The most successful to this action are agaves and cacti. The agroforestry
practices mentioned were recorded in all sites studied, the main difference among sites is the
total vegetation cover and the reasons to maintain shrubs and trees.

Land tenure and use rules

In México land tenure may be private, ejidal and communal, and all of these types are
represented in the sites studied. However, in Zapotitlan all AFS studied are in communal land,
whereas in Axusco in ejidal land and in Quiotepec in private areas. Cutting trees, even those in
sites of the production area is under regulation, requiring permit from local authorities. In
Zapotitlan the regulations are particularly strict, the study zone is part of a protected area and
sanctions are supervised by the Mexican Ministry of Environment as well as by local authorities.
In Axusco the Ejidal authority or Comisariado is the one in charge of authorizing or not the
vegetation removal, whereas in Quiotepec it is the Communal authority (Comisariado), but
people may remove trees without permit in their private land. Sanctions are generally economic
but in Zapotitlan people that disobey may be jailed.

People (nearly 47% of interviewees) said that PROCAMPO (a governmental programme in
charge of supporting agricultural production) through economic incentives proportional to
cultivated land, penalizes the areas maintaining vegetation, which is not considered to be
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‘productive’. Contrarily, other governmental programs from SEMARNAT (Mexican Ministry of
Environment) or CONANP (National Commission of Protected Areas) enhance reforestation or
planting trees in plots. In nearly 33% of the plots sampled we recorded these programs but these
were unsuccessful. In Zapotitlan these institutions promoted agaves and Parkinsonia praecox but
the mortality of plants was high.

Vegetation

On average, we recorded 13 species of trees and shrubs per plot of AFS. However, variation is
very high, ranging from 3 to 33 species per plot. In Zapotitan we recorded the highest number of
woody species (17.5 = 5) per plot, whereas in Quiotepec and Axusco we recorded 11.6 + 3 and
9.2 + 1.15 woody species per plot, respectively.

Floristic composition

Through the vegetation sampling we recorded a total of 66 species of trees and shrubs in the AFS
studied. These species belong to 30 plant families and 49 genera (Table 5). The most represented
plant families are Cactaceae with 13 species, and Fabaceae with 12 species. Most species of trees
and shrubs recorded (81%) in AFS are native species, which represent approximately 38% of the
perennial plant species recorded in the vegetation sampling of forests of the alluvial valleys
studied. According to their Ecological Importance Value, The most important species in AFS are
Prosopis laevigata, Viguiera dentata, Vallesia glabra, Leucaena esculenta, Cordia curassavica,
and Parkinsonia praecox (Figure 4). Prosopis laevigata is the most frequent and Viguiera
dentata the most abundant.

Figure 4 Ecological Importance Value indexes calculated for the most important plant
species in agroforestry systems of the sites studied (A) General results at regional level, (B)
Zapotitlan (C) Quiotepec, (D) Axusco.

In AFS of Zapotitlan we recorded 48 species, the most important (with the highest EIV) being
Prosopis laevigata and Viguiera dentata, whereas in Quiotepec we recorded 26 species (the
highest EIV recorded in Citrus limon and Sida rhombifolia) and in Axusco 9 species (the highest
EIV recorded in Leucaena esculenta and Sideroxylon palmeri (Figure 4).

Species richness and diversity

AFS maintain a species richness similar to wild forests, without significant differences, which
confirms their important capacity for conserving native biodiversity. The rarefaction plot of
species richness (Figure 5) shows that AFS has a relatively higher number of species of trees and
shrubs than in forests. But this general pattern changes among sites. In Axusco and Quiotepec
the wild forest have significantly higher richness of trees and shrubs than AFS, whereas in
Zapotitlan AFS have significantly higher species richness than forests (Figure 5). However, the
Shannon exponential index value differs statically between wild forest and AFS (t = 6.0387, p =
2.62E-06), AFS having significantly lower diversity than forests (Figure 6). Loss of diversity is
particularly drastic in the community of Axusco, and although we found differences between
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Axusco (t =4.33, p =0.003) and Quitepec (t = 4.915 p = 0.0082), decreasing of diversity in AFS
is considerable in Zapotitlan as well as in Quiotepec.

Figure 5 Plant species richness calculated in agroforestry systems and forest systems of the
alluvial valley of the Tehuacan-Cuicatlan Biosphere Reserve through the method of
rarefaction. (A) General comparison (B) Comparison of systems in the sites studied.

Figure 6 Plant species diversity calculated in agroforestry systems and forest systems of the
alluvial valley of the Tehuacan-Cuicatlan Biosphere Reserve through the exponential
Shannon index. (A) General comparison (B) Comparison of systems in the sites studied.

Vegetation structure

AFS in Quiotepec have higher biomass than AFS of the other sites but differences are not
significant (biom. F13 = 0.0001, p = 0.99; 'D. Fi3 = 4.017, p = 0.06; Figure 7). AFS with the
higher number of trees and shrubs were those of Zapotitlan (95 individual woody plants per plot
on average). It was followed by Quiotepec (on average 35 individuals of trees and shrubs per
plot) and Axusco, where the number of trees and shrubs drastically decreased compared with the
other sites (on average five individulas per plot; ind. F13 = 12.05, p = 0.00414, Figure 7). Woody
plants in plots of Axusco are significantly taller (on average 4 m tall h. F13 = 5.21, p = 0.039)
compared with those in plots of Quiotepec and Zapotitlan (Figure 7).

Figure 7 Vegetation structure parameters comparing agroforestry systems among the sites
studied. (A) Biomass, (B) Abundance measured by number of individual plants (C) Average
height of the perennial plants with the AFS.

Production system

AFS in the sites studied are mainly dedicated to cultivation of milpa (maize, beans, squashes,
chilli pepper), together with some fruit-producing trees (mainly lemon, sapodilla and mango) and
other horticultural crops such as watermelon and melon in irrigated plots. The milpa products are
directly consumed by households whereas fruits are commercialized. Corn (varieties ‘criollo’,
‘rojo’, ‘azul’, and ‘hibrido’), beans (Phaseolus vulgaris varieties ‘enredador’, ‘flor de mayo’,
‘mosquito’, ‘blanco’, ‘delgado’, ‘mazateco’, ‘negro’, and ‘rojo’) and squashes (Cucurbita pepo
or ‘calabaza de castilla’, C. argyrosperma or ‘calabaza acamotada’ and C. moschata or ‘calabaza
deapenita’) are grown. We found on average three crop species per plot, but some of them have
six crop species (in Zapotitlan 2.5, in Axusco 3, and in Quiotepec 3). No significant differences
were identified in this aspect among sites.

We found that nearly 80% of the agricultural plots sampled had irrigation; all agriculturalists
make use of tractor for tilling the earth, some of them alternating with plough. The agricultural
cycle is from three to four months, in Quiotepec people practicing two cycles of cultivation per
year, leaving land in fallow only two months, whereas in Zapotitlan and Axusco people practice
one single cultivation cycle per year leaving land in fallow 7 to 8 months. To maintain the soil
fertility, people make use of organic inputs, mainly goat dung and leaves; in nearly 60% of the
plots sampled people make use of chemical fertilizers. For controlling pests of animals, nearly
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60% of people interviewed said to add chemical insecticides whereas the rest said not to make
use of any type of pest control. In Axusco all people interviewed said to make use of chemicals
for controlling larvae affecting maize. Control of weeds is mainly conducted manually, only 14%
people interviewed (all of them from Axusco) said to make use of herbicides.

Calculations of Intensification Value (Figure 8) indicated that the community of Axusco had the
highest values. In this community people make use of machinery more frequently, the higher use
of agrochemical inputs was recorded there and agricultural practices are in general more
intensive than in the other sites studied (e. g. longer use of land in relation to the fallow period,
more frequent use of fire). Axusco is followed by Zapotitlan where people make use of tractor
combined with plough, but agrochemicals are practically non-used, and the agricultural practices
are intense; they have used the land in consecutive cycles for long time. Quiotepec had the
lowest values of intensification since use of machinery is less frequent than in the other sites, and
although people make use of chemicals this is much less frequent and in lower amounts than in
Axusco. In Quiotepec people practice two agricultural cycles per year but they started this use
pattern until recently, after land was long time in fallow. Production was generally similar in all
sites studied. In Axusco people harvest on average 720 + 49 kg of maize per ha, whereas in
Quiotepec 640 + 25 kg/ha and in Zapotitlan 588 + 23 kg / ha.

Figure 8 Intensification Value with the three components analysed: Machinery,
Agrochemical and Agricultural practices, comparing agroforestry systems among the sites
studied.

Livestock raising was markedly different among sites. In Zapotitlan people do not raise domestic
animals in the plots of AFS, whereas in Quiotepec 80% of the plots are used for feeding animals
during the dry season (mainly maize straw and remaining weeds) and in Axusco 60% of the plots
have a similar situation. However, in general few animals are maintained in AFS plots (on
average two oxen, one donkey and one horse), in Quiotepec the owner of one plot maintain in his
AFS plot 30 goats.

Discussion

AFS of alluvial valleys studied maintain traditional technological elements combined with
modern intensifier agricultural techniques. These are probably the most interesting features for
discussing how much these approaches are viable to interact for constructing sustainable
productive agricultural systems more effective for satisfying the need of preserving biodiversity
and provision of goods and services to society. The ground terraces were described by
archaeologists to have existed in the Tehuacan Valley and Oaxaca, Central Mexico with
antiquities between 3,000 to 2,000 years before present [62]. Terraces have traditionally been
associated to soil and water management, prevention of soil erosion, forms of social organization
and diverse cultural aspects [60], all of which are current aspects documented in this study. This
ancient technique has changed throughout time, we know that presence of Agave spp. in the
ground terraces and borders was more important in the past [23], as they are still important in
other zones of the Tehuacan Valley. Displacement of agaves and predominance of Prosopis
laevigata and other species may be associated to decreasing use of agaves for extracting ‘pulque’
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(its fermented sap) and the priority to have fuel wood available. The system therefore exists and
species composition may be adjusted according to the changing needs and priorities.

The dynamics of the system makes necessary to pay attention to who manage the system and
socio-cultural changes occurring in their households, what are the changing reasons and how
these influence decisions for maintaining wild plants in the system. Moreno-Calles et al. [23]
found that in general for AFS of Mexico numerous studies have reported utilitarian aspects as the
main reason motivating the decision to maintain wild plants in the system. These authors found
that such interest may be expressed in the fact that the proportion of useful species existing in
natural forests may increase in AFS (These authors reported an increase of useful species from
75% to 96% in AFS of arid zones). Those studies have identified that among the main uses of
components of AFS are fodder and shade, roles that are consistent in the cases analysed in our
current study. However, beauty is a particularly relevant reason in the systems of our study.

Not all wild species in AFS have the same cultural value. In the cases studied the most cultural
important species are those with the highest Ecological Importance Value (EIV) like Prosopis
laevigata, which has eight different uses, it is highly appreciated by people and has a high EIV. It
is pertinent to indicate that the EIV is an effect of the cultural importance. Another example is
Beaucarnea gracilis, which has high aesthetic value (it is considered beautiful) as well as
culturally (there were parties dedicated to this plant). People let standing these species because
they are interested on them, the contrary interpretation (these plants are culturally important
because they are abundant) is incorrect.

Capacity of biodiversity conservation is relatively lower than that of other systems studied in the
region. In AFS of temperate forest of the highlands, we [37] recorded on average 46% of
capacity whereas in columnar cacti forests Moreno-Calles et al. [46] recorded up 70% of
capacity. Anyway, these systems have features of high intensive management (more than those
others studied in the region) and have the capacity of maintaining 38% of native trees and
shrubs. We also identified that AFS of the zone studied the diversity decreases more
pronouncedly than AFS in temperate forests, and even more than AFS in columnar cacti forests
which have a high capacity to maintain plant diversity [36] did not identify significant
differences in diversity of AFS and columnar cacti forests.

In terms of structure, the systems varied among the sites studied. In Zapotitlan AFS are more
abundant in terms of number of individuals but have lower biomass than in Quiotepec. This
pattern can be explained because in Zapotitlan shrubs and small trees are particularly abundant,
whereas in Quiotepec people prefer to maintain big trees and even bigger in Axusco, where few
individuals are let standing but most of them are big trees.

The production system maintains features of traditional management combined with use of
machinery and chemical inputs. These features contribute to make these systems more
productive than those of the columnar cacti forests [46] and those of temperate forests in
highlands [37]. But corn yields are not impressive (less than one ton per hectare) and although
systems differ in the intensity value their differences in production are not significant. Which
allows question the real need of the intensive use of machinery and chemical inputs which
determine a higher investment of energy not proportional to the production obtained, making
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thus the system more inefficient. It is outstanding that even when features of intensive
management are present, the AFS studied maintain an important capacity of biodiversity
conservation. Contrasting the sites analysed allows seeing that intensive management does not
require removing vegetation cover and that, therefore, it is possible and necessary reinforcing the
effort for increasing richness and diversity of native plant species in the terraces and ground
borders of this system. Natural ecosystems in the sites studied are similar; therefore, the checklist
of species reported, as well as others that have been reported in AFS of the neighbouring
columnar cacti forests [46] may be the basis for enriching the plant cover of the systems studied.
Such species enrichment is not only desirable but technically possible. The regional experience
for managing and cultivating native plant species has for the moment identified nearly 300 plant
species [42], many of them viable to be used in the alluvial valleys.

Enriching and increasing plant cover in AFS may be a priority strategy promoted by the
authorities of the Biosphere Reserve Tehuacan-Cuicatlan, as well as local authorities of
communities. Ethnobotanical studies in the region have inventoried nearly 1600 useful plant
species, nearly 90% of them being part of the regional forests [39,41]. There are now conditions
to starting a regional program with the purposes of expanding and enriching plant cover of AFS,
with the pertinent local species and local techniques. Our studies show that this goal is not
confronted with needs of increasing agricultural production. And, for the contrary, that program
would contribute to maintain not only plat diversity, but also the associated diversity [63] of
animals and insects that find in these microenvironments, important bridges with broader
fragments provided by secondary vegetation patches and forest areas. Biodiversity conservation
has traditionally been seen as opposed to land use, but AFS reveal that the trade-off is not
necessarily true. Conserving biodiversity at regional level should consider biodiversity
conservation at landscape level in particular zones. The areas reported in this study, as well as
those studied by [36,37,46,64] provide information and techniques that could be adopted by
regional authorities for a program on biodiversity conservation considering the productive
systems.

Land tenure in Mexico is particularly important for constructing agreements, regulations and
institutions. Our study found that the sites studied had the three different regimes (private,
comunal and ejidal). We found that collective systems of property have higher capacity to
regulate the amount of vegetation cover, but we did not find a concrete influence of this situation
on the amount of vegetation cover. In Zapotitlan, because the whole territory is part of the
Biosphere Reserve, the authorities of the Reserve control external rules that not always are well
considered by local people, but it undoubtedly has contributed to promotion of conservation
values and actions. These actions could be enhanced at regional level.

Governmental programs like Procampo do not help in promoting expansion of vegetation cover
in AFS. The authorities of the Biosphere Reserve could have an active negotiation with that
Federal programme in order to coordinate efforts of the different governmental programmes.
However, it is important to mention that Procampo like other governmental programs, including
the authorities of the Biosphere Reserve, not always have had the sensibility to include local
people in participatory processes to design actions for concealing production and biodiversity
conservation. This is a great challenge, and both local people and authorities as well as
authorities of the Biosphere Reserve, may be supported by researchers that have generated
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information like the current and other referred studies for the Tehuacan-Cuicatlan Valley, one of
the most important areas of biocultural heritage in Mexico.

The Tehuacan Valley is an eminent arid zone of Mexico, but the agricultural system studied is
located in the ‘oasis’ zone provided by the rivers Salado and Grande. Therefore, the comparison
of the systems studied should be made with other similar systems of Mexico and the World. Few
studies have been published with a similar approach in similar environmental contexts. For
nstance, it has been documented that in the Saharan desert traditional agriculture has been
maintained throughout time in the oases, where are commonly practiced ancient techniques such
as maintenance of trees resistant to soil salinity and favoring Keeling humidity, shade and
providing fruits [65]. In Mexico, in the Sonoran Desert, Nabhan [14] documented the traditional
agricultural techniques practiced by the Papago people, who have conserved the oases of their
territories and have developed a complex system of biotic interactions. This author identified
eight plant associations and various agroforestry practices including living fences and
windbreaker barriers, as well as high levels of diversity of trees, birds and mammals. The Papago
have modified the landscape geomorphology through terraces, channels and flood zones 14,17].
In the Mezquital Valley in central Mexico, the Nafih(i people have constructed terraces and
borders to manage water and sediments to improve soil and humidity for crops. Particularly
important for these purposes are agave which in addition provide other multiple uses such as
food, beverages, and fibers [17].

In the arid zones of the World numerous human cultures have interacted with the difficult
conditions of these zones for thousands of years, and a significant amount of knowledge and
techniques have been developed [17,65], which are all crucial at present for designing the future.
Investigating trees and shrubs associated to crops may provide valuable information for
improving the AFS, conserving biodiversity and supporting techniques for restoring disturbed
areas of arid zones [33,65].

Conclusions

Information resulting from this study allow confirming the role of AFS as systems able to
provide goods and other benefits at the same time that conserving biodiversity and ecosystem
services. The AFS studied are the most intensive in the TCV and however, are able to make
compatible intensive agricultural practices with biodiversity conservation. Intensive practices
should be technically reviewed since they appear to be inefficient and promote contamination.
The current practices are compatible with strategies for increasing and diversifying vegetation
cover in ground terraces and borders. Local species and management techniques documented for
the region make possible such a strategy with high potential benefit.
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Table 5 Checklist of trees and shrubs species recorded in Agroforestry systems (AFS) and the
natural forest

Voucher Families Species Forest AFS
MVR254 Acanthaceae Justicia candicans (Nees) L.D. Benson X
MVR261 Amaranthaceae Iresine sp. X
Photo Anacardiaceae  Amphipterygium adstringens (Schitdl.) Standl. X
Mangifera indica L. X
MVR263 Pseudosmodingium multifolium Rose X
MVR259 Schinus molle L. X X
Photo Annonaceae Annona cherimola Mill. X
MVR296 Apocynaceae Vallesia glabra (Cav.) Link X X
Plumeria rubra L. X
Photo Asparagaceae Agave karwinskii Zucc. X
Photo Agave macroacantha Zucc. X
Photo Agave marmorata Roezl X X
Photo Agave potatorum Zucc. X
Photo Agave salmiana Otto ex Salm-Dyck X
Photo Agave sp. X
MVR320 Asteraceae Gymnosperma glutinosum (Spreng.) Less. X
MVR325 Montanoa grandiflora DC. X
MVR313 Sanvitalia fruticosa Hemsl. X
MVR229 Verbesina neotenoriensis B.L. Turner X X
MVR265 Viguiera dentata (Cav.) Spreng. X X
MVR307 Morfol X
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Photo Bignoniaceae
Photo Boraginaceae
MVR224

Photo Bromeliaceae
Photo

Photo Burseraceae
Photo

MVR218

MVR299

Photo

Photo

Photo

Photo Cactaceae
Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

MVR315 Cannabaceae
MVR305 Cannaceae
MVR211 Capparaceae
Photo Convolvulaceae
Photo Ebenaceae
MVR322 Euphorbiaceae
MVR219

MVR221

Photo

MVR295

MVR223

MVR287

MVR324

MVR385

Photo

Photo

Tecoma stans (L.) Juss. ex Kunth

Cordia curassavica (Jacq.) Roem. & Schult.
Cordia stellata Greenm.

Hechtia glomerata Zucc.

Hechtia sphaeroblasta B.L. Rob.

Bursera aloexylon (Schiede ex Schltdl.) Engl.
Bursera aptera Ramirez

Bursera cuneata (Schltdl.) Engl.

Bursera fagaroides (Kunth) Engl.

Bursera morelensis Ramirez

Bursera schlechtendalii Engl.

Bursera submoniliformis Engl.
Cephalocereus columna-trajani (Karw. ex Pfeiff.) K. Schum.
Coryphantha pallida Britton & Rose
Cylindropuntia leptocaulis (DC.) F.M. Knuth
Echinocactus platyacanthus Link & Otto
Escontria chiotilla (F.A.C. Weber) Rose
Ferocactus latispinus (Haw.) Britton & Rose
Mammillaria carnea Zucc. ex Pfeiff.
Mammillaria haageana Pfeiff.

Mammillaria sphacelata Mart.

Mammillaria sp.

Myrtillocactus geometrizans (Mart. ex Pfeiff.) Console
Neobuxbaumia tetetzo (J.M. Coult.) Backeb.
Opuntia depressa Rose

Opuntia ficus-indica (L.) Mill.

Opuntia pilifera F.A.C. Weber

Opuntia pubescens J.C. Wendl. ex Pfeiff.
Opuntia pumila Rose

Opuntia sp.

Pachycereus hollianus (F.A.C. Weber) Buxb.
Pachycereus weberi (J.M. Coult.) Backeb.
Polaskia chichipe (Gosselin) Backeb.

Pilosocereus chrysacanthus (F.A.C. Weber ex Schum.) Byles & G.D.

Rowley

Stenocereus pruinosus (Otto ex Pfeiff.) Buxb.
Stenocereus stellatus (Pfeiff.) Riccob.
Peniocereus viperinus (F.A.C. Weber) Buxb.
Celtis pallida Torr.

Canna indica L.

Capparis incana Kunth

Ipomoea arborescens (Humb. & Bonpl. ex Willd.) G. Don
Diospyros digyna Jacg.

Argythamnia guatemalensis Mull. Arg.
Cnidoscolus tehuacanensis Breckon

Croton glabellus L.

Croton alamosanus Rose

Croton sp.

Euphorbia graminea Jacq.

Euphorbia heterophylla L.

Euphorbia verticillata Desf.

Euphorbia sp.

Jatropha rzedowskii J. Jiménez Ram.

Mabea occidentalis Benth.

X X X X X X X X X X X X X X X X X X X X X X X X

X X X X X X X X

xX X

X X X X X X X X X X X X X

X X

X X X X
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MVR230
Photo
Photo
MVR215
MVR228
Photo
MVR298
MVR209
MVR290
MVR236
MVR271
MVR308
MVR269
MVR245
MVR213
MVR260
MVR298
MVR232
MVR309
MVR269
Photo
Photo
Photo
MVR234
Photo
Photo
Photo
Photo
MVR331
Photo
MVR231
MVR240
MVR216
MVR297
MVR220
MVR222
MVR280
Photo
Photo
MVR244
MVR212
MVR303
Photo
MVR261
Photo
MVR284
Photo
MVR289
Photo
MVR253
MVR306
MVR286
MVR266
MVR268

Fabaceae

Fouquieriaceae
Hernandiaceae
Lauraceae
Loasaceae
Lythraceae
Malpighiaceae

Malvaceae

Meliaceae
Myrtaceae
Phytolaccaceae
Primulaceae
Rhamnaceae

Rubiaceae

Rutaceae
Sapotaceae

Simaroubaceae
Solanaceae

Verbenaceae

Manihot pauciflora Brandegee

Pedilanthus tehuacanus Brandegee

Ricinus communis L.

Acacia angustifolia (Lam.) Desf.

Acacia cochliacantha Humb. & Bonpl. ex Willd.
Acacia coulteri Benth.

Acacia farnesiana (L.) Willd.

Acacia pringlei Rose

Acacia sp.

Caesalpinia melanadenia (Rose) Standl.
Cercidium praecox (Ruiz & Pav. ex Hook.) Harms
Dalea carthagenensis (Jacq.) J.F. Machbr.

Dalea sp.

Dalea sp.

Dalea sp.

Hymenaea courbaril L.

Leucaena esculenta (Moc. & Sessé ex DC.) Benth.
Mimosa luisana Brandegee

Mimosa polyantha Benth.

Mimosa sp.

Parkinsonia praecox (Ruiz & Pav. ex Hook.) Hawkins
Pithecellobium dulce (Roxb.) Benth.

Prosopis laevigata (Humb. & Bonpl. ex Willd.) M.C. Johnst.

Senna wislizeni (A. Gray) H.S. Irwin & Barneby
Vachellia constricta (Benth.) Seigler & Ebinger
Fouquieria formosa Kunth

Gyrocarpus mocinoi Espejo

Persea americana Mill.

Mentzelia hispida Willd.

Punica granatum L.

Echinopterys eglandulosa (A. Juss.) Small
Galphimia glauca Cav.

Ayenia mexicana Turcz.

Ceiba aesculifolia (Kunth) Britten & Baker f.
Herissantia crispa (L.) Brizicky

Melochia tomentosa L.

Sida rhombifolia L.

Cedrela odorata L.

Psidium guajava L.

Rivina humilis L.

Jacquinia seleriana Urh. & Loes. ex Mez
Ziziphus amole (Sessé & Moc.) M.C. Johnst.
Karwinskia mollis Schitdl.

Randia sp.

Citrus limon (L.) Osbeck

Sideroxylon capiri (A. DC.) Pittier
Sideroxylon occidentale (Hemsl.) T.D. Penn.
Sideroxylon palmeri (Rose) T.D. Penn.
Castela tortuosa Liebm.

Capsicum annum L.

Solanum tridynamum Dunal

Solanum nigrum L

Lantana achyranthifolia Desf.

Lantana camara L.

xX X

X X X X X X X X X X X X

xX X

X X X X X

X X X X X X X X x

x

xX X

X X X X

x X X X X X

X X X X X X
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Photo Lippia graveolens Kunth. X X
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Figure 1. Study area. Location of the communities studied in the alluvial valleys of the Salado
and Grande Rivers at the Tehuac&n-Cuicatlan Biosphere Reserve in Puebla and Oaxaca, central

Mexico.
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Figure 2. Aspect of agroforestry systems and forest of the alluvial valley of the Tehacan-
Cuicatlan Valley, Mexico. (A) Plot of agroforestry system showing the ground borders with
vegetation forming flat terrains. (B) Aspect of the “mezquital” thorn forest described by

Valiente-Banuet et al. [45,48].

(A)

(B)

FIGURE 2

95



Figure 3. Aspect of the terraces formed by ground borders stabilized with vegetation cover in the

basin of the Salado River and smaller tributaries in Zapotitlan de las Salinas, Puebla.
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Figure 4. Ecological Importance Value indexes calculated for the most important plant species in
agroforestry systems of the sites studied (A) General results at regional level, (B) Zapotitlan (C)

Quiotepec, (D) Axusco.
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Figure 5. Plant species richness calculated in agroforestry systems and forest systems of the

alluvial valley of the Tehuacan-Cuicatlan Biosphere Reserve through the method of rarefaction.

(A) General comparison (B) Comparison of systems in the sites studied.
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Figure 6. Plant species diversity calculated in agroforestry systems and forest systems of the

alluvial valley of the Tehuacan-Cuicatlan Biosphere Reserve through the exponential Shannon

index. (A) General comparison (B) Comparison of systems in the sites studied.
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Figure 7. Vegetation structure parameters comparing agroforestry systems among the sites
studied. (A) Biomass, (B) Abundance measured by number of individual plants (C) Average

height of the perennial plants with the AFS.
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Figure 8. Intensification Value with the three components analysed: Machinery, Agrochemical

and Agricultural practices, comparing agroforestry systems among the sites studied.
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CAPITULO IV

Vallejo M, Casas A, Moreno-Calles Al, Blancas J. Los sistemas agroforestales del Valle de
Tehuacéan: una perspectiva regional. En Moreno-Calles Al, Casas A, Toledo V, Vallejo M. El
Manejo Etnoagroforestal en México. (Aceptado)
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RESUMEN

El Valle de Tehuacan Cuicatlan (VTC) es una region con presencia humana de mas de 12000
afios y con registros de agricultura de alrededor de 9000 afios. Conforme la agricultura se
desarroll6, los Sistemas Agroforestales (SAF) evolucionaron tanto en los campos de cultivo
asociados a las milpas localizadas fuera de los poblados, como en los huertos establecidos junto a
las casas. Los SAF han sido reconocidos por su alto potencial de conciliar los propositos
productivos con la conservacion de biodiversidad y funciones ecosistémicas de gran importancia.
En el VTC se han llevado a cabo estudios en varios sistemas particulares; éstos han documentado
niveles relativamente altos de conservacion de especies forestales nativas dentro de los huertos y
en las milpas. En este trabajo se recopila la informacion disponible, las caracteristicas de los SAF
regionales, y su capacidad de mantener diversidad bioldgica. Se sistematiza informacion sobre
los SAF, asi como sobre la riqueza y diversidad de especies vegetales que alojan, las categorias

de uso y formas de manejo de diferentes componentes de la vegetacion, las razones que
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considera la gente para el mantenimiento de las especies en los sistemas y aspectos culturales de
los manejadores de los mismos. En las milpas se registraron 183 especies de arboles y arbustos,
siendo el 88% nativas, y en los huertos se documentaron 376 especies con el 65% de especies
nativas. En promedio los SAF regionales mantienen el 45% de las especies de la vegetacion
natural. Se identificaron cinco practicas agroforestales principales, siendo la més frecuente y
extendida las cercas vivas; se encuentran también islas de vegetacion, manchones, franjas y
arboles aislados. Se enlistaron 25 razones para mantener plantas silvestres dentro de SAF, los
méas mencionados incluyen criterios utilitarios, principalmente como alimento, forraje, lefia.
También se incluyen criterios asociados a beneficios ecosistémicos, como control de erosion y
mantenimiento de la fertilidad; hasta las razones éticas, como el que son parte de la naturaleza o
el derecho de existir de las plantas. Se encontré que las distintas caracteristicas locales de las
comunidades humanas como tenencia de la tierra, aunadas a las caracteristicas ecoldgicas,
influyen en las caracteristicas de los SAF del VTC.

PALABRAS CLAVE: Conservacion bioldgica, biodiversidad, biodiversidad util, diversidad

cultural, manejo

ABSTRACT

The Tehuacan Cuicatlan Valley (TCV) is a region with a human presence of more than 12,000
years and agriculture records about 9000 years. As agriculture developed, Agroforestry Systems
(AFS) evolved in crop fields located outside the villages, and established homegardens near the
houses. The AFS have been recognized for their high potential for productive purposes,
reconciling the conservation of biodiversity and ecosystem functions of great importance. In the

TCV studies have been conducted in several individual systems; they have documented
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relatively high levels of conservation of native forest species in homegardens and cornfields. In
this work, the available information, the characteristics of regional AFS, and their ability to
maintain biodiversity is compiled. Information on AFS is systematized, as well as the richness
and diversity of plant species present, use categories and ways of managing different components
of the vegetation, the reasons people consider to maintain the species and cultural aspects of
systems managers. In the cornfields 183 species of trees and shrubs were recorded, with 88% of
them native, and 376 species in homegarden with 65% of native species were documented. On
average regional SAF maintain 45% of the species of natural vegetation. Five main agroforestry
practices were identified, the most common and widespread being were hedges; as well as
islands, vegetation patches, strips and isolated trees. 25 reasons enlisted to keep wild plants
within AFS, the most frequently mentioned include utilitarian criteria, mainly as food, fodder
and firewood. Criteria are also associated to ecosystem benefits, such as erosion control and
fertility maintenance; to ethical reasons, as they are part of nature or the right to exist of plants. It
was found that different local characteristics of human communities and land tenure, coupled

with ecological characteristics influence the characteristics of the AFS in TCV.

KEYWORDS: Biological conservation, biodiversity, useful biodiversity, cultural diversity,

management

INTRODUCCION

El Valle Tehuacan Cuicatlan (VTC) es una zona con una reconocida importancia biologica y
cultural, ya que en sélo 10 000 Km? se han registrado 37 asociaciones vegetales que albergan
2621 especies de plantas vasculares (Davila et al., 2002; Lira et al., 2009; Valiente-Banuet et al.,

2009). Tiene una historia de presencia humana desde hace 12 000 afios y de presencia de la
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agricultura desde hace cuando menos 9000 afios (MacNeish, 1967), lo que indica que el VTC es
una regién con una historia de larga interaccion entre seres humanos y naturaleza, y ésta ha dado
como resultado una alta riqueza en conocimientos y formas de manejo tanto de las especies
locales como de los ecosistemas que caracterizan el medio (Casas et al., 2001, 2008). Resultado
de esa larga historia cultural, en la region mantienen presencia ocho grupos étnicos indigenas:
néhuatl, ixcatecos, cuicatecos, popoloca, chochos, mazatecos, chinantecos y mixtecos (Casas et
al., 2001).

En la actualidad, las diversas comunidades indigenas y mestizas llevan a cabo actividades
agricolas, pecuarias y forestales en las 37 asociaciones vegetales registradas por Valiente-Banuet
et al. (2009). Esta condicion hace del VTC una de las zonas con mayor riqueza de conocimientos
etnoboténicos en México (Casas et al., 2001; Lira et al., 2009; Blancas et al., 2010). Un
indicador de tal riqueza son las mas de 1600 especies de plantas de la region utilizadas de alguna
manera por los pobladores locales (Casas et al., 2001; Lira et al., 2009). Asimismo son un
importante indicador las 32 categorias de uso registradas, siendo las mas importantes las
alimenticias, ornamentales, forrajeras y medicinales; se ha documentado que una especie puede
tener hasta 14 usos diferentes (Blancas et al., 2010).

Hoy en dia las practicas agricolas se efectian en tres grandes zonas: (1) Las partes bajas,
conformadas por los valles aluviales de los principales rios regionales: Salado, Grande,
Cacahuatal y Santo Domingo, donde la vegetacion original predominante son mezquitales y
bosques tropicales secos; esta es la zona que alberga los sistemas agricolas mas intensivos,
principalmente destinados a la cafia de azlcar, pues reciben riego y son tierras planas. (2) La
zona montafosa templada de la Sierra de Zongolica, entre los 2200 a 3200 msnm, donde

predominan los bosques templados de pino y encino; es una zona altamente transformada,
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principalmente por la agricultura de temporal dirigida al autoconsumo, en esta franja predomina
la milpa con presencia de arboles frutales para venta, y (3) la franja &rida y semiarida en las
laderas y cimas derivadas de matorrales xerofilos y bosques de cactaceas columnares, donde se
cultiva milpa de temporal para el autoconsumo (Casas et al., 2008). En estas regiones existen
sistemas agroforestales de campo (parcelas), tanto de temporal como de riego, asi como sistemas
de traspatio que incluyen diversos tipos de huertos y solares. Aunque han sido aun poco
estudiados, la informacion disponible indica que estos sistemas albergan una importante fraccion
de la diversidad biol6gica regional (Moreno Calles et al., 2010; Larios et al., 2013; Vallejo et al.,
2014). En las tres grandes regiones que se han caracterizado se encontré como parte importante
de los sistemas agricolas y de la cultura a SAF que han formado parte de las practicas agricolas.
De las 1600 especies Utiles registradas hasta el momento, 120 son especies nativas manejadas en
SAF (Casas et al., 2008; Blancas et al., 2010).

Aunque algunos sistemas de huerto y de campo se estudiaron hace algunos afios (Wilken, 1977),
los sistemas agroforestales de Tehuacdn comenzaron a estudiarse sisteméaticamente
recientemente. Se han caracterizado como sistemas dedicados en mayor medida a cultivos de
milpa de temporal en parcelas de 0.5 a 4 hectareas con bajos niveles de insumos. Estos se han
documentado como sistemas que mantienen altos niveles de riqueza de especies silvestres y
diversidad de componentes tanto silvestres como cultivados, asi como altos niveles de diversidad
genética entre las especies silvestres dominantes (Casas et al., 2006; Parra et al., 2008; Moreno-
Calles et al., 2010, 2012; Vallejo et al., 2014).

Dentro de los SAF del VTC se ha registrado el manejo tradicional que implica el mantenimiento
de las especies con importancia economica y cultural, a través de la tolerancia, promocion y

cuidados especiales (Moreno-Calles et al., 2012; Larios, 2013). Tambien se ha documentado el
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continuo reemplazo e introduccion de plantas de la vegetacion silvestre hacia los sistemas
(Moreno-Calles et al., 2010; Vallejo et al., 2014), sobresaliendo en ambos casos las especies
arboreas.

En la franja &rida, en los bosques de cactaceas columnares destacan especies como Stenocereus
stellatus, Escontria chiotilla, Polaskia chichipe, Polaskia chende, Myrtillocactus schenckii y
Lemaireocereus hollianus, cuya diversidad genética de las poblaciones en SAF mantienen el 93
% de la diversidad genética de las poblaciones silvestres (Casas et al., 2008; Parra et al., 2008;
Moreno-Calles et al., 2010). Estudios en ecologia de poblaciones encontraron que los sistemas
agroforestales son sitios propicios para regeneracion de poblaciones de especies dominantes,
como en el caso de Polaskia chichipe, investigado por Farfan Heredia (2006). Junto a las
especies arboreas, los SAF albergan una considerable diversidad de arbustos y herbéceas nativas
que contribuyen significativamente a incrementar la diversidad que se mantiene en los sistemas y
que al mismo tiempo aportan servicios y funciones ecosistémicas de alta importancia (Blanckaert
et al., 2007; Moreno-Calles et al., 2010; Vallejo et al., 2014).

En general los SAF estdn ampliamente reconocidos por brindar recursos, los cuales son
aprovechados por las personas que los manejan (Donald, 2004). De igual manera son
reconocidos por distintos beneficios ecosistémicos como: mantenimiento de polinizadores,
dispersores de semillas, controladores naturales de plagas (Jose, 2009; Nair, 2011; Tscharntke et
al., 2011), y su presencia contribuye a controlar erosién y retencién de agua, asi como a
proporcionar sombra y microambientes para el mantenimiento de una humedad relativa (Altieri y
Toledo, 2005; Nabhan, 2007). Asimismo, la presencia de diversidad de elementos de la flora
nativa favorece la diversidad de elementos micorricicos y bacterianos en las comunidades

bioticas de los suelos que retribuyen una mayor produccion (Dechert, 2004; Jose, 2009).
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Los SAF satisfacen diversas necesidades campesinas, son fuente de ingresos econdmicos para
quienes comercializan los excedentes en la produccion (Boffa, 2000; Donald, 2004), proveen de
importantes productos para la salud local, reducen la presion sobre la vegetacion local al
propagar especies con alto valor cultural (Altieri y Toledo, 2005; Moreno-Calles et al., 2011),
son importantes espacios de diversificacion (Casas et al., 2008; Parra et al., 2008), reducen la
incertidumbre econdmica y ecoldgica al asegurar una provision minima de especies Utiles, entre
otros beneficios (Schroth et al., 2004; McNeely y Schroth, 2006).

Dentro de los sistemas agroforestales, los huertos merecen una mencidn particular, ya que son
sitios en donde los diferentes grupos culturales recrean sus entornos y constituyen una expresion
clara de los elementos y procesos de su entorno que aprecian y valoran como recursos vegetales
y otros procesos que constituyen servicios ecosistémicos (Kumar y Nair, 2004; Montagnini,
2006). Los huertos son sistemas agroforestales proximos al sitio donde las personas habitan
(Pulido et al., 2008). Al mismo tiempo, son espacios de intercambio, de experimentacion y
aclimatacién de numerosas especies que seran posteriormente ensayadas en otros sistemas de
produccion (Torquebiau, 1992; Nair y Kumar, 2006). Estos aspectos se aplican tanto al manejo
de plantas como de animales.

Por lo tanto, los huertos, asi como los sistemas agroforestales en general, son espacios
cambiantes que constantemente son modificados en funcion de las necesidades humanas (Altieri
y Nicholls, 2000). La composicién y abundancia de especies en particular, dicen mucho acerca
de la dinamica social de una cultura y al mismo tiempo pueden fungir como un indicador de los
cambios econdmicos, sociales, ecologicos, ambientales y en general en los patrones culturales de

una comunidad (Albuquerque et al., 2005).
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Los SAF de las comunidades rurales tradicionales son reservorios tanto de agrobiodiversidad
como de la biodiversidad natural local. Permiten que numerosas especies endémicas, raras,
escasas, de distribucion restringida o incluso aquellas que se han extinto en la vegetacion natural,
tengan la posibilidad de prosperar en estos espacios (Pulido et al., 2008; Larios et al., 2013).

Los estudios que se han desarrollado hasta el presente sugieren que los SAF del VTC son sitios
propicios para el mantenimiento de especies de importancia ecoldgica, cultural y econémica y al
mismo tiempo, espacios de produccion agricola, reservorios de conocimientos y formas de
manejo tradicional, asi como de elementos materiales y culturales de valor para las poblaciones
que los manejan. Los estudios revisados permiten identificar que no todos los SAF son
igualmente exitosos, que esas capacidades referidas pueden ser diferentes en distintos contextos.
Suponemos que los sitios cuyos ecosistemas son naturalmente diversos tienen una base material
propicia para favorecer también SAF diversos. Pero para que ello se exprese en diversidad
agroforestal, la cultura de quienes manejan el sistema debe tener entre sus valores el aprecio y
aprovechamiento de tal diversidad. Es decir, los sitios con alta heterogeneidad ecoldgica y
cultural donde se valora la diversidad, seran areas propicias para encontrar SAF diversos. Ante
tal suposicion, las preguntas que guiaron esta investigacion son: ¢Qué capacidad tienen los
sistemas agroforestales para mantener la biodiversidad regional? ¢(Qué procesos socio-
economicos Yy culturales influyen las decisiones de manejo y mantenimiento de diversidad en los
SAF? ;Qué factores socio-ecoldgicos influyen en la capacidad de los sistemas agroforestales de
mantener biodiversidad? ¢Cudl es el papel de los SAF de la regidon en la conservacion de la
biodiversidad y la retroalimentacion y mantenimiento de las culturas locales?

Para contestar estas preguntas, el presente capitulo analiza las caracteristicas socio-ecologicas de

los SAF del VTC, las préacticas agroforestales mas importantes, su capacidad de mantener
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biodiversidad, mediante los parametros de riqueza y diversidad vegetal de la region, los
elementos culturales expresados en las razones de mantener los elementos forestales dentro de
los sistemas productivos, identificando los factores que influyen para la conformacion de los

SAF en la region y su importancia tanto bioldgica como cultural.

METODOS

Zona de estudio

El VTC se localiza en la porcion sureste del estado de Puebla y el noroeste del estado de Oaxaca
(Rzedowski, 1978). Tiene una extensién de 10,000 km? y presenta una alta heterogeneidad
ambiental (Valiente-Banuet et al., 2000). La mayor parte de su territorio es semiérido con una
precipitacion promedio anual 300 a 500 mm, mientras en las partes montafiosas el clima es
templado con una precipitacion de 700 a 800 mm (Garcia, 1988). Es una region particularmente
biodiversa; se han identificado 37 tipos de asociaciones vegetales (Valiente et al., 2000) y se han
registrado mas de 3000 especies de plantas de las cuales cerca de 400 son endémicas a la region.
Ademas, cuenta con una considerable riqueza cultural, con la presencia de ocho grupos
indigenas, lo que lo hace una region biocultural de alta importancia para México y la region

mesoamericana en general (Figura 1).

Delimitacion de los sistemas de estudio

Para estudiar los SAF del Valle de Tehuacan, primeramente se consideraron dos grandes
sistemas, los SAF de campo, es decir las parcelas productivas alejadas de las casas, y los huertos
aledafios a las viviendas. En cada uno de ellos se llevaron a cabo distintos métodos de

investigacion, los cuales se mencionan a continuacion.
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Milpas

En el VTC se desarrollan diversos sistemas agroforestales, principalmente cafetales, huertas de
diversas especies frutales, cafiaverales y milpas. Sin embargo, el SAF de mayor extension, que se
mantiene a lo largo y ancho del Valle, en el mayor espectro de condiciones climéticas, de riego y
temporal, tipos de vegetacion, grupos étnicos y contextos de produccién intensiva, es el de la
milpa. Por ello, decidimos centrar la atencion en este sistema. Se estudiaron milpas de 1 a 2 ha.
Se realiz6 una revision e integracion de distintos trabajos que se han realizado en el VTC,
incluyendo tesis y articulos cientificos. Se incorporaron comunidades que estan distribuidas en
las tres grandes zonas agricolas, la zona alta de los bosques templados (Coyomeapan, San
Lorenzo Péapalo, Santa Maria Ixcatlan); la zona intermedia con los bosques de cactaceas
columnares (San Luis Atolotitlan) y la parte baja de los valles aluviales (Santiago Quiotepec,
Zapotitlan Salinas y San José Axusco) (Tabla 1). Todas éstas son comunidades rurales, donde la
principal actividad productiva es la agricultura. Aunque la mayoria de las personas son de origen
indigena, en algunas de ellas se ha perdido la lengua originaria, como es el caso de Santiago
Quiotepec, San Luis Atolotitlan y Zapotitlan Salinas. En el caso de Santa Maria Ixcatlan sélo
quedan 10 hablantes de ixateco (una lengua otomangue, cercanamente emparentada con el
mixteco), y esta es la Unica comunidad en la que se habla esa lengua. En comunidades como San
Lorenzo Péapalo, Coyomeapan y Axsuco, la mayoria de sus habitantes hablan su lengua
originaria, en algunos casos bilingles y en otros sélo su lengua materna, son cuicateco y nahuatl
respectivamente.

Los trabajos incorporados registran muestreos de vegetacion natural con la finalidad de conocer
las caracteristicas ecoldgicas de las comunidades bioticas y su composicion floristica. De igual

manera, documentan muestreos de vegetacion y censos al interior de las parcelas de SAF, con lo
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cual se puede comparar la vegetacion natural con aquella mantenida en los SAF. Ademas, los
estudios sistematizados comprenden entrevistas a los duefios de cada cultivo, con base en las
cuales se documenta el manejo de la parcela, el tipo de tenencia de la tierra, los cultivos que
utilizan, el destino de la produccién, el total de la produccion, el uso de maquinaria y
agroquimicos, asi como las diferentes estrategias y técnicas de manejo de la vegetacion silvestre
mantenida en las parcelas y de algunos componentes en particular, incluyendo las razones del
mantenimiento de esos elementos.

La informacion analizada se incorpor6 en una base de datos, con el fin de obtener los siguientes
andlisis: Numero de especies, riqueza, diversidad, cobertura, tanto en los SAF, como en los sitios
de vegetacion natural. Con esta informacion se evaludé y compard cuanta diversidad se esta
manteniendo en los SAF y la capacidad de éstos para mantener los elementos de los bosques
circundantes en el paisaje. También se registraron patrones de uso y manejo de la vegetacion en
los SAF, relaciondndolo con distintos factores ecoldgicos, fisicos, sociales, culturales y
econdmicos. Particular énfasis se puso en la documentacion de las practicas agroforestales y las

técnicas de manejo de especies en particular asociadas a tales practicas.

Huertos

Se realiz6 una revision de los 13 trabajos llevados a cabo en comunidades indigenas y mestizas
que se encuentran dentro de la Reserva de Biosfera Tehuacan-Cuicatlan (Tabla 2). Con base en
la informacion de tales estudios se construyo una base de datos que documento el conocimiento
etnobotanico que éstas poseen. Esta base de datos contiene informacion sobre nomenclatura
local, formas de uso y preparacion, tipos de manejo e importancia econdmica. Solo se

consideraron aquellas especies en los que claramente se identifico su presencia en los huertos.
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RESULTADOS

A nivel regional, en el VTC se mantienen sistemas agroforestales, siendo los de mayor extension
aquellos asociados a la milpa y a los huertos. Los de milpa se encuentran difundidos en todo el
territorio de la region, desde las partes mas altas, asociadas a bosques templados, hasta las partes
més profundas del Valle, en las llanuras aluviales donde la vegetacion dominante son los
mezquitales y remanencias de bosque seco. Entre tales condiciones de elevaciones contrastantes,
la milpa se desarrolla en un gradiente altitudinal continuo en el que se encuentra una gran
diversidad de tipos de vegetacion.

Los SAF son mantenidos y manejados tanto por comunidades mestizas como indigenas.
Generalmente el destino de la produccion es para el autoconsumo familiar y es una agricultura de
bajos insumos e intensificacion; sin embargo, hay algunas excepciones que se mencionaran mas
adelante. Son sistemas agricolas que permanecen, pero la cobertura de la vegetacion silvestre que
los constituye, el manejo tradicional silvicola, las practicas agroforestales, l0s usos que se da a la
vegetacion que se mantiene, entre otros aspectos, expresan importantes variaciones influidas por
factores ecoldgicos, sociales, econdmicos y culturales. Este aspecto se discute adelante con

mayor profundidad.

Riqueza y diversidad bioldgica

Los SAF del Valle de Tehuacan mantienen 183 especies de arboles y arbustos (Apéndice 1),
dentro de cada parcela se identificaron de 2 a 35 especies y de 5 a 250 individuos por especie. Al
dividir la region en tres grandes zonas agricolas con base en la altitud, se identifica la parte alta
con lomerios, laderas y valles intermontanos con suelos derivados de rocas volcanicas y calizas,

en donde predominan los bosques templados de pino y encino-pino. En la zona de altitudes
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intermedias predominan las laderas con suelos calizos caracterizados por la presencia de bosques
de cactaceas columnares y diversos tipos de matorrales rosetéfilos. En la parte baja de los valles
aluviales irrigados, en donde predominan los bosques secos y los mezquitales, con presencia de
la agricultura manejada con mayor intensidad.

En cada una de estas zonas la riqueza vegetal perenne que se mantiene es diferente. En los SAF
de los bosques templados se documentaron 79 especies pertenecientes a 27 familias boténicas, de
las cuales, el 88% son nativas y representan el 43% de la vegetacion natural (Vallejo et al.,
2014). En los SAF derivados de los bosques de cactaceas se registraron 87 especies de 24
familias botanicas, siendo el 94% flora nativa y representan el 54% de la vegetacion natural
(Moreno-Calles et al., 2010). En los valles aluviales (Vallejo et al., en prensa) se registraron 66
especies siendo el 81% nativas y representan el 38% de la vegetacion natural. Se encontr6é que
incluso algunas especies endémicas pueden incrementar su abundancia bajo las practicas de
manejo agroforestal. Sin embargo, también se detecté que algunas especies raras frecuentemente
estan ausentes del sistema, lo que permite identificar una importante limitacién en su capacidad
de conservacion, que amerita establecer explicitamente objetivos para subsanarla (Moreno-Calles
etal., 2010).

En cuanto a las herbéceas, Blanckaert et al. (2007) encontraron dentro de sistemas agricolas en la
zona éarida, 161 especies pertenecientes a 103 géneros y 40 familias de plantas. De éstas solo
49% de las especies herbaceas estan presentes en los sistemas naturales, mientras que 51% de las
especies solo se encontraban en las zonas manejadas, incrementando de esta manera los niveles
de diversidad en el paisaje. Alrededor de 26% de las especies registradas por Blanckaert et al.
(2007) tenian una distribucion restringida a una parcela, lo que indica que cada parcela

contribuye con distintas especies a la diversidad general a nivel de paisaje (Moreno-Calles et al.,
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2010). Numerosas especies de plantas herbaceas son consideradas ‘malezas’ en los contextos de
la agricultura moderna; sin embargo, también son apreciadas por la gente en estas zonas, ya que
pueden tener usos especificos, incluso algunas plantas toxicas son toleradas, puesto que pueden

emplearse como medicina, por lo tanto, son valoradas y mantenidas en SAF.

Préacticas agroforestales

En los SAF del VTC se encontraron diversas practicas de manejo, como las islas de vegetacion,
los manchones de vegetacion, los cercos vivos y franjas de vegetacion, y arboles aislados. En
todos los sistemas se identific al cerco vivo como la practica con mayor extension, en donde se
mantiene el mayor nimero de individuos de vegetacion silvestre. En la mayoria de los casos
también, cuando se trasplantan individuos del interior de la parcela son incorporados en los
cercos vivos (Figura 2). Las distintas practicas agroforestales se mantienen por las razones que se
exponen a continuacion:

Islas de vegetacion. Estas constituyen un arreglo espacial de elementos de la vegetacion en
pequefios manchones, el cual permite el mantenimiento de vegetacion nativa con algln uso y que
es tolerada, pues no estorban las labores agricolas, principalmente el paso de arados y maquinaria
para arar la tierra. Esta practica se observd principalmente en comunidades de zonas templadas,
donde las islas de vegetacion estan dirigidas a mantener frutales y junto con ellos se conservan
diversas especies de plantas nativas con otros usos, las cuales por lo general son toleradas.
Manchones de vegetacion. Generalmente se presentan cuando al interior de la parcela hay zonas
donde no se puede acceder a la siembra; tal es el caso de areas pedregosas, inclinadas, con
topografia irregular, zonas inundadas o de suelos inapropiados para la siembra. En estas areas se

tolera el crecimiento y proliferacion de diversas especies de la vegetacion natural; la gente
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procura Unicamente que tales areas no estorben al cultivo. Esta practica se encontrd en todos la
zonas del Valle de Tehuacén.

Cercos vivos y franjas de vegetacion. Como su nombre lo indica, éstas son lineas de vegetacion
que se mantienen al interior de la parcela, cuando se encuentran en las orillas, delimitando el
terreno, se les Ilama cerco vivo. Esta préctica la encontramos con distintos propdsitos en
diferentes zonas del Valle de Tehuacéan. En los bosques templados, las practicas estan dirigidas a
proteger los cultivos de fuertes vientos, mientras que en los valles aluviales, el arreglo busca
mantener las franjas como parte de terrazas o bordos, por lo que en éstas las franjas juegan un
papel en el mantenimiento del suelo y humedad, asi como para abatir la erosion hidrica de la
lluvia o riego.

Arboles aislados. Estos son especies de arboles con un alto valor para el campesino, lo cual
motiva su mantenimiento. Generalmente son arboles grandes que brindan sombra o algun otro
beneficio de primordial importancia (e. g. frutos, lefia). Esta préctica se registré en el 100% de
las parcelas estudiadas.

Manejo

Se entiende por manejo, la interaccion que establecen los seres humanos con los elementos,
sistemas y procesos naturales (Casas et al., 1997). En el caso de los elementos de la vegetacion,
se han caracterizado cuatro grandes tipos de manejo, que incluyen de menor a mayor intensidad
la tolerancia, la proteccién, la siembra o trasplante, y el cultivo de plantas domesticadas. A su
vez, cada una de estas formas de manejo puede expresarse en distintos niveles de intensidad
(Casas et al., 1996, 1997, 2007; Blancas et al., 2010).

En los SAF se encontraron todas las formas de manejo referidas y una amplia gama de

expresiones de intensidad de manejo dentro de cada categoria mencionada. Una misma especie
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puede estar sujeta a diferentes tipos y grados de intensidad de manejo (Casas et al., 1996, 1997,
2007; Blancas et al., 2010). Para los elementos vegetales silvestres al interior de los SAF, lo més
comun es que la gente practique la tolerancia, lo que incluye del 60 al 80% del total de los
individuos registrados en las parcelas. En promedio las plantas protegidas son el 30%, las
trasplantadas el 15% y las cultivadas Unicamente el 5%. Estos patrones pueden ser distintos en
los huertos, en donde se ha registrado que en promedio el 65% de las especies son cultivadas, el
25% toleradas y el 10% protegidas (Larios et al., 2013) (Tabla 3).

Las distintas practicas de manejo mencionadas estan dirigidas a algunas especies en particular y
de entre éstas, a algunos individuos con ciertos fenotipos preferidos por la gente. En sus parcelas,
la gente distingue variabilidad de cada especie, algunas de las variantes incluso reciben nombres
y usos particulares. Esta situacion establece condiciones que permiten la practica de seleccion

artificial y la operacién de procesos de domesticacion (Casas et al., 1997, 2007).

Razones para el mantenimiento de la vegetacion silvestre en los SAF

Las razones para mantener elementos de la vegetacion natural al interior de las parcelas
productivas son variables. Algunas razones son de caracter utilitario, pues son alimenticias (por
ejemplo, frutales, quelites), medicinales, forraje, lefia y madera. También se mantienen plantas
con el fin de conservar otros recursos naturales como el suelo y el agua; directamente la gente
expresa su interés por mantener elementos vegetales con el fin de evitar la erosion, para
mantener la fertilidad, o para tener una sombra que los resguarde en las tareas del campo.
Ademas, en numerosas ocasiones mantienen arboles o arbustos como habitat de otras especies
atiles; como por ejemplo, el arbol Parkinsonia praecox llamado ‘manteco’, una de las razones

principales para mantenerlo es porque ahi se reproduce la oruga llamada cuchaméa que es
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comestible y altamente valorada. Otro ejemplo es el mezquite (Prosopis laevigata), que en
muchos casos se mantiene para que crezca la pitahaya (Hylocereus undatus), la cual tiene un alto
valor econémico y cultural. También existen razones que no son utilitarias o para algun beneficio
directo, sino que corresponden a aspectos €eticos, como la belleza escénica, los rituales, las reglas
de uso, el prestigio o simplemente el reconocimiento del derecho a existir que tienen las plantas
(Tabla 4).

Segun la region en donde se encuentren los SAF, algunas razones que expresan las personas para
mantener elementos de la vegetacion pueden ser mas importante que otras; por ejemplo, en las
comunidades con mayor disponibilidad de agua, una parte de la parcela se dedica a la produccién
de éarboles frutales, la razébn méas importante es para obtener beneficios alimentarios. En
contraparte, en lugares mas secos cobra mayor importancia la sombra o la provision de forraje
complementario. En comunidades como Zapotitlan y San Luis Atolotitlan, las razones éticas son
particularmente importantes y explicitas; en dichas comunidades se perciben mas elementos que

muestran una estrecha relacion entre ellas y el medio que las rodea.

Coberturas

En general, la cobertura de los elementos forestales en los SAF del VTC puede variar entre el 2 'y
el 30% de la parcela. En la parte intermedia de la region, en los bosques de cactaceas
columnares, la comunidad de San Luis Atolotitlan por ejemplo, registré una pérdida de la
cobertura vegetal, identificando tres factores principales: 1) la inequitativa distribucion de la
tierra, 2) cambios en las practicas de manejo e intensificacion agricola, 3) programas
gubernamentales (PROCAMPO) que incentivan la remocion de vegetacion al interior de los SAF

(Moreno-Calles et al., 2010, 2012).
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Factores que intervienen en las caracteristicas de los sistemas agroforestales

Los SAF del VTC pueden tener caracteristicas propias y formas de manejo particulares

dependiendo de diferentes factores. El analisis de las entrevistas permitio identificar las

siguientes:

1)

2)

3)

Condiciones del terreno. Si la parcela se encuentra en un llano o en una pendiente, las
practicas de manejo cambian. En una pendiente muy pronunciada no es posible el paso de
maquinaria, por lo que las practicas de manejo se adecuan para el trabajo manual y se
pone principal atencion a practicas que protejan al suelo de la erosion y al cultivo del
aire, por lo que es comun encontrar arboles de mayor altura en los bordes y franjas de
vegetacion al interior. En cambio, si la parcela se encuentra en un llano, es méas probable
encontrar un arreglo que permite al paso de maquinaria y se mantienen islas de
vegetacion o zonas sin desmontar a un lado del cultivo.

Clima (disponibilidad de agua). En los sitios donde el clima y la humedad lo permite se
pueden mantener en las milpas arboles frutales, lo cual implica dedicarle partes de la
parcela para esta actividad, generalmente en la parte donde se mantienen los arboles suele
tolerarse mucha de la vegetacion nativa, los arboles frutales pueden estar en los linderos,
en las franjas, en islas de vegetacion o distribuidos por toda la parcela.

Maquinaria. Este es un factor muy importante, en los terrenos donde se utiliza
maquinaria la vegetacion tiene que tener un arreglo tal que permita el paso de ella. Si no
usan ni tractor ni yunta, los arboles pueden mantenerse distribuidos por toda la parcela, la
tolerancia se hace mayor en dejar en pie individuos donde nazcan. En los sitios donde si
utilizan maquinaria generalmente se mantiene la vegetacion en los linderos o a un lado de

las parcelas, para dejar el libre paso.
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4) Tenencia de la tierra: El hecho de que la tenencia de la tierra sea comunal, ejidal o
privada tiene un efecto, pues ello determina el tamafio de las parcelas y uso comun de la
tierra. En los casos en los que la propiedad es comunal pueden tener una distribucion de
las actividades productivas en todo el territorio, liberando de presion a las parcelas
agricolas. Generalmente en los sitios en donde el terreno es de propiedad comunal el
manejo es mas importante a escala de paisaje; en cambio, en los sitios donde la propiedad
es privada (pequefia propiedad), el manejo se hace mas intenso en las parcelas, pero en el
sentido de uso multiple de los recursos; es decir, en un sélo espacio tienen que mantener
el cultivo, pero también especies para lefia, madera, medicina, frutales, etc, lo que puede
resultar en un SAF inclusive con mayor cobertura. Principalmente en los terrenos ejidales
y de pequefia propiedad privada, se suele parcelar mas, al tener que dar tierra a los hijos

se dividen las parcelas y se puede intensificar méas la agricultura.

Huertos

En los huertos de la regién se han registrado hasta el presente un total de 376 especies, de las
cuales 245 (65%) son nativas y 131 (35%) introducidas. Estas especies se agrupan en 68 familias
y 167 géneros. Las familias mas importantes por el nimero de especies que agrupan son la
Cactaceae (48), Rutaceae (22), Asteraceae (20), Lamiaceae (18), Leguminosae (18), Solanaceae
(17), Crassulaceae (13), Agavaceae (12) y Cucurbitaceae (12). En cuanto a los géneros mas
importantes por el nUmero de especies que agrupan estan: Agave (6), Citrus (5), Opuntia (5),
Echeveria (4), Ficus (4), Prunus (4), Sedum (4) y Solanum (4). Las categorias de uso mas
importantes que se documentaron en los huertos fueron: Alimento (123), ornamental (106) y

medicinal (84). Las restantes 13 categorias agrupan entre 1 y 11 especies distintas.
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DISCUSION

Siendo el VTC una regién de reconocida importancia bioldgica y cultural (Casas et al., 2001;
Dévila et al., 2002; Lira et al., 2009), los SAF son sitios donde podemos ver expresada la historia
de la interaccion del hombre con su medio, son espacios dindmicos donde se conjugan propdsitos
productivos, elementos culturales, de manejo y mantenimiento de la vegetacion y con ella de
distintas comunidades biol6gicas.

Los SAF del VTC tienen una alta capacidad de mantener la biodiversidad de la region, pues en
los SAF de campo encontramos que pueden mantener en promedio 45% de la vegetacion natural,
habiendo sitios en los bosques de cactaceas columnares que pueden mantener hasta 97%. Son
sistemas que pueden conservar no solo riqueza de especies, sino también diversidad y cobertura
vegetal que permite mantener funciones ecosistémicas de la region. En los huertos encontramos
un mayor nimero de especies (376), aunque el 35% son exdticas, mientras que en las milpas el
88 % de las especies son nativas.

Una caracteristica del VTC es su heterogeneidad, tanto biolégica como cultural, por ello no es de
asombrarse que los SAF presentes son distintos en cada comunidad, por lo que existe una alta
heterogeneidad en los SAF de la regiéon. En comunidades aisladas, como el caso de Santa Maria
Ixcatlan, unica comunidad en donde habitan los integrantes del grupo étnico ixcateco, donde se
han registrado 347 especies de plantas con algin uso (Rangel-Landa y Lemus, 2002); es la Unica
comunidad que el 100% de las especies presentes en los SAF son nativas. En Ixcatlan, en San
Luis Atolotitlan y en Zapotitlan Salinas es donde las razones para el mantenimiento de la
vegetacion son de corte ético, como el que son parte de la naturaleza o el derecho de existir de

las plantas. Ixcatlan es una comunidad que estd perdiendo su lengua y obviamente con ello
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cambios culturales, que habra que estudiar si esto trae efectos en el manejo 0 mantenimiento de
los SAF ahi presentes.

De todas las comunidades contempladas en este estudio, San Luis Atolotitlan, comunidad
mestiza de origen néhuatl ubicada en la parte intermedia del Valle, es donde se registraron los
niveles mas altos de diversidad vegetal dentro de los SAF, en esta comunidad se tienen
documentadas 280 especies de plantas Utiles y reconocidas 13 categorias de uso (Torres, 2004),
siendo el méas importante el forrajero dentro de los SAF (Moreno-Calles et al., 2012). En esta
comunidad es donde las razones para mantener vegetacién ademas de ser éticas, es donde hay
mas numero de razones distintas y que sélo se mencionaron ahi, como como mantenimiento del
paisaje, por prestigio, por reglas de uso y para almacenaje de rastrojo.

Una comunidad que se encuentra en la parte alta, en los bosques de pino, es San Lorenzo Pépalo,
comunidad indigena donde se mantiene la lengua cuicateca. Ahi se tienen registradas 367
especies Utiles, siendo la categoria mas importante las forrajeras (Solis, 2006), mientras en los
SAF la categoria de uso mas importante es la sombra. Los SAF presentes se encuentran
embebidos en el bosque de pino encino, y mantienen en promedio 60 individuos de arboles por
parcela, principalmente encinos, ya que estos los cortan pero de tal manera que pueden rebrotar.
Se mantienen para que en el momento en que se deje descansar la parcela, exista una cobertura
vegetal la cual proteja el suelo, el abono de las hojas para la fertilidad y mantenga la humedad.
La productividad en esta comunidad ha ido a la baja, por lo que se ha incrementado el uso de
agroquimicos y con ello, en algunos casos, la pérdida de cobertura de vegetacion (Vallejo et al.,
2014).

En Santiago Quiotepec, el uso de un amplio espectro de recursos vegetales silvestres continta

siendo parte fundamental en los patrones de subsistencia de los pobladores. Cerca del 10% de la
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flora regional se encuentra representada en la comunidad como flora til. Destaca la considerable
diversidad de recursos para la alimentacion y salud humana, asi como para la crianza de animales
domésticos (Pérez Negron, 2002). En la actualidad la comunidad atraviesa por un proceso de
pérdida de conocimiento tradicional y un incremento de huertas de frutales; sin embrago, los
SAF presentes aun guardan técnicas antiguas de manejo y usos de la vegetacion y de agricultura,
es la comunidad de la parte baja del Valle que mantiene mayor nimero de especies.

Zapotitldn Salinas es una comunidad mestiza de origen mixteco, se encuentra en los valles
aluviales. Los SAF de esta comunidad son los que mantienen mayor nimero de individuos de
especies vegetales y de especies nativas de esta parte del Valle. Conservan bordos Ilamados
meteplantes 0o melgas, arregladas ademas en forma de gajos para evitar la erosion y el mejor
manejo del agua. En cada uno de los escalones de los bordos, llamados cabezales, es donde se
mantiene la vegetacién, tolerando todo lo que ahi crece y protegiendo las especies mas
apreciadas como la pata de elefante (Beaucarnea gracilis) endémica a la region.

La comunidad donde los SAF fueron mas pobres, tanto en nimero de especies, como en ndmero
de individuos de especies vegetales, diversidad y cobertura, fue San José Axusco. Es una
comunidad nahuatl ubicada en la parte baja del Valle, donde la principal actividad productiva es
la agricultura intensiva de cafia de azUcar. Existen pocas milpas destinadas al autoconsumo y se
encuentran bajo la presion a cambiar hacia el cultivo de cafia.

Con estos ejemplos, se ve la estrecha relacion que existe entre los aspectos culturales,
economicos Y las caracteristicas ecoldgicas dentro de los SAF del area que nos concierne. Los
campesinos son quienes establecen relaciones mas estrechas con los sistemas, 1o que hace que
lleguen a ser profundos conocedores de las especies. Son ellos los que determinan los objetivos

de la seleccion, tomando en cuenta el lugar donde habitan y sus necesidades, extendiendose sus
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conocimientos de generacion en generacion, y recabando informacion sobre los nuevos usos o
nuevas especies.

Cuando se revisan los factores que influyen en las caracteristicas de los SAF, se observa que los
factores son interdependientes, es decir que no son aislados, no es que un sélo factor determine a
los SAF, intervienen los aspectos ecoldgicos, los propositos productivos, las caracteristicas del
terreno, los aspectos culturales, las técnicas implementadas, y no es facil discernir cual es la
determinante o cual depende de cual. Por ello, al estudiar este tipo de sistemas, es fundamental
considerar a todos los factores en su conjunto, que permita tener la historia mas completa de los

procesos dinamicos que envuelven a los sistemas agroforestales.

CONCLUSIONES

Los SAF del VTC son reservorios para la conservacion de la biodiversidad nativa, debido a que
logran mantener altos niveles de riqueza y diversidad vegetal, de manera similar a lo encontrado
en la vegetacion natural.

De igual manera, los SAF son reservorios de aspectos culturales, ya que ahi se mantienen
técnicas de manejo tradicional, asi como conocimientos milenarios resultado de la estrecha
relacion del hombre con su medio, expresado en el uso multiple de los recursos, la cantidad de
especies Utiles, el nimero de categorias de uso y las razones para el mantenimiento de especies
vegetales. Al ser el VTC un espacio heterogéneo bioldgica y culturalmente, brinda en cada
comunidad que lo compone, particularidades que responden a las caracteristicas locales, la
cultura, la presencia o ausencia de rasgos indigenas, las caracteristicas ecologicas, que resultan

en practicas de manejo distintas y con ello en SAF diferentes.
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Algo comin a todos los SAF de la region es la presion a la que estdn sometidos, debido
principalmente a la intensificacion agricola, ocasionando en la mayoria de los casos la pérdida en
la cobertura vegetal. Este problema es mas notable en los SAF presentes en la parte baja del
Valle, lo que se expresa en el poco nimero de especies y coberturas reportados en estos sistemas.
Aunque se identifico la intensificacion agricola como un factor de presion a la pérdida de los
SAF, no es el Unico factor que participa en las caracteristicas que tienen los SAF de esta region.
La historia del uso del suelo, la tenencia de la tierra, las capacidades productivas, las
caracteristicas de los terrenos, los aspectos ecoldgicos, los valores culturales y las reglas

comunitarias, son algunos de los factores que interacttan y tornear a los SAF del VTC.
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Figura 1. Ubicacion del Valle de Tehuacan — Cuicatlan.
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Figura 2. Esquema de los distintos arreglos de la vegetacion de los sistemas agroforestales del

Valle de Tehuacéan. La composicion floristica presentada es esquematica.
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Tabla 1.-Caracteristicas de las comunidades consideradas en el estudio

. icio . Ubicacion ipitacio . .
Zonas Estado Comunidad Corppqswmn Altitud PreC|_p|taC|on Tipo de vegetacion
étnica N W media anual
Puebla Coyomeapan Nahuatl 2000-3200 18°16'58.9" 96°59'33.64" 2200mm Bosque de pino y pino-encino
Zona alta Oaxaca San Lorenzo Pépalo Cuicateco 1800-3000 17°54'07.3" 96°51'38.5" 900mm Bosque de pino-encino y encino-pino
Oaxaca Santa Maria Ixcatlan Ixcateco 2020-2200 17°51'10.5" 97°12'28.7" 600mm Bosque de encino y Bosque de juniperus
Zona media Puebla San Luis Atolotitlan Mestiza-Nahuatl 1700 18°11'20.15" 97°25'40.73" 407mm Bosque de cactaceas columnares
Puebla Zapotitlan Salinas Mestiza-Mixteco 1500 18°19'44.17" 97°28'29.54" 450 mm Mezquitales y matorral xerofilo
Zona baja Puebla San José Axusco Nahuatl 960 18°13'52.29" 97°12'28.59" 350 mm Mezquitales y bosque seco
Oaxaca Santiago Quiotepec Cuicateco 545 18°03'23.27" 97°04'06.03" 500 mm Mezquitales y bosque seco
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Tabla 2. Trabajos revisados de huertos en comunidades indigenas y mestizas que se encuentran dentro de la Reserva de Bidsfera Tehuacan-Cuicatlan.

Referencia Autor(es) Afo

Vegetacion Asociada

Comunidad de
estudio

Grupo
cultural al que
hace

referencia

Aspectos etnobotanicos y ecoldgicos de los recursos Rangel-Landa 2002 Mexical, Palmar, Bosque de  Santa Maria Ixcatecos
vegetales entre los ixcatecos de Santa Maria Ixcatlan,  S.y R. Lemus encino y Vegetacion Riparia Ixcatlan, Oaxaca,
Oaxaca. B.Sc. thesis, Facultad de Biologia, Universidad México.
Michoacana de San Nicolas de Hidalgo, Morelia.
Etnoecologia cuicateca: Recursos bioticos y Solis-Rojas L. 2006 Bosque de Pino-Encino, San Lorenzo Papalo, Cuicatecos
subsistencia campesina.Tesis Maestria, Centro de Matorral microéfilo, Seva Oaxaca, México.
Investigaciones en Ecosistemas, Universidad Nacional Baja Caducifolia y Bosque
Auténoma de México. de cactéceas columnares
Floristic composition, plant uses and management Blanckaert I. 2004 Matorral micréfilo, Selva San Rafael Mestizos
practices in homegar- dens of San Rafael Coxcatlan, et al. Baja Caducifolia Coxcatlan
Valley of Tehuacan-Cuicatlan, Mexico. Journal of Arid
Environments 57:39-62.
Estudio etnobotanico de Zapotitlan Salinas, Puebla. Paredes 2007 Matorral micrdfilo, Bosque  Zapotitlan Salinas,  Mestizos
Acta Botéanica Mexicana 79:13-61. Flores, M. de Cactéceas columnares Puebla, Mexico.
Etnobotanica y actividad antimicrobiana de algunas Herndndez- 2004 Matorral micréfilo, Bosque — Zapotitlan Salinas,  Mestizos
plantas utilizadas en la medicina tradicional del valle de Delgado C.T. de Cactéceas columnares Puebla, México.
Zapotitlan de las Salinas, Puebla. Tesis Doctoradol.
Facultad de Estudios Superiores lIztacala. Posgrado en
Ciencias Bioldgicas. UNAM.
Plant management and biodiversity conservation in Larios, C.et 2013 Bosque de Pino-Encino, Santa Maria Nahuas
Néahuatl homegardens of the Tehuacan Valley, Mexico. al. Matorral microfilo, Seva Coyomeapan,
Journal of Ethnobiology and Ethnomedicine 2013, 9:74 Baja Caducifolia, Bosque Puebla, Mexico.

Mesofilo y Selva Mediana

Perennifolia
Aspectos etnobotanicos y ecoldgicos de los recursos Echeverria, 2003 Mexical, Bosque de encino  San Pedro Nodény  Mixtecos

vegetales en las comunidades mixtecas de San Pedro Y.
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Nodon y San Pedro Jocotipac, Oaxaca, México. Tesis
Licenciatura, Facultad de Biologia, Universidad
Michoacana de San Nicolas de Hidalgo, Morelia.

Aspectos etnobotanicos y ecold- gicos de los recursos  Torres, I. 2004
vegetales en la comunidad de San Luis Atolotitlan,

municipio de Caltepec, Puebla, México. Tesis

Licenciatura. Facultad de Biologia, Universidad

Michoacana de San Nicolas de Hidalgo, Morelia.

Etnobotanica y aspectos ecoldgicos de las plantas utiles Pérez- 2002
de Santiago Quiotepec, Cuicatlan, Oaxaca. Tesis Negroén, E.
Licenciatura, Facultad de Biologia. Universidad

Michoacana de San Nicolas de Hidalgo.

Plantas comestibles en la Sierra Negra de Puebla, Mota, C. 2007
México. Tesis Maestria. Colegio de Postgraduados.
Montecillo Edo. de Mex.

Agroforestry systems and biodiversity conservation in ~ Moreno- 2010
arid zones: the case of the Tehuacdn—Cuicatlan Valley, Calles, A. et

Central Me xico. Agrofor Syst 80:315-331 al.

Diagnostico de las plantas silvestres, arvenses y Pardo-Nufiez 2001
ruderales que son empleadas como alimento por J.

habitantes de cuatro localidades del Valle de Tehuacéan-

Cuicatlan.

Estudio de los huertos familiares en el Municipio de Hernandez 2009
Coxcatlan, Puebla. Tesis Licenciatura. Facultad de Soto, D.
Estudios Superiores-Iztacala. UNAM.

Matorral microfilo, Bosque
de cactaceas columnares

Bosque de Cactaceas
columnares y Vegetacion
ripiaria

Selva Mediana Perennifolia

Matorral microfilo, Bosque
de cactaceas columnares

Matorral microfilo, Bosque
de cactaceas columnares

Oaxaca, México.

San Luis Atolotitlan,
Meéxico.

Santiago Quiotepec,
Oaxaca, México.

Tepepan de
Zaragozay la
Guacamaya, Puebla,
México.

San Luis Atolotitlan,
Meéxico.

Coxcatlan, Puebla,
Meéxico.

Mestizos

Mestizos

Nahuas

Mestizos

Mestizos
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Tabla 3. Practicas de manejo. BT bosques templados, BCC: bosque de cactaceas columnares.

Toleradas  Trasplantadas Protegidas  Cultivadas

BT 62% 6% 22% 9%
BCC 67% 35% 35%

Mezquitales 81% 2% 7% 10%

Huertos 25% 12% 63%
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Tabla 4. Razones para el mantenimiento de especies silvestres en los sistemas agroforestales, en las distintas comunidades evaluadas.

Utilitarias

Beneficios
ecosistémicos

Manejo del
cultivo

Eticas

Zona alta Zona media Zona baja

Razones para el mantenimiento Coyomeapan San Lorenzo  Santa Maria San I_'uis Sa_ntiago Zapqtitlén San José

de especies silvestres Papalo Ixcatlan Atolotitlan Quiotepec Salinas AXusco

Comestibles 16% 0 0 12% 9% 15%

Lefia 16% 18% 6% 11% 10%

Forraje 0 0 6% 22% 9% 5% 7.5%

Fruta 26% 9% 0% 27%

Herramientas 0 0 20% 1% 7.5%

Medicina 11% 0 0% 15% 9%

Madera 10% 0 0

Construccion 2%

Bebidas 1% 1%

Sombra 11% 27% 25% 6% 18% 15% 7.5%

Mantenimiento de la fertilidad 9% 0.5%

Control de la erosion 2% 5%

Control del agua 9% 10%

Rompevientos 5% 0 0 9% 5% 7.5%

Atractor de lluvia 0 0 5%

Delimitadores 5% 0 13% 2%

Guias 0 10% 6%

Habitat de especies Utiles 1% 20%

Almacenamiento 5%

Dar forma al terreno

Parte de la naturaleza 0 0 6%

Estético 25% 7.5%

Ceremonial 2% 7.5%

No afectan/no estorban 0 27% 6% 9% 15%
7.5%

Reglas de uso
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Imégenes del sistema

Zona alta de bosques templados

Zona baja de Valles aluviales
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DISCUSION GENERAL

El estudio de los sistemas agroforestales (SAF) del Valle de Tehuac&n Cuicatlan (VTC) a escala
regional permitié: (1) Evaluar la capacidad que tienen de conservar biodiversidad con base en la
comparacion de la vegetacion existente en el bosque circundante y la que se mantiene como
parte del sistema productivo, (2) identificar las précticas de manejo agroforestal, (3) identificar
los factores que intervienen en el manejo y a su vez en la configuracion espacial de los SAF y en

los beneficios de la gente que los maneja.

Al ser un estudio regional, se clasifico al VTC en tres grandes subregiones, la parte alta, con
presencia de bosques templados, la franja semiarida de las laderas cuya vegetacion dominante
son los bosques de cactaceas columnares, y los valles aluviales, donde la vegetacion remanente
es el bosque seco y los mezquitales (Rzedowski, 1978). Dentro de cada subregion se encontraron
diversos grupos culturales, nahuas, ixcatecos, cuicatecos y pobladores de las diversas
comunidades, manejando activamente una gran diversidad de recursos. Tal heterogeneidad de
escenarios socio-ecoldgicos, brindd la posibilidad de analizar las siguientes preguntas (1) ;Qué
capacidad tienen los sistemas agroforestales para mantener la biodiversidad regional? (2) ¢Es
similar la capacidad de mantener biodiversidad en distintos contextos socio-ecolégicos? (3) ¢Qué
factores ecoldgicos, socio-econémicos y culturales influyen en la capacidad de los sistemas

agroforestales de mantener biodiversidad, y cuales son los méas relevantes?

1.-La capacidad de los sistemas agroforestales para mantener la biodiversidad regional

De acuerdo con los resultados de la investigacion realizada, los SAF del VTC conservan
importantes niveles de riqueza y diversidad vegetal, comparables con los de otras partes de
México y del Mundo (Noble y Dirzo, 1997; Schroth et al., 2004; McNeely y Schroth, 2006;
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Nair, 2011; Tscharntke et al., 2011). Los SAF estudiados (29 parcelas) mantienen en promedio
80% de componentes de vegetacion nativa, encontrando parcelas (en la comunidad de Ixcatlan)
donde el 100% de la vegetacion registrada es nativa de la region. Phalan et al. (2011b) discuten
después de revisar algunos trabajos en cafetales y cacaotales (Sonwa et al., 2007; Ambinakudige
and Sathish, 2009; Cassano et al., 2009), que la capacidad de los SAF de conservar especies esta
sesgada hacia especies exoticas con usos especificos y de crecimiento rapido, lo cual no coincide

en el caso de los SAF estudiados en este trabajo.

Un caso diferente son los huertos de la region, donde el porcentaje de especies exoticas es de
35%, pero en éstos el numero de especies conservadas es mayor que en los sistemas estudiados
en esta tesis. Larios et al. (2013) documentan en los huertos un total de 376 especies de plantas,
mientras que el total de especies registradas en los SAF de este estudio fue de 186. Esto hace
interesante explorar las diferencias de manejo en ambos sistemas agroforestales y ampliar el

estudio de los huertos que permita hacer una comparacion mas precisa.

Los SAF de la region conservan en promedio el 46% de especies perennes de la vegetacion
natural circundante. Este resultado se encuentra dentro de los rangos registrados por Noble y

Dirzo (1997) a nivel mundial y por Bhagwat et al. (2008) en los bosques tropicales hiumedos.

Al considerar las tres subregiones, se encontrd que el nimero de especies de arboles y arbustos
esta estrechamente relacionado con el numero de especies registradas en los bosques naturales.
En los bosques de cactaceas columnares se registré el mayor numero de especies tanto en la
vegetacion natural (126 spp.) como en los SAF (87 spp.) (Moreno-Calles et al., 2010). En los
bosques templados se registraron 96 spp. en vegetacion natural y 79 spp. en los SAF. Mientras

que en los valles aluviales se encontraron 103 spp. en la vegetacion natural y 66 spp. en los SAF,
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siendo el sitio con mayor pérdida de especies. En cuanto a la diversidad, en los bosques de
cactaceas, los SAF mantienen una diversidad similar a la de las unidades forestales (Moreno-
Calles et al., 2010), los SAF en los que se pierde més acentuadamente la diversidad son aquellos
de los valles aluviales, donde la vegetacion es menos diversa, hay un mayor niumero de especies
exoticas y la agricultura es mas intensiva. La relacion intensidad agricola — pérdida de
biodiversidad estd documentada en diversos trabajos, Scales y Marsden (2008) después de
revisar 27 articulos que comparaban la conservacién de biodiversidad en distintos SAF,
encontraron que los factores que mas influian en la pérdida de biodiversidad eran la
intensificacién de manejo y la intensificacion agricola, tendencia que se repite en los resultados

de este trabajo.

Dentro de cada subregion estudiada, se observd que existen diferencias importantes entre
comunidades humanas que corresponden a una misma zona ecoldgica. Por ejemplo, entre las
comunidades de la zona templada, Coyomeapan conserva mas riqueza de especies y diversidad
que lo registrado en los bosques cercanos, mientras que en San Lorenzo Péapalo la riqueza y
diversidad son significativamente menores que en los bosques circundantes y que los SAF de

Coyomeapan.

En la franja arida, los bosques de cactaceas columnares, donde domina Escontria chiotilla
conservan en promedio el 54% de la vegetacion natural, y en donde domina Myrtillocactus
conservan en promedio el 97% (Moreno-Calles et al., 2010). Al interior de las comunidades
localizadas en los valles aluviales, en Zapotitlan se registraron parcelas con hasta 33 especies y
en Axusco se encontraron parcelas solamente con tres especies. ElI hecho de las condiciones
climaticas y biologicas sean similares y sin embrago existan diferencias en las caracteristicas

técnicas y la capacidad de conservacion de la vegetacion al interior de los SAF nos lleva a
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considerar que algunas de esas diferencias responden a las particularidades culturales, sociales y
econOmicas de los manejadores de cada sitio, similar a lo reportado por Assogbadjo et al. (2012),
quienes encontraron diferencias en los SAF presentes en tres comunidades de Benin, las cuales

fueron atribuidas a factores culturales y sociales.

Debido a que son sistemas manejados por grupos humanos, la dominancia de especies Utiles o de
alto valor cultural y/o econdmico es mas comun que en areas de vegetacion natural, ya que éstas
son deliberadamente toleradas, promovidas o cultivadas (Casas et al., 2001). En los casos
estudiados se encontraron especies claramente favorecidas y, por lo tanto, excepcionalmente
abundantes. Son los casos de Prosopis laevigata, Escontria chiotilla, Myrtillocactus schenckii,
Polaskia chichipe, asi como especies de los géneros Quercus y Pinus, las cuales tuvieron los

valores mas altos en el indice de Valor de Importancia Ecolégica (VIE).

La composicion de la vegetacion puede resultar crucial en procesos de regeneracion natural o
restauracion ecoldgica asistida, ya que la presencia de vegetacion nativa permite la
disponibilidad de propagulos, presencia de dispersores, etc. (Chazdon 2003; Harvey et al., 2008).
El entendimiento de los SAF, su composicion y dindmica ofrece pautas muy importantes para
guiar el uso de los sistemas a largo plazo y dirigir su estructura para facilitar procesos asistidos
de restauracién. En particular hay que poner atencién en las especies de distribucidon restringida,
las cuales son poco abundantes en los SAF (Garcia-Fernandez y Pérez, 2003; Moreno-Calles et

al., 2010, Vallejo et al., 2014).

Por todo lo anterior, retomando la hipdtesis central de este estudio, la cual plantea que el
contexto ambiental es un factor en las caracteristicas de los SAF, expresada de la siguiente

forma: “El contexto ambiental, (entendiendo lo ambiental en su dualidad socio-ecoldgica); la
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riqueza y diversidad del sistema forestal del que se deriva el sistema agroforestal, influira de
manera directamente proporcional a la riqueza de especies que se encuentre en el sistema
agroforestal. Asimismo, influird la inversién de manejo motivado por el uso diversificado de los
recursos y los valores intrinsecos que se le dan a la tierra”. Podemos decir que las
caracteristicas de los bosques naturales de donde se derivaron los SAF influyen en la
composicion de los mismos y su capacidad de conservacion de biodiversidad; pero este atributo
no es per se determinante. Por ello, para entender el funcionamiento de los SAF del VTC, junto
al contexto ecoldgico es necesario considerar los factores socio-econémicos y culturales de los
que los crean, desarrollan y manejan (Donald, 2004; Moreno-Calles et al., 2013; Dawson et al.,

2013).

2.-Los factores socio-econdémicos y culturales

El VTC, es una region con una larga historia cultural (MacNeish, 1967; Casas et al., 2001). Es
uno de los sitios en donde se han encontrado los vestigios mas antiguos de agricultura. Mac
Neish (1967) propuso dos posibles sistemas originales: la horticultura de barranca, que pudo
haber implicado la derivacion de sistemas de irrigacion en parcelas a pequefia escala en los
costados de las barrancas con escurrimientos permanentes; a la otra forma la denominé
horticultura de oasis, igualmente en pequefias parcelas, en este caso asociadas a los oasis
asociados a los manantiales de la regién. Por su parte, Earle C. Smith (1965), un arqueo-
boténico, propuso que las primeras formas de agricultura en la regién pudieron implicar
simplemente perturbaciones del bosque para propiciar la abundancia de algunos recursos
(principalmente plantas pioneras de la sucesion, entre las que abundan recursos utiles). Estas
formas de perturbacion han sido asociadas en otras partes del mundo con estrategias para

favorecer la caceria, por lo que también podria deberse a tal proposito la perturbacion intencional
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del bosque. Estos modelos de agricultura primigenia aun se encuentran en debate, pues no existe

suficiente informacion arqueoldgica que las sustente; pero todas ellas son posibles.

Lo importante es apreciar que sea cual sea la forma més antigua de agricultura, ésta partié del
manejo del bosque y en algin momento de la historia comenzaron a coexistir los elementos
humanizados o domesticados y los silvestres. Ello significa que las formas méas antiguas de
agricultura que involucraron el cultivo de plantas domesticadas fueron desarrolladas en SAF. Por
eso, es posible afirmar que los SAF de Tehuacan constituyen la expresién de una larga historia
de interaccion hombre-naturaleza. De acuerdo con lo documentado en este estudio, son espacios
dinamicos que integran propdsitos productivos, mantenimiento de vegetacion mediado por el
manejo, incorporando elementos culturales y tecnolégicos que a su vez responden a cambios
sociales y econdmicos. Esta ha sido una historia de miles de afios y la estructura que representan
en la actualidad ha sido moldeada por siglos de cambios ecoldgicos, y ademas por cambios

culturales, econémicos y tecnoldgicos.

El presente estudio documentd que la forma de manejo mas frecuente y extendida, y por lo tanto
la mas importante en lo SAF asociados a la milpa, es la tolerancia (Blancas et al., 2010). Sélo las
especies mas valoradas pueden ser protegidas o propagadas. Esta forma de manejo puede
compararse con lo que ocurre con los huertos, en los cuales dominan las plantas cultivadas
(Blanckaert et al., 2004; Larios et al., 2013; Blancas et al., 2013). Se registraron en total 25
razones por las cuales la gente afirma mantener plantas silvestres dentro de SAF, los mas
mencionados incluyen criterios utilitarios, principalmente como alimento, forraje y lefia. Pero
también se incluyen criterios asociados a beneficios ecosistémicos, como control de erosion y

mantenimiento de la fertilidad; hasta las razones éticas, como el que son parte de la naturaleza o
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el derecho de existir de las plantas. (Moreno-Calles et al., 2012; Larios et al., 2013; Vallejo et

al., 2014).

Las especies registradas en los SAF del VTC tienen un valor cultural y/o econdmico sumamente
heterogéneo, y son igualmente variables los propositos de ser dejadas en pie en los sistemas. Por
ejemplo, Moreno-Calles et al. (2012) reportaron que la comunidad San Luis Atolotitdn promovid
la introduccion de arboles exdticos en los SAF, con el fin de favorecer el establecimiento y
crecimiento de Hylocereus undatus, una especie de cactacea epifita, por su importancia
econOmica y cultural, generando un cambio en la composicion en los SAF. Mientras que en las
comunidades presentes en los valles aluviales, el mezquite (Prosopis laevigata) es la especie méas
apreciada, con un registro de ocho usos diferentes, y es sobre este arbol nativo en donde se
desarrolla Hylocereus undatus. En este Gltimo caso, el manejo de H. undatus no s6lo no genera
un cambio en la composicion, sino que fomenta la permanencia de Prosopis en los SAF. Este
hecho es similar a los casos registrados por Assogbadjo et al. (2012), quienes encontraron que en
tres comunidades las personas valoran de manera distinta las mismas especies. Nuestros
resultados refuerzan la idea que las diferencias culturales tienen una influencia determinante en
el conocimiento etnobotanico y, por lo tanto, en la valoracién de las especies y en el manejo de

los sistemas (Lawrence et al., 2005; VVodouhé et al., 2011).

En este estudio se documentaron précticas agroforestales que estan presentes en todos los SAF
evaluados, como por ejemplo los cercos vivos y arboles aislados; pero otras practicas se han ido
adaptando a los cambios tecnologicos y culturales o de uso. Por ejemplo, las islas de vegetacion
han sido una opcidn para los terrenos en donde se trabaja con tractor. Otro caso es el de las semi-
terrazas o bordos de tierra, presentes en los valles aluviales; en éstas originalmente la especie

mas valorada y por lo tanto abundante en los bordes eran los agaves. Pero éstos fueron perdiendo
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valor para los pobladores, debido principalmente a que otro grupo de personas intensifico la
extraccion de hojas para mixiote, lo que mal manejado, implica la muerte de la planta de agave.
Los duefios de los SAF, al ver que morian sus plantas decidieron dejar de promoverlos; sin
embargo, el sistema de semi-terrazas se mantuvo, desarrollandose cambios en la composicion de
las especies que se mantienen en los bordos. Algo similar sucede en el sistema de terrazas en el
estado de Tlaxcala, donde esta practica se ha llevado a cabo por cientos de afios (Gonzalez-

Jacome, 1993; Moreno-Calles et al., 2013).

Las practicas agroforestales pueden ser también influidas por aspectos fisiograficos y
econdmicos. En parcelas donde no hay acceso a tractor, la distribucién de los arboles y arbustos
al interior de la parcela se hace posible, permitiendo mantenerlos dispersos y repercutiendo en

algunos casos en un aumento en la cobertura vegetal.

También se registr0 que la tenencia de la tierra influye de manera determinante en las
caracteristicas de los SAF. Por ejemplo, los SAF de Santa Maria Ixcatlan, donde la tenencia de la
tierra es comunal, y los terrenos tienen mas de dos hectareas por comunero; la gente decide
sembrar s6lo una parte de la parcela, en promedio 2ha, dejando el resto del espacio para la
vegetacion natural de donde obtienen diversos recursos. En Coyomeapan la mayoria de los SAF
son pequefia propiedad privada, con un tamafio promedio de 2 ha; esto parece determinar una
estrategia de uso maltiple de los recursos, siendo parcelas particularmente diversas, manteniendo
en un mismo espacio cultivos anuales, arboles frutales, &rboles maderables, plantas medicinales

y comestibles, generalmente distribuidos en todo el espacio.

Uno de los resultados relevantes de este trabajo, fue encontrar sistemas tradicionales combinados

con técnicas agricolas modernas, como el uso de maquinaria y agroquimicos, que pueden
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mantener altos niveles de cobertura, riqueza y diversidad. Esta es una caracteristica interesante
para incluir en el debate de intensidad de manejo versus conservacion (Altieri y Nicholls, 2000;
Altieri y Toeldo, 2011). Sin embargo, no es la condicion mas extendida, en este estudio se
observo que en dos comunidades presentes en los valles aluviales con caracteristicas ecoldgicas
similares, en las dos practican agricultura intensiva con riego, maquinaria y agroquimicos. Pero
en Zapotitlan Salinas los niveles de riqueza de especies lefiosas son similares a lo encontrado en
los bosques circundantes, donde la cobertura vegetal puede alcanzar hasta el 30%. En Axusco la
historia es muy distinta, son los SAF con menor cobertura vegetal y con los niveles de riqueza y

diversidad mas bajos de todo el VTC y son también los manejados con métodos mas intensivos.

En Axusco destaca el hecho de que es una comunidad indigena, donde la mayoria de su
poblacion es hablante de néhuatl y es la comunidad que practica métodos agricolas mas
intensivos y mantiene menor cobertura y riqueza de especies; en comparacion con Zapotitlan,
comunidad predominantemente mestiza, y en donde los métodos agricolas son menos intensivos
y conservan mayor cobertura vegetal y riqueza de especies en sus parcelas. De acuerdo con
nuestra hipotesis original, esperariamos el patrén inverso, en concordancia con lo registrado por
diversos autores como Toledo (2003), Boege (2008), Altieri y Toledo (2005). El patrén sugiere
que Zapotitlan es una comunidad mestiza que estd manteniendo practicas tradicionales y Axusco
es una comunidad indigena que esta perdiendo préacticas tradicionales y con ello pérdidas mas

profundas como el conocimiento etnobotanico.

En el estudio de los valles aluviales se puede observar que la eliminacién de la cubierta vegetal
no es un requisito necesario en el uso intensivo de la tierra. Ademas, el estudio muestra que es
posible y necesario reforzar los esfuerzos para aumentar la riqueza y diversidad de especies de

plantas nativas en los SAF de la region.
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En el VTC operan diversos programas gubernamentales. Algunos como PROCAMPO favorecen
la eliminacion de cubierta vegetal en las parcelas agricolas, buscando aumentar la superficie
agricola y con ello la produccion. Otros programas, como los promovidos por autoridades de la
Reserva de Biosfera Tehuacan Cuicatlan, buscan fomentar la presencia de cobertura vegetal en
los paisajes agricolas mediante programas de inclusion de arboles frutales o reforestacion con
arboles locales. Lamentablemente varios de los programas que promueven el aumento de la
cobertura vegetal no consideran a la poblacion local, ni sus conocimientos ni sus opiniones, por
lo que frecuentemente se registran fracasos en las acciones emprendidas. Por ello, diversas
investigaciones han apuntado que es fundamental incluir a los pobladores y manejadores de los
paisajes en procesos de participacion que se dirijan hacia la conservacion de biodiversidad y de
la produccion (Ansong and Raskaft, 2011). La seleccidn de especies a mantener o a fomentar, las
técnicas locales para lograrlo, su adaptacion a la topografia, suelos, clima y vegetacion locales y
su armonizacion con los ritmos y técnicas agricolas son todos factores decisivos en el éxito o
fracaso de un programa. El caracter participativo de éstos no es entonces un discurso retorico o

demagogico, sino una necesidad real.

Después de lo expuesto, regresamos a los otros factores que planteamos en nuestra hipotesis: “La
intensidad de manejo; relacionada a su vez con el propoésito de la produccién, el valor del
cultivo y de la capacidad intrinseca del ecosistema de intensificarse; a mayor intensidad de
manejo (evaluada en términos de energia invertida, herramientas usadas y productividad),
menor diversidad”. Podemos decir que en general la hipétesis es correcta, pero debe relativizarse
en relacion con el contexto técnico y cultural. Encontramos al menos un caso donde la intensidad
de manejo no interfirio en el mantenimiento de la cobertura vegetal ni redujo la diversidad de la

comunidad vegetal.
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El tercer factor: “El aprovechamiento multiple de los recursos; a mayor presencia de uso
multiple (incluyendo elementos culturales y organizacion social, economia de auto-subsistencia)
significara una mayor capacidad de mantener biodiversidad y viceversa”; es decir, los aspectos
culturales, juegan un papel fundamental en las decisiones que toman los duefios de los SAF, las

practicas de manejo forestal y agroforestal.

La relacién cultura-lengua ha sido explorada por varios autores (Bonfil-Batalla, 1991; Hamel
1996; Avila, 1998), donde se ha planteado que la pérdida de la lengua indigena conlleva en
ocasiones a la pérdida de mas elementos de la cultura propia, y por lo tanto que la conservacién
de la lengua indigena implica el mantenimiento de mas aspectos culturales. En este estudio
encontramos situaciones en las que aungue persisten elementos indigenas como la lengua, al
mismo tiempo las técnicas empleadas pueden determinar pérdidas de manejo tradicional del

bosque y de las parcelas agricolas.

Integrando todo lo documentado en el presente estudio, podemos plantear que al revisar los
factores que influyen en las caracteristicas de los SAF, éstos son interdependientes, es decir que
no son aislados. No es un s6lo factor el que define que los SAF tengan determinada
configuracién, destino o funcion. Los SAF son sistemas complejos moldeados por procesos
ecoldgicos, propdsitos productivos, las caracteristicas del terreno, los aspectos culturales, las
técnicas implementadas; y no es simple identificar una o pocas variables determinantes, asi como
tampoco la relacion lineal de inter-dependencia. Por ello, al estudiar este tipo de sistemas es
fundamental considerar a todos los factores en su conjunto, lo cual permita tener una historia lo

mas completa posible, de los procesos dindmicos que envuelven a los sistemas agroforestales.
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CONCLUSIONES

Los sistemas agroforestales del Valle de Tehuacan Cuicatl&n son importantes reservorios para la
conservacion de la biodiversidad nativa, debido a que logran mantener altos niveles de riqueza y
diversidad vegetal, similares a los encontrados en la vegetacion natural. De igual manera, los
SAF son reservorios de cultura, ya que ahi se mantienen técnicas de manejo tradicional, asi como
conocimientos milenarios resultado de la estrecha relacion del hombre con su medio, expresado
en el uso maltiple de los recursos, la cantidad de especies Utiles, el nimero de categorias de uso y
las razones para el mantenimiento de especies vegetales. No son aspectos estaticos, sino
expresiones de procesos altamente dindmicos que acoplan las visiones tradicionales con el

mundo contemporaneo.

Se considera que la cultura en cada comunidad es diferente y la preservacion de rasgos indigenas
es variable. Se identifico que aunque en general, los patrones de vida indigenas son mas
favorables para la conservacion de la biodiversidad como en el uso maltiple de los recursos y los
ecosistemas; la historia del uso del suelo, la intensificacion agricola, tenencia de la tierra, los
aspectos ecoldgicos que influyen en las técnicas agricolas y el acceso a los recursos forestales,
son todos los aspectos que intervienen de manera significativa en el manejo y la capacidad de los
SAF para mantener la diversidad de especies de plantas. Sin embargo, como se analiza

anteriormente, no es esta una regla ni una conclusion generalizable.

Con base en los resultados y discusion de este trabajo, proponemos que enriquecer y aumentar la
cobertura vegetal en los SAF es viable, factible y deseable. Con las especies locales pertinentes y
técnicas locales, puede ser una estrategia prioritaria promovida por las autoridades de la Reserva

de la Biosfera Tehuacan-Cuicatlan, asi como las autoridades locales de las comunidades. Esto
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podria contribuir a mantener no sélo la diversidad vegetal, sino también la diversidad de los

animales, como conectores de fragmentos de parches de vegetacion secundaria y areas forestales.

Se recomienda la inclusién de la gente que habita en la region en el proceso de elaboracion de
programas dirigidos a la conservacion, en ese mismo sentido sugerimos el intercambio de
experiencias locales exitosas como una forma de promover la recuperacion y mejora de estos

sistemas en areas en las que se estan perdiendo.

Por lo tanto se concluye que el estudio de los aspectos ecoldgicos, sociales, econémicos y
culturales que motivan la construccién y mantenimiento de los sistemas agroforestales, asi como
los que determinan su pérdida, puede contribuir de manera significativa al desarrollo de la

tecnologia y los criterios para las politicas publicas que contribuyan a mejorar estos sistemas.
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