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RESUMEN ABREVIADO  

 

Los ecosistemas naturales sufren actualmente la mayor 

degradación de toda la historia del planeta. Dicha 

degradación está en gran medida provocada por el aumento 

de la población humana y un incremento exponencial del uso 

de los recursos naturales. En cambio, esta tendencia se ha 

visto revertida en algunas áreas debido a diversos factores 

ambientales, sociales y económicos que han llevado al 

abandono del uso de la tierra. Estas tierras antes explotadas 

y ahora en desuso tienen un alto potencial para volver a 

albergar ecosistemas valiosos. Conocer qué factores 

ecológicos son relevantes en el proceso de regeneración es de 

vital importancia. En esta tesis doctoral hemos estudiado 

cuáles son los factores bióticos y abióticos relevantes en el 

proceso de colonización de tierras agrícolas abandonadas a 

partir de los bosques remanentes de sabina albar. 

En el capítulo I estudiamos la posible limitación de 

semillas para la colonización de tierras agrícolas abandonas 

teniendo en cuenta diversos factores ecológicos que 

determinan la heterogeneidad ambiental. Para lo cual 

cuantificamos los patrones de dispersión de semillas de toda 

la comunidad de dispersantes presente en el área de estudio. 
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Encontramos que existe dispersión de semillas en las 

antiguas zonas agrícolas y zonas actualmente en cultivo 

gracias a la diversa comunidad de dispersantes dónde 

zorzales y carnívoros aportaron la mayor cantidad de 

semillas. Si bien, la cantidad de semillas dispersadas en las 

zonas agrícolas abandonadas fue mucho menor que en los 

bosques remanentes. Los patrones cuantitativos de 

dispersión para cada especie de la comunidad de 

dispersantes cambió espacialmente siendo este cambio más 

notable en el caso de los carnívoros. Los cuáles redujeron 

drásticamente la cantidad de semillas que dispersaron en 

bosques maduros mixtos respecto a aquéllos bosques con una 

mayor dominancia de sabina albar. La presencia de arbustos 

con fruto carnoso favoreció la llegada de semillas en todos los 

hábitats.  

En el capítulo II una vez establecida la disponibilidad 

de semillas determinamos los efectos de la depredación post-

dispersiva así como la posible limitación abiótica, derivada 

del uso agrícola previo, para el establecimiento de las 

plántulas. En ambos casos evaluamos las distintas escalas 

espaciales que pueden afectar a dichos procesos. La 

depredación estuvo controlada por factores operando a escala 

regional y  fue mayor en áreas agrícolas abandonadas que en 
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bosques remanentes resultando ser un importante filtro 

biótico para la colonización. En cambio los factores abióticos 

derivados del uso agrícola operando a escala regional no 

parecieron limitar el establecimiento de las plántulas  pues 

se observaron patrones similares de abundancia de plántulas 

en los dos hábitats de estudio. Las variables abióticas luz y 

contenido en nutrientes variaron a una escala espacial local  

y se relacionaron positivamente con una mayor abundancia 

de plántulas.  

En el capítulo III  estudiamos la probabilidad de 

reclutamiento de las semillas dispersadas por distintos 

agentes de dispersión teniendo en cuenta el patrón de 

deposición de semillas y el uso agrícola previo. También 

evaluamos la posible selección del tamaño de semilla ejercida 

por los dispersantes y sus efectos en el reclutamiento 

temprano. Encontramos que la probabilidad de 

reclutamiento fue mayor para semillas dispersadas por 

carnívoros. Los zorzales seleccionaron positivamente 

semillas más pequeñas que sufrieron una mayor mortalidad 

en su etapa de plántulas.  

Por último en el capítulo IV integramos la 

información recopilada a lo lago de la tesis con ayuda de un 

modelo estocástico que incluía las principales etapas y 
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probabilidades de transición del proceso de reclutamiento. 

Así, establecimos la efectividad de cada miembro de la 

comunidad de dispersantes como plántulas por metro 

cuadrado generadas de sus actividades de dispersión. Los 

zorzales resultaron ser más efectivos que los carnívoros en 

los bosques remanentes. En cambio, en las zonas agrícolas 

abandonadas encontramos el patrón contrario siendo los 

carnívoros el grupo de dispersantes que contribuyó en mayor 

medida al reclutamiento. De acuerdo a los patrones de 

efectividad podemos afirmar que la comunidad de 

dispersantes de sabina albar es funcionalmente 

complementaria y no redundante. Esta distinta 

funcionalidad junto con las diferencias morfológicas de los 

dispersantes podría tener efectos diferenciales en la 

estructura genética y espacial y dinámica evolutiva de las 

poblaciones remanentes y en formación. La dinámica de 

reclutamiento fue notablemente mayor en los bosques 

remanentes que en las zonas agrícolas abandonadas, siendo 

la causa principal de dicho reclutamiento la mayor cantidad 

de dispersión de semillas y menor depredación. Así, en este 

caso la dinámica de colonización y potencialidad de 

recuperación de las tierras agrícolas abandonadas reside en 

factores bióticos.  
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SUMMARY (English version) 

We are currently attending to the greatest rate of 

degradation of natural ecosystems of the whole history of the 

Earth. The increase in human population and the 

exponential use of natural resources is the main cause of 

such degradation. However in some areas of the planet this 

tendency is being reversed due to environmental, social and 

economical factors driving land abandonment. Abandoned 

lands offer an opportunity for ecosystem recovery. To know 

which are the factors modulating ecosystem recovery in 

abandoned lands is urgent in order to optimize economical 

resources invested in ecosystem recovery and conservation. 

In this doctoral dissertation we have studied which are the 

main biotic and abiotic factors driving the process of 

colonization of abandoned lands in central Iberia by the 

native tree species Juniperus thurifera.  

In Chapter I we studied if seed availability was a 

limiting factor for old fields’ colonization. We accounted for 

several ecological factors defining environmental 

heterogeneity, which could influence such process. To 

accomplish this goal we quantified dispersal patterns for all 

members in the dispersal communities present in the study 
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area. We found that the arrival of seeds to old fields is not 

limited due to the diverse dispersal community present in 

the area. The main dispersers resulted to be thrushes and 

carnivores. However the quantity of seeds dispersed in old 

fields greatly decreased respect to remnant woodlands. 

Dispersal patterns for each dispersal species varied spatially 

due to environmental heterogeneity. Carnivores showed the 

greatest change, drastically reducing their dispersal patterns 

in mixed woodlands respect to woodlands dominated by 

Spanish juniper. The presence of fleshy fruited species 

increased the arrival of seeds in all studied habitats.  

Once established the availability of seeds in chapter 

II we evaluated to what extent post-dispersal seed predation 

and seedling establishment could be limited due to previous 

farming activities. All spatial scales relevant for such process 

were accounted for. Post-dispersal seed predation was 

controlled by factors operating at the regional spatial scale 

being greater in old fields recently colonized than in 

woodlands remnants. Abiotic factors operating at the same 

spatial scale due to former farming activities did not affect 

seedling establishment. Intermediate levels of light and 

nutrients content varying at the local scale were positively 

related with seedling abundance.  
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Chapter III contains information on the differential 

probability of recruitment for seeds previously dispersed by 

the main dispersal vectors, thrushes and carnivores. We 

performed a sowing experiment according to the spatial 

pattern of seeds deposition in microhabitats. We accounted 

for the possible effect of seed selection by dispersers and 

previous farming uses. Emergence rates were similar for 

seeds dispersed by carnivores and thrushes. However seeds 

dispersed by thrushes suffered higher mortality rates at the 

seedling stage than seeds dispersed by carnivores. This was 

likely related with thrushes’ performing an active selection 

towards smaller seeds. Overall seeds dispersed by carnivores 

had higher probability of recruitment than seeds dispersed 

by thrushes. Previous farming uses did not modify the 

percentages of emergence and seeding survival. 

In chapter IV we integrated all information gathered 

in previous chapters to perform a stochastic model including 

all relevant stages and transitional probabilities of 

recruitment. The outcome of this model was the number of 

seedlings per square resulting from the dispersal activities of 

thrushes and carnivores, i.e. the effectiveness patterns of the 

main disperser in the dispersal community. Thrushes were 

the most effective dispersers in woodland remnants and the 
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contrary pattern was found for old fields. Attending to these 

effectiveness patterns the dispersal community of Spanish 

juniper resulted functionally complementary and not 

redundant being thrushes key elements for recruitment in 

woodlands whereas carnivores for the colonization of 

abandoned fields. This could generate differential spatial 

and genetic structures in remnant and expanding woodlands 

of Juniperus thurifera.  Greater rates of recruitment were 

found in woodland remnants respect to abandoned 

agricultural lands. This was mainly due to a greater 

quantity of dispersal and lower post-dispersal seed 

predation. Thereby it seems that recruitment in woodland 

remnants and colonization in old fields was mainly 

controlled by biotic factors. 
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ANTECEDENTES  

 

Cambio global  

Actualmente los ecosistemas están cambiado a una 

velocidad sin precedentes en la historia de la Tierra (Sala et 

al. 2000, MEA, 2005). La causa de dicha celeridad reside en 

el extraordinario crecimiento en tamaño y  uso de recursos 

por parte de la población humana. Por ejemplo los ciclos 

biogeoquímicos elementales, principalmente de Nitrógeno y 

Carbono han sufrido grandes alteraciones, el primero 

derivado de la generalización de la agricultura intensiva con 

un gran uso de fertilizantes nitrogenados y el segundo 

derivado de la quema de combustibles fósiles. Estas 

alteraciones han impactado profundamente en la química de 

la atmósfera, dando lugar al cambio climático más notable de 

la historia reciente de la tierra (IPCC 2007). Los sistemas 

acuáticos y los suelos también se han visto afectados por los 

cambios en los ciclos elementales, produciéndose así un 

escalado hacia otros niveles de organización biológica como 

la composición y abundancia de especies vegetales y 

animales en los ecosistemas. Sumado a dichas alteraciones 

no podemos olvidar el profundo cambio generado por la 
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especie humana en los denominados usos ó coberturas del 

suelo. El cambio de uso del suelo que sin duda ha generado 

una mayor transformación en los hábitats naturales ha sido 

y sigue siendo la agricultura y ganadería, tanto por su 

extensión en superficie total ocupada de la Tierra así como 

por su larga historia de explotación (Tilman 1999). Si bien,  

la agricultura y ganadería no son los únicos responsables de 

la transformación de los ecosistemas naturales. La 

extracción de recursos naturales (agua, madera, petróleo) y 

la construcción de viviendas, industrias e infraestructuras 

también han generado un profundo impacto. Así, el conjunto 

los impactos derivados de las actividades humanas en el 

funcionamiento y composición de los ecosistemas terrestres 

constituyen el denominado, cambio global (Vitousek 1992).   

 

El término cambio global ha ocupado un buen 

volumen de páginas de la literatura científica durante las 

últimas dos décadas. La publicación de Sala  y colaboradores 

(2000) en la que predecían distintos escenarios para la 

biodiversidad para el año 2100 marcó un hito en la 

investigación del cambio global y en la toma de conciencia de 

la relevancia de los efectos de dicho cambio sobre la 

biodiversidad y el funcionamiento de los ecosistemas. En 
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dicha publicación Sala y colaboradores explícitamente 

describieron cinco motores principales de cambio global, los 

cuales ya fueron apuntados por el autor previamente citado 

(Vitousek 1992) y coinciden en gran medida con los 

propuestos en  el Millenium Ecosystem Assessment (2005). 

Éstos son: Deposición de nitrógeno y dióxido de carbono 

atmosférico; cambio climático; cambio de distribución global 

de especies, sobreexplotación de recursos naturales y 

contaminación y cambios en los usos del suelo. En relación a 

los cambios en los usos del suelo, dos tendencias opuestas 

predominan en los países desarrollados del viejo mundo, en 

especial en la cuenca del Mediterráneo: la intensificación  y 

el abandono del uso de la tierra (Mottet et al. 2006, 

Chauchard et al. 2007).  

 

Los cambios en los usos del suelo como motor de cambio 

global: el caso particular del abandono de la tierra. Una 

oportunidad para la recuperación ecológica. 

 

La cuenca del Mediterráneo ha sido transformada por 

el hombre desde el inicio de la agricultura en la antigua 

Mesopotamia hace más cinco milenios (Zohary et al. 1998), 

cuando la agricultura y, más tarde, de la ganadería dieron 
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lugar al inicio del sedentarismo y con ello la civilización. 

Durante milenios la práctica agrícola y ganadera era llevada 

a cabo por pequeños grupos de personas para proveerse de 

alimentos, la denominada  agricultura de subsistencia, en la 

que el ciclado de nutrientes se basó en el aporte orgánico de 

desechos animales y la rotación de cultivos. Las tareas de 

siembra y recolección fueron fundamentalmente manuales ó 

con herramienta rudimentaria. La llegada de la revolución 

industrial al campo a comienzos del siglo XX supuso la 

mecanización de la agricultura y el uso generalizado de 

fertilizantes sintéticos con el objetivo de maximizar la 

productividad y reducir costes económicos. Lo cual motivó en 

gran medida el abandono de la rotación de cultivos y el uso 

integrado de la ganadería lo que dio paso a grandes 

extensiones de monocultivos con mayor rentabilidad 

económica (Binswanger 1986). Éste fue el inicio de la 

agricultura moderna a partir de la cual las mejoras técnicas 

no han cesado hasta nuestros días suponiendo una continua 

intensificación de la agricultura. Como fruto de la propia 

intensificación la demanda de mano de obra agrícola se 

redujo drásticamente aumentando de forma paralela la 

demanda de mano de obra en las emergentes zonas 

industriales urbanas. Ambos fenómenos, íntimamente 
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relacionados, provocaron un extraordinario éxodo humano 

desde los medios rurales hacia las ciudades (Mottet et al. 

2005).  

 

El éxodo rural fue un fenómeno generalizado pero las 

zonas más productivas y proclives para la mecanización 

perdieron menor población que aquellas dónde la 

modernización de la agricultura no fue rentable (Pinto 

Correia y Mascarenhas 1999,  Rey Benayas et al. 2007). Así, 

a comienzos del siglo XX el abandono del uso del a tierra fue 

un fenómeno extendido en Europa que comenzó en los países 

más industrializados como Reino Unido y Alemania y que 

llegaría más tarde a países como Italia, España y Portugal 

(García-Ruiz y Lana-Renault, 2011). Esta tendencia sigue  

aumentado hoy en día (Rousenvell et al. 2006)  y no sólo en 

Europa, también en otras zonas del planeta, constituyendo 

un fenómeno global que ha motivado el interés por la 

recuperación ecológica de estas áreas (Cramer et al. 2008). Si 

bien la recuperación ecológica de una zona previamente 

impactada por actividades agrícolas y/o ganaderas puede 

verse seriamente limitada por  diversos factores. 
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Limitantes bióticos y abióticos para la recuperación ecológica 

de las tierras agrícolas abandonas.  

 

Según Cramer y colaboradores (2008) existe una 

organización jerárquica en los factores que pueden resultar 

limitantes en la recuperación de una zona que  previamente 

ha tenido un uso agrícola y vendrán dados por el tipo de uso, 

intensidad y duración del mismo sobre el área a recuperar.  

En función del impacto generado en el ecosistema se 

sobrepasarán de forma sucesiva los umbrales biótico y 

abiótico.  El umbral biótico es aquél en el que la recuperación 

del ecosistema estará controlada por factores en 

interacciones bióticas (e.g. disponibilidad de semillas y la 

competencia inter e intraespecífica). Cuando el umbral 

biótico ha sido sobrepasado no existe disponibilidad de 

semillas suficiente  para la regeneración de la vegetación 

leñosa ó bien existen semillas pero hay una competencia muy 

alta con vegetación herbácea que no permite el 

establecimiento de las mismas, impidiendo la recuperación 

de la estructura de la vegetación. Cuando la degradación es 

mayor y se sobrepasa el umbral abiótico de degradación la 

recuperación estará limitada por ambos tipos de factores, 

bióticos y abióticos. Entre éstos últimos destacan los 
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relacionados con la estructura y composición del suelo y los 

flujos de agua. Si  el umbral abiótico ha sido sobrepasado 

será necesario actuar a nivel físico y/o químico del suelo ó lo 

que es lo mismo a nivel de la estructura y composición del 

suelo. Además puede haber interacciones planta-suelo que 

compliquen todavía más la capacidad de regeneración de los 

antiguos campos agrícolas. Un ejemplo frecuente en este 

sentido, es un alto contenido de nutrientes principalmente 

Nitrógeno y Fósforo que facilita la colonización de éstas 

áreas por plantas herbáceas invasoras que dificultarán en 

gran medida el establecimiento de la vegetación autóctona 

por su alto poder competitivo (Huston, 2004).  

 

La disponibilidad de semillas, el primer obstáculo a superar.  

 

El banco de semillas en los antiguos campos de cultivo 

suele estar bastante mermado pudiendo resultar incluso 

inexistente (Cramer et al. 2008 y referencias allí citadas). 

Muchas especies tienen semillas recalcitrantes que germinan 

tras su maduración o pierden la viabilidad por lo que no 

generan banco de semillas. (e.g. Quercus ilex). Las zonas de 

cultivo abandonadas se caracterizan por estar desprovistas 

de vegetación y por lo tanto la presencia de plantas 
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reproductoras adultas será muy escasa ó inexistente. De 

modo que la dispersión de semillas desde parches 

remanentes de vegetación es una de las principales vías de 

llegada de propágulos a las antiguas zonas de cultivo.  Pero 

dicha movilización de semillas fuera de los parches de 

vegetación remanente es un proceso bastante restrictivo 

(Holl, 1999) y que se ve influenciado por diversos factores 

(Standish et al. 2007). El tamaño de los parches de la 

vegetación circundante, la presencia y abundancia de 

plantas reproductoras y la distancia a las antiguas áreas de 

cultivo serán variables que afecten en gran medida a la 

probabilidad de llegada de semillas. (Cubiña y Aide 2001, 

Jacquemyn et al. 2003). Este proceso de movilización de 

semillas será llevado a cabo por agentes físicos como el 

viento, la gravedad la escorrentía superficial y también  por 

agentes de dispersión bióticos (dispersantes). Las plantas 

herbáceas herbáceas o los  matorrales de pequeño porte con 

semillas pequeñas y eliosoma serán principalmente 

dispersadas por invertebrados como hormigas. En cambio, 

los frutos carnosos característicos de muchas especies de 

vegetación leñosa serán principalmente dispersados por 

vertebrados (Fenner y Thompsson, 2005). La recuperación de 

árboles y arbustos en antiguas áreas de cultivo es clave para 



Resumen 

 

17 

 

recuperar  la estructura y funcionalidad del ecosistema (Peet 

1992) y por lo tanto la composición y abundancia de la 

comunidad de dispersantes vertebrados será clave en este 

proceso.  

 

La comunidad de dispersantes, un aspecto clave en el 

proceso de recuperación de tierras agrícolas abandonadas.  

 

Las comunidades de dispersantes vertebrados están 

formados en su gran mayoría por aves y mamíferos (Howe y 

Smallwod 1982). Los cuáles varían en  rasgos funcionales 

importantes para la dispersión de semillas, siendo el tamaño 

corporal un rasgo de especial relevancia. El tamaño corporal 

de un frugívoro determina la cantidad de semillas 

dispersadas en cada evento de dispersión (i.e. Dispersal 

Quantity, Schup et al. 2010, ver Figura 1), el tiempo de 

tránsito por el tubo digestivo y el tratamiento proporcionado 

a las semillas (Traveset 1998, Figuerola et al. 2010).  

 

Frugívoros más grandes suelen desplazar distancias 

mayores las semillas (Jordano et al. 2007, Spiegel y Nathan 

2007) y tienen la capacidad de dispersar un mayor rango de 

tamaños de fruto/semilla (Rey et al. 1997, Jordano 1995, 



 

Parciak 2002, Galleti et al. 2013). Otras características 

importantes a considerar son las diferencias 

comportamentales en el patrón de movimientos y defecación 

así como el uso de hábitats de alimentación y descanso. 

(Schupp and Fuentes 1995; Karubian et al. 2010; Rodrıguez

Pérez et al. 2011). Todas estas características  determinará

el patrón espacial  no aleatorio de deposición de las semillas 

en los microhábitats disponibles (Clark et al. 2005; Russo 

al. 2006). 
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importantes a considerar son las diferencias 

rón de movimientos y defecación 

así como el uso de hábitats de alimentación y descanso. 

2010; Rodrıguez-

determinarán 

el patrón espacial  no aleatorio de deposición de las semillas 

2005; Russo et 
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Fig 1. Marco conceptual de Shupp et al. 2010 de las componentes y 

variables implicadas en la efectividad de la dispersión. De 

izquierda a derecha, en las elipses en naraja se detallan las 

variables involucradas en el proceso de dispersión, en rojo los 

parámetros demógraficos, en morado las subcomponentes y 

finalmente las componentes en los rectángulos en negro. El 

producto de la cantidad (A) y la calidad (B) dará como resultado la 

efectividad de la dispersión. Modificada de Schupp et al. (2010). 

 

A partir de dicho patrón espacial las etapas 

subsiguientes que conforman el proceso de reclutamiento 

modificarán la plantilla inicial proporcionada por los 

dispersantes. Determinando así, la probabilidad de 

reclutamiento de cada semilla dispersada en función de la 

identidad de su vector de dispersión (i.e. Dispersal Quality 

sensu Schupp et al. 2010; Figura 1). Así, la calidad de la 

dispersión vendrá determinada por la depredación post-

dispersiva, la germinación y la supervivencia temprana, 

aspectos clave en la regeneración de cualquier ecosistema 

(Harper, 1977, Wenny y Levey 1998). Pero que en  áreas 

agrícolas abandonadas  resultan especialmente relevantes. 

En el caso de la  depredación post-dispersiva esto es debido a 

la preferencia por este tipo de hábitats por parte de la 
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mayoría de los animales granívoros (aves y pequeños 

mamíferos) que pueden llegar a reducir en gran medida la 

disponibilidad de semillas (Nepstad et al. 1996, Chapman y 

Chapman 1999,  Wijdeven y Kuzee 2000). Por otra parte, los 

usos agrícolas previos pueden reducir la disponibilidad de 

agua y nutrientes  impidiendo ó limitando la capacidad de 

germinación, supervivencia y crecimiento de las plántulas 

(Dupouey et al. 2002, Flinn y Marks 2007). Una vez 

superadas todas las etapas del reclutamiento, el número de 

plantas reclutadas como resultado de la dispersión de cada 

miembro en la comunidad de dispersantes puede estimarse 

mediante el producto  de la cantidad y la calidad de la 

dispersión de cada miembro de la comunidad de 

dispersantes, lo que se ha denominado efectividad de la 

dispersión (Schupp et al. 2010, Figura 1)   

 

Las comunidades de dispersión están formadas por 

distintos grupos de vertebrados (e.g. aves, mamíferos, 

reptiles) que contribuirán en mayor o menor medida al 

reclutamiento de la comunidad de plantas en función de su 

efectividad. Cuando todos los miembros de la comunidad de 

dispersantes tienen una efectividad similar o lo que es lo 

mismo contribuyen equitativamente al reclutamiento de una 
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determinada planta, diremos que esa comunidad de 

dispersantes es funcionalmente redundante. Esto supone que 

si alguno de los miembros de la comunidad de dispersantes 

se extinguiera el reclutamiento de la planta no estaría 

comprometido. En cambio, si sólo unos pocos o incluso una 

especie de dispersante es la que contribuye a la mayor parte 

del reclutamiento, la reproducción de la planta podría verse 

seriamente mermada si perdiera a uno de esos dispersantes 

clave (Lawton y Brown, 1993). Hasta qué punto las 

comunidades de dispersantes son funcionalmente 

redundantes o complementarias es algo prácticamente 

desconocido y los pocos trabajos que lo han evaluado parecen 

apuntar a un predominio de la complementariedad más que 

de la redundancia (Brodie et al. 2009, McConkey y 

Brockelman 2011). 

 

Cómo se comentó anteriormente, las tierras agrícolas 

abandonadas suelen localizarse en áreas poco productivas 

dónde las condiciones fisiográficas para la mecanización no 

resultaron idóneas (Pinto Correia y Mascarenhas, 1999). De 

manera que es frecuente que las áreas agrícolas 

abandonadas se encuentren intercaladas con vegetación 
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remanente formando paisajes heterogéneos. La 

heterogeneidad ambiental  puede modular en gran medida la 

cantidad y calidad de la dispersión y por lo tanto la 

importancia relativa de cada dispersante en términos de 

reclutamiento puede variar bajo distintos contextos 

ambientales (Calviño-Cancela 2009, Schupp et al. 2010).  Si 

la efectividad de los miembros de una comunidad de 

dispersión es contexto dependiente también lo será su 

funcionalidad. Si el reclutamiento obtenido como resultado 

de las actividades de cada dispersante va acompañado de 

diferentes presiones selectivas y éstas cambian con el 

contexto ambiental esto  podría dar lugar  a mosaicos de 

coevolución entre los rasgos de las especies que interaccionan  

(Thompson 2005). De esta manera se producirán 

importantes efectos a nivel demógráfico, ecológico y 

posiblemente evolutivo (Galleti et al. 2013). Sin embargo 

poco se sabe a este respecto debido a la escasez de trabajos 

que evalúen cómo las interacciones ecológicas, en general, y 

las derivadas de las interacciones planta-dispersante pueden 

responder bajo distintos contextos ecológicos (Agrawal et al.  

2007).   

  



Resumen 

 

23 

 

OBJETIVOS  

En esta tesis nos proponemos avanzar el conocimiento 

sobre la potencialidad de las áreas de cultivo abandonadas a 

ser colonizadas por la vegetación leñosa colindante, 

recuperando así su estructura y funcionalidad. Para lo cual 

nos centramos en la contribución diferencial al reclutamiento 

de los miembros de la comunidad de dispersantes bajo 

distintos contextos ecológicos. De esta manera podremos 

determinar en qué condiciones es probable que la 

colonización ocurra de forma natural o de lo contrario esté 

limitada en alguna de sus fases.  Concretamente en esta 

tesis abordamos los patrones de colonización de sabina albar 

(Juniperus thurifera) tras el abandono del uso de la tierra 

mediante la comparación en los patrones de reclutamiento de 

plántulas en bosques remanentes y tierras agrícolas 

abandonadas. Para lo cual estudiamos la contribución a 

dicho reclutamiento por parte de los distintos miembros de la 

comunidad de dispersantes y la  posible variación espacial  

en la misma bajo distintos escenarios de heterogeneidad 

ambiental. Los objetivos específicos propuestos fueron los 

siguientes:  
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 Cuantificar la lluvia de semillas generada por cada 

especie de dispersante (cantidad de dispersión) en 

bosques remanentes de sabina albar, antiguas zonas 

agrícolas actualmente en recolonización por la especie 

y zonas en cultivo. (Capítulo I).  

 

 Considerar la variabilidad en dichos patrones 

cuantitativos y espaciales bajo distintas condiciones 

de heterogeneidad ambiental (Capítulo I).  

 

 Estudiar el patrón de depredación/movilización post-

dispersivo de semillas por parte de aves granívoras y 

pequeños mamíferos en bosques remanentes y 

antiguas áreas agrícolas  recientemente colonizadas 

por la sabina albar. Teniendo en cuenta el patrón 

espacial y de agregación de semillas generado por los 

dispersantes (Capítulo II).  

 

 Cuantificar la probabilidad de reclutamiento 

(germinación y supervivencia temprana) de  semillas 

de sabina albar dispersadas por los principales 

miembros de la comunidad de dispersantes (calidad 
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de la dispersión), teniendo en cuenta sus patrones 

naturales de dispersión. (Capítulo III). 

 

 Determinar si existe una selección de rasgos 

morfológicos en los frutos/semillas por parte de los 

distintos miembros de la comunidad de dispersantes y 

sus posibles efectos en el reclutamiento (Capítulo III).  

 

 Evaluar si los factores abióticos derivados del uso 

agrícola previo resultan limitantes para el 

establecimiento de las plántulas en áreas de cultivo 

abandonas (Capítulo II).   

 

 Comparar la dinámica de colonización en áreas 

agrícolas abandonas de reciente colonización de 

sabina albar y bosques remanentes en base a la 

efectividad de la comunidad de dispersantes 

cuantificada como plántulas por unidad de superficie 

(Capítulo IV). 

 

 Establecer si existe redundancia funcional en la 

comunidad de dispersión ó si por el contrario los 
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distintos agentes de dispersión proporcionan un 

servicio complementario. (Capítulo IV). 
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METDOLOGÍA   

Área de estudio  

Clima, suelos y vegetación  

 

Las áreas de estudio de esta tesis se localizan en la 

provincia de Guadalajara en las áreas protegidas del 

Parque natural del alto Tajo y el lugar de interés 

comunitario (LIC) Parameras de Maranchón, Hoz de Mesa 

y Aragoncillo  ambos espacios de la Red Natura 2000  (ver 

Figura 2). 

 

Los suelos de la zona de estudio son poco profundos y 

pobres en nutrientes siendo los afloramientos de calizas  

cretácicas  y jurásicas  frecuentes en los páramos dónde se 

localizan algunas de las poblaciones de estudio. Así mismo,  

margas, arcillas y yesos también son un componente 

importante en algunas zonas de valle más bajas y abiertas. 

El clima es mediterráneo continental caracterizado por 

veranos templados e inviernos extremadamente fríos y 

secos. La estación meteorológica más cercana a la zona de 

estudio (25 Km) y dónde se han tomado los datos que se 

presentan está localizada en Molina de Aragón a 1063 



 

m.s.n.m. (40º 50´40´´ N; 1º 52´ 44´´O). Esta estación 

meteorológica registró el mínimo histórico absoluto de la 

Península Ibérica en 1952 con -28.2ºC. Los 

corresponden al periodo de 1971-2000 (www.aemet.es

Fig. 2. A la izquierda de la figura se muestra la localización 

espacial de las áreas protegidas del Parque Natural del Alto Tajo 

y Parameras de Maranchón, Hoz de Mesa y Aragoncillo. A la 

derecha se muestran las localidades de estudio dentro de las 

áreas protegidas mencionadas.  

 

La temperatura media anual es de 10.2 ±1.8 ºC. En enero 

se registran las temperaturas más bajas (2.4 y  

media y mínima mensual respectivamente) y en agosto las 

más altas (19.4 y 28.5 ºC). Las heladas son frecuentes 
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Esta estación 

meteorológica registró el mínimo histórico absoluto de la 

28.2ºC. Los datos 

www.aemet.es). 

 

la izquierda de la figura se muestra la localización 

espacial de las áreas protegidas del Parque Natural del Alto Tajo 

Mesa y Aragoncillo. A la 

derecha se muestran las localidades de estudio dentro de las 

La temperatura media anual es de 10.2 ±1.8 ºC. En enero 

se registran las temperaturas más bajas (2.4 y  -3.5ºC 

pectivamente) y en agosto las 

más altas (19.4 y 28.5 ºC). Las heladas son frecuentes 



Resumen 

 

29 

 

durante todo el año a excepción de los meses de junio, julio 

y agosto. La amplitud térmica mensual es de 14.5±0.7ºC, 

siendo ésta máxima en los meses de julio agosto dónde se 

superan los 18ºC de media. La precipitación anual es de 

500 mm siendo los meses de primavera, especialmente abril 

(74 mm), los más lluviosos y julio y agosto los más secos (29 

mm)  con precipitaciones similares a las de los meses de 

invierno (31 mm).  

 

La vegetación en la zona de estudio está compuesta 

por bosques puros ó mixtos de sabina albar (Juniperus 

thurifera) en el que otras especies como encinas (Quercus 

ilex), quejigos (Quercus faginea) y varias especies de pinos 

(Pinus spp.) también están presentes. El sotobosque es poco 

denso y las especies mejor representadas son matorrales de 

fruto carnoso como el enebro común (Juniperus communis), 

rosa silvestre (Rosa spp) y en menor medida el enebro de la 

miera (Juniperus oxycedrus) y la sabina negral (Juniperus 

phoenicea), éstos últimos presentes únicamente en algunas 

de las poblaciones. También son abundantes matorrales 

típicamente mediterráneos como  aulagas (Genista 

scorpius), tomillos (Thymus spp),  salvias (Salvia spp) y 

lavanda (Lavandula officinalis).  
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Demografía humana: el éxodo rural y abandono de la tierra.  

 

La densidad de población humana de estos territorios 

se incrementó desde mediados del siglo XIX hasta el primer 

tercio del siglo XX cuando se registró su máximo poblacional 

con aproximadamente 12 habitantes/km2. A partir de 1960 la 

industrialización y una serie de medidas políticas y 

económicas supusieron un aumento del crecimiento 

económico y de las ciudades, haciendo la vida rural cada vez 

menos atractiva y rentable. De modo que el contexto socio 

económico y las duras condiciones de vida de este territorio 

(clima, orografía, baja productividad) produjeron un 

extraordinario éxodo rural que en poco más de dos décadas 

redujo la densidad poblacional a una cuarta parte. 

Actualmente se registran mínimos poblaciones históricos en 

la zona (2 habitantes/km2) y es una de las áreas 

desarrolladas de Europa con una menor densidad de 

población (“Alteraciones de los municipios en los Censos de 

Población desde 1842”,  www.ine.es). Este drástico descenso 

poblacional llevó consigo un abandono de las actividades 

rurales tradicionales que hasta ese momento habían servido 

de sustento a los habitantes de la zona. Este hecho permitió  



Resumen 

 

31 

 

a las masas de vegetación leñosa remanente densificarse e 

incluso colonizar áreas agrícolas en desuso.  

 

Las actividades tradicionales que se llevaban a cabo 

en los sabinares eran fundamentalmente la extracción de 

madera para construcción, leñas o carbón vegetal, otros 

productos forestales no maderables como la resina y la cría 

de ganado ovino y caprino de forma extensiva. De las 

especies forestales presentes en la zona la sabina albar era 

de las más apreciadas tanto para los usos forestales  como 

para proporcionar ramoneo al ganado ovino y caprino, 

principalmente en invierno cuando el pasto escaseaba. Para 

aumentar la palatabilidad del ramón se cortaban las ramas 

bajas de las sabinas que así crecían tiernas y eran más 

aprovechables por el ganado, lo cual también aumentaba la 

palatabilidad del pasto que crecía bajo las copas de las 

sabinas. La ganadería trashumante principalmente ovina y 

la agricultura de cerealista de secano también eran usos 

frecuentes (Villar y Ferrnández 2000). 

 

Especies de estudio  

 

Sabina albar, Juniperus thurifera  



 

 

La sabina albar es una especie gimnosperma relicta 

de la que se cree sus poblaciones estuvieron mucho más 

ampliamente distribuidas en periodos histórico

(Terrab et. al. 2008). Actualmente encuentra sus poblaciones 

más extensas y abundantes en el área central de l

Península ibérica y norte de Marruecos. Existen algunas 

formaciones aisladas en otras regiones de la cuenca norte del 

mediterráneo como Pirineos, Alpes franceses y Córcega 

(Gauquelin et al. 1999). Es una especie dioica, la única en su 

género en la que se ha detectado una tetraploidía (4n) no 

variable a lo largo de su área de distribución. Se desconoce la 

existencia de cromosomas sexuales (Romo et al.

hecho en ocasiones se pueden encontrar algunos individuos 

con órganos masculinos y 

femeninos (ver F

Fig. 3. A. Cono

maduros de sabina albar.  

Conos masculinos de sabina 

albar junto conos femeninos 

inmaduros en el mismo 

individuo. Fotografías por 

Gema Escribano-Ávila.
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una especie gimnosperma relicta 

de la que se cree sus poblaciones estuvieron mucho más 

stribuidas en periodos históricos más fríos 

a sus poblaciones 

en el área central de la 

arruecos. Existen algunas 

formaciones aisladas en otras regiones de la cuenca norte del 

mediterráneo como Pirineos, Alpes franceses y Córcega 

1999). Es una especie dioica, la única en su 

ha detectado una tetraploidía (4n) no 

variable a lo largo de su área de distribución. Se desconoce la 

et al. 2013) y de 

hecho en ocasiones se pueden encontrar algunos individuos 

con órganos masculinos y 

Figura 3).  

Conos femeninos 

maduros de sabina albar.  B. 

Conos masculinos de sabina 

albar junto conos femeninos 

inmaduros en el mismo 

individuo. Fotografías por 

Ávila. 
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La sabina albar presenta un crecimiento lento y larga 

longevidad, no alcanzando la madurez sexual hasta los 30 

años (Montesinos et al. 2006). En el área de estudio la altura 

de los árboles adultos  (media± error estándar) es de 4.3 ± 

0.74 m y el radio medio de la copa es de 2.79 ± 0.22 (N=62). 

Los conos reproductores tanto masculinos como femeninos se 

producen al final del invierno. La polinización es anemófila y 

los conos femeninos fecundados tardaran en madurar unos 

22 meses (Montesinos et al. 2006). Los conos maduros 

presentan un diámetro medio  de 8.8 ± 0.31 mm (N=132) con 

un número medio de semillas por fruto de 3.7± 0.2 semillas 

que son dispersadas por endozoocoría (Santos et al. 1999). 

 

Los sabinares remanentes que no fueron destruidos 

por la extracción maderera o para la agricultura tienen una 

estructura típicamente abierta dónde hay una dominancia 

bastante alta por parte de la sabina albar (ver Figura 4). 

Dicha dominancia y estructura abierta se relaciona con la 

alta carga ganadera soportada en los sabinares durante el 

pasado (De Soto et al. 2009). En la zona de estudio los 

bosques remanentes suelen cubrir varias hectáreas 

continuas de terreno y se encuentran formando un paisaje 

heterogéneo en forma de mosaico junto con cultivos  



 

cerealistas de secano y antiguas zonas agrícolas 

abandonadas que actualmente están siendo colonizadas 

(Figura 5). 

 

Fig. 4. A. Bosque remanente de sabina albar típico de la zona de 

estudio donde la sabina es la especie dominante y tiene una 

estructura de bosque abierta. B. Antigua zona agrícola en 

recolonización con la presencia de varios individuos juveniles de 

sabina albar. Fotografías por Beatriz Pías. 
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cerealistas de secano y antiguas zonas agrícolas 

án siendo colonizadas 

 

típico de la zona de 

nde la sabina es la especie dominante y tiene una 

Antigua zona agrícola en 

arios individuos juveniles de 



 

Fig.5. A. Paisaje en Mosaico en verano con bosques remanentes 

áreas de cultivo activas y áreas agrícolas abandonadas. 

plano de una zona en recolonización con alta densida

durante la primavera. En el plano medio se observan 

cultivo activas con linderos formados por sabinas. Al fondo un 
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. Paisaje en Mosaico en verano con bosques remanentes 

áreas de cultivo activas y áreas agrícolas abandonadas. B. Primer 

plano de una zona en recolonización con alta densidad tomada 

observan áreas de 

cultivo activas con linderos formados por sabinas. Al fondo un 
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páramo calizo dónde se aprecian píes de sabina albar y pino 

carrasco. Fotografías por Teresa Gimeno y Gema Escribano-Ávila. 

 

La comunidad de dispersantes y depredadores post-

dispersivos  

 

La dispersión de semillas de la sabina albar es 

llevada a cabo por una diversa comunidad de dispersantes 

(Santos et al. 1999) formada por varias especies de zorzales 

(Turdus spp) migrantes y reproductores, así como mamíferos 

carnívoros: zorro europeo (Vulpes, vulpes), garduña (Martes 

fonia), tejón (Meles meles) y herbívoros: como el conejo de 

monte (Oryctolagus cuniculus) y la oveja doméstica (Ovies 

aries). Los zorzales reproductores presentes en el área de 

estudio son fundamentalmente zorzales charlos (Turdus 

viscivorus) y mirlos (T. merula) éstos últimos menos 

abundantes. Los efectivos de estas especies así como de otras 

especies de túrdidos como el zorzal común, real y alirrojo (T.  

philomelos, T. iliacus y T. pilaris respectivamente) aumentan 

con la migrada invernal de zorzales provenientes del norte 

de Europea en busca de zonas más cálidas con refugio y 

alimento, resultando ser los sabinares un hábitat adecuado 



 

para ellos (Jordano 1993, Tellería et al. 2013). Las semillas 

de sabina altar son movilizadas por estos frugívoros a través 

de sus heces y egagrópilas (Santos et al. 1999; ver F

 

 

Fig.6.  A. Deposición de zorro con función de marcaje sobre un 

tomillo. Se aprecian restos de frutos. B. Deposición de zorzal con 

restos de pulpa y semillas de sabina albar. La escala de la 

fotografía B ha sido ampliada para poder apreciar las semillas. 

Fotografías: Beatriz Pías y Gema Escribano-Ávila.  

 

De entre las especies dispersantes los más f

son sin duda los zorzales que en el área de estudio llegan a 

especializarse en los frutos de sabina, dada la escasez de 

otros frutos durante el invierno. De entre las especies de 

mamíferos los que presentan un mayor consumo de este 

recurso son la garduña y zorro aunque tienen hábitos tróficos 
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Las semillas 

de sabina altar son movilizadas por estos frugívoros a través 

1999; ver Figura 6). 

 

. Deposición de zorro con función de marcaje sobre un 

Deposición de zorzal con 

restos de pulpa y semillas de sabina albar. La escala de la 

fotografía B ha sido ampliada para poder apreciar las semillas. 

dispersantes los más frugívoros 

son sin duda los zorzales que en el área de estudio llegan a 

especializarse en los frutos de sabina, dada la escasez de 

otros frutos durante el invierno. De entre las especies de 

mamíferos los que presentan un mayor consumo de este 

garduña y zorro aunque tienen hábitos tróficos 
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generalistas y oportunistas, no siendo los frutos carnosos 

necesariamente el grueso de su dieta (Herrera 1989, 

Genovesi et al. 1996, De Marinis y Asprea 2005, Zhou et al. 

2008). Los conejos y ovejas son consumidores esporádicos de 

frutos de sabina (Santos et al. 1999). Una vez dispersadas las 

semillas de sabina pueden ser depredadas (ver Figura 7) por 

aves granívoras, de las cuáles las más abundantes en 

nuestro área de estudio son las totovías (Lullula arborea), 

pinzones comunes (Fringilla coelebs), verdecillos (Serinus 

serinus), pardillos (Acanthis cannabina) y carboneros 

comunes (Parus major). Así como pequeños roedores como el 

ratón de campo (Apodemus sylvaticus) y/ó el ratón moruno 

(Mus spretus). 

 

Fig. 7. Almacén de semillas 

de ratón de campo dónde se 

aprecian semillas 

depredadas. 
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Diseño experimental y de muestreo  

 

Las localidades de estudio y el diseño experimental 

cambiaron en cada capítulo en función de las preguntas 

concretas a responder y un compromiso entre el esfuerzo de 

muestreo necesario y los recursos disponibles. A 

continuación, en el apartado de estructura de la tesis y 

resumen de los capítulos se especifican tanto las localidades 

concretas (Ver Figura 8) como el esfuerzo de muestreo en 

cada caso.  

 

En cuanto a la metodología específica de cada capítulo están 

detallas en la sección de “Material y Métodos” de cada uno de 

los capítulos presentados.   

 

Estructura de la tesis. Título, resumen de los capítulos y 

estado de publicación 

Todos los capítulos de la presente memoria han sido escritos 

en inglés para su publicación en revistas científicas de 

ámbito internacional. Por lo que se presentan los 

manuscritos originales de dichos artículos. A modo de 

resumen, se incluye a continuación una traducción de su 
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título, el nombre de los autores y su estado de publicación así 

como una breve síntesis del trabajo realizado y resultados 

obtenidos. 

 

 

Fig.8. Representación gráfica de las 5 localidades de estudio, del 1-

5: Maranchón, Torremocha, Cobeta, Riba de Saelices y 

Huertahernnando). En verde oscuro se representa los sabinares 

remanentes, verde claro las área agrícolas abandonadas 

recientemente recolonizadas y en amarillo cultivos cerealistas. Los 

cuadrados indican las parcelas de estudio (50 x 100m). 
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Capítulo I. 

La colonización de tierras agrícolas abandonadas por sabina 

albar (Juniperus thurifera) está medida por la interacción de  

una diversa comunidad de dispersantes y la heterogeneidad 

ambiental. 

Gema Escribano-Avila, Virginia Sanz-Pérez, Beatriz Pías, 

Emilio Virgós, Adrián Escudero and Fernando Valladares 

Manuscrito publicado en PLoS ONE(2012) 7(10): e46993. 

 

El objetivo de este capítulo fue establecer si existía 

limitación de  dispersión de semillas en las zonas agrícolas 

abandonas y actualmente en cultivo respecto a los bosques 

remanentes así como determinar la relación entre la 

heterogeneidad ambiental presente en cada parcela de 

estudio con el comportamiento  trófico de los dispersantes. El 

estudio se llevó a cabo en 5 localidades diferentes dónde se 

estudiaron tres bosques remanentes, 16 parcelas de tierras 

agrícolas abandonadas de reciente colonización y seis 

parcelas actualmente en cultivo (ver Figura 8). En cada una 

de esas parcelas llevamos a cabo la cuantificación de le la 
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lluvia de semillas (cantidad de la dispersión) generada por la 

comunidad de dispersantes compuesta por zorzales (Turdus 

supp), zorro europeo (Vulpes vulpes), garduña (Martes 

foina), conejos (Oryctolagus cuniculus) y la oveja doméstica 

(Ovies aries).  Determinamos sus patrones sus patrones de 

deposición y establecimos la relación entre la presencia y 

abundancia de semillas en cada deposición con la cobertura 

de especies forestales y de fruto carnoso (excluyendo la 

sabina albar) en cada parcela. Detectamos semillas en todas 

las parcelas estudiadas, la mayor lluvia de semillas se 

produjo en los bosques remanentes, seguido de las zonas 

agrícolas abandonadas y las cultivadas actualmente. 

Recolectamos un total de 1627 deposiciones de las cuales 

1192 fueron de zorzales, 224 de herbívoros y 211 de 

carnívoros. La cantidad media de semillas por deposición de 

zorzales fue una y 4 y 36 para herbívoros y carnívoros 

respectivamente. La cobertura de especies forestales 

(excluyendo la sabina) se relacionó negativamente con la 

presencia y la abundancia de semillas de sabina en las 

deposiciones de los dispersantes. Mientras que la cobertura 

de especies de fruto carnoso se relacionó de forma positiva 

con la abundancia de semillas contenida en cada deposición 

(independientemente del dispersante).  
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Capítulo II. 

Influencia del manejo tradicional en la colonización de 

antiguas áreas de cultivo por la sabina albar: la relación 

entre factores bióticos y abióticos a diferentes escalas 

espaciales. 

Gema Escribano-Avila, Beatriz Pías, Emilio Virgós, Virginia 

Sanz-Pérez, Adrián Escudero and Fernando Valladares 

Manuscrito en preparación 

 

El objetivo de este trabajo fue establecer la importancia en la 

limitación al reclutamiento de factores bióticos (depredación 

post-dispersiva) y abióticos (contenido en agua, nutrientes y 

luz) en bosques remanentes y zonas agrícolas abandonadas 

en distintas escalas espaciales. Este estudio fue llevado a 

cabo en dos localidades (Maranchón y Torrremocha, ver 

Figura 8) en las estudiamos 2 bosques remanentes y 10 

parcelas de uso agrícola abandonadas de reciente 

colonización. En cada una de ellas establecimos cuatro 

estaciones de muestreo, una por cada uno de los siguientes 

microhábitat: sabina adulta macho y hembra, matorral 
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(Juniperus communis) y una zona de claro (N=80). En cada 

una de esas estaciones de muestreo llevamos a cabo un 

experimento de depredación de semillas en el que ofrecimos 

semillas a los potenciales depredadores (pequeños mamíferos 

y aves granívoras). Censamos las plántulas menores a dos 

años y tomamos muestras del suelo para su posterior 

análisis de contenido en agua, Nitrogéno y Fósforo. También 

estimamos la cobertura (ramas y caméfitos bajo las copas de 

los árboles adultos y el enebro)  y fotografías hemisféricas 

para estimar la apertura del dosel y disponibilidad de luz en 

cada estación de muestreo. La depredación post-dispersiva 

de semillas fue controlada a escala regional siendo mayor en 

las zonas agrícolas abandonadas que en los bosques 

remanentes. Esta escala espacial también tuvo un papel 

relevante en la probabilidad de presencia de plántulas, en 

cambio el uso agrícola del suelo no tuvo efectos negativos 

sobre la capacidad de establecimiento de las plántulas pues 

fue similar en bosques remanentes que en antiguas zonas 

agrícolas. El intercalado de parches de cultivo activos con 

zonas abandonadas, así como  extracción de leñas a nivel 

local parece que redujeron la depredación  y mejoraron los 

requerimientos de luz de las plántulas.  
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Capítulo III. 

La sabina albar aumenta sus posibilidades de expansión 

contando con una comunidad de dispersantes 

funcionalmente diversa.  

Gema Escribano-Ávila, Beatriz Pías, Virginia Sanz-Pérez, 

Emilio Virgós, Adrián Escudero and Fernando Valladares 

Manuscrito in press  en Ecology and Evolution 

doi:10.1002/ece3.753 

En este trabajo nos plantemos dos objetivos. El primero de 

ellos  fue establecer la diferente probabilidad de 

reclutamiento (calidad de la dispersión) para semillas 

dispersadas por los principales grupos funcionales presentes 

en la comunidad de dispersión, zorzales y carnívoros, así 

evaluar su posible selección diferencial en el tamaño de 

semillas dispersadas. El segundo objetivo fue establecer la 

capacidad de germinación y supervivencia temprana en los 

sabinares remanentes y zonas agrícolas abandonadas. 

Llevamos a cabo un experimento de germinación con 

semillas dispersadas por zorzales y carnívoros y recolectadas 

de los árboles. Una submuestra de cada uno de estos grupos 
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(N=100) fue pesada antes de llevar a cabo el experimento. 

Las semillas fueron sembradas en 10 parcelas, cinco de las 

cuales estuvieron en un sabinar remanente y las cinco 

restantes en zonas agrícolas abandonadas en la localidad de 

Torremocha (Figura 8). En cada una de las parcelas 

establecimos 4 jaulas de exclusión localizadas bajo las copas 

de una sabina hembra, y una macho un enebro común y una 

zona de claro. En cada jaula de exclusión sembramos 18 

semillas del tratamiento control (recolectadas de los árboles), 

36 dispersadas por carnívoros (agrupadas en dos grupos de 

18) y 12 de semillas dispersadas por zorzales agrupadas en 

grupos de 2 semillas.  La probabilidad de reclutamiento fue 

similar en bosques remanentes y zonas agrícolas 

abandonadas. El porcentaje de germinación de las semillas 

dispersada por carnívoros (11.5%) y zorzales (9.12%) fue 

similar. En cambio el porcentaje de supervivencia de las 

plántulas que inicialmente fueron dispersadas por carnívoros 

fue el doble que las dispersadas zorzales (60 y 30% 

respectivamente). Lo cual estuvo probablemente relacionado 

con la selección activa de los zorzales de semillas más 

pequeñas. Así, la probabilidad de reclutamiento fue mayor 

para semillas dispersadas por carnívoros (6.5%) que para 

zorzales (2.5%).   
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Capítulo IV. 

Complementaridad funcional de la comunidad de 

dispersantes en la expansión de un bosque hacia tierras 

abandonas.  

Gema Escribano-Ávila, María Calviño-Cancela, M, Beatriz 

Pías, Emilio Virgós, Adrián Escudero and Fernando 

Valladares 

Manuscrito en preparación 

El objetivo de este trabajo fue evaluar la funcionalidad de los 

distintos miembros de una comunidad de dispersantes en 

diferentes escenarios ecológicos derivados del abandono de la 

tierra. Para lo cual evaluamos conjuntamente las 

componentes de cantidad y calidad de la dispersión  de 

zorzales y carnívoros  y estimamos su efectividad en dos 

localidades. En cada localidad se estudió un bosque 

remanente y cinco parcelas de cultivo abandonadas. Para 

determinar la efectividad de la dispersión parametrizamos 

un modelo estocástico con los datos obtenidos durante dos 

año y expuestos en los capítulos anteriores. De acuerdo con 

nuestros resultados los zorzales contribuyeron en unos 70% 
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al reclutamiento en los sabinares remanentes resultando, 

por lo tanto,  mucho más efectivos que los carnívoros en este 

escenario ecológico. En cambio en las zonas agrícolas 

abandonadas los carnívoros fueron responsables del 80% del 

reclutamiento proporcionando un servicio funcionalmente 

complementario y no redundante al que proporcionaron los 

zorzales. La enorme reducción en la efectividad de los 

zorzales en las zonas agrícolas abandonadas se debe a la 

escasa abundancia de sabinas adultas con frutos en estas 

áreas así como al menor tamaño de semilla seleccionado por 

este grupo funcional. De acuerdo a estos resultados y 

distintos patrones espaciales y de selección de tamaño de 

semillas por los dispersantes. Se podría esperar una distinta 

estructura genética y espacial así cómo dinámica evolutiva  

en los bosques remanentes y de nueva formación..  
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CONCLUSIONES 

 Zorzales y carnívoros fueron los principales dispersantes de 

la sabina albar tanto en bosques como en zonas agrícolas 

abandonadas recientemente colonizadas. Siendo el papel de 

los herbívoros menos relevante.  

 Existió una variación espacial notable en los patrones de 

dispersión especialmente para el caso de los carnívoros que 

dispersaron una cantidad de semillas mucho menor en 

bosques mixtos que en sabinares más puros.  

 La presencia de especies de fruto carnoso favoreció la 

llegada de semillas de sabina albar a todos los hábitats. 

 La depredación post-dispersiva fue mayor en las áreas 

agrícolas abandonadas de reciente colonización, siendo la 

depredación post-dispersiva un importante filtro para la 

colonización controlado por factores que varían a escala 

regional. Los factores como la disponibilidad de semillas ó 

cobertura a nivel del suelo controlados a escalas espaciales 

locales no tuvieron un efecto claro en el patrón de la 

depredación post-dispersiva y resultaron contexto-

dependientes.  
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 La probabilidad de germinación fue similar para semillas 

dispersadas por carnívoros que para semillas dispersadas 

por zorzales. En cambio la probabilidad de supervivencia y 

por lo tanto de reclutamiento, fue mayor para semillas 

dispersadas por carnívoros que por zorzales. Detectamos 

una selección positiva hacia semillas más pequeñas por 

parte de los zorzales que concuerda con su limitado tamaño 

de comisuras en relación a los carnívoros. Dicha selección 

de tamaño puede ser la causa de la mayor mortalidad 

sufrida por las plántulas  cuyas semillas fueron dispersadas 

por zorzales.   

 Los patrones de germinación y supervivencia de las 

plántulas medidos de forma experimental no difirieron 

entre bosques remanentes y zonas agrícolas abandonadas. 

Así como tampoco lo hizo el patrón de abundancia 

observado empíricamente. Por lo que en este caso no parece 

que haya limitaciones de tipo abiótico derivadas del uso 

agrícola. Esto implica que el umbral abiótico de 

degradación no ha sido sobrepasado y por lo tanto serán los 

factores bióticos derivados de la disponibilidad de semillas 

y las interacciones bióticas las que controlen el proceso de 

recuperación de estas áreas agrícolas abandonadas. 
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 La dinámica de reclutamiento difirió en gran medida entre 

bosques remanentes y zonas agrícolas abandonadas. En los 

primeros la tasa de reclutamiento fue mucho más alta 

motivada principalmente por una mayor dispersión y 

menor depredación de semillas. Así, nuevamente se 

confirma que en este caso de estudio los factores bióticos 

son los que determinan la dinámica de colonización.  

 Los zorzales fueron los dispersantes más efectivos en los 

bosques remanentes dónde la contribución al reclutamiento 

por parte de los carnívoros fue notablemente inferior. En 

cambio, en las zonas agrícolas abandonadas de reciente 

colonización se detectó el patrón contrario, siendo los 

carnívoros los dispersantes más efectivos.   

 De acuerdo a los distintos patrones de efectividad de 

zorzales y carnívoros la comunidad de dispersantes de la 

sabina albar resultó complementaria y no redundante. Los 

zorzales resultaron esenciales para la regeneración dentro 

del bosque mientras que los carnívoros lo fueron para la 

colonización de las áreas agrícolas abandonadas. 

 Zorzales y carnívoros presentan diferencias morfológicas 

(tamaño de comisuras) que tienen efectos en el 

reclutamiento de la sabina albar a través del tamaño de 

semillas movilizadas. Lo cual sumado a su distinta 
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funcionalidad en bosques remanentes y zonas agrícolas 

abandonadas podría tener efectos diferenciales en la 

estructura genética y espacial de los bosques remanentes y 

los de nueva formación.  
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Abstract 

 

Land abandonment is one of the most powerful global 

change drivers in developed countries where recent rural 

exodus has been the norm. Abandonment of traditional land 

use practices has permitted the colonization of these areas 

by shrub and tree species. For fleshy fruited species the 

colonization of new areas is determined by the dispersal 

assemblage composition and abundance. In this study we 

showed how the relative contribution to the dispersal process 

by each animal species is modulated by the environmental 

heterogeneity and ecosystem structure. This complex 

interaction caused differential patterns on the seed dispersal 

in both, landscape patches in which the process of 

colonization is acting nowadays and mature woodlands of 

Juniperus thurifera, a relict tree distributed in the western 

Mediterranean Basin. Thrushes (Turdus spp.) and 

carnivores (red fox and stone marten) dispersed a high 

amount of seeds while rabbits and sheeps only a tiny 

fraction. Thrushes dispersed a significant amount of seeds in 
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new colonization areas, however they were limited by the 

presence of high perches with big crop size. While carnivores 

dispersed seeds to all studied habitats, even in those patches 

where no trees of J. thurifera were present, turning out to be 

critical for primary colonization. The presence of Pinus and 

Quercus was related to a reduced consumption of J. thurifera 

seeds while the presence of fleshy fruited shrubs was related 

with higher content of J. thurifera seeds in dispersers’ 

faeces. Therefore environmental heterogeneity and 

ecosystem structure had a great influence on dispersers 

feeding behaviour, and should be considered in order to 

accurately describe the role of seed dispersal in ecological 

process, such as regeneration and colonization. J. thurifera 

expansion is not seed limited thanks to its diverse dispersal 

community, hence the conservation of all dispersers in an 

ecosystem enhance ecosystems services and resilience. 

 

Keywords: forest expansion, land abandonment, global 

change, frugivory, dispersal assemblage, carnivores, 

thrushes, resilience, restoration capacity 
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Introduction 

Ecosystems are changing at an unprecedented rate in 

response to global change [1]. One of its most powerful and 

probably least studied drivers is land use change. During the 

last century two opposing forces have coexisted in well-

developed regions, such as at the northern fringe of the 

Mediterranean basin [2], regarding land use: either 

intensification or abandonment [3, 4]. Abandonment is 

currently occurring in low productive areas (e.g. difficult 

accessible slopes, steep mountain areas) where the rural 

exodus has been very significant [5]. Current vegetation 

dynamics in abandoned fields is modulated by factors such 

as, past use and management history, soil characteristics, 

climate and propagules availability [6]. The arrival of seeds 

to non-forested areas is a key stage in the process of 

colonization of abandoned agricultural lands [7] as seed 

dispersal decreases with the distance to the forest edge [8].  

 

For fleshy fruited species the arrival of seeds to non-forested 

areas is a function of the abundance, composition and 
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behaviour of the members of the dispersers’ community [9]. 

The service provided by each disperser to a given plant 

species varies according to differences in both, the 

quantitative and qualitative components of the dispersal 

process [10]. The quantitative components are related to 

differences in the number of visits to a feeding plant, fruits 

dispersed per visit and local abundance of dispersers. While 

qualitative component would be mediated by differences in 

seed retention time, gut treatment and movement 

behaviours such as home versus foraging range and daily 

movement patterns (e.g. scent marking, anti-predator 

behaviour) [11]. Despite dispersers differ in these dispersal 

components [12, 13, 14], most of the research on seed 

dispersal mutualisms has been focused on single species, or 

at the best, in single functional groups. However the few 

works in which the complete assemblage was considered 

have reinforced the idea that each species differentially 

contributed to the quantitative and qualitative terms of the 

dispersal process [12, 15, 16, 17]. In order to assess how seed 

dispersal contributes to critical ecological processes such as 

forest maintenance, regeneration and colonization, the 
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complete community of potential dispersers and their 

differential behaviour need to be taken into account [16, 18, 

19]. Composition of the dispersers’ community and their 

behavior could vary according to the environmental 

heterogeneity and ecosystem structure (e.g. woody and shrub 

cover, fruiting environment) [19, 20]. This knowledge seems 

critical in order to unveil how woodland expansion due to 

land abandonment operates and to develop adequate 

management strategies. 

 

Woodlands of Juniperus thurifera have been subjected to a 

traditional management (e.g. logging, grazing and 

destruction for crop cultivation), however since the middle of 

the XIX century these activities have drastically decreased 

allowing the species to increase in density and currently to 

colonize abandoned fields [21, 22] which is provoking a 

spectacular shift into new colonization areas [23]. J. 

thurifera is a fleshy fruited relict tree with a diverse 

assemblage of legitimate seed dispersers, such as thrushes 

Turdus spp. [24, 25]; carnivores, such as red foxes (Vulpes 
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vulpes) and stone martens (Martes foina) [12, 15]; 

herbivores, as rabbits (Oryctolagus cuniculus) [12,26] and 

even domestic sheeps (Ovis aries) [27]. Since all these 

animals profoundly differ in their quantitative and 

qualitative efficiency on the dispersal process [10], their 

relative contribution to the expansion process of J. thurifera 

must be markedly different. 

Dispersal season of J. thurifera occurs from the middle 

autumn until the end of the winter, during this period 

carnivores, thrushes and rabbits are active frugivores when 

other food resources are scare [12, 24, 25, 26, 27, 28] hence 

we expect all of them will contribute to increase the density 

of mature woodlands by dispersing high quantity of seeds. 

Our expectations are that in new colonization areas, where 

isolated junipers remained, carnivores and thrushes should 

be the main dispersers, as they can transport a relatively 

large quantity of seeds [16]. However, the contribution of 

thrushes, as specialist feeders, will be conditioned to the 

presence of fruiting trees and crop size. In addition, we 

expect that the arrival of seeds to remaining active 

agricultural lands, where J. thurifera is absent, will be 
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carried out mainly by carnivores according to their 

generalist diet and wide home range [19, 28]. We also expect 

that sheeps disperse a low amount of seeds being their 

contribution to the dispersal process marginal [12]. 

Dispersers’ post-feeding behaviour that conditioned the 

deposition pattern is also critical. In this sense we 

hypothesized that thrushes will disperse more seeds beneath 

the canopy of adult junipers or other fleshy fruited species. 

Rabbits will disperse more seeds on open pasture where they 

feed and under the canopy of fruiting trees where warrens 

used to be located. Carnivores, according to their 

territoriality and scent marking, will disperse more seeds to 

visible and conspicuous non canopied microhabitats.  

 

In order to test our hypothesis we evaluate the role of seed 

dispersal in the expansion process of J. thurifera woodlands 

into new colonization areas by considering the whole 

dispersal assemblage community, their feeding behaviour 

and dispersal deposition pattern and how environmental 

heterogeneity occurring in the ecosystems influence 
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dispersers behaviour. Specifically, we evaluate the following 

questions: a) what is the quantitative contribution of each 

member of the dispersal assemblage community to the seed 

dispersal in the different habitats: mature woodland, new 

colonization areas and active agricultural lands? b) How the 

deposition patterns of each disperser condition the arrival or 

seeds to different microhabitats? c) Are the quantitative 

contribution of each disperser and their seed deposition 

patterns consistent across different sites?  

 

Materials and Methods 

Ethics Statement 

All necessary permits were obtained for the described field 

studies from the Dirección General de Montes y Espacios 

Naturales de Castilla-La Mancha. All animal work was 

conducted according to relevant Spanish and international 

guidelines 
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Study area  

The study was conducted during J. thurifera dispersal 

season 2008-2009 in Alto Tajo and Parameras de 

Maranchón, Hoz de Mesa y Arangocillo, both of them Special 

Areas of Conservation of the Natura 2000 network located in 

Guadalajara province, central Spain. The study area covers 

40 km2 (centroid 40º 55’ N, 2º 10’ W) (Figure 1A).The climate 

is Mediterranean continental with rainfall around 500 mm 

per year with a pronounced summer drought. Mean annual 

temperature is 10.2 ºC, with January being the coldest 

month (mean temperature: 2.4 ºC) and July the warmest 

(mean temperature: 19.5 ºC). Snowfalls occur from 

November to April (www.aemet.es).The mean elevation of 

the area is 1200 m where the vegetation is mainly composed 

by open woodlands dominated by J. thurifera. 

 

Sampling design  

The complexity of the territory was classified in three 

habitats which describe the ongoing process of expansion, 
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mature woodland remnants (MW), new colonization areas 

(NCA) and ongoing active agricultural lands (AL). J. 

thurifera cover on MWs was over 30% with a high 

abundance of adult trees. NCAs were abandoned 

agricultural fields or livestock pastures patches where J. 

thurifera cover was under 15%, being most of the individuals 

newcomers. In order to evaluate if the expansion process was 

limited to areas with some J. thurifera remanent or contrary 

if patches without any individual of the species could receive 

seeds, AL without any J. thurifera tree were also included in 

the study. These habitats did not suffer any management 

tasks during the survey process. We selected different sites 

in which the habitats MW, NCA and AL were represented: 

Maranchón, Torremocha, Cobeta, Riba and Huertahernando 

(Figure 1A). All habitats were represented in Maranchón 

and Torremocha, in Cobeta only MW was found while in 

Riba and Huertahernando only NCA and AL habitats were 

studied (Figure 1B). In each MW, we selected a total area of 

2000 x 50 m in which seed dispersal process was studied 

independently for each functional group of dispersers (see 

Faeces collection below). In NCA and AL seed dispersal was 
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studied in plots of 100 x 50 meters. A total of 16 NCA plots 

were selected which were unevenly distributed among 

Maranchón (6 plots), Torremocha (5), Riba (3) and 

Huertahernando (2) as a function of the available habitat 

fragments. For AL a total of 12 plots were selected 

distributed among Maranchón (4 plots), Torremocha (4), 

Riba (2) and Huertahernando (2) (Figure 1B). 
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Fig. 1A. On the top left of the figure we present the location of the 

study area within the Iberian Peninsula. On the top right, a zoom 

to the protected areas, Alto Tajo and Parameras de Maranchón, 

Hoz de Mesa y Arangocillo (Natural 2000 Network) where the 

study sites are located. 1B. a graphical description of the 

different study sites and the amount and distribution of the 

habitats describing the ongoing process of J. thurifera expansion. 

 

Faeces collection  

Thrush pellets, carnivore scats and rabbit and sheep 

droppings (discrete clumps containing from 15 to 20 pellets) 

were considered as individual and comparable faecal 

deposits (hereafter faeces). Faeces collection was conducted 

during the dispersal season (December-March). Each faeces 

was collected and packed in a paper bag and the 

microhabitat (J. thurifera, shrub or open area) in which each 

faeces was found recorded. We considered the influence area 

of J. thurifera and shrub microhabitats of 6 and 4 meters 

respectively away from the trunk. When a faeces was found 
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within a further distance of these microhabitats it was 

considered as an open microhabitat. 

The survey procedure differs between the studied habitats 

according to the detectability of the dispersers in each 

habitat and species behaviour. MWs consisted on 

homogeneous and continuous areas in the territory with a 

high percentage of tree cover and fruiting trees, therefore 

dispersers will highly occupied these habitats [12]. Whereas 

NCAs-ALs consisted on discrete and small fragments with a 

reduced tree cover and fruits availability. Thus, a reduced 

occupancy in relation MW is expected. A reduced occupancy 

is related with a lower detectability [29, 30, 31, 32], therefore 

in order to obtain reliable data about the occupancy of all 

studied habitats the sampling effort cannot be identical in 

areas of large occupancy (MW) and those with sporadic or 

lower intensity of occupancy (NCA and AL). Hence, more 

sampling effort was needed in those areas where the 

occupancy and thus detectability is lower. According to this, 

and attending to different behaviour and movement patterns 

of dispersers we performed a different sampling scheme for 

thrushes and mammals. Thrushes dispersal was assessed 
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twice along the study period, coinciding with the moment of 

thrushes’ censuses (see thrushes’ abundance section). 

Thrushes perform a non-random use of the habitat being 

quite focused to trees with large fruit availability and high 

size for perching [12, 24]. Therefore we performed a 

stratified sampling focused on trees in mature woodland 

where the cover of trees was high. We sampled 15 sub-plots 

within the area selected in each MW. We sampled 10 

transects of 1 x 10 m located at random compass direction 

away from the microhabitats J. thurifera tree and shrub [12] 

in each sub-plot. However, in NCA very few trees for 

perching were available and trees with cones were usually 

one while in AL they were totally absent. In order to avoid 

overestimation of seed dispersal in NCA and AL patches the 

total surface of the plot of those habitats was sampled. 

Mammal’s dispersal was assessed fortnightly during the 

whole dispersal season. Faeces in each MW were collected in 

a 2000 x 3 m transect within the selected area, this 

methodology is optimum for areas with high occupancy and 

detectability [31]. However, according to the lower 

detectability on NCA and AL, we needed to increase the 
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sampling effort, therefore we sampled the whole surface of 

the plot of the mentioned habitats. All fresh faeces were 

collected and the microhabitat in which they occurred, 

according to the criteria defined above, recorded. 

 

Juniperus thurifera crop size  

We randomly selected 20 adult fruiting trees in each MW 

and 1 in each NCA (rarely more than one was present). In 

each tree we counted all the arcestides (organs equivalent to 

fleshy fruits) inside 4 quadrates of 15 x 20 cm randomly 

located in the crown at different heights and compass 

directions. Since we used a density estimate of arcestides as 

surrogate of crop size, the sum of the counted arcestides in 

the four samples was divided by the total sampled area for 

each tree. 

 

Tree and shrub description 
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We identified all tree and woody shrub species and their 

covers in all sites. In each MW we walked along 2 km lineal 

transect. Every 100 meters we established a 15 meter meters 

radius circumference in which the percentage cover of each 

tree species and woody shrubs was estimated. The final 

cover was the result of add up the twenty partial percentage 

covers for each species. In the case of NCA plots all trees and 

woody shrubs present were identified and their percentage 

cover established. 

 

Thrushes’ abundance 

We conducted two thrushes’ censuses during the study 

period, in November 2008 (early winter) and in February 

2009 (late winter). Within the area selected in MW we 

established a 2 km length transect with a main belt 50 m 

wide [12]. In NCA and AL the census were undertaken from 

a watching point in the centre of each plot. All thrushes seen 

or heard, walking along the transects or in the watching 

points were recorded. Total observation effort was 20 hours, 

6 in MW, 8 in NCA and 6 in AL. We started census at 
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sunrise and stopped at 11:00 hours. Both early and late 

winter censuses were conducted during three consecutive 

days with favourable weather by the same two observers.  

 

Data analyses 

Variation in crop size was analysed using a general mixed 

model with the number of arcestides (log transformed for 

obtaining normal error distributions) as response variable 

with, habitat (MW, NCA) as fixed factor and site as random 

factor. In order to evaluate the possible effects of 

environmental heterogeneity (total cover of tree species 

different to J. thurifera and total cover of fleshy fruited 

species) in dispersers feeding behaviour we performed two 

Generalized Linear Mixed models (GLMMs). To test if 

environmental heterogeneity influenced the choice of 

dispersers to consume or not consume J. thurifera seeds we 

used the presence/absence of J. thurifera seeds in each faeces 

as response variable with Binomial error distributions and 

logit as link function. To test if the environmental 

heterogeneity influenced the quantity of J. thurifera seeds 
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consumed by disperses we used the total number of J. 

thurifera seeds dispersed in each faeces as response variable 

with Poisson error distribution and log as link function. In 

both models habitat and disperser were used as fixed factors 

and the variables defining environmental heterogeneity: 

total cover of tree species different to J. thurifera and total 

cover of fleshy fruited species different of J. thurifera, were 

used as additional fixed factors maintaining site as random 

factor. In order to test for differences in seed dispersal 

according to site, habitat, microhabitat and disperser we 

performed a new GLMM with the density of dispersed seeds 

per hectare as response variable and habitat, microhabitat 

and disperser as fixed factors together with site as a random 

factor being the corresponding error distribution Gaussian 

and the link function identity. Active agricultural lands 

habitats (AL) were analysed separately according to the lack 

of covered microhabitats. In this case a GLMM was 

performed with density of dispersed seeds per hectare as 

response variable, disperser as fixed factor and site as 

random factor with a Gaussian error type and the link 

function identity. All analyses were conducted in R 
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environment [33] with additional packages “nlme” [34] and 

“lme4” [35].  

 

Results  

Tree and shrub description 

Maranchón MW had the lowest tree cover among juniper 

woodlands having Cobeta the highest. In NCAs, Huerta and 

Torremocha were more open than Maranchón and Riba, 

which presented the highest cover (72%). The most common 

fleshy fruited species apart from J. thurifera was J. 

communis except in Riba where this rank position was 

occupied by Rosa spp (11.7%) and J. oxycedrus (4%). On the 

other hand J. phoenicea (2.3%) was present only in Cobeta 

which was the MW with the highest number of tree species 

with more than a tenth percentage covered by pines and 

oaks (Table 1). 

 

Juniperus thurifera crop size  
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Arcestides density differed significantly between habitats 

MWs had a higher density of arcestides than NCA. The 

estimates were 2.02, 1.37 for MW and NCA respectively 

which were significantly different from 0 (P value < 0.001) in 

both cases. Arcestides density was similar for the MWs of 

Torremocha, Maranchón and Cobeta (Figure 2). 

 

Thrushes’ abundance 

A total of five species of thrushes were recorded during the 

censuses: Turdus viscivorus (57.1% of thrushes), Turdus 

philomelos (35.8%), Turdus merula (4.3%), Turdus 

iliacus(2.1%), and Turdus pilaris (0.7%). In general thrushes’ 

abundance was higher in MW than in NCA and AL. However 

in Torremocha and Riba thrushes’ abundance in NCA was 

similar to MW during the late winter. A similar abundance 

was found for the three MWs in the two dates, though a 

decreased was found in Cobeta in late winter. In general we 

did not observe thrushes in AL with the exception of 

Torremocha (Table 2).  
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Environmental heterogeneity, faeces abundance and number 

of J. thurifera seeds per faeces  

A total of 1627 faeces were collected during the study period, 

of which the highest number were thrushes’ pellets (1192), 

then herbivores droppings (224) and lastly carnivores (211). 

One hundred faeces were collected in AL and therefore were 

not used for the analysis of dispersers feeding behaviour and 

environmental heterogeneity analyses due to the lack of 

natural vegetation in these plots. 

 

Stone marten was the species which dispersed the higher 

number of faeces with presence of J. thurifera and sheeps 

the lowest. Tree cover excluding J. thurifera was negatively 

related to the presence of J. thurifera seeds on dispersers 

faeces but not to the cover of fleshy fruited species different 

to J. thurifera (Table.3)  
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Site Habitat Cover JT JC JO JP R GS PH QI QF 

Maranchón MW 42 30.6 10.2   0.8 1.2    

 NCA 28 10 8.1   0.9 9.3   0.4 

Torremocha MW 60 46 6.6   0.1 9.7  2.5  

 NCA 21 8 0.8   1 10.6  0.1 0.9 

Cobeta MW 71 47 5.7 2.1 2.3 0.3 1.8 17.6 10.8 0.7 

Riba NCA 72 4 0.2 4  11.7 60   0.4 

Huertahernando NCA 10 10    1 1  1  

Table 1. MW: mature woodland; NCA: new colonization areas; Cover: Total percentage cover (%); 

Percentage cover of the species (%): JT: Juniperus thurifera; JC: Juniperus communis; JO: 

Juniperus oxycedrus; JP: Juniperus phoenicea; R: Rosa spp; GS: Genista scorpius; PH: Pinus 

halepensis, QI: Quercus ilex; QF: Quercus faginea. Blank space indicates the species was not 

present. 
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Fig. 2. Crop size (mean ± SE number of arcestides*0.12m2) on 

mature woodlands (MW) and new colonization areas (NCA) for all 

studied sites. TOTAL (mean ± SE number of arcestides/0.12m2) for 

each habitat type is represented on the first two columns.  

 

The number of seeds contained in each faeces was opposite 

to the rank of number of faeces: carnivores dispersed the 
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highest number of seeds per faeces (36 in average), then 

herbivores (4) and lastly thrushes (0.7). 

Site  Habitat 
Early 
Winter 

Late 
Winter 

Maranchón MW 9.1 13.8 

 NCA 1.7 0.33 

 AL 0 0 

Torremocha MW 11.4 9.1 

 NCA 0 12.8 

 AL 0.5 7.5 

Cobeta MW 12.3 6.4 

Riba NCA 2 12 

 AL 0 0 

Huertahernando NCA 0 0 

  AL 0 0 

Table 2. Thrushes’ abundance (Turdus spp* Ha-1) in the three 

habitats, MW: mature woodland; NCA, new colonization areas; AL, 

active agricultural lands.  

In general both variables, the number of faeces and J. 

thurifera seed per faeces decreased from the MW to AL for 

all dispersers (Table 4 and Table S1). Tree cover excluding J. 
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thurifera was also negatively related to the number of seeds 

of J. thurifera dispersed per faeces while total cover of fleshy 

fruited species apart from J. thurifera was positively related 

(Table 4). 
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Fixed effects   Parameter value SE z value Pr(>|z|) 

Intercept  0.31 1.56 0.20 0.842 

Disperser Stone marten 1.46 0.56 2.61 0.009 

 Red fox 0.69 0.50 1.39 0.166 

 Thrushes 0.46 0.45 1.02 0.309 

 Sheep -1.64 0.49 -3.32 0.001 

Habitat New colonization areas -0.67 0.26 -2.58 0.010 

Fruits cover  0.03 0.05 0.66 0.510 

Tree cover  -0.45 0.10 -4.26 0.000 

Random effects         

 Intercept Residual    

SD 9.67 3.11       
 

Table 3. Significant effects (P < 0.05) are indicated in bold. When P value was smaller than 0.001, 

<0.001 was indicated. D.F: degrees of freedom. SE: Standard Error. SD: Standard Deviation. 

Missing levels of factors (disperser: rabbit; habitat: woodland) are included on the intercept 
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Fixed effects   Parameter value SE z value Pr(>|z|) 

Intercept  2.62 1.18 2.23 0.03 

Disperser Red fox 1.05 0.06 18.21 <0.001 

 Stone marten 0.94 0.06 15.95 <0.001 

 Sheep -2.33 0.10 -24.01 <0.001 

 Thrushes -3.13 0.07 -47.15 <0.001 

Habitat New colonization areas -1.81 0.09 -20.16 <0.001 

Fruits cover  0.06 0.02 2.64 0.008 

Tree cover   -0.40 0.05 -8.68 <0.001 

Random effects         

 Intercept Residual    

SD 6.61 2.57       
 

Table 4. Significant effects (P < 0.05) are indicated in bold. When P value was smaller than 0.001, 

<0.001 was indicated. D.F: degrees of freedom. SE: Standard Error. SD: Standard Deviation. 

Missing levels of factors (disperser: rabbit; habitat: woodland) are included on the intercept.  
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Fixed effects   
Parameter 
value SE DF t-value p-value 

Intercept  -1088.47 686.86 93 -1.58 0.116 

Habitat Woodland 2139.98 502.88 93 4.26 <0.001 

Disperser Stone marten 983.49 676.23 93 1.45 0.149 

 Sheep -41.71 676.23 93 -0.06 0.951 

 Red fox 2160.13 676.23 93 3.19 0.002 

 Thrushes 514.63 676.23 93 0.76 0.449 

Microhabitat Shrub 704.36 523.81 93 1.34 0.182 

 J. thurifera tree -305.48 523.81 93 -0.58 0.561 

Random effects             

 Intercept Residual     

SD 726.70 2191.24         
Table 5. Significant effects (P < 0.05) are indicated in bold. When P value was smaller than 0.001, 

<0.001 was indicated. D.F: degrees of freedom.  Missing levels of factors (disperser: rabbit; 

habitat: new colonization areas; microhabitat: open) are included on the intercept 
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In relation to deposition patterns in the MWs, the role of 

thrushes was similar in the three sites and they usually 

preferred J. thurifera canopied microhabitats. Herbivores, 

especially rabbits, deposited more faeces and a higher 

number of seeds per faeces in Torremocha than in the other 

sites and mainly in open microhabitats. Most carnivores 

faeces collected contained J. thurifera seeds in the MW of 

Maranchón (84%) and Torremocha (94%) with a high 

number of seed per faeces (67 and 96 respectively). By 

contrast, in the MW of Cobeta most carnivores faeces 

contained small-mammals remnants and seeds of two 

coexisting congeners, Juniperus oxycedrus and Juniperus 

phoenicea being the average number of J. thurifera seeds per 

faeces really low (5). The microhabitat preferred by 

carnivores in MW was shrub (Table S1).  

 

Deposition patterns in NCA patches of Maranchón and 

Torremocha were quite similar to those on the MW but with 

a lower abundance of faeces and seeds per faeces. In Riba we 

found that carnivores, mainly stone martens, disperse a high 
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number of faeces in comparison with the rest of the sites. It 

is worth noting that faeces did not contain any seed of J. 

thurifera in this last case, while congener J. oxycedrus seeds 

were abundant. A similar pattern in the number of deposited 

faeces versus dispersed seeds per faeces was found for 

thrushes which deposited the highest number of faeces of all 

NCAs in Riba although only 15% of them contained J. 

thurifera seeds. They had a low number of seed per faeces 

(0.21), being Rosa spp seeds abundant. We did not found any 

carnivores’ faeces in Huerta and only thrushes generated 

some seed dispersion preferring the J. thurifera canopied 

microhabitat (Table S1).  

 

In AL the total number of faeces and seed number per faeces 

sharply decreased in relation to MW and NCA. The dispersal 

pattern generated by dispersers was site depended. Thus in 

Maranchón only foxes produced dispersal patterns, in 

Torremocha both species of carnivores, sheeps and thrushes 

deposited faeces and seeds while in Huerta only foxes and 
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thrushes did. Finally we did not found any dispersed seed by 

any disperser in the Riba AL (Table S1).  

 

Seed dispersal  

Seed dispersal was one hundred fold times higher in MW 

than in NCA. The disperser which produced the highest seed 

dispersal was the red fox followed by the stone marten, 

thrushes and lastly herbivores (Table 5, Figure 3). However 

their relative efficiency was habitat-depend (Figure 3, Figure 

4). Carnivores played a more important role on the seed 

dispersal process in MW while in NCA the relative 

importance of all dispersers was similar (Figure 3, Figure 4). 

Seed dispersal did not vary across microhabitats, thus all 

microhabitats receive a similar amount of seeds as a result of 

the different deposition patterns of dispersers (Figure 4). 

Both species of carnivores presented a clear preference for 

shrub and open microhabitats in MW and in NCA whereas 

thrushes and herbivores changed their deposition patterns 

with the habitat. Thrushes dispersed similar quantities of 

seeds beneath the crown of J. thurifera trees and open areas 
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in MW while in NCA most of the seeds dispersed by them 

where on J. thurifera microhabitat. On the other hand 

herbivores in MW dispersed small number of seeds and 

mostly in open microhabitats while in NCA they dispersed 

more seeds and mostly beneath the crown of J. thurifera 

trees (Figure 4). For AL, carnivores were the main dispersers 

especially foxes (figure 5), which were the only ones with an 

estimate significantly different from 0 (Estimate 29.37, 

P=0.0031). 
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Fig. 3 Seed dispersal (mean ± SE of dispersed seeds*Ha-1) 

generated by the different dispersers in the five study sites. 

TOTAL (mean ± SE) for each disperser is represented by the 

columns on the left. 
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Fig. 4. Seed dispersal (mean ± SE of dispersed seeds* Ha-1) 

generated by the different dispersers in each microhabitat in 

Mature Woodland (MW). For both panels the first three columns 

correspond to the mean ± SE total dispersed seeds by all dispersers 

on each microhabitat. Black columns correspond to Mature 

Woodland and white columns correspond to New colonization 

areas.  
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Fig. 5 Seed dispersal (mean ± SE of dispersed seeds* Ha-1) 

generated by each disperser species on panel A and on each study 

site at the panel B. 
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Discussion 

The main functional groups of dispersers of J. thurifera were 

thrushes and carnivores since herbivores, especially sheeps, 

dispersed significantly fewer seeds. According to our 

expectations thrushes and carnivores had a critical role in 

the process of woodland expansion and colonization of 

abandoned fields. Both thrushes and carnivores differed in 

their efficiency according to their feeding behavior and post 

dispersal pattern, which was modulated by habitat type and 

particularly by environmental heterogeneity and ecosystem 

structure. This complex interaction between dispersers and 

ecosystem heterogeneity surely is conditioning the spatial 

and genetic structure of the expanding and former 

woodlands. Our results also shed light on the poorly 

understood process of seed dispersal in heterogeneous 

habitats at the landscape scale, especially complex in the 

case of very fragmented or highly disturbed landscapes such 

as abandoned fields [36].  
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Differential role of the disperser community on the process of 

woodland expansion  

It is well known the role of frugivores birds on plant 

dispersal far from parental trees [37, 38], since large and 

medium-sized birds can fly intermediate and long distances 

(>200 m), even across open areas located between forest or 

shrubland remnants [16, 39, 40]. In the case of thrushes, 

some species, as T. viscivorus, T. pilaris and T. iliacus, 

showed flight distances ranging from 50 m to 300 m after 

feeding [16,17], or even longer (>500 m, personal 

observation). They perform high-height exploratory flights in 

large flocks [41] which may contribute to long dispersal 

events outside mature plant populations on woodland 

remnants, even in agricultural or abandoned lands as also 

found in our  paper (see [42] for similar north-American 

landscapes). However the importance of thrushes as 

disperses in new colonization areas is conditioned to the 

presence of attractive perches as high trees [17, 43] with big 

crop size [41, 44]. According to our results a higher 

percentage cover of other fleshy fruited species was 

positively related with a higher number of seeds dispersed 
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per faeces. This could be the explanation to the highly 

different dispersal patterns found for thrushes in two of our 

study sites, Riba and Huerta. It seems that a more abundant 

fruiting neighbourhood could produce an attraction effect on 

thrushes and enhance seed dispersal for the target species 

even if this one is not very abundant. A similar pattern has 

previously been shown in other ecological contexts [44, 45]. It 

seems a general rule that for fleshy fruited species is very 

positive in dispersal terms to have a heterospecific fruiting 

neighbourhood. Obviously, depending on total availability of 

different fruiting species and their spatial location this 

positive effect on seed dispersal could turn into a competition 

effect [46].  

 

Regarding carnivores many studies in Mediterranean 

ecosystems point out their relevance in long-distance seed 

dispersal due to their wide home range, generalist diet and 

high retention time in the gut [15, 16, 47, 48]. Seed dispersal 

produced by carnivores is independent on the current 

presence of mature fruiting trees [19] as shown also in our 
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study system where we found a higher incidence of red foxes 

and stone martens as dispersers in active agricultural lands. 

This means that for primary colonization where no trees of 

the species are present, carnivores, especially red foxes, 

could be essential members of the dispersal community and 

may promote natural restoration of degrade lands as 

recently proposed [49].  

 

Differential role of the disperser community on mature 

woodlands  

Numerous studies point out that thrushes are the main 

dispersers of Juniperus while the contribution of mammals 

is occasional and less relevant [24, 25, 50, 51, 52]. Our 

results do not support such statement, as carnivores and 

specially red foxes, were by far the main dispersers in two of 

the tree studied mature woodlands. Changes in tree species 

cover and structure could produce variations in the 

availability of different food resources for carnivores. 

According to our results a higher diversity in tree cover was 

negatively related with the consumption of J. thurifera fruits 
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and with the total number of seeds dispersed per faeces, both 

variables were notably lower in the mature woodland of 

Cobeta compared with the other MWs studied. This result 

could be explained by the existence of a high diversity in the 

tree layer with the presence of pines and oak species. Higher 

tree diversity and the presence of some deciduous species 

promote a more abundant litter cover which has been related 

with a more abundant and diverse insects and rodents 

communities [53, 54, 55, 56]. Both, insects and small rodents 

are consumed and frequently preferred by carnivores [57, 58, 

59] due to higher protein content. Therefore we speculate 

that a higher diversity on the tree layer may had produced a 

higher availability of trophic resources different from fruits 

provoking a shift in carnivores diets, More specifically this 

hypothesis should help to explain the low seed dispersal 

generated by carnivores in Cobeta [12]. In support to this 

hypothesis carnivores’ faeces found in the MW of Cobeta 

contained mainly small-mammals remains (personal 

observation). 
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Thrushes‘ population present in the study area were mainly 

wintering migrants. In their arrival and during their stay 

they make prospect flights searching for good patches for 

feeding and avoiding predators [12, 24, 60]. According to our 

results, thrushes profited fruit resources according to their 

abundance. In the studied sites where J. thurifera cover and 

crop were abundant, thrushes dispersed a high and similar 

quantity of seeds. As a result mature woodlands which 

offered enough crop size, independently of their spatial 

structure, and presence of other tree species, would result 

appropriate for wintering thrushes. Thus, as long as 

migratory period of thrushes and fruiting moment will be 

accomplished we could assure that thrushes would be 

constant and faithful dispersers of J. thurifera. 

 

Seed dispersal and deposition pattern between microhabitats 

As a result of dispersers’ deposition pattern, shrubs and open 

microhabitat will receive more seeds dispersed by carnivores 

while J. thurifera canopies will receive more seeds dispersed 

by thrushes. Thrushes and carnivores had a different 
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clumping pattern (1 seed/faeces for thrushes versus 50 for 

carnivores) and we detected higher seeds weight for 

carnivores than thrushes (unpublished data) which suggests 

the existence of a playground for evolution to operate. 

Therefore as a result of dispersers behaviour seeds dispersed 

on open or shrub microhabitats are heavier than those 

dispersed beneath the crown of J. thurifera tree. Whether or 

not heavier seeds in open microhabitats will increase or 

decrease the probability to be predated, secondary dispersed 

or germinated and finally established remains unknown. 

Any case recruitment, and species traits’ evolution, would be 

highly influenced by the interaction among the quantity of 

seeds do arrive to a microhabitat, the traits selected by 

dispersers (e.g. seed size) and the environmental 

characteristics of each microhabitat [61]. 

 

Conclusions 
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Abandonment of agricultural activities has promoted the 

colonization of many fields by shrub and tree species. For 

ecosystems dominated by fleshy fruited species, the arrival 

of seeds as the first step in the process of colonization is 

mediated by the feeding behaviour and post dispersal 

deposition pattern of the community of dispersers as shown 

here. Our results are congruent with our expectations that 

the role of carnivores is critical for moving seeds into 

agricultural lands where isolated trees and perches are 

absent, therefore this functional group of dispersers are a 

critical member of the dispersal assemblage for promoting 

the colonization of abandoned fields. Although, in order to 

describe the importance of seed dispersal in ecological 

processes, it is essential to take into account the whole 

dispersal community together with the environmental 

heterogeneity occurring at the landscape level, (e.g. 

vegetation cover and composition), as these variables 

significantly influence dispersers’ behaviour. Our results 

showed a decrease in seed dispersal when tree species apart 

from J. thurifera are present, therefore in ecosystems where 

J. thurifera is not the dominant species its dispersal and 
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therefore regeneration and colonization of abandoned fields 

could be constrained. This finding together with the results 

described in [62] suggest that J. thurifera open woodlands 

with a reduced grazing pressure, as occurred in our study 

sties, could produce a shift of their typical open monospecific 

woodlands towards a closed and more diverse canopy forest. 

In this scenario seed dispersal of J. thurifera could result 

limited. Therefore, having into account that these formations 

have conservation concerns the diversity of the dispersal 

community is an important ecosystem feature that should be 

preserved and even managed (e.g. avoiding hunting thrushes 

and predators control of medium carnivores such as red foxes 

and stone martens) in order to promote the colonization of 

abandoned fields, the regeneration of former woodlands [63], 

and the ecosystem services provided by them, such as net 

gain of value habitat, water and nutrient cycling and carbon 

sink capacity [23]. 
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Abstract 

  

Land abandonment is a widespread land use change which 

could provide a valuable opportunity for ecosystem recovery. 

However this process could be seriously limited by biotic and 

abiotic factors operating at different spatial scales. In this 

work we used Spanish juniper remnant woodlands and 

recently colonized old fields by the species to assess the 

influence of biotic (post-dispersal seed predation) and abiotic 

factors (soil suitability and light availability) to early 

recruitment accounting for variability at the regional (site 

and habitat) and local (microhabitat) spatial scale. 

Recruitment was controlled by factors operating at different 

spatial scales in a hierarchical manner. The regional scale 

was determinant for post-dispersal seed predation and 

seedling abundance which was also controlled by 

environmental suitability varying at the local scale. Post-

dispersal seed predation was higher in old fields than in 

mature woodlands as we predicted. The intensity of 

predation was lower in habitat-site combinations of lower 
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shrub cover and with a mosaic structure of croplands 

interspersed with old fields. Seedling establishment was 

influenced by local and regional variability as predicted. 

However, soil suitability did not decrease because of previous 

farming uses. Seedling abundance was highest in 

microhabitats with medium nitrogen content and light 

availability. This last variable was greatly influenced by the 

traditional management. According to our results, a 

moderate land use involving wood extraction on the lower 

part of the canopies and extensive agriculture interspersed 

in the landscape with natural vegetation seems to be 

compatible with ecosystem recovery after a historical period 

of intense land use. 

  

Key words: Juniperus thurifera, woodland remnants, old 

fields, post-dispersal seed predation, seedlings, recruitment 

limitation, moderate land use. 
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Introduction  

  

The abandonment of agricultural lands has taken place 

broadly during the second half of the last century over many 

European regions (Mottet et al. 2006, Rey Benayas 2007) 

and land-use change models predict an increase for the next 

decades (Rousenvell 2006). The detrimental effects of global 

change drivers on species conservation and ecosystem 

functioning are quite well established (Millenium Ecosystem 

Assesment 2005). However, global change drivers such as 

land abandonment could provide the opportunity for forest 

species regeneration and colonization of abandoned fields 

once exploitation is stopped (Schröter et al. 2005). The 

ecological recovery of abandoned fields could be limited at 

different stages of the process of plant recruitment (seed, 

seedling, sapling, reproductive adult) and it can be due to the 

failure of the transitions from one stage to the subsequent 

one. The relative importance of each stage and transitional 

processes in limiting plant recruitment could in turn change 

according to the previous land use (González-Varo et al. 

2012) making especially relevant the study of which stages 
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and transitional process could actuate as bottlenecks for 

regeneration in abandoned lands.  

 

The different stages and processes determining recruitment 

usually involved biotic interactions between plants and 

animals (e.g. seed dispersal, post-dispersal predation) which 

are controlled at large spatial scales (Puerta-Piñero et al. 

2012). By contrast, processes such as germination or seedling 

survival seem to be more affected by abiotic factors (e.g. soil 

moisture and nutrient content, light availability) which 

mainly vary at local spatial scales (García and Houle, 2005, 

and references therein). Consequently a consistent pattern 

between seeds and final recruitment is only expected if the 

biotic and abiotic factors involved in the process actuate in 

the same direction along the different spatial scales 

operating in the recruitment process or if the availability of 

seeds overwhelms seed and seedling mortality (García et al. 

2005).  
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Post-dispersal seed predation is known to be especially 

limiting in the recovery of degraded lands such as 

fragmented (Santos and Tellería 1994; Gónzalez-Varo et al. 

2012), burned (Torre and Diaz 2004) and formerly cultivated 

areas (Wijdeven and Kuzee 2000). Abundance of seed 

predators, such as small mammals is often higher in these 

earlier sucessional stages than in more advanced ones. This 

is due to the low structural variation of degraded lands 

usually dominated by shrub and herbaceous vegetation with 

an abundant understory at the ground level which reduce 

predation risk of small mammals (Ostfeld et al. 1997). 

Foraging and movement behavior of small mammals are 

controlled by a trade-off between food availability (seed 

density) and predation risk (Diaz 1992; Kotler and Blaustein 

1995, Verdolin 2006 for a review). Consequently, at the local 

spatial scale, higher rates or predation are expected in 

patches or microhabitats with more vegetation cover where 

predation risk is lower (Manson and Stiles 1998) and with 

greater clumps or density of seeds (Hulme 1994, see Janzen 

1970, Connell 1971 for details about predictions for changes 

in seed predation with parent plant distance). According to 
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this, post dispersal seed predation could differentially modify 

the template provided by seed dispersal under different land 

use conditions. After this stage, the fate of the surviving 

seeds on emergence and seedling survival will be mainly 

modulated by abiotic factors such as moisture, light and 

nutrients which in turn will determine the suitability of the 

different microhabitats present in an ecosystem (Gómez-

Aparicio et al. 2005 and references therein). In the specific 

case of abandoned fields, the availability of suitable 

microhabitats could result specially limiting due to former 

farming activities (Dupouey et a. 2002, Flinn and Marks 

2007). 

 

Ecosystems in the Mediterranean basin have a long and 

intense history of land use which in the northern fringe of 

that area has been abandoned since the middle of the 

twentieth century coinciding with industrialization and rural 

exodus. This has lead to a gradual re-forestation of such 

areas (Barbero et al., 1990; Debussche et al., 1999; 

Chauchard et al., 2007). Spanish juniper (Juniperus 



Chapter II 

Seedling establishment patterns are affected by biotic and biotic 

factors operating at different spatial scales 

 

132 
 

thurifera) woodlands are particularly affected by this process 

(Olano et al. 2008). An intense decline of its populations in 

the past century was provoked by an intense use of the 

species for wood and derived forest products and by habitat 

destruction (Gauquelin et al. 1999). This condition has now 

reversed due to land abandonment, which has allowed the 

densification of its woodlands and the colonization of 

formerly agricultural lands and livestock pastures (Gimeno 

et al. 2012a). Therefore, it offers a good study system to 

unveil the poorly understood relative contribution of biotic 

and abiotic factors to early recruitment in abandoned lands. 

Spanish juniper woodlands are priority habitats for 

conservation by the 2000 Natura network, act as refugee for 

endemic species and account for high cultural and historical 

heritage (Olano et al. 2008), which makes the study of its 

expansion particularly interesting not only from the 

ecological point of view but from a conservation and 

sustainable management perspective.  
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In a previous study we determined the dispersal patterns at 

different spatial scales of Spanish juniper in ecosystems 

subjected to land abandonment. We showed that the arrival 

of seeds to old fields was not limited due to a rich dispersal 

community, thought the quantity of seeds dispersed in old 

fields was lower than in woodland remnants (Escribano-

Avila et al. 2012). According to previous observational and 

experimental results, spatial concordance exists between the 

microhabitats in which more seeds are dispersed and the 

suitability of such microhabitats for germination and 

seedling survival (Escribano-Avila et al. 2012, 2013). 

However we do not know if the seed dispersal pattern is 

consistent with the natural pattern of recruitment and how 

post-dispersal seed predation and microhabitat 

environmental conditions could be affecting seedling 

establishment in relation to land use. In order to fill this 

gap, we combined here experimental and observational data 

on post-disperal seed predation, natural recruitment and 

abiotic environmental conditions accounting for all relevant 

spatial scales to evaluate the following hypotheses: (i) Post-

dispersal seed predation is controlled at the regional and 
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local scale with seed predation being greater in old fields 

recently colonized and in more covered microhabitats with 

more density of seeds (Manson and Stiles 1998, Hulme 

1994). (ii) Early recruitment is controlled at the local scale 

by environmental variables (i.e. water, nutrients soil content 

and light availability), which are known to be more favorable 

beneath canopies (Montesinos et al. 2007, Escribano-Avila et 

al. 2013). However such environmental conditions could 

change according to previous land use (Gimeno et al. 2012a) 

and in this case an indirect effect of the regional scale is 

expected in the establishment of seedlings, the final outcome 

of such effect being hardly foreseeable.  

 

Materials and Methods    

Study area and species 

The Spanish juniper is a dioecious tertiary-relict tree 

endemic to continental areas of the western Mediterranean 

Basin. It forms low density woodlands pure or mixed with 

other species in poor, shallow and rocky soils. The most 
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extensive woodlands of Spanish juniper are found in Spain, 

particularly in the central high plateaus that range between 

800 and 1200 m a.s.l., subjected to a continental 

Mediterranean climate (Gauquelin et al. 1999). Males and 

females flower at the end of the winter and female cones 

take 22 months to develop and ripe (Adams 2004, 

Montesinos et al. 2006). Mature cones are then dispersed by 

birds and mammals in low and high dense seeds clumps 

respectively (Santos et al. 1999; Escribano et al. 2012).  
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Fig. 1 A. On the top left of the figure we presented the location of 

the study area within the Iberian Peninsula. On the top right, a 

zoom to the protected areas, Alto Tajo and Parameras de 
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Maranchón, Hoz de Meas y Aragoncillo (Natura 2000 Network) 

where the study sites are located. B. Graphical description of the 

different study sites and the amount and distriburion of the 

habitats describing the ongoing process of J. thurifera expansion. 

Within each  sampling plot (N=20)  we established 4 sampling 

stations in the microhabitats: Spanish juniper female and male 

canopy, shrub and open gap leading to 80 sampling stations in 

which post-dispersal seed removal, recruitment and environmental 

variables were studied 

 

Rodents and birds are consumers of both fruits and seeds 

(Santos and Tellería 1994 and references therein). Non 

predated seeds germinate around 15 months after dispersal 

usually from April to September with the highest peak 

between May and June (Escribano-Avila et al. 2013). The 

study was carried out at two sites in Guadalajara province, 

central Spain, Torremocha and Maranchón, located in Alto 

Tajo Natural Park and Parameras de Maranchón, Hoz de 

Mesa y Arangoncillo (SCI), both belonging to the Natura 

2000 network (Figure 1A). The elevations of the two sites are 

1250 m (Maranchón) and 1278 m (Torremocha) above sea 
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level, and they are separated 20 km from each other. The 

climate of the study area is Mediterranean continental with 

rainfall around 500 mm. with a pronounced summer 

drought. Mean annual temperature is 10.2 ºC, with January 

being the coldest month (mean temperature: 2.4ºC) and July 

the warmest (mean temperature: 19.5ºC) (data provided by 

the Spanish Agencia Estatal de Metereología, 

www.aemet.com). Snowfalls occur from November to April at 

both sites. 

 

Study system and sampling design  

The complexity of the territory was classified in three 

habitat types: mature woodland remnant, old fields recently 

colonized and active agricultural lands (Figure 1. B). These 

last ones out of the scope of the study. On woodland 

remnants Spanish juniper cover is over 30% with high 

abundance of adult trees while in old fields recently 

colonized the total cover of Spanish juniper is less than 15% 

being most of trees Spanish juniper newcomers and rarely 

presenting more than 4 adult trees per hectare. Traditional 
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management in woodland remnants has been logging and 

extensive grazing (see Gimeno et al. 2012a, Escribano et al. 

2012) which in our study sites continue to be an active 

practice by local people who perform this management in a 

traditional an extensive fashion. Old fields were devoted to 

crops or livestock pastures. 

In order to account for all relevant spatial scales in the 

process of colonization we performed a nested designed 

including the regional and the local spatial scale. The 

regional spatial scale included different habitats occurring at 

the landscape level and extends over several hectares (site 

and habitat). The local spatial scale represents 

environmental heterogeneity varying at fine-grained spatial 

scale extending over less than a few square meters, referred 

as microhabitat. In this study the local spatial scale is 

characterized by the present of four main microhabitats: 

Spanish juniper female and male canopy cover, shrub and 

open gap. The open gap was characterized by the lack of 

canopy being the soil bare or covered by perennial herbs of 

chamaephyts. An intermediate spatial scale (plot) including 

several microhabitats within a habitat type was used to 
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characterize the heterogeneity occurring between the 

regional and local scale. We established 20 plots (100 m x 50 

m) located in the two studied habitats of interests, mature 

woodland remnant and old fields in two different sites 

located at c. 20 km of distance. In each plot 4 sampling 

stations were established one in each studied microhabitat, 

leading to 80 sampling stations (See Figure 1). 

 

 Abundance of predators 

We performed censuses using standard Sherman live traps 

to identify and determine the abundance (frequency of 

capture) of small rodents (Apodemus sylvaticus and Mus 

spretus are the targeted species in this territory) in each 

sampling station. The censuses were performed before seed 

monitoring periods on the experimental seed removal 

experiment to avoid interference. Two-night trapping 

sessions were conducted in February and March 2009 and 

one in February 2011 during the new moon in order to avoid 

low capture rate mediated by a moon effect on perceived risk 

by small mammals (Vickery and Bider 1981, Kotler et al. 
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1991). We placed a total of 3 traps in each sampling station 

(12 in each studied plot) covering a total surface of 3 square 

meters. All traps were placed with the doors oriented in 

opposite directions and were baited with apple and a paste 

made of tuna fish in oil and flour. A piece of waterproof 

cotton was added to protect the captured rodents from cold. 

We activated the traps were at dusk and checked at dawn. 

Trapped rodents were released immediately following 

identification. We estimated an abundance index of rodents 

as the number of captures by 100 trap/nights.  

 

We sampled granivore birds’ density through March 2009 

and 2011. The sites and type of habitats were censored once 

each year. In mature woodland remnants we established a 2 

km length transect with a main belt 50 m wide which 

included the studied plots (Santos et al. 1999). In recently 

colonized old fields bird census were undertaken from a 

watching point from where the whole plot was visible. All 

potential granivore seen or heard, walking along transects or 

in the watching points were recorded. Total sampling effort 
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was 400 minutes. Density was estimated as the mean 

number of birds seen or heard by site and habitat divided by 

the sampled surface in each habitat type. All necessary 

permits were obtained for the corresponding authorities and 

all animal manipulation was performed according to 

national and international recommendations. 

 

Canopy cover at the microhabitat and plot level.   

Since vegetation cover at the ground level could influence 

the antipredatory behavior of seed consumers (Manson and 

Stiles 1998, Hulme 1994) we estimated the percentage of 

understory covering the ground (e.g. branches of the same 

canopies, chamaephytes) of all sampling stations, under 

canopies of female and male juniper tree and in shrub 

microhabitats, hereafter referred as canopies’ cover (CC). For 

open microhabitats CC was zero according to the criteria 

established for this microhabitat. We also estimated 

understory percentage and tree cover at the plot level.  
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Post-dispersal seed removal experiment 

To evaluate post-dispersal seed removal we carried out field 

experiments in April 2009 and April 2011 after the seed 

dispersal seasons. In each sampling station (N=80) we placed 

seed depots (Petri dishes) mimicking clump size and number 

of seeds of naturally dispersed seeds of the main dispersers 

carnivores and thrushes. Seeds’ clumping pattern (SC) of a 

carnivores’ deposition was simulated with 2 groups of 18 

seeds (two seed depots) whereas for thrushes we used 6 

groups of two seeds (three seed dedepots). Seed depots were 

nailed to the ground with a wooden stick and located at 50 

cm from each other covering the whole surface of the 

samping station. Small holes were performed in the bottom 

of each depot for water drainage. We used globes to prevent 

human scent from interfering with the experiment. The 

experiments were carried out in new-moon in both years. 

Removal rates were estimated by counting the remaining 

seed in each depot. We monitored the depots after 3, 5, 7 and 

15 days. Predation rate was calculated as the percentage of 

seed removed. We assumed that predation rate was 

proportional to seed removal rate. Several studies suggested 
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that this assumption is valid in the case of fleshy fruited 

plants (see e.g. Hulme 1994). In ten randomly chosen 

sampling stations we placed seed depots excluding birds and 

rodents with a wire mesh (1.2 cm). These were used as a 

control to assess background seed loss due to rain, runoff or 

wind (Kelrick et al. 1986, Hulme 1994). Previous works has 

showed that Spanish juniper seeds can be removed by ants 

(Montesions et al. 2007) however they were inactive in our 

study area at the time the experiments were performed.  

 

Presence of seedlings and seedling density 

Seedling abundance was sampled in all sampling stations 

(N=80) in which the seed removal experiment was performed 

in June 2009 and 2011. We counted all seedlings up to two 

years on 4 quadrats (30 x 30 cm) on 2009 and 6 quadrats on 

2011. Two more quadrats were evaluated in 2011 due the 

low density of seedlings found in 2009. For each year we 

calculated the density of seedlings (seedlings/m2) and their 

sum was used in statistical analyses.  
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Soil properties and light availability 

A core from the upper 5-15 cm of the soil was randomly 

obtained in each sampling station (80 soil cores). Soils were 

sampled in May to evaluate soil conditions coinciding with 

the peak of germination (Escribano-Avila et al. 2013). Water 

content and nutrient supply greatly influence seedling 

establishment and could be changed due to previous farming 

uses (Dupoey et al. 2002, Flinn and Marks, 2007). 

Consequently we measured gravimetric soil moisture 

content, as the difference between wet soil and dry soil until 

constant weight, expressed as water weight/dry soil weight. 

Dry soil was sieved to 2 mm grain for chemical analyses. We 

performed soil digestion according to Kjeldahl’s method 

(Radojevic and Bashkin, 1999). The supernatant of the 

digestion was then analyzed with an automatic chemistry 

analyzer to obtain total Nitrogen (mg/g of dry soil), hereafter 

referred as N (Skalar 4000 SAN System, Segmented Flow 

Analyzer; Skalar, Breda, The Netherlands; Equipment 

located in Nutri-Lab www.nutrilab-urjc.es).  
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Light availability for seedlings was estimated with 

hemispherical photographs. Photographs were taken in each 

sampling station with a digital camera (Cool Pix 995, Nikon, 

Tokyo, Japan), coupled to a fish-eye lens, of 180º field of view 

(FCE8, Nikon) set horizontally on a tripod. Photographs 

were taken at 15 cm height which the maximum height 

reached by seedlings up to two years old (authors’ personal 

observation). All photographs were taken on the same day 

with cloudy conditions to ensure a homogeneous illumination 

of the overstory canopy and a correct contrast between the 

canopy and the sky. The resulting images were analyzed for 

canopy openness using Hemiview canopy analysis software 

version 2.1 (1999, Delta-T Devices Ltd., UK). We estimated 

the global site factor (GSF) which is composed by the 

proportion of direct and indirect radiation that reach each 

under canopy where seedlings were located. The resulting 

measure varies from 0 to 1 being 0 a canopy totally closed 

and 1 and open gap with no canopy at all.  Hereafter we 

referred to this variable as light.  
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Statistical analyses 

We performed General Linear Models to evaluate the scale of 

variation and the possible effects of previous land use (i.e. 

farming activities) on the abiotic filters which are candidate 

for affecting recruitment. Thus, we performed three GLMs 

one for each response variable: soil water content, N soil 

content and light availability (Gaussian error distributions 

and identity as link function) using site, habitat and 

microhabitat as fixed effects plus the interaction terms 

habitat x site and habitat x microhabitat.  

 

In order to evaluate our hypotheses we performed three 

Generalised Liner Mixed Models (GLMM) with the response 

variables seed removal, seedlings presence/absence and 

seedling density. For the seed removal experiment we used 

as dependent variable the percentage of seeds removed from 

the depots and as fixed factors: site, habitat, microhabitat, 

seeds’ clumping type (SC), year and the covariable canopy 
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cover (CC). The error distribution considered was binominal 

and the link function used was logit. Due to a great quantity 

of sampling stations with no seedlings we used a sequential 

approach Thus we performed two GLMM one to model the 

presence/absence of seedlings (binomial error distribution 

and link function logit) and a second GLMM for those 

sampling stations in which seedlings were present in which 

the response variable was seedling density (Poisson error 

distribution link function log). Both models included as fixed 

factors: site, habitat, microhabitat, and environmental 

covariables: light availability (GSF), gravimetric soil 

moisture content and total Nitrogen (N). Colinearity between 

these environmental covariables was previously evaluated 

and non significant correlations were found. Plot was 

included as random factor in all analyses.  

 

Model selection on GLMM was performed according to 

Bolker et al. 2009 and Zuur et al. 2009 which is briefly 

described. We constructed “the beyond the optimal model” 

including all possible interactions between fixed factors: site, 
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habitat and microhabitat plus the effect of SDC and CC in 

the case of seed removal experiment. For GLMM on seedling 

presence/absence only site and habitat were full crossed and 

the covariables gravimetric soil moisture content, total 

Nitrogen and light availability were included. For seedling 

density no interactions were included in the beyond the 

optimal model due to the low number of cases (i.e. samping 

stations) with at least one seedling and the lack of certain 

levels on the superior ones (eg. no seedlings on open 

microhabitat in old fields); the covariables gravimetric soil 

moisture content, total Nitrogen and light availability were 

also included. With this structure of fixed effects we then 

optimized, the structure of the random effects (effect of plot 

on the estimate of the intercept of the model and effect of 

plot on the estimate of the intercept add up to the parameter 

estimates of microhabitat) for seed removal experiment and 

seedling presence/absence. In the case of seedling abundance 

there were not enough data to evaluate the random effect of 

plot on each level of microhabitat and thus only the random 

effect of plot on the intercept of the model was considered. 

The models were fitted by Restricted Maximum Likelihood 
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criteria (REML) and the random structure to be retained for 

further analyses was selected by the lowest Akaike 

information criteria (AIC). Once random effects were 

optimized; we performed model selection for fixed effects 

fitted by Maximum likelihood (ML). Among the all possible 

combinations of independent variables given the beyond the 

optimal model for each dependent variable, we selected the 

best-fitting model that minimized the second-order Akaike 

information criterion (AICc). If only one model had and 

AICc>2 respect to the rest of the models that was considered 

the best model. When differences between several models 

AICc < 2.0 they are approximately equivalent in explanatory 

power (Burhanm and Anderson 2002) thus, there are not a 

best model explaining the dependent variable. In such a case 

we quantified the relative importance of the predictor 

variables included in the subset of best-fitting models with 

AICc< 2.0 and calculate the full-average model (Burham and 

Anderson 2002). All statistical analysis were conducted in R 

environment (R Development Core Team, 2012) using 

additional packages “lme4” (Bates et al., 2011) and “MuMIn” 

(Barton, 2012).  
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Results 

Abundance of seed predators 

Two species of mice were detected in the census: Apodemus 

sylvaticus and Mus spretus. The frequency of mice capture 

per site was higher in Maranchón than in Torremocha 

especially in 2009. The lowest frequency was found in the 

mature woodland remnant of Torremocha in both years and 

the highest in mature woodland remnant of Maranchón in 

2009 (Table S1). Granivore birds detected in the census were 

Fringilla coelebs, Lullula arborea, Serinus serinus, Emberiza 

spp., Carduelis cannabina, Carduelis carduelis, Alauda 

arvensis. Granivore birds’ density varied in each - year - site- 

habitat - combination. The highest density of granivore birds 

was found in Maranchón old fields in 2011 (Table S1). 

 

Canopy cover at the microhabitat level. Shrub and tree cover 

at the plot level. 
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Maranchón presented higher CC than Torremocha and CC 

was higher in the recently colonized old fields than in the 

mature woodlands especially in the case of juniper canopies, 

which was consistent in the two study sites. Torremocha 

woodland was the habitat with the lowest CC and recently 

colonized old fields in Maranchón showed the highest CC 

(Figure 1.B). Regarding microhabitats, in general the juniper 

female canopy and shrub microhabitat had more CC than 

the juniper male canopy and CC beneath the shrub 

microhabitat was similar between both habitats while under 

canopy of junipers was higher in old fields than in mature 

woodlands specially in the woodland of Torremocha were CC 

of both genders of Spanish juniper were minimum (Figure 2. 

B). Shrubs cover varied in each –site-habitat–combination. 

Recently colonized old fields in Maranchón presented higher 

understory cover than remnant woodland whereas the 

contrary was found in Torremocha . However, this was 

caused by one of the five studied plots studied in which 55% 

of the surface was covered by shrub vegetation while the 

other 4 plots had only 6.25% as denoted by the great 

standard error on the mean of remnant woodlands in 
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Torremocha. Tree cover was higher in the mature woodlands 

than in the old fields, and in Torremocha woodland than in 

Maranchón woodland (Table S2). 

Post-dispersal seed removal percentages  

The total percentage of seed predation was 23 ± 0.03 %( 

Mean ± S.E.). Predation was higher in Maranchón than in 

Torremocha (Mean ± SE: 29.40 ± 1.09 % and 17.28 ± 1.36, 

respectively), and in the two sites was higher in recently 

colonized old fields than in remnant woodlands (27.0 ±2.29 

and 20.06 ±1.95 respectively). However the differences 

between habitats in Maranchón were greater than in 

Torremocha. Torremocha woodland had the lowest seed 

predation (16.71 ± 1.64 %) as shown in Figure 2. A. In 

general female and male Spanish juniper canopy had higher 

percentage of predation, followed by shrub microhabitat and 

finally open gap (Figure 2. A). The percentage of predation of 

carnivores clumped pattern was similar to that of thrushes’ 

clumped pattern (23.52 ± 1.6 and 22.94 ± 1.53 %, 

respectively). Total percentage of predation was similar in 
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both years studied (2009: 23.40 ±1.73 % and 2011: 23.16 

±1.48)  
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Fig.2 Response variables post dispersal seed predation, seedling 

presence probability and seedling abundance are represented on the 

left hand side of the panel (A,C,E respectively). The coovariables 

undercanopy cover, light availability and nitrogen content are 

represented in the hand side of the panel.  

Recruitment patterns  

A total of 66 seedlings was recorded in the study area, 42 in 

2009 and 24 in 2011. Most seedlings were found beneath 

female and male juniper canopies (62 and 21% respectively), 

then in the shrub microhabitat (17%) and no seedlings were 

found in the open gaps (Figure 2. C,E). 

 

Water, nitrogen soil content and light availability models  

Water and soil N and light availability significantly varied 

among microhabitats. Microhabitat was the most relevant as 

shown in Table 1. Site and habitat showed a significant 

effect in soil N and light which was produced by the 

interaction between these two factors whereas site and 

habitat were not relevant in determining water soil content. 
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Light availability was also influenced by an interaction effect 

of habitat and microhabitat (Table 1). Regarding soil 

moisture content, male juniper canopy was the microhabitat 

with the highest soil water content followed by the female 

canopy and the shrub, being minimum in the open gap. 

Maranchón had higher levels of soil N than Torremocha 

however there was a significant interaction effect between 

site and habitat. Soil N levels in Torremocha were lower in 

the old fields than in woodland remnants while in 

Maranchón the contrary pattern was found. Regarding 

microhabitats the highest level of soil N was found in the 

male canopy followed by the female canopy, shrub and open 

gap, however the estimate of the shrub microhabitat was not 

significant for this variable (Table 2). Light availability 

maximum values were reached in open gaps as the canopy 

openness is maximum in this microhabitat however the rest 

of microhabitats experienced an interaction effect with 

habitat type. Thus, female Spanish juniper canopy together 

with shrubs were the microhabitat with more light 

availability in mature woodlands whereas this pattern 

changed in old fields recently colonized as the female juniper 
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canopy presented the lowest light availability of all 

microhabitats (Table 1, Table 2).   
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    Water      Nitrogen     Light     

  DF  
Resi. 
Dev. 

% 
Dev. P-val 

Resi. 
Dev. 

% 
Dev. P-val 

Resi. 
Dev. % Dev. P-val 

Null 
 

45.51 
  

954.43 
  

5.91 
  S 1 45.41 0.10 0.657 826.17 13.44 <0.001* 5.87 0.68 0.092 

H 1 44.57 0.84 0.206 783.60 5.15 0.0083 5.85 0.34 0.238 
Mh 3 37.27 7.30 0.003* 501.08 36.05 <0.001* 1.25 78.63 < 0.001* 
S x H 1 36.93 0.34 0.422 468.27 6.55 0.02* 1.18 5.60 0.0355* 
H x Mh 3 36.44 0.49 0.818 428.34 8.53 0.09 1.03 12.71 0.012* 

 

Table 1. General Linear model results on the effects site, habitat and microhabitat on environmental 

biotic variables. Significance effects of factors are denoted with stars. DF: Degrees of Freedom. Resi.Dev: 

Residual Deviance %. Percentage of deviance explained: P-val: P-value.  
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  Water     Nitrogen     Light     

  Estimate SE P-value Estimate SE P-value Estimate SE P-value 

Intercpt 0.86 0.25 0.001* 4.78 0.87 <0.001* 0.97 0.04 <0.001* 

T -0.07 0.23 0.764 -1.25 0.78 0.114 -0.01 0.04 0.768 

O.F. -0.25 0.37 0.496 1.37 1.24 0.271 -0.03 0.06 0.614 

F 0.62 0.32 0.060 4.83 1.11 <0.001* -0.47 0.05 <0.001* 

M 0.83 0.33 0.016* 6.49 1.11 <0.001* -0.58 0.05 <0.001* 

S 0.60 0.32 0.070 1.65 1.11 0.140 -0.47 0.05 <0.001* 

T x O.F. 0.26 0.33 0.430 -2.56 1.56 0.023* 0.11 0.05 0.039 

O.F. x F -0.02 0.46 0.970 -1.85 1.56 0.240 -0.21 0.08 0.007 

O.F. x M 0.00 0.46 0.100 -3.71 1.56 0.02* -0.03 0.08 0.704 

O.F. x S -0.37 0.46 0.425 -0.64 1.56 0.700 0.01 0.08 0.918 
Table  2. Parameter estimates of the GLMs for the environmental abiotic variables: Water, nitrogen and 

light.  Missing levels “Maranchón” “Woodland remnant” “open” and their interactions are included in the 

intercept. T: Torremocha, O.F: Old fields, F:Female, M:Male, S:Shrub. 
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Seed removal model  

The optimum structure for random effects included plot with 

an effect in the intercept of the model and an effect in the 

slope of microhabitat. This means the percentage of 

predation occurring in each microhabitat change between 

plots. For the fixed effects structure we obtained three 

models with AICc< 2. The three models included the 

variables site and habitat full crossed with their interaction 

while the variables, SC and CC, were included only in one 

model each (Table 3 A). 

 

All three models had an equivalent explanatory power; 

therefore to disentangle the importance of each predictor 

variable we performed a model averaging procedure. The 

variables site, habitat and the interaction among them had a 

relative importance of 1 while the variables SC and CC had a 

relative importance of 0.29 and 0.19 respectively.  Thus, the 

relative importance of predictor variables and the average 

parameters’ estimates reveled that the most relevant effect 

was the interaction term between site and habitat according 



Chapter II 

Seedling establishment patterns are affected by biotic and biotic 

factors operating at different spatial scales 

161 
 

to which post-dispersal seed predation was greatest in the 

old fields located in Maranchón (Table 4). The random effect 

of plot introduced a standard deviation of 0.7 on the 

parameter estimate of the intercept of the model (Table 4). 

The microhabitat which presented the strongest random 

effect due to plot was the female canopy followed shrub and 

finally open gap 

 

Seedling presence probability model  

Model selection for seedling presence obtained one model 

with AICc< 2. This included the fixed variables site, habitat 

and light (Table 3 B). The random effect of plot affecting only 

the intercept of the model was the best fitting the data and 

the variance introduced by each plot on the intercept of the 

model was very low (Table 5). Torremocha and woodland 

remnants presented the highest probability of seedling 

occurrence. Canopy openness (light availability) was 

negatively related with the probability of seedling occurrence 

(no seedlings were recorded on the open gap) as shown in 

Figure 2 C, E. 
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Table 3. Model selection for A: Post-dispersal seed removal; B: Seedling presence probability. C:  

Seedling Abundance. Each column represents a different predictor variable (S: site; H: habitat; MH: 

Microhabitat, SxH:, site x habitat interaction; CC: canopies’ cover; SDC: Seed Dispersers’ Clumping; Y: 

year). K:number of parameters. Wi: Akaike Weight of the model. W+: Variables relative importance. 

The cross indicates the variable was present in the model.

A. mods S H SxH MH CC SDC     K logLik AICc Delta  W+ 

1 X X X 14 -1529.75 3088.05 0 0.52 

3 X X X X 15 -1529.29 3089.2 1.15 0.29 

2 X X X X 15 -1529.7 3090.03 1.98 0.19 

Wi 1 1 1 0.29 0.19 

B.  mods S H SxH MH CC water N light K logLik AICc Delta  W+ 

1 X X X 5 -32.09 75 0 1 

C.  mods S H SxH MH CC water N light K logLik AICc Delta  W+ 

1 X X X 5 -16.01 46.3 0 0.71 

2 X X X X 7 -12.39 48.11 1.81 0.29 

  Wi 1     0.29     1 1           
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Table 4. Averaged estimates and standard errors (fixed effects) 

standard deviation (random effects)  for post-dispersal seed 

removal experiment. Missing estimates for the levels  

“Torremocha”, “Woodland remanants” and their correspondent 

interaction terms are comprised in the intercept. 

 

Seedling density model.  

Fixed Effects   

 
Estimate SE 

Intercept -1.76 0.17 
Maranchon 0.25 0.24 
Old fields -0.17 0.24 
Maranchón x 
Old fields 1.03 0.33 
Canopies’ cover -0.08 0.07 
Carnivores’ 
clumping -0.02 0.07 

   Random Effects   

 
SD 

 Intercept 0.7 
 Female tree 1.53 
 Male tree 1.17 
 Shrub 1.34   
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Model selection for seedlings abundance obtained two models 

with AICc <2. The first model included the variables site, 

light and N while the second model added the effect of 

microhabitat (Table 3 C). The random effect in the model 

was plot on the intercept with a standar deviation of 4.061 

(Table 5). According to the averaged estimates of the two 

models Spanish juniper seedlings were more abundant in 

microhabitats with more light  within the range of 0.3-0.8 

(canopy openness) and with more nitrogen content. 

Torremocha site presented higher seedling abundance than 

Maranchón and the most favorable microhabitat was 

Spanish juniper female canopy followed by shrub and 

juniper male canopy (Figure 2). 
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Table 5. Estimates and standard errors (fixed effects) standard 

deviation (random effects)  for seedling presnce probabilty and 

averaged estimates for seedling abundance.  Missing estimates for 

Seedling Presence      

Fixed Effects     

 
Estimate SE 

Intercept 1.48 0.94 
Torremocha 1.54 0.66 
Old fields -2.08 0.7 

GSF -5.09 1.7 

Random Effects   

 
SD 

 Intercept 3.12 e-06   

Seedling abundance 

Fixed Effects   

 
Estimate SE 

Intercept -2.03 0.62 
GSF 4.13 0.89 
N 0.15 0.03 
Torremocha 1.27 0.33 
Male -0.78 0.24 

Shrub -0.46 0.27 

Random Effects   

 
SD 

 Intercept 0.31   
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the levels  “Maranchón”, “Woodland remanants” and “Female” are 

comprised in the intercept. 

 

Discussion 

  

Variation at the regional scale played an important role in 

the post-dispersal seed predation pattern as we 

hypothesized. Predation was greater in old fields than in 

mature woodlands remnants, which agreed with other 

studies, (Champan and Champan 1999, Nepstad et al. 1996, 

Matías et al. 2009). However, we found an interaction effect 

between site and habitat type that may be explained by a 

differential management and landscape structure. In 

contrast, seedling abundance was mainly controlled by 

factors operating at the local spatial scale as it was also 

predicted. Worth to note that there was also a relevant effect 

of the regional scale (site) which seems to suggest that 

variables varying at the landscape could be still relevant 

(Clark et al. 1998) in determining seedling establishment 

patterns. Contrary to our hypothesis and previous works 

(Dupouey, 2002) former farming activities performed in the 
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old fields did not affect seedling abundance which was higher 

in microhabitats with intermediate levels of nutrient and 

light availability, this last one favored by traditional and 

extensive management practices.  

 

Post-dispersal seed predation is a strong filter for the 

colonization of abandoned fields.  

Post-dispersal seed predation is a major constrain in 

degraded lands recovery (Santos and Tellería 1994, Torre 

and Diaz 2004) and our study system is not an exception 

(Ostfeld et al. 1997, Wijdeven and Kuzee 2000). Thus, higher 

percentage of seed predation was found in old fields recently 

colonized than in mature woodland remnants matching the 

results obtained for seed predators’ abundance. Contrary to 

our expectations SC and the variation at the local spatial 

scale (i.e. microhabitat) did not play an important role in the 

seed predation pattern found. We think the relationship 

between SC and post-dispersal predation seems to be 

modulated by seed size. According to Hulme (1993,1994) 

negative density dependence processes are rarely found for 
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seeds larger than 10 mg. Spanish juniper seeds are c. 3 times 

heavier than the threshold indicated in the aforementioned 

work which could explain the reduced importance of SC in 

explaining the post-dispersal predation pattern in this tree 

species. According to this, it seems that Spanish juniper 

seeds are prevented to suffer negative density dependence on 

greater seed clumps due to their seed size. This result has 

interesting implications for the survival probabilities of 

Spanish juniper naturally dispersed seeds. The main 

dispersers of the species, carnivores and thrushes, greatly 

differ in their SC deposition pattern. Carnivores generate 

high density clumps of seeds compare to thrushes 

(Escribano-Avila et al. 2013) which according to our results 

are not expected to suffer higher rates of post-dispersal seed 

predation.  

 

Microhabitats with higher availability of seeds and canopy 

cover are expected to suffer higher seed predation (Manson 

and Stiles,1998 Hulme 1993). Our results match such 

expectations as seed predation beneath the female juniper 

canopy and in the open gap tend to be the greatest and the 
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lowest respectively. However this variable was not relevant 

in explaining the post-dispersal seed removal pattern. We 

argue that the power of microhabitat explaining the 

predation pattern found was reduced due to the random 

variability occurring at each plot, a mesoescale between the 

regional and the local spatial scale, which modulated the 

seed predation occurring in each microhabitat. The shrub 

cover at the plot level could be part of that variability as this 

variable greatly influences the predation risk perceived by 

small mammals and their movement pattern between 

individual microhabitat features (Kotler and Brown 1988, 

Kotler et al. 1991,Vásquez et al. 2002). According to the so-

called optimal foraging theory, rodents are expected to 

preferentially select the female juniper canopy for feeding as 

this microhabitat offers higher seed density than the others 

(Janzen 1970, Connell 1971). However if rodents have to 

travel through an open plot to reach the female canopy the 

predation risk could be too high and in such case suboptimal 

microhabitats from the food abundance perspective would be 

preferred for being safer (Lima and Dill 1990 for a review, 

Kotler and Blaustein 1995). This statement is supported by 

the fact that the interaction effect found at the regional 
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scale, between site and habitat seem to be related with the 

understory cover at the plot level and at the local scale 

(Manson and Stiles, Humel 1993). Old fields in Maranchón 

and the woodland remnant in Torremocha were the habitat–

site combinations with the greatest and lowest seed 

predation respectively. The same pattern was found for CC, 

which in the case of Torremocha could be related to a more 

intense woody extraction by local people (personal 

observation). Additionally it has been argued that the 

vicinity of cereal crops could reduce seed predation on 

adjacent patches as rodents could prefer to use crops for 

foraging (Todd et al. 2000, González-Varo et al. 2012). This 

would be concordant with the pattern observed in which seed 

predation was lower in the site in which old fields and active 

croplands conformed a mosaic structure (i.e. old fields in 

Torremocha site).  

 

Former agricultural land use did not modify soil suitability 

for recruitment but traditional wood extraction favored 

seedling establishment  
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Biotic and abiotic process operating at different spatial 

scales determine plant recruitment (Gómez-Aparicio 2008). 

We predicted a greater relevance of the local scale in 

determining seedling establishment patterns and the 

possibility of an indirect effect of the regional scale due to 

soil conditions modifications related to former farming 

activities (Flinn and Marks 2007). Both predictions were 

confirmed, however the effect of the regional scale in 

seedling establishment did not seem to be due to the impact 

of former agricultural activities on soils suitability as only 

seedling presence probability and not seedling abundance 

was affected by habitat type. We argue the effect of the 

regional spatial scale on seedling presence probability may 

curse through biotic interactions controlling the availability 

of seeds (i.e. seed dispersal and post-dispersal seed 

predation) and not environmental conditions. Similarly 

Puerta-Piñero et al. (2012) found that plant-animal 

interactions were relatively more important earlier stages of 

recruitment (one year old seedlings) than in more advanced 

ones (seedling survival) in which environmental variables at 

the local scale played a more relevant role. In our case, 

seedling presence probability seem to be affected by factors 
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operating at the regional scale (site and habitat) as more 

seedlings were detected in the habitats and sites with more 

seed dispersal and less seed predation. Seedling abundance 

was mainly affected by the local scale (microhabitat 

suitability), specifically by nitrogen content and light 

availability which were more appropriate beneath the female 

juniper canopy (Montesinos et al. 2007, Gimeno et al. 2012b).  

 

We did not find variation on seedling abundance at the 

regional spatial scale between the old fields and mature 

woodlands which is in agreement with our previous 

experimental results in Spanish juniper seed germination 

and seedling survival (Escribano-Avila et al. 2013) and with 

the lack of differences found in soil nitrogen, moisture 

content and light availability at such scale. Consequently 

soil properties, at least those relevant for seeds germination 

and seedling survival, seemed not have been modified due to 

former farming activities. This is a common pattern when 

the farming activities have been extensive and exploited 

patches spread within natural vegetation (Cramer et al. 

2008). However other land uses such as wood extraction 
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could modify important environmental requirements for 

plant recruitment. This is the case of the mature woodland 

remnants studied here where a moderate management is 

still performed. Local people remove lower branches of adult 

trees to improve browsing and palatability of pastures 

beneath the canopies (Blanco 1997, Villar y Ferrández, 

2000). This management task is not performed in old fields, 

likely because of the scarcity of adult trees whis is lower 

than four adult trees/ha (personal observation). This wood 

extraction seemed to be the cause of the interaction effect 

found for light availability between habitat x microhabitat 

making canopy openness and therefore light availability 

higher in the canopies located in mature woodlands than 

those in the old fields (especially in Torremocha, site x 

habitat interaction effect). This traditional management 

seems to favor recruitment as medium light availability 

levels (0.4-0.5) found under the canopies in mature 

woodlands was related to a higher abundance of seedlings. 

Apart from the effects of microhabitat and environmental 

variables: light and nitrogen content in seedling abundance, 

there was still a relevant effect of site. According to Clark et 

al. (1998) reproductive tree density, fecundity and seed 
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dispersal are relevant variables varying at the landscape 

scale. All of them affect plant recruitment patterns and were 

higher in the site in which more abundant seedlings were 

found i.e. Torremocha (Escribano-Avilla et al. 2013). 

Additionally this site had less predators abundance and 

post-dispersal seed predation as showed throughout this 

manuscript.  Thus, it appears that the availability of seeds 

was relevant for seedling establishment even after biotic and 

abiotic factors imposed their own filters. Consequently the 

template provided by seed dispersal seemed not to be erased 

and only partially modified throughout the process of 

recruitment in agreement with García et al. (2005).  

 

Overall a reduced canopy cover at the local scale due to 

traditional management practices seems to reduce post 

dispersal seed predation and to promote intermediate levels 

of light, which resulted to be the most suitable conditions for 

seedling establishment. On the other hand, the intercropping 

of small agricultural patches with natural vegetation 

forming a mosaic structure seems to reduce post dispersal 

predation intensity in recently colonized old fields (González-
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Varo et al. 2012) and this kind of extensive farming did not 

have detrimental effect in soil suitability for seedling 

establishment at the regional scale (Cramer et al. 2008). 

Therefore a moderate land use such as traditional wood 

extraction and extensive and mosaic agriculture seems to be 

compatible with the regeneration and conservation of the 

valuable ecosystems formed by Spanish juniper woodlands.  

 

Conclusions 

Spanish juniper recruitment was controlled by factors 

operating at several hierarchical spatial scales. The regional 

spatial scale was relevant for biotic interactions i.e. seed 

dispersal and post-dispersal seed predation, which controlled 

the availability of seeds in a determined spatial pattern, 

whereas seedling abundance was controlled by 

environmental suitability varying at a local spatial scale. 

Our results also show that post-dispersal seed predation 

impose an important filter to plant recruitment in old fields 

being seed predation more intense in old fields with more 

shrub cover which seems to be a generalized pattern (Hulme 
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1993, Ostefeld et al. 1997, Wijdeven and Kuzee 2000,). Soil 

environmental variables and light conditions did not vary at 

the regional scale due to the previous farming use and 

consequently did not act as a limitation for seedling 

establishment. Intermediate levels of soil nutrients and light 

availability at the local spatial scale favored seedlings 

abundance. According to our results, traditional activities, 

such as moderate wood extraction and extensive agriculture 

interspersed in the landscape, could result positive for the 

regeneration of both woodland remnants and abandoned 

fields after a historic period of intense land use.  

Acknowledgments  

Gema Escribano-Ávila was supported by a FPU-MEC 

doctoral grant from the Spanish Ministry of Education 

Funding was provided by the Spanish Ministry for 

Innovation and Science (http://www.idi.mineco.gob.es/) with 

the research projects CGL2010-16388/BOS, Consolider 

Montes (CSD2008_00040), VULGLO (CGL2010-22180-C03-

03), and CALCOFIS (CGL2009-13013), and additionally by 

the Community of Madrid project REMEDINAL 2 (CM-

S2009/AMB-1783). 



Chapter II 

Seedling establishment patterns are affected by biotic and biotic 

factors operating at different spatial scales 

177 
 

 

References  

Adams, R, 2004. Junipers of the World: The genus Juniperus. 

Trafford Publ., Vancouver, BC. 

Assessment, ME, 2005. Milenium Ecosystem Assessment Synthesis 

Report.  Island Press, Washington DC. . 

Barbero, M, Bonin, G, Loisel, R, Quezel, P, 1990. Changes and 

Disturbances of Forest Ecosystems Caused by Human 

Activities in the Western Part of the Mediterranean Basin. 

Vegetatio 87, 151-173. 

Barton, K, 2012. MuMIn: Multi-model inference  R package version 

1.8. 

Bates, D, Maechler, M, Bolker, B, 2012. lme4: Linear mixed-effects 

models using s4 classes. 

Blanco, E, Casado, MA, Costa CM, Escribano, R, García, M, Génova, 

M, Gómez, A, Gómez F, Moreno, JC, Morla, C, Regato, P, 

Saínz, H. 1997. Los Bosques Ibéricos: Una interpretación 

geobotánica. Planeta. Madrid 

Bolker, B, Brooks, M, Clark, C, Geane, S, Poulsen, J, Stevens, M, 

Jada-Simone, S, White, S, 2009. Generalized linear mixed 



Chapter II 

Seedling establishment patterns are affected by biotic and biotic 

factors operating at different spatial scales 

178 
 

models: a practical guide for ecology and evolution. Trends in 

Ecology & Evolution 24, 127-135. 

Clark, J, Macklin, E, Wood, L, 1998. Stages and spatial scales of 

recruitment limitation in southern appalachian forests. 

Ecological Monographs 68, 213-235. 

Connell, J, 1971. On the role of natural enemies in preventing 

competitive exclusion in some marine animals and in rain 

forest trees. In: Boer, P., Gradwell, G. (Eds.), Dynamis of 

Numbers in Populations. Wageningen, The Netherlands, pp. 

298-312. 

Cramer, V, Hobbs, R, Standish, R, 2008. What's new about old 

fields? Land abandonment and ecosystem assembly. Trends in 

Ecology & Evolution 23, 104-112. 

Chapman, C, Chapman, L, 1999. Forest Restoration in Abandoned 

Agricultural Land: a Case Study From East Africa. 

Conservation Bilogy 13, 1301-1311. 

Chauchard, S, Carcaillet, C, Guibal, F, 2007. Patterns of Land-use 

Abandonment Control Tree-recruitment and forest Dynamis 

in Mediterranean Mountains. Ecosystems 10, 936-948. 



Chapter II 

Seedling establishment patterns are affected by biotic and biotic 

factors operating at different spatial scales 

179 
 

Debussche, M, Jacques, L, Dervieux, A, 1999. Mediterranean 

landscape changes: evidence from old postcards. Global 

Ecology and Biogeography 8, 3-15. 

Díaz, M, 1992. Rodent seed predation in cereal crop areas of central 

Spain: effects of physiognomy, food availability and predation 

risk. Ecography 15, 77-85. 

Dupouey, J, Dambrine, E, Laffite, J, Moares, C, 2002. Irreversible 

impact of past land use on forest soils and biodiversity. 

Ecology 81, 2978-2984. 

Escribano-Avila, G, Pías, B, Sanz-Perez, V, Virgós, E, Escudero, A, 

Valladares, F, 2013. Spanish juniper gain expansion 

opportunities by counting on a functionally diverse dispersal 

assemblage community. Ecology and Evolution. 

Escribano-Avila, G, Sanz-Perez, V, Pías, B, Virgós, E, Escudero, A, 

Valladares, F, 2012. Colonization of abandoned land by 

Juniperus thurifera is mediated by the interaction of a diverse 

dispersal assemblage and environmental heterogeneity. PLoS 

One.7:e46993 

Flinn, K, Marks, P, 2007. Agricultural Legacies in Forest 

Environments: Tree Communities, Soil Properties, and Light 

Availability. Ecological applications 17, 452-463. 



Chapter II 

Seedling establishment patterns are affected by biotic and biotic 

factors operating at different spatial scales 

180 
 

García, D, Houle, G, 2005. Fine-scale patterns of recruitment in red 

oak (Quercus rubra): What matters most, abiotic or biotic 

factors? EcoScience 12, 223-235. 

García, D, Obeso, J, Martínez, I, 2005. Spatial concordance between 

seed rain and seedlling estaglishment in bird-dispersed trees: 

does scale matter? Journal of Ecology 93, 693-704. 

Gauquelin, T, Bertaudiere, V, Montes, N, Badri, W, Asmode, J, 

1999. Endangered stands of thuriferous juniper in the western 

Mediterranean basin: ecological status, conservation and 

management. Biodiversity and Conservation 8. 

Gimeno, TE, Escudero, A, Delgado, A, Valladares, F, 2012a. 

Previous Land Use Alters the Effect of Climate Change and 

Facilitation on Expanding Woodlands of Spanish Juniper. 

Ecosystems 15, 564-579. 

Gimeno, TE, Pias, B, Martinez-Fernandez, J, Quiroga, DL, 

Escudero, A, Valladares, F, 2012b. The decreased competition 

in expanding versus mature juniper woodlands is 

counteracted by adverse climatic effects on growth. European 

Journal of Forest Research 131, 977-987. 

Gómez-Aparicio, L, 2008. Spatial patterns of recruitment in 

Mediterranean plant species: linking the fate of seeds, 



Chapter II 

Seedling establishment patterns are affected by biotic and biotic 

factors operating at different spatial scales 

181 
 

seedlings and saplings in heterogeneous lanscapes at different 

scales. Journal of Ecology 96, 1128-1140. 

Gómez-Aparicio, L, Gómez, JM, Zamora, R, 2005. Microhabitats 

shift rank in suitability for seedling establishment depending 

on habitat type and climate. Journal of Ecology 93, 1194-1202. 

González-Varo, JP, Nora, S, Aparicio, A, 2012. Bottlenecks for plant 

recruitment in woodland remnants: An ornithochorous shrub 

in a Mediterranean 'relictual' landscape. Perspectives in Plant 

Ecology Evolution and Systematics 14, 111-122. 

Hulme, P, 1993. Post-dispersal seed predation by small mammals. 

Symposia of the Zoological Society of London 65, 269-287. 

Hulme, P, 1994. Post-Dispersal Seed Predation in Grassland: Its 

Magnitude and Sources of Variation. Journal of Ecology 82, 

645-652. 

Janzen, D, 1970. Herbivores and the number of tree species in 

tropical forests. American Naturalist 104, 501-528. 

Kelrick, MI, Macmahon, JA, Parmenter, RR, Sisson, DV, 1986. 

Native Seed Preferences of Shrub-Steppe Rodents, Birds and 

Ants - the Relationships of Seed Attributes and Seed Use. 

Oecologia 68, 327-337. 



Chapter II 

Seedling establishment patterns are affected by biotic and biotic 

factors operating at different spatial scales 

182 
 

Kotler, B, Brown, J, 1988. Environmental heterogeneity and the 

coexistence of desert rodents. Annual Review of Ecology and 

Systematics 19, 281-307. 

Kotler, B, Blaustein, L, 1995. Tirating food and safety in a 

heterogeneous environment when are the risky and safe 

patches of equal value? Oikos 74, 251-258. 

Kotler, B, Brown, J, Hasson, O, 1991. Factors affecting gerbil 

foraging behaviour and rates of owl predation. Ecology 72, 

2249-2260. 

Manson, R, Stiles, E, 1998. Link between microhabitat preferences 

and seed predation by small mammals in old fields. Oikos 82, 

37-50. 

Matías, L, Mendoza, I, Zamora, R, 2009. Consistent pattern of 

habitat and species selection by post-dispersal seed predators 

in a Mediterranean mosaic landscape. Plant Ecology 203, 137-

147. 

Montesinos, D, De Luís, M, Verdú, M, Raventós, J, García-Fayos, P, 

2006. When, How and How Much: Gender-specific Resource-

use Strategies in the Dioecious Tree Juniperus thurifera. 

Annals of Botany 98, 885-889. 



Chapter II 

Seedling establishment patterns are affected by biotic and biotic 

factors operating at different spatial scales 

183 
 

Montesinos, D, Verdu, M, Garcia-Fayos, P, 2007. Moms are better 

nurses than dads: gender biased self-facilitation in a dioecious 

Juniperus tree. Journal of Vegetation Science 18, 271-280. 

Mottet, A, Ladet, S, Coque, N, Gibon, A, 2006. Agricultural land-use 

change and its drivers in mountain landscapes: A case study 

in the Pyrenees. Agriculture Ecosystems & Environment 114, 

296-310. 

Muñoz, A, 2005. Ecological analyses of the predator and dispersal 

behaviour of algerian mice (Mus spretus) and wood mice 

(Apodemus sylvaticus) foraging on Holm oak  (Quercus ilex) 

acorn. Dissertion. Universidad Complutense de Madrid, 

Madrid. 

Nepstad, D, Uhl, C, Pereira, C, da Silva, J, 1996. A comparative 

study of tree establishment in abandoned pasture and mature 

forest of Eastern Amazonia. Oikos 76, 25-39. 

Olano, JM, Rozas, V, Bartolome, D, Sanz, D, 2008. Effects of 

changes in traditional management on height and radial 

growth patterns in a Juniperus thurifera L. woodland. Forest 

Ecology and Management 255, 506-512. 



Chapter II 

Seedling establishment patterns are affected by biotic and biotic 

factors operating at different spatial scales 

184 
 

Ostfeld, R, Manson, R, Canham, C, 1997. Effects of rodents on 

survival of tree seeds and seedlings invading old fields. 

Ecology 78, 1531-1542. 

Puerta-Piñero, C, Pino, J, Gomez, J, 2012. Direct and indirect 

landscape effects on Quercus ilex regeneration in 

heterogeneous environments. Oecologia 170, 1009-1020. 

R, CT, 2012. R: A language and environment for statistical 

computing R Foundation for Statistical Computing Vienna, 

Austria. 

Radojevic, M, Bashkin, V, 1999. Practical Environmental Analysis. 

Royal Society of Chemistry, Cambridge  

Rey Benayas, J, Martins, A, Nicolau, J, Schulz, J, 2007. 

Abandonment of agricultural land: an overview of drivers and 

consequences. CAB Reviews 057, 1-14. 

Rousenvell, M, Reginster, I, Araújo, M, Carter, T, Dendoncker, N, 

Ewert, F, House, J, Kankaanpää, R, Leemans, R, Metzger, M, 

Schmit, C, Smith, P, Tuck, G, 2006. A coherent set of future 

land use change scenarios for Europe. Agriculture Ecosystems 

& Environment 114, 57-68. 



Chapter II 

Seedling establishment patterns are affected by biotic and biotic 

factors operating at different spatial scales 

185 
 

Santos, T, Telleria, J, 1994. Influence of Forest Fragmentation on 

Seed Consumption and Dispersal of Spanish Juniper 

Juniperus-Thurifera. Biological Conservation 70, 129-134. 

Santos, T, Tellería, JL, Virgós, E, 1999. Dispersal of Spanish juniper 

Juniperus thurifera by birds and mammals in a fragmented 

landscape. Ecography 22, 193-204. 

Schröter, D, Cramer, W, Leemans, R, Prentice, IC, Araujo, MB, 

Arnell, NW, Bondeau, A, Bugmann, H, Carter, TR, Gracia, 

CA, de la Vega-Leinert, AC, Erhard, M, Ewert, F, Glendining, 

M, House, JI, Kankaanpaa, S, Klein, RJT, Lavorel, S, Lindner, 

M, Metzger, MJ, Meyer, J, Mitchell, TD, Reginster, I, 

Rounsevell, M, Sabate, S, Sitch, S, Smith, B, Smith, J, Smith, 

P, Sykes, MT, Thonicke, K, Thuiller, W, Tuck, G, Zaehle, S, 

Zierl, B, 2005. Ecosystem service supply and vulnerability to 

global change in Europe. Science 310, 1333-1337. 

Torre, I, Díaz, M, 2004. Small mammal abundance in Mediterranean 

post-fiere habitats: a role for predators? Acta Oecologica 25, 

137-143. 

Vásquez, R, Ebensperger, L, Bozinovic, F, 2002. the influence of 

habitat on travel speed, intermittent locomotion, and vigilance 

in a diurnal rodent. Behavioural Ecology 13, 182-187. 



Chapter II 

Seedling establishment patterns are affected by biotic and biotic 

factors operating at different spatial scales 

186 
 

Vickery, W, Bider, J, 1981. The influence of weather on rodent 

activity. Journal of Mammalogy 62, 140-145. 

Villar, L, Ferrández, J, 2000. Usos etnobotánicos de la "sabina albar" 

y arbustos que le acompañan en Aragón. ONF-Les dossiers 

forestiers 6, 130-139. 

Verdolin, J, 2006. Meta-analysis of foraging and predation risk 

trade-offs in terrestrial systems. Behavioural Ecology and 

Sociobiology 60, 457-464. 

Wijdeven, S, Kuzee, M, 2000. Seed Availability as a Limiting Factor 

in Forest Recovery Processes in Costa Rica Restoration 

Ecology 8, 414-424. 

Zuur, A, Ieno, E, Walker, N, Saveliev, A, Smith, G, 2009. Mixed 

effects models and extensions in ecology with R, New York. 



Chapter II 

Seedling establishment patterns are affected by biotic and biotic 

factors operating at different spatial scales 

187 
 

Supplementary Material  

 

 

 

 

 

 

Table S1.  Frequency of rodents capture (captures x 100 traps x 

night-1), and bird density (observed birds x 1 ha-1), in the two type 

of habitat and sites 

Site Habitat Shrub cover Tree cover 

Maranchón 
Woodland 
remnant 

12 ± 1.24 
 

30 ± 8.2 
 

Old fields 18 ± 5.00 10 ± 3.5 

Torremocha 

 
 
Woodland 
remnant  

16 ±9.80 
 

49± 8.2 
 

  Old fields 12 ±2.50 8.4 ± 3.5 

Table S2. Shrubs and tree percentage cover (mean± SE) in the 

habitats and sites studied. 

 
 Maranchón Torremocha 
  2009 2011 2009 2011 

 Rodents 

Woodland 
remnants 8.3 2.67 1.67 1.33 
Old fields 3.4 5 3.19 5 
 
Birds 

Woodland 
remnants 1.6  1.1 2.6  1.2  
Old fields 2.8  2.3 0.8  10.8  
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Abstract 

Seed dispersal is typically performed by a diverse array of 

species assemblages with different behavioral and 

morphological traits which determine dispersal quality (DQ, 

defined as the probability of recruitment of a dispersed seed). 

Fate of ecosystems to ongoing environmental changes is 

critically dependent of dispersal and mainly of dispersal 

quality in novel scenarios. We assess here the dispersal 

quality, thus the multiplicative effect of germination and 

survival probability to the first three years of life,  for seeds 

dispersed by several bird species (Turdus spp) and 

carnivores (Vulpes vulpes, Martes foina) in mature woodland 

remnants of Spanish juniper (Juniperus thurifera) and old 

fields which are being colonized by this species.  Results 

showed that DQ was similar in mature woodlands and old 

fields. Germination rate for seeds dispersed by carnivores 

(11.5%) and thrushes (9.12%) was similar, however 

interacted with microhabitat suitability. Seeds dispersed by 

carnivores reach the maximum germination rate on shrubs 

(16%) while seeds dispersed by thrushes did on female 

juniper canopies (15.5%) indicating that each group of 
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dispersers performed a directed dispersal. This directional 

effect was diluted when survival probability was considered: 

thrushes selected smaller seeds which had higher mortality 

in the seedling stage (70%) in relation to seedlings dispersed 

by carnivores (40%). Overall thrushes resulted low quality 

dispersers which provided a probability or recruitment of 2.5 

% while a seed dispersed by carnivores had a probability of 

recruitment of 6.5%. Synthesis: Our findings show that 

generalist dispersers (i.e. carnivores) can provide a higher 

probability of recruitment than specialized dispersers (i.e. 

Turdus spp). However generalist species are usually 

opportunistic dispersers as their role as seed dispersers is 

dependent on the availability of trophic resources and 

species feeding preferences. As a result J. thurifera dispersal 

community is composed by two functional groups of 

dispersers: specialized low quality but trustworthy 

dispersers and generalist high quality but opportunistic 

dispersers. The maintenance of both, generalist and 

specialists dispersers, in the dispersal assemblage 

community assure the dispersal services and increase the 
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opportunities for regeneration and colonization of degraded 

areas under a land use change scenario.  

 

Keywords “Dispersal quality”, “Functional diversity”, 

“Germination”, “Generalist dispersers”, “Land use change”, 

“Old fields”, “Regeneration opportunities”, “Seed size 

selection”, “Seedling survival”, “Specialized dispersers”,  
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Introduction 

Germination and seedling growth and survival are among 

the most limiting processes in trees regeneration and 

colonization (Harper 1977). They are closely linked to seed 

dispersal which provides the basic template on which 

environmental filters and biotic interactions act to determine 

recruitment, plant populations’ spatial patterns (Nathan & 

Muller-Landau 2000) gene flow and genetic structure 

(Bacles, Lowe & Ennos 2006; Jordano et al. 2007; García & 

Grivet 2011). Endozoochorous species usually attract a 

diverse guild of frugivores which generate a complete array 

of dispersal patterns according to their behavior, morphology 

and physiology (Wenny & Levey 1998;Jordano & Schupp 

2000;Westcott & Graham 2000;Schupp, Jordano & Gomez 

2010). 

 

Behavioral traits of frugivores, such as foraging strategies 

(Chávez-Ramirez & Slack 1994; Morales et al. 2012) and the 

intense use of particular habitat features (Schupp & Fuentes 

1995; Karubian et al. 2010; Rodríguez-Pérez , Wiegand & 
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Santamaria 2011) greatly determine non-random deposition 

patterns in microhabitats across the landscape (Clark et al. 

2005; Russo, Portnoy & Augspurger 2006). Morphological 

animal traits such as gape width (Rey et al. 1997), gut length 

and body size are also important for seed dispersal. For 

instance, bigger body size is related to longer gut retention 

time which usually promotes longer dispersal (Jordano et al. 

2007; Spiegel & Nathan 2007; Figuerola et al. 2010), more 

clumped deposition patterns (Howe 1989) and low 

germinability due to seed damage (Traveset 1998; Traveset 

& Verdú 2002). 

 

Frugivore traits determine the so-called Qualitative 

component of seed dispersal (Schupp , Jordano & Gómez 

2010) which describes the effectiveness of each disperser in 

terms of recruitment probability. It has two subcomponents: 

(i) Quality of treatment a seed is given in mouth and gut 

which influences seed dormancy breakage, and germinability 

and (ii) Quality of seed deposition determined by dispersers’ 

deposition clumping pattern and microhabitat suitability for 

seed survival, seed germination, subsequent survival and 
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growth. Throughout the manuscript we refer to these two 

components together as dispersal quality (DQ) which is 

defined as the probability of a dispersed seed generating a 

new adult.   

 

DQ is usually evaluated in laboratory or green-house 

conditions where only subcomponent (i) is considered 

(Traveset 1998; Figuerola et al. 2010; Nakashima et al. 

2010). Studies dealing with DQ in natural conditions are 

rare and usually do not account for environmental 

heterogeneity (microhabitat effect, see (Reid 1989). However, 

subcomponent (i) could interact with several attributes of 

subcomponent (ii), such as dispersers’ deposition clumping 

pattern and microhabitat suitability (Howe & Miriti 2004) . 

Therefore, DQ could be highly context-dependent and it may 

vary as environmental conditions change. For instance, 

(Breitbach et al. 2012) show how the dispersal patterns of 

blackbirds dispersing cherry tree seeds (Prunus avium) 

change with environmental conditions. Blackbirds mobilize 

seeds further and to more suitable microhabitats in a forest 

than in a farmland environment. Thus, high quality 
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dispersers in a well-developed stage of an ecosystem could 

become low quality dispersers in disturbed scenarios, such as 

the blackbirds for the cherry tree, and vice versa. DQ 

provided by dispersal guilds may shift coupled with   

environmental changes more frequently than currently 

recognized.  

 

In the last decade, many studies have focused on the effect of 

land use change on biotic interactions. Several papers 

dealing with the effects of land use change on mutualistic 

interactions, such as pollination and seed dispersal, have 

found a decrease in interaction strength (Tylianakis et al. 

2008). Unfortunately, they usually fail or simply do not 

attempt to investigate the relationship of this weakened 

effect on the mutualistic interaction and subsequent life 

stages such as fruit maturation, seed germination and 

seedling survival. Therefore, the final outcome of the effect of 

land use changes on mutualistic interactions and its derived 

ecological and evolutionary consequences remains largely 

unknown (Herrera & Doblas-Miranda 2013). In the case of 

seed dispersal, we need to establish the link between 
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dispersal guilds and the successive stages which determine 

plant fitness, thus DQ. This is especially demanding in 

ecosystems subjected to land use changes where the DQ 

provided by each dispersal species or guild could shift under 

different land use conditions, which is critical to prevent 

ecosystem degradation and promote ecosystem recovery 

opportunities.  

 

In this paper we evaluate the DQ of the main dispersal 

guilds of Spanish Juniper (Juniperus thurifera), medium-

sized birds (Turdus spp) and carnivores (Santos 1999;Santos, 

Tellería & Virgós 1999; Escribano-Avila et al. 2012). We also 

investigate how differential DQ provided by the two 

assemblages could influence the colonizing and regeneration 

process after land abandonment in ecosystems dominated by 

this species. Historically, Spanish juniper has been subjected 

to traditional management which has been abandoned since 

the middle of the last century due to population drift. 

Consequently, J. thurifera remnant woodlands are 

expanding their boundaries and colonizing old fields and 

grasslands, which are turning into new colonization areas 
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(Blanco et al. 2005;Olano et al. 2008). This is a widespread 

land use change (Lamb , Erskine & Parrota 2005)  

particularly common in developed countries with remnants 

populations of junipers (Livingston 1972;Schupp et al. 

1997;Rejmének & Rosén 2009).  

 

In a previous work, we found that carnivores contribute 

more to seed rain in mature woodlands than thrushes. 

However, they are opportunist dispersers as this resource is 

consumed irregularly during the dispersal season (36.5% of 

faeces contained at least one seed), while thrushes present 

high fidelity to this trophic resource and are considered 

specialized dispersers (100% of faeces contained fruit 

remains and 60% contained seeds; Escribano-Avila et al. 

2012). In recently colonized old fields both carnivores and 

thrushes contributed similarly to seed rain, although the 

deposition pattern of each disperser is markedly different. 

Carnivores preferably disperse seeds in shrubs and open 

gaps with a highly clumped pattern, while thrushes do under 

J. thurifera trees with one or two seeds per deposition 

(Escribano-Avila et al. 2012). These microhabitats have 
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previously shown different suitability for the recruitment of 

the species. Juniperus thurifera canopies, especially the 

female tree, are the most suitable microhabitat while open 

gaps are the least suitable (Montesinos , Verdú & García-

Fayos 2007; Gimeno et al. 2012).  

 

Given the differential dispersal patterns of the two guilds 

and the different development stages of the ecosystem 

studied, we hypothesize: i) Thrushes would provide a higher 

DQ in mature woodland remnants due to enhanced 

germination (Traveset 1998;Traveset & Verdú 2002) and 

early survival according to their deposition patterns in more 

suitable microhabitats (Montesinos , Verdú & García-Fayos 

2007). Nevertheless, this enhancement could be limited by 

the fact that thrushes select smaller fruits due to their gape 

size limitation (Jordano 1995;Rey et al. 1997;Parciak 2002). 

Since seed size is important in terms of recruitment 

dynamics (Galetti et al. 2013), smaller seeds could be at a 

disadvantage especially in less suitable environments as the 

recently colonized old fields. Therefore, we hypothesize: ii) 

DQ provided by each dispersal guild could shift in the 



Chapter: III 

Differential dispersal quality 

of the dispersal community 

 

201 

 

recently colonized old fields in relation to the mature 

woodlands as the total effect of environmental suitability, 

seed size and clumping deposition pattern are poorly 

understood. To evaluate our hypotheses we provide, for the 

first time, an evaluation of the probability for a given seed to 

be recruited accounting for different members on the 

dispersal community (gut passage effect, clumping pattern 

and seed size selection) and environmental heterogeneity 

under field conditions. To do so, we performed a field 

germination experiment. We sowed seeds previously 

dispersed by thrushes and carnivores simulating dispersers’ 

deposition patterns in the available microhabitats in the two 

successional stages studied, mature woodlands remnants 

and old fields recently colonized by the species. 

 

Materials and Methods  

Study area  

The study area which covers a surface of 13 ha (40º 53‟N, 2º 

10‟W) is located in the Special Area of Conservation of the 

Natura 2000 Network Alto Tajo in Guadalajara province, 
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central Spain. The climate is Mediterranean continental 

with a rainfall of around 500 mm per year with pronounced 

summer drought and extreme cold winters. Mean annual 

temperature is 10.2 °C, with January being the coldest 

month (mean temperature: 2.4 °C) and July the warmest 

(mean temperature: 19.5 °C). Snowfalls occur from 

November to April (www.aemet.es). Mean elevation is 1278 

m, and vegetation is mainly comprised of mature woodlands 

remnants (MW) dominated by J. thurifera, old fields recently 

colonized referred as new colonization areas (NCA) and some 

crop fields (Fig. 1A). MW have a total cover of over 30% with 

a high abundance of adult trees. Traditional management in 

these areas has been logging and extensive grazing. NCA are 

comprised of pastures where total tree cover is under 15% 

and most J. thurifera individuals are newcomers. Past 

management in NCA was extensive agriculture and grazing. 

For more details see (Escribano-Avila et al. 2012). 

 

Seed sampling and pre-sowing treatments 
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A total of 2640 seeds were sown. We sowed seeds from a 

control treatment (n=720) and seeds dispersed by two 

assemblages of dispersers: carnivores composed of red fox 

(Vulpes vulpes) and stone marten (Martes foina) (n=1440), 

and thrushes composed of several species of the genus 

Turuds (Turdus viscivorus, T. philomelos, T. merula, T. 

iliacus, T. pilaris) (n=480) which represent two different 

functional groups according to their morphological 

characteristics (gape size, mouth morphology, gut length and 

digestive physiology).  
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Fig.1. On the left side of the panel, a representation of the study 

area is shown in 1A to illustrate the ongoing process of woodland 

expansion. Dark gray represents mature woodlands of Juniperus 

thurifera, light gray represents new colonization areas and white 

areas represents current agricultural lands. Squares represent the 

50x100 plots used to perform the germination experiment. Four 

microhabitats were selected in each of the plots to cover the 

environmental heterogeinity in the study area as shown in the top 

right area of the panel, 1B. A netting cage was installed in each 

microhabitat to sow seeds, simulating dispersers’ clumped 

deposition pattern with the help of a plastic template illustrated in 

the bottom left-hand panel 1C.  

We assessed the effects of scarification by frugivores on 

seeds and enhancement on germination rate and survival. 

The control treatment was used to obtain optimum 

germination rates for comparison with naturally dispersed 

seeds, rather than with non-dispersed seeds (which have a 

very low germination rate and could be uninformative 

(García-Fayos et al. 2001); Gargondo et al. personal 

communication). This treatment is referred to as the 

“optimum treatment” throughout the manuscript.  
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Following García-Fayos et al. (2001), the optimum treatment 

consisted of seed selection and stratification. Seed selection: 

Fruits with signs of complete maturation (dark blue color) 

and no signs of parasitation were collected in the study area 

in the middle of the dispersal season (January 2009) from 

randomly selected trees. The collected fruits were submerged 

in water for two days. Floating fruits were discarded and for 

the remaining fruits pulp was removed with a mixer. Viable 

seeds (no floating) were air dried and sieved to discard seeds 

with diameters under 3 mm, as smaller seeds have shown 

very low germination rates. Stratification: Control seeds 

were deposited in trays with sand and water until they 

reached 70% saturation point and stored at 20°C in darkness 

for one month and at 5°C for an additional month. Seeds 

dispersed by frugivores were collected in the study area in 

the same period (for details in dispersed seed collection see 

(Escribano-Avila et al. 2012). Pellet material from animal 

depositions was removed, non-viable seeds were removed 

using the floating method and once viable seeds were dried, 

they were sieved in the same way as control seeds. Dispersed 

and optimum treatment seeds were stored at 4°C until they 

were sown in the field. A subsample of non-sieved seeds 
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(n=100) from the optimum treatment and dispersed seeds 

(by both carnivores and thrushes) were weighed to evaluate 

the possibility of differential seed size selection by 

dispersers. 

 

Field germination experimental design 

We selected ten plots (100 x 50 meters). Five were located in 

MW, while the other five were located in NCA (Fig 1A). We 

selected four microhabitats in each plot, J.thurifera adult 

female canopy, J. thurifera adult male canopy, shrub (J. 

communis) and open gaps. These microhabitats represent 

the environmental heterogeneity in soil and light exposure 

variability occurring in the studied ecosystems. We installed 

a wire netting cage in each microhabitat to avoid seed 

predation and herbivory (Fig. 1B). Seeds were sown on 

spring 2009 in different clumping patterns to simulate 

dispersers’ deposition patterns. Seed clumping (average 

seeds/deposition) was 1.5 (range1-5) for thrushes and 73 

(range 4 to 344) for carnivores (Escribano-Avila et al. 2012). 

According to this information and the quantity of seeds 
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available, we simulated dispersers’ clumped deposition 

pattern. Seeds were sown in each wire netting cage with the 

aid of a plastic template. We sowed 18 seeds from the 

optimum treatment individually in two parallel lines on the 

left-hand side of the cage, 36 seeds dispersed by carnivores 

in two groups of 18 seeds in the central area and twelve 

seeds dispersed by thrushes in six groups of 2 seeds on the 

right-hand side of the cage (Fig. 1C). Cages were monitored 

periodically for three years, and seedling emergence and 

survival were recorded. 

 

Data Analyses  

To evaluate if dispersers perform selection on seed size, we 

conducted a one-way ANOVA with seed weight as the 

response variable and a treatment factor with three levels: 

thrushes, carnivores and optimum treatment. Residuals for 

seed weight fulfilled the assumptions of homocedasticity and 

normality.  

The variables germination and survival were analyzed with 

two complementary analyses - Generalized Linear Mixed 
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Models (GLMM) and survival analyses -while the variable 

Dispersal Quality (DQ) was only analyzed with GLMM. 

Thus, we performed GLMMs to model germination 

percentage, survival percentage and DQ obtained as the 

percentage of recruited seedlings in relation to total seeds 

sown. The three variables refer to the end of the 3-year 

monitoring period. Habitat, disperser and microhabitat were 

analyzed as fixed factors, and plot was used as a random 

factor. We performed model selection on GLMM according to 

the methodology proposed by (Bolker et al. 2009; Zuur et al. 

2009). We first constructed the beyond the optimal model, 

including all fixed effects and their possible interactions 

(habitat x microhabitat x disperser) and optimized the 

structure of the random effects (effect of plot on the estimate 

of the intercept of the model and effect of plot on the 

estimate of the intercept add up to the parameter estimates 

of microhabitat). The random structure retained for further 

analysis was selected by the lowest Akaike information 

criteria (AIC) and models fitted by Restricted Maximum 

Likelihood criteria (REML). Once random effects were 

optimized, we performed model selection for fixed effects 

fitted by the Maximum likelihood criteria (ML). We selected 
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models using the Akaike information criteria corrected by 

small sample size, AICc< 2 (Burnham & Anderson 2002). 

When more than one model was selected, we chose which 

model to be retained based on the Akaike Weight (Wi) and 

the relative importance of the variables in those models (W+). 

The final model was fitted by REML to obtain the 

parameters which better described germination probability, 

survival and recruitment. In all cases, error distribution 

considered was binomial and the link function logit.  

Survival analyses were performed to determine the effect of 

habitat, disperser and microhabitat on germination rate and 

the shape of survival curve. We used Kaplan-Meier 

estimates for right censored data using the log-rank test 

(Harrington & Fleming 1982). All statistical analyses were 

conducted in the R environment (R development core Team) 

with additional packages “lme4” (Bates , Maechler & Bolker 

2012), “MuMIn” (Barton 2012) and “survival” (Therneu 

2012).  

Results 

Seed weight 
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Seed weight for dispersed seeds and the optimum treatment 

were significantly different (F2,297=8.85, p<0.005). Seeds 

dispersed by thrushes were significantly lighter (0.0279 ± 

0.0014) than those dispersed by carnivores (0.0331 ± 0.0014, 

Bonferroni pairwise test, p< 0.005) and those of the optimum 

treatment (0.03288 ±0.001, p< 0.005). Instead, seeds from 

the optimum treatment and those dispersed by carnivores 

did not differ significantly .  

 

Germination, survival and dispersal quality 

Total germination percentage was 12.5% (n=330), of which 

175 seeds germinated in the mature woodland and 155 in 

new colonization areas. Seeds from the optimum treatment 

had greater germination percentages than those dispersed 

by thrushes or carnivores (20% and 10%, respectively). The 

germination percentage of dispersed seeds was influenced by 

microhabitat. Greater germination percentages were 

obtained for seeds dispersed by thrushes beneath female 

(16%) and male (12%) J. thurifera canopies (Fig. 2A), while 

for seeds dispersed by carnivores germination was higher in 
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shrub microhabitats (16.4%). For both dispersers the lowest 

germination percentages were obtained in the open gap (3% 

for carnivores and 2% for thrushes). If the effect of dispersers 

is not considered, the most suitable microhabitat for 

germination was beneath the J. thurifera female tree. This 

microhabitat accounted for 34% of total germination (n=112), 

while the open gap only accounted for 9% (n=29) (Fig. 2A). 
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Fig.2. Mean ± s.e. of the variables germination (A) percentage, 
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survival percentage (B) and recruitment percentage (C) referred to 

as Dispersal Quality in relation to microhabitat and disperser. 

(black: control treatment, dark grey( thrushes), light 

gra(carnivores). 

 

Total survival percentage was 49.33% (n=163), and the 

mature woodland and new colonization areas had very 

similar survival percentages (51 and 47%, respectively). 

Seeds dispersed by carnivores had a notably higher survival 

percentage (58.6%, n=98) than those dispersed by thrushes 

(27%, n=18). In terms of microhabitat, the greatest 

differences in survival percentage were found between open 

gaps (10.3%, n=3) and all canopied microhabitats (around 

50% survival, Figure 2B).   

DQ, measured as the probability of germination and survival 

during the first three years of life, provided by carnivores 

was higher (6.5%) than the provided by thrushes (2.5 %) in 

all microhabitats (Fig. 2C). Canopied microhabitats provided 

a higher probability of recruitment (around 15%) than open 

gaps (1%) where only those seeds dispersed by carnivores 

were recruited (Fig.2C). It is noteworthy that DQ provided 
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by carnivores represented 70% of the DQ provided by the 

optimum treatment when all microhabitats are taken into 

account, while DQ provided by thrushes only represented 

25% (Fig 2). 

 

Model Selection and parameter estimates  

The structure for random effects selected for the germination 

percentage was plot effect on the intercept of the model and 

plot effect on the slope of microhabitat (See Table S1 in 

Supporting Information), while for survival and quality it 

was plot effect on the intercept (Table S1).  

For germination percentage at the end of the 3-year 

monitoring period, we obtained two models with AICc< 2. 

One included the variables disperser, microhabitat and 

disperser x microhabitat, while the other model did not 

include the interaction term. We selected the first model, as 

the relative importance of the interaction effect was 0.64, 

while this value was 1 for habitat and microhabitat (Table 

1a). Thus, the relative importance of the interaction term 

was high enough to be included (Burnham & Anderson 
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2002). The final model included disperser and microhabitat 

as fully crossed fixed effects and the random effect of plot on 

the intercept with a standard deviation of 0.81 and the effect 

of plot on the estimates of the four levels of microhabitat 

with a standard deviation ranging from 1.13 for J. thurifera 

female trees and 0.54 for J. thurifera male trees. (Table 2, 

Random Effects). 

Model selection for survival obtained one model with 

AICc<2, which included disperser and microhabitat as fixed 

effects. The next model had an AICc=2.1 and included the 

same terms as the selected model plus the effect of habitat. 

The relative importance of habitat in the two models was 

0.26 (Table 1), which compared to the relative importance of 

disperser and microhabitat was not high enough to be 

considered (Burnham & Anderson 2002). Therefore, the final 

model selected accounted for the fixed effects of disperser 

and microhabitat and the random effects of plot on the 

intercept of the model with a standard deviation of 0.4 (Table 

1b, Table 3).  
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Model selection for DQ obtained two models with AICc<2. 

The first one included disperser and microhabitat as fixed 

effects, while the second added the effect of habitat. The 

effect of habitat, as in the case of survival, was not relevant 

enough to be included (Table 1c). Hence the final model 

accounted for the fixed effects of disperser and microhabitat 

and the random effects of plot on the intercept of the model 

with a standard deviation of 0.23 (Table 4). 

 

Survival analysis  

A total of 330 seeds germinated in the monitoring period 

(1095 days). In the first year 38% of the seeds germinated 

(n=124), 48% in the second year (n=159) and 14% in the 

third year (n=47). The germination curve was not affected by 

habitat type (log-rank X2=0.1, d.f.=1, p=0.75). Similarly, 

neither dispersers nor optimum treatment produced any 

differences in the germination curve (log-rank X2=2.1, d.f.=2, 

p=0.34). Microhabitat affected germination rate with 

germination being significantly slower in the open gap (log-

rank X2=61.7 d.f.=3, p<0.0001, See Fig. S1).  
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The seedling survival curve was not affected by habitat type 

(log-rank X2=0.2 d.f.=1, p=0.7). However, microhabitat and 

disperser significantly affected seedling survival (long-rank 

X2=34 d.f.=3, p=0.0001; X2=12.1 d.f.=2, p=0.0024, 

respectively). Seedlings in open gaps died faster than in 

covered microhabitats. Seedlings dispersed by thrushes also 

died faster than those from the optimum treatment or 

dispersed by carnivores (Fig. S1) 
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a.   Ger models D MH H DxM DxH HxM K logLik AICc Delta  Wi 

 1 X X  X   22 -90.4 235.24 0 0.64 

 2 X X     16 -99.57 236.42 1.18 0.36 

 W+ 1 1  0.64        

b.  Surv models                       

 1 X X     7 -57.33 130 0 0.74 

 2 X X X    8 -57.18 132.11 2.1 0.26 

 W+ 1 1 0.26         

c.   DQ models                       

 1 X X     8 -63.27 141.89 0 0.64 

 2 X X X    9 -62.63 143.03 1.13 0.36 

  W+ 1 1 0.36                 

Table 1. D: Disperser, H:Habitat, MH:Microhabitat. K: Parameters.  Wi: Akaike Weight of the 

model. W+: Variables relative importance. The selected model for parameter estimation is in bold. A 

cross indicates the variable was present in the model.
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Table 2. Germination estimates  and standard errors for the 

GLMM on germination percentage as a response variable, 

disperser and microhabitat as full crossed fixed factors and plot 

Fixed Effects     

 Estimate s.e. 

Intercept -2.165 0.387 

Female 0.678 0.516 

Male 0.929 0.398 

Shrub 0.809 0.460 

Carnivore -1.553 0.421 

Thrushes -2.179 0.656 

Female x Carnivores 1.237 0.503 

Male x Carnivores 0.318 0.506 

Shrub x Carnivores 1.255 0.499 

Female x Thrushes 1.797 0.727 

Male x Thrushes 1.064 0.731 

Shrub x Thrushes 1.032 0.748 

   

Random Effects     

 Variance s.d. 

Intercept 0.66 0.81 

Female 1.27 1.13 

Male 0.29 0.54 

Shrub 0.77 0.88 
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effect on the estimates of the intercept and microhabitat as 

random factors. Missing estimates on levels , “Open” and 

“Optimum treatment” are included on the intercept.  

 

 

 

 

 

 

 

 

 

Table 3. Survival estimates and standard errors for the GLMM on 

survival percentage as a response variable, disperser and 

microhabitat as fixed factors and plot effect on the estimate of the 

intercept as a random factor. Missing estimates on levels , “Open” 

and “Optimum treatment” are included on the intercept. 

Fixed Effects     

 Estimate s.e. 

Intercept -2.141 0.651 

Female 2.156 0.666 

Male 2.616 0.666 

Shrub 2.417 0.664 

Carnivore 0.240 0.282 

Thrushes -1.194 0.367 

   

Random Effects     

 Variance s.d. 

Intercept 0.16 0.40 
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Fixed Effects     

 Estimate s.e. 

Intercept -4.48 0.6 

Carnivore -0.5 0.19 

Thrushes -1.5 0.29 

Female 2.74 0.6 

Male 2.92 0.6 

Shrub 2.73 0.6 

Random Effects   

  Variance s.d. 

plot 

(intercept) 0.06 0.23 

 

Table 4. Disperser Quality (DQ) estimates and standard errors 

for the GLMM on recruitment percentage obtained for the total 

number of seeds sown and seedling survival after three years, 

as response variable, disperser and microhabitat as fixed 

factors and plot effect on the estimate of the intercept as a 

random factor. Missing estimates on levels , “Open” and 

“Optimum treatment” are included on the intercept.  
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Discussion 

Land use may affect plant regeneration by modifying the 

relative weight of different demographic stages in the final 

process of recruitment (González-Varo, Nora & Aparicio 

2012). However this was not the case in our study and 

contrary to our hypothesis no differences were found in 

germination, seedling survival or probability of recruitment 

in the studied stages, mature Juniperus thurifera woodland 

and new colonization areas. This highlights that the 

regeneration capacity of the species in old fields is not 

limited at these critical early life stages. These findings may 

be related to low intense traditional agriculture management 

and to these ancient crop fields being interspersed with 

natural vegetation. Land use could affect the quality of 

dispersal provided by different dispersal vectors (Puerta-

Piñeiro, Pino & Gómez 2012). According to our results 

dispersal quality provided by carnivores was higher than the 

provided by thrushes and did not shift between woodland 

and the disturbed new colonization areas. Thus, the 

mutualistic interaction between J. thurifera and carnivores, 

a generalist group of dispersers, produced more recruitment 
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than the specialized group of thrushes which selected 

smaller seeds due to gape width limitation. According to 

previous results on the quantity of seeds dispersed by 

thrushes and carnivores (Escribano-Avila et al. 2012) and 

the differential DQ obtained, the dispersal assemblage of 

Juniperus thurifera is formed by two functional groups 

which offer a different, but complementary service. 

Carnivores are opportunistic high-quality dispersers, while 

thrushes are faithful but significantly lower quality 

dispersers. By maintaining both functional groups, J. 

thurifera ensures its dispersal services under a complete 

array of environmental scenarios at contrasted spatial and 

time scales (Fleming, Venable & Herrera 1993).  

 

Disperser effect on germination and microhabitat interaction   

Carnivores, compared to thrushes, are expected to have 

longer periods of gut retention time which is related to a 

reduced germinability (Murray et al. 1994). Obviously, this 

tight connection can be modulated by fruit and seed traits 

(Traveset & Verdú 2002). J. thurifera seeds have a tough 
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seed coat and embryos have a strong, long dormancy. As we 

found no differences in germination percentages between 

assemblages, we can assume that J. thurifera seeds do not 

suffer damage due to longer gut passage time. 

The germination probability of seeds dispersed by thrushes 

reached a maximum under J. thurifera adult trees, whereas 

in the case of carnivores maximum germination probability 

was obtained in shrub microhabitats, as shown by the 

interaction effect between microhabitat and disperser on 

germination. A similar pattern was found for the quantity of 

dispersed seeds. Thrushes preferably dispersed seeds 

beneath the canopy of adult J. thurifera trees as a result of 

their feeding behavior, whereas carnivores deposited more 

seeds in conspicuous shrubs due to territorially and scent 

marking behavior (Escribano-Avila et al. 2012). Therefore, 

both functional groups of frugivores performed non-random 

dispersal in microhabitats, enhancing germination according 

to gut passage effect and seed selection performed for each 

guild. Thus each functional disperser group generated 

directed dispersal at the stage of germination (Howe & 

Smallwood 1982; Wenny & Levey 1998; Howe & Miriti 
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2004), resulting in a complex dispersal mosaic which was 

lately modified by seedling survival.  

 

Microhabitat conditions and seed size selection instead of 

density dependence determined recruitment 

The highest germination and seedling survival rate of 

Spanish juniper occurred underneath female juniper tree 

and similar rates were recorded on male junipers and 

shrubs. This is quite an unexpected result from the Janzen 

(1970) and Connell (1971) model perspective (JC hereafter) 

according to which higher rates of mortality are expected 

beneath the crown of mother trees due to a higher incidence 

of pathogens and post-dispersal predation.  We have not 

detected seed or seedling predation by pathogens, neither by 

herbivores in the case of seedlings; instead the most 

important cause of seedling mortality was desiccation 

(personal observation). Consequently our results are better 

explained by the nurse effect of canopies, i.e. facilitation 

(Lloret, Peñuelas & Estiarte 2005) than the JC model.  In 

this study seed and seedling predation by vertebrates were 
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avoided by the use of netting cages and thus, the effect of 

vertebrates’ natural enemies could not be evaluated. 

However a post-dispersal seed removal experiment was 

performed using the same habitats and microhabitats and 

two different seed-clumped patterns (data not shown, under 

preparation). We found similar rates of seed removal in all 

microhabitats and independently of the clumped pattern 

which make our recruitment estimates and DQ provided by 

dispersal guilds robust. Additionally post-dispersal removal 

rates were similar among mature woodlands and new 

colonization areas in this study site and therefore the 

colonization process do not seem to be specially limited by 

post-dispersal predation by mice and rabbits (common seed 

predators in farming lands).  

Medium- to large-sized mammals disperse larger seed 

clumps than small- to medium- sized birds. According to the 

JC model the former are expected to suffer higher mortality 

than the latter due to negative density dependence. Seeds 

from the optimum treatment had the higher rate of 

germination, in this case it is not possible to know which of 

the two components of the treatment, manual depulpation 
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plus stratification or individual sowing, is responsible of the 

final outcome. However, in the case of seeds dispersed by 

thrushes and carnivores the clumping deposition (2 vs 18 

seeds respectively) does not seem to have an effect as seeds 

from both dispersers reached similar rates of germination. 

Therefore for naturally dispersed seeds of Spanish juniper it 

seems that there is not an effect of clumping pattern on 

germination. In the case of seedling survival it seems even 

clearer that our results do not match the JC model as the 

seedlings which suffered less mortality rates were those of 

the most clumped pattern i.e. the seeds dispersed by 

carnivores. 

Instead of by the clumping pattern, our results seem to be 

better explained by an active seed size selection performed 

by thrushes. Seeds dispersed by carnivores had a higher 

survival probability than those dispersed by thrushes. We 

detected that seeds dispersed by thrushes were smaller than 

those collected at random from trees and those dispersed by 

carnivores. Therefore, it seems that thrushes actively 

selected smaller fruits in the available pool size. This has 

been described elsewhere for this assemblage and seems to 
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be related to gape width constraints (Jordano 1995; Parciak 

2002; Rey et al. 2004). Reduced seed size is known to have a 

detrimental effect on early survival, as larger seeds usually 

have larger reserve stocks which plants rely on at this early 

stage (Venable & Brown 1988; Westoby et al. 1996). Galetti 

et al. (2013) in a recently published paper have shown how 

the non-random loss of a subset of frugivores has pervasive 

effects on plant regeneration dynamics. They studied the 

evolutionary and demographic consequences of losing the 

biggest frugivores on the dispersal assemblage community. 

Similar results could be expectable in the case of J. thurifera 

if carnivores were depleted from the dispersal assemblage 

(i.e. predators control) or do not function as legitimate 

dispersers due to the abundance of more profitable trophic 

resources. Under this scenario the colonization of old-fields 

by the species are expected to be compromised or at least 

decelerated.   

According to our results, the adequacy of a microhabitat for 

germination and early survival is dependent on selection, 

handling and the gut passage effect suffered by seeds before 

they arrive at a given microhabitat. This means the two 
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subcomponents of DQ (i) quality of treatment in mouth and 

gut and (ii) quality of deposition could be strongly 

interrelated (See, Rey et al. 2004 for similar results on Olea 

europaea). Similarly, García & Grivet (2011) highlighted 

how the maternal identity of dispersed seeds and their 

clumping pattern, both determined by dispersers, have been 

completely overlooked in seed dispersal studies, even though 

the non-random distribution of genotypes of both conspecifics 

and heterospecifics in the landscape could have a strong 

influence on demographic, genetic and evolutionary patterns 

(García et al. 2009).  

 

Differential quality and fidelity of the dispersal assemblage: 

greater diversity provides more regeneration opportunities. 

Carnivores are a critical element of the dispersal assemblage 

of many plant species in highly disturbed habitats, as they 

usually disperse more seeds than other guilds promoting 

natural ecosystem recovery (López-Bao & González-Varo 

2011; Escribano-Avila et al. 2012; Perea et al. 2012) . As 

shown by our results, they provide high-quality dispersal by 
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improving germination and seedling survival. These findings 

are especially important in open gaps, as the arrival and 

establishment of the first trees is a critical stage in the 

process of natural colonization. Carnivores’ dispersal 

patterns increase population size and enhance connectivity 

and gene flow across the landscape which is especially 

beneficial in low density populations where isolation could 

cause inbreeding or inhibit the reproductive success of self-

incompatible species due to pollen limitation (Bacles, Lowe & 

Ennos 2006). By dispersing seeds in open gaps, carnivores 

increase the probability of recruiting isolated trees. This 

favors animal movement in general, but especially attracts 

other species of frugivores, such as birds (Herrera & García 

2009) producing a synergic effect on seed mobilization (Howe 

& Miriti 2004). Verdú & García-Fayos (1996) described how 

this perch effect promotes the colonization of old fields in a 

nucleated pattern around the isolated trees in a 

Mediterranean landscape. The dispersal pattern performed 

by carnivores simulates an active restoration practice based 

on the plantation of pioneer trees or clumps (i.e woodland 

islets) which act as a stepping stone for the activity of a 

complex assemblage of dispersers in former deforested lands 
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(Lamb , Erskine & Parrota 2005; Benayas , Bullock & 

Newton 2008). This has the outstanding advantage that 

carnivores do it for free. 

However, carnivores are generalist feeders which have the 

ability to shift their food consumption to different resources 

depending on the different trade-offs among food 

profitability, energy, protein content and the time invested 

in obtaining such food (Stephens & Krebs 1986; Genovesi, 

Secchi & Boitani 1996;De Marinis & Asprea 2004). As a 

result, their role as seed dispersers is commonly 

opportunistic (Herrera 1989; Zhou et al. 2008). In the study 

area, we detected a decrease in fruit consumption by 

carnivores in one of our MW and in several NCA probably as 

a consequence of the higher local diversity of trees and 

shrubs which could provide a higher abundance of prey 

(small mammals and insects) and promote a shift in 

carnivores’ trophic resource consumption (Escribano-Avila et 

al. 2012). Therefore, the maintenance of thrushes in the 

dispersal community, even though they are not high-quality 

dispersers, provides a reliable dispersal service to the tree 

and regeneration process as a whole, as they are trustworthy 
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dispersers independent of the context (Escribano-Avila et al. 

2012). Maintaining a diverse dispersal community seems to 

be a successful strategy for the persistence of the species, as 

J. thurifera has overcome several environmental changes 

throughout its long history since the tertiary (Terrab et al. 

2008). Nowadays, the species is clearly benefitting from its 

diverse dispersal assemblage, given the spectacular 

transformation of old fields into new colonization areas 

(Gimeno et al. 2012). The maintenance of diverse dispersal 

assemblages has been recently related to ecosystem 

resilience, (García & Martínez 2012) especially in cases 

where different dispersers provide a similar service to their 

interacting plant species. Recently, this has been referred to 

as functional redundancy and makes plant populations less 

vulnerable to the loss of dispersal species (García et al. 2013; 

Plein et al. 2013). This suggests that the resilience capacity 

of an ecosystem is dependent not only on the species 

diversity but also on the link between species diversity and 

functionality of the dispersal assemblage (Naeem et al. 1994; 

Jonsson et al. 2002; Pocock, Evans & Memmott 2012). 

However on the seed dispersal framework there is not a clear 

definition of what is considered “functional diversity”. Thus, 
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a precise definition of what is considered functional diversity 

for a dispersal assemblage community and a detailed 

clarification in this sense is necessary. From our point of 

view, dispersal functionality should include information on 

the probability of recruitment for dispersed seeds by the 

different members on a dispersal assemblage accounting for 

natural heterogeneity. In this sense, our work is a good 

contribution on the understanding of dispersal functionality, 

tough much more empirical studies are needed in order to  

know the functional diversity of dispersal assemblages and 

to build a general framework.  

 

Conclusions 

Old fields abandoned due to rural exodus have a strong 

potential for natural regeneration, if certain perturbation 

thresholds are not passed (Cramer , Hobbs & Standish 2008) 

and seeds are supplied by the dispersal community. 

Different guilds of dispersers could provide differential 

functional services to plant species, as found in this work. 

Therefore, the diversity of dispersal assemblages should be 
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correctly managed to favor ecosystem regeneration. 

Dispersed seed characteristics such as size, maternal origin 

and clumping patterns are determined by dispersers’ 

behavior previous to deposition. These seed characteristics 

modulate the suitability of microhabitat conditions, and 

consequently affect recruitment and evolutionary patterns. 

Unfortunately, to our knowledge this has been overlooked in 

seed dispersal studies. We consider that explicitly including 

the effects of non-random selection performed by dispersers 

on seed characteristics in the framework of Seed Dispersal 

Effectiveness (Schupp , Jordano & Gómez 2010) could 

greatly improve our understanding of the effects of seed 

dispersal in ecological and evolutionary processes. 
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Supplementary material  

A) Germination       AIC Delta AIC 

habitat x microhabitat x disperser + (microhabitat|plot) 226.17 0 

habitat x microhabitat x disperser + disperser+microhabitat|plot) 240.11 13.94 

habitat x microhabitat x disperser + (1|plot)  243.13 16.96 

habitat x microhabitat x disperser + (disperser|plot) 252.11 25.94 

B) Survival             

habitat x microhabitat x disperser + (1|plot)  142.84 0 

habitat x microhabitat x disperser + (disperser|plot) 150.52 7.68 

habitat x microhabitat x disperser + (microhabitat|plot) 176.57 33.73 

C) Quality         

habitat x microhabitat x disperser + (1|plot)  20.69 0 

habitat x microhabitat x disperser + (disperser|plot) 26.75 6.06 

habitat x microhabitat x disperser + (1|plot)  30.11 9.42 

habitat x microhabitat x disperser + disperser+microhabitat|plot) 44.15 17.4 
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Table S1. Optimization of random effects on Generalized Linear Mixed Models. The models are written 

according to the syntax of the lme4 package of R environment used to analyze the data. Fixed effects 

full crossed on the left side of the brackets are always constant only random effects contained on the 

brackets differ between models. The models with random effects selected for further analyses are 

shown in bold 
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Fig.S1. Survival analyses curves. On the left side of the panel 

germination rates are shown while on  survival rates are shown 

in the right side. From top to bottom: habitat type, 

microhabitats and dispersers. Time in days from sowing is 

represented on the horizontal axis.  Note the different scale 

values on the vertical axis.  Only microhabitat type had a 

signficiant effect on germination rate (Kapplan-Meier, log-rank 

X2=61.7 df=3, P<0.0001). Survival rate was significantly 

affected by microhabitat (X2=34 df=3, P=0.0001) and disperser 

(X2=12.1 df=2, P=0.0024). 
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Abstract  

Ecosystems are currently subjected to the greatest rate of 

environmental change of the entire history of the planet. 

Seed dispersal is a key ecological process which greatly 

influences how ecosystems respond to such a change (i.e. 

plants regeneration and colonization capacity). A diverse 

array of dispersal vectors is usually responsible for the 

dispersal activities in a given habitat which could provide 

complementary or redundant functional services to their 

host plants which have ecological and evolutionary 

implications. We assess here how dispersal functionality for 

a varied dispersal community influences the colonization 

patterns of Spanish juniper woodlands after land 

abandonment a widespread and poorly understood driver of 

global change. To do so, dispersal effectiveness patterns of 

the main dispersal guilds, thrushes and carnivores, were 

determined in remnant woodlands and old-fields recently 

colonized. Thrushes were responsible for over 70% of the 

recruited seedlings in woodland remnants, however the 

dispersal effectiveness provided by this guild greatly 

decreased in the recently colonized old-fields (20% of 

recruitment) due to the scarcity of adult trees in which 
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thrushes usually fed and perch. Instead the dispersal 

effectiveness provided by carnivores was less affected by the 

reduced Spanish juniper cover of old-fields resulting and 

essential dispersal guild for colonization which generated 

almost the 80% of recruitment (42% red fox, 38% stone 

marten). Thus, the dispersal services provided by thrushes 

and carnivores seemed non-functionally redundant and 

instead truly complementary. This, together the shorter 

dispersal distances and gape width of thrushes compare to 

carnivores (i.e. thrushes to disperser smaller fruits and 

seeds)  could promote differential spatial-genetic structure in 

mature woodland and recently colonized old fields and make 

possible the existence of  geographic mosaics of selection. 

Thus, overall our result highlights the importance of 

including detailed information of seed dispersal effectiveness 

to better understand the functioning of ecosystems subject to 

global change.  

Keywords: seed dispersal effectiveness, dispersal community, 

global change, land use, abandonment, functional 

redundancy.   
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Introduction  

Ecosystems all over the world are suffering great rates of 

degradation, habitat and species loss due to the effects of 

global environmental change (Millenium Ecosystem 

Assesment, 2005). One of the main drivers of this 

environmental change is land use change (Lavorel et al. 

1998, Sala et al. 2000). During the last century, two opposing 

forces have predominated in regard to land use change: 

intensification and abandonment (Lamb et al. 2005, Mottet 

et al. 2006, Benayas et al. 2007). Land abandonment is 

currently occurring in low productive areas (e.g. steep 

mountain areas, restrictive soils) where the rural exodus has 

produced human demographic deserts (Foley et al. 2005, 

Westhoek et al. 2006). These abandoned areas offer a great 

opportunity for the recovery of valuable ecosystems, an 

essential task given the actual context of environmental 

degradation and biodiversity loss. However the restitution of 

functional ecosystems in abandoned lands could be 

constrained by several factors, among which seed arrival of 

woody species is one of the most limiting (Benayas et al. 

2008, Cramer et al. 2008).  
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Seed dispersal of many tree and shrub species is performed 

by animals which feed on fruits and regurgitate or defecate 

intact seeds. Each plant species usually interact with many 

dispersal species resulting in diffuse mutualisms (Howe 

1984). The fitness a plant species obtain from each member 

on its dispersal community relies on the effectiveness of the 

dispersers (Schupp 1993, Schupp et al. 2010). Seed dispersal 

effectiveness (SDE) is defined by the product of the number 

of seeds dispersed (quantity) and the probability of those 

seeds to be recruited (quality). Different species or guilds 

forming a dispersal community have different morphological 

traits such as body size, gut length, gape width (Rey et al. 

1997, Traveset 1998, Figuerola et al. 2010) and behavioral 

traits such as home range, feeding preferences, scent 

marking (Reid 1989, Russo et al. 2006, Jordano et al. 2007, 

Morales et al. 2012) which determine dispersers 

effectiveness and consequently the rate of fitness they 

provide to their host plant. According to this, dispersal 

communities could be functionally redundant or 

complementary depending on the SDE of the members 

forming such communities. In the former case all members 

in the dispersal community provide a similar rate of fitness 
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to the plant whereas in the later each disperser provide 

different rates of fitness to the host plant and usually one or 

a few dispersers provide a disproportionally rate of fitness 

(Brodie et al. 2009, McConkey and Brockelman 2011). 

Consequently a functionally redundant dispersal community 

is more robust to the lost of dispersal species as plant 

recruitment would not be comprise if one or few species of 

the dispersal community were lost. However in the case of 

complementary dispersal communities, the lost of even one 

species could drastically reduce dispersal services provided 

and consequently plant recruitment (Herrera and Doblas-

Miranda 2013). To what extent dispersal communities are 

functionally redundant or complementary remains quite 

unknown due to the scare number of studies evaluating 

dispersal effectiveness and functionality at the community 

level (but see Wenny and Levey 1998, Calviño-Cancela and 

Martin-Herrero 2009) for SDE;  Brodie et al. 2009, 

McConkey and Brockelman 2011 for dispersal functionality). 

Moreover, the relative contribution of particular dispersal 

agent to plant fitness may not be inherent to this disperser 

but may change depending on the environmental context, at 

both spatial and temporal scales (Herrera 1987, Calviño-
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Cancela and Martin-Herrero 2009, Schupp et al. 2010) 

leading to shifts in the redundancy or complementarity of 

dispersers under different ecological conditions. This 

together with the fact that seed dispersers could impose a 

great selective pressure in plant dispersal traits (Herrera 

1988, Wheelwright 1993, Jordano 1995, Alcántara and Rey 

2003), lead to the expectation that geographic mosaics of 

coevolution (Thompson 2005) could result more common 

than previously thought (Galetti et al. 2013). Certainly we 

need more information regarding how SDE and dispersal 

communities functionality may change under different 

ecological contexts to better understand the demographic, 

ecological and evolutionary consequences of seed dispersal 

(Agrawal et al. 2007), specially in human-dominated 

ecosystems susceptible to be recovered (Herrera and Doblas-

Miranda 2013).  

Most ecosystems have been modified by humans creating 

landscapes shaped by a different degree of modification 

which result in different habitat types whiting a landscape 

unit. Good examples of such ecosystems are Spanish juniper 

woodlands (Juniperus thurifera) which have been 

historically subject to traditional management, such as 
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logging, grazing and destruction for crop cultivation. But in 

which, these activities have drastically declined since the 

middle of the XX century due to population drift allowing 

these woodlands to increase in density and to expand 

colonizing abandoned fields (Blanco et al. 2005, Olano et al. 

2008). Spanish juniper have a diverse community of 

legitimate seed dispersers which is shared in different 

conditions of fragmentation and land use (Santos et al. 1999, 

Escribano-Avila et al. 2012). Therefore offering a great 

opportunity to widen our understanding about how SDE and 

dispersal functionality could shift under different ecological 

scenarios resulted from land use change. In this study we 

have performed a spatially and temporally replicated study 

measuring the SDE (quantity x quality) of thrushes and 

carnivores, the main disperser guilds of Spanish juniper in 

woodland remnants and old fields recently colonized by the 

species. 

We expect overall SDE to be greater on mature woodland 

remnants than in old-fields recently colonized due to a 

reduced seed dispersal quantity and to the limitation of 

suitable microhabitats in the later (Escribano-Avila et al. 

2012). We predict thrushes would generate greater SDE 
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associated to the presence, abundance and crop size of 

Spanish junipers in woodland remnants. However a reduced 

contribution to SDE is expected in old fields due to the 

avoidance of thrushes of this open areas and the scarcity of 

fruiting trees (Jordano 1993, Santos et al. 1999, Escribano-

Avila et al. 2012). This is not expected in the case of 

carnivores for which degraded areas are usually included in 

their home ranges (Matias et al. 2010, López-Bao and 

González-Varo 2011). This, together with the capacity of 

carnivores to disperse seeds over long distances (Jordano et 

al. 2007, González-Varo et al. 2013) lead to the expectation 

that carnivores contribution to SDE in old fields would be 

greater than that of thrushes. This general pattern could be 

modified in the case of carnivores by the environmental 

context of each habitat-site combination due to their 

generalist and opportunistic feeding behavior (Herrera 1989, 

Lucherini et al. 1995, Genovesi et al. 1996, Zhou et al. 2008). 

Thereby, we predict the main guilds of the dispersal 

community, thrushes and carnivores, would perform 

complementary and non-redundant dispersal services in 

remnant woodlands and old fields (Brodie et al. 2009, 

McConkey and Brockelman 2011). In order to evaluate our 
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predictions a combination of field data collection and 

experiments were performed to obtain information on the 

quantitative and qualitative components of seed dispersal 

(Escribano-Avila et al. 2012, 2013). These data were used to 

build a stochastic model which returns the amount of 

seedlings per square meter contributed by dispersers in each 

microhabitat within each studied habitat i.e. woodlands 

remnants and recently colonized old fields. 

 

Materials and Methods  

Study area and study species  

The study was conducted in the surroundings of two Special 

Areas of Conservation of the Natura network, Alto Tajo and 

Parameras de Maranchón, Hoz de Mesa y Aragoncillo 

(centroid 40º 58''N, 2º 7''W Guadalajara province, central 

Spain) where we selected two study areas (Maranchón and 

Torremocha del Pinar, separated 20 km, Fig 1.A) with 

similar climatic conditions and mean elevation of 1278 m. 

The climate is continental Mediterranean with annual 

rainfall of c. 500 mm, pronounced summer drought and 
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extreme cold winters. Mean annual temperature is 10.2 °C, 

with January being the coldest month (mean temperature: 

2.4 °C) and July the warmest (mean temperature: 19.5 °C). 

Snowfalls occur from November to April. (data from the 

nearest meteorological station in Molina de Aragón located 

at 20 and 40 km from each study areas, www.aemet.es).  

Spanish juniper (Juniperus thurifera, L) is a dioecious tree 

species with a relict Tertiary distribution confined to the 

western Mediterranean Basin (Terrab et al. 2008) It is 

usually the dominant species in low-density woodlands 

(Gauquelin et al. 1999) with trees ranging from 3 to 10 

meters in height and 1 to 10 m in canopy width. Flowering 

occurs at the end of winter and wind-pollinated female cones 

take twenty months to mature, becoming fleshy arcestids 

(dark blue color when ripe) containing 1-6 seeds. Seeds are 

dispersed by a diverse array of vertebrates: Thrushes 

(Turdus viscivorus, T. philomelos, T. merula, T. iliacus, T. 

pilaris), carnivores (Vulpes vulpes, Martes foina, Meles 

meles) and herbivores (Oryctolagus cuniculus, Ovies aries 

and Sus scrofa ) (Santos et al. 1999). Dispersed seeds take c. 

sixteen months to emerge, reaching maximum emergency 
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rates during the second spring after dispersal (Escribano-

Avila et al. 2013). 

The landscape is formed by the three main types of habitats 

according to the ongoing process of woodland expansion. 

Mature woodland remnants, old fields recently colonized by 

Spanish juniper and active agricultural lands. These last 

ones were not studied due to their current use for crop 

cultivation which hamper the conduction of experiments and 

the reliability of observational data. In mature woodland 

remnants (hereafter referred as woodlands) relative cover of 

Spanish juniper canopy is c. 37% (range 30-45%), with high 

abundance of adult trees, and shrub cover varying between 5 

to 30%. Woodlands were devoted to logging and extensive 

grazing in the past. Old fields were devoted to extensive 

agriculture and or grazing in the past and now are being 

colonized by Spanish junipers that reach c. 9% canopy cover 

of Spanish juniper (range 5-15%) with low density of adult 

trees (0-4 individuals/ha) being most individuals new 

comers. Active agricultural land, devoted to crops, is 

widespread in the landscape (Fig 1.B).  
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Sampling design  

In the study sites selected, Maranchón and Torremocha, we 

established sampling areas according to the environmental 

characteristics of each habitat studied. One MW per site 

(with an area of 2000 x 50 m) and five old-fields plots per site 

(100 x 50 m each). In each sampling area, seed dispersal 

patterns were studied in the main microhabitats: adult 

female and male J. thurifera trees, shrubs and open gap (see 

Escribano-Avila et al. 2012).  
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Fig. 1 A Location of the study area is shown within the protected 

areas Alto Tajo Natural Park and Parameras de Maranchón. B  A 

graphical representation of the two study sites and habitats 

forming the landscape is shown. Dark gray represent mature 

remnant woodlands. Light gray old-fields recently colonized. White 

color represents actual cultivated areas. Black dots represent plots 

of 100x50 meters used to locate the sampling stations. C A 
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representation of a plot with the four microhabitats studied and 

sampling stations are shown.   

Within each woodland we established five plots and within 

each plot four sampling stations one in each microhabitat 

mentioned, to assess seed predation, seedling emergence and 

survival under different experimental settings. Each old-

field plot selected was considered a sampling unit similarly 

to the plots within each woodland, consequently within each 

old-field plot four sampling stations one on each 

microhabitat was established leading to overall 80 sampling 

stations (2 sites x 2 habitats x 5 plots x 4 microhabitats, see 

Fig.1B,C). 

 

Seed dispersal quantity 

Attending to the differential behavior of thrushes and 

carnivores in the studied habitats we used different data 

collection schemes to obtain reliable estimates of the 

quantitative component of the seed dispersal for each 

dispersal guild (See details in Escribano-Avila et al. 2012, 

chapter I). During 2009 thrushes dispersal was assessed in 

15 subplots in each woodland, within each sublplot ten 
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transects of 10 x 1 m were located at a random compass 

direction away from Spanish junipers and shrubs. During 

2011 we established 10 sub-plots within each woodland. In 

each sub-plot four transects (One for each microhabitat: 

J.thurifera female, male, shrub and open area) of 10x1m 

were sampled. The radius of the canopy of each tree and 

shrub was measured to estimate the surface beneath the 

canopy assuming a circumference shape. The methodology 

followed to estimate carnivores’ dispersal in woodlands and 

for both guilds in old fields did not vary between the two 

studied years. In old-field plots the whole surface of the plot 

was sampled and the relative cover of each microhabitat 

visually estimated. Carnivores’ dispersal was assessed 

fortnightly during the whole dispersal season (November-

March of both). Faeces in each MW were collected in a 2000 

x 3 m transect within the selected area. All fresh faeces were 

collected and the microhabitat in which they occurred 

recorded. The relative cover of each microhabitat was 

visually estimated on each woodland transect. In old-fields 

sampling procedure for mammal faeces was the same as the 

described for thrushes.  
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Seed Predation  

Seed removal experiments were performed on April 2009 and 

2011 after the seed dispersal seasons. In each sampling 

station (N=80, See Fig 1) we placed two seed depots (Petri 

dishes) with 18 seeds each, mimicking a carnivorous seeds’ 

deposition clumped, and 3 depots with four seeds clumped in 

groups of two seeds  mimicking thrushes deposition. Seed 

depots were nailed to the ground with a wooden stick and 

located at 50 cm from each other. Small holes were 

performed in the bottom of each depot for water drainage. 

Removal levels were estimated by counting the remaining 

seed in each depot. We monitored the depots after 3, 5, 7 and 

15 days. Predation rate was calculated as the percentage of 

seed removal. Background seed loos due to rain, runoff, wind 

or invertebrates were evaluated with depots located inside a 

wire netting cage, thus exclude from vertebrate predators in 

which no seed removal was detected (see chapter II).  

 

Seed emergence and seedling survival  
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Seeds collected from carnivores (N=1440) and thrushes 

(N=480) depositions were sown in the sampling stations of 

one the study sites, Torremocha (N=40), covered with a wire 

netting cage to avoid seed predation. Seeds were sown 

simulating dispersers’ clumping pattern. The cages were 

monitored periodically for three years and seedling 

emergence and survival recorded. A subsample of 100 seeds 

for each disperser guild was weighted to evaluate possible 

differential seed size selection (See Escribano-Avila et al. 

2013 for additional details)  

 

Estimation of SDE using stochastic simulation  

We estimated SDE as the seedlings contributed by each 

disperser species or guild in each microhabitat, in the two 

habitats and sites studied by means of stochastic simulation. 

Estimations based on stochastic simulations allow us taking 

into account the stochastic nature of environmental 

conditions, thus better reflecting the nature and complexity 

of the recruitment process, in contrast to deterministic 

models (Calviño-Cancela and Martin-Herrero 2009). The 

model was parameterized with quantity and quality 
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components of SDE measured in the field. Specifically, we 

used the amount of seeds dispersed by each disperser, and 

the probability of seed predation, seedling emergence and 

survival in each microhabitat within each habitat and site. 

Thrushes (all species together due to the impossibility to 

distinguish species by pellets) and the two species of 

carnivores (red foxes and stone martens separately 

considered) were included in the model, whereas herbivores 

(rabbits and sheep) were excluded since they dispersed only 

a small amount of seeds, thus having a reduced quantitative 

importance limiting the possibility to perform seedling 

emergence and survival experiments (see Escribano-Avila et 

al. 2012). 

The model consists of a series of stages (dispersed seeds, 

surviving seeds, emergent seedlings, surviving seedlings) 

connected by a series of processes (seed dispersal, post-

dispersal seed predation, seedling emergence and seedling 

survival), each with its own set of transition probabilities. 

The original sample of transition probabilities for each 

process obtained in field was resampled 500 times by 

random selection with replacement [bootstrapping; (Efron 

1982), (Manly 1998)]. The model allows us to track the 
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number of individuals reaching each stage in the 

recruitment process. Thus, from the 500 iterations run we 

obtained the average SDE (number of seedlings per square 

meter), quantity (number of seeds dispersed by each animal 

per square meter) and quality (calculated, for simplicity, as 

SDE/quantity) for each disperser-microhabitat combination 

on each habitat and site. In order to obtain the overall SDE, 

average SDE values of dispersers in each microhabitat, 

habitat and site were weighted by the relative cover of each 

microhabitat and added up.  

To check the goodness of fit of the model we compared 

seedling density predicted by the simulation model and that 

observed in the field using independent sampling. Seedling 

density in the study area was measured in June 2009 and 

2011, when natural emergence peaks (authors’ personal 

observation). Emerged seedlings were counted in sampling 

quadrats of 30x30 cm2 in the four studied microhabitats with 

15 and 10 replicates per microhabitat in 2009 and 2011, 

respectively. The density of seedlings was resampled 250 

times per year, thus obtaining 500 values, and compared 

with the seedling density predicted by the model (500 

iterations). We evaluated whether model predictions fell 
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within the confidence limits of the empirical data (Loehle 

1997). 

 

Data analyses  

We tested whether SDE patterns varied between sites, 

habitats and disperser species (including the interaction 

term) using a Generalized Linear Model with Gaussian error 

distribution. To easily visualize SDE patterns and its 

relationship with the quantity and quality components we 

plotted seed dispersal effectiveness landscapes graphs 

(Schupp et al. 2010). Statistical analyses and SDE 

landscapes were performed in R Environment (R, Core 

Team).  

 

Results  

Stochastic model validation 

The stochastic model predicted similar seedling densities 

than those observed in the field by means of independent 

sampling (Appendix A, Fig A1), save for female trees, where 
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there was an underestimation of the man density. In this 

microhabitat the distribution of observed seedlings was 

highly skewed towards zero, but large outliers (>30 and 8 

seedlings/m2 in woodlands and old fields respectively) 

strongly affected the estimated mean. This did not affect the 

median a robust location estimator. 

 

Seed dispersal effectiveness patterns 

Seedling recruitment generated by the dispersal community 

did not vary significantly between the two study sites 

(Maranchón: 110 seedlings/ha; Torremocha: 150 

seedlings/ha; P = 0.54, combining all dispersers together) but 

was c. 150 times greater in mature woodlands remnants 

than in old fields recently colonized (259 vs. 1.8 seedlings/ha 

respectively; combining all dispersers together; P < 0.001). 

This was mostly due to differences in dispersal quantity 

which was much lower in old fields than in woodlands (Figs. 

2,3). Dispersal quality was also higher in woodlands 

although differences were much lower (Fig 2). All canopied 

microhabitats presented similar suitability for recruitment 

which was significantly lower for the open gap in woodlands. 
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In old fields shrubs presented higher suitability for 

recruitment than juniper canopies. All dispersers presented 

higher SDE in woodlands than in old fields, although there 

was a significant interaction effect between dispersers and 

habitat which was observed in both study sites (P = 0.002) 

caused by the differences between habitats in the identity of 

the most effective disperser.  
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  Df Residual Deviance  Df Resid. Deviance P value 

Site 1 0.00517 10 0.53 

Habitat   1 0.00197 9 >0.0001 

Disperser  2 0.00146 7 0.002 

Habitat x Disperser  2 0.00147 5 0.002 
 

Table 1. General linear model result with SDE response variable. Df: Degrees of freedom 
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Fig.2 Seed 

Dispersal 

Effectiveness 

patterns 

(Quantity and 

Quality; arrows 

represent SE)  

of each 

disperserin each 

microhabitat 

and 

microhabitat 

relative cover in 

woodlands 
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Fig. 3 Seed 

Dispersal 

Effectiveness 

patterns 

(Quantity and 

Quality; arrows 

represent SE)  of 

each disperserin 

each 

microhabitat and 

microhabitat 

relative cover in 

woodlands 
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Fig. 4. Seed dispersal effectiveness patterns for each disperser 

accounting for all microhabitats and their relative cover in 

remnant woodlands (A) and old fields (B).  
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This was related to differences between dispersers in their 

dispersal quantity in each habitat, their deposition patters 

among microhabitats and the relative cover of those 

microhabitats in each habitat. In woodlands, thrushes 

dispersed c. 3 and 6 times more seeds than red foxes and 

stone martens respectively (Figs. 2, 3) and deposited them 

mostly under female and male juniper canopies (Figs. 2, 3) 

which had relatively high suitability for recruitment and 

cover in woodlands (c.40%, Figs. 2, 3). Thus, the high 

dispersal quantity of thrushes together with their pattern of 

seed deposition centered in junier tress makes this dispersal 

guild the most effective disperser in the community 

generating 565 seedlings/ha (Fig. 4). Red foxes and stone 

martens preferentially dispersed seeds beneath shrubs 

which presented similar suitability for recruitment than 

juniper canopies in woodlands. However, both species of 

carnivores dispersed less seeds than thrushes which reduced 

their contribution to SDE respect to that of thrushes (159 

and 50.5 seedlings/ha for red fox and stone martens 

respectively, Figs. 2, 3, 4). In old fields carnivores dispersed 

a slight higher amount of seeds than thrushes being the 

patterns among microhabitats similar to those described 



Chapter IV: 

Functional complementarity of the 

dispersal community 

 

282 

 

previously for mature woodlands. However the relative cover 

of microhabitats changed between mature woodland and old 

fields being Spanish juniper canopy cover highly decreased 

in old fields (Figs. 2, 3).  The relatively higher amount of 

seeds dispersed by carnivores in shrubs, together with the 

high suitability for recruitment of this microhabitat made 

red fox and stone marten the most important contributors to 

SDE in old fields generating 2.25 and 2 seedlings/ha respect 

to 1.1. seedling/ha derived of thrushes dispersal activities 

(Fig. 4). Worth to note is the greater variation in both 

dispersal quality and quantity in old fields respect to 

woodlands for all dispersers (Fig. 4). 

 

Discussion  

The overall recruitment obtained by Spanish juniper was 

greater on mature woodland remnants than in old fields 

recently colonized due to a reduced dispersal quantity in the 

later as it was predicted. Thus, being recruitment highly 

limited by seed arrival from nearby woodland remnants. Site 

suitability for recruitment was also lower in old fields than 

in woodlands, but this seemed to play a minor role limiting 
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recruitment compared to seed limitation. This lower 

suitability was more marked in open areas, where seedling 

emergence and survival were much lower in old fields than 

in woodlands, probably due to a higher exposition and water 

loss in open areas in old fields. 

 

The effectiveness of dispersers was clearly context-

dependent (see also Calviño-Cancela and Martín-Herrero 

2009), with a marked shift between stages of the colonization 

process. Carnivores were the most effective dispersers in old-

fields recently colonized. However, in mature woodlands 

remnants, where Spanish juniper canopy covered more than 

one third of the surface, thrushes were by far the most 

effective dispersers. Contrary to our expectation this pattern 

was not modified by environmental heterogeneity and was 

consistent in the two studied sites. Hence, as predicted, both 

dispersal guilds resulted functionally complementary for 

plant recruitment dynamics under land use change scenario: 

thrushes were essential to assure recruitment in remnant 

woodlands and carnivores to promote the colonization in old-

fields.  
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Shifts in seed dispersal effectiveness under different land 

use scenarios and their implications.  

Typical vegetation in old-fields is mainly composed by 

grasses, sparse shrubs and very few or no adult trees 

(Benayas et al. 2008, Cramer et al. 2008). This is the case of 

old-fields recently colonized by J. thrufiera in which the 

density of adult trees is very low (range 0-2 individuals/ha). 

In these habitat conditions, red fox and stone marten were 

more effective dispersers than thrushes. Each species of 

carnivores contributed with around 40% of the overall 

recruitment while thrushes only 20%. These strong 

differences between assemblages reside on their foraging 

and movement behavior in relation to habitat structure and 

microhabitats availability. Thrushes are specialized 

frugivores that prefer forests and woodlands to areas with 

sparse vegetation, and track fruit abundance, selecting 

patches and trees with larger crops (Jordano 1993, Santos et 

al. 1999, García et al. 2011). Moreover, they are almost 

restricted to juniper cones in winter in many areas in 

Central Spain (Santos et al. 1999), due to the scarcity of 
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other fruits and invertebrates. Thus, their pattern of habitat 

use is highly affected by the availability of juniper cones, 

concentrating their activity in woodlands and avoiding old 

fields, where vegetation is very sparse and fruit availability 

is low (Benayas et al. 2008, Cramer et al. 2008). Carnivores, 

however, are generalist and opportunistic dispersers with 

fruits representing only a minor fraction of their diet 

preferring small mammals and arthropods. These animals 

are particularly abundant in ectonoes between farmlands 

and woodlands (Pollard et al. 1970, Morris and Webb 1987, 

Todd et al. 2000) where carnivores actively search for such 

preys. In addition, carnivores have large home areas, 60-800 

ha for stone martens, (Genovesi et al. 1996) and  47-400 ha, 

for red foxes (Cavallini 1996)  which reach the 600 ha home 

range for dispersing and transient foxes (Dekker et al. 2001). 

This together with a prolonged  gut retention time (Traveset 

1998) make them long distance seed dispersers (Jordano et 

al. 2007), frequently exceeding 1-2 km (González-Varo et al. 

2013). In contrast, thrushes usually disperse seeds in the 

order of tens of meters to a few hundreds of meters, rarely 

exceeding 1 km (Breitbach et al. 2012). Thus, owing to their 

patterns of habitat use and movement ranges, carnivores 
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have an important role in moving seeds from woodlands to 

old fields, favoring the colonization process (Matias et al. 

2010, López-Bao and González-Varo 2011, Peredo et al. 

2013), whereas thrushes are key dispersers within woodland 

remnants, but have a minor role in the colonization of old 

fields. 

 

The distinctive spatial patterns of carnivores and thrushes 

could explain the contrasting spatial structure of Spanish 

junipers observed in the study area, with an aggregate 

pattern in mature woodland remnants and a random 

distribution in old fields (Gimeno et al. 2011). In woodland 

remnants, thrushes are the most effective dispersers and 

preferentially disperse seeds beneath the canopy of 

conspecifics, as they usually move between juniper trees in 

search of fruits, favoring the aggregation observed. In 

contrast, seed distribution patterns of carnivores, the most 

effective in old fields, are determined by their scent marking 

behavior, used mainly for territorial demarcation. Thus, 

carnivores deposit their scats mostly in small shrubs or open 

areas which explain the random spatial distribution and 
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absence of aggregation in old fields. This differential 

movement and deposition patterns of thrushes an carnivores 

could also affect gene flow, leading to genetic structure at 

fine scales in woodlands, where thrushes specialization on 

juniper cones and their short dispersal distances may favor 

dispersal beneath parent trees. In old fields, however, higher 

levels of gene flow could be expectable due to the random 

spatial pattern generated by carnivores and their longer 

dispersal distances (Jordano et al. 2007).  

The context-dependence observed in SDE surely has 

demographic and ecological effects on the process of 

colonization but may also have important evolutionary 

implications, especially in the formation of new woodlands. 

The predominance of thrushes in woodlands as the most 

important contributors to recruitment and of carnivores in 

old fields may imply changes in the selective forces exerted 

by frugivores on juniper trees under different scenarios of 

land use, according to the Geographic Mosaic Theory of 

Coevolution (Thompson 2005). We have previously detected 

a positive selection of thrushes on smaller seeds derived of 

their smaller gape width compare to carnivores, with 

detrimental effects on recruitment for seeds dispersed by 
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thrushes (Escribano-Avila et al. 2013). Thus the shift 

experienced in the most effective dispersal vector in old-

fields recently colonized and remnant woodlands might be 

also accompanied by a shift in the selective forces acting on 

seed size (see e.g. Galetti et al. 2013). However more 

empirical data are needed in our case (e.g. different seed 

sizes ranges, colonization stage and dispersers species 

presence) in order to be able to understand, if and how the 

ongoing land use change provoked by land abandoned could 

affect the coevolutionary dynamics of this animal-plant 

interaction. Our findings could easily apply to other 

processes of colonization of fleshy-fruited plant species, 

either native or invasive, as the species studied here belong 

to two widespread functional groups of seed dispersers: small 

medium-sized specialist frugivorous birds and generalist 

medium-sized carnivorous mammals (Howe 1986, Herrera 

1989, Jordano et al. 2007). 

 

The main dispersal guilds resulted truly functionally 

complementary 
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Functional redundancy seems to be a common feature of 

ecosystems, which assures functionality even after some 

species are lost (Lawton and Brown 1993). Recent papers 

that have evaluated functional redundancy on seed dispersal 

assemblages usually find different species of dispersers to 

provide complementary rather than redundant services to 

their host plants (Bueno et al. 2013, García et al. 2013, Plein 

et al. 2013). However most of those studies do not estimate 

SDE and sometimes apply a network approach with no 

measures of interaction strength (Plein et al. 2013;(Albretch 

et al. 2013) but only the presence or absence of the 

interactions between each particular plant and disperser 

(binary networks) or just some partial aspects of the 

quantity or quality of dispersal (Bueno et al. 2013, García et 

al. 2013). This may provide a distorted view of the true 

functional role of species, as the actual outcome of dispersal 

activities in such works remains mostly unknown (but see 

(McConkey and Brockelman 2011). For instance, in our 

study system, both thrushes and carnivores contribute to 

seed dispersal in the two habitats studied and would be 

considered redundant dispersers in both habitats with a 

binary network approach, or in old fields if only quantitative 
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information was considered. However when both 

quantitative and qualitative components are considered and 

a comprehensive estimate disperser effectiveness obtained, 

important differences between thrushes and carnivores 

become apparent, showing the clear complementarity 

between the two guilds. Although both groups generate some 

recruitment in both habitats, the clear dominance of one of 

them in each habitat suggests that the extinction or severe 

decline of thrushes in woodland remnants or of carnivores in 

old fields would significantly compromise the regeneration 

dynamics in those habitats. In addition, their contrasting 

patterns of seed rain, with the ecological and evolutionary 

consequences previously discussed, contributes also to their 

functional complementarity. 

 

Conclusions  

Ecosystems are subjected to the greatest rate of change 

throughout the entire history of the plant, therefore is 

increasingly demanding to understand how species, 

ecological interactions and communities would respond to 

such a change. Seed dispersal is a key ecological process 
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which play a pivotal role in how ecosystems will respond to 

global environmental as determine regeneration, 

colonization dynamics, plant genetic structure and 

evolutionary dynamics. Here we have shown that the 

inclusion of detailed information on seed dispersal 

effectiveness has leaded (i) to determine the colonization 

dynamics in woodland remnants and abandoned lands, two 

typical habitats subjected to land use change. (ii) To 

establish that the most effective dispersal agent could vary 

in different stages of an ecosystem which have implications 

for the functionality of these ecosystems. (iii) Provide 

empirical evidence of how different rates of fitness can be 

obtained for the same interacting species under different 

ecological context which show the complex evolutionary 

framework under which evolution proceeds.  
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Appendix A.  

Fig. A.1. Model comparison with independent seedling emergence. 

The Boxplots show the distribution of the data. Median, first and 
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third quartile and outliers (black dots) for seedling density 

predicted by the model and observed in the field. Dots in blue 

represent the mean value. Brakes are used in order to make easier 

the visualization of the data. In general the predicted and observed 

distribution is quite similar expect for the female microhabitat. 

Fallen seeds under the crowns (non-dispersed) are exposed to the 

action of rain, freezing, heat and small animals such as rodents or 

invertebrates which can remove the pulp of the fruits permitting 

seeds germination. We think this could explain the “excess” of 

seedlings observed in relation to those predicted by the model, as 

this effect was not included in the model.
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CONCLUSIONS  

 Thrushes and carnivores were the main dispersers of 

Spanish juniper in woodland remnants and recently 

colonized old fields. The quantitative role of herbivores 

respect to thrushes and carnivores was negligible.  

 Quantitative patterns of seed dispersal varied spatially, 

mainly for carnivores. This guild dispersed more seeds in 

woodland remnants dominated by Spanish juniper than in 

more mixed woodlands.  

 Post-dispersal predation was greater in recently colonized 

old fields. Thereby seed predation was an important biotic 

filter controlled by factors operating at the regional scale. 

Other factors operating at the local spatial scale such as 

seed availability or canopy cover at the ground level did not 

have an straightforward effect and resulted mostly context-

dependent.  

 

 Emergence rate was similar for seeds previously dispersed 

by thrushes than those dispersed by carnivores. Instead 

seedling survival was grater for seeds dispersed by 

carnivores tan those dispersed by thrushes. This effect was 

related to a positive seed size selection of thrushes on 
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smaller seeds due to gape with constraints. Overall 

recruitment probability was higher for seeds dispersed by 

carnivores than for seeds dispersed by thrushes.   

 Seed emergence and seedling survival experimentally 

measured did not differ between woodland remnants and 

recently colonized old fields. Neither did the observational 

patterns of seedling abundance. Hence in our study areas 

abiotic conditions derived of former farming activities are 

not limiting for vegetation recovery. This implies the 

abiotic umbral of degradation has not been passed and 

therefore biotic factors such as seed availability and 

ecological interactions control the process of ecosystem 

recovery in these old fields. 

 Recruitment dynamics highly differed between woodland 

remnants and recently colonized old fields. The former had 

a much greater rate of recruitment than the later. This was 

mainly due to a greater quantity of seed dispersal in the 

woodlands and higher seed predation in old fields. This 

reinforces the previous conclusion regarding that biotic 

factors are the most important factors controlling the 

recovery of ecosystem structure and functionality.  

 Thrushes were the most effective dispersers in woodland 

remnants where the contribution to recruitment of 
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carnivores was notably lower. Whereas in recently 

colonized old fields the contrary pattern was detected being 

carnivores the most effective dispersers.   

 According to the different patterns of dispersal 

effectiveness of thrushes and carnivores the dispersal 

community of Spanish juniper resulted to be functionally 

complementary and not redundant. Thrushes were 

essential dispersers to assure recruitment in remnant 

woodlands whereas carnivores promoted most of 

recruitment in the old fields being essential for 

colonization.  

 

 Thrushes and carnivores present morphological differences 

(gape with) which have pervasive effects on Spanish 

juniper recruitment. This, together with different 

functionality of both guilds in woodland remnants and 

recently colonized old fields could promote differential 

spatial genetic structure and evolutionary patters in the 

established and forming woodlands. 
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ver la luz del sol. A mi abuela que es la persona más buena y 

generosa que conozco a mis tíos y primos, pero sobre todo a mi 

padre. ¡Papá que grande eres! Esta tesis no hubiera sido lo 

mismo sin tu apoyo moral y logístico. Tu compañía en el 
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campo, tu ayuda en hacer “artilugios” varios para estudiar qué 

pasa con las semillas de sabina y encima en tiempo record. 

Pero sobretodo por haberme dejado la libertad de ser yo 

misma, de tomar mis decisiones  y darme el apoyo necesario 

para poder llevarlas a cabo. Porque mi vida sería otra sin ti y 

seguramente me gustaría menos.  

A Carlos, cómo no podría ser de otra manera… por estar 

SIEMPRE ahí. En el campo de los tejones, de los corzos, en el 

laboratorio, en pleno 30 de diciembre intentando recoger un 

suelo congelado con la única ayuda de una pala a muchos 

grados bajo cero. En la jungla londinense buscando piso, en 

estos últimos meses preparando cenas y comidas y ocupándote 

de la casa para que yo pudiera deciarme en cuerpo y alma a la 

tesis… Sin lugar a dudas todo este viaje  no hubiera sido lo 

mismo si tú no hubieras estado a mi lado. Muchas gracias 

amor.  

A todas mis compañeras y compañeros biodiversos y 

biodispersos. A todos los profes porque sois geniales, un 

ejemplo maravilloso de vocación y pasión por hacer las cosas 

bien. ¡Qué los tiempos duros que corren nos hagan cambiar 

eso!. A Luis Cayuela y Marcelino por sus ayudas con R y la 

estadística. A Rubén Milla porque siempre estás dispuesto a 
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echar un cable  y porque eres un gran ejemplo a seguir en esto 

de hacer ciencia. 

A mis compis de despacho, a Thelma & Louis, porque no 

conozco personas a quienes les hayan pasado  tantas cosas 

graciosas y disparatadas. Chicas, gracias por compartir tantos 

momentos divertidos y felices, también sufrimientos de 

trabajo de campo interminable, papers rechazados, funciones 

de vínculo y distribuciones de errores con modelos imposibles 

y mil cosas más… Chicas, ¡hay luz al final del túnel! (Sí, 

Marta I promise!  ánimo que ya te queda menos). Por supuesto 

a todos los demás, a Nieves y a Jualnu que ya ha dejado de ser 

el “… nuevo”. A Julia, al señor Fisherman siempre dispuesto a 

echarte un cable (ó pegarse una juerga, de vez en cuando 

necesaria para resetear la neurona). A Javi Morente por esos 

bailes que nos pegamos! A Carlos Díaz porque siempre estás 

ahí, ya sea para limpiar unas sabinas, hacer unas pcrs ó unas 

migas… ¡pero qué arte tienes! A Yoli por su paciencia infinita 

y su ayuda en la elección de tubos, gradillas, pipetas… y por 

meternos el gusanillo del ciclo-indoor (¡como me gusta!). 

Gracias guapa. A Samu, Linney, Raquel, Silvia, Luisa, Petri, 

Enrique, Edusito que aunque está lejos el espíritu biodisperso 

que dejaste aún sigue por aquí revoloteando. A José Luis 

Quero. A Alf, el señor alto y serio más veloz al frente de la 
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pipeta de repetición. ¿Qué sería de nosotros sin este 

“hermano” mayor? A todos los pachangeros biodiversos y no 

biodiversos. Raquel (geo) gracias por reservar la pista tantas 

veces, llevar y traer los petos (lavarlos!). Mauri, ¡esas caídas 

míticas! Qué grandes sois y cuánto me alegro de haber 

retomado esta afición tan divertida con vosotros. A Juancar, 

porque los jueves de pachanga no serían lo mismo sin “las 

cervecitas de después” en el bar con la mejor música y los 

mejores perritos  de todo Móstoles.  

A los Edus, Lucía, Cris, Cyril, Yannick, Gemma y tantos otros 

que seguramente se quedan sin nombrar. Espero que sepáis 

perdonarme. Muchas gracias a todos por formar parte de mi 

vida estos magníficos años y esperemos que otros muchos más. 

¡Gracias! 

Esta tesis no hubiera sido posible sin el apoyo institucional de 

la Universidad Rey Juan Carlos así como de los Ministerios de 

Educación y Ciencia, con las becas de Formación de 

Profesorado Universitario y los proyectos de investigación 

“CALCOFIS”, “Consolider Montes”, “VULGO” y el programa 

de la comunidad de Madrid “REMEDINAL”. 



 

 
 

 


