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RESUMEN

En las tultimas décadas ha emergido el interés por disefar, guiar e impulsar sistemas
productivos sustentables. Sin embargo, la mayoria de los lineamientos de evaluacion y
manejo de las actividades productivas no han sido definidos de forma empirica e ignoran los
contextos locales. En este trabajo examiné el efecto de diferentes tipos de uso del suelo
asociados a un paisaje multifuncional comunitario sobre las poblaciones de aves en la Sierra
Norte de Oaxaca, México. Esta evaluacion se realizd gracias a la participacion activa de
miembros de comunidades indigenas y rurales en la compilacion de datos, en la seleccion de
las variables de habitat sujetas a evaluacion y en la difusion de resultados. Los usos del suelo
evaluados incluyeron aquellos destinados por las comunidades para el desarrollo de
actividades forestales de extraccion de madera, que representan una de las principales
actividades econdmicas de la region. La evaluacion del paisaje multifuncional comunitario la
realicé a través de cuatro aproximaciones diferentes, considerando el efecto de los usos del
suelo sobre la ocupacion (Capitulo I), la dindmica de ocupacion (Capitulo II), la conducta
(Capitulo III) y las interacciones interespecificas (Capitulo IV) de diferentes poblaciones y
grupos de aves de la zona. En particular, encontré que las relaciones entre las caracteristicas
del habitat y la ocupacion, la colonizacion y la extincidon local varian entre especies,
dependiendo de sus estatus de residencia y sus afinidades a los sitios urbanos y agricolas
(Capitulos I y II). Asimismo, determiné que las conductas varian entre grupos de aves y usos
del suelo (Capitulo III). Finalmente observé que la coocurrencia espacial beneficia a las
especies de chipes residentes, mismas que hacen uso intensivo de las areas boscosas del
paisaje de estudio. En casi todos los capitulos encontré evidencia de que la cobertura arbustiva
es fundamental para las aves en la region (a excepcion del Capitulo IV). La importancia
ecologica del sustrato arbustivo para las aves ha sido ampliamente reconocida por
investigaciones previas, por lo que este estudio suma evidencia en favor de este patron. Sin
embargo, su trascendencia debe ser remarcada dentro del quehacer productivo comunitario,
dado que las acciones de manejo forestal han dejado a un lado al sustrato arbustivo y se han
enfocado en el componente arboreo de los bosques locales. La riqueza arbdrea también
resultd ser clave para las aves de la region, por lo que su importancia debe ser considerada en
las actividades de reforestacion que desarrollan las comunidades para restaurar las areas
destinadas al manejo forestal. Con lo que respecta a las actividades productivas locales,
observé que los resultados asociados a los cuatro capitulos son consistentes: el manejo forestal

selectivo es una practica que beneficia a las aves, mientras que el manejo forestal intensivo



ejerce efectos adversos sobre este grupo animal. La aproximacion participativa empleada en
este estudio para evaluar sistemas productivos comunitarios y emitir recomendaciones de
manejo, muestra un amplio potencial para ser replicada en otras regiones y promover el

desarrollo de paisajes productivos sustentables.



ABSTRACT

During the last decades, there has been a growing interest in designing, guiding, and fostering
sustainable productive ecosystems. However, management guidelines for productive activities
have not been defined empirically and ignore local socioecological contexts. Through this
work I examined the effect of different human land uses across a multifunctional community
landscape on bird populations in the Northern Range of Oaxaca, Mexico. This study was
performed with the active participation of communities on data gathering, selecting habitat
traits, and results broadcasting. The studied land uses included those advocated by
communities for wood extraction, which represent one of the main productive activities in the
region. The study of the multifunctional community landscape was performed through four
different approaches, considering the effect of land uses on the occupancy (Chapter I), the
occupancy dynamics (Chapter II), the behavior (Chapter III), and the interspecific interactions
(Chapter IV) of different bird groups that inhabit the region. In particular, I found that the
relationships between the habitat properties and the occupancy, colonization, and local
extinction probabilities varied among species, according to their residence status and their
affinity to urban and cropfield areas (Chapters I and II). Moreover, I determined that
behaviors vary among both bird groups and land uses (Chapter III). Finally, I observed that
spatial co-occurrence benefits resident warblers, which intensively use wooded areas across
the study landscape. When analyzing together the results reported in each chapter, the
importance of the shrub layer for the birds of the region was evident (with the exception of
Chapter IV). The shrub component of the ecosystems has been previously identified as key
for birds, and this work supports such evidence too. Still, its importance must be promoted
within the productive activities that communities perform, given that community forestry
management usually ignores the shrub component of the local ecosystems and provides more
attention to trees. Tree species richness was also relevant for birds in the region. Thus, it must
be considered in reforestation activities performed by communities, particularly when
restoring those forested areas used for timber extraction. The results associated with all the
chapters of this study were consistent in relation to local forestry activities: selective forestry
management benefit birds, whereas intensive forestry management is detrimental for this
zoological group. The participatory approach employed throughout this study for the
evaluation of community-based productive systems and for the generation of contextualized
management guidelines shows a great potential to be replicated in other regions and promote

the development of sustainable productive landscapes.



INTRODUCCION

A lo largo y ancho del planeta, el ser humano ha modificado drasticamente los ecosistemas
naturales con el propdsito de satisfacer sus necesidades basicas de sustento (Barnosky et al.
2012). Desde el inicio de la Revolucion Industrial en el siglo XVIII, el crecimiento desmedido
de la poblacion, asi como practicas productivas poco amigables con la conservacion de la
biodiversidad, han puesto en riesgo la manutencion de los recursos naturales y el bienestar
social (Ellis et al. 2010). Ante tal amenaza, en las tltimas décadas ha emergido el interés en
desarrollar, guiar e impulsar sistemas productivos sustentables que sean redituables desde una
perspectiva econdmica, y que a su vez disminuyan el impacto negativo sobre las especies, los
habitats y los procesos ecoldgicos (Giddings et al. 2002). Bajo esta perspectiva, en diferentes
regiones del pais se han promovido diversos sistemas productivos denominados “sustentables”
(i.e., ecoturismo, cafeticultura orgdnica bajo sombra, apicultura, actividades forestales no
extractivas, sistemas silvopastoriles y agroforestales; Banco Mundial 2001). Este tipo de
sistemas interactuan espacial y temporalmente con sistemas productivos no sustentables (e.g.,
ganaderia extensiva), asi como con ecosistemas urbanos y naturales (e.g., vegetacion
secundaria, vegetacion primaria), dando lugar a paisajes multifuncionales (de Groot 2006).

La definicion, el manejo y la efectividad en materia de conservacion biologica de los
sistemas productivos “sustentables” atin es debatible, perfectible y de interés particular desde
el punto de vista social y ecoldgico (Giddings et al. 2002). Asi, diferentes instituciones
gubernamentales en México, como es el caso de la Comision Nacional para el Conocimiento
y Uso de la Biodiversidad (CONABIO), han impulsado proyectos de monitoreo bioldgico
comunitario con el proposito de evaluar y ajustar el manejo de distintos tipos de sistemas
productivos “sustentables”, promoviendo asi la conservacion de la biodiversidad y el
bienestar humano (Ortega-Alvarez et al. 2012). Bajo este mismo enfoque, en la actualidad se
encuentra en marcha el Programa de Monitoreo Comunitario de Aves, dentro del cual se
realizan actividades de monitoreo en sistemas productivos a través de la participacion de las
comunidades locales (Ortega-Alvarez et al. 2015). Si bien el proyecto ha crecido de forma
importante a nivel nacional y sus resultados son variados y alentadores, ain es necesario
apuntalar su desarrollo mediante la evaluacion plena y sistematica del efecto de los paisajes
multifuncionales sobre las poblaciones de aves, incorporando preguntas cientificas puntuales
que sustenten los criterios de evaluacion de los sistemas productivos, fortalezcan los
protocolos de monitoreo ornitologico y definan los procesos de analisis de los datos de campo

recabados por los monitores comunitarios (Ortega-Alvarez et al. 2015).



Comunidades rurales e indigenas: sustentabilidad y definicion de lineamientos de

manejo de sistemas productivos comunitarios

Las comunidades rurales e indigenas son clave para el desarrollo y el impulso de paisajes
multifuncionales orientados a conservar la diversidad bioldgica y promover el bienestar
humano. Este tipo de comunidades son el nucleo social de gran parte de los paises tropicales
del mundo. Ademas, son actores fundamentales para la conservacion de la biodiversidad,
dado que habitan, poseen y manejan una considerable porcion de las areas que albergan la
mayor diversidad bioldgica a nivel mundial (WWF 2000). Es por ello que, en las ultimas
décadas, numerosas iniciativas impulsadas por instituciones gubernamentales y por
organizaciones de la sociedad civil, han contemplado la inclusién de este tipo de comunidades
para evaluar, monitorear y manejar las actividades productivas que realizan bajo un esquema
de sustentabilidad (Millennium Ecosystem Assessment 2005, Lee 2013, Ortega-Alvarez et al.
2015).

A pesar de lo anterior, las certificaciones de manejo sustentable asociadas a las
actividades productivas realizadas en regiones tropicales rara vez son evaluadas de forma
empirica para determinar sus efectos sobre la biodiversidad (van Kooten et al. 2005, Conroy
2007, Auld et al. 2008). Como resultado, existe poca evidencia tangible que sustente la
eficacia de las practicas denominadas “sustentables”, asi como de sus lineamientos de manejo
asociados, para conservar la diversidad biologica, promover el desarrollo financiero e
impactar de forma positiva el bienestar sociocultural de las comunidades (Blackman y Rivera
2010, Milder et al. 2015). Ademas, la mayoria de los lineamientos de manejo de las
actividades productivas han sido definidos de forma descontextualizada, dado que no han
considerado las condiciones socioecologicas locales y han ignorado las metas, necesidades y
capacidades de las comunidades implicadas (Durst et al. 2006, Vandergeest 2007, Ebeling y
Yasué 2009). Ante esta situacion, resulta necesaria la integracion de las comunidades locales
en materia de evaluacion de las practicas productivas comunitarias y en el desarrollo de
lineamientos de manejo y certificaciones de los sistemas productivos locales con el fin de
garantizar la sustentabilidad de los paisajes multifuncionales comunitarios (Medina 2005,

Vandergeest 2007).



Ciencia participativa: donde el quehacer cientifico y el comunitario convergen

La ciencia participativa ha recibido atencion especial a lo largo de las ultimas décadas
(Miller-Rushing et al. 2012). Bajo su enfoque, se fomenta la inclusion social en el desarrollo
de actividades de investigacion cientifica. Desde el punto de vista académico, la ciencia
participativa ha propiciado el desarrollo de investigacion al interior de regiones que son de
dificil acceso por factores sociales o geograficos; también, ha permitido la realizacion de
estudios que implican la compilacion de datos a escalas espacio temporales extensivas,
mediante aproximaciones eficientes desde el punto de vista financiero y logistico (Booney et
al. 2009, Miller-Rushing et al. 2012). Un ejemplo tangible de la importancia de la ciencia
participativa orientada hacia la conformacion de bases de datos lo podemos encontrar en el
Reino Unido, donde se han compilado mas de 30 millones de registros sobre la fauna silvestre
de la region mediante la colaboracion de naturalistas voluntarios (Silvertown 2009).
Asimismo, en los Estados Unidos de América, la participacion anual de voluntarios en el
Conteo Navidefio de Aves representa una importante fuente de datos que ha impulsado la
generacion de mas de 350 articulos cientificos sobre diferentes temas ornitologicos
(Silvertown 2009, Miller-Rushing et al. 2012). Por otro lado, la sociedad civil también se ha
visto beneficiada a través de su participacion en programas de ciencia participativa, dado que
la colaboracion con actores cientificos ha propiciado el desarrollo de actividades productivas
alternativas al interior de las comunidades (e.g., ecoturismo), ha favorecido el
empoderamiento comunitario, ha fortalecido el conocimiento de los poseedores de la tierra
sobre los recursos naturales locales y ha promovido la cohesion social y el desarrollo cultural
comunitario (Ortega-Alvarez et al. 2015, Paz Acosta 2018). De esta manera, la sinergia entre
la academia y las comunidades se torna pieza clave para el desarrollo de proyectos integrales
enfocados en evaluar probleméticas concretas locales que abarquen intereses cientificos y

sociales, con miras a abordar temas relevantes en materia de sustentabilidad.

Las aves en la ciencia participativa y en el estudio de paisajes multifuncionales

La clase Aves ha sido ampliamente utilizada para realizar evaluaciones ecoldgicas sobre el
impacto que ejercen las actividades humanas sobre la biodiversidad (Jones 2001, Gottschalk
et al. 2005, Chace y Walsh 2006). Esto se debe principalmente a que estos animales pueden

ser muestreados de forma relativamente facil y a bajo costo, son conspicuos, estan presentes



en practicamente cualquier tipo de ecosistema, responden a los cambios que el ser humano
genera sobre los ecosistemas y exhiben amplia variacion en sus preferencias ecologicas
(Burnett et al. 2005, Gardali et al. 2006, Chambers 2008). Ademas, las aves son un grupo
carismatico y culturalmente importante, siendo muy utilizadas en proyectos de ciencia
participativa (Ahlering y Faaborg 2006, Greenwood 2007).

En América Latina existe una gran diversidad de estudios ecologicos que han utilizado a
las aves como grupo de estudio. Sin embargo, pocos de ellos han considerado el efecto de la
variacion en la detectabilidad entre especies y habitats sobre los resultados que han obtenido.
En general, la deteccion de una especie puede ser prueba de su presencia en un sitio de
muestreo dado. Sin embargo, el no detectarla podria ser causa de su ausencia en el sitio o bien
de la incapacidad del observador de registrarla (Royle et al. 2005). Por ejemplo, si
consideramos el caso de una especie cuya probabilidad de deteccion es de tan solo 0.1, las
personas que realizan el muestreo solamente podrian detectar a la especie en uno de cada 10
sitios en los que esta presente, o bien a uno de cada 10 individuos presentes en los sitios de
muestreo. Esto influye sobre las estimaciones de uso de habitat, de sus areas de distribucion y
de riqueza de especies, y si no se considera durante la realizacion de las estimaciones, puede
sesgar las conclusiones de los estudios y limitar su posterior aplicabilidad en materia de
conservacion y manejo de las poblaciones biologicas y sus hdbitats (MacKenzie 2005, Royle
et al. 2005).

En los ultimos afios se ha incrementado el interés por desarrollar proyectos de ciencia
participativa y aves en diferentes paises de América Latina y el mundo (Miller-Rushing et al.
2012). No obstante, este tipo de proyectos suele carecer de protocolos adecuados para realizar
la compilaciéon de datos, asi como de metodologias robustas para el andlisis de datos, la
definicion de objetivos claros que impacten tangiblemente a las comunidades participantes y
la resolucién de preguntas ecolégicas puntuales de interés social y cientifico (Ortega-Alvarez
et al. 2015). Por ello, en la actualidad resulta necesario impulsar el desarrollo de programas de
monitoreo ornitoldgico participativo que cuenten con objetivos socioecologicos claros,
aplicables de acuerdo con los contextos sociales y ecoldgicos locales, guiados por medio de
protocolos y métodos analiticos robustos y con la posibilidad de ser replicados bajo

condiciones biologicas y culturales diferentes.



Mas alla de la presencia o la ausencia de las especies: patrones de ocupacion, dinamica

de ocupacion, conductas e interacciones entre especies

El impacto que ejercen diversas actividades productivas antropogénicas sobre las aves ha sido
previamente explorado por multiples estudios (e.g., agricultura, ganaderia, aprovechamiento
forestal; Sallabanks et al. 2000, Durant et al. 2008, Stanton et al. 2018). Sin embargo, éstos se
han centrado en determinar el efecto de las actividades productivas sobre diferentes
propiedades emergentes de las comunidades de aves (e.g., riqueza, diversidad, abundancia), y
rara vez han considerado el efecto de la detectabilidad sobre sus resultados. Asimismo, pocos
estudios han evaluado el impacto productivo sobre la ocupacion de poblaciones de aves
Neotropicales, y menos aun han considerado la influencia que tienen las actividades
productivas sobre los mecanismos de colonizacion y extincion que determinan los patrones de
ocupacion de dichas poblaciones. El estudio de la ocupacion de las especies, asi como de su
dinamica temporal, resulta de especial interés debido a que la ocupacion puede ser utilizada
de forma alternativa al andlisis de la abundancia, la cual es un parametro dificil de estimar y
que se encuentra ampliamente sesgado por la variacion en la detectabilidad entre especies y
habitats (Royle et al. 2005).

Los estudios que han evaluado el efecto de las actividades productivas sobre las aves
suelen cimentarse en datos asociados con la presencia/ausencia de las especies, ignorando asi
el tipo de conductas que los diferentes grupos de aves realizan de manera puntual entre los
diversos usos del suelo que componen a los paisajes multifuncionales. Esta limitante es
particularmente importante debido a que la presencia de una especie en un habitat dado no
provee de informacion suficiente para determinar el impacto y la relevancia que los diferentes
tipos de uso del suelo ejercen sobre las especies; asi, es importante determinar la relevancia de
un habitat para una especie de acuerdo a la forma en la que lo utiliza (Wong y Candolin 2015).
Por ejemplo, en una base de datos de presencia/ausencia, seria imposible diferenciar a los
individuos que realizan conductas criticas para su sobrevivencia (e.g., reproduccion,
alimentacion) de aquellos que no lo hacen (e.g., aves de paso).

Por ultimo, poco sabemos del efecto de las actividades productivas sobre las
interacciones que suceden entre las especies. Dicho conocimiento es importante dado que la
interaccion que ocurre entre las especies también determina su sobrevivencia (Gilman et al.
2010) e influye sobre su capacidad de utilizar ambientes creados por el ser humano
(Robertson et al. 2013). Por ejemplo, la presencia de ciertas especies se puede ver facilitada

por interacciones de tipo mutualista con especies taxondmicamente cercanas (Peoples y



Frimpong 2016). Sin embargo, la direccion e intensidad de los efectos provocados por las
interacciones ecoldgicas se ven influenciadas por el contexto ambiental, de tal forma que los
habitats ricos en recursos facilitan la coexistencia de especies cercanas, mientras que la
escasez de recursos da pie a procesos de exclusion competitiva entre especies (Juliano 1998,

Curtis et al. 2015).

Relevancia e impacto del proyecto

Con el presente trabajo se llevd a cabo una evaluacion integral sobre la dindmica de las
comunidades y poblaciones de aves asociadas a un paisaje multifuncional comunitario en
Oaxaca, al sur de México. Esta evaluacion se realizo gracias a la participacion activa de
miembros de comunidades indigenas y rurales en la compilacion de datos, en la seleccion de
las variables de habitat sujetas a evaluacion y en la difusion de resultados. El estudio se centrd
en examinar los patrones de ocupacion de las poblaciones de aves locales, la dinamica de
ocupacion de especies focales, las conductas realizadas por diferentes grupos de especies y las
interacciones interespecificas de una familia de Passeriformes (i.e., Parulidae). Cabe senalar
que el origen y la vision del proyecto se encuentran intimamente ligados al desarrollo de
programas impulsados y desarrollados por las comunidades locales, por instituciones
gubernamentales (i.e., CONABIO) y por organismos internacionales (i.e., Banco Mundial,
Global Environment Facility). De esta manera, se espera que parte de los resultados aqui
presentados deriven en pautas de manejo de paisajes multifuncionales para beneficio de los
pobladores y avifaunas locales, asi como en la definicion de herramientas utiles y tangibles de
evaluacion y seguimiento que podrian ser incorporadas al Programa de Monitoreo
Comunitario de Aves y en el diagndstico de sistemas productivos. Finalmente, es pertinente
destacar que el proyecto es pionero en el uso de modelos de ocupacion multiespecificos para
entender el efecto de diferentes tipos de sistemas productivos sobre la probabilidad de

ocurrencia de especies de aves Neotropicales.



OBJETIVOS GENERALES

En este trabajo examiné el efecto de diferentes tipos de uso del suelo asociados a un paisaje
multifuncional comunitario sobre las poblaciones de aves en la Sierra Norte de Oaxaca, al sur
de México. Los usos del suelo evaluados incluyeron aquellos destinados por las comunidades
locales para el desarrollo de actividades forestales de extraccion de madera, mismas que
representan una de las principales actividades econdmicas productivas de la region. La
evaluacion del paisaje multifuncional comunitario la realicé por medio de cuatro
aproximaciones diferentes, especificamente considerando el efecto de los usos del suelo sobre
(a) la ocupacién, (b) la dindmica de ocupacidn, (c) la conducta y (d) las interacciones
interespecificas de diferentes poblaciones y grupos de aves de la zona. Cada una de estas
aproximaciones estd contenida y desarrollada de forma extensiva en un capitulo. A
continuacion presento la hipotesis general de este trabajo, asi como los objetivos, las hipotesis
particulares y las predicciones asociadas a los cuatro capitulos que componen la presente

tesis.

HIPOTESIS GENERAL

La ocupacion, la colonizacion, la diversidad y la proporcion de conductas criticas de especies
de aves residentes dependientes de bosque se veran favorecidas por los bosques destinados a
la conservacion, asi como por las practicas de manejo forestal que sean ecologicamente
sustentables (e.g., sitios de manejo forestal selectivo, sitios de saneamiento forestal), al
mantener la estructura y composicion vegetal de las areas de bosque bajo aprovechamiento.
En contraste, las practicas de manejo forestal que sean ecoldogicamente perjudiciales para las
aves residentes dependientes de bosque (e.g., sitios de manejo forestal intensivo) afectaran
negativamente los valores asociados a su ocupacion, diversidad y proporcion de conductas
criticas, al perturbar y modificar drasticamente las caracteristicas de habitat de las areas bajo
manejo. Sin embargo, los sitios urbano-agricolas promoveran valores de ocupacion,
colonizacién y diversidad conductual mayores para aves migratorias y especies afines a este
tipo de uso del suelo (e.g., especies insectivoras, granivoras, omnivoras). Por ultimo, los usos
del suelo con elevado disturbio antropogénico y bajos niveles de cobertura vegetal (e.g., sitios
de manejo forestal intensivo) presentardn una mayor ocurrencia de interacciones ecologicas

negativas (e.g., competencia), dado que los recursos son mds limitados para las especies que

10



utilizan estos habitats. No obstante, los usos del suelo con menor grado de disturbio
antropogénico y mayores valores de cobertura vegetal (e.g., bosques de conservacion, sitios
de manejo forestal selectivo) presentaran mayor evidencia de interacciones ecologicas
positivas (e.g., mutualismo) debido a la formacion de parvadas de especies mixtas que

maximizan la localizacion de recursos y disminuyen el riesgo de depredacion.

CAPITULO I:
“Improving the sustainability of working landscapes in Latin America: An application of

community-based monitoring data on bird populations to inform management guidelines”

Este capitulo esta constituido por un articulo publicado en la revista cientifica “Forest
Ecology and Management” (Ortega-Alvarez et al. 2018). El objetivo principal de esta parte de
la investigacion fue determinar los efectos de las practicas de manejo forestal comunitarias
(i.e., manejo forestal selectivo e intensivo) sobre la biodiversidad, mediante la evaluacion de
las relaciones existentes entre las caracteristicas del habitat y las probabilidades de ocupacion
de diferentes grupos de aves (i.e., especies dependientes de bosque, especies asociadas a sitios
urbano-agricolas, especies residentes, especies migratorias) en diferentes temporadas (i.e.,
verano ¢ invierno). Para ello, utilicé modelos de ocupacién de una temporada, los cuales
consideran la variacion de la detectabilidad entre especies y habitats. En general, esperaba que
las probabilidades de ocupacion estuvieran sujetas a la variacion ambiental asociada a los
diferentes usos del suelo constituyentes del paisaje de estudio (i.e., bosques de conservacion,
sitios de manejo forestal intensivo, sitios de manejo forestal selectivo, sitios de reforestacion,
sitios de saneamiento forestal, sitios urbano-agricolas), asi como a los diversos grupos de aves
evaluados. En lo particular, preveia que las probabilidades de ocupacion de las especies
residentes y dependientes de dreas boscosas se incrementarian ante valores altos de cobertura
vegetal, caracteristicos de los bosques conservados y promovidos por los sitios de manejo
forestal selectivo, de reforestacion y de saneamiento forestal. Por otro lado, suponia que las
especies migratorias y aquellas dependientes de sitios urbano-agricolas exhibirian
probabilidades de ocupacion altas en areas donde la cobertura vegetal disminuyera a causa de
la intensa perturbacidon antropogénica, como en el caso de los sitios urbano-agricolas y de

manejo forestal intensivo.
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CAPITULO II:
“Local colonization and extinction in forestry habitats: a participatory science approach for
assessing occupancy dynamics of target bird populations within an indigenous working

landscape™”

En este capitulo analicé la dindmica espacio-temporal de la ocupacion de aves entre distintos
usos del suelo del paisaje de estudio (i.e., bosques de conservacion, sitios de manejo forestal
selectivo, sitios de manejo forestal intensivo, sitios de saneamiento forestal, sitios
urbano-agricolas) utilizando modelos de ocupacion de multiples temporadas y considerando
la variacion en la detectabilidad entre especies. De forma particular, identifiqué aquellas
caracteristicas del habitat que determinaron las probabilidades de colonizacién y extincion
local de poblaciones de aves focales. Para realizar este analisis, seleccioné especies de aves
dependientes de bosque, con preferencias ecoldgicas variadas, distribuciones restringidas o
altos valores de vulnerabilidad. Finalmente, produje escenarios de colonizacidon y extincion
local de acuerdo con las practicas de manejo locales, con el propdsito de generar
recomendaciones de manejo del paisaje para ayudar en la conservacion de las poblaciones de
aves. En general, esperaba que las probabilidades de colonizacion de las especies fueran
impactadas de forma positiva por el incremento en los valores de las caracteristicas del habitat
medidas, asociadas especificamente con la cobertura arbustiva, el tamafio de los arboles y la
riqueza arborea. Por otro lado, suponia que las probabilidades de extincion serian mayores
ante escenarios donde estas propiedades de la vegetacion fueran menores. Con respecto a los
usos del suelo, esperaba que los bosques de conservacion promovieran la colonizacion de las
especies focales, seguidos por los sitios de manejo forestal selectivo y las areas de
saneamiento forestal. De forma contraria, suponia que los sitios de manejo intensivo y las
areas urbano-agricolas fomentarian el incremento en las probabilidades de extincion de las

especies focales, al contener bajos valores de vegetacion.

CAPITULO IiI:
“Behavior and biodiversity: assessing the impact of working landscapes on Neotropical birds

through behavioral responses”

El objetivo general de este capitulo fue utilizar las conductas de las aves para evaluar el

impacto de las actividades antropogénicas sobre la biodiversidad, al examinar el tipo de
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conductas que son favorecidas por los diferentes usos del suelo (i.e., bosques de conservacion,
sitios de manejo forestal selectivo, areas de saneamiento forestal, sitios urbano-agricolas) en
temporadas distintas (verano e invierno). Especificamente, identifiqué y estimé la proporcion
de las conductas criticas realizadas por las aves (i.e., alimentacion, percha, acicalamiento,
agresion, reproduccion) que ocurrian en el gradiente de estudio, con el fin sefialar aquellos
usos del suelo que pudiesen fungir como habitats complementarios a los bosques de
conservacion para ensamblajes de aves particulares. Asi, esperaba que los bosques de
conservacion favorecieran una mayor diversidad y proporcion de conductas criticas de
especies frugivoras, nectarivoras y dependientes de bosque, en comparaciéon con sitios con
mayor disturbio antropogénico, tales como las 4reas urbano-agricolas y los sitios de
saneamiento forestal. También, suponia que los sitios de manejo forestal selectivo proveerian
de habitats complementarios para aves frugivoras, nectarivoras y dependientes de bosque, lo
cual se veria reflejado en un incremento de la proporcién de sus conductas en dichas éreas.
Por ultimo, esperaba que las aves insectivoras, granivoras, omnivoras, migratorias y
residentes dependientes de sitios urbano-agricolas exhibieran una mayor proporcion de sus

conductas en los sitios urbano-agricolas que en los boscosos.

CAPITULO IV:
“Habitat characteristics and co-occurrence with closely related species: assessing the factors
that determine the occupancy of resident wood-warblers in a Neotropical working

landscape”

A lo largo de este capitulo evalué los factores que determinan la ocurrencia de especies de
chipes residentes (clase Aves, familia Parulidae) en el paisaje de estudio. Para ello utilicé
modelos de ocupacion de dos especies, los cuales permiten identificar si las probabilidades de
ocupacion de las especies de estudio se encuentran influenciadas de forma exclusiva por
variables de habitat o también por la presencia de otras especies. Asi, consideré el efecto de
variables de habitat y la presencia de otras especies de chipes, tanto residentes como
migratorias, sobre la probabilidad de ocupacion de las especies de chipes residentes de estudio.
En general, esperaba que las probabilidades de ocupacién de los chipes residentes estuvieran
determinadas simultdneamente por las caracteristicas del habitat y por la presencia de otros
chipes. Particularmente esperaba que las caracteristicas de la vegetacion (e.g., riqueza de

especies arboreas, didmetro arboreo a la altura del pecho, cobertura arbustiva) ejercerian un

13



efecto positivo sobre la ocupacion de los chipes residentes, ya que este grupo depende en gran
medida de sitios boscosos (Cleveland Bent 1953, Dunn y Garrett 1997). También suponia que
la presencia de especies migratorias afectaria negativamente la ocupacién de los chipes
residentes, ya que las especies migratorias suelen forrajear de manera eficiente y competir
agresivamente por los recursos alimenticios que necesitan para satisfacer sus altos
requerimientos energéticos migratorios (Greenberg y Salgado Ortiz 1994, Toms 2011, Sherry
et al. 2016). No obstante, esperaba un efecto positivo de la presencia de otros chipes
residentes sobre las especies de estudio, dado que el conocimiento que poseen las especies
residentes del paisaje podria beneficiar las actividades de forrajeo y de vigilancia de las

especies estudiadas mediante la conformacion de parvadas de especies mixtas (Powell 1985).

SITIO DE ESTUDIO

El estudio lo desarrollé en las comunidades zapotecas de Capulalpam de Méndez, Santiago
Xiacui y La Trinidad de Ixtlan, localizadas en la Sierra Juarez de Oaxaca, al sur de México.
Estas comunidades estan organizadas a través de una instituciéon igualmente comunitaria
conocida como la UZACHI (Union de Comunidades Productoras Forestales
Zapotecos-Chinantecos de la Sierra de Judrez). Esta institucion brinda asesoria y seguimiento
a la ejecucion de las actividades forestales madereras realizadas por las comunidades, siendo
la extraccidon y comercializacion de madera la principal actividad productiva desarrollada por
las tres comunidades, aunque Capuldlpam de Méndez también depende en gran medida del
ecoturismo. El area de estudio consta de aproximadamente 6,335.5 ha y esta integrada por
diferentes usos del suelo, entre los cuales destacan (a) los bosques destinados a la
conservacion, mismos que estdn dominados por pinos y encinos, y en los que las comunidades
desarrollan actividades de ecoturismo de bajo impacto, procuran la conservacion de la
biodiversidad y protegen cuerpos de agua; (b) sitios de manejo forestal selectivo, en los cuales
las comunidades unicamente aprovechan arboles de tamafios determinados (~30 cm de
diametro) de especies de interés comercial (e.g., Pinus pseudostrobus, P. ayacahuite, P.
patula, Quercus laurina, Q. crassifolia), preservando en gran medida la estructura de la
vegetacion tras la extraccion del recurso arboreo; (c) sitios de manejo forestal intensivo,
representados por parcelas localizadas al interior del bosque donde se extraen arboles
mediante la remocidn total de la vegetacion presente en el lugar; (d) sitios de reforestacion,

mismos que originalmente fueron sitios de manejo forestal intensivo y donde las comunidades
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han llevado a cabo actividades de revegetacion con especies de interés comercial,
principalmente P. patula; (e) areas de sanecamiento forestal, los cuales son sitios boscosos
afectados por la actividad del escarabajo descortezador (Dendroctonus sp.) y en donde las
comunidades han realizado quemas y remocion de arboles infectados para controlar la plaga,
dejando principalmente encinos de tamafo variable y vegetacion arbustiva; y finalmente (f)
sitios urbano-agricolas, donde convergen las viviendas de los pobladores locales con jardines,
huertos y campos de cultivo.

La seleccion del sitio de estudio la realicé considerando la confluencia de diferentes
factores, tanto de indole econdémico-productivo como social y bioldgico, entre los que
sobresalen (i) la presencia de altos valores de biodiversidad; (ii) la importancia cultural del
sitio; (ii1) su localizacion al interior de las regiones prioritarias de accion definidas y apoyadas
por el Corredor Bioldgico Mesoamericano-México de la CONABIO; (iv) la existencia de un
alto interés y participacion social en el desarrollo de proyectos productivos sustentables y de
monitoreo biolodgico comunitario; (v) la disponibilidad de programas de ordenamiento
territorial; (vi) la convergencia espacial de distintos tipos de sistemas productivos y naturales
bajo la influencia de diferentes grados de disturbio antropogénico; y (vii) la disposicion de las

comunidades locales por adquirir certificaciones de manejo forestal.

LA INTEGRACION COMUNITARIA COMO EJE FUNDAMENTAL PARA LA
REALIZACION DE ESTE PROYECTO

En este trabajo consideré la participacion de diferentes miembros de comunidades rurales e
indigenas del pais. En primera instancia, realicé un acercamiento con las comunidades de la
Sierra Juéarez con el proposito de plantear el proyecto e identificar objetivos, necesidades y
metas comunes. Asi, se convino que este estudio buscaria solventar las necesidades de las
comunidades en temas de monitoreo de aves, asociadas con los compromisos adquiridos con
la CONABIO a partir de su participacion en el proyecto de Sistemas Productivos Sostenibles
y Biodiversidad (SPSB). A grosso modo, este proyecto buscd conservar y proteger la
biodiversidad por medio del mejoramiento de las practicas productivas en corredores
bioldgicos prioritarios (Banco Mundial 2012). También, acordé con las comunidades la
creacion de capacidades humanas locales en materia de identificacion de aves, con la
finalidad de que a corto y mediano plazo los miembros de las comunidades pudieran

desempefiar actividades de monitoreo de aves al interior de sus territorios. De igual manera,

15



les ofreci la posibilidad de que dichas capacidades pudieran ser utilizadas para diversificar sus
actividades productivas, al incorporar al turismo de observacion de aves dentro de los
paquetes turisticos ya ofertados por las comunidades. Por ello, en las fases iniciales de este
proyecto realicé talleres de capacitacion sobre observacion, identificacion y muestreo de aves,
considerando la asistencia de técnicos, guias de turismo locales y otros miembros de cada una
de las cuatro comunidades que integran a la UZACHI (incluyendo a Santiago Comaltepec,
ademas de las tres comunidades antes mencionadas). Los talleres de capacitacion fueron
posteriormente fortalecidos con la realizacién de actividades de seguimiento en cada una de
las visitas hechas a la region. Finalmente, aquellos participantes de los talleres que
demostraron mayor interés en el desarrollo de la actividad fueron incluidos en los muestreos
de este proyecto.

Debido a que los recursos humanos locales con respecto al muestreo de aves eran
inexistentes al inicio de este proyecto, decidi invitar a miembros de la Red de Monitoreo
Comunitario de Aves de la CONABIO a colaborar en la toma de datos bajo un esquema de
ciencia participativa. Asi, tuve la fortuna de compartir y contar con la invaluable participacion
de Israel Medina Mena (comunidad de Adolfo Lépez Mateos, Veracruz), Esteban Berrones
Benitez (comunidad de Alta Cima, Tamaulipas) y Francisco Ramirez Felipe (comunidad de
Los Mangos, Veracruz) para la ejecucion de este estudio. La seleccion de los monitores
comunitarios antes mencionados la realicé consultando a sus grupos de monitoreo de origen,
asi como evaluando su experiencia personal para poder llevar a cabo el muestreo de aves.
Asimismo, contemplé la capacitacion de los monitores invitados en la identificacion de las
aves del sitio de estudio, otorgdndoles materiales sobre las aves regionales y realizando visitas
prospectivas al area de trabajo. Cabe destacar que Israel, Esteban y Francisco fueron clave no
solo durante la compilacion de datos, sino también al impartir los talleres de capacitacion y
seguimiento, al involucrar en el proyecto a los miembros de las comunidades de estudio, al
desarrollar actividades de sensibilizaciéon ambiental a nivel local y al elaborar los productos
derivados de la presente tesis.

Otro punto importante de integracion de las comunidades en este estudio sucedio durante
la seleccion de las variables de habitat medidas. En lo particular, conté con el apoyo y
asesoria de técnicos de la UZACHI para definir la pertinencia de las variables elegidas, dado
que procuré seleccionar atributos de los habitats que estuvieran relacionados y fueran
relevantes para el desempefio de las actividades productivas locales de indole forestal. Por lo
tanto, las variables examinadas a lo largo del estudio no solo resultan trascendentes desde el

punto de vista ecoldgico para las aves (i.e., riqueza de especies arboreas, riqueza de
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morfoespecies de arbustos, altitud), sino también desde la perspectiva local de manejo y
aprovechamiento forestal (i.e., densidad arborea, diametro arbéreo a la altura del pecho, altura
maxima arbodrea, cobertura del dosel, cobertura arbustiva, tiempo desde el ultimo disturbio
antropogénico acontecido en los sitios de muestreo). Esto lo realicé con el fin de poder
brindar recomendaciones de manejo contextualizadas a los intereses y actividades productivas

comunitarias a partir de los resultados obtenidos de este estudio.
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ARTICLE INFO ABSTRACT

Keywords: Balancing the needs of increasing yields of productive systems while adhering to principles of sustainability is
Cropfields one of the most pressing challenges of the 21st century. However, baselines for management guidelines aimed at
Forestry mitigating the impacts of working landscapes on biodiversity are lacking for the most biodiverse regions in the

Occupancy models
Productive activities
Shrub cover

Tree species richness

world. In addition, there is a scarcity of empirical examples of how information collected using community-
based approaches can be used to both define management guidelines and measure outcomes for sustainability. In
this study, we used bird observations collected by community monitors to identify the functional relationships
between bird occupancy and habitat traits to inform management of productive landscapes. Our results in-
dicated that relationships between bird occupancy and habitat traits depended on species residence status and
their affinity to urban-cropfield areas. Percentage of shrub cover was found to significantly influence the
probability of occurrence across bird species in the landscape, followed by tree diameter, tree species richness,
and time since anthropogenic disturbance. Tree species richness was the only habitat trait that was found to have
a positive relationship across all species groups. Seasonal variation in the number of bird species related to
habitat traits was only important for shrub cover. Following our results, we identified specific management
targets for current land use categories (i.e., conservation forests, forestry plots, urban-cropfield areas) to benefit
birds. Overall, we concluded that selective forestry management was not entirely detrimental for birds, as it
preserves habitat heterogeneity and vegetation structure. In contrast, intensive forestry management was found
to be unfavorable for most bird species, likely driven by the clearing of critical vegetation from the area. Our
participatory approach for defining research objectives and collecting data to directly inform management
guidelines for communal lands, while using robust analytical tools, shows great potential for promoting sus-
tainable working landscapes in biodiverse regions across the globe.

1. Introduction

biodiversity overlaps with accelerated rates of land-use change and
important levels of poverty (Adams et al., 2004). In these regions of the

Increasing food security while promoting sustainability in produc-
tive landscapes is one of the top priorities for biodiversity conservation
worldwide (Griggs et al.,, 2013; Millennium Ecosystem Assessment,
2005). The development of a roadmap to achieve these objectives is
particularly challenging in dynamic, tropical ecosystems, where high
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world, such as Latin America, productive activities in rural areas often
take place within multifunctional landscapes (Fry, 2001), where we can
find a mosaic of productive systems and management practices, such as
agricultural systems, residential areas, and cattle grazing. Un-
fortunately, methodologies to assess and adaptively manage such
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biodiverse productive landscapes in an integrated manner are still
scarce (European Union, 2011; United Nations, 2016).

Rural and indigenous communities are at the nexus of both con-
servation and development of working landscapes, and represent the
social core of land stewardship in tropical ecosystems (Sunderlin et al.,
2005). The relevance of these rural and indigenous communities (both
referred to as “communities” hereafter) for sustainability is often
overlooked but highly critical, as they usually inhabit, own, and
manage a considerable proportion of the biodiversity rich ecoregions of
the globe (WWF, 2000). As a result, several studies in the last decade
have highlighted the active involvement of local communities in de-
termining, monitoring, and managing the effects of their productive
activities as a priority task to achieve sustainability in productive
landscapes (Lee, 2013; Millennium Ecosystem Assessment, 2005;
Ortega-Alvarez et al., 2015).

Current guidelines for sustainable certification schemes for working
landscapes in tropical ecosystems are often not empirically tested for
their regional efficacy (Auld et al., 2008; Conroy, 2007; van Kooten
et al., 2005). As a result, there is little evidence about the conservation
value of existing guidelines and sustainable management practices for
increasing biodiversity (Blackman and Rivera, 2010; Milder et al.,
2015). In addition, most existing guidelines are defined remotely, and
do not incorporate the objectives or knowledge of local communities
(Durst et al., 2006; Ebeling and Yasué, 2009; Vandergeest, 2007). The
integration of local communities into the data collection and decision-
making process of management practices and certifications of produc-
tive systems is a critical need for sustainability (Medina, 2005). A
community-based approach shows great potential towards increasing
our current ability to evaluate the impact of existing sustainability
guidelines on biodiversity (Vandergeest, 2007), and provide a science-
based framework for identifying realistic management interventions to
reduce the impacts of productive systems on biodiversity in community-
owned landscapes (Ortega—Alvarez et al., 2012; Vandergeest, 2007).

In order to target specific guidelines and practices that are most
likely to increase the ecological value of different types of land uses, it is
important to evaluate the specific outcomes of these practices on en-
vironmental conditions (Gergel et al., 2002; McIntyre and Hobbs,
1999). In addition, it is also crucial to provide robust measures of how
environmental changes associated with guidelines and practices influ-
ence habitat use by different biological groups (Dahm et al., 2013;
Perfecto et al., 2003). If we assume that individuals will avoid habitats
that present a cost to their fitness, we can use the probability of use, or
occurrence, of bird populations as a metric for evaluating the impact of
land-use practices on biodiversity. Among animals, birds have been
widely used as a study system to analyze the effects of habitat prop-
erties on biodiversity (Chace and Walsh, 2006; Gottschalk et al., 2005;
Jones, 2001). Birds represent an excellent model system because they
can be efficiently surveyed in a cost-effective manner, respond to
human alteration of ecosystems, and exhibit a vast array of different
ecological preferences (Burnett et al., 2005; Gardali et al., 2006).
Moreover, birds are usually a charismatic and culturally important
taxonomical group, they have been successfully used in community-
based monitoring efforts, and they are useful for environmental edu-
cation programs (Ahlering and Faaborg, 2006; Greenwood, 2007).

There is a wealth of information in the field of agroecology on how
avian communities use different land-use types and habitat traits in
working landscapes. However, most of these studies have not accounted
for heterogeneity in detectability among species and habitat types,
which have been shown to generate false patterns in the occurrence of
species when not accounted for (Archaux et al., 2012; Ruiz-Gutiérrez
and Zipkin, 2011). Therefore, when detectability is correlated with
land-use type, management guidelines that aim to improve the ecolo-
gical value of landscapes are likely to be misguided (MacKenzie, 2005).
Lastly, few of these studies have been performed with the active par-
ticipation and collaboration of communities to define the research ob-
jectives and collect the data to be used (Barbour and Schlesinger, 2012),
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hampering the understanding, management, and development of
communal productive lands.

The main objective of this work was to measure the effects of cur-
rent communal management guidelines and practices in a working
landscape on biodiversity, by examining the functional relationships
between habitat characteristics of community-managed productive
landscapes on bird populations. More specifically, we aimed to identify
specific thresholds of traits that could be used to define targets to in-
crease the utility of specific land uses for bird populations. We applied
an occupancy modeling framework as a robust and powerful analytical
tool for monitoring biodiversity and guiding management decisions
(MacKenzie, 2005; MacKenzie et al., 2003) by correcting for potential
bias driven by heterogeneity in detection among species and habitat
types (Mackenzie et al., 2002). We examined the effect of distinct ha-
bitat characteristics on occupancy probability of individual species,
considering specific metrics that are related to forestry management
activities currently performed by the communities. We further con-
sidered ecologically relevant features that have been ignored by local
management guidelines and practices, and modeled seasonal variation
in the effects of habitat variables on occupancy probability of bird
species. Lastly, we used our results to propose key management actions
to increase bird occupancy.

Our study provides a cost-effective, efficient approach to improve
how we measure the effects of productive activities on biodiversity and
define guidelines that are likely to be applied by community members
who can directly influence management practices in working land-
scapes. Methods, results, and management guidelines derived from this
study may represent a replicable scheme for other communities around
the globe to support livelihoods and biodiversity conservation as a
whole.

2. Materials and methods
2.1. Study landscape

This study was conducted in the Sierra de Juarez region of Oaxaca
in southern Mexico. Oaxaca has some of the highest levels of biodi-
versity and cultural richness in Mexico (Anta Fonseca and Merino,
2003). A large percentage of the most biologically important Mexican
forests are located in Oaxaca, and a great number of these are owned
and managed by communities (Anta Fonseca, 2007). Community-
managed landscapes are different than other types of landscapes (i.e.,
private lands, state lands) as they are collectively owned and managed
by a local group through property rights and obligations. Decisions on
most aspects of landscape planning and management are performed by
the group through collective consensus. Territorial rights agreed by
communities regulate the exclusion, access, use, inheritance, and the
alienation of the land and their associated resources (Bray and Merino-
Pérez, 2005).

Our research was carried out in collaboration with the “zapotec”
and “chinantec” indigenous communities of Santiago Xiacui, La
Trinidad de Ixtlan, Capuldlpam de Méndez, and Santiago Comaltepec.
These communities are organized in a regional multi-community in-
stitution known as the “Association of Zapotecos-Chinantecos Forestry
Communities of Sierra de Juarez” (referred to as UZACHI hereafter),
which assists these communities in forest management, their main
productive activity (Roldan Félix, 2011). Our study area within this
landscape (~6335.5 ha) is a mosaic of different land uses, which are
owned by three of the four UZACHI communities. Until 1981, regional
forests were exploited by a foreign paper mill, but since then, local
communities recovered their rights on forests and managed them by
their own (Chapela, 2008).

The landscape managed by the UZACHI communities is an ideal
study system because: (a) it possess high levels of biodiversity and
cultural richness; (b) local governance systems facilitate landscape
management processes; (c) community members are interested in
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promoting sustainable landscape management practices; (d) the
Mesoamerican Biological Corridor (CBM) supports UZACHI to examine
the effects of productive activities on social and biological components
of the landscape; (e) knowledge on the effects of forestry on the fauna is
limited; (f) communities have participated in community-based mon-
itoring schemes; and (g) communities have experience with forestry
certifications, and are motivated to attain new ones.

There are six types of land use management categories in our study
region: conservation forests (C) are largely composed of pine and oak
forests and set aside for wildlife conservation, watershed protection,
and ecotourism; intensive forestry management (IM) are clear-cut pat-
ches located within larger forest tracts; selective forestry management
(SM) are forest patches where only the largest individuals of certain
tree species (e.g., Pinus pseudostrobus, P. ayacahuite, P. patula, Quercus
laurina, Q. crassifolia) are extracted; reforestation (RE) are former IM
small areas (~1 ha) that are actively revegetated with tree species of
commercial interest (mainly P. patula); forest sanitation areas (FS) are
forests where bark beetles (Dendroctonus sp.) infected and killed the
majority of pines and UZACHI has removed and burned dead and in-
fected trees, leaving mainly small oaks and shrubby vegetation; urban-
cropfield areas (U-C) represent mosaics where community members live
in modest houses next to small cropfields such as orchards (e.g., Citrus
aurantifolia, Prunus persica, Prunus serotina var. capuli, Crataegus mex-
icana, Malus domestica, Persea americana), diverse flowering plants, and
other crops (e.g., Zea mays, Phaseolus vulgaris, Pisum sativum).

2.2. Habitat characteristics

To identify the functional relationship between habitat character-
istics currently used for local forestry management activities and avian
communities, we focused on 6 metrics: tree density, average tree dia-
meter at breast height, average arboreal height, percent tree cover,
percent shrub cover, and time since last anthropogenic disturbance. In
addition, we included 3 ecologically relevant features that are influ-
enced by local practices but currently not considered in management
guidelines: tree species richness, shrub species richness, and altitude.
We measured all variables on the ground, at each point count station
(2827.43 m? per station) where we surveyed birds (n = 151 stations).
All cover variables were visually estimated by the same observer.
Average values for tree diameter at breast height and arboreal height
were calculated by measuring those trees located at the center and at
the four main cardinal points of the bird count station. Time since last
anthropogenic disturbance was determined with the aid of community
members and represented the number of days that had passed since
human activities were performed within the count station. Community
forestry technicians were consulted during this process to make sure
that our habitat variables could be efficiently measured and were ap-
preciated by community members, in order to provide feasible man-
agement recommendations. From our set of habitat characteristics, we
selected those that differed among management categories to detect
differences in the composition of bird communities across categories.
We removed variables that were highly correlated (i.e., r > 0.6,
r < —0.6) from our set of habitat traits (Appendix A), and analyzed the
intrinsic variability in the remaining habitat characteristics across land
uses to select variables with high levels of dispersion. The only excep-
tions were percent shrub cover and tree species richness which ex-
hibited a correlation of 0.61; however, these two habitat traits ex-
hibited wide variation among land uses and, hence, we decided to
include both of them in our analyses. This reduced the number of ha-
bitat characteristics to four: average tree diameter at breast height
(DBH), percent shrub cover (SC), time since last anthropogenic dis-
turbance (TIME), and tree species richness (TSR).

2.3. Bird surveys and study species

We surveyed birds in 151 point count stations separated by a
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minimum distance of 200 m (Bibby et al., 2000), during the winter
(January-February) and summer (June) of 2016 to account for seasonal
variation in habitat use by bird species. The location of the point count
stations was determined following a spatially-balanced sampling design
(i.e., 30 stations for C, 3 stations for IM, 48 stations for SM, 7 stations
for RE, 25 stations for FS, 38 stations for U-C) (Stevens and Olsen,
2004). We performed surveys during a four-hour period that began at
sunrise, when bird activity is highest (Ralph et al., 1993). To avoid
temporal bias due to variations in bird activity during the morning, we
randomly altered the visitation sequence to each observation site. We
performed 10-min fixed-radius (30 m determined by using markers)
point counts to survey birds, recording all heard or seen individuals
within the sampling area (CLO and CONABIO, in press). Each point
count station was surveyed using a robust design sampling approach
(MacKenzie et al., 2003) to correct for heterogeneity in detectability
among habitat types (Ruiz-Gutiérrez and Zipkin, 2011). Each primary
sampling event was composed of 6 replicates, where three independent
observers (Mackenzie and Royle, 2005) simultaneously counted all in-
dividuals seen or heard. All observers were previously trained on local
bird identification skills. We recorded a total of 134 and 118 bird
species in winter and summer, respectively. Nevertheless, due to sample
size restrictions, we were only able to model functional relationships
between occupancy and habitat traits for 42 and 46 bird species during
winter and summer, respectively.

2.4. Data analysis

We applied single-season occupancy models (MacKenzie et al.,
2006) to detection histories of individual bird species separately for
both winter and summer. We standardized model covariates (i.e., DBH,
SC, TIME, TSR) for each season and modeled occupancy (y) and de-
tection (p) probabilities as a function of these covariates using the R
statistical software (R Core Team, 2015) and the “unmarked” package
(Fiske and Chandler, 2011).

We constructed our candidate model set by modeling detection
probability as a function of DBH and SC, and occupancy probability as a
function of DBH, SC, TSR, and TIME, using the “dredge” function in the
“MuMIn” package (Barton, 2016). Interactions among variables were
not considered, in order to avoid overparameterization and to facilitate
the interpretation of results for management purposes. Model selection
and model averaging of regression coefficients were performed based
on the second order Akaike’s information criterion (AICc) using the
“MuMIn” package (Barton, 2016; Burnham and Anderson, 2002). Ha-
bitat traits that were present in the majority of the best-supported
models (> 50% of models) were considered to influence species occu-
pancy/detectability (Appendix B). We used x> tests of homogeneity to
compare between summer and winter the number of species that were
affected by each habitat trait. We conducted a separate homogeneity
test for each habitat trait and for each of two different categorizations
of our study species: resident versus migratory species, and species that
were only detected in urban-cropfield land uses (referred to as U-C
specialists hereafter) versus non U-C specialists.

We modeled positive relationships with habitat traits to identify
thresholds in occupancy probability to help inform management. We
used model-averaged estimates of model coefficients to generate pre-
dictive curves for each trait. With the purpose of facilitating the vi-
sualization and applicability of our predictions, we analyzed the re-
sponse of species occupancy to variation of habitat traits under three
different scenarios: (i) lack of the trait (absence scenario), (ii) presence
of the trait with an intermediate value (intermediate scenario), and (iii)
presence of the trait with its highest possible value (peak scenario).
Finally, we suggested a critical value for each habitat trait, which might
be taken into account during management activities to enhance occu-
pancy probabilities for most species. Critical values were visually de-
fined by considering the inflection points where the slopes became
steeper (i.e., threshold values of the habitat trait above which
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occupancy would increase considerably). In those cases where the re-
lationships between occupancy and habitat traits were best represented
by a straight line without inflection point, we used the average of the
habitat trait as the critical value.

3. Results
3.1. Study species

We determined functional relationships between occupancy and
habitat traits for 42 and 46 bird species during winter and summer,
respectively (Appendix C). In the winter, 71.4% of species were re-
sidents, 14.3% were endemic species, 26.2% were winter migratory
species, and 2.4% were altitudinal migrants. In addition, 71.4% of
species occurred in multiple types of land use management categories.
However, 28.6% of the species were only detected in urban-cropfield
land uses (U-C specialists). In the summer, 95.7% of species were re-
sidents, 15.2% were endemic, and 4.3% represented summer migratory
species. A total of 65.2% of species occurred in multiple types of land
use management categories, and 34.8% were U-C specialists.

3.2. Functional relationships between species occupancy and habitat traits

Relationships between bird occurrence patterns and habitat char-
acteristics were species-specific. Nevertheless, our model selection
process based on an information-theoretic approach (Burnham and
Anderson, 2002), showed that SC was a key trait in determining bird
occupancy across the largest number of species, followed by DBH, TSR,
and TIME (Table 1, Figs. 1 and 2). We found a significant difference
between summer and winter in the number of resident and migratory
species affected by SC (x®> = 3.90, df = 1, P = .048). The number of
species affected by the other habitat traits (i.e., TIME, TSR, DBH) did
not differ significantly between seasons (Table 1).

3.3. Thresholds of habitat characteristics

Important responses in occupancy were observed for TSR and SC
(Figs. 3 and 4). In particular, a scenario with a high number of tree
species (i.e., > 15 species) was related to an increase in occupancy
probability of most bird species, whereas no tree species richness would
result in extremely low occupancy values for many species (Table 2).
No current land uses within our study site exhibited average values of
TSR equal or higher to the critical value (> 12 tree species). Never-
theless, SM, C, and U-C showed average values of TSR that were closest
to the critical value (Figs. 3 and 4).

An increase in SC detonated a rise of occupancy probabilities for
many bird species (Figs. 3 and 4). Absence of SC restricted most bird
occupancies to probability values below 0.2 (Table 2, Figs. 3 and 4).

Table 1
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However, most species increased their occupancy probability above 0.2
when SC exceeded the critical value (i.e., > 50% of shrub cover).
During winter, C and SM exhibited average values of SC above the
critical value. In the summer, average values of SC were higher than the
critical value for C, SM, RE and IM.

Most occupancy probabilities increased gradually with increases in
DBH (Figs. 3 and 4). Highest occupancy probabilities, among all pre-
dictions, were obtained for the scenario that included the largest DBH
values (Table 2). The absence of trees would result in occupancies
below 0.4. No current land use exhibited average values of DBH equal
or higher to the suggested critical value (> 35 cm). However, C sites
exhibited an average DBH that was quite close to the critical value
(Figs. 3 and 4).

In only a few species, occupancy was associated with TIME
(Table 2). In all these cases occupancy probabilities increased similarly
and gradually as this habitat trait increased (Figs. 3 and 4). The effect of
TIME on occupancy probabilities was greater during summer than
during winter. Only C exhibited average values of TIME that were
higher than the critical value (> 20.5 years).

4. Discussion

Our results showed that shrub cover significantly influenced the
probability of occurrence across bird species in the landscape, followed
by tree diameter, tree species richness, and time since anthropogenic
disturbance. Although the directionality of the functional relationships
between the probability of occupancy and habitat traits was related to
the residence status of the species and to their affinity to urban-crop-
field areas, tree species richness must be considered as a key landscape
trait as it had a positive relationship across all species groups. Given
that the livelihood of local communities mainly depends on forestry
activities, we urge local stakeholders to preserve high tree species
richness values, mainly within areas where forestry activities are con-
ducted. To increase the presence of forest bird species beyond con-
servation and selective management sites, it is crucial to maintain high
values of shrub cover and tree diameters within all the land uses that
constitute the community-managed productive landscape. Even though
we analyzed separately the responses of bird occupancy to different
habitat traits, we recognize the need to consider the complex effects of
the simultaneous modification of several landscape traits. Our partici-
patory approach for defining research objectives and collecting data to
directly inform management guidelines for communal lands, while
using robust analytical tools, shows great potential for promoting sus-
tainable working landscapes.

4.1. Functional relationships between species occupancy and habitat traits

Overall, the specific relationship between occupancy probability

Relationships between occupancy of bird species and habitat traits among seasons. Habitat traits that influenced species occupancy were determined through model selection, based on an
information-theoretic approach (Burnham and Anderson, 2002). The number of species affected by each trait is given for winter and summer. We show within parenthesis the number of
species that were positively (+) and negatively (—) affected by each habitat trait. Given that TIME showed little variation among sampling points from U-C areas, we excluded this
variable when modeling occupancy for U-C specialist species. SC = percent shrub cover, DBH = average tree diameter at breast height, TSR = tree species richness, TIME = time since
last anthropogenic disturbance, U-C = urban-cropfield areas. Asterisks indicate a significant difference between summer and winter in the number of resident and migratory species

affected by habitat traits.

Season Habitat trait All species Resident species Migratory species U-C specialists Non U-C specialists
Total (+, —) Total (+, —) Total (+, —) Total (+, —) Total (+, —)

Winter SC 31 (16, 15) 23 (13, 10)* 8 (3, 5)* 10 (0, 10) 21 (16, 5)

DBH 28 (11, 17) 19 (8, 11) 9(3,6) 12 (0, 12) 16 (11, 5)

TSR 21 (20, 1) 16 (16, 0) 54,1 10 (10, 0) 11 (10, 1)

TIME 12(5,7) 9(5,4) 3(0,3) - 12 (5, 7)
Summer SC 37 (13, 24) 34 (13, 2D~ 3 (0, 3)* 15 (0, 15) 22(13,9)

DBH 31 (11, 20) 27 (11, 16) 4(0,4) 13 (0, 13) 18 (11, 7)

TSR 24 (21, 3) 20 (17, 3) 4(4,0) 13 (13, 0) 11 (8, 3)

TIME 12 (8, 4) 12 (8, 4) 0 - 12 (8, 4)
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Fig. 1. Regression coefficients derived from models that examine variation in occupancy probabilities of different bird species as functions of four habitat traits during winter. Dashed
lines indicate a regression coefficient equal to zero. Gray dots correspond to species only found within the urban-cropfield land use. Resident species are denoted with circles, while winter
migratory species are represented with diamonds. Species represented by each of the numbers on the “x” axis are specified in Appendix D.
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Fig. 3. Predicted relationships between occupancy probabilities of bird species and four habitat traits during winter. Each slope represents a different species. Only species which had a
positive response are shown. Average values of habitat traits for each land-use are specified with a dashed line. IM = intensive forestry management plots; U-C = urban-cropfields; RE =
reforestation plots; FS = forest sanitation areas; C = conservation forests; SM = selective forestry management plots.

and habitat traits greatly depended on species’ residence status and
association with urban settlements and cropfields. Seasonal variation in
the number of bird species related to habitat traits was only important
for SC, possibly as a result of the importance of this trait on breeding
bird activities (Peh et al., 2005; Pons et al., 2003; Tilghman, 1987).
Tree species richness was shown to have a positive effect across all
groups of species, regardless of their residence status or affinity to U-C.
Tree species richness has been identified as an important habitat trait
for birds within well-preserved forests, agricultural, urban, and forestry
ecosystems (Felton et al., 2008; Harvey et al., 2006; MacGregor-Fors
et al., 2009). A large number of tree species increases the heterogeneity
of ecosystems, favoring resource availability for different bird species
from diverse taxonomic groups (MacGregor-Fors et al., 2009).
Biological and ecological differences between U-C specialists and
forest-dependent birds might greatly explain variations in the func-
tional relationships of habitat traits and occupancy probability. On the
one side, U-C specialist birds are mainly represented by species that are
tolerant to high levels of anthropogenic disturbance, which is usually
associated with the reduction of SC and DBH. Diminishing SC has been
suggested to benefit U-C specialists as large values of shrub cover
augment predation risk (Fernandez-Juricic et al., 2002; Lima et al.,
1987) and reduce the preferred foraging substrates for this particular
group of birds (i.e., ground, herb strata). Moreover, U-C specialists are
highly tolerant to the constant disturbance produced by humans in
urban and agricultural lands. Species like Passer domesticus, Haemorhous
mexicanus, Aphelocoma woodhouseii, and Molothrus aeneus are clearly
able to use microhabitats and resources from tropical urban environ-
ments (MacGregor-Fors and Ortega-Alvarez, 2011), whereas others like
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Spinus psaltria, Zenaida asiatica, Passerina caerulea, and Melospiza lin-
colnii thrive within cropfields as they find shelter and feed on the seeds
provided by this dynamic land use (Zuria and Gates, 2013).

On the other side, we observed a remarkably different pattern for
forest-dependent birds, which were well represented within the non U-
C specialists group. Occupancy of most of these species was positively
related to SC, DBH, and TIME. Forest birds are dependent on shrub
cover as it provides refuge, food, and nesting sites (Diaz, 2006;
Dominguez-Lépez and Ortega-Alvarez, 2014; McElhinny et al., 2006;
Pons et al., 2003). This habitat trait was particularly important for
species that thrive at the understory of the forest, such as Henicorhina
leucophrys, Catharus occidentalis, Catharus frantzii, Basileuterus belli, and
Arremon brunneinucha. In addition, large trees represent a key resource
for local forest birds (e.g., Patagioenas fasciata, Aphelocoma unicolor,
Lepidocolaptes affinis, Certhia americana), as tree size is positively related
to the generation of microhabitat heterogeneity and structural com-
plexity of vegetation (Manning et al., 2006; Regnery et al., 2013).
Particularly, large trees increase the variety of foraging and nesting
sites for birds (Lindenmayer et al., 2012; Newton, 1994; Orians, 1969),
and provide crucial perching (Fernandez-Juricic et al., 2005), resting
(Dean et al., 1999), and preening sites for numerous avian species
(Ramos-Ordoniez and Arizmendi, 2011).

Winter and summer occupancy probabilities of particular forest
species like Campylorhynchus megalopterus, Myadestes occidentalis, and
Certhia americana were related to sites that have not been altered by
human activities for a long time. Hence, these species may be used as
bioindicators of low-managed forests. Occupancies of other species
were related to TIME, but only during summer (i.e., Lampornis
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Fig. 4. Predicted relationships between occupancy probabilities of bird species and four habitat traits during summer. Each slope represents a different species. Only species which had a

positive response are shown. Average values of habitat traits for each land-use are specified with a dashed line. IM = intensive forestry management plots; U-C = urban-cropfields; RE =
reforestation plots; FS = forest sanitation areas; C = conservation forests; SM = selective forestry management plots.

amethystinus, Trogon mexicanus, Empidonax occidentalis, Oreothlypis su-
perciliosa, Basileuterus belli). As birds might shift habitat requirements
between seasons (Gilroy et al., 2010; Heredia et al., 2015; Wiktander
et al., 2001), such species could depend on low-managed forests, par-
ticularly for their breeding and post-breeding success.

Many winter and all summer migratory species were negatively
related to SC, DBH, and TIME. The lowest values for these habitat traits
were found within intensively human-modified land uses (e.g., urban
settlements, cropfields, intensively managed forests). In fact, most

Table 2

migratory birds included in our analyses were species well known for
their high tolerance to anthropogenic disturbance, at least within their
migratory grounds (e.g., Vireo gilvus, Stelgidopteryx serripennis,
Leiothlypis celata, Setophaga auduboni, Cardellina pusilla, Icterus bullockii,
Molothrus aeneus, Melospiza lincolnii, Piranga ludoviciana, Pheucticus lu-
dovicianus). Human settlements and cropfields have been pinpointed as
major food sources and habitats with reduced predatory pressures for
birds (Chace and Walsh, 2006; Dhindsa and Saini, 1994). Migrants may
need to feed more intensively to increase their chances of surviving

Occupancy probabilities under different habitat trait scenarios. Number of species positively related to the trait, range of probabilities for the three distinct scenarios, and critical values
are provided per habitat trait and season. The value of the habitat trait that we used as reference for defining each scenario is specified within parenthesis. TSR = tree species richness, SC
= percent shrub cover, DBH = average tree diameter at breast height, TIME = time since last anthropogenic disturbance.

Habitat trait Season Number of species Absence scenario Intermediate scenario Peak scenario Critical value
TSR Winter 20 0-0.38 0.01-0.42 0.17-0.7 > 12 tree species
Summer 21 0-0.21 0.01-0.42 0.11-0.76 > 12 tree species
(O species) (7 species) (15 species)
SC Winter 16 0-0.38 0.01-0.5 0.19-0.9 > 50% cover
Summer 13 0.03-0.27 0.16-0.6 0.25-0.9 > 50% cover
(0%) (50%) (100%)
DBH Winter 11 0-0.38 0.08-0.6 0.5-0.97 > 35 cm
Summer 11 0.02-0.37 0.13-0.67 0.33-0.98 > 35 cm
(0) (30 cm) (60 cm)
TIME Winter 5 0.08-0.3 0.17-0.48 0.28-0.7 > 20.5 years
Summer 8 0.11-0.49 0.2-0.7 0.22-0.83 > 20.5 years
(1 day) (20.5 years) (41.1 years)
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their migratory journey and, thus, may take advantage of increased
food availability in urban and cropfield areas (i.e., winter migrants;
Stillman and Goss-Custard, 2002). In addition, summer migrants may
experience a lower predation risk in urban and cropfield areas during
their breeding activities (Chace and Walsh, 2006). These results stress
the need to consider the systems where people live and grow their food
within landscape management guidelines, as they are important to
migratory species.

4.2. Thresholds of habitat characteristics: Implications for landscape
management

Our results suggest that modifying TSR and SC could result in im-
portant changes in species occurrence patterns. Thus, both variables
must be given careful consideration when managing the landscape,
especially for bird species of conservation interest. Particularly, high
values of such habitat traits (i.e., TSR > 12 species; SC > 50%) should
be fostered to increase occupancy probabilities of several species, such
as forest-dependent birds. In addition, although the modification of
DBH affected a lower number of bird species, it should receive special
attention by local managers because large values of this habitat trait
(i.e., > 35 cm) have the potential to promote remarkably high occu-
pancy probabilities, mostly for non U-C specialists. Even though TIME
was clearly important for some bird species, our results suggested that
maintaining areas unaffected for a long time (i.e., > 20.5 years) might
not benefit most bird species.

Mean values of the habitat traits for conservation forests were equal
(i.e., SC, TIME) or similar (i.e., DBH, TSR) to critical values. Hence, this
particular land use promoted the use of most non U-C species, as re-
ported by previous studies (Felton et al., 2008). In contrast, forestry
land uses (SM and IM) were quite divergent between each other and
may have drastically different impacts on bird habitat use. Patches with
selective management maintain an average value of SC that is actually
higher than the estimated critical value, as well as an average value of
TSR that is close to the corresponding critical value. Although the se-
lective management of forests modifies local ecosystems, it might not
be too detrimental for birds, because through this activity trees with
particular features are removed from the site, but habitat heterogeneity
and vegetation structure is preserved (Sallabanks and Arnett, 2005). In
order to further enhance the attractiveness of SM for birds, we suggest
leaving within extraction sites a relatively high number of trees with a
DBH larger than 35 cm.

Particular attention must be given to the intensive management of
forests, since it reduced bird use for almost all species through the
complete removal of vegetation in the area. Although average values of
shrub cover within IM increased significantly from winter to summer,
we observed that only a single invasive fern (i.e., Pteridium sp.) was
responsible for this increase. Controlling this species must be of priority
concern for local stakeholders to protect the structure and composition
of local forests.

Average values of all habitat traits within reforestation and forestry
sanitation patches were below their suggested critical values, with the
only exception of SC in reforestation patches during summer. Thus,
more effective efforts from communities are needed in order to enhance
the attractiveness of these land uses for birds. Reforestation patches
deserve special attention, because these represent sites where recovery
activities are implemented after intensive forestry management.
Specifically, average values of SC, DBH, and TSR must be increased in
the near future to emulate original forests and foster habitat restoration.
To increment these values, we recommend removing dead and burnt
trees, allowing the natural regrowth of herbs and shrubs, increasing the
distance among reforested trees, and performing multi-species refor-
estations.

Managing land uses where people live and produce their food is
essential to conserve biodiversity (Pimentel et al., 1992). In order to
manage urban and cropfield land uses for enhancing bird occupancies,
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we suggest increasing SC, DBH, and TSR values at this particular land
use. Given that we perceived that local people are keen to decorate
their gardens and commercialize fruit, we recommend increasing the
number of tree species by incorporating ornamental and fruit trees
within private and collective properties. Finally, in case of future ex-
pansions of urban or agricultural areas, we suggest avoiding cutting
down trees, especially the largest ones.

5. Conclusions

Conservationists and scientists usually claim for the modification of
productive activities in order to achieve sustainability (Yoccoz et al.,
2001). However, the fact is that managers and stakeholders need tools
for assessing and identifying those activities needed to preserve biodi-
versity. In addition to identifying essential habitat traits that should be
taken into account when evaluating and managing a productive land-
scape with the purpose of increasing the presence of bird species, we
have provided a particular methodological and analytical approach for
this type of assessments. The starting point should be to engage com-
munities in the identification of particular habitat traits that are both
ecologically relevant and important for their own productive activities.
Then, modeling the potential responses of biodiversity to local pro-
ductive activities represents a practical tool for communities and sta-
keholders to design plausible and effective management guidelines.
Final decisions on landscape management will be up to communities.
Future research activities should involve evaluating the outcomes of
local decision-making, which might set the conditions needed to carry
out an adaptive management of the landscape.

We believe that it is essential to develop locally-based approaches
that incorporate site conditions (e.g., political, biological, economic,
social, cultural, geographical) to better inform management guidelines
and practices for communal lands. Through our participatory approach,
we provided empirical robust results using community-based data to
guide the sustainability of working landscapes. Our participatory fra-
mework could be locally adapted to other regions of the world, showing
great potential to provide a baseline to inform management guidelines
for landscapes where different productive activities are performed. We
call for further participatory research within working landscapes owned
and managed by communities, as they are the social core of many de-
veloping countries.
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CAPITULO II

“LOCAL COLONIZATION AND EXTINCTION
IN FORESTRY HABITATS:
A PARTICIPATORY SCIENCE APPROACH FOR ASSESSING
OCCUPANCY DYNAMICS OF TARGET BIRD POPULATIONS

WITHIN AN INDIGENOUS WORKING LANDSCAPE”

Nota: los apéndices y materiales suplementarios asociados a este articulo podran ser solicitados directamente al

correo electrénico del primer autor del manuscrito.
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Abstract

Addressing occupancy dynamics by estimating colonization and extinction probabilities provide
information about the sites throughout the landscape that are being avoided or preferred by populations.
This information results critical for evaluating the impact of commercial activities on wildlife.
Including local people into occupancy dynamics research might increase the efficiency of surveys and
facilitate the management of working landscapes in search of sustainability. We analyzed the spatio-
temporal dynamics of bird occupancy by employing multi-season occupancy models and considering
imperfect detectability of species within a Neotropical working landscape composed of conservation
forests, forestry plots, and urban-cropfield areas. Particularly, we identified those habitat traits that
determined colonization and extinction probabilities of forest bird species with different ecological
preferences, restricted distributions, and high vulnerability scores. Data gathering was performed with
the active participation of community members. Finally, we provided colonization and extinction
scenarios according to regional land use practices to recommend management activities. Shrub cover
functioned as a key habitat feature for local colonization of most target birds, possibly because of the
crucial feeding, shelter, and breeding resources that it provides. Increasing values of tree size and tree
species richness might enhance micro-habitat complexity, which might result in an important habitat
selection factor for different bird species, mainly arboreal ones. High shrub cover, tree size, and tree
species richness values promoted by selective forestry management activities might be fostering
colonization probabilities of forest-dependent birds within such commercial land use. However,
reduced values of habitat characteristics found within intensive forestry management plots might result
detrimental for colonization of birds. Local colonization and extinction as mechanisms that determine
occupancy should be considered for evaluating commercial practices and guiding management
activities for preserving biodiversity. Community-based biological monitoring could aid on both

evaluating commercial practices and applying management guidelines in search of sustainability.
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Introduction

Occupancy by animal populations vary through time. Changes in occurrence could be determined by
several factors including seasonality, natural history of species, ecological interactions, and
disturbances (Jones 2001, Richmond et al. 2010). The dynamics of wildlife occupancy can be explored
through a metapopulation ecology approach by analyzing local colonization and extinction processes of
spatially structured populations (Hanski 1994). In this context, local colonization represents a shift
from unoccupied to occupied sites, whereas local extinction is related with a transition from occupied
to unoccupied sites (Hanski 1994, MacKenzie et al. 2003). Addressing local colonization and
extinction processes, as well as the factors that influence them, is fundamental for ecology and
conservation biology as they determine the persistence of animal populations through space and time
(MacKenzie et al. 2006).

Current efforts for assessing changes in animal occurrence have barely taken into account the
effect of detectability and seasonality on their results and recommendations (Ruiz-Gutiérrez and Zipkin
2011). Occupancy modeling is a robust analytical tool for evaluating wildlife habitat use by
considering the influence of detectability and temporal variability on estimations (Royle et al. 2005).
Multi-season occupancy models rely on metapopulation theory as they provide information about the
sites throughout the landscape that are being avoided or preferred by populations through the
estimation of extinction and colonization probabilities, respectively (MacKenzie et al. 2003).
Additionally, multi-season occupancy modeling enables the incorporation of habitat covariates, which
results useful for identifying key habitat traits that attract (promote colonization) or dissuade (promote
extinction) wildlife occurrence (MacKenzie et al. 2006).

During the last decades, human activities have become the main force that influence changes in
occupancy of biological populations. As a result of land use change, habitat degradation and
destruction have increased extirpation and extinction processes for an important number of wildlife

groups worldwide (Tilman et al. 1994). Still, a reduced number of species have taken advantage from
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anthropogenic habitat conversion and have increased their colonization rates, as for the case of exotic
species (Brown and Sax 2004). Hence, a growing conservation concern has emerged to understand the
dynamics and the factors that affect wildlife occurrence (MacKenzie et al. 2006) to develop human-
dominated landscapes that maintain a balance between the colonization and extinction rates of
populations and secure their persistence for the long-term (Marzluff 2005).

Across megadiverse regions of the world, high biodiversity areas are owned, used, and managed
by rural and indigenous communities (referred to as “communities” hereafter) as working landscapes,
where human land uses that are relevant for their ecological, cultural, and commercial properties
intermingle (Abrams and Bliss 2013, Garnett et al. 2018). Thus, biodiversity conservation in these
regions is closely-linked to performing commercial practices that have low negative impacts on
biodiversity while securing the economic and cultural needs of local communities (Fisher and
Christopher 2007). In this way, a participatory science approach could result useful for engaging local
stakeholders into the construction and application of management guidelines that aim to increase the
sustainability of commercial practices (Ortega-Alvarez et al. 2018a). Moreover, including local
communities into participatory research could favor data gathering on wildlife populations through a
cost-efficient design (Lawson et al. 2015), which results critical for evaluating long-term effects of
human disturbances on wildlife given that it might be logistically difficult to implement, expensive,
time consuming, and troublesome for many species (Clutton-Brock and Sheldon 2010).

In this study we analyzed the spatio-temporal dynamics of bird occupancy within a Neotropical
working landscape by employing multi-season occupancy models and considering imperfect
detectability of species. Particularly, we identified those habitat traits that determined colonization and
extinction probabilities of target bird populations. Data gathering and the selection of measured habitat
traits was performed with the active participation of community members. Firstly, we selected forest
bird species with different ecological preferences, restricted distributions, and high vulnerability scores

according to a regional assessment (Berlanga et al. 2010) to perform our analyses. Then, we identified
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those habitat traits that affected colonization and extinction probabilities of target species by using
multi-season occupancy models. Finally, we provided colonization and extinction scenarios according
to regional land use practices to recommend management activities within the working landscape for

aiding bird conservation.

Methods

Study landscape

We performed our study in collaboration with “zapotec” indigenous communities of Sierra Juarez,
Oaxaca State, southern Mexico. The working landscape is managed by communities mainly for
forestry purposes and it contains five main types of land use categories: conservation forests (C), which
are largely composed of pine and oak forests and set aside for wildlife conservation, watershed
protection, and ecotourism; selective forestry management plots (SM), which are forest patches where
only the largest individuals of certain tree species (e.g. Pinus pseudostrobus, P. ayacahuite, P. patula)
are extracted; intensive forestry management plots (IM), which are clear-cut and revegetated patches
located within larger forest tracts; forest sanitation areas (FS), which are forests where trees that were
killed or infected by bark beetles (Dendroctonus sp.) have been burned or removed by communities;
and urban-cropfield areas (U-C), which are composed of modest houses intermingled with orchards,

diverse flowering plants, and crops.

Habitat characteristics

We measured eight ecologically relevant features for bird occurrence at each point count station where
we surveyed birds, in order to determine the functional relationship between habitat traits and the
dynamics of bird occupancy: tree species richness, tree density, average tree diameter at breast height,
average arboreal height, percent tree cover, shrub species richness, percent shrub cover, and altitude.

Habitat characteristics were selected following their ecological importance for birds, as well as the
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relevance that they had for the forestry activities developed by local communities. A unique observer
visually estimated all vegetation cover variables. We calculated average values for tree diameter at
breast height and arboreal height by measuring trees located at the center and at the four cardinal points
of the bird count station.

We performed our analyses exclusively with those habitat variables with relatively high
variability across the study landscape to determine ecological differences among land uses. Moreover,
we excluded variables that were highly correlated (i.e. » > 0.6, » <-0.6). In this way, we used three
habitat characteristics for our single-species, multi-season occupancy analyses: average tree diameter at
breast height (DBH), percent shrub cover (SC), and tree species richness (TSR). DBH values were
highest in conservation forests and selective management plots, and lowest within intensive
management plots and urban-cropfield areas (Table 1). SC was highest in selective and intensive
management plots, whereas minimum values occurred in urban-cropfield areas. TSR showed maximum
values within selective forestry management plots, and minimum scores were representative of

intensive forestry management plots.

Bird surveys and target species

To account for inter-annual and seasonal variability in bird occupancy, we performed a total of five
sampling events from 2016 to 2018, which included three winters (January-February) and two summers
(June). We surveyed birds from 151 point count stations separated by a minimum distance of 200 m to
acquire independent data (Bibby et al. 2000). We located point count stations following a spatially-
balanced sampling design (i.e. 30 stations for C, 10 stations for IM, 48 stations for SM, 25 stations for
FS, 38 stations for U-C) (Stevens and Olsen 2004). Bird surveys endured a four-hour period beginning
at sunrise to cover bird peak activity (Ralph et al. 1993). We avoided temporal bias regarding variations
in diurnal bird activity by randomly altering survey sequence at each point count station. We recorded

all heard or seen bird individuals within 10-min fixed-radius (30 m) point counts (CLO and CONABIO
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in press). Each survey consisted in 6 replicates, where three independent observers (Mackenzie and
Royle 2005) simultaneously counted all birds seen or heard. Members of communities actively
participated during bird surveys. All observers were previously trained on local bird identification.

We recorded a total of 185 species during all sampling events. However, most of them were not
feasible to be included in a multi-season occupancy analysis as they were low-numbered, elusive, or
low-recorded. Thus, from this pool of species we selected a multifaceted group of 11 target species
including the Amethyst-throated Hummingbird (Lampornis amethystinus), the Bumblebee
Hummingbird (Atthis heloisa), the Spot-crowned Woodcreeper (Lepidocolaptes affinis), the Brown
Creeper (Certhia americana), the Brown-backed Solitaire (Myadestes occidentalis), the Russet
Nightingale-Thrush (Catharus occidentalis), the Ruddy-capped Nightingale-Thrush (Catharus frantzii),
the Olive Warbler (Peucedramus taeniatus), the Chestnut-capped Brushfinch (4rremon brunneinucha),
the Golden-browed Warbler (Basileuterus belli), and the Red Warbler (Cardellina rubra) (Appendix 1).
We prioritized our selection on those species that exhibited an important number of records during
surveys, were considered under risk by the Mexican Government (SEMARNAT 2010), were endemic
to Mexico (Berlanga et al. 2015), were dependent on forested areas, or possessed high/severe
vulnerability scores. Vulnerability scores followed those proposed by Partners in Flight (Panjabi et al.
2005), which were estimated by considering population size, breeding range, non-breeding range,
threats during the breeding season, threats during the non-breeding season, and population trend.
Scores range from 4 to 20, with increasing values representing higher vulnerability. In particular,
vulnerability scores of our study species varied between 8 and 16 (Appendix 1). Moreover, we focused
on species from diverse trophic and taxonomic groups to account for a diverse assortment. We also
favored year-round residents over migrants within our species selection process as resident species may
be more vulnerable to anthropogenic activities given that they are less mobile and are subjected to local
human disturbances all year long (Sekercioglu 2007). Nevertheless, we decided to consider the

Bumblebee-Hummingbird as a target species despite its altitudinal migratory movements because it is a
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poorly-known endemic species of Mexico and exhibits a high vulnerability score (i.e. 14) (Berlanga et

al. 2015, Ortega-Alvarez et al. 2018b).

Data analysis
We implemented single-species, multi-season occupancy models that account for imperfect
detectability of species to examine the relationships between habitat characteristics and local
colonization and extinction probabilities of target bird populations across the landscape (Mackenzie et
al. 2003, Mackenzie et al. 2006). We used the R package “unmarked” (Fiske and Chandler 2011) to
model the probability of occupancy for the first year (1), the probability of colonization of an
unoccupied site by the species (y), the probability of the local extinction of the species at an occupied
site (€), and the probability of detecting the species (p). All these parameters were modeled as functions
of habitat covariates (i.e. DBH, SC, TSR). Covariates were standardized to a mean of zero and variance
of one before model fitting. The candidate model set was constructed with the R package “MuMIn”
(Barton 2016). We modeled detection probability as a function of DBH and SC. The probability of
occupancy for the first year, the probability of colonization, and the probability of extinction of the
species were modeled as functions of DBH, SC, and TSR. We considered additive models with two
covariates for each parameter within the candidate model set to perform our estimations, but we
excluded interactions among variables to avoid overparameterization and to facilitate interpretation of
results. Model selection was performed based on the second-order Akaike's Information Criterion
(AICc) (Burnham and Anderson 2002). Habitat traits were considered to influence occupancy,
colonization, extinction, and detection probabilities of study species when 95% confidence intervals of
average beta coefficients did not include zero.

We used model-averaged estimates of model coefficients to predict the effect of habitat

characteristics on local colonization and extinction probabilities of target species. Following Ortega-
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Alvarez et al. (2018a), we used these predictions to determine the response of local colonization and
extinction probabilities under absence (lack of trait), intermediate (intermediate value of trait), and
peak (highest possible habitat value) habitat scenarios. Also, we analyzed the predictions performed for
each species to identify the habitat values at which the inflection of predictive curves occurred. Then,
we used these values for identifying a mean value for all species, which was denominated as a “critical
value”. In this way, critical values denote the particular value of each habitat trait that promotes a
sudden change in the colonization/extinction probabilities of most of the species that were influenced
by such trait. Habitat scenarios and critical values could be simultaneously used as visually-attractive
and practical tools for informing local producers about the potential effects of particular productive

practices and extractive intensities on biodiversity, and ultimately taking management decisions.

Results
Shifts on bird occupancy
Habitat characteristics that affected colonization probabilities were species-specific (Table 2). Still, SC
showed to be a crucial trait because it was positively related with local colonization probabilities of the
majority of species (8 out of 11; 72% of target species). DBH promoted local colonization of the
Amethyst-throated Hummingbird, the Spot-crowned Woodcreeper, and the Brown Creeper (3 out of 11;
27% of target species), whereas TSR positively affected colonization probabilities of the Brown-
backed Solitaire and the Chestnut-capped Brushfinch (2 out of 11; 18% of target species). Measured
habitat characteristics did not influence extinction probabilities of the vast majority of target species. In
fact, we only determined that SC was negatively related to the probability of extinction of the
Bumblebee-Hummingbird (1 out of 11; 9% of target species) (Table 2).

According to our predicted scenarios (Table 3), the absence of SC keeps low (<0.2) the
colonization probabilities of all target species (Figure 1a). However, values above 50% of such trait

might increase colonization probabilities for most species. Among land uses, IM, SM, and C exhibited
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SC values that exceeded the suggested critical value (Table 3). Colonization probabilities of the three
species that were affected by DBH (i.e. Amethyst-throated Hummingbird, Spot-crowned Woodcreeper,
Brown Creeper) were below 0.1 when small trees were present (Figure 1b). However, colonization
raised abruptly as the size of trees increased. C alone showed DBH values above the suggested critical
value (>30 cm). The probability of colonization of the Brown-backed Solitaire and the Chestnut-
capped Brushfinch increased gradually with TSR (Figure 1c). Elevated colonization probabilities might
be expected in U-C, C, and SM, as these land uses showed the greatest TSR values (>7). The extinction
probability of the Bumblebee-Hummingbird was extremely affected by SC (Figure 2); the absence of
this trait supposed a ~0.7 extinction probability for the species, whereas an area covered completely by
shrubs is expected to diminish extinction probability below 0.2. Land uses with SC values >50% were

IM, SM, and C.

Discussion

We observed that the habitat traits that determined colonization probabilities of birds within the
forestry landscape varied among species. As a general pattern, we suggest that shifts on bird occupancy
might be related with the quest of species to obtain resources for survival, in such a way that species
might prefer colonizing heterogeneous habitats that offer the possibility of acquiring abundant and
high-quality resources. In this context, increased values of shrub cover, tree size, and tree species
richness might contribute to increasing habitat complexity and fostering colonization probabilities of
bird species. Particularly, shrub cover functioned as a key habitat feature for local colonization of most
target forest-dependent birds, which stresses the need to increase and preserve high levels of such
habitat trait across the working landscape. Shrub cover might heavily determine shifts on bird
occupancy because of the temporal variability on the feeding, shelter, and breeding resources that it
provides. Increasing values of tree size and tree species richness might enhance micro-habitat

complexity, which might result in an important habitat selection factor for different bird species,
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mainly arboreal ones. High shrub cover, tree size, and tree species richness values promoted by
selective forestry management activities might be fostering colonization probabilities of forest-
dependent birds within such commercial land use. However, reduced values of habitat characteristics
found within intensive forestry management plots might result detrimental for shifts on bird occupancy.
Identifying the factors that affect colonization and extinction probabilities of wildlife populations
should be considered for evaluating, guiding, and managing working landscapes across the world.
Community-based biological monitoring could aid on both evaluating commercial practices and
applying management guidelines in search of sustainability.

The factors that determined colonization opportunities depended on species identities. Still, we
observed that shrub cover functioned as a key habitat feature for local colonization of most target
forest-dependent birds. Although previous studies have suggested that shrubs are important for bird
diversity (Karr and Roth 1971), the relevance of this vegetation trait has been poorly explored with
dynamic occupancy analyses that account for imperfect detection. Transitions on bird occurrence might
be influenced by shrub cover as a result of different circumstances. For instance, shrubs produce a vast
array of food, shelter, and breeding resources for birds (Watson et al. 2011, Smith et al. 2013).
However, resources provided by shrubs are variable through time, as the quantity and quality of the
food that they supply (e.g. insects, seeds, flowers, fruits) might be heterogeneous during the day or
among seasons (Hirao et al. 2006, Smith et al. 2013). Moreover, the structure of shrubs may vary
across a working landscape as a result of the simultaneous effects of anthropogenic disturbances and
ecological succession (Amoros and Wade 1996, Ortega-Alvarez et al. 2018a), which might impact
shelter and breeding opportunities of forest birds continuously. Thus, shrub cover might represent a
crucial but highly variable resource that significantly affects shifts on bird occurrence.

The relevance of shrub cover for shifts on bird occupancy can be well exemplified with the
Bumblebee-Hummingbird. Occupancy transitions for such species were tightly associated with shrub

cover, as both colonization and extinction probabilities were determined by this habitat trait. Larger

46



276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

shrub patches might be preferred and defended by this territorial hummingbird for accessing to greater
feeding opportunities (Justino et al. 2012), which are vital for fulfilling high energetic costs of
migratory movements and surviving harsh wintering conditions in the highlands (Altshuler and Dudley
2002). Moreover, colonizing and establishing territories where shrub cover is abundant might be
associated with an increment of breeding habitat quality for the species. Hence, as the cover of shrubs
diminishes in a given site its attractiveness as a feeding and breeding ground might be reduced,
increasing the probability that the Bumblebee-Hummingbird abandon such site to locate and defend a
more attractive territory.

The size of trees determined colonization probabilities of highly arboreal species, such as the
Spot-crowned Woodcreeper and the Brown Creeper (Howell and Webb 1995, Schulenberg 2019). Tree
size might result an important habitat selection factor for both species because micro-habitat
complexity increases on larger trees (Manning et al. 2006, Regnery et al. 2013). Hence, occupancy
transitions might reveal the quest of species to obtain key resources for survival, in such a way that
individuals colonize more heterogeneous habitats that offer the possibility of acquiring new and greater
amounts of resources (Brotons et al. 2005, Ferger et al. 2014). Despite not being an arboreal species,
the colonization probabilities of the Amethyst-throated Hummingbird were also positively related with
tree size. This hummingbird depends on humid to semi-humid forests (Howell and Webb 1995). As
relative humidity increases with tree shade (Georgi and Zafiriadis 2006), sites with larger trees might
foster colonization probabilities of the Amethyst-throated Hummingbird. Moreover, large trees harbour
more bromeliads and mistletoes than smaller ones (Jiménez Bautista et al. 2014), which might provide
increased drinking and feeding opportunities for this species.

Tree species richness was positively related with colonization probabilities of the Brown-
backed Solitaire and the Chestnut-capped Brushfinch. Sites with a higher number of tree species might
result attractive for both species as optimal feeding sources. On the one hand, the Brown-backed

Solitaire is a highly-arboreal frugivore that inhabits temperate forests across the region (Howell and
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Webb 1995, Schulenberg 2019). As fruit production and availability is lower in temperate than within
tropical forests (Hanya and Aiba 2010), colonizing areas with a major number of tree species might
increase the opportunity of the Brown-backed Solitaire to find scarce fruiting resources from a
diversified source of fruiting trees. On the other hand, higher tree species richness might increase
arthropod presence and diversity (Recher et al. 1996), benefiting an insectivore species such as the
Chestnut-capped Brushfinch (Schulenberg 2019).

Because regional livelihood heavily depends on forestry activities (i.e. timber production)
(Chapela 2007), local producers largely focus their commercial and management interests to the tree
component of the vegetation. However, our results denote the importance of shrub cover in determining
occupancy shifts of different bird species across the landscape. Hence, we stress the need to consider
the shrub stratum of the forests to perform management and bird conservation actions in the working
landscape. In particular, local selective forestry management may be a bird-friendly commercial
practice because it fosters colonization probabilities of forest-dependent birds by preserving shrub
cover, even that it also implies tree removal from forested areas. Although intensive forest management
plots exhibited large surfaces covered with shrubs, we noticed that an exotic fern (i.e. Pteridium sp.)
dominated this component of the vegetation. As this species inhibits seedling growth and diminishes
plant diversity (Dolling et al. 1994, Stewart et al. 2007), we suggest taking management actions in
order to remove it from forested plots and facilitate the establishment of native herb and shrub species.
Although the tree component of the vegetation was positively related with the colonization
probabilities of a few bird species, its relevance for highly-arboreal species should not be neglected. An
increment on tree size and tree species richness should be promoted within intensive forestry
management plots and forest sanitation areas in order to enhance bird occupancy within the forestry

landscape.
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Conclusions

Local colonization and extinction as mechanisms that determine occupancy should be considered for
evaluating commercial practices and guiding management activities for preserving biodiversity.
Specifically, identifying the factors that affect colonization and extinction probabilities of species
should receive special attention when managing working landscapes. In this context, community-based
biological monitoring could aid on both defining and applying commercial management guidelines for
both social and biodiversity benefit. Commercial activities should not only focus on the extraction of
natural resources, but on establishing management activities that might promote the sustainable use of
biodiversity.

Although monitoring data might not be available for several wildlife species, robust analytical
methodologies and high-quality data coming from a group of priority target species could be used as a
first strategy for evaluating working landscapes and defining management guidelines. Still, we
recommend to include different wildlife groups into this type of approaches to provide better and more
specific management and conservation recommendations. Our study design could be replicated in
different socio-ecological contexts to perform well-informed, rapid, adaptive, and cost-efficient

management decisions.
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479 Table 1. Mean values and standard deviations (in parenthesis) of the habitat characteristics measured for each land use category.
480

481

482

483

484 Land use Tree diameter Shrub cover Tree species richness
485 (cm) (%)

486

487  Conservation forests 33.13 (11.34) 52.25(29.13) 7.97 (2.24)
488  Selective forestry management plots  26.24 (8.82) 62.16 (24.64) 9.05 (2.53)
489 Intensive forestry management plots 16 (16.69) 63.02 (36.9) 2.62 (3.22)
490 Forest sanitation areas 21.18 (6.31) 46.78 (25.4) 6.36 (2.68)
491 Urban-cropfield areas 17.16 (6.95) 30.52 (20.56) 7.85 (3.86)
492

493
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Table 2. Habitat characteristics that determined local colonization and extinction probabilities of target bird species. Model-averaged
coefficients and standard errors (in parenthesis) for each target species, parameter, and habitat trait are specified.

Family Parameter Tree diameter Shrub cover Tree species
Species richness
Trochilidae
Amethyst-throated Hummingbird Colonization 0.04 (0.01) 0.02 (0.004)
Extinction
Bumblebee Hummingbird Colonization 0.03 (0.01)
Extinction -0.02 (0.01)
Furnariidae
Spot-crowned Woodcreeper Colonization 0.09 (0.01) 0.02 (0.01)
Extinction
Certhiidae
Brown Creeper Colonization 0.05 (0.02)
Extinction
Turdidae
Brown-backed Solitaire Colonization 0.12 (0.04)
Extinction
Russet Nightingale-Thrush Colonization 0.01 (0.004)
Extinction
Ruddy-capped Nightingale-Thrush Colonization 0.03 (0.004)
Extinction

Peucedramidae
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530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551

Olive Warbler

Passerellidae
Chestnut-capped Brushfinch

Parulidae
Golden-browed Warbler

Red Warbler

Colonization

Extinction

Colonization

Extinction

Colonization

Extinction

Colonization
Extinction

0.04 (0.01)

0.03 (0.01)

0.02 (0.01)

0.13 (0.04)
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Table 3. Predicted scenarios for colonization and extinction probabilities under the effect of habitat traits. Range of probabilities and habitat
values used as references for setting each scenario (within parenthesis) are specified. Extinction scenarios correspond solely to Bumblebee-

Hummingbird estimations. SC = shrub cover, DBH = average tree diameter at breast height, TSR = tree species richness.

Habitat trait Parameter Absence scenario Intermediate scenario Peak scenario Critical value
SC Colonization 0-0.15 0.1-0.24 0.29-0.64 >50%
Extinction 0.71 0.43 0.19
(0%) (50%) (100%)
DBH Colonization 0.02-0.09 0.24-0.32 0.59-0.89 >30 cm
(0) (30 cm) (60 cm)
TSR Colonization 0.1-0.18 0.23-0.34 0.46-0.58 > 7 tree species
(0 species) (7 species) (15 species)
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Figure legends

Figure 1. Functional relationships between colonization probabilities of target species and a) shrub
cover, b) average tree diameter at breast height, and c) tree species richness. Each slope represents a
different species. C = conservation forests, SM = selective forestry management plots, IM = intensive

forestry management plots, FS = forest sanitation areas, U-C = urban-cropfield areas.

Figure 2. Functional relationship between extinction probabilities of the Bumblebee-Hummingbird and

shrub cover. C = conservation forests, SM = selective forestry management plots, IM = intensive

forestry management plots, FS = forest sanitation areas, U-C = urban-cropfield areas.
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Abstract

Evaluating the impact of human-induced habitats on wildlife populations has become a
major topic of research and conservation concern. However, most knowledge relies on
inferences based on simple presence-absence data, potentially masking some of the effects
that human land uses have on animal behavior. Here, we explore the use of avian behavior
as a proxy for measuring the impact of anthropogenic activities on biodiversity. More
specifically, we examined how human land use type (i.e. conservation forests, selective
forestry management plots, forests sanitation areas, urban-cropfield sites) in Neotropical
working landscapes support specific categories of bird behavior (i.e. feeding, perching,
preening, fighting, breeding). We accounted for potential differences among seasons and
avian groups, and estimated the proportion of times that we recorded birds performing each
behavior across different human land use types and seasons. In addition, we tested for
differences in the probabilities of occurrence of each behavior among land uses. Our results
show that forestry plots serve as supplementary habitats to conservation forests for resident
forest birds, frugivores, and insectivores by exhibiting high frequencies of feeding,
perching, and breeding behaviors. Thus, these groups appear to adapt their behavior to
exploit novel habitats used for forestry. In contrast, urban-cropfield specialists and migrants
showed low frequencies of all behaviors in forested sites. Urban-cropfield areas appeared to
benefit feeding behaviors of granivores and nectarivores, likely driven by potential
increased availability of grains and nectar. Our results support the use of behavioral cues as
a cost-effective approach for evaluating the impact of novel habitats on animals, identifying

supplementary habitats for wildlife, and assessing the sustainability of working landscapes.
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Introduction
The rapid increase in human-induced land use changes has led to an abrupt modification of
habitats across the world (Ellis ef al., 2010). Habitat transformation has resulted in the
creation of novel habitats (e.g. urban settlements, commercial land uses), which might
intermingle with natural systems to conform working landscapes (Abrams & Bliss, 2013).
Responses of animal populations to novel habitats have become a major research focus, as
some of these habitats (e.g. cities) can expose individuals to harsh conditions that can
negatively impact the long-term persistence of wildlife (McKinney, 2002). In contrast,
some novel habitats (e.g. agroecosystems) can provide supplementary resources for those
species that evolved to depend on more natural ecosystems (Altieri, Funes-Monzote &
Petersen, 2012). Therefore, there is a growing interest in developing cost-effective ways of
assessing the complex effects of novel habitats on wildlife.

Traditionally, researchers have used presence-absence information to examine the
effects of novel habitats on wildlife using metrics of habitat use (e.g. probability of a
species to be present in a habitat; Tarlow & Blumstein, 2007). However, animal behavior is
the first line of response to habitat modification (Wong & Candolin, 2015), and its
evaluation as an additional metric may provide insight into how anthropogenic land uses
could be indirectly selecting species traits. For example, if two species are present with the
same frequency in a shade coffee plantation, the assumption is that the relative impact of
that modified habitat is the same for both species. However, if one species is present and
foraging, versus another species that is present but only observed flying and perching, the
potential impact is different. We know that behavior strongly influences important
processes ranging from demographic rates to mediating genetically-based adaptations and

ultimately, leading to evolutionary change (Lemon, 1991; Candolin & Wong, 2012). To
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date, the numerous potential insights that could be gained about how human-modified
landscapes are impacting wildlife populations using behavioral differences of species
among habitats remains largely unexplored. Moreover, examining how animal behaviors
vary across habitats in working landscapes is essential to understand the fate of populations,
which is ultimately needed to asses changes in ecological processes, and inform
conservation initiatives needed to achieve sustainability.

Not all behaviors will be equally informative to examine the impacts of working
landscapes on animal populations. There are specific categories of behaviors that are more
closely linked with population vital rates, such as survival and reproduction, that will be
more representative of a species ability to adapt and persist in the long-term (Tarlow &
Blumstein, 2007). By quantifying animal behaviors such as foraging, breeding,
maintenance, and social patterns across human land uses, we can make inferences on how
the frequency of these behaviors can be used as metrics to evaluate the effects of
anthropogenic activities on the persistence of populations (Beale, 2007), and into the ability
of different species to learn to use and adapt to human-induced changes (Holway & Suarez,
1999; Beale, 2007; Kawecki, 2008). For example, positive impacts of working landscapes
on birds might be identified when the frequency of critical behaviors (e.g. foraging,
breeding) associated with productive land uses is similar to values for natural habitats.
Similarly, high frequencies of critical behaviors suggest that a species possess the
behavioral flexibility needed to exploit the novel habitats created by human intervention.

Avian communities are ideal study systems to test these ideas, as different
conspicuous behaviors can be surveyed across several habitats across a broad range of
species with diverse ecological requirements (Chambers, 2008). However, most research

has focused on a single species or a subset of the community, and mainly estimated space
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use and movement rates (e.g. Seewagen, Slayton & Guglielmo, 2010; Tomasevic &
Marzluff, 2018), or tolerance to urban disturbance (e.g. Fernandez-Juricic & Telleria, 2000;
Fernandez-Juricic, Jimenez & Lucas, 2001),. In contrast, only a handful of studies have
examined how behaviors of bird communities can vary across land uses in human-
dominated landscapes (see references in Tuomainen & Candolin, 2011; Wong & Candolin,
2015). Therefore, a more comprehensive examination that is representative of the broader
community is needed to provide a more accurate representation about the effects of
different habitat types on bird behavior.

The general aim of our study was to examine the use of critical avian behaviors as a
proxy for measuring the impact of anthropogenic activities on biodiversity. Specifically, we
estimated the probability of performing critical behaviors (i.e. feeding, perching, preening,
fighting, breeding) across a disturbance gradient in southern Mexico, to estimate the
difference in the probabilities of each behavior for each land use type (i.e. conservation
forests, selective forestry management plots, forest sanitation areas, urban-cropfield areas).
We used these differences to assess how human land uses types impacted avian behaviors
and determine which land use practices offer supplementary habitats for particular bird
assemblages. We expected to observe higher probabilities of behaviors for land use types
that have a positive impact on specific groups of birds. Similarly, we didn’t expect
differences in probabilities of behaviors among conservation forests and those land use
types that provide supplementary resources for birds. Therefore, our approach promises to
provide a rapid assessment of habitat quality for different human land uses, in order to

identify supplementary and key habitats for bird communities, and biodiversity in general.

Materials and methods
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Study landscape

We conducted our surveys in Sierra Juarez, in Oaxaca State, southern Mexico. We
collaborated with the Association of Zapotecos-Chinantecos Forestry Communities of
Sierra Judrez (UZACHI), a regional multi-community institution that assists local
communities in forest management, the main commercial activity in the region. The study
landscape (~6,335.5 ha) is a mosaic of human land uses that are owned and managed by
local “zapotec” indigenous communities. We focused on four main types of human land
use: conservation forests (C), which are pine and oak forests set aside for wildlife
conservation, watershed protection, and ecotourism; selective forestry management plots
(SM), which are patches where only the largest pine and oak trees are harvested; forest
sanitation areas (FS), which are forests where trees that were killed or infected by bark
beetles (Dendroctonus sp.) have been burned or removed; and urban-cropfield areas (U-C),

which are composed of modest houses intermingled with orchards, crops, and gardens.

Bird surveys

We conducted fieldwork during the summer (June-July) of 2016 and the winter (January-
February) of 2017 to account for seasonal variation in bird behaviors. We surveyed birds in
130 point count stations separated by a minimum distance of 200 m to ensure independence
in our data (Bibby, Burgess & Hill, 2000). We determined the point count locations
following a spatially-balanced sampling design (Stevens & Olsen, 2004). We performed
10-min fixed-radius (30 m) point counts to survey birds during a four-hour period that
began at sunrise, when bird activity is highest (CLO & CONABIO, in press). We only used
visual records of birds for our analyses. We exclusively documented the first behavior that

we saw of each bird during the first five seconds of observation that began at detection, in
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order to avoid autocorrelation and behavioral biases caused by the presence of the observer
(Wagner, 1981; Acevedo, 2007). Behaviors were classified into six different categories:
feeding, when birds foraged or ingested food; perching, when birds sat on any type of
support and performed no other action; preening, when birds cleaned their beaks or their
plumages; fighting, when one bird physically attacked another individual of the same or
different species; breeding, when birds performed showcasing breeding behaviors such as
courtship displays, nest construction, incubation or brood feeding; and other, when birds

exhibited any other behavior that was not considered in the aforementioned categories.

Data analysis

We examined differences in habitat quality among human land use types separately for
each type of behavior. We pooled the data across species to characterize how the entire bird
community used each of the habitats, instead of focusing on species-specific differences
among behaviors. We accounted for potential differences among groups of species with
respect to their residence status and to their feeding preferences by performing our
behavioral analyses separately for resident species that mainly occupied urban-cropfield
areas (referred to as U-C specialists hereafter), resident non U-C specialists, winter
migratory species, summer migratory species, and trophic groups (i.e. frugivores,
insectivores, granivores, omnivores, nectarivores). Groups of species were defined by
considering the results of a previous local study about the relationships between bird
occupancy and habitat characteristics (Ortega-Alvarez et al., 2018a) as well as
complementary observations on the avifauna of the region and bibliographic information

(Howell & Webb, 1995).
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We modeled the proportion () of times that we recorded birds performing each
behavior among human land uses (7) and seasons () using a hierarchical binomial model
(Kruschke, 2015) where

x;; ~ binomial (0;;, n;)

so that x is the number of times a behavior was observed in land use type i and season j, and
n is the total number of behaviors observed for the same land use type and season. We
modeled 6 initially using an uninformative beta prior with o = 3 = 1. We did not test the
effect of season on migratory birds as their presence was restricted to a unique season
(winter or summer). At each iteration, we compared the estimated proportions across all
human land uses to estimate the difference in the probabilities of each behavior occurring in
each type of human land use. Credible intervals (CI) reported are the 95% highest posterior
density intervals (HDI). We considered the probability of a given behavior as significantly
different between two human land uses if the HDI of the posterior distribution of the
estimated difference did not include zero. We report only those behaviors that significantly
varied among human land uses. Bayesian inference was carried out with Markov Chain
Monte Carlo (MCMC) using three Markov chains and 5,000 iterations. Convergence was
assessed using the R-hat statistic (Gelman & Rubin, 1992). We performed all analyses in
the R statistical programming language (R Core Team, 2015) using the Bayesian First Aid

package (Baath, 2014), which is implemented with JAGS (Plummer, 2003).

Results

Behavioral responses of resident species
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Non U-C specialists had the highest probability of feeding in SM (mean = 0.34; HDI = 0.29
—0.39) and FS (mean = 0.36; HDI = 0.29 — 0.43) during winter, and in C (mean = 0.32;
HDI =0.23 — 0.42), SM (mean = 0.27; HDI = 0.22 — 0.32), and FS (mean = 0.20; HDI =
0.14 — 0.27) during summer (Fig. 1a,b). There was a significantly higher probability of non
U-C specialists feeding in FS versus U-C and in SM versus U-C during the winter, but not
among other land use types (Table S1). We detected a significantly higher probability of
non U-C specialists feeding in C, SM, and FS than U-C in the summer, however only C and
FS were different from each other (Table S1).

Perching probability of non U-C specialists was highest in FS (mean =0.11; HDI =
0.07 — 0.16) and U-C (mean = 0.096; HDI = 0.08 — 0.12) during winter (Fig. 1¢), and was
similar among land uses during summer. We observed a significantly higher probability of
non U-C specialists perching in FS and U-C than SM during winter (Table S1). Non U-C
specialists had the highest probability of fighting in C during both winter (mean = 0.05;
HDI=0.01 - 0.11) and summer (mean = 0.04; HDI = 0.01 — 0.08) (Fig. 1d,e).
Nevertheless, there was a significantly higher probability of non U-C specialists fighting in
C versus SM only during summer (Table S1). The probability of observing non U-C
specialists breeding was highest in SM during winter (mean = 0.02; HDI = 0.01 — 0.03)
(Fig. 1f), but was similar among all land uses during summer. We detected a significantly
higher probability of non U-C specialists breeding in SM versus U-C during winter (Table
S1).

For U-C specialists, the highest probability of feeding was estimated in U-C during
both winter (mean = 0.06; HDI = 0.04 — 0.08) and summer (mean = 0.05; HDI = 0.04 —
0.07) (Fig. 2a,b). There was a significantly higher probability of U-C specialists feeding in

U-C versus C, SM, and FS during winter (Table S2). This pattern was the same for

10
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summer, with U-C specialists having a higher probability of feeding in U-C versus all other
land uses (Table S2). Perching probability of U-C specialists was highest in U-C during
both winter (mean = 0.1; HDI = 0.09 — 0.14) and summer (mean = 0.1; HDI = 0.08 — 0.13)
(Fig. 2¢,d). We detected a significantly higher probability of U-C specialists perching in U-
C than in all other land uses during both winter and summer (Table S2). Preening
probability of U-C specialists was similar among all land uses during winter, and was
highest in U-C (mean = 0.02; HDI = 0.01 — 0.03) during summer (Fig. 2e). The only
significant difference in preening probability of U-C specialists was between U-C versus

SM during summer (Table S2).

Behaviors of migratory species

Our results suggested that winter migrants had the highest probability of feeding in FS
(mean = 0.14; HDI = 0.09 — 0.2) and U-C (mean = 0.13; HDI = 0.11 — 0.16) (Fig. 3a). The
probability of winter migrants feeding was significantly higher in FS and U-C than in SM
(Table S3). For summer migrants, feeding had the highest probability in U-C (mean = 0.02;
HDI = 0.01 — 0.03) (Fig. 3b), with significantly higher probability in U-C than in SM
(Table S3). Perching probability of winter migrants was highest in U-C (mean = 0.08; HDI
=0.06 —0.1) (Fig. 3c). We detected a significantly higher probability of winter migrants

perching in U-C than in FS and SM (Table S3).

Feeding behavior according to trophic groups
Feeding behavior of frugivorous birds was highest in SM and C during both winter (SM:
mean = 0.08, HDI=0.05—0.11; C: mean = 0.08, HDI = 0.03 — 0.15) and summer (SM:

mean = 0.09, HDI = 0.06 — 0.12; C: mean = 0.05, HDI = 0.01 — 0.1) (Fig. 4a,b). During
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both seasons, feeding probability of frugivores was significantly higher in SM than in FS
and U-C, as well as in C compared to FS, with similar probabilities between SM and C.
Additionally, only during winter, feeding of frugivores was significantly higher in U-C than
in FS (Table S4). Granivores had the highest probability of feeding in FS (mean = 0.03;
HDI=0.01 — 0.05) and U-C (mean = 0.02; HDI = 0.01 — 0.04) during winter (Fig. 4c). We
detected a significantly higher probability of granivores feeding in U-C versus SM during
winter, with no other significant difference between land use types (Table S4). Insectivores
had the highest probability of feeding in FS (mean = 0.28; HDI = 0.22 — 0.34) and SM
(mean = 0.19; HDI = 0.15 — 0.24) during winter, and in C (mean = 0.27; HDI = 0.18 —
0.36) during summer (Fig. 4d,e). We found a significantly higher probability of insectivores
feeding in FS versus all other land uses during winter (Table S4). In contrast, during
summer, there was a significantly higher probability of insectivores feeding in all land uses
versus U-C (Table S4). Nectarivores showed the highest probability of feeding in U-C
(mean = 0.03; HDI = 0.02 — 0.04) during summer (Fig. 4f). We only observed a
significantly higher probability of nectarivores feeding in U-C versus SM during summer

(Table S4).

Discussion

We observed significant differences in behaviors among species groups along a gradient of
habitat quality in a working landscape. In addition, we determined which human land use
types support specific behaviors, and the patterns that we found could be indicative of the
selective pressures that human land uses impose on particular bird groups. For example,
forestry plots served as supplementary feeding, breeding, and perching habitats for

conservation forests for frugivores, insectivores, and resident forest birds. This suggests
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that these groups have the behavioral flexibility needed to adapt to forested sites that are
under moderate anthropogenic disturbance. Moreover, local forestry activities might be
facilitating the ecological continuity between managed forestry lands and conservation
forests. Conservation forests and forestry plots excluded resident birds that specialize in
using urban and agricultural areas, as well as migratory species. Urban-cropfield specialists
and migrants might avoid feeding and perching within forested sites because they depend
on the greater amounts of resources offered by highly-dynamic environments such as urban
and agricultural areas, even in the presence of intense anthropogenic disturbance. The
behavioral flexibility shown by migrants within their wintering grounds might enhance
their adaptability to unfamiliar environments and unpredictable availability of resources
that they face during migration. Urban-cropfield areas favored critical feeding behaviors of
granivores and nectarivores as such land uses provide large amounts of grains and abundant
sources of nectar. Our approach provides information about the impact of novel habitats on
species and habitat quality, which can be of value for certification efforts and other

sustainability incentives in working landscapes.

Behavioral responses of resident species

Forest birds performed a vast array of behaviors outside conservation forests. In fact,
selective forestry management plots and forest sanitation areas were important for feeding,
perching, and breeding behaviors of this group of birds. On the one hand, this suggests that
forestry activities might be producing gradual changes in the environment, promoting the
ecological continuity between forestry areas and conservation forests (Fischer &
Lindenmayer, 2006). The ecological similarity among these human land uses might be

ultimately enhancing the adaptation of forest birds to novel environments by facilitating the
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provision of key resources (e.g. food, shelter, space) (Fischer & Lindenmayer, 2006; Yap,
Sodhi & Peh, 2007), preserving the environmental cues that trigger studied behaviors (e.g.
temperature, humidity, presence of conspecifics, habitat continuity) (Sih, 2013), and
fostering the learning process that species need to exploit human-modified ecosystems
(Whittaker & Knight, 1998; Kawecki 2008). On the other hand, forest birds of the Oaxacan
highlands are likely to exhibit a substantial degree of behavioral flexibility, which may
allow some species to adapt to the novel forested habitats created by forestry (Sih, 2013;
Wong & Candolin, 2015). Among these forest birds we find species of conservation
concern, such as Unicolored Jay (Aphelocoma unicolor), Garnet-throated Hummingbird
(Lamprolaima rhami), and Brown-backed Solitaire (Myadestes occidentalis)
(SEMARNAT, 2010); as well as endemic species of Mexico, such as Red Warbler
(Cardellina rubra), Bumblebee Hummingbird (Atthis heloisa), and Gray-barred Wren
(Campylorhynchus megalopterus).

Breeding activity was similar among land uses during the breeding season of most
species in the region (i.e. summer). However, this result might be biased as breeding events
were hard to detect and resulted in low numbers of observations in our data. Still, a
relatively high number of fighting events observed within conservation forests suggest that
this land use is particularly critical for forest birds during the breeding period. Hence, the
persistence of conservation forests within the working landscape should be promoted as
they may function as source habitats for populations of forest birds (Burke & Nol, 2000).

Selective forestry management plots were important for breeding activities of forest
birds during winter. This pattern exclusively corresponded to breeding events of
hummingbirds, as most of them breed in the region during autumn and winter (Binford,

1989; Howell & Webb, 1995; Ortega—Alvarez et al., 2018b). Forest modification as a result
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of timber extraction may provide suitable breeding conditions for some hummingbirds,
because the partial removal of trees can preserve a considerable amount of tree resources
(e.g. nesting sites and nesting material) while facilitating the establishment of flowering
plants (Yap et al., 2007). This result provides indirect evidence of hummingbird adaptation
to forestry activities; still, future research on breeding success might be useful to discard if
selective forestry management plots act as ecological traps for hummingbirds (Battin,
2004).

Urban-cropfield specialist birds, such as the White-throated Towhee (Melozone
albicollis), the Lesser Goldfinch (Spinus psaltria), and the House Finch (Haemorhous
mexicanus), showed little behavioral flexibility as they fed, perched, and preened almost
exclusively within urban and agricultural areas. The ability of this group of species to cope

with anthropogenic disturbance (Lin ef al., 2012) allows them to exploit the vast food and

perching resources found within urban-cropfield areas throughout the year (Shochat, 2004).

Nevertheless, their dependence on greater amounts of resources found in highly-dynamic
environments such as urban and agricultural areas, seems to exclude them from forested

sites, where fewer resources and more unstable productivity prevail (Shochat et al., 2006).

Behaviors of migratory species

Migrants performed a higher proportion of behaviors in land uses where human activity
was intense. For instance, winter and summer migrants fed primarily in forest sanitation
and urban-cropfield areas. Given that the energetic costs associated with migration are high
(McWilliams et al., 2004), migratory species likely prefer to forage in land uses where
feeding resources are abundant, even in the presence of intense human activity. Moreover,

urban-cropfield areas provide numerous perching sites for migrants, which are useful for
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scanning the surroundings and resting (Emlen, 1974). Although many migratory species

exclusively depend on well-conserved habitats during the breeding season (Dunn & Garrett,

1997), our results suggest that migratory birds implement a totally different behavioral
strategy during migration. In particular, migrants such as Nashville Warbler (Oreothlypis
ruficapilla), Wilson's Warbler (Cardellina pusilla), and Warbling Vireo (Vireo gilvus),
showed an important behavioral flexibility within these wintering grounds, which may
enhance their adaptability to the unfamiliar environments and to the unpredictable
availability of resources associated with large-scale migratory movements (Faaborg ef al.,

2010).

Feeding behavior according to trophic groups

Variation in the probability of feeding behavior among habitat types indicates that all
human land uses are beneficial to distinct trophic groups of birds. For example, selective
forestry management plots, which harbor an important number of fruiting and pioneer
species (Verburg & van Eijk-Bos, 2003; Yap ef al., 2007), promoted foraging of

frugivorous birds. Fruiting and pioneer plants like wild black cherry, avocado, and poke

(Phytolacca sp.), likely increased their presence at selective forestry management plots as a

result of the disturbance associated with local forestry activities (Verburg & van Eijk-Bos,
2003; Deckers et al., 2005), which in turn intensified the foraging activity of frugivorous

birds. As reported by previous studies (Dhindsa & Saini, 1994; Ortega-Alvarez &

MacGregor-Fors, 2011), granivores were highly attracted to urban-cropfield areas, because

these human land uses offer large amounts of seeds that are produced by crops and

ephemeral herbs (e.g. grasses).
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Feeding behavior of insectivores varied between seasons, which is likely related to a
temporal change in the composition of the insectivore community. For instance, migratory
warblers that arrived during winter tended to dominate the insectivore community, and
preferred to feed within forest sanitation areas due to the presence of suitable habitat
conditions for insects (e.g. decaying wood, abundance of native vegetation) (Narango,
Tallamy & Marra, 2017). However, the composition of the community changed during
summer, when resident insectivores dominated it. This particular group of birds was
reluctant to feed in urban-cropfield areas. Instead, they heavily depended on forested sites
to obtain food (Felton et al., 2008). Given that urban-cropfield areas exhibited low levels of
tree and shrub cover, these tend to be poor habitats for native insects (Kemp & Ellis, 2017,
Narango et al., 2017). Such conditions likely exclude resident insectivores from urban-
cropfield areas, because they cannot find their preferred prey items.

According to our results, urban-cropfield areas favored feeding of nectarivores
during summer. During this season, most hummingbirds do not breed (Binford, 1989;
Ortega-Alvarez et al., 2018b), so they do not depend on nesting sites and materials
exclusively provided by forests. Instead, this group of birds appears to have adapted in this
region to exploit the surplus of feeding resources provided by urban settlements (e.g.
flowering ornamental plants) and agricultural areas (e.g. flowering crops) (Calvifio-
Cancela, 2006; Davis, Major & Taylor, 2015). Finally, we observed that omnivores fed in
similar proportions among all land uses. This demonstrates that omnivores have the
behavioral plasticity needed to forage anywhere across the working landscape. This
observed pattern contradicts results from previous studies, which indicated that omnivores
are more successful within heavily-disturbed habitats (e.g. urban settlements) than in any

other type of land use (Chace & Walsh, 2006; Ortega-Alvarez & MacGregor-Fors, 2011).
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Such discrepancy can be explained by the inherent variability among habitat and landscape
configurations across our survey sites, as well as by differences in surveying methods,
because prior studies did not assess the behavior of individuals and just relied on simple

presence/absence data.

Management and conservation implications
Forestry activities in the region are quite important for both biodiversity conservation and
human livelihoods, as they provide high-quality supplementary habitats to forest birds and
socioeconomic benefits to local indigenous communities (Chapela, 2007). Areas dedicated
to forestry activities in the region may be successful in providing additional habitats for
forest birds because they preserve the forest structure and supply high-quality resources for
biodiversity (Sallabanks & Arnett, 2005; Ortega—Alvarez et al., 2018a). Thus, future
development of forestry activities in the region must aim to generate novel habitats that
maintain ecological integrity and connectivity with conservation forests. However, there is
still a need to determine the proportion of the working landscape that should be set aside for
conservation, as the persistence of conservation forests must be encouraged because they
function as source habitats for the populations of forest birds (Burke & Nol, 2000).
Management and conservation efforts within human land uses with higher levels of
anthropogenic disturbance should be encouraged, as these sites may also be relevant for
wildlife (Fischer & Lindenmayer, 2006). For example, forest birds performed most of their
behaviors within forested plots, but they also exhibited some activity in urban-cropfield
areas. Increasing tree and shrub cover within urban-cropfield areas to provide feeding and
perching resources for forest birds should enhance the ecological value of these human land

uses (Ortega-Alvarez et al., 2018a). Moreover, we observed that urban-cropfield areas
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strongly favored migrants. This suggests that, although forested areas are important for
migratory birds (Faaborg et al., 2010), urban-cropfield areas provide critical supplemental
resources for them. Thus, in addition to promoting the conservation of old-growth forests,
there is a large potential to invest in agroecosystems and sustainable practices within urban-
cropfield areas for the benefit of migratory birds. However, more research is needed to
examine variations in the behavioral responses of forest and migratory birds with respect to
different intensities of urban development and agricultural activities, as within our study
landscape urban settlements are small (maximum area of ~88.5 ha) and agricultural

practices are mostly for local and regional consumption.

Conclusions
Forested habitats that are set aside for conservation are not the only ecologically important
component of a working landscape for birds. As evidenced by our study, human land uses
set aside for productive activities, such as forestry plots, provide supplementary habitats
that serve as feeding and breeding grounds for forest-dependent birds. Identifying which
anthropogenic systems serve as supplementary habitats for wildlife, and which behaviors of
particular groups of species are being favored by different commercial activities, could
serve as a tool for evaluating and promoting the sustainability of working landscapes.
Behavioral studies must receive greater attention as a means to determine how
species adapt to novel environments, as well to assess and manage working landscapes.
Even if more specific research should be designed to evaluate the detailed effect of
anthropogenic disturbance on the fitness of species and to identify source/sink habitats, our
behavioral study represents a cost-effective and time-saving approach for assessing habitat

quality and provides a useful baseline to prioritize research and conservation agendas.
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Supporting Information

Additional Supporting Information may be found in the online version of this article:
Table S1. Probabilities of non U-C specialists behaviors that significantly differed between
two human land use types.

Table S2. Probabilities of U-C specialists behaviors that significantly differed between two
human land use types.

Table S3. Probabilities of migratory species behaviors that significantly differed between
two human land use types.

Table S4. Probabilities of trophic groups feeding behavior that significantly differed

between two human land use types.
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Figure legends

Figure 1 Distributions of estimated proportions of bird behaviors for non U-C specialists in
different human land uses. Only those behaviors that significantly differed among human
land uses are shown. Light lines represent winter estimates and dark lines represent summer
estimates. a) Feeding proportions of winter. b) Feeding proportions of summer. ¢) Perching
proportions of winter. d) Fighting proportions of winter. e) Fighting proportions of summer.
f) Breeding proportions of winter. C = conservation forests, SM = selective forestry

management plots, FS = forest sanitation areas, U-C = urban-cropfield areas.

Figure 2 Distributions of estimated proportions of bird behaviors for U-C specialists in
different human land uses. Only those behaviors that significantly differed among human
land uses are shown. Light lines represent winter estimates and dark lines represent summer
estimates. a) Feeding proportions of winter. b) Feeding proportions of summer. c) Perching
proportions of winter. d) Perching proportions of summer. e) Preening proportions of
summer. C = conservation forests, SM = selective forestry management plots, FS = forest

sanitation areas, U-C = urban-cropfield areas.

Figure 3 Distributions of estimated proportions of bird behaviors for migratory species in
different human land uses. Only those behaviors that significantly differed among human
land uses are shown. Light lines represent winter estimates and dark lines represent summer
estimates. a) Feeding proportions of winter migrants. b) Feeding proportions of summer
migrants. ¢) Perching proportions of winter migrants. C = conservation forests, SM =
selective forestry management plots, FS = forest sanitation areas, U-C = urban-cropfield

arcas.
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Figure 4 Distributions of estimated proportions of feeding for trophic groups in different
human land uses. Only feeding proportions that significantly differed among human land
uses are shown. Light lines represent winter estimates and dark lines represent summer
estimates. a) Frugivores in winter. b) Frugivores in summer. ¢) Granivores in winter. d)
Insectivores in winter. e) Insectivores in summer. f) Nectarivores in summer. C =
conservation forests, SM = selective forestry management plots, FS = forest sanitation

areas, U-C = urban-cropfield areas.
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Table S1. Probabilities of non U-C specialists behaviors that significantly differed between two human land use types. SD = standard

deviation, HDI low = lower limit of 95% highest posterior density interval, HDI up = upper limit of 95% highest posterior density interval,

% > comp = probability of the parameter being larger than 0.5, % < comp = probability of the parameter being smaller than 0.5, C =

conservation forests, SM = selective forestry management plots, FS = forest sanitation areas, U-C = urban-cropfield areas.

Behavior Season Land uses Mean SD HDI low HDI up % > comp % < comp
Feeding Winter SM/U-C 0.12 0.03 0.06 0.18 0.99 6.67E-05
FS/U-C 0.14 0.04 0.07 0.22 0.99 6.67E-05
Summer C/FS 0.12 0.06 0.01 0.24 0.98 0.02
C/U-C 0.26 0.05 0.16 0.35 0.99 6.67E-05
SM/U-C 0.20 0.03 0.15 0.25 0.99 6.67E-05
FS/U-C 0.14 0.03 0.07 0.20 0.99 6.67E-05
Perching Winter SM/FS -0.06 0.03 -0.11 -0.01 0.01 0.99
SM/U-C -0.04 0.02 -0.08 -0.01 0.01 0.99
Fighting Summer C/SM 0.04 0.02 0.004 0.08 0.997 0.003
Breeding Winter SM/U-C 0.02 0.01 0.002 0.03 0.99 0.01
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1

2 Table S2. Probabilities of U-C specialists behaviors that significantly differed between two human land use types. SD = standard deviation,
3

g HDI low = lower limit of 95% highest posterior density interval, HDI up = upper limit of 95% highest posterior density interval, % > comp
6 .
7 = probability of the parameter being larger than 0.5, % < comp = probability of the parameter being smaller than 0.5, C = conservation
8

9 forests, SM = selective forestry management plots, FS = forest sanitation areas, U-C = urban-cropfield areas.

10

11

12

13

14

15 Behavior Season Land uses Mean SD HDI low HDI up % > comp % < comp
16

17

18 Feeding Winter C/U-C -0.05 0.02 -0.08 -0.01 0.01 0.99

19 SM/U-C -0.06 0.01 -0.08 -0.04 6.67E-05 0.99

;‘1’ FS/U-C -0.05 0.01 -0.07 -0.02 0.002 0.998

2 Summer C/U-C -0.04 0.01 -0.07 -0.02 0.01 0.99

23 SM/U-C -0.04 0.01 -0.06 -0.02 0.0004 0.9996

24 FS/U-C -0.04 0.01 -0.06 -0.01 0.005 0.995

25

26 Perching Winter C/U-C -0.1 0.02 -0.13 -0.06 0.0002 0.9998

;é SM/U-C -0.11 0.01 -0.14 -0.09 6.67E-05 0.99

29 FS/U-C -0.1 0.02 -0.13 -0.07 6.67E-05 0.99

30 Summer C/U-C -0.09 0.02 -0.12 -0.06 0.0002 0.9998

31 SM/U-C -0.09 0.01 -0.12 -0.07 6.67E-05 0.99

32 FS/U-C -0.1 0.01 -0.12 -0.07 6.67E-05 0.99

33

gg Preening Summer SM/U-C -0.02 0.01 -0.03 -0.01 0.003 0.997

36

37

38

39

40

41

42

43

44
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Table S3. Probabilities of migratory species behaviors that significantly differed between two human land use types. SD = standard
deviation, HDI low = lower limit of 95% highest posterior density interval, HDI up = upper limit of 95% highest posterior density interval,
% > comp = probability of the parameter being larger than 0.5, % < comp = probability of the parameter being smaller than 0.5, C =

conservation forests, SM = selective forestry management plots, FS = forest sanitation areas, U-C = urban-cropfield areas.

Page 36 of 37

Behavior Group Land uses Mean SD HDI low HDI up % > comp % < comp
Feeding Winter migrants ~ SM/FS -0.07 0.03 -0.13 -0.01 0.01 0.99
SM/U-C -0.05 0.02 -0.09 -0.01 0.005 0.995
Summer migrants SM/U-C -0.01 0.01 -0.02 -0.001 0.02 0.98
Perching Winter migrants ~ SM/U-C -0.06 0.01 -0.09 -0.04 6.67E-05 0.99
FS/U-C -0.05 0.02 -0.08 -0.02 0.002 0.998
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1

2 Table S4. Probabilities of trophic groups feeding behavior that significantly differed between two human land use types. SD = standard
3

4 deviation, HDI low = lower limit of 95% highest posterior density interval, HDI up = upper limit of 95% highest posterior density interval, %
5

? > comp = probability of the parameter being larger than 0.5, % < comp = probability of the parameter being smaller than 0.5, C = conservation
8

9 forests, SM = selective forestry management plots, FS = forest sanitation areas, U-C = urban-cropfield areas.

10

1

12

12 Group Season Land uses Mean SD HDI low HDI up %>comp % <comp
15

16

17 Frugivores Winter C/FS 0.08 0.03 0.02 0.15 0.9995 0.0005
18 SM/FS 0.08 0.02 0.05 0.11 0.99 6.67E-05
19 SM/U-C 0.05 0.02 0.02 0.08 0.9993 0.0007
20 FS/U-C -0.03 0.01 -0.05 -0.01 0.004 0.996

. Summer C/FS 0.05 0.02 0.01 0.1 0.99 0.01

23 SM/FS 0.08 0.02 0.05 0.12 0.9999 0.0001
24 SM/U-C 0.08 0.02 0.04 0.11 0.99 6.67E-05
25

26 Granivores Winter SM/U-C -0.02 0.01 -0.03 -0.003 0.01 0.99

27

;g Insectivores ~ Winter C/FS -0.15 0.05 -0.25 -0.05 0.004 0.996

30 SM/FS -0.08 0.04 -0.16 -0.01 0.02 0.98

31 FS/U-C 0.13 0.04 0.06 0.20 0.9999 0.0001
32 Summer C/U-C 0.22 0.05 0.13 0.31 0.99 6.67E-05
33 SM/U-C 0.13 0.02 0.08 0.17 0.99 6.67E-05
34 FS/U-C 0.13 0.03 0.07 0.19 0.99 6.67E-05
35

g? Nectarivores  Summer SM/U-C -0.02 0.01 -0.04 -0.01 0.001 0.999
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CAPITULO IV

“HABITAT CHARACTERISTICS AND CO-OCCURRENCE WITH
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NEOTROPICAL WORKING LANDSCAPE”
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Habitat characteristics and co-occurrence with closely related species: assessing the factors
that determine the occupancy of resident wood-warblers in a Neotropical working

landscape

ABSTRACT

The simultaneous effects of habitat traits and interspecific interactions determine the occurrence
and habitat use of wildlife populations. However, little research has been devoted to examine
spatial co-occurrence among closely related species while considering the effect of habitat traits
and imperfect detectability of species in the field. In this study, we focused on migratory and
resident wood-warblers that co-exist during the winter in a Neotropical working landscape in
southern Mexico to understand if habitat occupancy of resident wood-warblers is influenced by
particular habitat characteristics and by the presence of other species of resident and migratory
wood-warblers. For this purpose, we implemented two-species occupancy models, which
account for the imperfect detectability of these birds in the field. Our results revealed that habitat
occupancy of resident wood-warblers was positively influenced by the presence of other closely
related species (both migratory and resident). These positive relationships suggest that different
species of wood-warblers frequently participate in mixed-species flocks. However, these patterns
of species co-occurrence were more evident among resident species than between migratory and
resident species, which may be explained by microhabitat segregation and differences in habits
between resident and migratory wood-warblers. We also found that particular habitat
characteristics may mediate the observed patterns of species co-occurrence. Specifically, sites
with larger trees facilitated the co-occurrence of some species of resident wood-warblers. Our

study highlights the importance of the interplay between interspecific interactions and habitat

Ibis Submitted Manuscript



Page 17 of 57 Ibis Submitted Manuscript

24 traits in determining the presence and habitat use of resident birds in Neotropical working
25  landscapes.

26

27 Keywords: imperfect detection, migratory birds, mixed-species flocks, occupancy models,

28  Parulidae, tropical birds.
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One of the main aims of animal ecology is to identify the elements of the environment that
determine whether a species is present or not in a particular area (Jones 2001). This information
is relevant to understand ecological systems as well as to guide conservation strategies that are
increasingly needed to mitigate the impacts of anthropogenic disturbances worldwide (Caughley
1994). Although it has been widely recognized that both habitat traits and interspecific
interactions affect the occurrence and abundance of wildlife populations (Rosenzweig 1995, Van
der Putten et al. 2010), few studies have focused on evaluating their simultaneous effects (e.g.
Peoples & Frimpong 2016). Particularly, the presence of closely related species may influence
whether species of interest are present or not in a given area. In some cases, closely related
species may be competitors and preclude the presence of the focal species (Bensusan ef al.
2011). Alternatively, closely related species may have positive effects, for instance as facilitators
or mutualists, thereby promoting the presence of the focal species (Peoples & Frimpong 2016).
In addition, the direction and intensity of these interspecific effects may depend on the particular
environmental context. For instance, areas where resources (food, shelters, breeding sites) are
abundant may allow co-occurrence of closely related species, whereas in areas where resources
are limited a single species may be competitively dominant and exclude other species (Juliano
1998, Curtis et al. 2015). Therefore, the simultaneous evaluation of the potential effects of
closely related species and habitat characteristics may provide insight into the ecological
processes that promote the occurrence of species of interest in particular areas.

Birds are an ideal system to address these ecological questions (Jones 2001). This is
particularly true for the potential interactions between closely related migratory and resident
birds. Bird migration has been widely studied; however, most research has focused on the

physiology, ecology, demography, and evolution of migratory birds (Berthold 2001), whereas
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little is known about how year-round resident birds deal with the arrival of migrants to their
wintering grounds. Many migratory birds spend the winter in tropical and subtropical regions
and they may exert both positive and negative effects on closely related resident birds (Rappole
1983, Bensusan ef al. 2011). Furthermore, these ecological interactions may be more intense in a
particular type of habitat and, in contrast, may be milder or inexistent in a different habitat.
Information on the effects of migrants on resident birds and the particular habitat traits that
modulate these interactions is certainly needed given the paucity of ecological knowledge about
year-round resident birds in tropical and subtropical regions.

In this study, we searched for evidence of ecological interactions between migratory and
resident New World warblers and examined the potential effects of particular habitat traits on the
co-occurrence patterns of migrants and residents. New World warblers (referred to as “wood-
warblers™ hereafter) are small passerine birds of the family Parulidae, all of which are endemic to
the Americas. The taxonomy and phylogenetic relationships of these birds have been heavily
explored (Lovette & Bermingham 1999, 2002). They may be locally abundant, conspicuous, and
relatively easy to survey across ecological gradients (Cleveland Bent 1953, Wunderle & Waide
1993). Most species are territorial and insectivorous (Marra 2000, Marra & Holmes 2001, Smith
et al. 2012). However, there is a broad diversity of foraging behaviors with respect to mobility
(sit-and-wait and active hunters), strategies for capturing prey (gleaning, hanging, probing,
gaping, chasing), foraging substrates (leaves, twigs, needles, bark, crevices), and preferred food
items (arthropods, fruit, nectar, mollusks) (Dunn & Garrett 1997). Furthermore, their diet and
particular techniques for searching and capturing prey may change (for example between

seasons) if food resources become scarce (Sherry et al. 2016). In general, wood-warblers are
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strongly dependent on forested habitats, especially during the breeding season (Cleveland Bent
1953, Dunn & Garrett 1997).

In the past decades, the population numbers of several wood-warblers have declined,
resulting in a growing conservation concern (Hill & Hagan 1991, Berlanga ef al. 2010). For
instance, estimates of the annual rate of population change based on over 50 years of data
revealed a constant negative trend since 1950 for species like the Wilson’s (percentage decrease
per year: -0.5%), Chestnut-sided (-1.2%), Golden-winged (-1.4%), Canada (-1.5%), Nashville (-
1.9%), and Magnolia Warblers (-2.4%; Hill & Hagan 1991). Much recent research has been
devoted primarily to Nearctic migratory species, with particular emphasis on their ecology at
their breeding grounds (Marra et al. 2015). In contrast, we know less about the behavior and
habitat preferences of migratory species in their wintering grounds, many of which are located in
the Neotropics (Boyle et al. 2011, Marra ef al. 2015). Migratory species are ecologically
important in their wintering grounds because they pollinate and disperse plants, participate in the
life cycles of parasites, and may interact with year-round resident birds (Rappole 1983).

Research and conservation initiatives for year-round resident wood-warblers in the
Neotropics greatly differ from those conducted and proposed for migratory species. Neotropical
resident species have been understudied (Toms 2013), which has limited our ecological
knowledge about these birds and the assessment of their conservation status. In particular,
information on their habitat preferences is remarkably scarce (Berlanga et al. 2010). Moreover,
we have a poor understanding of the effects of wintering species on the habitat use of resident
species. Previous studies have shown that migratory and resident wood-warblers compete
intensely for food resources because they overlap in space use and foraging niches (Greenberg &

Salgado Ortiz 1994, Toms 2013, Sherry ef al. 2016). In contrast to competition, migratory and
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resident species may also interact positively through their aggregation in mixed-species flocks,
which enhance foraging and surveillance skills of flocking individuals (Powell 1985, Ewert &
Askins 1991). Unfortunately, ecological research has been conducted only on a few species,
mainly in tropical lowlands (Greenberg & Salgado Ortiz 1994, Stutchbury 1994, Marra 2000,
Johnson & Sherry 2001, Marra & Holmes 2001, Smith ez al. 2012). Identifying the landscape
traits that are important for the presence of resident wood-warblers, as well as determining the
effect of their interaction with ecologically similar species such as migratory wood-warblers, is
fundamental to guide conservation strategies and habitat management actions (Soulé ef al. 2005,
MacKenzie et al. 2006, Ortega-Alvarez et al. 2018). Specifically, managers and conservationists
could focus their actions on increasing and preserving the habitat traits that promote the co-
occurrence of two or more species of wood-warblers. Moreover, identifying positive ecological
interactions between different species would indicate that actions targeted towards preserving
one particular species will also have positive effects on co-occurring taxa.

In recent years, species interactions have been indirectly evaluated by means of multi-
species occupancy models (MacKenzie et al. 2006, Richmond et al. 2010, Rota ef al. 2016),
which estimate the probability that a species occurs at a particular location while correcting for
potential bias caused by imperfect detectability of animals in the field (Mackenzie ef al. 2002).
Multi-species occupancy models estimate the probability that two or more species co-occur more
or less often than expected by chance alone and, hence, these analytical tools provide evidence of
positive (such as mutualism) or negative (such as competition) ecological interactions,
respectively (MacKenzie et al. 2004). Additionally, these models allow us to incorporate
potential effects of environmental characteristics on the probability that two or more species

occupy the same area (e.g. a two-species occupancy model revealed that two different species of

6
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squirrels co-occur predominantly in sites with dense tree cover because trees provide both
species with abundant food and refuges; Ramirez-Cruz ef al. 2019). However, studies on
interspecific interactions that account for imperfect detectability of co-occurring species are still
scarce (e.g. Cruz et al. 2015, Farris et al. 2016, Hossack ef al. 2017).

In this study, we evaluated the factors that promote the occurrence of resident wood-
warblers across a landscape composed of different land uses in southern Mexico. In particular,
we implemented conditional two-species occupancy models to test if the occupancy probabilities
of resident wood-warblers are determined exclusively by habitat characteristics or may also be
affected by the presence of other species of resident and migratory wood-warblers. We
hypothesized positive effects of vegetation traits on the occurrence of resident wood-warblers
(i.e. these birds are more likely to occupy sites with dense vegetation cover and high diversity of
tree species) because they are closely associated with forested sites (Ortega-Alvarez et al. 2018).
We also tested the hypothesis that migratory species affect negatively the occurrence of resident
wood-warblers, because migrants are highly-efficient foragers and may compete intensely for
food with residents to satisfy the severe energetic demands of migration (Greenberg & Salgado
Ortiz 1994, Toms 2011, 2013, Sherry et al. 2016). In fact, some studies have documented intense
competition for food and nesting sites between different species of migratory wood-warblers
(Ficken e al. 1968, Confer ef al. 2003). In contrast, we expected positive associations (co-
occurrence) between different species of resident wood-warblers, because their aggregation in
mixed-species flocks allows them to share the information on food sources and refuge
availability that they gather all year round, and reduces the time that each individual spends
detecting predators, thereby optimizing predator surveillance (Powell 1985, Ewert & Askins

1991, O’Donnell ef al. 2014). Our results contribute to a better understanding of the co-
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144  occurrence patterns of closely related resident and migratory birds in the Neotropics and of the
145  landscape traits that modulate such interspecific interactions.

146

147  METHODS

148  Study site

149  We conducted our bird surveys in a working landscape located in Oaxaca, southern Mexico, in
150  collaboration with the communities of Santiago Xiacui, La Trinidad de Ixtlan, Capulalpam de
151  Méndez, and Santiago Comaltepec. The area (~ 6,335.5 ha) is a mosaic of land uses that are
152 owned and managed by three of the four communities. The main land uses are conservation
153 forests (C), which are represented by pine and oak forests set aside for wildlife conservation,
154  watershed protection, and ecotourism; intensive forestry management plots (IM) are clear-cut
155  patches located within larger forest tracts; selective forestry management plots (SM) are patches
156  where only large pine and oak trees are removed; reforestation areas (RE) are former ~1 ha IM
157  that were revegetated by communities with tree species of commercial interest (Mexican

158  Weeping Pine - Pinus patula and Smooth-bark Mexican Pine - Pinus pseudostrobus); forest
159  sanitation areas (FS) are forests where communities removed and burned the trees that were
160  killed or infected by bark beetles (Dendroctonus sp.); and urban-cropfield areas (U-C), where
161  modest houses intermingle with orchards, crops, and gardens.

162

163  Habitat characteristics

164  To identify the functional relationship between habitat characteristics and bird occupancy, we
165  measured nine ecologically relevant variables that may be determinant of bird habitat use: tree

166  species richness, tree density, average tree diameter at breast height, average arboreal height,
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percent tree cover, shrub species richness, percent shrub cover, time since last anthropogenic
disturbance, and altitude. These variables were measured at each point count station where we
surveyed birds. Specifically, we counted the total number of tree and shrub species (tree and
shrub richness, respectively) as well as the number of individual trees (tree density) that were
present at each point count station. Tree and shrub covers were visually estimated by the same
observer. Average values for tree diameter at breast height (tree size) and arboreal height were
calculated by measuring a total of five trees located at the center and at the four cardinal points
of the bird count station (30 m from the center of the count station). Time since last
anthropogenic disturbance represented the number of days that have passed since human
activities impacted the area surrounding the point count station. This information was provided
by forestry technicians and community members according to the current and historical territorial
management plans.

To detect changes across our study area (i.e. differences among land uses), we focused
exclusively on habitat variables with relatively high variability among land uses, in such a way
that high values were representative of one type of land use and low values were representative
of another contrasting type of land use. Variables that were relatively constant across land uses
were not appropriate for our occupancy analysis because they could not reflect ecological
differences among land uses. In addition, we excluded variables that were highly correlated (i.e.
r> 0.6, r <-0.6). As a result, we reduced the number of habitat characteristics that we used in
our analyses to four: average tree diameter at breast height (DBH), percent shrub cover (SC),
time since last anthropogenic disturbance (TIME), and tree species richness (TSR) (Table 1).
Highest levels of DBH and TIME were distinctive of conservation forests and selective forestry

management plots, whereas lowest values of these two habitat characteristics corresponded to
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intensive forestry management plots and urban-cropfield areas. TSR was highest in selective
forestry management plots, conservation forests, and urban-cropfield areas, whereas it was
lowest within intensive forestry management plots. Maximum values of SC occurred in
reforestation areas and intensive forestry management plots, whereas minimum values were
found in urban-cropfield areas (Table 1). We must notice here that the high values of SC that we
observed in intensive forestry management plots were due to the propagation of an invasive fern

(Pteridium sp.).

Bird surveys and study species

We established a total of 151 point count stations to survey birds during the winter (January-
February) of 2017. Stations were separated by a minimum distance of 200 m to ensure
independent counts (Bibby et al. 2000). Point count stations were distributed throughout the
study area proportionally to the surface covered by each type of land use (i.e. a spatially-
balanced sampling design; Stevens & Olsen 2004). As a result, 48 stations were located in SM,
38in U-C, 30in C, 25 in FS, 7 in RE, and 3 in IM. We conducted 10-min fixed-radius (30 m)
point counts to survey birds during a four-hour period that began at sunrise (Ralph et al. 1993).
To appropriately estimate detection probabilities for our study species, each point count was
surveyed during six consecutive occasions, where three independent observers simultaneously
counted all individuals seen or heard (MacKenzie ef al. 2003, Mackenzie & Royle 2005, Ruiz-
Gutiérrez & Zipkin 2011). Observers were previously trained on identification of local birds. We
randomly altered the visitation sequence to each observation site to avoid biases due to diurnal
patterns in bird activity. Repeated surveys at each point count station allowed us to construct

detection histories for each species, in which we denoted a detection at a particular site as 1 and a

10
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non-detection as 0. Thus, the resulting data for each site was a vector of six elements (one for
each survey occasion) with a particular combination of 1’s and 0’s depending on when the
species was detected by the observers. Then, all detection histories were translated into
probabilistic arguments and, based on maximum likelihood routines, we estimated detection and
occupancy probabilities (for more details see MacKenzie et al. 2006).

We recorded a total of 18 species of wood-warblers during our surveys. However, we
only modeled occupancy probabilities for nine species due to sample size restrictions. Four of
these species were year-round resident wood-warblers (i.e. Crescent-chested Warbler —
Oreothlypis superciliosa, Golden-browed Warbler — Basileuterus belli, Red Warbler —
Cardellina rubra, Slate-throated Whitestart — Myioborus miniatus), whereas five of these species
were Nearctic migrants (i.e. Orange-crowned Warbler — Leiothlypis celata, Audubon's Warbler —
Setophaga auduboni, Townsend's Warbler — Sefophaga townsendi, Hermit Warbler — Setophaga
occidentalis, Wilson's Warbler — Cardellina pusilla). Only the Red Warbler is endemic to the

Mexican highlands (Berlanga et al. 2015).

Data analysis

We implemented conditional two-species occupancy models that incorporate environmental
covariates (Richmond et al. 2010) to examine co-occurrence of wood-warblers across the study
area. Our analysis was conducted in two steps. We began by fitting single-species, single-season
occupancy models (Mackenzie et al. 2002, MacKenzie et al. 2006) to the detection histories of
each resident and migratory species. In these models, both occupancy () and detection (p)
probabilities were estimated as functions of habitat characteristics (Supporting Online

Information Table S1). For this purpose, we used generalized linear models with logit link
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function to model each parameter (occupancy/detectability) as a linear function of habitat
covariates (MacKenzie ef al. 2006). This enabled us to identify the particular covariates that
were strongly associated with occupancy and detection probabilities of each resident and each
migratory species, as well as to reduce the number of candidate models to be considered in the
conditional two-species parameterization.

We modeled  and p using the R package “unmarked” (Fiske & Chandler 2011). Before
fitting models, we standardized our four relevant covariates (i.e. DBH, SC, TIME, TSR) to a
mean of zero and variance of one. The candidate model set was constructed with the R package
“MuMIn” (Barton 2016). Particularly, we modeled p as a function of DBH and SC because our
ability to detect birds was likely lower in sites with larger trees and exuberant shrub cover, as
opposed to areas with smaller trees and less shrub cover where our visibility was better. We
modeled v as a function of DBH, SC, TSR, and TIME because these environmental traits
represent ecologically relevant variables that may influence habitat use by wood-warblers. We
excluded interactions between variables to avoid overparameterization and to facilitate
interpretation of results. However, we considered models with additive (non-interactive) effects
of variables. For each species, we fitted a total of 64 competing models. This set of single-
species models included intercept-only models, in which y, p, or both were unaffected by any of
the environmental covariates. Model selection was based on the second-order Akaike's
Information Criterion (AICc) as well as on Akaike weights (w), which are estimates of the
relative support for each model in the data (Burnham & Anderson 2002). For each habitat trait
we calculated a model-averaged regression coefficient, which is a weighted average of the effect
of each variable that accounts for the relative support of each competing model (i.e. Akaike

weights served as weighting factor). For each species and for each parameter (\y and p), we
12
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selected the habitat trait (or traits) with a model-averaged regression coefficient whose 95%
confidence interval excluded zero (Table 2).

In the second step of our analysis, we built a set of conditional two-species models to test
if the presence of either migratory or other resident wood-warblers influenced the occupancy of
resident wood-warblers. Particularly, we paired each migratory and resident species with every
resident species and applied conditional two-species models to each pair of species (n = 32
combinations) in order to identify differential outcomes among pairs (Supporting Online
Information Table S2). These models assume that both occupancy and detection probabilities of
resident species (defined as “subordinate species” - B) depend on the occurrence of other
resident or migratory species (defined as “dominant species” - A) (Richmond ef al. 2010).
Therefore, each pair of species consisted of one species denoted as A, which was either a
migratory or another resident species that we assumed affected the occupancy of the other
species in the pair, and one species denoted as B, which was always a resident species whose
occupancy and detectability presumably depended on the other species A.

We used the R package “wiqid” (Meredith 2017) to model the probability of occupancy
of each species A (y*), the probability of occupancy of resident species B where the other
species A was present (yB4), the probability of occupancy of resident species B where the other
species A was absent (\yB?), the probability of detecting species A where resident species B was
absent (p*), the probability of detecting resident species B where species A was absent (pB), the
probability of detecting species A where both species were present (74), the probability of
detecting resident species B where both species were present but species A was not detected
(7B2), and the probability of detecting resident species B where both species were present and

species A was detected (#B4). A graphical representation of these parameters can be found in
13
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Supporting Online Information Fig. S1. All these parameters were modeled as functions of the
habitat covariates that we selected in the first step of our analysis exactly as we did in the single-
species models (i.e. by means of generalized linear models with a logit link function).

The main purpose of fitting two-species occupancy models was to compare the fit of a
model in which yBA was set as equal to B2, thereby assuming that the presence of the species A
does not affect occupancy of the resident species B, against a model in which we estimated
separately yBA and B3, thereby assuming that occupancy of the resident species B differs
between sites where species A is present with respect to sites where it is absent. The former
models are referred here to as “unconditional models™ (denoted as U in Tables 3 and 4) and in
these we estimated a single y® (because B4 = B?). The latter models are referred here to as
“conditional models” (denoted as C in Tables 3 and 4) because occupancy of the resident species
B depends on the presence (yB4) or absence (yB?) of the species A (Richmond et al. 2010). In
addition, we also compared the fit of models in which detection probabilities depend on the
presence of the other species in the pair (estimating both p and r) against models in which
detection is not affected by the presence or absence of the other species (setting p as equal to r).
We also fitted models in which we estimated a single B (setting 7BA as equal to #B?), thereby
assuming that detection of the resident species B in sites where species A is present, is not
affected by detection of such species A.

In summary, we implemented 12 two-species occupancy models for each pair of species
(six unconditional models + six conditional models) to test if the presence of a particular species
A (migratory or resident) influenced the occupancy of a particular species B (a resident species).
We must notice here that in all six unconditional models B = B4 = B2, whereas in all six

conditional models yBA = B2 Thus, in each case the six models differed in the detection
14
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parameters being affected or not by the presence and detection of the other species in the pair

(i.e. in the p and r parameters). Again here, model selection was performed based on the second-
order Akaike's Information Criterion (AICc) (Burnham & Anderson 2002). In cases where
conditional models had stronger support than unconditional models according to AICc, we
generated predictive curves for the pairs of species in which we detected spatial interactions.
These curves allowed us to compare the effect of habitat traits on the probability of occurrence of
resident species B between sites where species A was present (yBA) and sites where species A
was absent (yB2). The R script that we used to implement occupancy models is available in

Supporting Online Information Appendix S1.

RESULTS
Our single-species models revealed positive effects of two environmental traits on the occupancy
of two resident species (Table 2). Occupancy of both Golden-browed and Red Warblers
increased as shrub cover (SC) increased. In addition, occupancy of the Red Warbler was also
positively affected by average size of trees (DBH). The other two resident species were
unaffected by any of the four environmental traits. In contrast, we detected opposite patterns in
the migratory species. SC and DBH had negative effects on the occupancy probabilities of the
Audubon's and Wilson’s Warblers, respectively (Table 2). Time since anthropogenic disturbance
(TIME) had a stronger negative effect on the occupancy of the migratory Orange-crowned
Warbler. The other two migratory species were unaffected by environmental traits (Table 2).

In six out of the 20 pairs of species (30%) that consisted of one migratory species
affecting a resident species, conditional models had stronger support than unconditional models

(i.e. in these cases all unconditional models differed by more than 2 AICc units from the top
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model; Table 3). These apparent effects of migratory species occurred in only two of the four
resident species (Crescent-chested Warbler and Slate-throated Whitestart). Occupancy of these
two resident wood-warblers was unaffected by any of our four environmental covariates (Table
2). Thus, we simply compared their average occupancy between sites where the migratory
species was present and sites where it was absent (Fig. 1). Occupancy of the Crescent-chested
Warbler was clearly affected by three migratory species of wood-warblers as indicated by non-
overlapping confidence intervals for B4 and B2 (Fig. 1a, b, ¢). In these three cases, yB* was
higher than B2, indicating a positive effect of the presence of these migratory species on the
occupancy of the Crescent-chested Warbler. In the other three of the six migratory-resident pairs
in which conditional models had stronger support than unconditional models (two of which
involved the resident Slate-throated Whitestart and the other involved again the resident
Crescent-chested Warbler; Table 3), the confidence intervals for yBA and B2 overlapped each
other and, thus, evidence of an effect of the migratory species on the occupancy of the resident
species was not as clear (Fig. 1d, e, f). However, in these three cases, the maximum-likelihood
estimate of yBA was also higher than that of y®2, In the remaining 14 pairs of migratory and
resident species, the unconditional models had stronger or similar support as conditional models
(AAICc < 2; Table 3). Therefore, in these 14 migratory-resident pairs we found no clear effects
of the migratory species.

In contrast, in all but one of the resident-resident pairs of species (11 out of 12 pairs) the
conditional models had stronger support than unconditional models (Table 4). The only
exception was the Slate-throated Whitestart potentially affecting occupancy of the Golden-
browed Warbler. We present first the results for the two species that were unaffected by

environmental covariates (Crescent-chested Warbler and Slate-throated Whitestart; Table 2).
16
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According to non-overlapping 95% confidence intervals for yBA and B2, occupancy of the
Slate-throated Whitestart was positively affected by the presence of two other resident species
(Fig. 2a, b). In contrast, the potential effect of the Crescent-chested Warbler on the occupancy of
the Slate-throated Whitestart was not as evident (Fig. 2¢). Occupancy of the Crescent-chested
Warbler was also positively affected by two other resident species (Fig. 2d, e), but not by the
Slate-throated Whitestart (Fig. 2f).

With respect to the two resident species that were clearly affected by environmental traits
(Golden-browed Warbler and Red Warbler; Table 2), the predictive curves derived from
conditional models indicated that for most values of the environmental covariates, occupancy of
these two species was higher in the presence of other resident species (Fig. 3). Occupancy of the
Golden-browed Warbler was highest and almost unaffected by shrub cover (SC) in the presence
of two other species of resident wood-warblers (Fig. 3a, b). In contrast, SC had a positive and
relatively strong effect on occupancy of the Golden-browed Warbler only where the other
resident species were absent (Fig. 3a, b). Similarly, occupancy of the Red Warbler was highest
and unaffected by SC in sites where the other three resident species were present (Fig. 3c, d, e).
SC positively affected occupancy of the Red Warbler only in sites where the other resident
species were absent (Fig. 3c, d, e). For most values of average tree size (DBH) occupancy of the
Red Warbler was higher in sites where the other three resident species were present (Fig. 3f, g,
h). Interestingly, the magnitude and direction of the effect of DBH on occupancy of the Red
Warbler differed depending on which was the other resident species A. DBH had a strong
positive effect on the co-occurrence of the Red Warbler with both the Golden-browed Warbler
(Fig. 3f) and the Slate-throated Whitestart (Fig. 3g), and a relatively weak negative effect on the

co-occurrence of the Red Warbler with the Crescent-chested Warbler (Fig. 3h).
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DISCUSSION

In general, we detected spatial co-occurrence among species of wood-warblers. In all cases, the
presence of both migratory and other resident species had a positive influence on the occupancy
probability of resident wood-warblers. Aggregation of species in mixed-species flocks may
explain the observed co-occurrence patterns. Resident wood-warblers may benefit from the
association with other species of wood-warblers because such social behavior improves
efficiency of surveillance activities and enhances detection of food sources (Powell 1985, Ewert
& Askins 1991, O’Donnell et al. 2014). Mixed-species flocks may be even more advantageous
in human-modified landscapes, such as our study area, where disturbances are frequent and
intense and may pose serious threats to wildlife (Fischer & Lindenmayer 2007). Previous studies
have also documented aggregation of different species of wood-warblers in mixed-species flocks
(Cleveland Bent 1953, Dunn & Garrett 1997). However, other studies have found opposite
patterns in which species of wood-warblers compete for food and nesting sites and, thus, tend to
avoid each other (Ficken ef al. 1968, Confer et al. 2003).

Co-occurrence was more evident among all four resident species than with migrants. This
result provides support for our hypothesis that suggests positive associations between different
species of resident wood-warblers. Presumably, resident species would prefer to conform mixed
flocks with other residents because they share relevant information that they gather all year
round about resources and potential threats (Forsman et al. 2007). In contrast, we detected fewer
associations between resident and migratory wood-warblers and all these associations were
positive, indicating that the arrival of migratory species does not have a negative impact on

resident wood-warblers, but instead some of these migrants also participate in mixed-species
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flocks. This result fails to support our hypothesis that suggests negative effects of migratory
species on the habitat use of resident wood-warblers, and is opposite to findings on other bird
groups that indicate that the arrival of migrants has some negative effects on resident birds
(Ahola et al. 2007, Bensusan et al. 2011).

Few cases of co-occurrence between migratory and resident species may be due to
differences in habits and microhabitat preferences. Migratory species usually exhibit generalist
diets and intense foraging activities that allow them to meet the severe energetic demands
imposed by migration (Moore & Simm 1985, Lovette & Holmes 1995, Johnson & Sherry 2001),
whereas resident species usually have specialized diets and lower energetic demands (Sherry
1984, Salewski & Jones 2006). Differences in diet and foraging behavior may lead to
microhabitat segregation between migratory and resident species, which in turns limits their
spatial co-occurrence. For example, the resident Red Warbler usually preys on insects that thrive
in the arboreal and shrub components of the vegetation (Dreelin 2014, Schulenberg 2017), which
impedes potential interactions with migratory species that feed on the nectar produced by
understory plants, such as the Orange-crowned Warbler (Gilbert ef al. 2010). Other examples are
the migratory Townsend's and Hermit Warblers, which do not encounter resident species that use
the shrub layer of the forest such as the Golden-browed Warbler (Schulenberg 2017) because
both migratory species strongly depend on the arboreal component of the areas where they spend
the winter (Wright ef al. 1998, Pearson 2013). Also, the solitary habits of some migratory species
and their preference for sparse forests as wintering grounds (e.g. Wilson’s Warbler; Cleveland
Bent 1953) reduce the potential for ecological interactions with more gregarious resident wood-
warblers that depend on denser forests such as the Red Warbler, the Golden-browed Warbler,

and the Slate-throated Whitestart (Dreelin 2014, Schulenberg 2017, Ortega-Alvarez et al. 2018).
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We also hypothesized positive effects of vegetation traits on the occupancy of resident
wood-warblers. The observed effects of environmental traits were partially consistent with this
hypothesis (Table 2). Both the Golden-browed and Red Warblers preferred sites with dense
shrub cover and the latter species also occupied sites with larger trees. However, occupancy of
the two other resident species (Crescent-chested Warbler and Slate-throated Whitestart) was
apparently unaffected by the vegetation traits that we considered, which was an unexpected
result. Also, tree species richness did not affect any of our species (migratory and resident) even
though this environmental trait influences positively the occurrence of many species of birds,
including wood-warblers (Gil-Tena et al. 2007, Ortega-Alvarez et al. 2018). In contrast, our
environmental variables had negative effects on the occupancy of three of the five migratory
species of wood-warblers (Table 2). Occupancy of the Orange-crowned, Audubon's and
Wilson’s Warblers was higher in sites that were recently disturbed, with sparse shrub cover, and
with small trees, respectively. These opposite effects of environmental traits between resident
and migratory wood-warblers indicate differences in habitat preferences that in turn help to
explain why we only observed few cases of spatial co-occurrence between migratory and
resident species. In fact, previous studies have shown that migratory wood-warblers frequently
use sites with high levels of anthropogenic disturbance (e.g. urban-cropfield areas), whereas
resident wood-warblers depend more on forested areas (Ortega-Alvarez et al. 2018, Archer et al.
2019).

One of the environmental traits clearly facilitated the co-occurrence among resident
wood-warblers. Specifically, average tree size had a strong positive effect on the probability of
co-occurrence of the Red Warbler with two other resident species (Golden-browed Warbler and

Slate-throated Whitestart; Fig. 3f, g). Thus, these species are more likely to co-occur in sites with
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large trees. Larger trees increase the heterogeneity of the forest structure (Manning ef al. 2006,
Regnery et al. 2013), which in turn increases refuges, food sources, perch, and nesting sites.
Apparently, such higher resource availability allows the co-occurrence of different species of
wood-warblers. In addition, increased habitat complexity also provides benefits to other species
that may prey on wood-warblers (e.g. forest-falcons and hawks; Anderson 2006, Carrete ef al.
2009). Such increased predation risk also promotes the formation of mixed-species flocks, which
optimizes surveillance activities (Powell 1985, Ewert & Askins 1991). Interestingly, shrub cover
had positive effects on the occupancy of two resident species (Golden-browed and Red
Warblers), but only in the absence of other species (Fig. 3a, b, c, d, e). The co-occurrence of
these two species with other resident wood-warblers was independent of differences among sites
in the amount of shrub cover. This result indicates that the refuges and food resources provided
by shrubs (Pons ef al. 2003, Diaz 2006, McElhinny ef al. 2006) are crucial only when other
closely related species are absent.

Our results highlight the dependence of resident wood-warblers on wooded areas, which
makes them vulnerable to drastic habitat transformations. Resident wood-warblers are sensitive
to anthropogenic alteration of ecosystems because of their specialized habits (Sherry 1984,
Salewski & Jones 2006). Across our study landscape, conservation forests represent a key land
use for these species. However, commercial activities that maintain the forest structure, such as
selective forestry management, may still promote the presence of these birds, because some
species are tolerant to moderate levels of anthropogenic disturbance (e.g. Slate-throated
Whitestart; Johnels & Cuadros 1986). In contrast, other human activities, such as intensive
forestry management, can have severe negative effects on resident wood-warblers and, therefore,

must receive special attention because most of the habitat characteristics that positively influence
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the occurrence of these birds (large trees and shrubs) are removed from this type of land use.
Increasing native shrub cover and the presence of large trees will benefit resident wood-warblers,
even in urban and cropfield areas. In addition, design and implementation of conservation plans
for resident wood-warblers in the Neotropics must take into account the positive interactions that
we detected among different species, because their co-occurrence is likely crucial to cope with
novel and dynamic environments, such as working landscapes. We have also demonstrated that
migratory wood-warblers may interact positively with closely related resident species and, thus,
actions directed to preserve these migratory birds in both their breeding and wintering grounds,
as well as across their migratory routes, will have positive effects on the conservation of

Neotropical resident wood-warblers.
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FIGURE LEGENDS
Figure 1. Occupancy probability of resident species of wood-warblers (\yB) given the presence
(BA) or absence (Ba) of migratory species of wood-warblers. Migratory species are denoted as A

and resident species are denoted as B. Error bars represent 95% confidence intervals.

Figure 2. Occupancy probability of resident species of wood warblers (y?) given the presence
(BA) or absence (Ba) of other species of resident wood-warblers. Each resident-resident pair
consisted of one species denoted as A, which we assumed affected the occupancy of the other

species in the pair, denoted as B. Error bars represent 95% confidence intervals.

Figure 3. Predicted relationships between habitat characteristics and occupancy probability of
resident wood-warblers (yB) given the presence (BA, gray lines) or absence (Ba, black lines) of
other resident species. Each resident-resident pair consisted of one species denoted as A, which we
assumed affected the occupancy of the other species in the pair, denoted as B. Dotted lines

represent 95% confidence intervals.
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DISCUSION GENERAL

Evidencia a favor de las hipotesis de esta investigacion

De acuerdo con la hipotesis general planteada en la seccion introductoria de esta investigacion,
pude constatar que, en términos absolutos, el manejo forestal selectivo favorece a las especies
residentes dependientes de bosque. Las probabilidades de ocupacion y colonizacion de este
grupo de aves, asi como la diversidad y la proporcion de sus conductas criticas, fueron
mayores en los sitios de manejo forestal selectivo, lo cual es muy similar a lo que acontece en
los bosques de conservacion. Esto podria sugerir que los sitios de manejo forestal selectivo
estan siendo exitosos en mantener la continuidad ecoldgica entre las dareas bajo
aprovechamiento y los bosques de conservacion (Fischer y Lindenmayer 2006, Yap et al.
2007).

Por otro lado, las practicas de aprovechamiento forestal intensivo resultaron perjudiciales
para las aves residentes dependientes del bosque. Esto es evidente dado que la ocupacion, la
colonizacion, la diversidad y la proporcion de conductas criticas de este tipo de aves
disminuyeron dréasticamente ante los escenarios de habitat producidos por los sitios de manejo
forestal intensivo. Asi, esta practica promueve cambios drasticos de las caracteristicas del
bosque a nivel local que impiden que las aves puedan hacer uso de las areas destinadas a este
tipo de manejo (Ortega-Alvarez et al. 2018a). A pesar de esto, aiin es necesario evaluar el
impacto del manejo forestal intensivo considerando los planes de ordenamiento territorial de
las comunidades a una escala regional, dado que la superficie impactada por este tipo de
practica de aprovechamiento forestal es reducida y no necesariamente podria representar una
amenaza grave para la biodiversidad a una escala mas pequeia.

Los sitios urbano-agricolas fueron ampliamente utilizados por especies granivoras y
migratorias. En particular, las especies granivoras pudieron verse favorecidas por estos tipos
de uso del suelo principalmente porque generan una elevada cantidad de semillas, como
producto de la presencia de hierbas efimeras y cultivos anuales (Calvifio-Cancela 2006, Davis
et al. 2015). La elevada ocupacién y diversidad conductual exhibida por las especies
migratorias en estos usos del suelo podria estar mayormente relacionada con su necesidad de
obtener muchos recursos energéticos para realizar los movimientos migratorios que
determinan su sobrevivencia (Moore y Simm 1985). Esto denota su marcada flexibilidad
conductual durante el ciclo migratorio, ya que por el contrario en los sitios de reproduccion

prefieren hacer uso de sitios boscosos menos perturbados (Archer et al. 2019).
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Con respecto a los andlisis de interacciones ecologicas es importante sefialar que,
contrariamente a lo esperado, no observé patrones de competencia entre las especies
analizadas. En mayor medida esto podria deberse a que las especies presentan diferencias de
habitos y preferencias de habitat que disminuyen la probabilidad de que este tipo de
interacciones ocurran, al menos para el grupo de especies de aves evaluadas. Por el contrario,
la congregacion de especies resultd ser sumamente relevante para los chipes, principalmente
entre especies residentes. Asi, la formacion de parvadas de especies mixtas resulta clave para
el uso de las areas boscosas por parte de este grupo de aves (Powell 1985, Ewert y Askins
1991). A continuacion desglosaré y discutiré con mayor detalle las particularidades de los

resultados obtenidos para cada uno de los capitulos que integran este trabajo.

El paisaje multifuncional y la ocupacion de las aves

El propésito principal del Capitulo I fue analizar la relacion entre las propiedades del hébitat y
las probabilidades de ocupacion de diversos grupos de aves de la region, con la finalidad de
evaluar el impacto de los diferentes usos del suelo (i.e., practicas productivas de extraccion de
madera) sobre las aves. Los resultados asociados a este apartado sefialan que la cobertura
arbustiva impactd positivamente la probabilidad de ocupacién de multiples especies de aves
en el paisaje de estudio, seguida por el tamafio de los arboles, la riqueza arborea y el tiempo
desde el disturbio antropogénico. La marcada importancia de la cobertura arbustiva para las
aves de la region podria estar relacionada con la gran cantidad de recursos de refugio, forrajeo
y nidificacion que las aves encuentran en los arbustos (Pons et al. 2003, Diaz 2006,
McElhinny et al. 2006, Dominguez-Lopez y Ortega-Alvarez 2014).

De acuerdo a lo esperado, la direccion de las relaciones (i.e., positiva vs. negativa) entre
la probabilidad de ocupacion y las caracteristicas de hdbitat estuvo asociada al estatus de
residencia de las especies y su afinidad a las areas urbano-agricolas; no obstante, es
importante destacar que la riqueza arbdrea fue la unica variable que influy6 positivamente a
todos los grupos de aves, por lo que debe ser considerada como una caracteristica clave para
la conservacion de la avifauna de la region. El aumento en la variedad de tipos de arboles
podria estar relacionado con un incremento en la heterogeneidad ecosistémica, lo cual
favorece la variabilidad de recursos que pueden ser aprovechados por diversos grupos
taxonémicos de aves (MacGregor-Fors et al. 2009). Dado que el bienestar econémico y social

de las comunidades locales depende ampliamente de las actividades forestales (Chapela 2008),
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sugiero a los tomadores de decisiones de la comunidad que consideren preservar altos valores
de riqueza arborea en el paisaje, especialmente en aquellos sitios donde realizan actividades
de aprovechamiento forestal. Esto podria lograrse a través de la diversificacion de las especies
vegetales arboreas cultivadas en los viveros locales y su uso en las acciones de reforestacion
desarrolladas por las comunidades.

En general, las probabilidades de ocupacion de las especies migratorias y dependientes de
sitios urbano-agricolas exhibieron relaciones negativas con las caracteristicas de la vegetacion
evaluadas. Asi, estos grupos de aves se vieron favorecidos principalmente por sitios que
exhibieron valores de cobertura arbustiva bajos, arboles de tamafio reducido y frecuentes
eventos de disturbio antropogénico, condiciones encontradas mayormente en sitios
urbano-agricolas. Posiblemente estos tipos de uso del suelo resulten benéficos para las
especies migratorias debido a que proveen grandes cantidades de alimento en escenarios
donde la presion de depredacion se ha visto reducida (Dhindsa y Saini 1994, Chace y Walsh
2006). La accesibilidad a grandes cantidades de alimento resulta especialmente relevante para
las especies migratorias ya que requieren de una alta inversién energética para realizar su
travesia migratoria (Stillman y Goss-Custard 2002). Este patron provee evidencia de que las
especies migratorias cambian sus preferencias de habitat en los sitios de migracion invernal,
dado que en los sitios de reproduccion son menos tolerantes al disturbio antropogénico,
adquieren habitos mas especializados y prefieren hacer uso de bosques conservados (Dunn y
Garrett 1997, Archer et al. 2019).

Los resultados de este capitulo muestran que los bosques conservados y los sitios de
manejo forestal selectivo presentan caracteristicas de habitat que promueven la ocupacion de
las aves residentes dependientes de bosque. De esta manera, el manejo forestal selectivo es
una practica productiva con tintes de sustentabilidad ecoldgica que deberia ser promovida en
la region ya que permite que se mantenga la estructura del bosque. Por el contrario, el manejo
forestal intensivo resultd ser una actividad productiva perjudicial a escala local para la
ocupacion de las aves dependientes de bosque debido a que altera drasticamente las
condiciones biofisicas de las areas aprovechadas. Por ello, las comunidades locales deberan
ser cautelosas al emplear este tipo de manejo forestal si desean mantener una alta ocupacion
de aves residentes en la zona. En lo particular, seria recomendable evaluar el efecto del
nimero, de la superficie y de la distribucion de las parcelas de manejo intensivo sobre las aves,
para promover la creacion de este tipo de parcelas en cantidades, tamafos y arreglos
espaciales que simultdneamente minimicen el impacto sobre las aves y aporten beneficios

econdomicos a las comunidades. Asimismo, es necesario poner atencion especial en las
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parcelas de reforestacion puesto que, si bien presentaron altos valores de cobertura arbustiva,
estos se dieron gracias a la propagacion del helecho invasor Pteridium sp., mismo que deberia
ser controlado para promover el repoblamiento de especies arbustivas locales y preservar la
estructura y composicion de los bosques locales. Con el fin de promover la presencia de aves
de bosque en el paisaje de estudio, es crucial mantener altos valores de cobertura arbustiva,

asi como arboles de gran tamafio, al interior de todos los usos del suelo.

Procesos de colonizacion y extincion local de especies focales

En el Capitulo II identifiqué aquellas propiedades del habitat que influyeron sobre la dindmica
de la ocupacion de especies de aves focales, caracterizadas por ser dependientes de bosque,
presentar diversas preferencias ecologicas, distribuciones restringidas o altos valores de
vulnerabilidad. Si bien los resultados fueron variables dependiendo de la especie en cuestion,
la cobertura arbustiva, el tamafio de los arboles y la riqueza arbérea fueron determinantes en
el incremento de sus probabilidades de colonizacion. De hecho, la probabilidad de
colonizacion de la mayoria de las especies estudiadas exhibi6é una relacion positiva con la
cobertura arbustiva. La cobertura arbustiva podria estar jugando un papel relevante para la
dindmica de la ocupacién de este tipo de especies debido a que ofrece recursos clave para las
aves (e.g., alimentacion, refugio, nidificacion) (Watson et al. 2011, Smith et al. 2013), pero
que a su vez son cambiantes a lo largo y ancho del paisaje como producto de las alteraciones
provocadas por las actividades antropogénicas y los procesos de sucesion ecologica que
ocurren en la regioén (Amoros y Wade 1996, Ortega-Alvarez et al. 2018a). De esta manera, el
manejo del componente arbustivo del paisaje es clave para promover los procesos de
colonizacidn de las poblaciones de aves en las que se tiene un interés especial por protegerlas.

El tamaino de los arboles fue importante para promover la probabilidad de colonizacion
de especies de aves con alta afinidad arborea. Esta caracteristica de la vegetacion podria
fungir como factor clave durante el proceso de seleccion de habitat para las especies de aves
dependientes de arboles, ya que el incremento en el tamafio arboreo suele resultar en una
mayor complejidad de sus microhdbitats (Manning et al. 2006, Regnery et al. 2013). La
riqueza arborea unicamente promovid la probabilidad de colonizacion de dos especies:
Myadestes occidentalis 'y Arremon brunneinucha. De forma particular, Myadestes
occidentalis es una especie frugivora que podria buscar la colonizacion de sitios donde la

variedad de arboles es mayor para incrementar su oportunidad de encontrar frutos, los cuales

149



suelen ser efimeros y dificiles de conseguir en bosques templados (Hanya y Aiba 2010). Por
otro lado, el proceso de colonizacion de nuevos sitios podria verse facilitado para Arremon
brunneinucha ante la presencia de una riqueza arbérea alta, ya que la variedad de arboles
promueve una mayor diversidad artropodos, su principal fuente de alimento (Recher et al.
1996).

Ante las situaciones previamente expuestas, las especies estudiadas posiblemente
colonizan habitats mas diversos ya que en ellos podrian incrementar la posibilidad de localizar
una mayor cantidad y variedad de recursos, como alimento, refugios y sitios de percha
(Brotons et al. 2005, Ferger et al. 2014). Asi, el manejo forestal selectivo promueve la
colonizacion de las especies de aves focales al mantener altos niveles de cobertura arbustiva,
arboles de gran tamafo y valores de riqueza arborea elevados. Sin embargo, la remocion total
de la vegetacion resultante a partir del manejo forestal intensivo reduce drasticamente la
probabilidad de que las especies estudiadas utilicen de nueva cuenta los sitios manejados.

Si bien uno de los objetivos particulares de este capitulo era determinar las variables de
habitat que impactan las probabilidades de extincion local de las especies estudiadas, esto fue
unicamente posible para el Zumbador Mexicano (Atthis heloisa), ya que ninguna de las
covariables ambientales consideradas afectd las probabilidades de extincion local de las
demas especies. Esto podria deberse a que el Zumbador Mexicano esta intimamente ligado a
la cobertura arbustiva, pues depende de esta variable para obtener alimento (Ortega-Alvarez et
al. 2018b). Para el resto de las especies serd necesario explorar otro tipo de variables (e.g.,
presencia de especies competidoras, abundancia de recursos alimenticios, ocupacion de
depredadores), medidas a distintas escalas (e.g., micro-habitat, paisaje), para identificar los
factores asociados a los diferentes usos del suelo que impactan sus probabilidades de

extincion local.

Variacion conductual de las aves entre usos del suelo

En el tercer capitulo evalué el impacto de los diferentes usos del suelo que integran el paisaje
multifuncional comunitario sobre las aves por medio del andlisis de sus conductas. En general,
observé que los diferentes grupos de aves evaluados desarrollan conductas distintas entre los
diferentes tipos de usos del suelo muestreados. Esto sugiere que los usos del suelo impactan
de manera diferencial a los distintos grupos aves, asi como a la manera en que estos grupos

utilizan el paisaje comunitario. Por ejemplo, los sitios de manejo selectivo fungieron como
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habitats complementarios a los bosques de conservacion para las especies frugivoras,
insectivoras y residentes dependientes de bosque. Por un lado, esto indica que los grupos de
aves antes mencionados poseen la plasticidad conductual necesaria para adecuarse al uso de
sitios forestales que se encuentran bajo niveles de disturbio antropogénico moderados (Sih
2013, Wong y Candolin 2015). Por otro lado, estos patrones también sugieren que las
actividades de manejo selectivo podrian estar propiciando la continuidad ecoldgica existente
entre los bosques de conservacion y las areas destinadas a este tipo de manejo (Fischer y
Lindenmayer 2006, Yap et al. 2007).

Las especies dependientes de sitios urbano-agricolas y las migratorias fueron poco
capaces de aprovechar sitios boscosos. Esto podria estar relacionado con la dependencia de
ambos grupos de utilizar grandes cantidades de recursos que son mas faciles de localizar en
ambientes sumamente dinamicos y productivos como en el caso de los sitios urbano-agricolas,
aun a pesar de que en estos sitios los disturbios antropogénicos son frecuentes e intensos
(Shochat 2004, Shochat et al. 2006, Lin et al. 2012). Cabe sefialar que las especies migratorias
muestran asi su flexibilidad conductual entre temporadas al utilizar habitats altamente
perturbados durante su permanencia en los sitios de descanso invernal, mientras que prefieren
utilizar habitats conservados durante su estancia en los sitios de reproduccion al norte del
continente (Dunn y Garrett 1997).

Las aves granivoras y nectarivoras utilizaron en mayor medida los sitios urbano-agricolas.
Con respecto a las aves granivoras, esto era lo esperado dado que en los sitios
urbano-agricolas son muy exitosas las especies vegetales herbaceas y efimeras que sostienen
con la abundancia de sus semillas a las aves que se alimentan de granos (Calvifio-Cancela
2006, Davis et al. 2015). Por otro lado, es importante destacar la dependencia que las aves
nectarivoras mostraron hacia los sitios urbano-agricolas durante el verano. Esto posiblemente
se deba a que los recursos alimenticios provistos por plantas ornamentales y cultivos en
floracién sean mayormente atractivos para las aves nectarivoras durante la temporada en que
no dependen de los recursos que proveen los bosques para reproducirse (Binford 1989,
Ortega-Alvarez et al. 2018b).

Con los anélisis realizados en este capitulo pude demostrar que la actividad de manejo
forestal selectivo es muy importante para las aves locales, dado que produce hébitats
complementarios a los de los bosques de conservacion. Su éxito podria deberse en mayor
medida a que promueve la preservacion de la estructura y composicion de los bosques locales,
mismos que son capaces de seguir proveyendo de recursos de alta calidad a las aves

dependientes de bosque (Sallabanks y Arnett 2005, Ortega-Alvarez et al. 2018a). Asi, es
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deseable que el futuro desarrollo de las actividades de manejo forestal en la region contemple
la importancia de generar hdbitats que mantengan la continuidad ecoldgica con los bosques de
conservacion. No obstante, ain es necesario determinar la proporcion del paisaje
multifuncional que deberia ser manejado como bosque de conservacion, ya que este habitat
podria funcionar como “fuente” para las poblaciones de aves dependientes de bosque (Burke

y Nol 2000).

La influencia de las interacciones espaciales sobre la ocupacion de chipes

El objetivo del cuarto capitulo de la tesis fue identificar los factores que determinan la
ocupacion de chipes residentes en el area de estudio, considerando tanto las propiedades del
habitat como la presencia de otras especies de chipes, residentes y migratorias. Los resultados
sugieren que la respuesta de la ocupacion ante la presencia de otros chipes y de las variables
del habitat varia entre especies. De manera general, observé que la presencia de otros chipes
siempre ejerce un efecto positivo sobre la ocupacion de los chipes residentes. Estos patrones
de presencia conjunta podrian estar determinados por la agregacion de las especies en
parvadas mixtas. La asociacion de diferentes especies de chipes en parvadas mixtas podria
resultar benéfico para las especies congregadas al incrementar la eficiencia en la deteccion de
recursos y depredadores (Powell 1985, Ewert y Askins 1991, O’Donnell et al. 2014). No
obstante, los patrones de ocurrencia conjunta fueron mas frecuentes entre especies residentes
que con las especies migratorias. Esto podria deberse a las diferencias en habitos y
preferencias ecoldgicas que existen entre especies residentes y migratorias. Aunque los
resultados sugieren la posibilidad de la presencia de interacciones ecoldgicas entre las
especies analizadas, seria deseable realizar estudios experimentales para proveer mayor
evidencia sobre la existencia de interacciones de tipo mutualista.

En algunos casos pude identificar las variables de héabitat que determinaron la ocupacién
conjunta entre especies de chipes. Los resultados de mi investigaciéon muestran que el tamafo
de los arboles puede influenciar los patrones de coocurrencia de los chipes. El incremento en
el tamafo de los arboles incrementa la heterogeneidad y estructura vertical de los hébitats
boscosos (Manning et al. 2006, Regnery et al. 2013), lo cual no solo beneficiaria a los chipes,
sino también a posibles depredadores que se alimentan de estas aves (e.g., gavilanes, halcones;

Anderson 2006, Carrete et al. 2009). Asi, la asociacion entre especies de chipes no so6lo seria
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favorable para la deteccion de recursos, sino también la de depredadores (Powell 1985, Ewert
y Askins 1991).

En esta parte de la investigacion fue evidente la dependencia de los chipes con respecto a
las areas boscosas. Asi, los bosques de conservacion y el manejo forestal selectivo resultan
clave para la conservacion de este grupo de aves. En cambio, el manejo forestal intensivo
genera efectos negativos sobre la ocupacion y las interacciones que ocurren entre especies de
chipes, al menos a escala local, dado que esta practica elimina aquellas caracteristicas del

habitat que influyen positivamente sobre la ocupacion y la coocurrencia de las especies.

Hacia una perspectiva integral sobre el impacto del manejo forestal sobre las aves y

recomendaciones de manejo asociadas

A lo largo de los capitulos que integran este estudio analicé desde diversos enfoques el efecto
que tienen diferentes usos del suelo sobre las aves, poniendo especial atencion sobre el
impacto ejercido por las actividades forestales comunitarias. Sin embargo, si consideramos los
resultados de los capitulos de manera conjunta, es posible identificar la relevancia de la
cobertura arbustiva para las aves en la region de estudio, dado que fue clave de acuerdo con
los resultados asociados a casi todos los capitulos (a excepcion del Capitulo 1V). La
importancia del sustrato arbustivo para las aves ha sido ampliamente reconocida desde la
perspectiva ecoldgica por investigaciones previas (Pons et al. 2003, Diaz 2006, McElhinny et
al. 2006, Watson et al. 2011, Smith et al. 2013), por lo que este estudio suma evidencia
favorable a dicho patron. Sin embargo, su trascendencia debe ser mayormente remarcada
dentro del quehacer productivo comunitario, dado que las acciones de manejo forestal han
dejado a un lado al sustrato arbustivo y se han enfocado mayormente en el componente
arboreo de los bosques locales. Asi, para encaminar las practicas forestales locales hacia la
sustentabilidad ecoldgica, se debera poner un mayor interés en la preservacion y el manejo del
sustrato arbustivo de los bosques comunitarios que estan bajo aprovechamiento, procurando
mantener altos niveles de cobertura arbustiva y reduciendo la presencia de especies invasoras.

La riqueza arbdrea también resultd ser clave para las aves de la region. En especifico, su
importancia debe ser considerada en las actividades que desarrollan las comunidades para
restaurar las areas destinadas al manejo forestal. Resulta necesario que se considere una
mayor variedad de especies arboreas para reforestar las parcelas manejadas, dado que los

productores locales centran su atencion en recuperar las poblaciones arbdreas de interés
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comercial (i.e., Pinus patula, P. pseudostrobus). Asi, de forma paralela es deseable que los
viveros comunitarios contemplen la generacion de plantulas de otras especies arbdreas nativas
y no comerciales (e.g., Quercus laurina, Q. crassifolia, Persea americana, Symplocos
coccinea, Arbutus xalapensis) para su posterior uso en acciones de reforestacion. De esta
manera, las actividades de restauracion de los sitios manejados deberdn contemplar como
meta final la generacion de parcelas ricas en especies de arboles que se asemejen a los
bosques de conservacion, no sélo con el propdsito de beneficiar a las aves, sino también para
preservar la amplia disponibilidad de recursos naturales y los servicios ecosistémicos
asociados a los bosques de la region.

Entre los resultados de los capitulos de este trabajo también destaca el efecto diferencial
que cada tipo de uso del suelo ejerce sobre las aves. Esto denota la importancia de realizar
evaluaciones ecologicas que consideren los distintos componentes de los paisajes
multifuncionales, puesto que las diferencias registradas entre dichas unidades determinaran su
impacto sobre la biodiversidad y las medidas de manejo necesarias para mitigarlo. En lo que
respecta a las actividades productivas locales, observé que los resultados asociados a los
cuatro capitulos son consistentes: el manejo forestal selectivo es una practica que beneficia a
las aves, mientras que el manejo forestal intensivo ejerce efectos adversos sobre este grupo
animal, particularmente para las especies residentes. El manejo forestal selectivo podria ser
compatible con la conservacion de las aves dado que mantiene la estructura y composicion de
las areas que impacta, procurando asi su continuidad ecologica con los bosques de
conservacion. Asi, el manejo selectivo podria ser considerado como sustentable desde la
perspectiva ecologica. Si bien el manejo forestal intensivo ejerce impactos negativos sobre las
aves, no podemos negar el papel tan importante que juega para la economia local, dado que
los ingresos que genera son mayores que aquellos aportados por el manejo selectivo. De esta
manera, es irreal pensar que las comunidades deban prescindir de esta actividad; no obstante,
es necesario recomendar que este tipo de manejo debe ser desarrollado con cautela y
moderacion, buscando determinar en un futuro préximo la extension, la distribucion y las
medidas de restauracién necesarias que disminuyan el impacto de las parcelas de manejo
forestal intensivo sobre las aves y otros grupos biologicos presentes en la zona. Asi, resulta
ampliamente deseable la evaluacion del impacto del aprovechamiento forestal intensivo sobre
la biodiversidad a una menor escala, considerando los planes de ordenamiento territorial de

las comunidades.
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Sobre el impacto de la integracion comunitaria

La inclusion de los intereses y actores comunitarios en el presente estudio ha resultado
benéfica desde multiples perspectivas. La participacion activa de los actores comunitarios en
los muestreos result6 en la generacion de datos de alta calidad que posibilitaron la realizacion
de andlisis a gran escala espacio-temporal, lo cual suele ser complicado para estudios de porte
ecoldgico. Por otro lado, las actividades y los resultados asociados a este proyecto han sido
compartidos con distintos miembros de la comunidad (e.g., técnicos, trabajadores forestales,
autoridades locales, nifios, publico en general) por medio de reuniones, ponencias, platicas
informales y entrevistas en radios locales. En lo particular, las reuniones y conversaciones
mantenidas con los técnicos locales han propiciado que se considere en mayor medida las
acciones de manejo forestal encaminadas a la manutencién del componente arbustivo de las
areas manejadas, principalmente mediante la reduccion del “aclareo” y el “chaponeo”.
Asimismo, se ha designado a un técnico local para la realizacion de labores de monitoreo de
aves como parte de las acciones de seguimiento que se le da a las actividades forestales en las
comunidades participantes. Finalmente, se tuvo la oportunidad de participar en un libro sobre
manejo forestal dirigido a técnicos forestales de Oaxaca, en el cual se plasmo parte de los
resultados obtenidos en este estudio.

Las capacidades locales creadas por medio de este trabajo en materia de identificacion de
aves también han resultado en la capacitacion de un guia local en materia de aviturismo. De
hecho, en fechas recientes, la comunidad de Capulédlpam de Méndez ha incluido como parte
de sus paquetes de ecoturismo a la observacion de aves, la cual representa una actividad
econdmica importante y en crecimiento en distintas regiones tropicales del mundo
(Sekercioglu 2002). Asimismo, se ha visto incrementado el interés local por las aves, lo cual
se refleja en el desarrollo de festivales locales de aves, gestionados por los miembros de las
comunidades para fomentar el conocimiento y el aprecio por las aves de la region, por medio
de la realizacion de actividades culturales, recreativas y recorridos ludicos de observacion de
aves dirigidos a todos los miembros de la comunidad.

Durante el presente estudio también se recabd material sonoro que ha sido utilizado en
acciones de sensibilizacion ambiental en la region. Especificamente se desarrolld un disco que
compila cantos y llamados de aves que fueron grabados durante la realizacion de los
muestreos (Anexo I). Por medio de estas grabaciones, las comunidades locales han convenido
generar capsulas de radio para informar al publico oyente sobre la variedad de aves que existe

en la region y su importancia ecologica. Estas capsulas pretenden cubrir 160 especies de aves
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de la region y estardn siendo transmitidas por medio de la radio comunitaria a lo largo de un

ano.

CONCLUSIONES GENERALES

Como lo demuestra este estudio, los bosques de conservacion no son el unico tipo de uso del
suelo relevante para la conservacion de la biodiversidad en los paisajes multifuncionales.
Algunos tipos de uso del suelo productivos, como los sitios de manejo forestal selectivo,
también proveen habitats complementarios a los bosques de conservacion que son vitales para
las aves de la region. Asi, es necesario identificar qué usos del suelo son importantes para
diferentes grupos de vida silvestre al interior de otros paisajes multifuncionales con el fin de
promover el desarrollo de actividades productivas sustentables. Los estudios de ocupacion y
de porte conductual resultan de especial interés y deberian recibir mayor atencion para lograr
con ¢éxito esta ultima tarea.

La aproximacion participativa empleada en este estudio para evaluar sistemas productivos
comunitarios y emitir recomendaciones de manejo contextualizadas desde la perspectiva
social y ecologica, muestra un amplio potencial para ser replicada en otras regiones y
promover el desarrollo de paisajes productivos sustentables. Los cientificos y
conservacionistas suelen clamar por la modificacion de las practicas productivas para lograr la
sustentabilidad (Yoccoz et al. 2001). Sin embargo, los productores y tomadores de decisiones
suelen carecer de las herramientas necesarias para evaluar e identificar las actividades
requeridas para promover la conservacion de la biodiversidad. Ademas de identificar las
caracteristicas del habitat que deberian ser consideradas para evaluar y manejar el paisaje de
estudio con el propdsito de incrementar la presencia de las aves, en este trabajo también
presenté un marco metodologico y analitico para realizar este tipo de evaluaciones. Otros
aspectos asociados a la construccion y desarrollo de esquemas participativos para construir
lineamientos de manejo de sistemas productivos estan puntualizados en el Anexo II de la
presente tesis. El punto de inicio seria construir con las comunidades los objetivos del estudio,
incluirlas en los muestreos e involucrarlas en la identificacion de las variables de habitat que
podrian ser relevantes tanto ecoldgica como productivamente para el grupo biologico de
estudio. Posteriormente serd necesario modelar las respuestas de los grupos bioldgicos ante
los impactos que generan las actividades productivas locales. Esto brinda herramientas

practicas y tangibles para los productores y tomadores de decisiones que podrian facilitarles la
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identificacion de los lineamientos de manejo del paisaje. La investigacion futura en el ambito
local podria encaminarse a evaluar el resultado de las decisiones tomadas por los productores
locales, con miras a establecer un plan de manejo del tipo adaptativo (Allen et al. 2011).
Considero que es fundamental desarrollar aproximaciones de porte local que consideren
las condiciones politicas, bioldgicas, econdmicas, sociales, culturales y geograficas locales
con miras a desarrollar recomendaciones y lineamientos de manejo que sean justos, adecuados
y efectivos para las practicas productivas comunitarias. Si bien la ciencia participativa esta en
auge (Booney et al. 2009, Miller-Rushing et al. 2012), aun hace falta desarrollar proyectos
que realmente integren las necesidades, visiones y capacidades locales a los objetivos de este
tipo de proyectos. Asimismo, es critico utilizar los datos recabados a partir de proyectos de
ciencia participativa para resolver preguntas cientificas puntuales. Por medio de este estudio
pude brindar resultados robustos y empiricos mediante el uso de datos de ciencia participativa
para informar sobre la sustentabilidad de sistemas productivos comunitarios. Este tipo de
aproximacion podria ser adaptada a otras regiones del mundo en donde se realizan précticas
productivas diferentes a las forestales. Finalmente considero que es necesaria una mayor
participacion de las comunidades en las labores de investigacion de los paisajes
multifuncionales comunitarios, los cuales son el nucleo social y productivo de muchos paises

megadiversos y en desarrollo.
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ANEXO 1



Anexo 1. Caratula del disco donde se recopilaron las grabaciones de 244 cantos y llamados
correspondientes a 140 especies de aves que habitan los bosques templados de Sierra Norte,
Oaxaca. Las grabaciones fueron realizadas a lo largo de la realizacion del trabajo de campo

asociado a la presente tesis.
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Resumen

La alimentacién y provisiéon de materias primas a la creciente poblacién mundial imponen retos
enormes para el bienestar humano y la conservacién de la biodiversidad. Frente a estos retos, ha
surgido un debate multidisciplinario en el que se confrontan dos modelos de configuracién territorial
para la producciéon de alimentos y la conservacion. El modelo de separacion territorial (land-spa-
ring) propone intensificar la producciéon agricola industrializada y ubicar en sitios distintos las
zonas para la conservacién. Contrariamente, el modelo de integracién territorial (land-sharing)
considera indeseables los modelos industrializados de produccién y sostiene que las actividades pro-
ductivas primarias y la conservacién son compatibles. Este trabajo revisa las propuestas y criticas
asociadas con ambos modelos y aborda temas analizados de forma insuficiente en el debate. Asimis-
mo, propone un esquema participativo para construir lineamientos de manejo de sistemas producti-
vos. Ningtn modelo por si mismo es suficiente para resolver los retos productivos y de conservacién
dada la complejidad de los sistemas socioecoldgicos; en su lugar, es deseable construir lineamientos
de manejo desde el interior de las comunidades, tomando como base las necesidades, conocimientos
y capacidades de los productores locales, y apoyando su definicién mediante informacién cientifica

sélida. Ello facilitara desarrollar actividades productivas a través de un enfoque de sustentabilidad.
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Palabras clave: actividades productivas, agricultura, sustentabilidad, ciencia participativa, pla-

neacién territorial.

Abstract

Providing food and raw materials for the growing human population raise enormous challenges
for achieving wellbeing and conserving biodiversity. As a result, a multidisciplinary debate has
arisen which compares two models of territorial configuration for food production and conserva-
tion. The land-sparing model seeks to intensify industrialized agricultural production, locating it
in different places from those assigned for biodiversity conservation. Conversely, the land-sharing
model regards industrialized production models as undesirable and holds that primary productive
and conservation activities are compatible. We propose a participatory scheme for developing gui-
delines for managing productive systems. Neither of the models is sufficient in itself for meeting
the productive and conservation challenges of the world, given the complexity of socioecological
systems. Instead, management guidelines for productive activities should be drawn up within
communities, based on the needs, knowledge, and capacities of local producers, and supporting
their definition on robust scientific data. This will facilitate the undertaking of productive activi-

ties using a sustainability approach.

Key words: agriculture, land-sharing, land-sparing, sustainability, participatory science.

La produccion agricola y la conservacion biologica: frentes de una
controversia

La agricultura es una de las actividades productivas de mayor relevancia para la humanidad
(FAO, 2016). Desde hace mas de 10 mil afios, diversas culturas alrededor del mundo han procurado
asegurar el acceso a materias primas y alimentos mediante su produccién y distribucién local, por
medio de la actividad agricola, pecuaria y forestal (Casas et al., 2016). No obstante, tras la Segun-
da Guerra Mundial, emergié el interés por incrementar la produccién alimentaria a escala global,
propiciando el surgimiento de la llamada Revolucion Verde (Jain, 2010). A través de este modelo,
se impulsé el desarrollo de sistemas de riego, el mejoramiento genético de especies vegetales y ani-
males domesticadas destinadas a sistemas de produccién intensiva y el uso de insumos quimicos,
como plaguicidas, fertilizantes y herbicidas, para homogeneizar las condiciones ecolbgicas de los
procesos productivos (Jain, 2010; Shiva, 2016). La Revolucién Verde tuvo éxito al elevar la produc-

ci6n neta de alimentos y materias primas, mas no asi su eficiencia energética, pues los insumos
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energéticos requeridos fueron muy elevados en relacion con la produccion obtenida. Ademas, este
modelo productivo dej6é a su paso impactos socioecondémicos, culturales y ambientales negativos,
los cuales prevalecen y se han exacerbado con el paso del tiempo (para mayor detalle sugerimos
revisar Pimentel, 1996; Matson et al., 1997; Tilman, 1999; Ceccon, 2008; Shiva, 2016).

La Revolucién Verde fue ampliamente cuestionada por los ecélogos debido a sus perjuicios
asociados. Esto propici6 la aparicién de propuestas productivas alternativas a través de disciplinas
hibridas como la agroecologia, principalmente en América Latina (Hecht, 1999; Toledo, 2005; Altie-
ri et al., 2012). No obstante, en 1996, Paul E. Waggoner propuso retomar algunas de las practicas
asociadas con las premisas de la Revolucién Verde y a la “hipétesis de Borlaug” para aumentar la
produccién agricola, pecuaria y forestal, tomando como base el argumento del crecimiento demo-
grafico mundial (Waggoner, 1996; Borlaug, 2007). Sin embargo, tal propuesta mas bien favorecia el
incremento de las ganancias de las empresas productoras de semillas e insumos para la agricultura
y ganaderia modernas, intimamente relacionadas con la utilizaciéon de herbicidas y plaguicidas, los
cuales crean una dependencia progresiva de los productores hacia estas tecnologias (Altieri, 2001;
Damian y Ramirez, 2008). La propuesta de Waggoner fue retomada en el afio 2005 por Green y cola-
boradores (2005), en gran parte debido a la inconformidad en torno al apoyo otorgado a los sistemas

amigables para la vida silvestre en Europa (Balmford et al., 2005; Green et al., 2005).

En tal contexto se concibié el modelo de ordenamiento territorial de “separacién de tierras”
(land-sparing, en inglés; también conocido como “divergente”), el cual propone dividir espacial-
mente las areas destinadas a la produccién de alimentos y materias primas de aquellas superficies
relevantes para la conservacién de la biodiversidad (Balmford et al., 2005; Green et al., 2005; Pha-
lan et al., 2014). De forma paralela, este modelo impulsa la intensificacién industrializada de los
sistemas agricolas, pecuarios y forestales, con el fin de aumentar su productividad, suponiendo asi
la reduccion de la superficie necesaria para la agricultura y manteniendo o incluso incrementando
el area disponible para la conservacion de la vida silvestre (Waggoner, 1996; Balmford et al., 2005;
Balmford et al., 2012). Ademas, el modelo de separacién territorial propone restringir el acceso
humano a los territorios destinados a la conservacién biolégica por medio de estrictas regulaciones

gubernamentales (Balmford et al., 2012).

El planteamiento de separar el uso de suelo agricola de las areas de conservacién biolégica
resulté en la aparicion de una contrapropuesta: el modelo de “integracion de tierras” (land-sha-
ring, por su nombre en inglés; también conocido como “convergente”) (Fischer et al., 2008; Perfecto
y Vandermeer, 2010, 2012), el cual sostiene que los limites entre areas en uso y conservadas son di-
fusos, lo mismo que las interacciones entre los elementos componentes de ambos tipos de sistemas,

las funciones, los procesos y los flujos de materia y energia. Consecuentemente, se ha propuesto
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que el desarrollo de la agricultura, la ganaderia y el aprovechamiento forestal son inseparables
de las acciones destinadas a la conservacion bioldgica, dado que los sistemas productivos organi-
cos, agroecolégicos tradicionales y la forma de vida rural de los pequenos productores son capaces
de mantener altos niveles de biodiversidad, al mismo tiempo que producen altos rendimientos y
cubren la mayor proporcién de las areas de produccion en el mundo (Altieri, 2004; Vandermeer y
Perfecto, 2005; Fischer et al., 2011). El debate resultante entre ambos modelos ha sido polémico y

algido, manteniéndose vigente hasta la actualidad.

La revisién del estado del arte sobre el debate entre los modelos de separacion e integraciéon
territorial, asi como la valoracién de ambos modelos desde diversos enfoques disciplinarios, han
nutrido conceptualmente la polémica entre ambas propuestas. En el presente trabajo se revisan
las principales premisas de los dos modelos y las criticas asociadas al debate, y se profundiza en
el analisis de temas fundamentales que han sido abordados de manera superficial por trabajos
previos, brindando nuevas perspectivas sobre tan controvertida dicotomia tedrica y politica. Final-
mente, se sugieren herramientas potencialmente utiles para el diagndstico, monitoreo y manejo
de practicas agricolas, pecuarias y forestales, asi como de otras actividades productivas que in-
volucran el aprovechamiento de la biodiversidad y los procesos ecosistémicos. Se espera que este
trabajo propicie la reflexién sobre el desarrollo de las practicas productivas actuales y se fomente
su desarrollo con una perspectiva sustentable, incluyendo tanto el bienestar social acorde con la

diversidad biocultural, como la conservacién de la biodiversidad y los ecosistemas.

Entre producir y conservar: el debate entre separacion e integracion
territorial

El debate entre los modelos de separacion e integracion territorial parte del dilema de cémo incre-
mentar sostenidamente la produccién agricola, pecuaria y forestal, a la par de conservar —e inclu-
so recuperar— la biodiversidad y los ecosistemas deteriorados o perdidos en los tltimos siglos de
actividad humana. Este debate ha recibido mucha atencién, particularmente en la ultima década.
Existen trabajos excelentes que revisan desde la perspectiva ecolégica (Grau et al., 2013; Kremen,
2015; Goulart et al., 2016), econémica (Goulart et al., 2016), politica (Grau et al., 2013; Kremen,
2015), social (Kremen, 2015) y de uso de suelo (von Wehrden et al., 2014) las posibles ventajas y
limitantes de ambos modelos. Tomando en cuenta las revisiones anteriores, asi como los trabajos
que han abordado el tema, en el Cuadro 1 se compilan las principales criticas que se consideran

clave para comprender y abordar el debate.
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Cuadro 1. Principales criticas dirigidas hacia los modelos de
separacion e integracion territorial

Propuesta Campo Critica principal Referencia

(Fischer et al., 2011;
Wright et al., 2012; Tschar-
ntke et al., 2012; Herzog y
Schiepp, 2013)

Estrategia simplista para abordar el tema

(Harvey et al., 2008; Fisch-
Los modelos tedricos que la sustentan son poco |er et al., 2011; Perfecto y
realistas Vandermeer, 2010, 2012;
Goulart et al., 2016)

General

Faltan estudios empiricos para sustentar sus (Perfecto y Vandermeer,

beneficios 2010)
Es incongruente con la mayoria de los estudios |(Perfecto y Vandermeer,
existentes 2010)

No es necesario producir més, sino incrementar | (Goulart et al., 2016)

Los sistemas organicos, agroecolégicos y tradi- |(Perfecto y Vandermeer,

-§ la eficiencia en la produccion

'g Sistemas organicos, agroecologicos y tradicio- | (Perfecto y Vandermeer,
5 nales producen més que los industrializados 2010)

S

wn

Agronomia cionales son maés eficientes que los industriali- |2010)
zados

Ignora la importancia de los servicios ecosisté- | (Perfecto y Vandermeer,

micos para la produccién agricola 2010)
Mide la produccién de monocultivos y no la de | (Perfecto y Vandermeer,
policultivos 2010)

Olvida la importancia de la diversidad alimen- | (Fischer et al., 2008; Basse-
taria, poniendo en riesgo la calidad nutricional |tt, 2010)

Alimentacién |ofrecida a la poblacién
Los cultivos que considera no estan destinados |(Kremen, 2015)

a cubrir la demanda local

La industrializacion produce problemas am- (Goulart et al., 2016)
Ambiental bientales mayores de los que resuelve
El impacto ambiental es regional, no local (Herzog y Schiiepp, 2013)
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Critica principal

No considera la dindmica de las metapobla-

ciones

Sociedad
Ambiente

Referencia

(Vandermeer y Perfecto,
2005)

La industrializacion afecta negativamente las

interacciones ecoldgicas

(von Wehrden et al., 2014)

Las especies asociadas a la agricultura se
veran afectadas por el abandono e industriali-

zacion de las tierras agricolas

(Herzog y Schiiepp, 2013)

Las especies prioritarias para la conservacién
necesitan de la matriz agricola, ya que no per-
maneceran confinadas a los espacios destinados

a la conservacion

(Ekroos et al., 2016)

La propuesta esta fuera de contexto ecolégico

(Perfecto y Vandermeer,
2010)

La diversidad bioldégica y la complejidad estruc-
tural es mayor en los sistemas de produccion
organicos, agroecoldgicos y tradicionales que en

los industriales

(Fischer et al., 2008; Gou-
lart et al., 2016)

Propicia la vulnerabilidad de los sistemas agri-
colas ante el cambio climatico

(Goulart et al., 2016)

Carece de evidencia clara de que promueva la

conservacion biolégica

(Kremen, 2015)

Propuesta Campo

Ecologia

‘\.

-~

<

S

N

S

A

Q

=]

S

=]

%

0
Economia

El incremento en la produccién provocara la
caida de precios y afectard en mayor medida a

los productores locales

(Perfecto y Vandermeer,
2010)

La industrializaciéon promueve sistemas agrico-

las poco adaptables a cambios econémicos

(Fischer et al., 2008)

Afectaria al productor local y beneficiaria a

empresas privadas y multinacionales

(Kremen, 2015)

Ignora la injerencia de subsidios gubernamen-

tales sobre la produccién y el mercado

(Goulart et al., 2016)

Podria generar oligopolios, desigualdad econé-

mica y acaparamiento de tierras

(Goulart et al., 2016)

La mecanizacién productiva disminuira el na-

mero de empleos locales

(Kremen, 2015)
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Campo Critica principal Referencia
La industrializaciéon no ha resuelto los pro- (Goulart et al., 2016)
. . blemas productivos mundiales y ha provocado

Historia . . .
conflictos sociales y ambientales de mayor
envergadura
No repara en los efectos de la globalizacion (Grau et al., 2013)
sobre las pautas de mercado
Es ajena a cuestiones relacionadas con la dina- | (Grau et al., 2013)
mica de la oferta y la demanda
Promueve competencia desleal entre producto- |(Kremen, 2015)
res

Hilereaste Incrementar la produccién provoca el aumen- | (Fischer et al., 2014; Kre-
to en la demanda, lo cual incentiva la presién | men, 2015; Goulart et al.,
para expandir la frontera agricola y reduce la | 2016)
superficie destinada a la conservaciéon — “Para-
doja de Jevon”
No considera patrones de consumo (Grau et al., 2013)
Para acabar con el hambre se necesita redistri- | (Perfecto y Vandermeer,
buir las tierras agricolas, no industrializar la | 2010)
produccién
Ignora las deficiencias de las politicas ambien- |(Kremen, 2015)
tales y productivas prevalecientes en los paises
en vias de desarrollo

Politica No reflexiona sobre las politicas nacionales e (Grau et al., 2013)
internacionales
Sus efectos positivos locales podrian provocar |(Goulart et al., 2016)
efectos negativos de mayor envergadura sobre
regiones distantes - “efecto de fuga”
No valora cuestiones relacionadas con la tenen- | (Scariot, 2013)
cia de la tierra
No se enfoca en mejorar el bienestar humano (Bennett, 2017)

Sociedad de manera general

La propuesta no toma en cuenta los contextos
sociales en los que se desarrolla

(Perfecto y Vandermeer,
2010; Ekroos et al., 2016)
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Sociedad
Ambiente

Propuesta Campo Critica principal Referencia
La efectividad de las practicas agricolas para (Kremen, 2015)
General preservar la biodiversidad o mitigar su impacto
sobre el ambiente no ha sido evaluada con rigor
No se ha cuantificado con detalle la productivi- |(Phalan et al., 2011a)
dad de este tipo de sistemas
La intensidad de manejo evaluada por el mode- | (Phalan et al., 2011b)
Agronomia . .
lo de integracion es poco clara
Los sistemas industrializados son mas produc- |(Green et al., 2005; Balm-
tivos que los organicos ford et al., 2012)
Faltan estudios empiricos para sustentar los (Phalan et al., 2011a)
beneficios de la propuesta
;§ Los estudios que la respaldan no evalian siste- | (Phalan et al., 2011a)
§ mas de referencia
% Los parametros biolégicos evaluados por los (Phalan et al., 2011a,
E Ecologia estudios que la sustentan son inadecuados 2011b)
La biodiversidad es mayor en sistemas de pro- |(Phalan et al., 2011b)
duccién intensivos que en organicos
Las superficies destinadas a la conservacién (Kremen, 2015)
son reducidas, por lo que no satisfacen los re-
querimientos biolégicos de las especies
El apoyo econémico brindado a los sistemas (Balmford et al., 2005;
, agricolas amigables con la vida silvestre es Green et al., 2005)
Economia . .
alto, cuando su produccion es baja y poco efi-
ciente
. Sus beneficios sociales no han sido cuantifica- | (Phalan et al., 2011a)
Sociedad ]
dos con solidez
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Sociedad
Ambiente

Propuesta Campo

General

Rubén Ortega-Alvarez, Alejandro Casas, 19
Fernanda Figueroa y Luis Antonio Sanchez-Gonzéalez

Critica principal

Ambas posturas abordan problemas complejos

desde perspectivas simplistas

Referencia

(Virapongse et al., 2016)

Existe ambigliedad en la terminologia emplea-
da

(Kremen, 2015)

Ofrecen una discusién tedrica que resulta poco
practica y que se basa en poca evidencia cuanti-

tativa

(Garnett et al., 2013; von
Wehrden et al., 2014; Kre-
men, 2015)

Agronomia

No consideran la gran diversidad de paisajes

agricolas que existen en el mundo

(Fischer et al., 2008)

Ambas

Ecologia

Faltan estudios para sustentar las propuestas

(Balmford et al., 2012; Kre-
men, 2015)

No consideran la heterogeneidad ambiental de

forma adecuada

(Grau et al., 2013)

Las escalas espaciales y temporales que las
sustentan son inadecuadas

(von Wehrden et al., 2014;
Kremen, 2015)

Sus sistemas de referencia son inadecuados o

inexplorados

(Kremen, 2015)

Los analisis empleados y las interpretaciones

realizadas son deficientes

(Kremen, 2015)

No han considerado a detalle la teoria de meta-

poblaciones

(Kremen, 2015)

Los estudios se basan en unos cuantos grupos

taxon6émicos

(von Wehrden et al., 2014;
Kremen, 2015)

La investigacién ha sido realizada en habitats

y ecosistemas particulares

(von Wehrden et al., 2014;
Kremen, 2015)

Los parametros ecoldégicos evaluados son inade-

cuados o insuficientes

(von Wehrden et al., 2014;
Kremen, 2015)

Los estudios no consideran historias de manejo,

asi como interacciones ecologicas o sociales

(von Wehrden et al., 2014)

Los muestreos presentan sesgos importantes

(von Wehrden et al., 2014)

Economia

La controversia es dicotémica, simplista y poco

practica

(Salles y Zanella, 2014)

Mercado

No es necesario producir mas, sino distribuir

mejor

(Bennett, 2017)

Fuente: elaboracién propia.

Nota: Se especifica la propuesta, el campo del conocimiento relacionado con la critica sefialada, la idea general que sustenta la critica
expuesta y las principales referencias que la sostienen. Si bien algunas criticas podrian recaer en mas de uno de los campos incluidos,
se optd por clasificar cada argumento en donde fue mencionado por primera vez o donde podria tener mayores implicaciones asociadas.
La categoria “General” no se refiere a ningin campo del conocimiento en particular.
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Existe una amplia discusién sobre la factibilidad de una y otra propuesta, y son relativamente
numerosos los trabajos relacionados explicitamente con el tema (i.e., 109 articulos cientificos en-
contrados). Sin embargo, son pocos los estudios que han evaluado especificamente y con evidencia
experimental la viabilidad de estas propuestas (~30 trabajos; von Wehrden et al., 2014; Kremen,
2015). Debido a lo anterior, el debate se ha considerado como un ejercicio tedrico, apoyado por un
limitado nimero de trabajos empiricos y con escasas aportaciones para la toma de decisiones en
el mundo real (Fischer et al., 2014; Bennett, 2017). Ademas, diversas fuentes de analisis indican
que incrementar la produccion de alimentos no resuelve el problema del hambre y la crisis global
de los sistemas alimentarios, ya que en estos influyen de manera mas contundente otros aspectos
socioecondémicos y politicos (Charry y Contreras-Ibanez, 2015).

Para la FAO y numerosos autores, el problema principal de la seguridad alimentaria no
es la produccién de alimentos, sino su adecuada distribucién, la capacidad de la poblacién para
acceder a ellos en funcién del empleo, los factores asociados a la pobreza, el contexto de salud,
educacion, agua y la disponibilidad de otros recursos que se requieren junto con los alimentos para
garantizarla (Grau et al., 2013). Por otro lado, también resulta necesario evaluar la viabilidad y
eficacia de implementacién de cada modelo en contextos locales diversos (Phalan et al., 2011b), lo
cual seria de gran utilidad para nutrir la teoria asociada a cada modelo y determinar su viabilidad

a escalas mayores.

Ante la disyuntiva vinculada a este conflicto tedrico, la postura de la comunidad cientifica
se ha dividido (Ramankutty y Rhemtulla, 2012; Phalan et al., 2014; Edwards et al., 2015), pero
para algunos, el debate se ha estancado (Bennett, 2017) y recomiendan buscar alternativas holis-
ticas con base en enfoques socioecoldgicos (Fischer et al., 2014). Algunas propuestas intermedias
sostienen que los modelos pueden ser complementarios entre si (Fischer et al., 2008; Scariot, 2013)
y sugieren el desarrollo de modelos hibridos en los cuales se priorice la intensificacién sustentable
de las tierras de produccion agricola (Garnett et al., 2013). No obstante, aun existen pocas alter-
nativas para resolver los conflictos reales asociados al debate (Fischer et al., 2014) y ciertos puntos
importantes han sido poco explorados. A continuacién, se exponen algunos elementos complemen-
tarios para la discusién que pueden resultar de utilidad para delinear estrategias de investigacion
y de accién para avanzar en el debate. Se abordan cuestiones socioculturales, éticas, histéricas,
socioecoldgicas, productivas, acerca del bienestar colectivo, la conservacién biolégica, la restaura-
cién ecolbgica y sobre la elaboracion de pautas de manejo de sistemas productivos a través de una

aproximacion comunitaria participativa.
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Homogeneizando un mundo altamente heterogéneo

La controversia entre los modelos de integracién y separacién territorial se ha centrado en una
cuestion clave: heterogeneidad versus homogeneidad. La disyuntiva esta implicita en los resulta-
dos que se pretenden (e.g., policultivos o monocultivos, paisajes multifuncionales o paisajes mono-
productivos, dietas variadas o uniformes, sistemas ricos o pobres en interacciones biolégicas, entre
otros aspectos). A pesar de que ambos modelos adolecen de la capacidad de considerar la amplia
heterogeneidad de situaciones y necesidades que prevalecen en el mundo (Fischer et al., 2011;
Wright et al., 2012), el modelo de separacion territorial es mas restrictivo y limitado al respecto.
Posturas como esta tltima son entendibles, aunque no justificables, ante las presiones globaliza-
doras sobre naciones, comunidades e individuos (Lee y Vivarelli, 2006). No obstante, optar por
posiciones, perspectivas y politicas que atentan contra la pluralidad de cualquier orden, podria re-
sultar contraproducente para el bienestar social y ambiental de un mundo altamente heterogéneo
(Garcia, 2008; Hirsch et al., 2011; Kymlicka, 2012).

Etica y procesos sociopoliticos

Las disciplinas desde las que se analiza la factibilidad de la separacién o la integracion territorial
han sido multiples, pero insuficientes. Dados los diferentes ambitos de la vida humana relaciona-
dos con el debate, es imprescindible contemplar sus bases filoséficas. En particular, resulta necesa-
rio analizar con detenimiento las implicaciones éticas y epistemoldgicas que tienen las transforma-
ciones sociopoliticas favorecidas por ambas perspectivas en los contextos socioecoldgicos actuales
y futuros. Por ejemplo, en términos éticos, bajo la perspectiva del modelo separatista, merecen un
analisis profundo sus implicaciones sociales, pues su propuesta de conservacién niega el acceso a
los recursos a los duefios originales de las tierras, fomenta la coercion gubernamental y facilita la
usurpacion de terrenos (Balmford et al., 2012). También es conveniente analizar detalladamente
las implicaciones de anteponer la productividad agricola al bienestar social y ambiental (Matson y
Vitousek, 2006), y a las recomendaciones que favorecen intereses particulares por encima del bien
comun (Kremen, 2015).

Por otra parte, en el debate entre separacion e integracion territorial, se puede cuestionar
el sentido de promover una discusiéon asociada con modelos tedricos que se ajustan pobremente
a los contextos reales (Fischer et al., 2008; Chazdon et al., 2009; Perfecto y Vandermeer, 2010;
Law y Wilson, 2015). También es dudosa la intencién de solucionar problematicas complejas abor-
dandolas de manera simplista y con poca evidencia empirica sobre su viabilidad y funcionalidad
(Cohn et al., 2011; Ramankutty y Rhemtulla, 2012; Chandler et al., 2013) por la formulacién de

recomendaciones descontextualizadas de las enormes implicaciones socioambientales que conlle-
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van (Singh y Narayanan, 2013), y la escasa consideracién de aquellos mayormente implicados en

la polémica: los productores.

Produccion y bienestar colectivo: autonomia, soberania alimentaria,
gobernanza y capital social

Uno de los principales argumentos a favor del modelo separatista es la seguridad alimentaria,
pero entre las criticas destaca que el incremento en la productividad agricola per se no resolvera el
abasto de alimentos y materias primas en el mundo (Fischer et al., 2011; Goulart et al., 2016). Peor
aun, se ha sugerido que las estrategias propuestas por este modelo atentan contra la autonomia y
la soberania alimentaria! de los pueblos y naciones IPES-FOOD, 2016). El proceso de industria-
lizacién agricola, pecuaria y forestal entra en conflicto con la produccion de alimentos y materias
primas que realizan las granjas familiares y los sistemas tradicionales de produccion rural (Altie-
ri, 2001), mismas que han alimentado y abastecido a la mayor parte de la poblacion de los paises
tropicales, megadiversos y en vias de desarrollo (FAO, 2014; Graeub et al., 2016). La necesidad de
adquirir insumos para sostener a los sistemas industrializados (e.g., sistemas de riego, fertilizan-
tes, herbicidas, semillas mejoradas) genera procesos de dependencia y debilita la autonomia de los
agricultores (Altieri, 2001).

Los procesos de dependencia frecuentemente son parte de los principales mecanismos que
activan el fendmeno migratorio para la obtencion de recursos monetarios que permitan solventar
los gastos asociados a tales insumos (Casas et al., 1994). Ademas, el proceso industrial esta dirigi-
do hacia determinados cultivos de interés para los mercados mundiales o nacionales, pero no ne-
cesariamente para la satisfaccién de requerimientos locales. Todo ello incide negativamente sobre
la capacidad de decision del productor acerca de los cultivos que prefiere y necesita (Hecht, 1999;
Altieri, 2001). También se ha demostrado que la industrializacién agricola resulta en sistemas
poco resilientes y adaptables a disturbios naturales, conflictos sociales y variaciones econémicas
(Fischer et al., 2008; Altieri et al., 2012), y son generalmente mas vulnerables ante el cambio cli-
matico (Goulart et al., 2016). Lo anterior provoca incertidumbre con respecto a la disponibilidad
futura de alimentos y otros productos para quienes los producen (Altieri et al., 2012). Por si fuera
poco, la necesidad de realizar elevadas y continuas inversiones para mantener sistemas industria-
lizados (Balmford et al., 2005) resulta poco atractivo y paradojico para aquellas regiones en donde
la carencia de alimentos es parte de su situacion de pobreza. Como resultado, la industrializacion
podria terminar con las preocupaciones alimentarias de actores externos, mas no con las de aque-

llos que padecen directa y drasticamente el problema del hambre.

! La soberania alimentaria es el derecho de los pueblos a definir sus propias politicas agropecuarias, controlar sus sistemas alimenta-
rios, incluyendo la proteccién de sus mercados, recursos naturales y modos de produccién, en contraposicién con la seguridad alimenta-
ria que sé6lo se centra en que se produzcan alimentos suficientes, sin importar como ni dénde (Chapell et al., 2013).
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La cuestién de enfrentar la carencia de alimentos e incrementar la productividad agricola
va mas alla del ambito tecnolégico o de los procesos de industrializacién (Altieri et al., 2012). Es
necesario considerar los factores que influyen en las transformaciones sociales de los paises en
vias de desarrollo, por lo que resulta relevante impulsar no sélo la autonomia y la soberania ali-
mentaria a escala local, sino también la gobernanza participativa y el capital social. Cabe sefalar
que ninguno de estos factores de primera importancia es considerado por el modelo de separacién
territorial, mientras que todos ellos son reconocidos por el modelo de integracién y son elementos
centrales para el diseno, desde las comunidades rurales, de estrategias contextualizadas y cohe-

rentes con la propia realidad de los productores y de sus diversos socioecosistemas.

El modelo de separacion territorial es pobre en su capacidad de inclusién social, mientras
que el de integracion contempla ampliamente la participacién comunitaria. Esta diferencia entre
modelos es clave, dado que, en gran parte de los paises tropicales, megadiversos y en vias de desa-
rrollo, las comunidades rurales e indigenas poseen o manejan las tierras destinadas a la agricul-
tura, mismas que generalmente son relevantes por su biodiversidad (WWF, 2000; ConaBio, 2006;
Boege, 2008; Pretty et al., 2009). Por ello, es indispensable la participacién de los productores y
poseedores de la tierra para desarrollar estrategias de manejo del territorio que sean utiles en el
mejoramiento de las pautas de produccién agricola y de conservaciéon biolégica (Little, 1994; Orte-
ga-Alvarez et al., 2018).

Asimismo, los esquemas de gobernanza ambiental incluyente y la existencia de capital social séli-
do resultan fundamentales para lograr el ordenamiento territorial y el manejo ambiental (Kloos-
ter, 2002; Merino y Martinez, 2014). De esta manera, es primordial vincular politicas publicas
orientadas al fortalecimiento de la gobernanza ambiental participativa y del capital social de las
comunidades, y simultdneamente construir estrategias politicas, administrativas y sociales enfo-
cadas en mejorar las actividades agricolas y de conservacién de la biodiversidad (Charry y Con-
treras-Ibanez, 2015). Como consecuencia, el debate entre la separacién e integracién territorial
deberia incorporar las perspectivas de todos los actores sociales involucrados, brindando atencién

especial a los productores y a las comunidades rurales.

Orbitando el Tercer mundo: el debate desde el enfoque de los paises
desarrollados

El debate entre separacion e integracién territorial es de especial importancia para los paises
tropicales, megadiversos y en vias de desarrollo, dada la alta biodiversidad que alojan. No obstan-
te, es relevante también para otras naciones del mundo, como para los paises desarrollados que

poseen grandes reservorios de agua a escala planetaria (por ejemplo, Canada), o para regiones al
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norte y sur de los trépicos que presentan una diversidad biocultural importante (por ejemplo, Es-
tados Unidos de América, Rusia). La produccion agricola industrializada no es desconocida para
los paises en vias de desarrollo, como tampoco la produccion agroforestal tradicional es ajena a los
paises industrializados. No obstante, el impulso del modelo de separaciéon puede asociarse particu-

larmente con intereses y visiones de los paises desarrollados.

Por décadas, el avance de la agricultura industrializada a escala global y en las regiones
con alta biodiversidad ha causado mas estragos que beneficios, tanto en materia agricola como en
el ambito nutricional, ecoldgico, social, econémico y politico (Mattison y Norris, 2005; Calle Collado
et al., 2013; Habel et al., 2015; Goulart et al., 2016). Parte de estos procesos se encuentran inti-
mamente ligados a la estrategia de satisfacer el confort y bienestar de los paises desarrollados a
costa de deteriorar los ecosistemas de los paises en desarrollo, pasando por alto las perspectivas y
necesidades regionales. La prevalencia de los intereses extranjeros sobre los locales no ha sido ex-
clusiva de la produccién agricola, sino que se ha extendido a casi todas las actividades productivas,
industriales y de expulsién de residuos téxicos, remontandose incluso al pasado colonial (Galeano,
1972; Ceccon y Pérez, 2016).

La adopciéon de un modelo de separacién territorial en los paises en vias de desarrollo se tor-
na controvertida debido a multiples factores socioecolégicos. Por un lado, implica descontextualizar
y homogeneizar la agricultura en los paises tropicales bajo un proceso industrial, con tintes coloni-
zadores que podrian generar nuevos problemas y exacerbar los ya existentes en dichos paises. En el
caso de América Latina, la propuesta de separacion territorial abrazaria los objetivos y necesidades
de una sola visién del mundo, cuando la mayor parte de la regién es marcadamente multicultural
(Stavenhagen, 2002). Hasta cierto punto, el modelo de integracion considera el contexto social aso-
ciado a las actividades agricolas que se desarrollan en estos paises (Fischer et al., 2011), mientras
que el modelo separatista pareciera ignorar la heterogeneidad cultural y biolégica inherente a las

naciones megadiversas, asi como la complejidad de su historia y realidad contemporanea.

Como en otras regiones del mundo, la produccién agricola en América Latina es realizada
principalmente por familias y comunidades, mismas que suelen verse afectadas por la industria-
lizacion (Altieri, 2001). La suplantaciéon de policultivos por monocultivos haria necesario el gasto
econdémico, la dependencia tecnolédgica y el incremento en la demanda de energéticos fosiles para
adquirir y transportar los productos agricolas que nutren a la poblacién (Grau et al., 2013). La
superficie agricola a escala regional es vasta, por lo que resultaria costosa su intensificacién (se
recomienda considerar los impedimentos para lograr la intensificacion agricola aiin para una re-
gién menos heterogénea como Europa; Herzog y Schiiepp, 2013). Este esquema de ordenamiento

territorial, ademas, podria dirigir la produccién hacia bienes agricolas mayormente utiles para los
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paises desarrollados, asi como promover oligopolios, competencia desleal entre productores y acapa-
ramiento de tierras (Mattison y Norris, 2005; Habel et al., 2015; Kremen, 2015; Goulart et al., 2016).

Por otro lado, el capital humano, el desarrollo tecnolégico y los mecanismos de regulacién
necesarios para revertir los dafios ocasionados por las practicas intensivas (Green et al., 2005)
serian insuficientes. La migracién de la poblacién rural hacia las ciudades como producto de la
industrializacién (Perfecto y Vandermeer, 2010) podria agudizar los problemas regionales relacio-
nados con la expansiéon urbana (Hardoy et al., 2006). La prevalencia de instituciones y politicas
productivas y ambientales deficientes, aunadas a los altos niveles de corrupcion, favorecerian a
los monopolios, las empresas transnacionales, la disolucién de los sistemas locales de organizacién

social y la propia expansion de la frontera agricola (Calle Collado et al., 2013; Kremen, 2015).

La atencién del debate se ha centrado en como aumentar la productividad agropecuaria y
cémo mejorar los mecanismos de conservacién de ecosistemas en los paises en vias de desarrollo.
Sin embargo, es fundamental analizar la influencia de los paises desarrollados sobre esta misma
problematica, tanto en los paises en desarrollo como en los paises industrializados. Por ejemplo, si
bien el crecimiento de la superficie boscosa ha sido un logro importante en los paises desarrollados,
esto ha ocurrido a costa de la exportacion de problemas hacia otras regiones del mundo (Goulart
et al., 2016). Por otro lado, las pautas de consumo, asi como las politicas econémicas y mercantiles
que son esenciales en la produccion de bienes y conservacion de recursos naturales (Bassett, 2010;
Altieri et al., 2012), son impuestas por los paises desarrollados. A pesar de ello, los analisis y atn

las propuestas para modificarlas han sido limitados.

Considerando una perspectiva histérica, es necesario valorar si los modelos territoriales
propuestos desde realidades e intereses externos son adecuados para los paises en vias de desa-
rrollo. De hecho, poco se ha mencionado sobre el derecho legitimo de estos paises, o de los propios
pueblos, para proponer, evaluar y decidir sobre la gestién de su territorio. La disputa entre la se-
paracion e integracién territorial surgié y se ha desarrollado en gran medida desde el enfoque de
los paises desarrollados. Histéricamente estos paises han definido de forma auténoma sus pautas
de manejo productivo y de conservacion biolégica, sin haber sido necesariamente eficaces. Aunque
el interés por la conservacion biolégica a nivel mundial es legitimo, el respeto de la soberania de

cada pueblo para optar por aquello que considera méas conveniente para su desarrollo es innegable.

Por ello, la premisa de la soberania debe anteponerse como base de las regulaciones de
uso y manejo territorial. Debido a la complejidad biolégica y cultural del mundo subdesarrollado,
posiblemente el modelo de separaciéon territorial sea muy poco adecuado para la mayoria de sus
escenarios. Si bien el modelo de integracién territorial pareciera ser mas conveniente para los

paises subdesarrollados con alta biodiversidad, atin es necesario ponerlo a prueba en los diferen-
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tes entornos locales, puesto que no todas las condiciones biofisicas o socioculturales facilitaran su
implementacién. Como consecuencia, consideramos que seria mas provechoso definir modelos con-
textualizados con base en esquemas participativos que resulten utiles de acuerdo con los objetivos,

necesidades y capacidades locales.

Paisajes tradicionales... (qué estamos olvidando?

Los sistemas tradicionales son aquellos desarrollados y perfeccionados a través del conocimiento
local, indigena y campesino (Altieri, 2001). La produccién agricola no es el inico objetivo que persi-
guen los sistemas tradicionales; representan paisajes multifuncionales en los que se llevan a cabo
diferentes actividades culturales, extractivas, de recuperaciéon ambiental y de conservacion biolé-
gica (Gonzalez-Cruz et al., 2015). Culturalmente representan formas diversas de estar en el mun-
do y de interactuar con él (Ulloa, 2015). En términos de manejo, este tipo de sistemas desarrolla el
uso de multiples especies, por lo que se disminuye la presion de aprovechamiento monoespecifica y
se incrementa la variedad de recursos disponibles (Altieri, 2001; Toledo, 2005). Asimismo, la com-
pleja dinamica de manejo que los caracteriza favorece la heterogeneidad ambiental, taxonémica y
sucesional, de forma que comtUnmente propicia la presencia de mayor diversidad biolégica que los
sistemas naturales aledanos (Gonzalez-Cruz et al., 2015). Ademas, brindan autonomia y soberania
alimentaria, propiciando la complementariedad de recursos para el bienestar humano y la preser-
vacion de la biodiversidad (Altieri, 2001, 2004).

La prevalencia de este tipo de sistemas es fundamental para el mundo. Su existencia se
relaciona estrechamente con la diversidad cultural y biolégica caracteristica de muchos paises
megadiversos, donde son incluso los principales abastecedores de alimentos y materias primas
(Boege, 2008). Ademas, son fuente inagotable de conocimiento pragmatico que podria ser adaptado
a contextos locales variados (Altieri, 2004). La articulacién de todos estos elementos (conocimien-
to, practicas, biodiversidad) mediante los procesos culturales que definen una forma particular de
estar en el mundo, constituye y mantiene el patrimonio biocultural (Boege, 2008; cEMDA, 2017). A
pesar de su importancia, su preservacion esta en riesgo. Las politicas econdmicas, sociales y de
mercado prevalecientes ponen en clara desventaja a los sistemas tradicionales con respecto a los
industrializados, mientras que la expansién misma del desarrollo industrializado pone en riesgo
la continuidad de los sistemas tradicionales (Altieri et al., 2012; IPES-FOOD, 2016).

El desplazamiento de sistemas agricolas, pecuarios y forestales tradicionales por los sis-
temas industrializados involucran un proceso de erosién de conocimientos y técnicas sumamente
valiosos que, a diferencia de los recursos genéticos, no cuentan con bancos o almacenes de resguar-

do (Benz et al., 2000). Como consecuencia, resulta urgente documentar, inventariar y sistematizar
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los sistemas tradicionales para incrementar nuestro entendimiento sobre ellos (von Wehrden et
al., 2014), asi como impulsar politicas y generar las condiciones socioeconémicas que fomenten su
continuidad e innovacion, con directrices que favorezcan la sustentabilidad de los sistemas produc-
tivos (Brown y Kothari, 2011). Parte importante de las exigencias actuales y futuras relacionadas
con la alimentacién, el bienestar social y la conservacién de la biodiversidad podrian resolverse
a través de los sistemas tradicionales, sin recurrir a la implementacion de un modelo territorial

descontextualizado y controversial, como el de separacion territorial.

La conservacion de la biodiversidad, un desafio multifactorial

La conservacion biolégica es central en el debate entre los modelos de ordenamiento territorial;
sin embargo, se ha dedicado una mayor atencién a la producciéon agricola. La mayor parte de la
discusién concerniente a la conservacion biolégica sélo aborda cuestiones ecolégicas relacionadas
particularmente con la ecologia de paisaje y la biogeografia de islas, lo que hace necesario profun-

dizar en el tema.

El modelo de integracién territorial postula que las actividades de conservacién pueden
realizarse sin excluir la actividad humana, siempre y cuando ésta promueva la conformacién de
matrices amigables para la biodiversidad (Perfecto y Vandermeer, 2010); mientras que el modelo
de separacién propone designar sitios de intervencién intensiva y sitios de conservacion restringi-
dos a la interferencia humana, con base en mecanismos de coercién (Balmford et al., 2012). Este
ultimo esquema de conservacién emula el sistema de parques nacionales y el de reservaciones
indigenas concebido en Estados Unidos de América, que se popularizé a nivel mundial (West et
al., 2006), pero cuya implementacién en paises tropicales ha originado serias consecuencias y
conflictos sociales, afectando tanto a la biodiversidad como a la poblacion local (West et al., 2006;
Wolff, 2015).

Los esquemas de conservacion excluyentes son practicos en ausencia de poblacién local que
dependa de los ecosistemas como base material de subsistencia, bajo una regulacion gubernamental
eficiente, o bien cuando las tierras pertenecen al Estado o son privadas. Sin embargo, esto no sucede
en la mayoria de los paises tropicales, donde los gobiernos suelen tener problemas para vigilar y
administrar las areas naturales protegidas, y donde la poblacién rural, usualmente empobrecida,
depende de los recursos naturales para su subsistencia (Wilshusen et al., 2002; Ortega-Alvarez et
al., 2017). Ademas, los sitios altamente biodiversos son propiedad de comunidades rurales e indi-
genas (CONABIO, 2006); esto no es una coincidencia, pues las comunidades indigenas han sido alta-

mente eficientes en la generacion y proteccién de sitios biolégicamente diversos, ricos en especies
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de interés para la conservacion y claves para la sucesién ecoldgica (Gonzalez-Cruz et al., 2015). En
gran medida, esto ocurre gracias a un ordenamiento territorial eficaz, un conocimiento preciso del
medio y el desarrollo de sistemas socioecolégicos multifuncionales sumamente complejos (Boya
Busquet, 2008; Casas y Parra, 2016). En estos sistemas, la importancia de las areas destinadas
para la conservacién va mas alla de la biodiversidad que alojan, pues representan espacios de in-
terés politico, cultural, econémico, productivo y de regulacién social, vitales para el bienestar local
(Beltran Costa et al., 2008; Martin et al., 2011). Por ende, en lugar de desplazar a la poblacién local
so pretexto de asegurar la conservacién bioldgica, es necesario fortalecer y fomentar estos esque-

mas de conservacién comunitaria.

Sin duda, es esencial proteger y conservar a las especies que estan es riesgo de desaparecer.
Sin embargo, hacerlo a través de la restriccion del uso y acceso a los espacios naturales es una es-
trategia simplista y aplicable en pocos lugares del mundo (Stephens, 2015). Dado que el discurso
ambientalista puede obedecer a intereses particulares de orden social, mercantil y politico (Bel-
tran Costa et al., 2008), es necesario evaluar detenidamente aquellos modelos conservacionistas
previamente a su promocion y ejecucion. La legitimidad de las propuestas de conservacién debe
basarse en las necesidades, beneficios, practicas, creencias y visiones locales, ya que la imposicion
de areas protegidas frecuentemente promueve la injusticia social y repercute negativamente sobre
estos mismos espacios (Boya Busquet, 2008). La conservacién biolégica efectiva depende amplia-
mente de un conocimiento ecolégico preciso, de la inclusién social, del fomento al desarrollo social
y de politicas que consideren el contexto econémico, cultural y social local (Boya Busquet, 2008;
Crespin y Garcia-Villalta, 2014).

Restauracion ecolégica: un gran dilema por resolver

El tema de la restauracion ecolégica ha sido poco abordado por el modelo de integracion territorial,
mas es clave para el de separaciéon (Balmford et al., 2012; Phalan et al., 2014). Sin embargo, su
incorporacion en el discurso separatista ha sido superficial y fundamentalmente tedrica, sin con-
siderar la complejidad y naturaleza practica distintivas de esta disciplina (SER, 2004), asi como
las dificultades que enfrenta su implementacion en los paises en desarrollo. Por ejemplo, los costos
econémicos requeridos para desarrollarla suelen ser muy altos; el presupuesto para llevarla a cabo
es escaso; su representacién en la legislacion ambiental es pobre, controversial o deficiente; la es-
cala temporal necesaria para la consecucién de resultados normalmente es amplia, mientras que
las acciones de seguimiento, asi como el apoyo administrativo, politico y social, suelen ser breves;
la cantidad de especialistas y practicantes es precaria; la investigacion multidisciplinaria local,

fuente y soporte tedrico de las actividades de restauracién, es insuficiente; y la escala espacial en
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la cual se desarrolla es reducida (Carabias et al., 2007; Aronson et al., 2011; Murcia y Guariguata,
2014; Ceccon y Pérez, 2016).

Mas alla de las dificultades regionales para llevar a cabo acciones de restauraciéon ecoldgi-
ca, es imprescindible considerar que restaurar sitios supone conflictos practicos y epistemolégicos
importantes. Como ejemplo, se puede mencionar que los sistemas en proceso de restauracién no
suelen seguir las trayectorias de restauracién deseadas (Suding et al., 2004), los sistemas de re-
ferencia no siempre son evidentes (SER, 2004) y los sistemas perturbados pueden verse inmersos
en dinamicas de estados y transiciones, por lo que es necesaria la implementacién de costosas y
complicadas acciones de restauracién (Suding et al., 2004). Finalmente, el modelo de separacién
territorial ignora y suprime uno de los factores de mayor relevancia para la restauracion ecolégica:
la participacion social (Ceccon y Pérez, 2016). Antes que elucidar los medios necesarios para lograr
restaurar los sistemas degradados, es prioritario invertir en la modificacion de las actividades pro-

ductivas para minimizar su impacto negativo sobre la sociedad y el ambiente.

Con los pies en la tierra: el caso mexicano

La aplicabilidad de los modelos de integracién y separaciéon requiere de la reflexién e investigacién
tomando como base territorios concretos y sus condiciones. En México, la alta diversidad biol6gica
y cultural deriva, en parte, de su compleja historia sociocultural y de la enorme heterogeneidad
de sus condiciones ambientales. El reparto agrario en la etapa postrevolucionaria dio lugar a que
mas de la mitad del territorio esté bajo esquemas de control colectivo, a través de ejidos y comu-
nidades agrarias. Actualmente en el pais existe una gran diversidad de estrategias productivas
que van desde sistemas agroindustriales altamente intensivos, orientados hacia la exportacion,
hasta sistemas campesinos de subsistencia con formas tradicionales de producciéon (Anta-Fonseca
y Carabias, 2009; cEMDA, 2017). Entre estos polos, existe un abanico de sistemas que combinan di-
versos usos de técnicas tradicionales y diferentes grados de intensificacién, dada la variacién en las
condiciones ambientales que permiten o no la intensificacién, aunado esto al desarrollo histérico

de las politicas publicas.

Los sistemas intensivos fueron incentivados desde la década de 1960 con los paquetes tec-
nolégicos de la Revolucién Verde y también, recientemente, se les impulso6 con el fin de aumentar la
capacidad competitiva con miras a la liberalizaciéon econémica demandada por el Tratado de Libre
Comercio de América del Norte. Simultaneamente, se dio un retiro abrupto del apoyo del Estado a
la economia campesina de pequena y mediana escala, dificultando enormemente su sobrevivencia,

lo que ha favorecido la migracién, particularmente la internacional. La economia campesina y los
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sistemas tradicionales persisten en amplias regiones del pais, aunque bajo condiciones de produccién
y comercializacién sumamente adversas (Garduio, 2002; Quintana, 2007; Steffen y Tarrio, 2010).

Por su parte, el sector ambiental ha impulsado el aumento creciente de las areas natu-
rales protegidas del pais, particularmente desde la década de 1990, como producto de compromisos
internacionales (Bezaury-Creel y Gutiérrez, 2009). Ambos procesos —favorecer la intensificacion
productiva y conservar areas extensas— parecerian responder a la l6gica del modelo de separacion.
No obstante, la realidad es mas compleja, pues las areas protegidas estan habitadas y, paulatina-
mente, se han ido favoreciendo categorias de manejo que permiten la produccién sustentable en
ciertas zonas. Ademas, se han impulsado diversas herramientas de conservacion al interior de los
nucleos agrarios, como los Programas de Pago por Servicios Ambientales, las Areas Destinadas
Voluntariamente a la Conservacion, o las Unidades de Manejo para la Conservacion de la Vida Sil-
vestre. Todas estas herramientas han derivado en la formacién de areas conservadas de tamafio re-

ducido, pero que en conjunto suman superficies considerables bajo algtin esquema de conservacion.

La evolucién de las politicas publicas agricolas y ambientales, y su interaccién con la gran
diversidad de contextos socioambientales, ha dado lugar a paisajes que, en los hechos, conforman
mosaicos de conservacién y diversas formas de uso de los recursos naturales y de intensificaciéon
productiva. En estos mosaicos, comunidades y organizaciones han logrado desarrollar estrategias
de manejo adecuadas bajo esquemas tradicionales, asi como iniciativas de reconversion tanto en
términos productivos como de conservacién, como los sistemas milperos de la zona maya de Yu-
catan, entre otras regiones del pais, o los sistemas cafetaleros diversificados desarrollados en la
Sierra Norte de Puebla, en alrededor de 410 cooperativas locales socias de la Unién de Cooperativas
Tosepan Titataniske. Muchas de estas iniciativas se construyeron desde las propias comunidades,
acompanadas por asesores académicos o de organizaciones civiles. Algunas de ellas también han
logrado insertarse exitosamente en el mercado a través de alguno de sus multiples productos, como
el café organico o la miel (Toledo et al., 2008; Toledo y Espejel, 2014; cEmDpA, 2017).

Dada esta enorme diversidad y complejidad a lo largo y ancho del pais, resulta mas tutil
pensar en desarrollar esquemas de manejo especifico que, por un lado, impulsen la continuidad,
expansioén y mejora de los sistemas tradicionales y su articulacién exitosa con el mercado, y por otro
lado, que favorezcan mecanismos para que los sistemas intensivos tengan un menor impacto, par-
ticularmente en zonas en las que las condiciones ambientales no permiten la produccién sin cierto
grado de intensificacién. Hay sitios en los que ciertos perfiles productivos son viables y otros en los
que no lo son. Por esta razdén, resulta fundamental el trabajo conjunto de las instituciones guber-
namentales, organizaciones no gubernamentales, académicos y productores en la construcciéon de

lineamientos de manejo altamente contextualizados que permitan la conservacién y la produccién.
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Mas alla de la productividad y la conservacion: pautas de manejo
contextualizadas e incluyentes para la sustentabilidad

El mejoramiento de las practicas productivas para beneficio de la humanidad, sin dejar de lado la
preservacién de la biodiversidad, no es de interés Gnico para la agricultura, por lo que es necesario
trasladar el debate mas alla del ambito de la produccién agricola. De hecho, la polémica entre se-
paracion e integracion territorial ha sido recientemente incorporada en argumentos relacionados
con el manejo forestal (Griscom y Goodman, 2015), 1la pesca (Wolff, 2015) y la urbanizaciéon (Lin y
Fuller, 2013; Stott et al., 2015).

Los lineamientos de produccién y manejo resultan fundamentales para desarrollar siste-
mas productivos que consideren el desarrollo social y la conservacién de la biodiversidad. No obs-
tante, su disponibilidad es escasa en paises tropicales y en vias de desarrollo (European Union,
2011; United Nations, 2016). Si bien existen certificaciones productivas que pretenden fomentar el
desarrollo sustentable, su eficacia es incierta, sus mecanismos de evaluacién son inadecuados, su
impacto local es minimo y no reparan en las necesidades y visiones de los productores (van Kooten
et al., 2005; Vandergeest, 2007; Milder et al., 2015).

Ante esta grave situacién, resulta critico desarrollar lineamientos de manejo de actividades
productivas con bases metodoldgicas solidas, ajustados a los contextos socioecoldgicos locales y
que incluyan a los productores locales (Vandergeest, 2007; Ortega-Alvarez et al., 2018). Los argu-
mentos esgrimidos a lo largo de este trabajo sugieren que, en el contexto de paises en desarrollo y
con gran diversidad biolégica y cultural, altamente heterogéneos, el modelo de integracién ofrece
multiples ventajas. Sin embargo, el modelo debe ajustarse a las condiciones reales en las que se
dan los procesos productivos, lo que probablemente llevara a la producciéon de modelos hibridos,
en distintos grados, que conjunten elementos de la produccion tradicional y la intensificaciéon en

paisajes multifuncionales.

Con base en la experiencia obtenida a través del trabajo con comunidades rurales e indi-
genas en México, en la Caja 1 se propone un esquema disefiado para impulsar la elaboracién, en
conjunto con las comunidades involucradas, de pautas de manejo de sistemas productivos desde
una perspectiva ecoldgica, con énfasis en contextos comunitarios y paisajes multifuncionales. Por
medio de este esquema buscamos ofrecer una alternativa a la dicotomia entre los modelos de se-
paracion e integracién territorial, para permitir la construccion de lineamientos adecuados a cada
contexto y encontrar asi nuevos mecanismos para mejorar las practicas productivas y conservar
la biodiversidad. Aunque la informacién proporcionada en el esquema puede servir como una guia
atil, su adecuaciéon previa al contexto local es fundamental para su implementacion.

Sociedad y An;brienZé,; afio 7, ndm. 1_8, noviembre de 2018-febrero de 20 IC;ISSI_\I 2067-65_76, pf) 11-44



32 Producir y conservar: nuevos horizontes en torno a los modelos de integracién SOC]Pdad

y separacion territorial Mblente

Caja 1. Esquema para la elaboraciéon de pautas de manejo
de sistemas productivos a través de la participacion comunitaria
desde una perspectiva ecolégica

e Evaluacién de paisajes multifuncionales
e Integracién comunitaria en todas las etapas
e Acompafiamiento de especialistas en cada una de las etapas

Acercamiento e Desarrollo de reuniones con autoridades y productores locales

e Presentacién del grupo de trabajo y disefio conjunto de objetivos
e Buisqueda de objetivos comunes a corto, mediano y largo plazos

e Determinacién de necesidades, visiones y capacidades locales

e Asignacién de responsabilidades entre participantes

e Identificacién de lideres locales

e Establecimiento de alianzas con instituciones locales y regionales

| Prospeccién - e Reconocimiento de la importancia biolégica y cultural del sitio

e Inspeccién de la situacién local sobre la tenencia de la tierra

e Indagacién sobre los procesos locales para la toma de decisiones
e Diagnéstico de la situacién productiva local

e Seleccién de grupo(s) biolégico(s) de estudio

e Eleccién de pardmetros ecolégicos de evaluacién

e Seleccién de herramientas de anélisis de datos

e Definicién de sitios de muestreo

e Seleccién de variables de h4bitat de interés local y ecolégico

e Desarrollo de talleres de formacién de monitores comunitarios

'| Monitoreo - e Organizacién de actividades de monitoreo con actores locales

® Recolecta de datos

o Inclusién en actividades de muestreo a monitores capacitados

e Seguimiento a la formacién de monitores comunitarios

e Discusién de resultados parciales con monitores y actores locales

| Andlisis - o Identificacién de variables de hébitat claves para el grupo bioldgico

e Determinacién de relacién funcional entre pardmetros ecoldgicos y
variables de habitat

e Modelacién de la respuesta del grupo biolégico ante distintos
escenarios productivos

e Construccién de recomendaciones de manejo

| Difusién - e Discusién de resultados con monitores comunitarios

e Discusién de resultados con productores
e Discusién de resultados con autoridades
e Discusién de resultados con el resto de la poblacién local

Manejo - e Desarrollo de reuniones con autoridades y productores

e Valoracién de actividades de manejo recomendadas
e Negociacién y co-construccién de actividades a desarrollar
e Ejecucién de actividades convenidas

e l Seguimiento
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Tres ejes soportan el desarrollo del esquema, mismos que deberan ser considerados en todas sus
etapas: su insercién en paisajes multifuncionales, la integracién comunitaria y el acompafiamiento
de especialistas. La etapa de “Acercamiento” es critica, pues sienta las bases sociales que susten-
taran el desarrollo de pautas de manejo. Por su parte, durante la etapa de “Prospeccién” lo que se
busca es definir el desarrollo de las evaluaciones ecoldgicas, para lo cual es deseable que la selec-
ci6n del grupo bioldgico a evaluar se realice considerando su facilidad de muestreo, su importancia
ecologica y su relevancia cultural. La seleccién de variables de habitat debe sujetarse al contexto
local, de tal forma que se consideren aquellas caracteristicas relevantes para las practicas pro-
ductivas analizadas, su factibilidad de manejo comunitario, su relevancia social y su importancia
ecolédgica. La etapa de “Monitoreo” incluye la recopilacién de datos.

La etapa de “Analisis” contempla la identificacién de las variables que determinan los para-
metros ecolégicos evaluados. La modelacién de la respuesta de los grupos biolégicos ante distintos
escenarios productivos representa una herramienta tangible y tutil para la toma de decisiones.
Se recomienda revisar los trabajos de Yoccoz et al. (2001), Stevens y Olsen (2004), Ortega-Alva-
rez et al. (2015) y Ortega-Alvarez et al. (2018), para profundizar en los puntos de las etapas de
“Prospeccién”, “Monitoreo” y “Analisis”. La etapa de “Difusién” es importante no sélo para discutir
localmente los resultados de las etapas anteriores, sino también para facilitar la colaboracién y

construccién conjunta de las pautas de manejo y promover la continuidad de los proyectos.

La comunicacién de los resultados debera ser concisa, clara, breve y adaptada al lenguaje
local. La etapa de “Manejo” depende en mayor medida de los actores comunitarios, quienes podran
consensuar la pertinencia de modificar las actividades productivas, no s6lo considerando la eviden-
cia ecoldgica obtenida a través de las etapas de “Monitoreo” y “Analisis”, sino también su impacto
social, productivo y econémico. La etapa de “Seguimiento” incluye la evaluacién de los resultados
obtenidos tras la implementacién de las pautas de manejo acordadas por las comunidades. A partir
de esta etapa, se retoma el esquema desde la fase de “Monitoreo”, con la finalidad de identificar las
oportunidades de optimizacion de las pautas de manejo aplicadas. El esquema busca asi la instau-

racién de un manejo adaptativo donde la participacién comunitaria es siempre clave.

La viabilidad de estas pautas depende fuertemente de que los lineamientos de manejo de
los sistemas productivos se construyan desde el interior de las comunidades y se tomen como base
las necesidades, visiones y capacidades de los productores locales (Vandergeest, 2007; Casas et al.,
2017), de lo contrario, la modificacién de las practicas de produccién sera inviable, a pesar de la
posible existencia de beneficios econémicos, ambientales o productivos (Matson y Vitousek, 2006).
Es necesario que la integraciéon comunitaria sea activa, propiciando su participacién en todas las

etapas del proceso de definicién de los lineamientos. Esto no sélo facilitara la aplicaciéon futura de
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las propuestas de manejo, sino que incentivara el entendimiento, el fortalecimiento y la optimiza-
cién productiva de los sistemas tradicionales. No obstante, también es primordial reconocer que la
produccion va mas alla del contexto comunitario. Por ello, hay que considerar los factores de natu-
raleza multiple que influyen sobre las actividades productivas para poder elaborar lineamientos

realistas de manejo.

Reflexiones finales

La problematica socioambiental actual impone un gran reto al quehacer cientifico. Su complejidad
hace necesaria la busqueda de soluciones integrales, transdisciplinarias y novedosas. La dicotomia
absoluta entre los modelos de separacién e integracion territorial resulta insuficiente para abordar
el conflicto entre producir y conservar, mientras que la generacién de politicas basadas en mod-
elos simplistas resulta peligrosa. El modelo de separacién territorial resulta controversial desde
multiples aristas y resulta poco adecuado para la mayoria de las situaciones que prevalecen en
los paises en desarrollo. Si bien la implementaciéon del modelo de integracién territorial podria
resultar conveniente para estos paises, su contextualizacién local aun es necesaria, dado que no
todas las condiciones biofisicas y socioculturales promoveran su éxito. Debe tenerse en cuenta que
los objetivos principales para el manejo de los sistemas productivos son hacer efectiva y redituable
la productividad, sin poner en riesgo la conservacion de la biodiversidad y el bienestar del ser hu-
mano; sin embargo, aun son pocas las alternativas ofrecidas para alcanzar estos objetivos y dejar
atras el debate entre separacion e integracion territorial (Fischer et al., 2014). El esquema partici-
pativo para desarrollar pautas de manejo de sistemas productivos expuesto en este trabajo podria

contribuir a la busqueda de nuevos mecanismos para mejorar las practicas productivas.

En las Gltimas décadas se ha propiciado el nacimiento de disciplinas hibridas para afrontar
retos complejos (Toledo et al., 2002; Casas et al., 2016). La inclusién activa del conocimiento tradi-
cional y de la participacién social en todas las etapas del quehacer cientifico, desde la conformacién
de las preguntas de investigacién hasta la implementacién de los resultados obtenidos, podria
resultar en una ciencia con mayor aplicabilidad, mas justa, integral y capaz de generar soluciones
viables a conflictos socioambientales. La btusqueda de estrategias y tecnologias para afrontar la
problematica en materia productiva también podria verse beneficiada. Mucho puede aportar la
ciencia para mejorar los procesos productivos y fomentar la conservacion biolégica, pero mas aun
puede contribuir la coproduccién de conocimiento entre ciencia y conocimiento tradicional, incor-

porando a las comunidades indigenas, rurales y la sociedad en general.
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La conformacién de una base de conocimientos generalizables ha sido una de las carac-
teristicas mas distintivas de la ciencia occidental. Sin embargo, resulta deseable desarrollar cono-
cimiento particular aplicable en contextos especificos, dada la heterogeneidad social y natural del
mundo. Los paises tropicales, megadiversos y en vias de desarrollo suelen poseer los elementos
necesarios (e.g., conocimiento tradicional, recursos naturales, sistemas tradicionales) para guiar
su propio desarrollo —en sinergia con el conocimiento cientifico— y encarar las problematicas que
los aquejan. Sin embargo, es imprescindible reconocer este potencial, protegerlo, fomentarlo y bus-

car integrarlo a los paradigmas de desarrollo contemporaneos.
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