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Resumen

La degradacion de los ecosistemas debida a las actividades humanas esta provocando una pér-
dida de biodiversidad sin precedentes en la historia del planeta y, como consecuencia, una
reduccién de los bienes y servicios que proporcionan. Esta Tesis Doctoral tiene como objetivo
principal la provision de herramientas e informacion Utiles para la conservacion de la diversidad
de vertebrados terrestres en Espafia. En ella se investigan, a distintas escalas de trabajo, méto-
dos para determinar la diversidad de estos vertebrados y su aplicacion para la identificacion de
areas de conservacion, la mitigacion de impactos ambientales de obras civiles y la gestion del
monte mediterraneo. Para identificar las areas relevantes de diversidad de anfibios, reptiles,
aves y mamiferos en Espafia continental e Islas Baleares se utilizaron cinco criterios: la rique-
za de especies, la rareza de éstas, su grado de vulnerabilidad, un nuevo indice Combinado de
Biodiversidad de los tres criterios anteriores y el también original indice Estandarizado de
Biodiversidad (IEB). Este IEB permite establecer un Unico valor de biodiversidad no aprioristi-
co para una combinacion de grupos taxonémicos en cada unidad analitica del territorio estudia-
do. Con los mapas de areas relevantes de diversidad generados, se realizé un analisis de hue-
cos (gap analysis) en la Red de Espacios Naturales Protegidos y se evalu6 de qué manera los
grandes proyectos de obras civiles previstos a nivel nacional afectan a la herpetofauna. También
se realizé un ejemplo de planificacion sistematica de la conservacion donde se identificaron las
areas necesarias para garantizar la conservacién de los vertebrados en Castilla-La Mancha. Por
ultimo, se presenta un "experimento natural" para evaluar los efectos del aclaramiento del monte
mediterraneo o resalveo sobre la comunidad de aves en la provincia de Ciudad Real. Los resul-
tados indican que el indice Combinado de Biodiversidad y la rareza de especies son los crite-
rios que mejor representan la diversidad de vertebrados terrestres en el area de estudio. La
riqueza de especies no es la manera mas eficiente de maximizar la representacion de la biodi-
versidad, a pesar de que es usado cominmente. La escasa congruencia encontrada entre las
areas relevantes de diversidad identificadas segun los distintos criterios y para los diferentes
taxones causa dificultades para desarrollar estrategias de conservacion a escalas amplias. La
comparacion de los mapas de areas relevantes de diversidad con la Red Nacional de Espacios
Naturales Protegidos mostré que existe un 30.8% de huecos de 50 x 50 km segun el IEB. En
Castilla-La Mancha, las areas propuestas para formar parte de la Red Natura 2000, mejoraron
considerablemente la representacion dada por los espacios protegidos, pero tampoco incluye-
ron todas las areas relevantes de diversidad. La comparacion de los mapas de areas relevan-
tes de diversidad de herpetofauna con las infraestructuras planeadas en la Peninsula Ibérica
mostré una coincidencia moderada (35.4% para anfibios y 31.2% para reptiles). Los resalveos
del monte mediterrdneo denso aumentaron la diversidad estructural del habitat y la riqueza local
de especies de aves. Este tratamiento selvicola presenta unos valores de conservacion y eco-
némicos afiadidos porque también resultdé beneficioso para las especies de aves amenazadas
a nivel europeo y las especies cinegéticas. Los métodos y conclusiones presentados en esta Tesis
proveen informacion de utilidad para la mejora de redes de areas de conservacion, la mitigacion de
impactos ambientales, el manejo forestal sostenible y la restauracién de los ecosistemas.

Palabras clave: Agroecosistemas; Conectividad; Conservacion; Espacios naturales protegidos;
Especies amenazadas; indice Combinado de Biodiversidad; Infraestructuras civiles; Masa cor-
poral; Monte mediterraneo; Rareza de especies; Red Natura 2000; Region mediterranea;
Resalveo; Riqueza de especies; Vertebrados; Vulnerabilidad






Abstract

Ecosystems degradation is causing a loss of biodiversity without precedent in the planet's his-
tory and, as a consequence, a reduction in the good and services that they provide. This doc-
toral thesis has the aim to provide a set of tools and information useful for conservation of
terrestrial vertebrates diversity in Spain. Within it, research is carried out, at different working
scales, on methods to determine diversity of these vertebrates and its application for the iden-
tification of conservation areas, mitigation of environmental impacts and Mediterranean woo-
dland management. To identify the areas of high-value diversity of amphibians, reptiles, birds
and mammals in continental Spain and Balearic Islands, five criteria has been used: species
richness; species rarity; their degree of vulnerability; a new Combined Index of Biodiversity; and
also the original Standardized Biodiversity Index (SBI). This SBI allows to establish a unique
value of biodiversity for several taxa in each analytical unity of study area. With the maps of
high-value diversity created, a gap analysis was carried out in the Protected Areas Network and
it has been evaluated to see how large infrastructure projects planned at national level, affect
the herpetofauna. As well, an example of systematic conservation planning has been done, to
identify the required areas to guarantee the conservation of vertebrates in Castilla- La Mancha.
Finally, a "natural experiment” is presented at regional scale to evaluate the effects that the sil-
vicultural thinning of Mediterranean maquis called resalveo has over the bird community of
Ciudad Real province. The results indicate that the Combined Index of Biodiversity and the
rarity of species are the two criteria that best represent the biodiversity of terrestrial vertebra-
tes in the study area. Although the species richness is commonly used, it is not the most effi-
cient way to maximize the representation of biodiversity. The scarce congruence found in the
areas of high-value diversity identified according to different criteria and taxa, causes difficul-
ties to develop conservation strategies at broad scales. The comparison between areas of high-
value diversity with the Protected Areas Network shows that exist 30.8% of gaps of 50 x 50 km
according SBI. In Castilla-La Mancha, the suggested areas to form part of the Natura 2000
Network, improves considerably the representation given by the protected areas although it
doesn't include all the high-value diversity areas. The comparison between areas of high-value
herpetofauna diversity with the planned infrastructures in the Iberian Peninsula shows a mode-
rate coincidence (35.4% for amphibians and 31.2% for reptiles). Thinning of dense
Mediterranean woodland increased the structural diversity of habitat and the local richness of
bird species. The conservation and economical value of this forestry management is increased
since it is also beneficial towards threatened bird species in Europe and gamebird species. The
methods and conclusions in the thesis provide useful information for the improvement of con-
servation area networks, the mitigation of environmental impacts, the sustainable forestry
management and the restoration of ecosystems.

Keywords: Agroecosystems; Body mass; Connectivity; Conservation; Combined Index of
Biodiversity; Infrastructures; Mediterranean region; Natura 2000 Network; Protected areas;
Species rarity; Species richness; Thinning, Threatened species; Vertebrates, Vulnerability
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Capitulo 1

“El sentimiento mas importante que el hombre puede experimentar es su

respeto al misterio; éste es la fuente del arte y la ciencia. Quien no puede

contemplar el mundo con asombro, es que tiene los ojos cerrados”
Albert Einstein

La Historia de la Vida. llustracién de Sandra Shomaker






Capitulo 1

Introduccién general

Conocer para conservar. Estimar los atributos naturales de los ecosistemas es la base para
desarrollar cualquier iniciativa de conservacion de la Naturaleza, que quiera ser rentable eco-
I6gica y econémicamente (James et al. 1999). Crear una solida base de conocimiento sera Uutil
para, por ejemplo, el disefio y la mejora de redes de areas protegidas, el aprovechamiento
racional de los recursos naturales, la restauracion de los ecosistemas o la mitigacién de impac-
tos ambientales.

La necesidad de preservar la Naturaleza se reconoce desde antiguo. Muchas culturas poseen
creencias religiosas y filoséficas sobre el valor de la proteccion de distintas especies de fauna
y flora y la necesidad de vivir en armonia con la Naturaleza (Hargrove 1989, Callicott 1994).
Més actualmente, la hip6tesis de Gaia propuesta por J. Lovelock (1979) representa una pers-
pectiva similar al considerar a la Tierra como un "superorganismo" donde sus componentes
bioldgico, fisico y quimico interaccionan para mantenerle vivo. El actual paradigma del desarro-
llo sostenible propugna la utilizacién de los recursos naturales sin dafiar las comunidades bio-
I6gicas ni comprometer las necesidades de generaciones futuras (Lubchenco et al. 1991).

El termino biodiversidad es un neologismo que nace como una contraccion de diversidad bio-
I6gica, en el Simposium Nacional sobre Biodiversidad celebrado en Washington en 1986. La
publicacion del libro BioDiversity (Wilson 1988), con las conclusiones de dicho simposium, pre-
sagio la popularidad de este concepto. La biodiversidad es interpretada por Wilson (1988)
como un concepto holistico, que incluye la totalidad de los diferentes organismos, los genes
gue contienen y los ecosistemas que forman. La definicion que propone la Convencién sobre
la Diversidad Biol6gica (CBD) es "the variability among living organisms from all sources
including, inter alia, terrestrial, marine and other aquatic ecosystems and the ecological com-
plexes of which they are part; this includes diversity within species, between species and of
ecosystems" (UNCED 1992). Pero la diversidad bioldgica ha sido fuente de asombro y curiosi-
dad cientifica desde Darwin (1859) y Wallace (1876). La aceleracidon de los efectos de las acti-
vidades humanas en nuestro planeta renueva el interés de conocer como la biodiversidad de
un nivel tréfico o gremio, afecta a la dindmica y funcionalidad de poblaciones, comunidades y
ecosistemas. Dicho interés se hace patente con la publicacion del primer libro sobre los efec-
tos de la biodiversidad en los ecosistemas por Schulze & Mooney en 1993. La diversidad de
especies influye en el funcionamiento de los ecosistemas mediante la suma de los efectos de
distintos componentes: nimero de especies presentes (riqueza), abundancia relativa (equitati-
vidad), identidad de las especies (composicién), las interacciones entre especies y la variacion
temporal y espacial de estas propiedades (ver revision en Chapin et al. 2000). De este modo,
la diversidad de especies repercute en la resistencia y resiliencia de los ecosistemas a cam-
bios ambientales (Figura 1.1).
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Figura 1.1. Representacion de los diferentes componentes de la biodiversidad. Estos componentes pueden ser afecta-
dos por la intervencion humana (flechas), y los cambios tienen repercusiones en la propiedades y servicios de los eco-
sistemas. Los simbolos representan individuos o unidades de biomasa. Simbolos de diferentes colores representan dife-
rentes genotipos, fenotipos, o especies. Fuente: Diaz et al. (2006).

Las investigaciones desarrolladas en las Ultimas dos décadas sobre los efectos de la biodiver-
sidad en los ecosistemas han mostrado que, en general, a mayor diversidad mayor estabilidad
ecolégica, mayor productividad, mayor retencién de nutrientes en los ecosistemas y mayor
resistencia frente a la invasion de especies ex6ticas (Pimm 1991, Tilman 1999, McCann 2000).
Estos beneficios ecoldgicos han dado lugar a distintos argumentos de conservacion, que se
apoyan en el hecho de que la biodiversidad promueve los servicios ecosistémicos que garan-
tizan el bienestar de la humanidad (Daily 1997, Loreau et al. 2002, Millenium Ecosystems
Assessment 2005). La simplificacion de los habitats y la perdida de diversidad disminuiran la
capacidad de los ecosistemas de proveer a la sociedad bienes y servicios esenciales de mane-
ra estable y sostenible (Tilman 2000, Balmford et al. 2002, Diaz et al. 2006). Reemplazar las
fuentes de alimentos, combustibles, materiales industriales, medicamentos o recursos genéti-
cos tendria unos elevados costes econémicos (Costanza et al. 1997, Pimentel et al. 1997) y
sociales, con inevitables consecuencias para la calidad de vida de la humanidad.
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Estos argumentos pragmaticos atribuyen un valor econdmico a la biodiversidad mediante
métodos que tienen en cuenta el valor de uso directo (productos recolectados) e indirecto
(soporte y regulacién de los ecosistemas) (McNeely et al. 1990, Barbier et al. 1994). Ademas,
consideran un valor de opcién basado en el potencial de proporcionar un beneficio en el futu-
ro y el valor de lo desconocido (IUCN 1980), referido a especies conocidas pero también a
valores desconocidos de especies desconocidas. A la biodiversidad también se le atribuye un
valor de existencia basado en cuanto esta la gente dispuesta a pagar para impedir que algun
elemento de la biodiversidad desaparezca. Junto a estos argumentos existen otros de carac-
ter ético, que afectan incluso a especies sin valor econémico evidente y que por si solos jus-
tifican los esfuerzos de conservacion. Consideraciones tales como el derecho a existir, la res-
ponsabilidad hacia las generaciones futuras y valores espirituales y estéticos (Deane-
Drummond 2004, Sarkar 2005). Por otro lado, existe el propio valor intrinseco conferido por
la historia evolutiva y los papeles ecoldgicos Unicos de las especies.

Tales argumentos se enfrentan con la actual crisis ambiental. Mientras las predicciones sobre el
cambio climatico empiezan a cumplirse (Houghton et al. 1992), la poblacion humana crece
exponencialmente y el constante desarrollo demandado por la humanidad exige el consumo de
cada vez mas recursos naturales. En todo el planeta las actividades humanas estan transfor-
mando los sistemas naturales. Debido a ello las comunidades biolégicas estan siendo afecta-
das negativamente a causa de la destruccién y degradacion de habitats, la sobreexplotacion de
especies y al impacto de las especies invasoras (Heywood 1995, Chapin et al. 2000). Todo ello
se ve potenciado por la desigual distribucion de la riqueza en el mundo y la miseria de muchos
de los paises tropicales que poseen una biodiversidad relevante. La dominacién humana de los
ecosistemas de la Tierra (Vitousek 1997) esta reduciendo alarmantemente la diversidad de
especies y acelerando las tasas de extincion. En la actualidad estas tasas son del orden de 100
a 1000 veces mayores que durante el pasado geolégico (Lawton & May 1995, Pimm et al. 1995).
La biodiversidad de la Tierra esta siendo destruida a un ritmo sin precedentes, de alcance inde-
terminado y consecuencias irreversibles para la vida en nuestro planeta. Si la tendencia actual
continua, podemos esperar el fin de la Naturaleza tal como la conocemos.

Desde la década pasada se estan empezando a dar algunos pasos positivos para tratar de
solucionar la situacion actual. En 1992, la | Convencion sobre la Diversidad Biolégica
(UNCED 1992), firmada por 175 paises, refleja el consenso global sobre la importancia de la
biodiversidad para mantener los sistemas que hacen posible la vida sobre la Tierra. Mas
recientemente, en la Cumbre Mundial sobre Desarrollo Sostenible celebrada en
Johannesburgo en 2002, los 190 paises presentes se comprometieron a "...lograr, para el afio
2010, una reduccion significativa del ritmo actual de pérdida de diversidad bioldgica, a nivel
mundial, regional y nacional..." (UNEP 2002). A nivel europeo, la Comisién de la Union
Europea aprobd en 1998 una estrategia en materia de biodiversidad y en 2001 un plan de
accion. Para dar respuesta a esta crisis de biodiversidad, también se han generado mdltiples
investigaciones e iniciativas a diferentes escalas de trabajo, que estiman distintos componen-
tes de la biodiversidad para priorizar areas donde realizar tareas de conservacion. Uno de los
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métodos mas comunes es la identificacién de hotspots, o areas con excepcional biodiversi-
dad y donde existe una elevada perdida de habitat (Reid 1998, Myers et al. 2000, Sarkar et
al. 2002). También existen trabajos que identifican las ecoregiones en crisis (Olson &
Dinerstein 2002, Hoekstra et al. 2005), o que establecen las areas prioritarias a escala global
para la conservacion de algun taxén concreto (Stattersfield et al. 1998). Otras investigaciones
incluyen los costes economicos de la conservacion dentro de sus algoritmos para determinar
los sitios candidatos (Drechsler 2005, Strange et al. 2006, Wilson et al. 2006, Murdoch et al.
2007, Underwood et al. 2008).

El bioma mediterraneo esta considerado como un punto clave para la conservacion de la bio-
diversidad global (Myers et al. 2000, Brooks et al. 2006). Las regiones mediterraneas se
caracterizan por tener una biodiversidad con elevada endemicidad (Cowling et al. 1996) y vul-
nerabilidad (Rundel 1998), que es susceptible de sufrir grandes cambios debido a su alta sen-
sibilidad a los principales factores de cambio global en la biosfera (Sala et al. 2000). Con
menos del 5% del bioma mediterraneo protegido a nivel mundial (Hoekstra et al. 2005), la
seleccion eficiente de areas protegidas adicionales es, sin duda, una tarea fundamental para
alcanzar los objetivos de conservacién global acordados en la VII Convencion sobre la
Diversidad Biolégica (UNEP 2004). Pero fuera de las areas protegidas, los ecosistemas
manejados por el hombre también contribuyen a la conservacién (Pimentel et al. 1992,
Halladay & Gilmour 1995). En el futuro, estas areas seran aun mas importantes (Daily 2001)
debido a la esperable merma de los ecosistemas libres de influencia humana. La cuenca
mediterranea y gran parte del resto de Europa son el resultado de siglos de intervencion
humana (Blondel & Aronson 1999), y muchas especies silvestres se han adaptado a los diver-
sos paisajes heterogéneos de origen antropico. La conservacion de la biodiversidad debe
apoyarse en una adecuada gestion de los ecosistemas manejados por el hombre.

Natura 2000 (92/43/EEC) plantea una oportunidad, a nivel europeo, para compatibilizar la
conservacion y el desarrollo sostenible. Este tipo de politicas internacionales pueden ser efec-
tivas para abordar temas de conservacion en areas geograficas grandes (Donald et al. 2007).
En el caso de la actual Politica Agraria Comunitaria, existe un vivo debate sobre la efectivi-
dad de las medidas agroambientales para producir beneficios ecolégicos (Aebischer et al.
2000, Peach et al. 2001, Vickery et al. 2004), a pesar de que un nimero significativo de dichas
medidas, estan dirigidas especificamente a la conservacion de la biodiversidad (Kleijn &
Sutherland 2003). Mejorando su base de conocimiento y desarrollando objetivos cuantitativos
adaptados a las peculiaridades locales, se puede conseguir que la PAC sea una importante
herramienta para la conservacién de la biodiversidad (Kleijn et al. 2006). Similares fundamen-
tos deben considerarse en las politicas de pesca, forestal, hidraulica o energética, para desa-
rrollar mecanismos de gestion sobre una soélida base cientifica que garantice su eficacia.
Especialmente en aquellas actividades subvencionadas y/o destinadas a la conservacion de
la biodiversidad. Es el caso de los resalveos en masas arboladas de montes bajos de frondo-
sas (Cuadro 1.1). Como ponen de manifiesto los textos de selvicultura (Gonzalez-Molina
2005, Serrada 2008), estos trabajos se realizan para prevencién de incendios forestales,
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Cuadro 1.1: Resalveo

Se trata de un tratamiento selvicola que, por medio de una combinacion de corta, poda y desbroce
de distintas caracteristicas, reducen la densidad de la masa forestal (n° de pies/ha) y la competencia
para proporcionar mayor vigor a un nimero mas o menos reducido de pies de cierto tamafio
(resalvos). El mas frecuente en la actualidad es el denominado resalveo de conversion (Imagen 1.1),
que se orienta, como su nombre indica, a la conversion de masas de frondosas en monte bajo a
monte alto. Consiste en la seleccion y poda de los resalvos de mayor tamafio y mejor porte, y corte
de los sobrantes (Imagen 1.2), eliminando al menos el 50% de los pies presentes de méas de 2 cm.
de diametro o un 30-35% del area basimétrica (Serrada et al. 2008). Es frecuente que este tratamien-
to vaya acompafiado del desbroce y limpia manual de matorral. Cuando los resalveos se aplican en
masas cuyo objetivo Gltimo es el adehesamiento, también se realizan podas de formacion en los pies
que se pretende que constituyan la masa final.

Imagen 1.1. Resalveo de conversion. La zona resalveada aparece en segundo  Imagen 1.2. Detalle de un resalvo
plano detras de las encinas de mayor porte. Al fondo se aprecia un area de  seleccionado junto a los pies
monte bajo mediterraneo denso. eliminados.

mejora y restauracion de las cubiertas vegetales, aumento del aprovechamiento de los recursos
del monte e incluso para la mejora del habitat de especies amenazadas como el lince ibérico
(Lynx pardinus) (San Miguel 2006).

Mediante la evaluacion de distintos métodos para determinar la diversidad de vertebrados, esta
Tesis Doctoral aporta informacion de utilidad para abordar las necesidades de la conservacion
de la biodiversidad mencionadas anteriormente. Cuando se habla de diversidad desde el punto
de vista biolégico, se suele hacer referencia a la relacion entre el nimero de especies y la abun-
dancia relativa de individuos en una comunidad biologica determinada. Los indices clasicos usa-
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dos con mayor frecuencia para estimar esta diversidad son los de Simpson, Shannon-Weaver y
Margalef (ver revisiones en Margalef 1974 o Magurran 1989). Debido a las dificultades que plan-
tea calcular la abundancia de individuos, existen otros tipos de definiciones cuantitativas de la
diversidad de especies, que se han desarrollado para poder comparar la diversidad global de
diferentes comunidades a diferentes escalas geograficas. Son la diversidad a, la diversidad 3 y
la diversidad y. En esta Tesis Doctoral hemos utilizado la diversidad a en los trabajos de campo
y la diversidad vy en los trabajos a mayor escala, pero en ambos casos nos referimos al nime-
ro de especies presentes en un area geografica determinada.

Existe una amplia literatura que utiliza la riqueza de especies en enfoques macroecologicos dirigidos
a temas de conservacion (Prendergast et al. 1993, Conroy & Noon 1996, Williams et al. 1996, Castro
etal. 1997, Atauri & de Lucio 2001, Virolainen et al. 2001, Jetz et al. 2004, Rodrigues et al. 2004, Sergio
et al. 2005, Jiguet & Julliard 2006, Salomén et al. 2006, Xu et al. 2008). En otras ocasiones se tienen
en cuenta otras caracteristicas de las especies presentes en una comunidad biologica determinada.
Frecuentemente se consideran algunas de las medidas de rareza que responden a diferentes combi-
naciones de rango geogréfico, abundancia local, especificidad de habitat y ocupacion de habitat
(Rabinowitz 1981, Rey Benayas 1999). Especialmente se refieren al tamafio del rango geogréfico de
las especies (Howard 1991, Prendergast et al. 1993, Williams et al. 1996, Castro et al. 1997, Jetz et
al. 2004, Beazley et al. 2005, Jiguet & Julliard 2006) y al endemismo de las especies (Myers et al.
2000, Harris et al. 2005, Wilson et al. 2006, Xu et al. 2008). También es habitual considerar el grado
de amenaza de las especies (Rodrigues et al. 2004, Sergio et al. 2005, Milner-Gulland et al. 2006), asi
como taxones indicadores (Faith & Walker 1996, Larsen et al. 2007) y especies emblematicas (Sergio
et al. 2005). Estos criterios también se usan, por ejemplo, para desarrollar algoritmos basados en los
conceptos de complementaridad y de persistencia (Araujo & Williams 2000, Williams & Araujo 2002,
Cabeza et al. 2004, Williams et al. 2004, Arponen et al. 2005, Salomoén et al. 2006).

Debido a la baja congruencia detectada entre varios de estos criterios, aln existe una considerable
controversia sobre qué medida utilizar y las consecuencias de aplicar diferentes medidas (Harcourt
2000, Mace et al. 2000, Fleishman et al. 2005, Orme et al. 2005, Grenyer et al. 2006, Lamoreux et al.
2006). Cada uno de estos criterios tiene ventajas e inconvenientes. Por lo tanto, es necesario investi-
gar mas su adecuacion para alcanzar los distintos objetivos de conservacion. También es importante
desarrollar nuevos algoritmos o indices que apliguen simultaneamente diferentes criterios a distintos
grupos taxondmicos, para cuantificar de una forma no aprioristica la relevancia de la biodiversidad de
una unidad del territorio.

A una escala local, también existen trabajos que estudian cémo la riqueza de especies y otros compo-
nentes de la diversidad se ven afectados por la gestion forestal en distintos ecosistemas (Sekercioglu
2002, Thompson et al. 2003, Campbell et al. 2007, Atwell et al. 2008). Sin embargo, no existe un ade-
cuado conocimiento del efecto que tienen los resalveos del monte mediterraneo sobre la biodiversidad.
Son necesarias investigaciones que aporten la informacion fundamental para desarrollar pautas de ges-
tion que tengan en cuenta el funcionamiento de cada ecosistema, y conseguir que el aprovechamien-
to de los recursos naturales sea compatible con la conservacion de la biodiversidad.
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Estructura de la memoria doctoral

La presente memoria doctoral se ha organizado por capitulos en formato de articulos cienti-
ficos. A este capitulo introductorio (Capitulo 1), le siguen los capitulos 2, 3, 4 y 5, que repro-
ducen el contenido de articulos publicados o en revision en diferentes revistas cientificas, por
lo que se presentan en inglés, con sus correspondientes secciones de introduccién, material
y métodos, resultados y discusién, todos ellos precedidos por un resumen en castellano. Por
ultimo, el capitulo 6 desarrolla unas consideraciones adicionales y el capitulo 7 presenta las
conclusiones de esta Tesis Doctoral. Cada capitulo tiene su propia seccion de referencias. A
continuacion se describe el contenido de los capitulos principales.

En el Capitulo 2 (Rey Benayas, J.M., & de la Montafia, E. 2003. Identifying areas of high-
value vertebrate diversity for strengthening conservation. Biological Conservation 114, 357-
370) se definen las areas relevantes de diversidad de vertebrados terrestres (anfibios, repti-
les, aves y mamiferos) en Espafia continental e Islas Baleares. Para ello se cuantifica en uni-
dades analiticas de 50 x 50 km, la riqueza de especies, la rareza de éstas en términos de su
distribucidn geografica y su vulnerabilidad seglin su catalogaciéon o no como especies ame-
nazadas. También se proponen dos nuevos indices: el indice Combinado de Biodiversidad,
que integra los tres criterios descritos anteriormente para un grupo taxonémico y el indice
Estandarizado de Biodiversidad, que incluye los cuatro taxones juntos y permite establecer un
valor de biodiversidad sintético en cada unidad analitica. Con los mapas de areas relevantes
de diversidad generados, se ha realizado un analisis de huecos (gap analysis) en la Red de
Espacios Naturales Protegidos.

En el Capitulo 3 (Rey Benayas, J.M., de la Montafia, E., Belliure, J. & Eekchout, X.R. 2006.
Identifying areas of high herpetofauna diversity that are threatened by planned infrastructure
projects in Spain. Journal of Environmental Management 79, 279-289) se identifican las areas
relevantes de diversidad de herpetofauna mediante el uso de los mismos criterios del capitu-
lo anterior. Los analisis se realizan en celdas de 20 x 20 km, lo que permite evaluar la efica-
cia de los distintos criterios a una escala de trabajo de mayor detalle. Para garantizar la con-
servacion de todas las especies de anfibios y reptiles es necesario identificar amenazas antes
de que ocurran y asi poder mitigar sus posibles impactos. Por ello, en este trabajo se evalla
de qué manera afectan a las areas relevantes identificadas los grandes proyectos de infraes-
tructuras previstos en Espafa.

En el Capitulo 4 (De la Montafia, E., Rey Benayas, J.M., Razola, |. & Vasques, A. En revision.
Systematic conservation planning of vertebrate diversity. A case study in a Mediterranean
European region. Conservation Biology) se muestra un ejemplo de planificacion sisteméatica
de la conservacion donde se identifican las areas necesarias para garantizar la conservacion
de los vertebrados en Castilla-La Mancha. Se utiliza el indice Estandarizado de Biodiversidad
para identificar elementos especiales de conservacion. Estos se unieron a las areas de con-
servacion propuestas por la regiéon para formar parte de la Red Natura 2000. Finalmente se



Capitulo 1

seleccionaron areas adicionales de conectividad que incluyeran los habitats considerados
poco representados por las areas de conservacion existentes.

En el Capitulo 5 (De la Montafia, E., Rey Benayas, J.M. & Carrascal, L.M. 2006. Response
of bird communities to silvicultural thinning of Mediterranean maquis. Journal of Applied
Ecology 43, 651-659) se presenta un "experimento natural" a escala regional para evaluar los
efectos del resalveo del monte mediterraneo sobre la comunidad de aves. El resalveo es un
tipo de gestidn forestal muy extendido que consiste en la eliminacion de la mayoria de los
matorrales y arboles pequefios, y la poda de los arboles mas altos para producir masas fores-
tales mas abiertas. Conocer cudles son las consecuencias de esta actividad es importante
para la conservacion de la biodiversidad a escala local. Se incluyen consideraciones sobre
distintos gremios funcionales segun el uso del habitat y las preferencias tréficas, asi como
sobre grupos de especies de interés especial. En este capitulo se analiza la hipotesis de la
existencia de un efecto alométrico en la masa corporal media de la comunidad de aves debi-
do a la distinta complejidad estructural de los habitats.

En el Capitulo 6 se exponen unas consideraciones adicionales relativas a los problemas aso-
ciados a este tipo de trabajos de investigacion. Se discuten aspectos no sélo desde el punto
de vista tedrico y metodolégico, sino también se abordan ciertas dificultades para su aplica-
cion préactica dentro del contexto socioecondmico actual.

En el Capitulo 7 se relacionan las principales conclusiones de esta Tesis Doctoral.
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Objetivos de la Tesis Doctoral

Esta Tesis Doctoral tiene el objetivo de proveer herramientas e informacion Utiles para la con-
servacion de la biodiversidad. En ella se investigan, a distintas escalas de trabajo, métodos
para determinar la diversidad de vertebrados terrestres, y su aplicacién para la identificacion
de areas para la conservacién, la mitigacion de impactos ambientales y la gestion del monte
mediterraneo en Espafia.

Obijetivos especificos

1. Identificar las areas relevantes de diversidad de vertebrados terrestres a distintas escalas
en Espafia (Capitulos 2, 3y 4).

2. Evaluar la eficacia de los distintos criterios utilizados para definir las areas relevantes de
diversidad. Investigar la hipétesis de que el indice Combinado de Biodiversidad es mejor
método para identificar areas con caracteristicas relevantes de biodiversidad que los comun-
mente usados criterios de riqueza, rareza y grado de amenazada de las especies (Capitulos
2, 3y 4). Algunas preguntas que planteamos son las siguientes:
- ¢Cuantas especies se incluyen en las areas relevantes de diversidad definidas por
cada criterio?
- ¢Cuantas especies amenazadas y por consiguiente con interés en conservacion
son excluidas de las areas relevantes de diversidad definidas por cada criterio?
- ¢Qué cantidad de territorio es necesario para representar dentro de las areas
relevantes de diversidad a todas las especies y a todas las especies amenazadas?

3. Examinar mediante gap analysis la Red de Espacios Naturales Protegidos y la Red Natura
2000 en Espafia (Capitulos 2 y 4).
- ¢Cuadles son las areas relevantes de diversidad definidas por los distintos criterios
gue coinciden con la red de areas de conservacion?

4. Determinar en qué medida las grandes infraestructuras planeadas en Espafia podrian afec-
tar a la herpetofauna (Capitulo 3).
- ¢Qué porcentaje de areas relevantes de diversidad de herpetofauna coincide con
las nuevas infraestructuras?
- ¢Qué especies de anfibios y reptiles son las mas afectadas?
- ¢Qué areas deberian ser preferentemente consideradas para acciones de mitigacion
de impactos ambientales?

5. Desarrollar un ejemplo de planificacion sistematica de la conservacion en Castilla-La
Mancha que incluya multiples componentes tales como elementos especiales de conserva-
cion, especies clave y la representacion de todos los habitats importantes para el manteni-
miento de la biodiversidad (Capitulo 4).
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- ¢ Qué tipos de habitat estan poco representados por la red de areas de conservacion?

- ¢Qué zonas son las mas apropiadas para mejorar la conectividad de las areas de
conservacion?

- ¢Qué areas son necesarias para garantizar la conservacion de todas las especies
de vertebrados en el area de estudio?

6. Evaluar los cambios provocados por el aclaramiento o resalveo del monte mediterraneo en
la diversidad de especies y diversidad funcional de la comunidad de aves a escala local
(Capitulo 5).

- ¢Qué cambios provoca el resalveo en la estructura de la vegetacién del monte
mediterraneo?

- ¢Cual es el efecto del resalveo en la riqueza de especies y en la composicién y la
abundancia de la comunidad de aves? ¢Y en los distintos gremios segun su uso del
habitat y sus preferencias tréficas? ¢ Y en las especies con interés de conservacion
a nivel europeo? ¢ Y en las especies cinegéticas?

- ¢Pueden extenderse a la region Mediterranea los efectos del resalveo demostrados
previamente en otras regiones forestales?

- Comprobar en condiciones naturales la hipétesis de que la complejidad estructural
del habitat causa un efecto alométrico en la masa corporal media de la comunidad
de aves.
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“La vida de todos los seres, sean humanos, animales o de otra clase es
preciosa y todos tienen el mismo derecho a la felicidad. Los pajaros, los
animales salvajes... Todos lo que pueblan nuestro planeta nos acompafian.
Forman parte de nuestro mundo, lo compartimos con ellos”

X1V Dalai Lama

Jeroglifico egipcio con representaciones de animales
indicando el nombre del faraén. Siglo VI a.c. Extraido de
Sanchez Torrente, P.,, Gonzélez Encinas, A.L. 1998.
Grandes Civilizaciones de la Antiguedad. Egipto.






Capitulo 2

Identificacién de areas relevantes de diversidad de vertebrados para el
fortalecimiento de la conservacion

Este capitulo reproduce integramente el texto del siguiente manuscrito:

José M. Rey Benayas, Enrique de la Montafia (2003). Identifying areas of high-value vertebrate diversity
for strengthening conservation. Biological Conservation 114, 357-370.

Resumen

La identificacion de areas con relevantes caracteristicas de biodiversidad es Util para decidir priori-
dades que mejoren el disefio de espacios naturales protegidos y para optimizar los recursos inver-
tidos en conservacion. Este estudio aporta herramientas claves a los gestores para sefialar qué
areas son merecedoras de conservacion en Espafia. Estudiamos cuatro taxones -anfibios, reptiles,
aves y mamiferos- en una malla con celdas de 50 x 50 km (n= 259 celdas). Usamos cinco criterios
para identificar las areas relevantes de diversidad: riqueza de especies, rareza, vulnerabilidad, un
indice combinado de biodiversidad, y un indice Estandarizado de Biodiversidad que evalla los cua-
tro taxones juntos. Se proponen dos nuevos indices: el indice combinado de biodiversidad y el indi-
ce Estandarizado de Biodiversidad. Se definieron las areas relevantes de diversidad como aquellas
celdas situadas en el 15% superior de los datos ordenados segun los diferentes criterios. La con-
gruencia entre las areas relevantes de diversidad de los taxones analizados por parejas fue de
moderada a baja, y de un 38.5% de media para las areas relevantes de diversidad basadas en el
indice combinado de biodiversidad. Los resultados basados en la proporcion media de las especies
amenazadas excluidas de las areas relevantes de diversidad siguio este orden: indice combinado
de biodiversidad = rareza (0.3%) > vulnerabilidad (9.9%) > riqgueza de especies (13.8%). Las areas
relevantes de diversidad identificadas seguin el indice Estandarizado de Biodiversidad incluyeron
todas las especies de anfibios y mamiferos, todas las especies de reptiles excepto una (cataloga-
da como rara) y todas las especies de aves excepto seis (tres de las cuales estaban catalogadas
como amenazadas). Alrededor del 70% de las areas relevantes de diversidad identificadas segin
el indice Estandarizado de Biodiversidad incluyeron espacios naturales protegidos. Sin embargo, la
superficie media de estas areas protegidas es de 2746 kmz2, por lo que ocupan una pequefia frac-
cién de las areas relevantes de diversidad, y no hay garantias de que las especies halladas en un
area relevante de diversidad estén presentes en la fraccion protegida. Por lo tanto, instamos a los
gestores de los espacios naturales protegidos a realizar inventarios de diversidad. También reco-
mendamos que sean establecidos espacios naturales protegidos adicionales que incluyan ese 30%
de areas relevantes de diversidad que actualmente no estan protegidas. Mostramos un primer paso
para la planificacion de la conservacién de la biodiversidad en la region estudiada, y discutimos la
utilidad de los mapas de areas relevantes de diversidad para la conservacion, restauracion ecol6-
gica, y mitigacion y evaluacion de impactos ambientales.

Palabras clave: Espacios naturales protegidos; Especies amenazadas; indice estandarizado de
biodiversidad; Rareza; Riqueza de especies; Vertebrados; Vulnerabilidad
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Identifying areas of high-value vertebrate diversity for conservation

Identifying areas of high-value vertebrate diversity
for strengthening conservation

José M. Rey-Benayas, Enrique de la Montafia

Departamento de Ecologia, Universidad de Alcala. Alcala de Henares, 28871 Madrid, Spain.

Abstract

Identifying areas with relevant features of biodiversity is useful to rank priorities for strengthe-
ning the design of well-sited natural protected areas and to optimize resource investment in
conservation. This study provides decision makers critical tools for highlighting pieces of land
worthy of conservation in Spain. We studied four taxa -amphibians, reptiles, nesting birds and
mammals- in a 50 x 50 km grid (n = 259 cells). We used five criteria for identifying areas of
high-value diversity: species richness, rarity, vulnerability, a combined index of biodiversity,
and a Standardised Biodiversity Index that measured all four taxa together. As far as we know,
the combined index of biodiversity and the Standardised Biodiversity Index are original. Areas
of high-value diversity were defined as those cells within the 15% top segment of ranked
values for the different criteria. Congruence of areas of high-value diversity for taxa pairs was
moderate to low, and averaged 38.5% for areas of high-value diversity based on the combi-
ned index of biodiversity. The performance based on the average proportion of threatened
species excluded from areas of high-value diversity followed the rank combined index of bio-
diversity = rarity (0.3%) > vulnerability (9.9%) > species richness (13.8%). The areas of high-
value diversity identified according to the Standardised Biodiversity Index included all amphi-
bian and mammal species, all but 1 reptile species (categorized as rare) and all but 6 bird
species (3 of which were categorized as threatened). About 70% of the areas of high-value
diversity identified based on the Standardised Biodiversity Index included natural protected
areas. However, they average only 274.6 kmz, thus occupying a small fraction of the areas of
high-value diversity, and there is no guarantee that the species found in an area of high-value
diversity site will be present in its protected fraction. Consequently, we urge managers of natu-
ral protected areas to conduct diversity surveys. We also urge that additional natural protec-
ted areas be established to include the gap of 30% of areas of high-value diversity not
currently protected. We took an step for biodiversity conservation planning in the studied
region, and discuss the usefulness of maps of areas of high-value diversity for conservation,
ecological restoration, and environmental impact assessment and mitigation.

Keywords: Gap analysis; Natural protected areas; Rarity; Species richness; Standardized
biodiversity index; Threatened species; Vertebrates; Vulnerability
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Introduction

The scientific community has witnessed a con-
siderable debate about biodiversity conserva-
tion during the last decade. The debate has
been fuelled by studies of the increasing rates
of biodiversity loss (Heywood, 1995; Costanza
et al.,, 1997; Pimentel et al., 1997; Ricketts,
1999; Terborgh, 1999; Tilman, 1999; Bininda-
Emonds et al., 2000; Cincotta et al., 2000;
Myers et al., 2000; Pimm & Raven, 2000).
Biodiversity conservation usually requires
decision making that needs input by both con-
servation biologists and ecologists. Reserves
alone are not adequate for nature conservation
but they are the cornerstone on which regional
strategies can be built (Margules & Pressey,
2000), and it is necessary to set prior targets
(Ceballos et al., 1998; Myers et al., 2000). We
address this problem of setting prior targets by
identifying areas of high-value diversity of ver-
tebrate species in Spain, evaluating the effec-
tiveness of various criteria used to define
them, and examining their geographical coinci-
dence with the existing network of natural pro-
tected areas. Thus, we hope to provide decision
makers with critical tools for identifying tracts of
land particularly worthy of conservation.

Detecting areas of high-value diversity is use-
ful, in our view, as a tool for four major tasks
related to nature conservation. These are: 1)
creating networks of natural protected areas,
2) conservation out from natural protected
areas favored by a wise natural resource
management, 3) ecological restoration as an
action to preserve threatened species and
communities, and 4) environmental impact
assessment and mitigation. This paper focu-
ses on the first topic. Establishing natural pro-
tected areas is one of the most useful tools for
preserving large pools of biodiversity.
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Unfortunately, throughout most of the world
there are neither the resources nor the time to
carry out detailed inventories for most taxa
before  designating protected areas
(Groombridge, 1992; Raven & Wilson, 1992;
Prendergast et al., 1993). Besides, this is often
expensive because land needs to be purcha-
sed and managed for species conservation
(Mittermeier, 1998; James et al., 1999).
Therefore, it is important to rank priorities of
sites with relevant features of biodiversity to
optimize resource investment in conservation.
These relevant features of biodiversity are
most frequently based on criteria such as spe-
cies richness, rarity (particularly endemic
taxa), taxonomic uniqueness, threatened spe-
cies and indicator taxa (Usher, 1986; Williams et
al., 1991; Prendergast et al., 1993; Faith &
Walker, 1996; Castro et al., 1997; Reid, 1998;
Rey Benayas et al., 1999; Virolainen et al., 2001).

To accomplish our objectives it is necessary,
first, to identify what areas are relevant for their
biodiversity features. We used four taxa of ver-
tebrate species: amphibians, reptiles, breeding
birds and mammals. These are well studied
taxa because they are conspicuous. Birds are
also "popular", whereas amphibians and repti-
les figure less prominently in site selection.
Many of these species have been used as
bioindicators. Particularly, mammals such as
Ursus arctos, Lutra lutra and Lynx pardinus are
outstanding indicators of habitat quality in the
study area. We used five criteria for identifying
areas of high-value diversity: species richness,
rarity, vulnerability, a combined index of the
three former, and a Standardized Biodiversity
Index that measured all four taxa together. Our
analyses are illustrative, not exhaustive. A
similar approach can be taken to identify areas
of high-value diversity elsewhere, using either
different species groups or criteria.
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Site selection would be easier if there was
overlap of areas of high-value diversity of diffe-
rent taxa and areas of high-value diversity iden-
tified according to different criteria. We evalua-
ted the effectiveness of the various criteria
used to identify areas of high-value diversity by
looking at the species lists that were included
and excluded. Finally, we overlaid the produced
maps of areas of high-value diversity with the
existing network of natural protected areas to
examine coincidences and highlight gaps. Our
intention is to provide useful information for
diversity conservation to decision makers (poli-
ticians, technicians, land managers, managers
of natural protected areas, etc.).

The study area and its existing network of natural
protected areas

The Iberian Peninsula and the Balearic Islands
include a variety of biomes, relief, climates, and
soil types despite their relatively small area
(585644 km2 in total). Two major climatic zones,
Mediterranean and Atlantic, impinge on Iberia
(Font Tullot, 1983). The Mediterranean climate
is characteristic of most of Iberia and the
Balearic Islands, whereas the Atlantic climate is
found in a band ca. 100 km wide along the wes-
tern and northern coasts, and it also influences
the Pyrenean Mountains. The current driest and
warmest areas served as a refugium during
Pleistocene glaciations. In contrast, the nor-
thern transition zone is substantially younger,
having emerged only after the glacial retreat.

Spain is one of the most diverse countries in
the European Union. The Canary Islands will
not be considered in this study because they
represent Macaronesic biotas completely diffe-
rent to the rest of the country. The Spanish net-
work of natural protected areas currently com-
prises 33304 kmz2. About 86.2% of this land

(28721 km2) belongs to 12 National Parks, 91
Natural Parks -including 1 Biosphere Reserve-
and 11 Regional Parks (Fig. 2.1 and Appendix
2.A) (Gomez-Limon et al., 2000). Their mean
area in continental Spain and the Balearic
Islands is 274.6 = 419.1 km2, and range bet-
ween 0.45 and 2143.4 kmz2. Four National
Parks and 11 Natural Parks are located in the
Canary Islands. By law, national, natural and
regional parks must implement a management
plan of natural resources, and hence are the
most robust figures of natural protected areas.

Materials and Methods
Analytical units and data sources

Our analyses used cells defined by Universal
Transverse Mercatore (UTM) coordinates as
analytical units (Fig. 2.1). The modal cell size
was 2500 kmz2. This is the smallest size com-
mon to all taxa considered in this study. The
cells adjacent to borders between different
UTM coordinate zones are slightly different in
size. We examined the presence and absence
of amphibian, reptile, breeding bird, and mam-
mal species in a total of 259 cells. The
cell-by-species matrices were built using spe-
cies distribution atlases (Gasc et al., 1997,
Hagemeijer and Blair, 1997; Mitchell-Jones et
al.,, 1999). We counted 27, 42, 269, and 89
amphibian, reptile, breeding bird, and mammal
species, respectively. Information on species
presence for breeding birds and mammals was
not available for 2 and 6 cells, respectively.

Criteria for identifying areas of high-value diversity
We used four criteria to identify areas of high-
value diversity for a single taxa: species rich-
ness, rarity, vulnerability, and a combined

index of biodiversity. There are many forms of
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rarity, that respond to different combinations of
geographical range, local abundance, habitat
specificity and habitat occupancy (Rabinowitz,
1981; Rey Benayas et al., 1999). In this study,
rarity of species i was defined by its geographi-
cal range measured as the inverse of the num-
ber of cells where it was present (1/n;).
Currently, there are not official criteria in Spain
classifying species into rarity categories accor-
ding to their geographical ranges (Perring &
Farrel, 1983; Cameron, 1998). For a cell r, the
rarity index was 2., (1/n,;)/s,, where s, was the
number of species found in the cell.

Vulnerability of a species was quantified using
the categories of the Red Book of Spanish
Vertebrates (Blanco & Gonzélez, 1992). The
species categories that were considered are the
following: endangered, vulnerable, rare, unde-
termined, insufficiently known, introduced, and
non-threatened. These categories were pre-
viously defined by the International Union for
Conservation of Nature (IJUCN, 1988). A comple-
te list of the species studied here and their vul-
nerability category and number of cells where
they were found are available from the autors
upon request. Currently, these categories are
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Figure 2.1. Map of continental Spain and the Balearic Islands (area is 497508 km2). It illustrates the grid used for the
analysis of areas of high-value diversity -based on UTM coordinates-, the political distribution of the territory (auto-

nomous regions), and the location of national, natural and
the blue spot is a Biosphere Reserve). Source of the locati
(2000). A complete list of the natural protected areas cons
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regional parks (red, green, and orange spots, respectively;
on of the natural protected areas was Gémez-Limén et al.
idered in this study can be found in Appendix 2.A.
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being revised, but no publications have been
released yet. We assigned to every category a
score related to its degree of vulnerability, ran-
ging from 5 for endangered species to 1 for non-
threatened and introduced species. The inter-
mediate categories were assigned 4 (vulnerable
and undetermined), 3 (rare) and 2 (insufficiently
known). Since the undetermined species are
those that are known to belong to the endange-
red, vulnerable, or rare categories, we decided
to assign them the score = 4 because it is the
average score of these categories. We ackno-
wledge the subjectivity of these scores; they just
represent a rank and have a relative value, and
any other choice would have been subjective as
well. For a cell, the vulnerability index was
>0 ,V,i/s,, where V,; was the vulnerability score
of the species present in the cell. As vulnerabi-
lity is actually a surrogate concept of rarity plus
rates of habitat loss and other threats, we
expect a positive correlation between these two
indices. For every cell and taxonomic group, we
defined a combined index of species richness,
rarity, and vulnerability: X_;(1/n)V,. _In
this index, species richness is implicit in Ziszl.
As far as we know, this index is original. Since
the combined index of biodiversity is a function
of three other indices, we expect in general a
positive correlation between this combined
index and richness, rarity, and vulnerability.

We also used a Standardised Biodiversity
Index that measured species richness, rarity
and vulnerability of all four taxa together in
every cell. This index is original as well. We
standardised by dividing the combined index of
biodiversity of each taxonomic group in every
cell by its mean across all cells, and then sum-
med the four standardised combined indices.
The Standardised Biodiversity Index formula is:

4 is
Z 1/mjz (1/nji)Vji
= =]

where m; refers to the mean combined index of
biodiversity of the taxonomic group j across
cells. Next, all indices for the various taxa and
the Standardised Biodiversity Index were ran-
ked. We considered areas of high-value diversity
those cells within the upper 15% (39 cells) of
ranked values for the various criteria. This per-
centage was chosen because the commonly
used 10 or 12% is considered insufficient to
achieve conservation goals (Soulé & Sanjayan
1998; Margules & Pressey 2000). In spite of that,
we acknowledge the arbitrarity of this threshold,;
any other choice would have been arbitrary as
well. Statistics of all criteria used to identify areas
of high-value diversity in the study area are
reported in Table 2.1. Our identification of these

Table 2.1. Statistics of all criteria used to identify areas of high-value diversity in the study area.

Amphibians (n=259)

Reptiles (n=259)

Breeding birds (n=257) Mammals (n=253)

Mean S.D. Range Mean S.D. Range Mean S.D. Range Mean S.D. Range

Richness 891 379 0-16 1469 516 2-25 112.26 3285 13-175 2812 1377 1-65
. 0.0047- 0.0047- 0.0058-
Rarity 0.013 0.026 0-0.372  0.012 0.011 0.083 0.0097 0.0066 0.057 0.011 0.0037 0.031
Vulnerability 1.08 0283 0-3 1.153 0.269 1-2.8 1439 0145 1.1-2 1.734 0405 1-3.33
) 0.0095- 0.0058-
Combined Index 0.153 0.363 0-5.337  0.282 0.359 5 53 1965 1.836 0.11-231  0.699 0.602 419

For the Standardised Biodiversity Index of all taxa, statistics are: mean = 4.04, S.D.=3.60, range = 0.203-36.746 (n = 253).
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areas is not affected by the different species
richness of the taxa analysed in this study
because we ultimately used ranks.

Data analysis

We examined the relationships between the
four criteria within taxa and across taxa by
means of correlation analysis using Bonferroni
corrections for multiple comparisons. These
correlations will hint the macroecological trends
of diversity in the area. The congruence betwe-
en areas of high-value diversity for different taxa
was examined by means of contingency tables.
To evaluate the effectiveness of the various cri-
teria used to identify areas of high-value diver-
sity, we examined the proportions of species
included in them and threatened species that
were excluded from them. For our purposes,
"threatened species" were considered to be

those belonging to the endangered, vulnera-
ble, rare, and undetermined categories of
IUCN (1988). Finally, we looked at the coinci-
dence between areas of high-value diversity
and national, natural and regional parks using
contingency tables to highlight possible gaps.

Results

Correlations between criteria used to identify
areas of high-value diversity

Within taxa, after applying corrections for mul-
tiple comparisons, the pair-wise correlation
coefficients between the different criteria used
to identify areas of high-value diversity were
usually significant at P<0.05 (Table 2.2). The
exceptions were species richness and vulnera-
bility, which were not correlated for any taxono-
mic group, and species richness and rarity,

Table 2.2. Correlation coefficients between criteria used to identify areas of high-value diversity within taxa.

Amphibians (n=259)

Reptiles (n=259)

Breeding birds (n=257) Mammals (n=253)

Richn. Rarity Vulner.

Richn. Rarity Vulner.

Richn. Rarity Vulner. Richn. Rarity Vulner.

Amphibians

Rarity -0.106
Vulnerability  -0.088 0.736
Combined Index 0.117 0.917 0.564

Reptiles

Rarity
Vulnerability
Combined Index

-0.163
-0.052
0.227

0.778

Breeding birds
Rarity
Vulnerability
Combined Index

Mammals
Rarity
Vulnerability
Combined Index

0.744 0.718

-0.183
-0.037
0.367

0.296
0.615 0.324

0.639
-0.027 0.243

0.247 0.841 0.197

Coefficients in bold are significant at P<0.05 after applying Bonferroni’s corrections for multiple comparisons.
Underlined correlation coefficients are significant at P<0.05 if corrections for multiple comparisons were not applied.
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Figure 2.2. Maps of areas of high-value diversity (AHVD) identifyed according to different criteria for a) amphibians, b) repti-
les, ¢) breeding birds, and d) mammals. Symbols are the following: black solid dots are species richness AHVD, green rings are
rarity AHVD, red rings are vulnerability AHVD, and blue rings are AHVD according to the combined index of biodiversity.

which were not correlated for amphibian, reptile,
and breeding bird species. That is, the richest
communities did not necessarily include the rarest
and most vulnerable species. As expected, rarity
and vulnerability were significantly correlated, but
the correlation for breeding birds and mammals
were low (Table 2.2). The combined index of bio-
diversity was significantly correlated with the other
three criteria except in the cases of species rich-

ness of amphibians and vulnerability of mam-
mals. Thus, in general, cells with high values of
the combined index of biodiversity also included
rich communities with rare and vulnerable spe-
cies. This indicates that a cell that has been iden-
tified as an area of high-value diversity based on
one criterion (e.g., species richness), may not be
an area of high-value diversity if based on a diffe-
rent criterion (e.g. rarity) (Fig. 2.2a-d).
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Table 2.3. Correlation coefficients for criteria used to identify areas of high-value diversity between taxa. Presentation as in Table 2.2.

Amphibians (n=259)

Reptiles (n=259)

Breeding birds (n=257)

Combined

Richn. Rarity Vulner. index

Combined

Richn. index

Rarity Vulner.

Richn. Rarity Vulner.

Combined
index

Reptiles
Richness

Rarity
Vulnerability
Combined Index

0.686
0.429
0.398
0.229

Breeding birds
Richness

Rarity
Vulnerability
Combined Index

0.487
0.262
-0.188
0.067

Mammals
Richness

Rarity
Vulnerability
Combined Index

0.575
0.086
0.149
0.173

0.571
0.53

0.261

0.468 0.501
0.087
-0.196

0.26

0.016
0.217

Table 2.4. Percentage congruence between areas of high-value diversity of pairs of taxa identified according to different criteria.

Amphibians

Reptiles

Breeding birds

Combined

Richn. Rarity Vulner. index

Combined

Richn. Rarity Vulner. index

Richn. Rarity Vulner.

Combined
index

Reptiles
Richness

Rarity
Vulnerability
Combined Index

4777
615"
46.0°"

okkeok

41.0
Breeding birds

Richness

Rarity 4877
Vulnerability 2.6
Combined Index

okkeok

43.9

35.9™
Mammals

Richness

Rarity 538"
Vulnerability 2.6
Combined Index

Hokkeok

43.6

Hokkeok

51.3

43.9"

okkeok

48.7
17.9

okkeok

41.0

333"

Hokkeok *

30.8

30.7
43.6
2.6
23.1

25.6
385"

The statistical significance of the associations according to x2 tests is indicated (*P<0.05, **P<0.01, ****P<0.0001).
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Among taxa, the pair-wise correlations between
the same criteria were very different (Table 2.3).
After applying Bonferroni’s correction, the spe-
cies richnesses of taxa were always significantly
correlated (P<0.05). Four of six correlations bet-
ween the combined indices of biodiversity were
significant, as were three of six correlations bet-
ween the rarity measures. The correlation bet-
ween the vulnerability measures was significant
(P<0.05) only between amphibians and reptiles.
Only amphibians and reptiles exhibited signifi-
cant correlations for all criteria. The correlation
coefficients were usually low.

The Standardised Biodiversity Index was highly
correlated with the combined index of biodiver-
sity of all taxa (r = 0.80 for amphibians, 0.64 for
reptiles, 0.46 for nesting birds, and 0.51 for
mammals, P<0.0001 in all cases). Thus, it was
deemed a good synthetic diversity measure of
species richness, rarity, and vulnerability of the
four taxonomic groups together.

Congruence of high-value diversity areas

To what extent do areas of high-value diversity
for the four taxa overlap? Despite most pairs of
taxa exhibited non-random positive associa-
tions, congruence of areas of high-value
diversity -cells within the 15% top segment of
ranked values for the different criteria- among
taxa was found to be moderate to low (Table 2.4,
Fig. 2.2a-d). It was lowest for the pairs amphi-
bians-birds, mammals-birds and mammals-rep-
tiles based on species vulnerability (2.6% in all
cases), and highest for the pair amphibians-rep-
tiles based on species rarity (61.5%).
Congruence averaged 40.5%, 47.8%, 16.2%,
and 38.5% for areas of high-value diversity
based on species richness, rarity, vulnerability,
and the combined index of biodiversity, respecti-
vely. Thus, vulnerability is the criterion that pro-

duced the highest areas of high-value diversity
dispersion for the different taxa, whereas rarity
produced the highest areas of high-value diver-
sity aggregation. The unconsistency of areas of
high-value diversity congruence based on these
two significantly correlated indices is explained
by the low correlation coefficients between them
for breeding birds and mammals (Table 2.2).

Evaluation of areas of high-value diversity

A few species were not included in the areas of
high value diversity, irrespective of the criteria
used to identify them (Table 2.5, Appendix 2.B).
The performance based on the average propor-
tion of species included in areas of high-value
diversity for the different taxa were ranked: rarity
(97.9%), combined index of biodiversity (97%),
species richness (95.2%), and vulnerability
(87.7%). The performance based on the avera-
ge proportion of threatened species excluded
from areas of high-value diversity for the diffe-
rent taxa were ranked: combined index of biodi-
versity and rarity (0.3%), vulnerability (9.9%),
and species richness (13.8%). The areas of
high-value diversity identified according to the
Standardised Biodiversity Index of all taxa toge-
ther included all amphibian and mammal spe-
cies, all but 1 reptile species (categorized as
rare) and all but 6 bird species (1 categorized as
endangered, 2 categorized as rare, and the
other 3 were non-threatened or introduced spe-
cies) (Table 2.6, Appendix 2.B).

Coincidence between areas of high-value
diversity and natural protected areas

Atotal of 110 cells included at least a fraction of
a national, natural or regional park. The coinci-
dence between areas of high-value diversity and
cells including these natural protected areas was
low (Table 2.7). Coincidences between areas of
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high-value diversity and natural protected areas
were not statistically associated except for rarity
of mammals and the combined index of bird
diversity, which exhibited non-random positive
associations. The coincidences between areas
of high-value diversity based on the combined
index of biodiversity and NPAs followed the rank
amphibians < reptiles = mammals < birds. Thus,

the existing network of natural protected areas
provides a reasonable guarantee for conserva-
tion of bird diversity, whereas large pools of
amphibian diversity are outside protected areas.
Natural protected areas were included in 69.2%
of areas of high-value diversity identified based
on the Standardised Biodiversity Index of all taxa
together (x2 = 13.46, P< 0.004) (Fig. 2.3).

Table 2.5. Numbers and percentages of species included and threatened species excluded from the areas of high-value
diversity identifyed according to different criteria. Threatened species were defined according to Blanco & Gonzalez

(1992). Lists of species excluded are in Appendix 2.B.

Amphibians Reptiles

Breeding birds Mammals

Species  Threatened
included sp. excluded

Species  Threatened
included sp. excluded

Species  Threatened
included  sp. excluded

Species  Threatened
included sp. excluded

Richness 24 (88.8%) 2 (40%)
Rarity 25 (92.6%) 0
Vulnerability 26 (96.3%) 0
Combined Index 26 (96.3%) 0

41 (97.6%)
42 (100%)
39 (92.9%)
39 (92.9%)

1(9%)

1(9%)

257 (955%) 5 (6.3%)
266 (98.9%) 1 (1.2%)
223 (82.9%) 15 (19%)
266 (98.9%) 1 (1.2%)

88(98.9%) 0
89(100%) 0
70 (78.7%) 3 (11.5%)
89(100%) 0

Table 2.6. Numbers and percentages -over the total number of species considered in this study- of species included in
the areas of high-value diversity identified according to the Standardised Biodiversity Index of all taxa.

Total number Number of Number of Number of Number of Number of
of species (427) endangered vulnerable rare undetermined insufficiently
P species (25) species (34) species (45) species (17)  known species (28)
Amphibians 27(100%) 1 (100%) 1 (100%) 3 (100%) 0 (100%) 0 (100%)
Reptiles 41 (97.6%) 2 (100%) 4 (100%) 3 (75%) 1 (100%) 0 (100%)
Mammals 89 (100%) 6 (100%) 7 (100%) 5 (100%) 8 (100%) 9 (100%)
Breeding birds 263 (97.8%) 15 (93.8%) 22 (100%) 31 (94%) 8 (100%) 19 (100%)
All groups 420 (98.4%) 24 (96%) 34 (100%) 42 (93.3%) 17 (100%) 28 (100%)

Table 2.7. Coincidence in percentage between areas of high-value diversity and natural protected areas. The statistical
significance of the associations have been tested by means of 2.

Vulnerability Combined index

Species richness Rarity
Amphibians 43.8 %, % =0.27 53.9 %, v =2.39
Reptiles 61.4 %, y*>=6.8 56.4 %, x2 =2.49

Breeding birds
Mammals

56 %, 3% =2.4
59 %, v =4.53

56.4 %, x> =3.47
66.7 %, 3% =10.1*

56.4 %, x> =3.6
56.4 %, % =3.6
46.2 %, x> =0.01
35.9 %, 5%=3.02

53.8 %, % =2.43
61.5 %, x> =6.83
66.7 %, y° =10.7%*
61.5 %, y° =6.12

*P <0.005, **P <0.01.
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Discussion
Distribution of areas of high-value diversity

Within taxa, there were overall significant
correlations between species richness, rarity,
vulnerability, and a combined index of biodiver-
sity, with the exception of richness and vulne-
rability, which were not correlated for any taxa,
and richness and rarity, correlated just for
mammals. This mismatch has been reported
for many taxa in different parts of the world
(Drinkrow & Cherry, 1995; Lombard, 1995;

Williams et al., 1996; Fagan & Kareiva, 1997,
Hacker et al., 1998; Fjeldsa, 2000).
Conversely, Swengel (1998) found in
Midwestern USA that within a habitat type, site
rankings based on total numbers of butterfly
species significantly tended to agree with site
rankings based on numbers of specialist but-
terfly species. The combined index of biodiver-
sity provided significant correlations with its
components but "failed" in the cases of spe-
cies richness of amphibians and vulnerability
of mammals. More importantly, we found that
among taxa the correlations between criteria
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Figure 2.3. Coincidence of areas of high-value diversity identifyed according to the Standardised Biodiversity Index of
all taxa together (units in bold type) and natural protected areas (symbol colors as in Fig. 2.1).
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were very different. Species richness was
always significantly correlated across taxa,
but for vulnerability only amphibians and rep-
tiles were correlated. These results indicate
that, whereas there are certainly some macro-
ecological patterns of species diversity that
are consistent for different taxa, other determi-
nants of the various components of species
diversity differ. Overall, the balance leads to a
moderate to low congruence between areas of
high-value diversity identified according to dif-
ferent criteria and/or for different taxa. For
analysis of congruence between taxa in other
areas of the world, see Prendergast et al.
(1993), Gaston et al. (1995), Lombard (1995),
Balmford & Long (1996), Williams et al.
(1997), Simmons et al. (1998), and Araujo
(1999).

The effects of biogeography in areas of high-
value diversity distribution are relevant, mostly
for ectotherm species (Fig. 2.2). Biogeographic
effects in Iberia include climate differences in
the northern fringe of the Iberian Peninsula as
compared to the rest of the country, and the
insular effect in the Balearic Islands.
Increased regional species diversity in climate
transition zones is consistent with the analy-
ses for plant species of Castro et al. (1997)
and Rey Benayas & Scheiner (2002). These
patterns may also be due, in part, to refugia in
a land with over a millennium of varied agricul-
tural, silvicultural, and pastoral practices. The
peaks in species richness of amphibian, repti-
le and bird species in the central-western
mountain ranges that we found (Fig. 2.2a-c)
supports this interpretation. In the analysis of
these authors, areas of high species richness
were also rich in endemic species. At the
scale of our analysis, we have found, though,
a lack of relationship between species rich-
ness and rarity. Both ecotones and refugia
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may contribute to the higher regional species
diversity of transitional zones.

Island biogeographic effects are also evident
in our maps. These effects are very relevant
for amphibian and reptile species (Fig.
2.2a,b), moderate for bird species (Fig. 2c),
and inexistent for mammals (Fig. 2d). The
explanations for these patterns may lie in the
differences in dispersion capabilities and spe-
ciation and extinction rates of the taxa
(Blondel & Aronson, 1999). Mammals are poor
colonizers of islands, and humans drove to
extinction all authoctonous mammal species
in the Balearic Islands. Currently, all mammals
except bats have been introduced by humans
in these islands (Alcover et al., 1998; Palmer
et al., 1999).

Besides biogeographic and refugia effects,
patterns of areas of high-value diversity distri-
bution have additional explanations that are
relevant at regional and local scales.
Differences in the ecological requirements for
the taxa contribute to these patterns. Thus, a
large proportion of areas of high-value diver-
sity of amphibian species concentrate in nor-
thern Spain (Fig. 2.2a) since the higher preci-
pitation and lower evaporation rates provide a
greater moisture in air and soil as well as floo-
ded habitats suitable for reproduction.
Conversely, there is an aggregation of areas of
high-value diversity of reptile species in the dry
southern part of the Iberian Peninsula (Fig.
2.2b) (Meliadou and Troumbis, 1997; James
and Shine, 2000). Large wetlands in the
country are consistently associated to areas of
high-value diversity of bird species, since
many of them are specific of this kind of habi-
tats. Fortunately, all large wetlands have legal
protection (natural protected areas 6, 8, 45, 61
and others in Appendix 2.A, Fig. 2.1).
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Identifying areas of high-value diversity as a
tool for nature conservation

This study attempted to provide decision
makers data needed to identify areas espe-
cially worthy of conservation (Prendergast et
al., 1999), but our approach can be applied
anywhere. We acknowledge that definitions of
areas of high-value diversity are to some
extent arbitrary, and our results are obviously
scale dependent. A finer scale of resolution
would likely result in a diminished areas of
high-value diversity congruence among taxa
(J.M. Rey Benayas, unpublished data).
Overall, the areas of high-value diversity using
the combined index of biodiversity had the best
performance, capturing over 93% of the spe-
cies and with fewer than 10% of threatened
species uncaptured (Table 2.5). The greater
effectiveness of the rarity criterion, as compa-
red to the richness criterion, is in agreement
with other studies (Haeupler & Vogel, 1999).
Congruence of areas of high-value diversity of
the different taxa was moderate to low. This
makes conservation strategies more difficult.

Our Standardised Biodiversity Index of all taxa
resulted in a site selection that included all
amphibian and mammal species, all but one
reptile species and all but six bird species (four
out of these seven species are endangered,
Table 2.6 and Appendix 2.B). Elsewhere in the
world, where species distribution data are
often sparse and mapped at even larger sca-
les, and where decision making on reserve
placement usually has to be very rapid, we
suggest that a strategy based solely on one or
two criteria, and on only one or a limited num-
ber of taxa, may fail to provide adequate pro-
tection for many organisms. The areas of high-
value diversity approach could benefit from
adding human threats (especially vegetation

destruction) and land ownership and value to
the geographical analysis of biodiversity
(Dobson et al., 2001; Scott et al., 2001). Areas
harboring high levels of species diversity and
that are also under severe threat are usually
defined in the literature as hotspots (Myers,
1988 and 1990; Prendergarst & Eversham,
1995; Beissinger et al., 1996; Harcourt, 2000;
Myers et al., 2000).

In our study, when one looks at the coinciden-
ce between areas of high-value diversity
according to the various criteria and natural
protected areas, the scenario is discouraging
(see Table 2.7). However, only 30% of areas of
high-value diversity based on the Standardised
Biodiversity Index of all taxa did not include
any natural protected area (Fig. 2.3). In agree-
ment with other authors, we suggest that this
gap should be corrected urgently (Barnard et
al., 1998; Simonetti, 1999). Spain's vertebrate
fauna could be more effectively protected with
only moderate acquisition of new, well-sited
protected areas. While 70% of the areas of
high-value diversity (modal area of 2500 km?2)
included natural protected areas, these avera-
ge only 274.6 km2, NPAs occupy a small frac-
tion of areas of high-value diversity, and there
is no guarantee that the species found in a
areas of high-value diversity site will be pre-
sent in a fraction of natural protected area.
Unfortunately, very few natural protected areas
have complete lists of their species. Only for
these sites is it possible to compare the diver-
sity of protected areas and associated areas of
high-value diversity. We urge that all natural
protected areas be surveyed in order to streng-
then nature conservation, and assess the
effective long-term viability of the species in
these areas (Hansen et al., 1993). Other stu-
dies on the coincidence between areas of
high-value diversity and natural protected
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areas are those of Scott et al. (1993),
Fearnside & Ferraz (1995), Lombard (1995),
Jaffre et al. (1998), Savitsky & Lacher (1998),
Araujo (1999), Maddock & Benn (2000), and
Scott et al. (2001).

Biodiversity should not be the only target of
conservation of natural protected areas
(GOmez-Lim6n & de Lucio, 1995; Burger,
2000). Water and nutrient cycles, ecological
processes such as productivity, and many
other values and functions (landscape, geolo-
gical, anthropological, aesthetical, spiritual,
recreational, cultural) have been recognized in
the scientific literature as important elements
for conservation (Franklin, 1993; De Leo &
Levin, 1997; Ettema et al., 1998; Rothley,
1999). Charismatic organisms such as some
vertebrate groups may not always be the most
appropriate  surrogates for biodiversity
(Prendergast et al., 1993; Araujo, 1999). This
study did not consider either areas of high-
value diversity for migratory, non-breeding
birds, which add nearly 400 species to the
avian fauna. The approach taken in this paper
should be applied to as many other taxa as
possible, in order to aid the formulation of the
National Strategic Plan for Biodiversity
Conservation. It is also useful for designing the
Natura 2000 European Network of Special
Conservation Areas, which pursues the pre-
servation of representative and threatened
habitats and species in the European Union
(IUCN, 1994; European Commission, 1996).

Biodiversity conservation must not depend
solely on natural protected areas.
Management of traditional agricultural systems
and forests are keystones for conservation
outside natural protected areas (Hawthorne,
1996; Neitlich & McCune, 1997; Martin &
Eadie, 1999; Loumou et al., 2000; Atauri & de
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Lucio, 2001). Maps of areas of high-value
diversity may be useful for ecological restora-
tion. It is possible to identify actions to be taken
in areas of high-value diversity to foster the
populations of the most endangered species.
Some examples are habitat reconstruction
(e.g. ponds), revegetation (e.g. riverine forests
or island forests), refuge sites and food supply
(e.g. rabbits for predators such as the lynx and
the Iberian imperial eagle) (St. Clair et al.,
1998; Brooker et al., 1999). These maps may
also be useful for environmental impact
assessment and mitigation (Ayensu et al.,
1999). We overlapped a map of areas of high-
value diversity and a map of natural protected
areas. Next, we will overlap our map of areas
of high-value diversity with the planned road,
high-speed train railway and resevoir maps.
Many recommendations will then arise. For
instance, five large reservoirs are planned to
be built in the Pyrenean Mountains, a zone of
areas of high-value diversity concentration and
important for migratory birds.

Margules & Pressey (2000) pointed to six sta-
ges in systematic conservation planning: 1)
compile biodiversity data, 2) identify conserva-
tion goals, 3) review existing conservation
areas, 4) select additional conservation areas,
5) implement conservation actions, and 6)
maintain the required values of conservation
areas. We took a first step for biodiversity con-
servation planning in the studied region, and
point out the following conclusions from our
study. Since the results are scale dependent,
we advise that biodiversity data should be
compiled with higher resolution, particularly for
the natural protected areas (stage 1). For the
goal of conservation of the largest pools of ver-
tebrate diversity that takes into account rarity
and vulnerability criteria (stage 2), our study
has highlighted a gap in the existing natural
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protected area network (stage 3) within areas
of high-value diversity. Their identification is
the starting point to undertake stage 4 and set
priorities related to stages 5 and 6 such as
ecosystem management and restoration and
environmental impact assessment and mitiga-
tion. The question is: will politicians finally pay
attention to take notice of ecological research?
(Brussard, 1991; Mooney, 1991). Time will tell.
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Appendix 2.A. List of national, natural and regional
parks that were considered in this study. Numbers
match Fig. 2.1. Source: Europarc-Espafia database.

National Parks (IUCN category Il): 1. Picos de Europa,
2. Ordesa y Monte Perdido, 3. Aigliestortes i Estany de
Sant Maurici, 4. Cabafieros, 5. Tablas de Daimiel, 6.
Archipiélago de Cabrera, 7. Dofiana, 8. Sierra Nevada.

Natural Parks (IUCN category V): 9. Fragas do Eume,
10. Complexo Dunar de Corrubedo e Lagoas de
Carregal e Vixan, 11. Islas Cies, 12. Monte Aloia, 13.
Baixia Limia-Serra do Xurés, 14. O Invernadeiro, 15.
Somiedo, 16. Redes, 17. Oyambre, 18. Dunas de
Liencres (Piélagos), 19. Saja-Besaya, 20. Macizo de
Pefia Cabarga, 21. Collados del As6n, 22. Urdabai
(Biosphere Reserve), 23. Area de Gorbeia, 24.Urkiola,
25. Aralar, 26. Valderejo, 27. Pagoeta, 28. Izki, 29.
Aiako Harria, 30. Sefiorio de Bértiz, 31. Urbasa y
Andia, 32. Bardenas Reales, 33. Sierra de Cebollera,
34. Moncayo, 35. La Sierra y Cafiones de Guara, 36.
Posets-Maladeta, 37. Cadi-Moixer6, 38. Zona
Volcanica de la Garrotxa, 39. Aiguamolls de
'Emporda, 40. Cap de Creus, 41. Montseny, 42. Sant
Llorenc del Munt i I'Obac, 43. Montserrat, 44. Delta de
I'Ebre, 45. Lago de Sanabria y alrededores, 47. Cafion
del Rio Lobos, 48. Hoces del Rio Duratén, 50.
Monfragtie, 51. Cornalvo, 52. Cumbre, Circo y
Lagunas de Pefialara, 56. Hayedo de Tejera Negra,
57. Lagunas de Ruidera, 58. Prat de Cabanes-
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Torreblanca, 59. Sierra Espadan, 60. La Albufera, 61.
Marjal de Pego-Oliva, 62. EI Montgd, 63. Penyal d'lfac,
64. Carrascal de la Font Roja, 65. El Hondo, 66.
Salinas de Santa Pola, 67. Sa Dragonera, 68.
S'Albufera de Mallorca, 69. Mondragé, 70. L'Albufera
des Grao, la illa d'en Colom i el cap de Favaritx, 71.
Sierra de Aracena y Picos de Aroche, 72. Sierra Norte
de Sevilla, 73. Sierra de Hornachuelos, 74. Sierra de
Cardefia y Montoro, 75. Sierra de Andujar, 76.
Despefiaperros, 77. Sierras de Cazorla, Segura y las
Villas, 78. Sierra de Castril, 79. Entorno de Dofiana,
80. Sierras Subbéticas, 81. Sierra de Huétor, 82.
Sierra Magina, 83. Sierra de Baza, 84. Sierra de
Maria-Los Vélez, 85. Bahia de Cadiz, 86. La Brefia y
Marismas del Barbate, 87. Sierra de Grazalema, 88.
Los Alcornocales, 89. Sierra de las Nieves, 90. Montes
de Malaga, 91. Sierras de Tejeda, Almijara y Alhama,
92. Sierra Nevada, 93. Cabo de Gata-Nijar.

Regional Parks (IUCN category V): 46. Picos de
Europa, 49. Sierra de Gredos, 53. Cuenca Alta del Rio
Manzanares, 54. Curso Medio del Rio Guadarrama y
su entorno, 55. Entorno de los ejes de los cursos bajos
de los Rios Manzanares y Jarama, 94. Sierra de La
Pila, 95. Sierra Espufia, 96. Carrascoy y El Valle, 97.
Cabo de Cope-Puntas de Calnegre, 98. Salinas y
Arenales de San Pedro, 99. Calblanque, Monte de Las
Cenizas y Pefia del Aguila.

Appendix 2.B. Species excluded from the high-value
diversity areas identified according to different criteria
and their vulnerability status according to the Red
Book of Spanish Vertebrates (Blanco & Gonzélez
1992). Abbreviations are the following: E = endange-
red, V = vulnerable, R = rare, U = undetermined, I-K =
insufficiently known, | = introduced, and N-T = non-
threatened.

According to species richness. Amphibians: Alytes
muletensis (E), Bufo viridis (R), and Hydromantes
ambrosii; reptiles: Podarcis lilfordi (V); breeding
birds: Amandava amandava (I), Bucanetes githagi-
neus (N-T), Estrilda melpoda (I), Falco eleonorae (R),
Numenius arquata (R), Pandion haliaetus (E),
Plegadis falcinellus (N-T), Psittacula krameri (1),
Puffinus mauretanicus (N-T), Rissa tridactyla (R),
Sylvia sarda (N-T), and Uria aalge (E); mammals:
Ammotragus lervia (I).

According to rarity. Amphibians: Alytes cisternasii (N-
T), and Peurodeles waltl (N-T); breeding birds:
Amandava amandava (I), Aythya fuligula (N-T), and
Corvus frugilegus (R).

According to vulnerability. Amphibians: Alytes cister-
nasii (N-T); reptiles: Algyroides marchi (R), Lacerta
monticola (N-T), and Lacerta schreiberi (N-T);
breeding birds: Acrocephalus schoenobaenus (N-T),
Aegolius funereus (R), Anthus pratensis (N-T), Anthus
spinoletta (N-T), Anthus trivialis (N-T), Aythya fuligula
(N-T), Bucanetes githagineus (N-T), Carduelis spinus
(N-T), Certhia familiaris (N-T), Circus cyaneus (I-K),
Corvus frugilegus (R), Crex crex (U), Cygnus olor (1),
Charadrius morinellus (R), Dendrocopos leucotos (E),
Dendrocopos medius (V), Dryocopus martius (R),
Emberiza citrinella (N-T), Estrilda melpoda (1),
Fidecula hypoleuca (N-T), Gallinago gallinago (I-K),
Gypaetus barbatus (E), Lagopus mutus (E), Lanius
collurio (N-T), Lanius minor (E), Locustella naevia (N-
T), Luscinia svecica (N-T), Montifringilla nivalis (N-T),
Myiopsitta monachus (I), Numenius arquata (R), Parus
palustris (N-T), Perdix perdix (V), Phalacrocorax carbo
(N-T), Phylloscopus sibilatrix (I-K), Phylloscopus tro-
chilus (N-T), Plegadis falcinellus (N-T), Prunella colla-
ris (N-T), Psittacula krameri (1), Pyrrhocorax graculus
(N-T), Rissa tridactyla (R), Saxicula rubetra (N-T),
Scolopax rusticola (I-K), Tetrao urogallus (V),
Tichodroma muraria (N-T), Turdus torquatus (N-T),
and Uria aalge (E); mammals: Ammotragus lervia (1),
Apodemus flavicollis (N-T), Arvicola terrestris (N-T),
Chionomys nivalis (N-T), Glis glis (N-T), Lepus castro-
viejo (R), Lepus europaeus (N-T), Marmota marmota
(), Martes martes (N-T), Micromys minutus (N-T),
Microtus gerbei (N-T), Mustela lutreola (E), Myocastor
coypus (N-T), Rupicapra pyrenaica (N-T), Sorex ara-
neus (N-T), Sorex coronatus (N-T), Sorex minutus (N-
T), Talpa europaea (N-T), and Ursus arctos (E).

According to the combined index of biodiversity.
Amphibians: Alytes cisternasii (N-T); reptiles:
Lacerta monticola (N-T), Lacerta schreiberi (N-T), and
Vipera seoanei (N-T); breeding birds: Aythya fuligula
(N-T), Corvus frugilegus (R), and Estrilda melpoda (I).

According to the standardised biodiversity index of all
taxa. Reptiles: Algyroides marchi (R); breeding birds:
Amandava amandava (I), Bucanetes githagineus (N-
T), Corvus frugileus (R), Estrilda melpoda (1), Rissa tri-
dactyla (R), and Uria aalge (E).
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El mejor bioindicador para un paisano de que algo malo pasa es que el cuco
no anuncie sus fiestas de mayo: "Si el pecu no canta, pal veinte de abril,
0 se ha muerto el pecu, o viene el fin"

Lamina de B. Lwerker que ilustra algunos mamiferos endémicos de Tasmania.
The Geographical Distribution of Animals. Alfred R. Wallace. 1876.






Capitulo 3

Identificacién de éareas relevantes de diversidad de herpetofauna que
estdn amenazadas por proyectos de infraestructuras planeados en Espafia

Este capitulo reproduce integramente el texto del siguiente manuscrito:

Jose M. Rey Benayas, Enrique de la Montafia, Josabel Belliure, Xavier R. Eekhout (2006). Identifying
areas of high herpetofauna diversity that are threatened by planned infrastructure projects in Spain.
Journal of Environmental Management 79, 279-289.

Resumen

Una importante tarea, relacionada con la conservacion, es predecir si los proyectos de infraes-
tructuras planeados pueden amenazar la biodiversidad. Es este estudio se evalla el potencial
impacto de las infraestructuras planeadas en Espafia sobre las especies de anfibios y reptiles,
dos grupos altamente vulnerables debido a su limitada capacidad de dispersién y a la actual
situacion de declive poblacional. Se utilizaron datos de distribucion de ambos grupos para iden-
tificar areas relevantes de diversidad de herpetofauna, y se compararon con la localizacion de
las autovias y autopistas, las lineas férreas de alta velocidad y los embalses planeados. Se usa-
ron cuatro criterios para identificar esas areas: riqueza de especies, rareza, vulnerabilidad, y un
indice que combina esos tres criterios. A partir de un total de 1441 celdas de 20 x 20 km, fue-
ron definidas las areas relevantes como aquellas celdas que ordenadas segun el valor de los
distintos criterios conseguian incluir todas las especies y todas las especies amenazadas. El
indice combinado necesita el menor nimero de celdas para incluir todas las especies amena-
zadas (1.7 y 2.6% de las celdas para anfibios y reptiles, respectivamente). La coincidencia
entre estas areas relevantes de diversidad y las celdas que incluyen infraestructuras
planeadas -denominadas "unidades de alerta para la planificacién”- fue del 35.4% para anfi-
bios y del 31.2% para reptiles. La mitigacion de los potenciales impactos deberia incluir accio-
nes como la construccion de barreras para el acceso de los animales a las carreteras y vias
férreas, y ecoductos bajo estas construcciones. Nuestro trabajo proporciona a las autoridades
encargadas de la conservacion informacion que puede ser empleada para tomar decisiones
que protejan los habitats. Una técnica que identifica amenazas en la herpetofauna antes de que
ocurran, probablemente también aumentara las posibilidades de que la herpetofauna sea pro-
tegida.

Palabras clave: Conservacion; Herpetofauna; indice combinado de biodiversidad; Impacto ambien-
tal potencial; Unidades de alerta para la planificacion
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Identifying areas of high herpetofauna diversity that are threatened
by planned infrastructure projects in Spain

José M. Rey-Benayas!, Enrique de la Montafia?, Josabel Belliure?, Xavier R. Eekhout?

1 Departamento de Ecologia, Universidad de Alcala. Alcala de Henares, 28871 Madrid, Spain.
2 Museo Nacional de Ciencias Naturales, CSIC, 28006 Madrid, Spain.

Abstract

A major task related to conservation is to predict if planned infrastructure projects are likely
to threaten biodiversity. In this study we investigated the potential impact of planned infra
structure in Spain on amphibian and reptile species, two highly vulnerable groups given
their limited dispersal and current situation of population decline. We used distribution
data of both groups to identify areas of high herpetofauna diversity, and compared the
location of these areas with the location of the planned road, high-speed train railway and
water reservoir network. Four criteria were used for this identification: species richness,
rarity, vulnerability, and a combined index of the three criteria. From a total of 1441 cells
of 20 x 20 km, areas of high diversity were defined as those cells whose ranked values for
the different criteria included either all species or all threatened species. The combined
index provided the smallest number of cells needed to retain all threatened species (1.7%
and 2.6% of the cells for amphibian and reptile species, respectively). Coincidences
between these high diversity areas and cells including planned infrastructures -denomina-
ted "alert planning units"- were 35.4% for amphibians and 31.2% for reptiles. Mitigation of
such a potential impact would include actions as barriers to animal access to roads and
railways and ecoducts under these constructions. Our approach provides conservation
authorities information that can be used to make decisions on habitat protection. A techni-
gue that identifies threats to herpetofauna before they occur is also likely to improve the
chance of herpetofauna being protected.

Keywords: Alert planning units; Combined index of biodiversity; Conservation;
Herpetofauna; Potential environmental impact
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Introduction

An intense debate within the scientific commu-
nity on biodiversity conservation strategies over
the last decade has been fed by increasing
rates of biodiversity loss (Heywood, 1995;
Costanza et al., 1997; Pimentel et al., 1997;
Ricketts, 1999; Terborgh, 1999; Tilman, 1999;
Bininda-Emonds et al., 2000; Cincotta et al.,
2000; Myers et al., 2000; Pimm & Raven, 2000;
Dietz & Adger, 2003; Mittermeier et al., 2003).
Identifying areas with outstanding biodiversity
features helps provide information that decision
makers can use, together with other informa-
tion such as cost, to determine priorities for
conservation (Pearlstine et al., 2002; Sarkar &
Margules, 2002; Williams et al., 2002; Matsuda
et al.,, 2003; Rey Benayas & de la Montafa,
2003; Rodrigues et al., 2004). These features
are most frequently pinpointed based on crite-
ria such as species richness, rarity (particularly
endemic taxa), taxonomic unigueness, threate-
ned species, representativeness, and indicator
taxa (Kirkpatrick, 1983; Usher, 1986; Williams
et al.,, 1991; Prendergast et al., 1993; Faith &
Walker, 1996; Castro et al., 1997; Reid, 1998;
Rey Benayas et al., 1999; Williams & Araujo,
2000; Virolainen et al., 2001; Garson et al.,
2002; Margules et al., 2002).

Establishing protected areas seems to be one
of the most useful tools for preserving large
pools of biodiversity, and constitutes the cor-
nerstone on which regional strategies are built
(Margules & Pressey, 2000; Gaston et al.,
2002; Williams et al., 2002). Many studies have
addressed the issue of identifying priority areas
for conservation for gap analysis purposes, i.e.
the detection of highly valuable areas that do
not include nature reserves. However, reserves
alone are not enough for nature conservation.
The speed of anthropogenic change is accele-
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rating and has dramatically increased the risk
of habitat loss and disturbance (Corbett, 1989;
Adams, 1999; Krzysciak, 2000; Kiesecker et
al., 2001; Faith & Walker, 2002). Therefore, an
important task is foreseeing potential threats to
particular species, groups of species, and
valuable sites for conservation such as planned
infrastructure. This issue has received little
attention in the scientific literature.

Our aims are, first, to determine if planned
infrastructure projects are likely to threaten her-
petofauna in Spain. Secondly, we asked which
species could be most affected by these infra
structures and which areas are needed to
maintain all amphibian and reptile species free
of infrastructure impacts. One of our specific
targets is to achieve set of areas that contain (i)
all species and (ii) all threatened species.
Finally, we make the point that areas of overlap
of high herpetological diversity and infrastructu-
re should be monitored by conservationists.
These identified "alert planning units" should be
considered candidate areas for actions to miti-
gate environmental impact. Planned infrastruc-
ture in Spain includes the construction of about
5000 km of highways, 2000 km of high-speed
train railways, and 100 water reservoirs. More
than 90% of the Spanish territory is not legally
protected and is thus susceptible to affectation
by such new infrastructure. A technique that
identifies threats to herpetofauna before they
occur is also likely to improve the chance of
herpetofauna being protected.

We used amphibians and reptiles as target
groups because they are two taxa that are
highly vulnerable due to their current population
declines and ecological requirements
(Blaustein et al., 1997; Lips, 1998; Pounds et
al., 1999; Houlahan et al., 2000; Kiesecker et
al., 2001; Green, 2003). Most of these species
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have small home ranges and are sedentary.
They are usually poor colonizers, and are often
reliant on a brief immature phase for dispersal.
With a few exceptions, these species exhibit
very limited long-distance movement capabili-
ties for dispersal over a large region. They the-
refore have little capacity to avoid even tempo-
rary threats or changes to their habitats
(Corbett, 1989; Adams, 1999; Krzysciak, 2000;
Kiesecker et al., 2001; Biek et al., 2002; Green,
2003). Amphibians and reptiles are threatened
by habitat loss, land use change, and in many
cases human antipathy (Corbett,1989;
Krzysciak, 2000; Semlitsch, 2000; Biek et al.,
2002). Reports of declining amphibian popula-
tions in many parts of the world are numerous,
particularly in the last few decades, and are attri-
butable to factors such as habitat destruction and
fragmentation, increased road density and traffic,
alien predators, contaminants, emerging infec-
tion diseases, and climatic change (Gardner,
2001; Stow et al., 2001; Collins & Storfer, 2003;
Kats & Ferrer, 2003). Some of the above mentio-
ned factors affect local populations, whereas
others may have more widespread impact
(Davenport, 1997; Richter et al., 1997; Adams,
1999; Kolozsvary & Swihart, 1999; Rouse et al.,
1999; Gibbons et al., 2000; Krzysciak, 2000;
Semlitsch, 2000; Cohen, 2001).

We used four criteria for identifying areas of
high herpetofauna diversity: species richness,
rarity, vulnerability, and a combined index of the
three criteria. Next, we evaluated the efficiency
of the various criteria used to identify these
areas. Finally, we compared the location of
these areas with the location of the infrastructu-
re projects, and identified the coincidences as
alert planning units. Our intention is to provide
useful information for herpetofauna conserva-
tion. "Alert maps" may be useful to decision-
makers because they point where in the

country large pools of amphibian and reptile
diversity are particularly under threat and pro-
per actions can be taken. Our analyses are
illustrative, not exhaustive. A similar approach
can be used either for different species groups,
criteria, or threats to biodiversity.

Materials and Methods
The study area

Spain is one of the richest countries in the
European Union with respect to amphibian and
reptile diversity, with 28 and 58 species, res-
pectively. The study area includes the Spanish
fraction of the Iberian Peninsula and the
Balearic Islands (Fig. 3.1). It embraces a
variety of biomes, relief, climates, and soil
types despite a relatively small area (585644
km2 in total). Two major climatic zones,
Mediterranean and Atlantic, are present (Font
Tullot, 1983). The Mediterranean climate, with
its seasonality, warm, dry summers and cool,
wet winters, is characteristic of most of Iberia
and the Balearic Islands. The Atlantic climate
is wetter, cooler and less seasonal and is
found in a band ca. 100 km wide along the
western and northern coast and also influen-
ces the Pyrenean Mountains in the northeast.
The driest and warmest areas in the south of
the country served as refuges during
Pleistocene glaciations. In contrast, the nor-
thern transition zone between the two climates
is substantially younger, having emerged only
after glacial retreat. Within regions, the relative
extent of different vegetation types, natural
landscapes, and diversity patterns depend not
only on the environmental status and variation,
but also on human impacts. Thus, land
management -particularly agriculture- can
affect diversity (Leiva et al., 1997).
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Planning units and data sources

Our analyses used cells of 20 x 20 km, defined
by UTM coordinates, as planning units. We
examined the presence and absence of amphi-
bian and reptile species in 1441 cells. We built
the cell-by-species matrices using the species
distribution maps from Pleguezuelos (1997).
We considered 28 amphibian species and 48
non-marine reptile species (Appendix 3.A).

Criteria for identifying priority areas of high
herpetofauna diversity

We used four criteria to identify areas of high
herpetofauna diversity: species richness,
rarity, vulnerability, and a combined index of
the three criteria. There are many forms of
rarity, responding to different combinations of

geographical range, local abundance, habitat
specificity, and habitat occupancy (Rabinowitz,
1981; Rey Benayas et al., 1999). In this study,
rarity of a species i was defined by its geogra-
phical range measured as the inverse of the
number of cells where it was present (1/n;).
Currently, there are not established criteria in
Spain classifying species into rarity categories
according to their geographical ranges
(Perring & Farrel, 1983, Cameron, 1998). For
a cell r, the rarity index was Ziszl(l/n,i)/s,,
where s, was the number of species found in
the cell.

Species vulnerability was quantified using the
categories of the Red Book of Spanish
Vertebrates (Blanco & Gonzalez, 1992,
Appendix 3.A). The species categories that
were considered are the following: endange-

Figure 3.1. Map of continental Spain and the Balearic Islands. It illustrates the planned infrastructure network considered
in this study. Symbols: solid lines are highways, dashed lines are high-speed railways, and gray squares are reservoirs.
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red, vulnerable, rare, undetermined, insuffi-
ciently known, introduced, and non-threate-
ned. These categories were previously defined
by the International Union for Conservation of
Nature (IUCN 1988). Complete definitions can
be found in Appendix 3.A. These categories
are now under revision. Vulnerability is actually
a surrogate concept of rarity plus rates of habi-
tat loss and other threats. We assigned every
category a score related to its degree of vulne-
rability, ranging from 5 for endangered species
to 1 for non-threatened and introduced spe-
cies. Intermediate categories were assigned 4
(vulnerable and undetermined), 3 (rare) and 2
(insufficiently known). We acknowledge the
subjectivity of these scores; they represent a
rank and thus a relative value. For a cell, the
vulnerability index was Ziszlvri/s,, where V;
was the vulnerability score of the species i pre-
sent in the cell. Finally, we used a combined
index of species richness, rarity, and vulnerabi-
lity defined by Rey Benayas & de la Montafia
(2003): X ,(1/n;)V,;. In this index, species
richness is implicit in 2.y

Next, all diversity indices for both taxa were ran-
ked. To quantitatively define areas of high herpe-
tofauna diversity, we considered the pool of cells
within the upper ranked values for the various
criteria that included either all species or all thre-
atened species. For our purposes, "threatened
species” were considered those belonging to the
endangered, vulnerable, rare, and undetermined
categories of IUCN (1988).

The planned infrastructure network

We obtained information on the locations of newly
planned highways and roads, high-speed train rail-
ways, and water reservoirs (Fig. 3.1) till year 2007
from official public documents available on-line at
http:/AMmww.mfom.es/home/Infraes/intro.html.

Data analysis

We examined the relationships between the
four criteria across taxa by means of correla-
tion analysis using Bonferroni corrections for
multiple comparisons. To evaluate the effecti-
veness of the various criteria used to identify
areas of high diversity, we looked at the num-
ber of ranked cells that included all species
and all threatened species. The congruence
between areas of high diversity for both taxa
was analyzed by means of 2. Then, we exa-
mined the coincidence between the location of
these areas and the location of the planned
infrastructure. Those cells that were categori-
zed as areas of high diversity and that included
planned infrastructure were considered alert
planning units. Next, we ascertained which
species were present only in alert planning
units and how many of the cells occupied by
threatened species within the areas of high
diversity were alert planning units. Finally,
when necessary, we calculated the number of
additional cells without planned infrastructures
that should be added to the selected areas of
high diversity to ensure the representativeness
goal (retention of all species).

Results

Evaluation and distribution of areas of high
herpetofauna diversity

The performance of the four indices based on
the average number of cells needed to retain
all species for both taxa were ranked: rarity (75
cells) < vulnerability (122) < combined index
(159.5 cells) < species richness (626.5) (Table
3.1). However, the number of cells based on
the combined index drops to 49 if the endemic
Alytes dickhilleni is removed from the analysis.
The performance of the indices based on the
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average number of cells needed to retain all
threatened species for both taxa were ranked:
combined index (30.5 cells) < rarity (46.5) < vul-
nerability (57.5) < species richness (626.5)
(Table 3.1). All cells where the five threatened
amphibian species were present were encom-
passed by the combined index. Similarly, all cells
where the thirteen threatened reptile species
appeared were retained by this index, with the
exception of 82 out of 109, 5 out of 46, and 7 out
of 58 cells for Emys orbicularis, Coluber viridifla-
vus, and Elaphe longissima, respectively. Thus,
the combined index performed better than the
other criteria because fewer cells were needed
to retain threatened herpetofauna diversity.

Distribution of areas of high diversity for amphi-
bians and reptiles as defined by the combined
index is shown in Fig. 3.2. These areas for
amphibians are mainly aggregated in the Atlantic
climatic region of Iberia and in the Balearic
Islands (Fig. 3.2a). The distribution of areas of
high reptile diversity indicates an aggregation in
the Balearic Islands, Pyrenean Mountains, and
the southern coast (Fig. 3.2b). The interior sec-
tion of the Iberian Peninsula is less favored for
both taxonomic groups.

Congruence of areas of high amphibian
and reptile diversity

The correlation coefficients between each
criterion used to identify areas of high diver-
sity between the two taxa were 0.73, 0.13,
0.35, and 0.05 for richness, rarity, vulnerabi-
lity and the combined index, respectively
(n=1441, P<0.0001 in all cases except for
the combined index which was not signifi-
cant at P=0.05 after correcting for multiple
comparisons). To what extent do areas of
high diversity for both taxa overlap? Using
the results shown in Table 3.1 and Fig. 3.2,
congruence between these areas for amphi-
bians and reptiles averaged 43.3% for all
criteria. The vulnerability criterion produced
the highest dispersion of areas of high
diversity for both taxa (18.9% congruence,
¥2=15.86, P=0.0012), whereas richness
produced the highest aggregation (87.9%
congruence, y%2=356.6, P<0.0001). Rarity
(32.7%, %2=64.0, P<0.0001) and the combi-
ned index of biodiversity (33.8%, y2=54.14,
P<0.0001) produced an intermediate level
of congruence.

Table 3.1. Number (and proportion in parenthesis) of cells that are needed to retain all species and threatened species

of amphibians and reptiles according to four criteria.

'sApltle grer;phibian ;:1?; Itg ir;end ,SAIOI(Ia Crie;p;tile :(':;)rt?fetened
species Speciles
Richness 850 (59.0%) 850 (59.0%) 505 (35.0%) 505 (35.0%)
Rarity 95 (6.6%) 38 (2.63%) 55 (3.8%) 48 (3.3%)
Vulnerability 115 (8.0%) 47 (3.3%) 128 (8.9%) 67 (4.6%)
Combined index 130 (9.02%) 24 (1.7%) 189 (13.1%) 37 (2.6%)
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ZONE 29T 6 W ZONE 30T 0 ZONE 31T
a)

ZONE 29S8 ZONE 30S ZONE 318

ZONE 29T 6 W ZONE 30T 0 ZONE 31T
b)

ZONE 29S8 ZONE 30S ZONE 318

Figure 3.2. Maps of areas of high diversity identified according to the combined index of biodiversity for a) amphibians (top)
and b) reptiles (bottom). Symbols are the following: solid circles retain all species and gray circles retain all threatened species.
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Coincidence between areas of high herpetofauna
diversity and planned infrastructure

Coincidences between areas of high diversity
and cells including planned infrastructure were
low and not statistically associated. Forty six
(35.4%) and 59 (31.2%) cells identified as areas
of high diversity according to the combined
index for amphibians and reptiles, respectively,
were affected by planned infrastructures (deno-
minated alert planning units in Fig. 3.3). Only
one amphibian species (the non-native toad
Bufo mauritanicus) and one reptile species (the
non-native turtle Pseudemys picta) were exclu-
sive to alert planning units. Since these non-
native, introduced species appeared in only one
cell, we did not need to examine which cells free
of planned infrastructure should be added to the
areas of high diversity list to retain the species

ZONE 29T 6W

ZONE 30T 0

lost in the alert sites. However, five threatened
amphibian species lost a substantial presence
in this list if alert planning units were eliminated:
Chioglossa lusitanica (from 47 to 25 cells),
Triturus alpestris (41 to 24), Bufo viridis (21 to
17), Rana dalmatina (12 to 7), and Alytes mule-
tensis (2 to 1). Planned infrastructure did not
affect any cell where five threatened reptile spe-
cies were present (Lacerta agilis, L. araica, L.
aureolioi, Podarcis lilfordi, and P. pityusensis),
while the remaining threatened reptile species
were affected by the infrastructure, with the
following loss of cells where they were present:
Coluber viridiflavus (from 41 to 32 cells), Elaphe
longissima (51 to 33), Testudo hermanni (34 to
21), Emys orbicularis (27 to 17), Chamaleo cha-
maleon (30 to 21), T. graeca (21 to 12),
Algyroides marchi (11 to 7), and Lacerta bonna-
li (7 to 5).

ZONE 31T

ZONE 29S

ZONE 30S

ZONE 318

Figure 3.3. Map of alert planning units (i.e., coincidences between areas of high diversity identified according to the
combined index of biodiversity and planned infrastructure). Symbols: empty circles are alert planning units for amphi-
bian species and gray squares are alert planning units for reptile species.
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Discussion

Distribution of areas of high herpetofauna
diversity

The number of species in any region is likely to
depend on its location (Davidowitz &
Rosenzweig, 1998). In the European context,
a clear pattern of species numbers and ratios
of amphibians to reptiles emerges from north
to south. The northward territories have fewer
species, with a higher proportion of amphi-
bians, and this holds true even for islands
(Corbett, 1989). Diversity of amphibians and
reptiles in our study area supports this pattern.

Three groups of ecological and evolutionary
factors important for the distribution of areas of
high amphibian and reptile diversity are bioge-
ography, the effects of mountain refuges, and
the ecological requirements of the species.
Biogeographic effects in the Iberian Peninsula
include: 1) climate differences in the northern
fringe as compared to the rest of the
Peninsula, particularly the transition between
the Atlantic and Mediterranean climates, and
2) the insular effect in the Balearic Islands.
Increased regional species diversity in transi-
tion zones is consistent with the analyses for
plant species of Rey Benayas & Scheiner
(2002). The Iberian Peninsula includes a high
proportion of amphibian (25%) and reptile
(20%) endemics. Many species that are cha-
racteristic of the Atlantic climate are only pre-
sent at the northern part of Iberia, and its origin
is presumably the refuge effect of Iberia for the
European fauna during the Quaternary
(Vargas & Real, 1997). By contrast, the Strait
of Gibraltar notably exerted a barrier effect
(Busak, 1986). As a consequence, the Iberian
herpetofauna has higher similarity with north-
western Europe than with Northern Africa

(Oosterbroek & Arntzen, 1992). The peaks in
species richness of amphibian and reptile spe-
cies found in the central-western mountain
ranges and other areas such as the
Cantabrian and Pyrenean mountains may also
be due to refuge in a land with over a millen-
nium of varied agricultural, silvicultural, and
pastoral practices. This explanation was favo-
red by Castro et al. (1997) for the distribution
of terrestrial vascular plants in the same study
area. Island biogeographic effects are also evi-
dent in our maps. Most of the territory of the
Balearic Islands shows areas of high diversity.
The explanations for these patterns may lie in
the differences in dispersion capabilities and
speciation and extinction rates of the taxa
(Blondel & Aronson, 1999).

Apart from biogeographic and refugia effects,
differences in the ecological requirements of
the taxa also contribute to the patterns of the
distribution of areas of high diversity (Meliadou
& Troumbis, 1997, James & Shine, 2000). A
large proportion of these areas for amphibian
species are concentrated in northern Spain as
higher precipitation and lower evaporation
rates increase moisture in air and soil as well
as flooded habitats suitable for reproduction.
Conversely, there is an aggregation of areas of
high reptile diversity in the dry southern part of
the Iberian Peninsula. The difference in ecolo-
gical requirements for both taxonomic groups
leads to a moderate to low congruence betwe-
en their respective areas of high diversity.

Anthropogenic factors influencing the patterns
of species diversity should be considered as
well. A study on biogeographical regions of the
Iberian Peninsula, based on the distribution of
freshwater fish and amphibians, assessed the
influence of humans based upon data of native
and well-established introduced species
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(Vargas et al., 1998). The effect of species
introductions by humans is clearer in islands.
The presence of 13 amphibian and reptile spe-
cies non-endemic to the Balearic Islands is the
result of anthropogenic introductions during
the nearly 8000 years of sea traffic between
the islands and the continent (Mayol, 1997).

Efficiency of the criteria used to define areas of
high diversity

Our results show differences in the effective-
ness of the different criteria used to define
areas of high diversity. Rarity and the combi-
ned index showed the highest efficiency since
fewer cells were needed to retain all species or
all threatened species. The combined index of
Rey Benayas & de la Montafia (2003) has the
additional value of simultaneously taking into
account species richness, geographical rarity,
and vulnerability and allowed the retention of
most of the cells where the threatened species
were present. Richness showed the lowest
efficiency as many cells were needed to retain
significant pools of diversity. This fact is impor-
tant, as species richness constitutes one of the
most utilized criterions in conservation deci-
sions (Caldecott et al, 1996; Rossi & Kuitunen,
1996; Médail & Quézel, 1997; Reyers et al.,
2000; Pearlstine et al., 2002; Rodrigues et al.,
2004). The greater efficiency of the rarity crite-
rion, as compared to the richness criterion, is
supported by other studies (Williams et al.,
1996; Margules et al., 1988; Haeupler & Vogel,
1999).

Areas of high diversity and planned infrastructure
Areas harboring high levels of species diversity
and that are also under severe threat are
usually defined in the literature as hotspots

(Myers, 1988, 1990; Prendergarst & Eversham,

54

1995; Beissinger et al., 1996; Harcourt, 2000;
Myers et al., 2000). We used diversity of two
ecologically contrasting taxa that are highly
vulnerable and that have historically been
under-considered in conservation plans.
Indeed, effective conservation measures
remain inadequate as compared to other ver-
tebrates and very few action plans for conser-
vation of endangered species are currently
being implemented in Spain (Marquez, 2004).
The moderate to low congruence of areas of
high diversity of both taxa makes decisions on
conservation strategies more difficult.

The coincidences between areas of high diver-
sity and the newly planned infrastructure are
highest for road construction due to the higher
spatial extent of this as compared to other
types of infrastructure considered in our study.
Road construction is a serious threat to biodi-
versity due to a variety of effects such as res-
tricted movement between populations, incre-
ased mortality (particularly as the ecological
requirements of ectotherms make roads an
optimal site for basking), habitat fragmentation,
greater edge effects, increased human access
to wildlife habitats, and increased accessibility
for exotic predators (May & Norton, 1996;
Findlay & Bourdages, 2000). Populations of
susceptible species are expected to decline
gradually after road construction, with local
extinction occurring sometime later. Thus, the
full effects of road construction on these taxa
may be undetectable for decades. Direct mor-
tality (road kills) has been documented for both
groups, representing 23 and 89% of the total
vertebrate individuals killed in the study area to
date (Barbadillo & Garcia-Paris, 1991).

Other factors complicate assessment of the
environmental impacts of roads, such as their
distance to target populations. The density of
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paved roads on lands up to 2 km away from
the habitat occupied by different species has
been shown to influence species richness
(Findlay & Houlahan, 1997). This suggests
that most existing policies, which focus almost
exclusively on actions within the habitat itself
and/or a narrow buffer zone around the peri-
meter, are unlikely to provide adequate protec-
tion for biodiversity.

The lower level of coincidence of high-speed
train railways with areas of high diversity res-
ponds to the reduced area potentially affected
by this type of infrastructure in the study
region. Their negative effects, however, can be
very important in terms of fragmentation, and
with the exception of the risk of mortality due to
road-kill, largely coincide with those related to
road construction.

The potential effects of newly planned reser-
voirs on the species have received little study.
Water availability in the habitat is one of the
most important factors affecting the temporal
distribution of reproductive activities in amphi-
bian species. However, reservoirs often imply
canalization of small waterways and the loss of
water levels in related water complexes that
negatively affect their use by amphibians.
Moreover, the walls of reservoirs and canals
are often too steep and high to allow indivi-
duals access as an alternative habitat for
reproduction (Barbadillo et al.,, 1997). The
importance of lakeshore development on
amphibian abundance has been studied by
Woodford & Meyer (2003). Usually, far from
being an advantage, these constructions
represent a risk for species conservation.

There were several limitations of our study that
should be considered in evaluating our results.
We evaluated diversity from distribution maps

that may have false absences. Given the avai-
lable data, the definitions of areas of high
diversity are to some extent arbitrary, and our
results are obviously scale dependent. Some
authors such as Pressey & Nicholls (1989)
have criticized scoring approaches, but the
results that we obtained are actually promi-
sing. Our approach would have benefited from
adding other groups of species, additional
human threats such as land-use or land-cover
change, as well as land ownership and value
to the geographical analysis of biodiversity and
planned infrastructure (Dobson et al., 2001;
Scott et al., 2001). It can also be argued there
was a mismatch of scales and a "knowledge-
action gap" (Pfeffer & Sutton, 1999), since we
analyzed diversity at the grain of 20 x 20 km
and most environmental impact assessment
(EIA) and mitigation decisions address areas
within 100’s of meters of a proposed develop-
ment. Smaller cells will increase efficiency
(Pressey & Logan, 1998), and might also redu-
ce the number of alert planning units. This
study has addressed biodiversity retention
(sensu Cowling, 1999). The inclusion of some
measure of biodiversity persistence (Aradjo &
Williams, 2000), or designing the network of
areas of high diversity to incorporate environ-
mental processes (e.g. Cowling et al.,
2003a,b) would also considerably improve this
assessment.

However, we believe that the common applica-
tion of EIA at the project level fails to ensure
adequate consideration of potentially serious
trans-boundary, widespread, indirect, cumula-
tive, and synergistic ecological effects
(Treweek et al., 1998). Maps of areas of high
diversity have been suggested as useful tools
for environmental impact assessment and miti-
gation (Ayensu et al., 1999). Clearly, some
form of strategic ecological assessment is
required to ensure that the development of
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new infrastructure is compatible with the con-
servation of habitats and species. Our study
highlights areas where planned infrastructures
are likely to impact herpetofauna. Mitigation of
such a potential impact would include actions
such as barriers to animal access to roads and
railways and ecoducts under these construc-
tions (Joly et al., 2003; Kats & Ferrer, 2003;
Rosell, 2003; Semlitsch & Bodie, 2003; Willson
& Dorcas, 2003). Collaboration with stakehol-
ders, especially those organizations proposing
and undertaking these new infrastructures,
and the development of an implementation
strategy would greatly facilitate conservation
interventions in alert planning units (Driver et
al., 2003).

Conclusions

We produced a map that combines the loca-
tion of areas of high herpetofauna diversity and
the location of the planned increases in public
infrastructure in Spain. Portions of the territory
as small as 1.7 and 6.6% of the total area were
found to include all threatened species and all
species, respectively, with the additional value
that these areas retain most of the cells occu-
pied by the threatened species. The map high-
lighted a number of alert planning units that
can be used in subsequent analysis by deci-
sion makers. We were able to identify which
species will likely be the most affected by this
infrastructure. Fortunately, we found that there
is no need to identify additional sites free of
planned infrastructure that would retain some
lost species. This approach can be used to
favor the conservation of other taxonomic
groups anywhere in the world.
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Identifying areas of herpetofauna that are threatened by infrastructures

Appendix 3.A. List of species used in the identifica-
tion of areas of high diversity. The original raw data
were extracted from Pleguezuelos (1997). The
number in parenthesis refers to the number of 20 x
20 km cells where the species was present. The vul-
nerability status according to the Red Book of
Spanish Vertebrates (Blanco & Gonzéalez 1992) is
indicated. Categories are defined as follows.
Endangered: species in danger of extinction and
unlikely to survive if causal factors persist;
Vulnerable: species that would soon belong to the
endangered category if causal factors persist; Rare:
species with small populations at risk mostly becau-
se they extend on small geographical ranges or
habitats or because their populations are sparse;
Undetermined: species that do belong to the endan-
gered, vulnerable or rare categories, but the current
knowledge does not allow a certain assignment;
Insufficiently known: species that are suspected to
belong to the former categories, but there is no cer-
tainty about that; Non-threatened: species with no
evident threats. Abbreviations: E = endangered, V =
vulnerable, R = rare, U = undetermined, I-K = insuf-
ficiently known, I = introduced, and N-T = non-thre-
atened.

Amphibians

Alytes cisternasii (139) (N-T), Alytes dickhilleni (43),
Alytes muletensis (2) (E), Alytes obstetricans (409)
(N-T), Bufo bufo (786) (N-T), Bufo calamita (617)
(N-T), Bufo mauritanicus (1), Bufo viridis (21) (R),
Chioglossa lusitanica (48) (R), Discoglossus galga-
noi (331) (N-T), Discoglossus pictus (11) (I),
Euproctus asper (69) (N-T), Hyla arborea (216) (N-
T), Hyla meridionalis (150) (N-T), Pelobates cultri-
pes (430) (N-T), Pelodytes punctatus (303) (N-T),
Pleurodeles waltl (270) (N-T), Rana catesbeiana
(1), Rana dalmatina (12) (V), Rana iberica (142) (N-
T), Rana perezi (881) (N-T), Rana pyrenaica (5),
Rana temporaria (161) (N-T), Salamandra salaman-
dra (376) (N-T), Triturus alpestris (41) (R), Triturus
boscai (237) (N-T), Triturus helveticus (172) (N-T),
and Triturus marmoratus (364) (N-T).

Note: A. dickhilleni and R. pyrenaica have recently
been catalogued; B. mauritanicus and R. cartes-
beiana are introduced species and are not included
in the Red Book.

Reptiles

Acanthodactylus erythrurus (187) (N-T), Algyroides
marchi (11) (R), Anguis fragilis (301) (N-T), Anolis
carolinensis (1), Blanus cinereus (238) (N-T),
Coluber hippocrepis (305) (N-T), Coluber viridifla-
vus (46) (R), Coronella austriaca (222) (N-T),
Coronella girondica (495) (N-T), Chalcides bedria-
gai (199) (N-T), Chalcides striatus (402) (N-T),
Chamaeleo chamaeleon (30) (E), Elaphe longissi-
ma (58) (R), Elaphe scalaris (664) (N-T), Emys orbi-
cularis (109) (V), Hemidactylus turcicus (152) (N-T),
Lacerta agilis (4) (V), Lacerta araica (2) (E), Lacerta
aurelioi (3) (E), Lacerta bonnali (7) (U), Lacerta lepi-
da (904) (N-T), Lacerta monticola (55) (N-T),
Lacerta perspicillata (5) (1), Lacerta schreiberi (177)
(N-T), Lacerta viridis (129) (N-T), Lacerta vivipara
(77) (N-T), Macroprotodon cucullatus (172) (N-T),
Malpolon monspessulanus (752) (N-T), Mauremys
leprosa (257) (N-T), Natrix maura (841) (N-T),
Natrix natrix (462) (N-T), Podarcis bocagei (128) (N-
T), Podarcis hispanica (752) (N-T), Podarcis lilfordi
(12) (V), Podarcis muralis (192) (N-T), Podarcis pit-
yusensis (12) (R), Podarcis sicula (8) (I),
Psammodromus algirus (771) (N-T),
Psammodromus  hispanicus  (389) (N-T),
Pseudemys picta (1), Tarentola mauritanica (389)
(N-T), Testudo graeca (21) (E), Testudo hermanni
(34) (V), Trachemys scripta (46), Trionyx spiniferus
(5), Vipera aspis (129) (N-T), Vipera latastei (263)
(N-T), and Vipera seoanei (136) (N-T).

Note: A. carolinensis, P. picta, T. scripta and T. spi-

niferus are introduced species that are not included
in the Red Book.
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“...Con la variedad se adorna la Naturaleza”
Vicente Espinel

P - 4
_Plantae [ _ Profista Animalia
% T T M, Spongiae o | o
{ . twrmophwta_|f e STOREREC
[ Peridophr | |/ i Pelro. [ spmgiar
il e (spumgiac, .
i gt Sihonad | L
e T /1 Peblanida |
o (rmaonda
- Fottrorandy
7 hirvaicta)
) \»'!‘ [
¢ Beyopliyts .| [ (Rhizgpuda™, X
(e Y P [ P
Jeve Y] Thatt) | § {Smeacead| | Fadiderie ke
? i el Atinaphryide ) \Neeugin

Lominmaca Acytiara
Ferdna. i

[ YA Finn

{Coedenta] | JiRan
i Tata 1 y
Fovtocansphaef | |

Ritrace -y
Eeplharn
15

Bl

Archeghglum vegetohile

1,00 pmon g {48 8thume))
L Fdi: px vy q (FStimme;
], Feld: 1 tq {f Stemm) | Radix
steller 3maglichs Fitle dor communis e
; 5 oo, vond geseichient vare
edversabin Genralagui dar Ny ga i Ervust Hueckl Jona, 1965,

§ Ty d

Arbol de la Vida de Haeckel (1866). Primera descripcion
de las relaciones evolutivas entre los organismos vivos.

Monophyletischer
mmbanra der Organismen

h Maneres 35t
antagom’
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Planificacidn sistemética parala conservacion de la diversidad de vertebrados.
Un caso de estudio en unaregion europea mediterranea.

Este capitulo reproduce integramente el texto del siguiente manuscrito:

Enrique de la Montafia, José M. Rey Benayas, Irene Razola, Ana Vasques. En revision. Systematic
conservation planning of vertebrate diversity. A case study in a Mediterranean European region. Enviado a
Conservation Biology.

Resumen

La preservacion de la biodiversidad necesita aproximaciones sistematicas para la planificacion de la
conservacion. Las redes de areas protegidas son herramientas importantes para alcanzar los objeti-
vos de conservacion. Para mejorar la efectividad de las areas protegidas, la seleccién de areas prio-
ritarias deberia incluir consideraciones de tres componentes fundamentales: elementos especiales de
conservacion, especies clave y representacion. Presentamos una aproximacion con tres enfoques
relativos a estos tres componentes para la planificacion de la conservacion de vertebrados en Castilla-
La Mancha, Espafia. Como elementos especiales de conservacion, identificamos Areas Prioritarias
para la Conservacion de especies utilizando cuatro criterios: riqueza de especies, rareza geografica,
vulnerabilidad de especies y un indice combinado de esos tres criterios. La Red Natura 2000 se usd
para incluir en nuestra aproximacién areas para las especies clave. Evaluamos la representacion en
la Red Natura 2000 de todos los tipos de uso del suelo y realizamos un analisis de huecos con las
Areas Prioritarias para la Conservacion. Finalmente, combinamos esas Areas Prioritarias para la
Conservacion, las areas de conservacion existentes y areas de conectividad, mediante un analisis de
coste-distancia, para definir la configuracion espacial para la conservacion de los vertebrados. El indi-
ce Combinado de Biodiversidad fue el criterio analizado méas eficiente para identificar las Areas
Prioritarias para la Conservacion. La Red Natura 2000 mostré un alto porcentaje de coincidencia con
las Areas Prioritarias para la Conservacion, mientras que la Red de Espacios Naturales Protegidos
mostré una baja coincidencia. Aungue la Red Natura 2000 incrementé la superficie protegida en la
region, seis habitat agricolas no fueron representados adecuadamente. Encontramos una correlacion
positiva moderada entre la vulnerabilidad de aves y los tres principales agroecosistemas subrepresen-
tados. Segun nuestra aproximacion de multiples componentes, aproximadamente el 29% del area de
estudio fue necesaria para capturar dos importantes elementos de la biodiversidad: el 100% de las
especies de vertebrados y todos los tipos de paisaje. Nuestros resultados muestran que las redes de
areas de conservacion existentes son insuficientes para representar con garantias de conservacion la
biodiversidad de la regién de estudio. Para el fortalecimiento de la conservacion de la biodiversidad
son importantes areas adicionales con relevantes caracteristicas de diversidad, areas de conectividad
y el establecimiento de objetivos de conservacion fuera de las areas protegidas.

Palabras clave: Agroecosistemas; Andlisis del camino de menor coste; Andlisis de huecos;
Conectividad; indice combinado de biodiversidad; Rareza; Red Natura 2000; Representacion de habitats
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Systematic conservation planning of vertebrate diversity.
A case study in a Mediterranean European region

Enrique de la Montafa, José M. Rey-Benayas, Irene Razola, Ana Vasques

Departamento de Ecologia, Universidad de Alcala. Alcala de Henares, 28871 Madrid, Spain.

Abstract

Preserving biodiversity needs systematic approaches to conservation planning. Protected
area networks are an important tool to achieve conservation goals. To improve effectiveness
of protected areas, selection of priority areas should include consideration of three main com-
ponents: special conservation elements, focal species and representation. We present a
three-track approach relative to these three components for vertebrate conservation planning
in Castilla-La Mancha, Spain. As special conservation elements, we identified Priority Areas
for Conservation of species using four criteria: species richness, geographic rarity, species
vulnerability and a combined index of these three criteria. The Natura 2000 Network was used
to include in our approach conservation areas for focal species. We evaluated the represen-
tation of every land-use type in the Natura 2000 Network and we performed a gap analysis
with Priority Areas for Conservation. Finally, we combined these Priority Areas for
Conservation, existing conservation areas and connectivity areas, by conducting a cost-
distance analysis, to delineate the spatial configuration for vertebrate conservation. The
Combined Index of biodiversity was the most efficient criterion analyzed to identify Priority
Areas for Conservation. The Natura 2000 Network showed a high percentage of coincidence
with identified Priority Areas for Conservation, whereas the Natural Protected Areas Network
had a low percentage coincidence. Although the Natura 2000 Network increased the protec-
ted area in the region, six agricultural habitats were inadequately represented. We found
moderate positive correlations between vulnerability of birds and the three main under-
represented agroecosystems. According to our multi-track approach, ~29% of study area was
required to capture two important elements of biodiversity: 100% of vertebrate species and all
landscape types. Our results show that existing conservation area networks are insufficient to
represent with guarantees of conservation the biodiversity of the study region. Additional
areas with outstanding features of diversity, connectivity areas and establishment of targets
for off-reserve conservation are of fundamental importance for strengthening biodiversity con-
servation.

Keywords: Agroecosystems; Connectivity; Combined Index of biodiversity; Gap analysis;
Least-cost path analysis; Natura 2000 Network; Rarity; Habitat representation
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Introduction

Systematic approaches to conservation plan-
ning have been developed over the last 20
years in order to achieve clearly stated conser-
vation goals (Margules & Pressey 2000;
Cowling & Pressey 2003). There is little doubt
that establishing protected areas is an impor-
tant tool for conservation (Soulé 1991), and
constitutes the cornerstone on which local,
regional and global strategies are built.
However, the effectiveness of protected areas
in representing biodiversity has been fre-
quently questioned (Scott et al. 2001,
Andelman & Willig 2003; Gaston et al. 2006),
and it is accepted that existing conservation
areas usually provide inadequate coverage to
biodiversity (Rodrigues et al. 2004). The major
cause is that economic and development inte-
rests are often opposed to conservation goals,
but also because of the array of different rea-
sons that motivate the establishment of protec-
ted areas. Thus, selection of critical areas for
biodiversity conservation needs to set prior tar-
gets and precise prescriptions (Soulé &
Sanjayan 1998; Myers et al. 2000; Pimm et al.
2001; Underwood et al. 2008). For conserva-
tion planning to be relevant, systematic
approaches that integrate consideration of
special conservation elements, focal species
and representation are suggested (Noss et al.
1999).

However, to date, very few applications inte-
grate multiple components into regional con-
servation plans (Hoctor et al. 2000; Noss et al.
2002; Cowling et al. 2003; Beazley et al.
2005). The European Union Natura 2000
Network (Directive 92/43/EEC) promotes the
maintenance of biodiversity by means of pro-
tecting the distribution areas of focal species of
wild fauna and flora (the so called "species of
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Community interest") and of the ecosystems
that are their habitat. It also provides protection
to natural habitats per se of Community inte-
rest because they (1) are in danger of disappe-
arance; (2) have a small natural distribution
area; and/or (3) present outstanding examples
of typical characteristics of European biogeo-
graphical regions. However, in many parts of
Europe, besides "natural habitats", there are
agricultural landscapes that are over several
centuries old (Williamson 1986; Groppali
1993). Many species that occur in these agri-
cultural landscapes are not well protected
(Seoane et al. 2006). Accordingly, effective
conservation planning should take into consi-
deration habitats that include every type of
landscape.

In this study, we used a three-track approach
to vertebrate conservation planning that inte-
grated special elements, focal species and
representation. We defined two conservation
targets: (1) to obtain protection for 100% of
species in a region; and (2) representation of
every type of landscape. We applied this
approach to a case study in central Spain as
an illustrative example. We identified priority
areas for conservation (PACs) as special con-
servation elements. These areas have high
conservation value for several biodiversity
components (species richness, species rarity
and threatened species) (Rey Benayas & de la
Montafia 2003) and fulfill one of the major
objectives for the establishment of conserva-
tion areas; i.e., to maximise the number of spe-
cies conserved with the minimum land requi-
red (Cabeza & Moilanen 2001). To address the
issue of representation, we used a land-cover
database to evaluate existing conservation
areas, and ensured that every important
landscape for the maintenance of biodiversity
in this humanised area was represented.
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We also evaluated the efficiency of the various
criteria used to identify the PACs and the corre-
lation of these criteria with the land-use types.
Next, we performed a gap analysis by over-
laying existing conservation areas with the loca-
tions of the identified PACs, and evaluated the
representation of every landscape. Finally, we
delineated the spatial configuration for vertebra-
te conservation by combining the identified
PACs, existing conservation areas and connec-
tivity areas on the basis of least-cost paths. Our
analyses are illustrative, not exhaustive, but
they provide an example of systematic planning
for conservation of biodiversity. A similar appro-
ach can be used elsewhere using different spe-
cies groups, criteria, threats or scales.

Material and methods
Study area

Castilla-La Mancha is a region located in central
Spain (Fig. 4.1). It is 79222 km2 in extent. It is
surrounded on all sides by mountains; two addi-
tional mountain systems together with the vast
southern spanish plateau complete the relevant
geomorphologic units. The area is mostly devo-
ted to agricultural activities. Climate is continen-
tal Mediterranean, with dry, hot summers and
cold winters. There is a variety of climatic areas,
mostly related to altitude differences. This cau-
ses considerable variation of vegetation compo-
sition and structure.

Criteria for identifying Priority Areas for
Conservation

We used four criteria to identify PACs for verte-
brate species: species richness, rarity, vulnera-
bility, and a combined index of these three crite-
ria. The sources of the species distribution data
were national atlases (Ministerio de Medio

Ambiente 2002a, b, 2003). These atlases provi-
ded information on species distribution based
on their presence in 10 x10 km cells, with a total
of 906 cells in the study region.

Rarity of a species i was defined by its geogra-
phical range measured as the inverse of the
number of cells in which it was gresent (2/ny). For
a cell r, the rarity index was 2, (1/n,)/s,, where
s, was the number of species found in the cell.

Vulnerability is a surrogate concept of rarity plus
rates of habitat loss and other threats. Species
vulnerability was quantified using the categories
defined by the International Union for
Conservation of Nature (IUCN 2001). The follo-
wing species categories were considered: criti-
cally endangered, endangered, vulnerable,
near threatened and least concern. We assig-
ned every category a score related to its degree
of vulnerability: 5 for critically endangered spe-
cies, 4 for endangered species, 3 for vulnerable
species, 2 for near threatened species, and 1
for species of least concern. We acknowledge
the subjectivity of these scores; they merely
represent a rank and have a relative value, and
any other choice would have been equally sub-
jective. For a cell, the vulnerability index was
>, V,i/s,, where V,; was the vulnerability score
of the species i present in the cell. We used the
Combined Index of species richness, rarity and
vulnerability defined by Rey Benayas and de la
Montafia (2003): X (L/n)V,i. In this index,
species richness is implicit in 2;_;.
We also used a Standardized Biodiversity
Index (SBI) that measured species richness,
rarity and vulnerability of all four taxa together
in every cell. We standardized by dividing the
combined index of biodiversity of each taxono-
mic group in every cell by its mean across all
cells, and then added up the four standardized
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combined indices. The Standardized

Biodiversity Index formula is:

Z 1/m,z (1/n;i)V;i

i=1

where m; refers to the mean combined index of bio-
diversity of the taxonomic group j across the cells.

Next, all diversity indices for the taxa were ran-
ked. To quantitatively define PACs, we conside-
red the pool of cells within the upper ranked
values for the various criteria that included all
species. We also determined the number of cells
necessary to capture all threatened species.
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Existing conservation areas in the region

There are 30 main protected areas (two natio-
nal parks, six natural parks and 22 natural
reserves) in the region that have a protection
level according to IUCN categories I, IV and V
(IUCN 1994), and represent 3.5% of the total
territorial area (Fig. 4.1). Conservation goals of
the European Union have motivated the deve-
lopment of the Natura 2000 Network in the last
decade. When this network has been comple-
ted, the sites of Community importance deter-
mined by the Habitats Directive (92/43/EEC)
and the areas established by the Birds

_ Natural Protected Areas

_ Natura 2000 Network

100 200 Kilometers

Figure 4.1. Map of Castilla-La Mancha in central Spain with the Natural Protected Areas and sites of Community

importance established by the Natura 2000 Network.
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Directive (79/409/EEC) will represent 22.9% of
the study area. The current Natural Protected
Areas in the study region have been proposed
as areas of Community importance, and there-
fore, will be included in the Natura 2000
Network. Gap analysis between PACs and
conservation areas was based on 2 test.

We used the CORINE Land Cover (European
Commission 1993) to evaluate the representa-
tion of all habitat types in the existing conser-
vation areas network, regardless of their
anthropogenic origin and maintenance. To
simplify the analysis, the initial 85 categories of

land use were reclassified into 28 broader
categories (Fig. 4.2). The resulting land-use
map was overlapped with the Natura 2000
Network. We deemed a habitat type as under-
represented if less than 15% of its total area
was included in the Natura 2000 Network (Fig.
4.2). We chose this threshold arbitrarily becau-
se there are no standard guidelines that refer
to the percentage area of each habitat type
that should be included in a conservation plan,
and because the commonly used 10 or 12% is
considered insufficient to achieve conservation
goals (Soulé & Sanjayan 1998; Margules &
Pressey 2000).

- Rain-fed cropland
- Vineyard
- Olive grove
- Mosaic of farms

Farm with dehesa

Mosaic of natural vegetation
- Grassland

Dehesa
- Dense evergreen scrubland

Sparse evergreen scrubland
- Forest scrubland
- Irrigated land
- Lagoon

Wetland
- Lake
- River

Riparian forest

Fruit tree

Broad-leaved plantation
- Conifer and broad-leaved
- Broad-leaved mix
- Perennial broad-leaved
- Deciduous broad-leaved
- Acicular conifer
- Cypress family conifer
- Low vegetation

Rocky land

- Urban

Figure 4.2. There were 28 new categories in this land use classification reclassified from the initial 85 categories consi-
dered by CORINE Land Cover database in Castilla-La Mancha. Categories considered under-represented by existing
protection areas are showed in shades of grey (see Table 4.3).
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We used a correlation analysis and Bonferroni
corrections for multiple comparisons to exami-
ne the relationships between land-use types
and the criteria used to identify PACs.

Selecting areas for conservation planning

To include unprotected areas that were detec-
ted by gap analysis, we combined the identi-
fied PACs with the Natura 2000 Network.
These two figures represent special conserva-
tion elements and focal species because they
provide areas with high biodiversity value and
habitats for species of Community interest.
However, they may still inadequately represent
all the important habitat types for biodiversity
preservation in the region. Thus, we selected
additional areas of under-represented habitat
types, and gave priority to patches that impro-
ved connectivity between the largest areas
delineated by merged PACs and the Natura
2000 Network. In order to provide supplemen-
tary habitats for focal species and opportuni-
ties for dispersal.

We selected connectivity areas by conducting
cost-distance analysis among target areas
that contained under-represented habitats.
The least-cost path resulting represents the
least amount of resistance for species move-
ment between habitats and is a function of
distance, habitat suitability and obstacles. We
created cost-surface maps by combining
habitat suitability and planned infrastructures
for the next few years (planned highways and
roads, high-speed railway lines, gas pipeli-
nes, one airport, one theme park, wind farms
and water reservoirs and pipelines), in order
to avoid future impacts. We also considered
for the cost-surface maps zones of high wildli-
fe mortality ("black spots") established by
environmental organisations. In particular,
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black spots for birds are areas in which there
are a high number of electrocutions and colli-
sions with power lines, whereas other wildlife
black spots refer to areas with high number of
road kills. Cost-distance analyses were com-
pleted in ArcView 3.2 (ESRI 1999). First, we
used the nearest features extension (Jenness
2007) to select the largest (>10000 ha) and
nearest target areas. Secondly, we used the
pathmatrix extension (Ray 2005) to find least-
cost paths across cost-surface grids, and
then manually selected connectivity areas to
achieve at least 15% representation of each
under-represented habitat. Finally, we over-
laid the new connectivity areas selected with
PACs and the Natura 2000 Network to create
a synthesis layer.

Results

Distribution and evaluation of Priority Areas
for Conservation

For the four taxa, the mean percentage of
cells that was necessary to retain all species
was 2.8% for the Combined Index, 4.4% for
rarity, 21.5% for richness and 46.7% for vul-
nerability. For threatened species, it was
2.4%, 4.3%, 21.4% and 46.7%, respectively
(Table 4.1). Thus, evaluation of PACs
demonstrated that the Combined Index of
biodiversity was the most efficient criterion to
identify areas for protection of vertebrate
diversity in Castilla-La Mancha, since it requi-
red the lowest number of cells to retain 100%
of all species and of all threatened species of
reptiles, breeding birds and mammals. The
rarity index required the same number of cells
as the Combined Index to retain all mammal
species and was the most efficient criterion
for all species and threatened species of
amphibians.
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Table 4.1. Number (and proportion in parenthesis) of cells that were required to retain all species and all threatened spe-
cies of amphibians, reptiles, breeding birds, and mammals according to the different criteria used to identify Priority
Areas for Conservation.

Amphibians Reptiles Breeding birds Mammals
All species Tr;:aeeactieer;ed All species Tr;rseelctieer;ed All species Tt;rpeeactieer;ed All species Tt;r::ctieer;ed
Richness 33 (3.6%) 33(3.6%) 12 (1.3%) 8 (0.9%) 487 (53.8%) 487 (53.8%) 248 (27.4%)248 (27.4 %)
Rarity 19 (2.1%) 19(2.1%) 57 (6.3%) 57 (6.3%) 66 (7.3%) 66 (7.3%) 16 (1.8%) 13 (1.4%)
Vulnerability ~ 76 (8.4%) 76 (8.4%) 234 (25.8%)196 (21.6%) 712 (78.6%) 375 (41.4%) 670 (74.0%) 647 (71.5%)
Combined Index 23 (2.5%) 23 (2.5%) 12 (1.3%) 7 (0.8%) 52 (5.7%) 52 (5.7%) 16 (1.8%) 6 (0.7%)

Table 4.2. Gaps (%) between Priority Areas for Conservation defined by (i) the Combined Index of each taxonomic

group and (ii) by the Standardized Biodiversity Index (SBI), with the existing protected area networks.

Amphibians Reptiles Breeding birds Mammals SBI
Natura 2000 Network 21.7 0 17.3 6.3 11.5*
Natural protected areas 82.6 58.3 69.2 68.8 72.7*

*P< 0.05

One hundred and twenty-one cells (13.3% of the
total) highlighted by the Standardized Biodiversity
Index of all taxa were necessary to retain 100%
of species (Fig. 4.3). There was an aggregation
of PACs at the southern and northern peripheral
mountains, whereas they were distributed spar-
sely in the central part of the region.

Coincidence of Priority Areas for Conservation
and existing conservation areas

There was a low percentage of gaps between
the Natura 2000 Network and PACs, based on
the Combined Index of the different taxa
(<22%, mean 11.3%). In contrast, there was a
high percentage of gaps between the Natural
Protected Areas and PACs (>58%, mean
69.7%) (Table 4.2). The gaps between PACs
according to the Combined Index and both
conservation networks followed the order
amphibians > breeding birds > mammals >
reptiles. Percentages for the Standardized
Biodiversity Index were close to the reported

means, with 11.5% of gaps for the Natura 2000
Network (32 = 55.20, P <0.000) and 72.7% of
gaps for the Natural Protected Area Network
(x2 = 10.38, P <0.015). Additionally, there were
9.5% and 33.3% of cells identified as PACs
with <10% of their area included in the Natura
2000 and Natural Protected Areas Networks,
respectively.

Habitat representation in the Natura 2000
Network

We found that eight out of the 28 classes were
inadequately represented (<15% of their area)
by the Natura 2000 Network (Table 4.3). Two
of these classes were urban land and irrigated
land, which are of little importance for the
maintenance of biodiversity in the study area,
thus we do not consider urban and irrigated
land in the analysis. The other land-use types
under-represented were agricultural habitats.
Vineyard (4%), olive grove (6.5%) and rain-fed
cropland (10.3%) are traditional Mediterranean
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Table 4.3. Total area of each land-use type in Castilla-La Mancha; area and percentage included in Natura 2000
Network; and increase if Priority Areas for Conservation (PACs) defined by the Standardized Biodiversity Index are

added to Natura 2000 Network.

Land-use Tot(ﬂ;;rea NQL?Z Eﬂa) % in Natura Natuoﬁol-lg ACs % increase
Lagoon 4285 3209 74.9 77.1 3.0
Rocky land 1564 1109 70.9 70.9 0.0
Cypress family conifer 19909 13804 69.3 70.7 2.0
Deciduous broad-leaved 47625 31413 66.0 67.5 2.3
Conifer and broad-leaved 181505 113592 62.6 63.3 1.2
Acicular conifer 566663 313943 55.4 57.7 4.2
Wetland 9149 5031 55.0 72.2 31.4
Low vegetation 16896 8917 52.8 60.5 14.6
Broad-leaved mix 119039 56520 475 49.7 4.6
Dense evergreen shrubland 452621 189285 41.8 50.4 20.5
Perennial broad-leaved 149908 61523 41.0 43.8 6.7
Dehesa 134912 52463 38.9 57.9 48.9
Broad-leaved plantation 6441 2450 38.0 49.9 31.2
Forest shrubland 819177 304910 37.2 41.4 111
Fruit tree 23098 8161 35.3 36.0 2.0
River 11362 3589 31.6 329 4.2
Sparse evergreen shrubland 435695 134901 31.0 37.0 194
Lake 33533 9171 27.3 31.7 16.0
Riparian forest 2978 756 254 25.7 14
Grassland 299532 72679 24.3 33.2 36.7
Mosaic of natural vegetation 292354 43497 14.9 18.0 21.2
Farm with dehesa 215155 29487 13.7 24.2 76.6
Rain-fed cropland 2288431 235351 10.3 145 41.3
Irrigated land 371555 30672 8.3 13.2 60.0
Mosaic of farms 796706 55565 7.0 111 58.8
Olive grove 193265 12566 6.5 11.6 78.1
Vineyard 369403 14695 4.0 11.6 192.6
Urban 77644 3037 3.9 5.7 46.1

farm systems that extend over large areas.
However, their individual patches are fre-
qguently of little surface and are found in com-
bination with themselves and with other types
of natural vegetation, which gives rise to agro-
ecosystems. Mosaic of farms (7%), farm with
dehesa (13.7%) or mosaic of natural vegeta-
tion (14.9%) were also inadequately represen-
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ted. These six under-represented habitats
were 41550 km? in extent, or 52.3% of the
study area. Lagoons were the habitat best
represented in the Network (~75% of area).

PACs significantly improved habitat represen-
tation, with a mean increase of ~76% in under-
represented land-use types (Table 4.3). There
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was also a high increase in the representation
of important habitats for biodiversity conserva-
tion in humanised landscapes: dehesas,
grasslands and wetlands (~49%, ~37% and
~31%, respectively).

Association between land-use types and diversity
features

After applying corrections for multiple compari-
sons, correlation coefficients between land-
use types and criteria used to identify PACs
showed that forest ecosystems, such as deci-
duous broad-leaved, acicular conifers and
dense evergreen shrubland, were positively

correlated with scores for amphibian and
mammal diversity, chiefly (Table 4.4). Dense
evergreen shrubland was also positively corre-
lated with the Standardized Biodiversity Index
of all taxa. However, these forest ecosystem
types were only negatively correlated with vul-
nerability of breeding birds, as sparse ever-
green shrubland, forest shrubland, perennial
broad-leaved and mix of conifer and broad-
leaved species.

These results were the opposite in the agroe-
cosystems: rain-fed cropland, vineyard,
mosaic of farms, irrigated land and mosaic of
natural vegetation, in which most significant

_ Priority Areas for Conservation

_ Gaps in Natura 2000 Network

Figure 4.3. Distribution of 121 Priority Areas for Conservation in the 10 x 10 km study area that includes 100% of
vertebrate species. Fourteen of these Priority Areas for Conservation (in red) are not currently included within exis-

ting protected areas.
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correlations were negative with several diver-
sity scores of amphibians, reptiles and mam-
mals, and with richness of breeding birds. The
amounts of these agroecosystems (except of
mosaic of natural vegetation) were, however,
positively correlated with vulnerability of bree-
ding birds. The amount of mosaic of natural
vegetation, rain-fed cropland and mosaic of
farms was also negatively correlated with SBI.

Otherwise, there was a positive correlation
between diversity scores of richness of amphi-
bians with dehesa, grassland and farm with
dehesa, as well as Combined Index of amphi-
bians with dehesa.

The amount of wetland and lagoon were posi-
tively correlated with SBI and with all diversity
scores of breeding birds (except richness in
wetlands). Also, low vegetation areas were
positively correlated with SBI, as well as with
rarity of amphibians and richness of reptiles.
Rivers were positively correlated only with vul-
nerability of mammals.

Selection of connectivity areas for the design
of a vertebrate conservation system

PACs, the Natura 2000 Network and connecti-
vity areas delineated the spatial extent of the
proposed vertebrate conservation planning
(Fig. 4.4). It included special elements for con-
servation, habitats for focal species, and
landscape types relevant for biodiversity con-
servation. All together, they represented ~29%
of the Castilla-La Mancha territory.

Based on the location of the least-cost paths,
we delineated connectivity areas of under-
represented agroecosystems. The spatial
extent of the extra patches required to reach
the target 15% of habitat representation is

shown in Fig. 4.4. After combining identified
PACs and the Natura 2000 Network with selec-
ted connectivity areas, the new extent of rain-
fed cropland represented 15.3% (16296 ha
added), mosaic of farms 15.4% (34688 ha
added), vineyard 15.8% (15258 ha added),
and olive grove 15.9% (8460 ha added).
Mosaic of natural vegetation and farm with
dehesa were land-use types that were under-
represented in the Natura 2000 Network,
however, it was not necessary to select addi-
tional patches for these because the existing
patches in combination with PACs extend over
an area of ~21% and ~77%, respectively
(Table 4.3).

Discussion

Criteria for identifying priority areas for
conservation planning

An index to measure diversity, such as the
Combined Index of species richness, geogra-
phic rarity and level of threat of species pre-
sent in a given area, has theoretically a nota-
ble intrinsic value. Our results confirm the
value of the Combined Index. We showed that
it was the most effective measure of diversity,
by retaining all species and all threatened spe-
cies of vertebrates within the lowest number of
areas. These results fit with our previous stu-
dies that used cells of 50 x 50 km (Rey
Benayas & de la Montafia 2003) and cells of
20 x 20 km (Rey Benayas et al. 2005).
Consistency across different scales of analysis
significantly increases the robustness of this
criterion. Thus, the Combined Index is a useful
tool for determining special conservation ele-
ments. Undoubtedly, identification of PACs is
dependent on the quality of species distribu-
tion data (especially for rare species), inclu-
ding locational precision and sampling bias.
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Species richness is assumed to be an indicator
of conservation value and is typically conside-
red to optimise conservation targets
(Prendergast et al. 1999; Meir et al. 2004). Our
current and previous results have shown that
both the Combined Index and the rarity criterion
are more effective than the richness criterion.
This fact has been reported in other works
(Margules, Nicholls & Pressey 1988; Haeupler
& Vogel 1999). Thus, selecting sites that contain
the highest number of species is not the most
efficient way to maximally represent biodiversity
(Pimm & Lawton 1998; Reid 1998).

Existing conservation areas and priority areas
for conservation

It is useful to identify areas with outstanding fea-
tures of biodiversity to rank priorities for optimi-
sing resource investment in conservation. In our
study, the Natura 2000 Network considerably
improved the guarantees for conservation for all
taxonomic groups, since gaps related to PACs
decreased significantly with respect to Natural
Protected Areas. This was predictable because
there was a six-fold increase in the amount of
protected area. However, our gap analysis sho-
wed that the Natura 2000 Network is insufficient
to guarantee the protection of all species in
Castilla-La Mancha. One hundred and twenty-
one PACs defined by the Standardized
Biodiversity Index would be necessary to achie-
ve the desirable protection level, but 14 of these
PACs were not included within the Natura 2000
Network.

Gaps between PACs defined by Combined
Index for amphibians and the existing protected
areas are more numerous than for other taxa,
as we have found at a lower analysis scale (see
Rey Benayas & de la Montaia 2003).
Ecological requirements of amphibians contri-
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bute to this fact, because they need adequate
environmental moisture and specific habitats for
reproduction that are scarce in Mediterranean
climate regions (Semlitsch 2000; Kiesecker et
al. 2001; Green 2003). Thus, amphibian popu-
lations are frequently concentrated in small and
isolated  wetlands  without  protection.
Correlations between richness of amphibians
and amount of dehesa, grassland and farm with
dehesa, which are habitats with small seasonal
wetlands of natural origin or man-made for cat-
tle use, support this hypothesis.

The Natura 2000 Network in Castilla-La
Mancha region satisfactorily represents forests,
shrublands, grasslands and wetlands at a
landscape scale. However, dehesa is the only
agroecosystem represented adequately.
Traditional farm of rain-fed cropland, olive grove
and vineyard, and areas of mosaic of farms,
mosaic of natural vegetation and farm with
dehesa are all under-represented, as is their
biodiversity. This landscape types form agroe-
cosystems with high landscape heterogeneity
and habitat diversity that are very important for
wildlife conservation (Farina 1997; Tucker 1997;
Benton et al. 2003).

Agroecosystems are often considered habitats
with low conservation value. However, the histo-
rical loss of many natural ecosystems has cau-
sed the inhabitant species to become strongly
dependent on their secondary agricultural habi-
tats (Kleijn et al. 2006). Subsequent agricultural
changes in Europe have caused loss of biodi-
versity in most agroecosystems (Benton et al.
2002). This decline in recent decades has been
well documented for farmland birds (Tucker &
Heath 1994; Chamberlain et al. 2000; Birdlife
2004; Heer et al. 2005; Wretenberg et al. 2006).
Ours results are consistent with the importance
of these agroecosystems for threatened birds.
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Figure 4.4. (a) Spatial distribution of important vertebrate diversity areas for systematic conservation planning in
Castilla-La Mancha, including Priority Areas for Conservation, existing protected areas and connectivity areas.
(b) Higher magnification of the boxed area in (a). This shows the largest and nearest target areas selected after
applying the nearest features extension of ArcView 3.2, which allowed selection of additional patches of under-

represented land-use types for connectivity.
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Vulnerability of birds is the criterion to identify
PACs that presents the highest positive correla-
tion with the extent of the three agroecosystems
that are dominant in the study area (rain-fed
cropland, mosaic of farms and vineyard).

Traditional landscapes of farmland and extensi-
vely managed mosaics are characteristic of
Mediterranean regions. They are inhabited by
many rare and threatened species (Suarez et
al. 1997). For example, after losing most of the
primary habitat of natural steppes, the major
conservation problem for steppe birds is the
loss and degradation of traditional farmland
habitats and pseudo-steppes, due to intensifica-
tion (irrigated lands, glasshouses), abandon-
ment (shrubland growth) and sectorial politicies
(infrastructures) (Tucker & Heath 1994;
Siriwardena et al. 1998; Donald et al. 2001;
Brotons et al. 2004; Verhulst et al. 2004). Most
of European steppe birds populations are distri-
buted in Spain. We list these species (included
in Annex | of Birds Directive) considering the
European endangered status (SPEC scores),
obtained from Tucker & Heath (1994). The per-
centage of European population distributed in
Spain are: 100% of Dupont's Lark (Chersophilus
duponti) (SPEC-3), >90% of Short-toed Lark
(Calandrella brachydactyla) (SPEC-3),
Calandra Lark (Melanocorypha calandra)
(SPEC-3), Black Wheatear (Oenanthe leucura)
(SPEC-3), Great Bustard (Otis tarda) (SPEC-1),
Pin-tailed Sandgrouse (Pterocles alchata)
(SPEC-3), Black-beilled Sandgrouse (Pterocles
orientalis) (SPEC-3) and Little Bustard (Tetrax
tetrax) (SPEC-1), >75% of Stone-curlew
(Burhinus oedicnemus) (SPEC-3), Black-shoul-
dered Kite (Elanus caeruleus) (SPEC-3),
Lesser Krestel (Falco naumanni) (SPEC-1)
Thekla Lark (Galerida theklae) (SPEC-3), and
others. Furthermore, they are areas with large
numbers of extensive sheep and cattle, which
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provide the necessary carrion to rare raptors
species like Monk Vulture (Aegypius monachus)
(SPEC-1) and Egyptian Vulture (Neophron
percnopterus) (SPEC-3).

Proposal for conservation planning

Our assessment shows that approximately 29%
of Castilla-La Mancha land is required to protect
special conservation elements, focal species
and all landscape types. This agrees with other
studies that estimate that the proportion of a
region required to capture important elements of
biodiversity is between 33 and 75% (see Soulé
& Sanjayan 1998 for review).

Our proposal achieved two conservation tar-
gets: protection for 100% of species and repre-
sentation of all landscapes types, which is a
common limitation in multi-track approaches
applied across large regions. Thus, the combi-
nation of PACs, the existing Natura 2000
Network and new connectivity areas, results in
a spatial configuration that achieves the first
objective of nature reserves: to represent the
biodiversity of each region (Margules & Pressey
2000). However representation of biodiversity
does not guarantee the persistence of viable
population (the second objective of reserves) or
the protection of ecological processes that
maintain biodiversity (Salomon et al. 2006).
Targets for off-reserve conservation are particu-
larly important, and conservation on private land
is also essential (Soares-Filho et al. 2006),
especially in fragmented and humanised
landscapes, in which reserves are likely to be
small and isolated.

Currently, many species depend on large
areas of traditional agriculture. Therefore, our
proposed conservation planning includes addi-
tional areas of under-represented agroe-
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cosystems that improve connectivity into pro-
tected area networks for strengthening biodi-
versity conservation. Furthermore, to protect
farmland wildlife adequately, it is necessary to
improve agri-environment schemes (Kleijn &
Sutherland 2003; Kleijn et al. 2006), which are
considered the most important policy instru-
ment for protecting biodiversity in agricultural
landscapes (EEA 2004). This should avoid
unsustainable intensive farming that is dama-
ging for biodiversity conservation and rural
economies.

Presence/absence data are frequently used in
approach at regional scale (Lennon et al.
2001; Manley et al. 2004; Bonn & Gaston
2005) and the value of diversity measures
based on such data has been questioned for
some authors in landscape planning (Smith &
Wilson 1996; Stirling & Wilsey 2001). Our
approach provides useful information, but we
must consider that our results are scale depen-
dent. We found negative correlations between
the Standardized Biodiversity Index and the
extent of agroecosystems, despite a large
increase in the protected area of these habitats
when we incorporated PACs into conservation
planning design. This could be explained in
part by bias that arises from agroecosystems
being the more extensive habitats in the study
area but with lower percentage representation.
It may also be because local-scale considera-
tions are not adequately captured in broad-
scale assessments (Rouget 2003). In Castilla-
La Mancha, wetlands and lagoons are fre-
guently small and disperse, but with high biodi-
versity, especially when they are surrounded
by drylands. This fact contributes to increase
agroecosystems bias in the protected area
network, since some PACs have been pro-
bably established because they include some
wetland or lagoon among a big proportion of

agroecosystems. Positive correlation between
the SBI and wetlands supports this hypothesis.
This was predictable because SBI is designed to
establish relevant areas of biodiversity and not to
maximise representation of landscape type.

Future research should apply specific species
analysis (rare or threatened species), incorpo-
rating habitat suitability and population viability
for optimal selection of core areas (e.g.
Beazley et al. 2005). We suggest a similar
approach to establish adequate ecological res-
toration and environmental impact mitigation,
and to integrate social and economic conside-
rations. Land protection is often driven by local
opportunities and politics rather than by a priori
assessment of ecological value. But, in order
to progress towards the global target of redu-
cing the current rate of biodiversity loss by
2010 (UNEP 2002), we need strategies for
managing whole landscapes including areas
allocated to both production and conservation.
In humanised landscapes, it is of fundamental
importance to maintain traditional resources
management (extensive cattle, rotation of
farmland, and exploitation of native timber spe-
cies) that is the origin and future of biodiversity
in these areas.

In conclusion, we found that: (1) the Combined
Index is an effective and robust measure of
diversity; (2) the Natura 2000 Network delivers
benefits for biodiversity conservation in
Castilla-La Mancha, but represents insuffi-
ciently the most traditional agricultural habitats
and does not guarantee the protection of their
threatened vertebrate species, especially
birds; and (3) our three-track approach
achieves representation of every landscape
and vertebrate diversity in the region, and des-
pite its limitations, has the potential for applica-
tion in other regions.
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Los arboles que no dan flores dan nidos;

y un nido es una flor con pétalos de pluma;
un nido es una flor color de pajaro;

cuyo perfume entra por los oidos.

Los arboles que no dan flores dan nidos.

Fernan Silva Valdés

Folio con 24 aves de la Parafrasis de
los Ornithiakas de Dionysios. Siglo I.






Capitulo 5

Respuesta de la comunidad de aves al resalveo del maquis mediterrdneo
Este capitulo reproduce integramente el texto del siguiente manuscrito:

Enrique de la Montafia, José M. Rey Benayas, Luis M. Carrascal (2006). Response of bird communities
to silvicultural thinning of Mediterranean maquis. Journal of Applied Ecology 43, 651-659.

Resumen

1. La gestion forestal deberia considerar la conservacion de la biodiversidad. Los propietarios de tierras
en algunas regiones mediterraneas europeas reciben subsidios por el resalveo de las zonas de maquis
denso. Esta practica elimina la mayoria de los matorrales y los arboles de menores dimensiones,
mientras que los arboles mas altos son podados para producir masas forestales mas abiertas. Se ha
investigado el impacto de esta practica en el estado de conservacion de la comunidad de aves.

2. Se disefid un "experimento natural" a gran escala en Espafia central, que incluia 21 lugares con
maquis sometidos a resalveo y otros tantos que no. Cada lugar fue muestreado mediante cinco puntos
de conteo, consistentes en una parcela de 50 m de radio, en dos afios consecutivos y en invierno y pri-
mavera. La estructura de la vegetacion fue muestreada después de los censos de aves en parcelas de
10 m de radio que coincidian con los centros de los puntos de conteo de aves. Los andlisis de datos se
realizaron mediante ANOVAs de medidas repetidas.

3. El resalveo produjo un incremento significativo de la riqueza de aves, pero no tuvo ningln efecto en
la densidad total de aves. La masa corporal media de las especies de los lugares resalveados fue
significativamente mayor que en los lugares de maquis, con mayor densidad de vegetacién, no resal-
veados. La densidad de las especies de aves que se alimentan en el suelo fue indistinguible entre los
lugares con y sin resalveo, mientras que la densidad de las especies que se alimentan en el follaje fue
mayor en las zonas sin resalveo. La densidad invernal de especies granivoras fue marginalmente supe-
rior en zonas resalveadas, mientras que las especies frugivoras e insectivoras fueron marginalmente
mas abundantes en las zonas no resalveadas.

4, Las zonas resalveadas presentaron mayores densidades de especies cuyo estado de conservacion
en Europa es de alta preocupacion. Las densidades invernales de especies cinegéticas fueron también
mayores en estas zonas.

5. Sintesis y aplicaciones; Esta es la primera vez que una manipulacion experimental a gran escala de
la estructura del habitat y del volumen de la vegetacion, ha demostrado el predicho efecto alométrico
de la complejidad estructural del habitat en la masa corporal media de una comunidad de aves. Los
resalveos de zonas forestales mediterraneas densas aumentaron la heterogeneidad del habitat y su
idoneidad para varias especies de aves e incrementaron la riqueza de especies. También fueron bene-
ficiosos para especies de interés en conservacion y para especies de aves cinegéticas no amenaza-
das. Sin embargo, deberian preservarse algunas areas sin resalveo como refugio para las pocas espe-
cies que se ven afectadas por los resalveos.

Palabras clave: Aves cinegéticas; Densidad; Estado de conservacion; Estructura de la vegetacion;
Gremios; Masa corporal; Riqueza de especies
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Response of bird communities to silvicultural thinning of
Mediterranean maquis

Enrique de la Montafa?, José M. Rey-Benayas!, Luis M. Carrascal.2

1 Departamento de Ecologia, Universidad de Alcala. Alcala de Henares, 28871 Madrid, Spain.
2 Dpto. Biodiversidad y Biologia Evolutiva, Museo Nacional de Ciencias Naturales, CSIC, 28006 Madrid, Spain.

Abstract

1. Woodland management should consider biodiversity conservation worldwide. Land owners
in some European Mediterranean regions receive subsidies to thin dense maquis. This prac-
tice consists of the elimination of most shrubs and saplings, and the pruning of the tallest trees
to favour more opened woodland stands. We investigated how this practice affects the struc-
ture of bird communities to assess their conservation.

2. We designed a large scale 'natural experiment' that included 21 paired thinned and un-thin-
ned magquis stands in Central Spain. Every stand was sampled by means of 5 point counts, each
consisting of a 50 m radius plot, in two consecutive years and in winter and spring. The vegeta-
tion structure was characterized after bird censuses in 10 m radius plots that coincided with the
centres of the bird point counts. Data analyses were based on repeated-measures ANOVAS.
3. Thinning was responsible for a significant increase in species richness, but did not have
any effect on total bird density. Average body mass of species in thinned stands was signifi-
cantly larger than in un-thinned, more densely vegetated, stands. Density of ground searchers
was undistinguishable in thinned and in un-thinned stands, whereas density of foliage glea-
ners was higher in un-thinned stands. Winter density of granivorous species was marginally
higher in thinned stands, whereas insectivorous and frugivorous species were marginally
more abundant in un-thinned stands.

4. Thinned areas were occupied by higher densities of bird species whose European conser-
vation status is of high concern. Winter density of game birds was also higher in thinned stands.
5. Synthesis and applications. This is the first time that a large-scale experimental manipula-
tion of habitat structure and vegetation volume has demonstrated the predicted allometric
effect of habitat structural complexity on the average body mass of a bird community. Thinning
of dense Mediterranean woodland enhances habitat heterogeneity and suitability for several
bird species and increased species richness. This practice was also beneficial for species of
conservation concern and non-threatened gamebirds. However, some un-thinned patches
should be preserved to provide refuge for the few species that are impacted by thinning.

Keywords: Body mass; Conservation status; Density; Gamebirds; Guilds, Species rich-
ness; Vegetation structure
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Introduction

It has long been recognized that structural
complexity of vegetation influences the struc-
ture of bird communities, including the number
and diversity of niches, local abundance, and
guilds or groups of species that exploit similar
resources (Wiens 1989; Diaz et al. 1998).
Human activities may profoundly modify land
cover and the architecture of vegetation and,
consequently, may affect the composition and
abundance of bird species (Blondel & Aronson
1999; Heikkinen et al. 2004). Particularly, in
many Mediterranean regions there has been a
secular clearing and thinning of the
Mediterranean magquis that has turned vast
expanses of dense shrublands and woodlands
into more open forests or man-made savannas
such as the 'dehesas' (Grove & Rackham
2001; Maldonado et al. 2002). In this study, we
investigate for the first time how the thinning of
the Mediterranean maquis affects bird commu-
nities.

Since 1990, land owners in some European
Mediterranean regions have received subsi-
dies to thin dense maquis. The subsidies aim
to provide environmental services and local
income. This practice consists of the elimina-
ting most shrubs and saplings, and pruning the
tallest trees to favour more opened woodland
stands. Thinning reduces competition among
overstorey trees and increases penetration of
solar radiation to the forest floor, thereby increa-
sing the growth, size, branch diameter, and
crown ratio of remaining trees and stimulating
the development of understorey vegetation
(Ducrey & Toth 1992; Perevolotsky & Haimov
1992; Kaplan & Gutman 1996; Homyack,
Harrison & Krohn 2004). This type of manage-
ment aims to prevent fire, improve habitat con-
ditions for game mammals (e.g. rabbit, deer)
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and, to a lesser extent, create pastures for
extensive sheep and cattle grazing, and produ-
ce firewood. It may also increase structural
complexity and improve the habitat for several
vertebrate species of wildlife (Sullivan, Sullivan
& Lindgren 2001; Patriquin & Barclay 2003).
The potential of thinning to redirect the deve-
lopmental trajectory of young stands towards
stands with a higher structural diversity has
gained overall recognition during the last deca-
de (DeBell et al. 1997).

Several studies in different ecosystems have
addressed the question of how forest manage-
ment affects vegetation structure (Marafion et
al. 1999; Thomas, Halpen & Falk 1999) and
the associated effects on the community struc-
ture of different taxonomic groups (Sullivan,
Lautenschlager & Wagner 1999; Halaj, Ross &
Moldenke 2000; Liow, Sodhi & ElImqvist 2001;
Sullivan et al. 2001; Thompson, Baker & Ter-
Mikaelian 2003), chiefly bird communities
(Hagar, Howlin & Ganio 2004; Sekercioglu
2002; Hayes, Weikel & Huso 2003). These stu-
dies have found that the responses of bird
communities to vegetation thinning are gene-
rally complex (Carey 2003), and positive
effects on species richness, abundance of
some species, and an absence of species
extirpation from thinned stands, are usually
described. However, the effects of thinning of
the Mediterranean maquis on bird communi-
ties have not been previously addressed,
although Sanchez-Zapata & Calvo (1999)
have pointed out that habitat mosaics created
by forestry and traditional farming are espe-
cially important for Mediterranean raptors.

Our major objective was to ascertain the
effects of thinning the Mediterranean maquis
on species richness, composition, abundance,
and conservation status of bird communities.
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We considered functional guilds of species
according to their habitat use and trophic pre-
ferences by designing a large scale 'natural
experiment' that included paired thinned and
un-thinned maquis stands in Central Spain. We
also examined whether the effects of thinning
demonstrated previously in other forest envi-
ronments can be extended to the
Mediterranean region. Further, we ask whether
these effects depend upon the biogeographic
origin and habitat requirements of its avifauna
(Suérez-Seoane, Osborne & Baudry 2002).
Finally, the experimental manipulation of vege-
tation by thinning allowed us to test the predic-
tion of the macroecological hypothesis pre-
viously examined in a phylogenetic context
(Polo & Carrascal 1999; Gaston & Blackburn
2000): the structural complexity and vegetation
density of the habitat should act as a selective
filter of the species body masses, favouring
settlement by small-sized species in complex
and dense habitats due to the manoeuvrability
constraints.

Materials and methods
Study area

Field work was conducted in 21 maquis stands
in Ciudad Real province located in the southern
Spanish plateau. The study area is 19749 kmz2in
extent and mid-coordinates are 38.9° north and
3.8° west. Altitude ranges between 423 and
999 m. Climate is continental Mediterranean,
with dry, hot summers and cold winters. Mean
annual temperature and total annual precipita-
tion are 13.7 °C and 510 mm, respectively. An
increasing aridity gradient can be recognized
from northwest to southeast, annual rainfall ran-
ging between 700 and 300 mm. The potential
vegetation of most stands is dominated by the
evergreen holm oak Quercus ilex L. However,

land use has transformed these vast evergreen
woodlands into a mosaic of patches dominated
by woodland remnants, shrubland (e.g. Q.
coccifera L., Erica arborea L., Cistus ladanifer
L. and Rosmarinus oficinalis L.), pasture lands
and cropland. There is a shortage of fruit trees
and shrubs in the area.

Bird census

We selected 21 localities distributed throug-
hout the study area to reflect its environmental
heterogeneity, chiefly the aridity gradient. Each
locality included a pair of maquis stands
(thinned and un-thinned). A thinned stand had
to be at least 12 ha to be sampled; they avera-
ged 19.9 £ 12.4 ha in extent. In the selected
thinned stands, thinning was practiced between
2 and 10 years before this study (4.1 £ 2.1
years). Stands were thinned by their land
owners to favour cattle grazing and hunting, to
reduce the risk of fires, and to sell firewood. As
close as possible to the selected thinned
stands, and always within a 3 km radius, we
selected an un-thinned maquis stand with simi-
lar physical features including orientation,
slope and soil type. Thus, the un-thinned
stands act as reference stands that resemble
the features of the thinned stands prior to their
intervention.

Every stand was sampled by means of five
point counts separated 100 m from each other
with each count lasting ten minutes. The first
and fifth point count was placed at least 100 m
away from the stand edge. In each point count
we established a circular plot of 50 m radius
(Bibby et al. 2000) where we noted the presen-
ce and abundance of every bird species
(Appendix 5.A). Point count is the best census
method in this habitat because un-thinned
stands are very dense and difficult to traverse.
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Nearly all detections were auditive (singing
males, alarm calls, etc.), so bird detection was
not dependent on vegetation obstruction or
visibility. This method does not provide absolu-
tes densities, but relative abundances.
Nevertheless, the small area covered by the
plots (0.78 ha), and the relatively long time
devoted to bird counts, maximizes the detec-
tion probability of species and, thus, the accu-
rate estimations of densities (Shiu & Lee
2003). Additionally, preliminary census of the
bird community and to evaluate sampling effi-
ciency, indicated that our conclusions are not
biased by detectability problems. Species rich-
ness was assessed by considering all species
contacted in the pooled sample of the five 10
minutes stations, in order to include scarce
species that would not normally be detected.

Censuses started at sunrise and lasted for ca.
four hours. Sampling was carried out during
the winter (December and January) and the
breeding season (May and the first fortnight of

June) in two consecutive years (2002 and
2003). All samples were obtained on rainless
and nearly windless days (wind speed < 3 m/s)
to reduce detectability problems. All censuses
were conducted by the same researcher (EM).

Vegetation structure

The vegetation structure was characterized
after bird censuses in 10 m radius plots that
coincided with the centres of the bird point
counts. Habitat structure for each stand was
measured using the average of the five 10 m
plots. All habitat measurements (Table 5.1)
were carried out by the same observer in order
to avoid interpersonal bias.

Species’ characteristics

Data on body size, winter diet and main fora-
ging substrata were obtained from Perrins
(1998). The body mass of each species was
calculated by averaging the data for adults of

Table 5.1. Measured variables and summary statistics that describe the structure of the vegetation in n = 21 locali-
ties, comparing thinned (THIN) vs. un-thinned or reference (REF) maquis stands. SE: standard error. Sample size is
n = 21. Degrees of freedom for repeated measure ANOVAs are 1, 20.

Mean SE

THIN REF THIN REF F P
Cover of bare ground (%) 22.1 26.3 44 49 0.79  0.385
Cover of moss (%) 9.9 12,5 2.6 31 4.04  0.058
Cover of herbaceous plants (%) 42.7 24.0 7.2 6.3 1120 0.003
Cover of shrubs less than 25 cm tall (%) 10.0 6.2 2.0 15 3.36  0.082
Cover of shrubs 25-50 cm tall (%) 10.4 5.3 2.0 1.0 7.00 0.015
Cover of shrubs 50-100 cm tall (%) 7.4 7.2 2.0 1.6 0.01  0.947
Cover of shrubs 100-150 cm tall (%) 4.9 7.3 2.3 2.0 470  0.042
Cover of shrubs more than 150 cm tall (%) 6.8 20.7 2.8 5.1 6.76  0.017
Average height of shrubs (cm) 58.3 93.2 7.0 9.6 1020  0.005
Tree crown cover (%) 24.6 36.9 2.7 4.2 9.34  0.006
Average height of trees (m) 3.7 3.8 0.2 0.2 0.00  0.998
Number of trunks less than 5 cm d.b.h. (no. ha™) 181.1 651.6 31.6 79.2 3240  0.000
Number of trunks 5-10 cm d.b.h. (no. ha?) 2833 351.7 50.8 77.7 0.85  0.367
Number of trunks 10-20 cm d.b.h. (no. ha®) 67.5 56.0 13.3 14.4 0.78  0.387
Number of trunks 20-30 cm d.b.h. (no. ha™®) 6.7 6.0 2.9 1.9 0.05 0.823
Number of trunks more than 30 cm d.b.h. (no. ha™) 25 3.8 1.2 15 0.70  0.411
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both sexes of the subspecies that inhabit the
study region. The average body mass of bird
species in each census plots was calculated
by means of weighted averages, using the
species densities in each locality-stand as
weights. The assignation of each species to an
ecological category was made according to
gross descriptions pertaining to food habits
and spatial niche. Birds were grouped into
seed-eaters, insectivorous and frugivorous
species when, respectively, seeds, arthropods
and fruits were the main constituents of the
winter diet. The diet during the breeding sea-
son was not considered because all the spe-
cies inhabiting the study area are mainly con-
sume arthropods during this time of the year.
The spatial niche of species was categorized
in the following groups: ground searchers
(those mainly foraging on the ground, in the
herbaceous layer or among leaf litter) and
foliage gleaners (those mainly foraging among
the leaves, twigs or small branches of trees or
shrubs). Other spatial niche groups were omit-
ted due to their under-representation in the
sample (e.g. trunk searchers, aerial foragers,
avian or mammal predators). For some bird
species these categories were inadequate
because the birds foraged on several substra-
ta. In those cases, the density of the species
was assigned proportionally to each spatial
niche group or diet category.

The European endangered status of each spe-
cies was obtained from Tucker & Heath (1994)
using the Species of European Conservation
Concern (SPEC) scores. However, this index
of conservation concern only refers to bree-
ding populations and many of the sampled
species do not have SPEC scores as they are
not considered of conservation concern.
Twenty-six species were included in the cate-
gory SPEC-4 because their global populations

are concentrated in Europe but they have a
favourable conservation status. Fifteen spe-
cies were assigned to the SPEC category 3,
denoting those birds whose global populations
are not endangered but have an unfavourable
conservation status in Europe. Finally, eight
species were considered of conservation con-
cern because their populations were concen-
trated in Europe and have an unfavourable
conservation status (SPEC-2). SPEC catego-
ries were scored as follows: Non-SPEC = 5;
SPEC-4 = 4; SPEC-3 = 3; SPEC-2 = 2. The
most abundant species within this last cate-
gory in the studied stands were the red-legged
partridge Alectoris rufa L., green woodpecker
Picus viridis L., woodlark Lullula arborea L.,
black-eared wheatear Oenanthe hispanica L.,
dartford warbler Sylvia undata Boddaert and
woodchat shrike Lanius senator L. The avera-
ge values of European conservation status
(SPEC score) were calculated by means of
weighted averages, using the species densi-
ties in each locality-stand as weights.

The influence of maquis thinning on game-
birds was analyzed for these species of hun-
ting interest: red-legged partridge Alectoris
rufa, quail Coturnix coturnix L., woodpigeon
Columba palumbus L., turtle dove Streptopelia
turtur L., song thrush Turdus philomelos
Brehm, and mistle thrush Turdus viscivorus L.
These species are hunted only in the winter
season.

Data analysis

Data analyses were carried out by means of
repeated-measures ANOVAs because of the
paired design of our natural experiment. Two
factors were included in the analyses: (1) thin-
ned vs. un-thinned treatments, and (2) seaso-
nal differences (winter vs. spring censuses).
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The interaction term thinning x season was
also included in the two-way ANOVASs to test if
the effects of thinning were persistent across
seasons. One-way repeated measures
ANOVAs were only possible in one season for
winter trophic groups, winter density of game
birds and the SPEC scores for breeding popu-
lations. All statistical tests used the means per
stand as the sample unit (i.e. the average of
census samples per year in two consecutive
years).

The time elapsed between the years when
thinning was practiced and the years when
birds were censused were not homogeneous
in the 21 study localities (see above). The
influence of this effect on thinning was tested
by means of the partial correlation between the
measures of vegetation structure in thinned
stands and the time elapsed, controlling for the
effect of the measures in un-thinned stands.
No one of the partial correlations for the 16
habitat variables was significant (P > 0.107).
Therefore, the heterogeneity across the 21
localities in the time elapsed since thinning

20

does not introduce any bias in the compari-
sons of thinned vs. un-thinned stands. All sta-
tistical analyses were carried out using STA-
TISTICA 6.0 (StatSoft 2001).

Results
Effects of thinning on vegetation structure

Thinning reduced the cover of shrubs taller
than 100 cm, average height of shrubs, cover
of trees and number of trunks less than 5 cm
d.b.h. (Table 5.1). Conversely, it increased the
cover of herbaceous vegetation and of shrubs
shorter than 50 cm.

Effects of thinning on bird community

Considering both study seasons together,
11 common (> 1 bird 10 hal) species were at
least 33% more abundant in thinned stands
than in un-thinned maquis: corn bunting
Miliaria calandra L., woodchat shrike Lanius
senator and thekla lark Galerida theklae
Brehm and bee-eater Merops apiaster L. in
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Figure 5.1. Variation in total bird species richness (left) and average density (rigth) in thinned and un-thinned (refe-
rence) stands across two study seasons. Bars represent mean + one standard error. The census plots cover an area of
0.78 ha (i.e., circular plots of 50 m radius). Sample size is 21 stands.
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Table 5.2. Results of the repeated measures ANOVAS testing for the effects of thinning and seasonal differences (win-
ter vs. spring) in census plots. In the analyses of guilds, the effect of thinning on winter densities of birds is tested
using the sample of winter censuses (i.e. no estimation of the effects of season and interaction terms). The analysis of
endangered status is performed with data during the breeding season, because SPEC scores refer to European bree-

ding populations. Degrees of freedom are 1, 20 for all tests.

Thinning Season Interaction
F P F P F P

a) Community variables
Species richness 11.93 0.002 16.18  <0.001 0.37 0.550
Total density 2.65 0.119 16.14  <0.001 1.52 0.232
Average body mass 5.26 0.033 13.76 0.001 0.11 0.748
b) Foraging guilds
Density of ground searchers 1.44 0.244 7.64 0.012 2.25 0.149
Density of foliage gleaners 10.14 0.005 20.44  <0.001 0.05 0.829
Winter density of granivorous birds 3.12 0.092
Winter density of insectivorous birds 3.93 0.061
Winter density of frugivorous birds 3.64 0.071
¢) European endangered status in spring 5.03 0.036
d) Winter density of game birds 4.33 0.050

spring, and chaffinch Fringilla coelebs L.,
woodpigeon Columba palumbus, woodlark
Lullula arborea, magpie Pica pica L., azure-
winged magpie Cyanopica cooki, mistle thrush
Turdus viscivorus, and spotless starling
Sturnus unicolor Temminck in winter.
Conversely, only six common species were
more abundant (> 33%) in un-thinned maquis
than in thinned stands: sardinian warbler
Sylvia melanocephala Gmelin, long-tailed tit
Aegithalos caudatus L. and blackbird Turdus
merula L. in both seasons; linnet Carduelis
cannabina L. in spring; and dartford warbler
Sylvia undata and firecrest Regulus ignicapi-
llus Temminck in winter.

Thinning was responsible for a significant
increase in species richness, but did not have
any effect on bird density. Species richness
and bird density significantly changed between
seasons, richness being higher in spring than

in winter, and density being higher in winter
than in spring (Fig. 5.1, Table 5.2a). The inter-
action term season x thinning was never signi-
ficant; thus, the effects of thinning were consis-
tent and homogenous across seasons.

Average body mass of bird species in thinned
stands was significantly larger than in un-thin-
ned magquis, and in spring than in winter (Fig.
5.2, Table 5.2a). The interaction term season x
thinning was not significant; thus, the effect of
thinning on average body mass of bird was
consistent and homogenous across seasons.

Effects of thinning on guilds

Density of ground searchers was indistinguis-
hable in thinned and in un-thinned stands,
whereas density of foliage gleaners was higher
in un-thinned than in thinned stands. These
two foraging guilds were denser in winter than
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in spring (Tables 5.2b, 5.3a). These patterns
were consistent across seasons and thinning
treatments (the interaction term thinning x sea-
son was not significant).

Winter density of granivorous species was mar-
ginally higher in thinned stands, whereas insec-
tivorous and frugivorous species were margi-
nally more abundant in un-thinned maquis
(Tables 5.2b, 5.3a).

Effects of thinning on conservation status and
density of gamebirds

The average SPEC score of the bird species was
significantly different in thinned than in un-thinned
stands during the breeding season (Tables 5.2c,
5.3b). Thinned areas support greater densities of
bird species of high conservation status.

Winter density of game birds was significantly
affected by thinning, being higher in thinned
than in un-thinned stands (Tables 5.2d, 5.3c).
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Figure 5.2. Variation in average body mass of bird spe-
cies in thinned and un-thinned (reference) stands across
two study seasons. Bars represent mean + one standard
error. Sample size is 21 stands. The average body mass of
bird species in each census plots was calculated by means
of weighted averages, using the species’ densities in each
locality stand as weights.
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Discussion
Thinning and vegetation structure

Thinning eliminates the understorey woody
vegetation to reduce competition for the big-
gest oaks resulting in a more open woodland
that favours the growth of the herbaceous
layer. It has the potential to increase the struc-
tural diversity of unmanaged monotonous
stands, promoting the development of habitat
attributes characteristic of later-serial habitats
(Hagar, Howlin & Ganio 2004). Our data indi-
cate that, 4 years on average after thinning,
the herbaceous, short shrub, and tree cover
increased by 50-100%. These changes are
due to increased light availability, regrowth,
and reduced intra- and inter-individual compe-
tition between trees (Perevolotsky & Haimov
1992; Haveri & Carey 2000; Artman 2003).
On the other hand, the cover of tall shrubs
(> 100 cm) and saplings (< 5 cm d.b.h.) was
reduced by 100-200% (Table 5.1). We estima-
te that in ca. 12 years, under similar climate
conditions, the thinned stands would attain the
previous vegetation density. This represents a
relatively rapid recovery of vegetation after dis-
turbance. Consequently, thinned stands need
to be maintained through further periodic thin-
ning or grazing by cattle, and other natural dis-
turbances such as fire would maintain open
stands (Perevolotsky & Haimov 1992; Kaplan
& Gutman 1996; Sekercioglu 2002; Brotons et
al. 2003; Brotons, Herrando & Martin 2004).

Thinning and bird communities

Thinning was responsible for a significant
increase in bird species richness. The homo-
geneous habitat structure of the natural
magquis in the study area supports a poor bird
community dominated by a low number of
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Table 5.3. Mean and standard error (SE) of variables describing the bird communities in paired thinned and
un-thinned (reference) stands during the winter and breeding (spring) seasons. n = 21 localities. Figures for densities

are averages in five 50-m radius plots (i.e., birds 0.78 ha'?).

Thinned Reference
Winter Spring Winter Spring
a) Foraging guilds
Density of ground searchers Mean 2.60 1.58 2.14 1.62
SE 0.34 0.18 0.26 0.21
Density of foliage gleaners Mean 3.25 1.94 401 2.83
SE 0.39 0.20 0.45 0.26
Winter density of granivorous birds Mean 1.56 - 0.97 -
SE 0.36 - 0.14 -
Winter density of insectivorous birds Mean 3.73 - 451 -
SE 0.37 - 0.46 -
Winter density of frugivorous birds Mean 0.47 - 0.70 -
SE 0.12 - 0.17 -
b) European endangered status in spring ~ Mean - 3.80 - 3.96
SE - 0.07 - 0.10
¢) Winter density of game birds Mean 0.82 - 0.48 -
SE 0.21 - 0.12 -

common species such as the sardinian war-
bler, long-tailed tit, dartford warbler, chaffinch,
great tit and blue tit. The structural diversity of
thinned stands creates habitats suitable for
several bird species that are scarce in dense
maquis (e.g. corn bunting, woodchat shrike,
thekla lark, bee-eater, woodlark, magpie,
azure-winged magpie, mistle thrush, woodpi-
geon and spotless starling). By contrast, thin-
ning decreased the density of several pre-
viously dominant species (e.g. sardinian war-
bler, dartford warbler, long-tailed tit, firecrest),
but no species were lost from stands follo-
wing this practice. These results are consis-
tent with those obtained from other studies of
bird responses to thinning in different regions
across the northern hemisphere (Haveri &
Carey 2000; Artman 2003; Thompson, Baker
& Ter-Mikaelian 2003; Hagar, Howlin & Ganio
2004). The higher species richness in thinned
stands could be explained by the intermedia-
te disturbance hypothesis, which predicts a
peak of diversity under a moderate removal of

biomass compared to undisturbed natural
habitats (Solonen 1996; Wilkinson 1999). In
our study, alteration of the homogenous
structure of maquis by thinning led to an
increase in habitat heterogeneity which is the
main factor responsible for diversity in bird
communities (see Wiens 1989 and referen-
ces therein). The effects of thinning on
Mediterranean bird communities appear to
mirror those induced by other disturbances
such as fire (Herrando, Brotons & Llacuna
2003; Brotons, Herrando & Martin 2004).
Habitat heterogeneity at a local scale seems
to be a key factor in maintaining bird diversity
in disturbed Mediterranean landscapes. In
particular, open-space species responded
positively to changes in habitat structure lea-
ding to increased local abundance. Thus, it
appears that changes in the structure of
vegetation due to different ecological distur-
bances, such as fire and thinning, may pro-
mote similar changes on these bird commu-
nities.
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The significance of the effects on the birds of
this region was generally low, in spite of the
marked changes in habitat structure introdu-
ced by maquis thinning. This contrasts with the
observed patterns in other woodland environ-
ments of northern latitudes but may be explai-
ned, at least partially, by considering the bio-
geographic basis of the avifauna in the
Mediterranean region. Mediterranean bird spe-
cies are restricted to the early stages of suc-
cession and are then replaced by temperate
forest species (Preiss, Martin & Debussche
1997). Xeric woodland environments of this
region support an impoverished European
forestal avifauna (Monkkoénen 1994; Covas &
Blondel 1998). Density and species richness
decrease towards the south of the Iberian
Peninsula, and follow a pattern that is inversely
related to rainfall and directly associated with
temperature (Telleria & Santos 1993), the main
determinants of primary productivity in dry
Mediterranean environments (Mooney &
Kummerow 1981). Only generalist woodland
species (such as the chaffinch and the great
tit) and those species whose distribution cen-
tres are located in the Mediterranean basin
inhabit these woodland stands (e.g. dartford
and black-headed warblers). Therefore, the
low impacts of thinning on the avifauna of the
study region can be attributed to the small
regional pool of species typical of well develo-
ped woodlands, and the fact that the dominant
bird species in this region are those mainly
associated with shrublands and evergreen
forests of low tree height (Suarez-Seoane,
Osborne & Baudry 2002).

A dense undergrowth of shrubs and young
trees inhibits the development of a complex
shrub and herbaceous strata which therefore
limits the feeding opportunities for ground and
shrub gleaners (for similar results in other
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forest types see Haveri & Carey 2000; Hayes,
Weikel & Huso 2003; Hagar, Howlin & Ganio
2004 ). The elimination of this dense understo-
rey through thinning operations would be
expected to increase the abundance of these
functional guilds and limit the abundance of
foliage gleaners and insectivorous birds. Both
predictions are supported by our results, which
have been also reported in other forest envi-
ronments (Easton & Martin 1998).

Thinning and body size of bird species

Slender and pliable substrata, such as foliage
and thin twigs, are mainly exploited by small-
sized birds because of eco-morphological
constraints on manoeuvrability (Miles &
Ricklefs 1984; Suhonen, Alatalo & Gustafsson
1994). Accordingly, the average body mass of
bird assemblages is related to habitat structu-
re and the use of foraging substrata
(Gunnarsson 1992; Dixon, Kindlmann &
Jarosik 1995; Polo & Carrascal 1999). Bird
species that thrive in densely vegetated habi-
tats and forage on foliage are lighter than
those living in open habitats that forage on the
ground (Polo & Carrascal 1999). Our results
are in agreement with these patterns, as the
average body mass of species in thinned
stands was significantly higher than in un-thin-
ned maquis. To our knowledge, this is the first
time that a large-scale experimental manipula-
tion of habitat structure and vegetation volume
has demonstrated the predicted allometric
effect of habitat structural complexity on the
average body mass of a bird community. This
relationship had been previously observed
from comparisons of several species differing
in body mass and habitat preferences.
Nevertheless, these traits have a remarkable
phylogenetic correlation (Polo & Carrascal
1999; Freckleton, Harvey & Pagel 2002), so
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the relationship between them may emerge as
a consequence of the evolutionary history of
the group. In ecological time, the results of our
study can be explained if we assume that
structural complexity and vegetation density
act as a selective filter of the bird fauna of the
region, allowing the establishment and promo-
ting the increase of density of small-sized spe-
cies in the densely vegetated, un-thinned
magquis. The higher average body mass in thin-
ned stands is a consequence of both the
increased density of relatively large species
that mainly forage on the ground and the
decreased density of relatively small species
that usually forage on the foliage and twigs
affected by thinning.

Implications for species conservation and hunting

We found that thinned stands supported bird
species of high conservation concern in Europe.
We did not record any species threatened with
extinction (SPEC 1). Species such as red-leg-
ged partridge, woodchat shrike and wood lark,
with SPEC 2, tended to be more abundant in
thinned than un-thinned stands, making this
habitat important for species conservation.
These results have to be considered cautiously
since these species are actually rather common
at the regional level. Nevertheless, we point out
that thinning did not adversely affect the local
abundance of endangered species in our study.
Since thinned and un-thinned stands favoured
different guilds, management directed toward a
single species or species group and extensive,
conventional forestry are unlikely to be success-
ful for the conservation of bird communities that
inhabit complex forest ecosystems (Artman
2003; Carey 2003; Thompson, Baker & Ter-
Mikaelian 2003; Hagar, Howlin & Ganio 2004).
Both thinned and un-thinned areas should be
maintained.

Hunting is an important economic activity in
the region, and provides more monetary
value per area unit than, for example, agricul-
ture. The value of forest management for
hunting has been reported for several game
species (e.g. Terry, McLellan & Watts 2000).
The winter abundance of game birds increased
in thinned stands because these birds are
mostly granivorous and frugivorous species
that prefer to forage in this habitat rather than
in dense maquis (for wintering birds in
Central Spain see Carrascal, Palomino &
Lobo 2002). However, they rely on more
dense vegetation patches (red-legged partrid-
ge,) and trees (wood pigeon, turtle dove,
song thrush and mistle thrush) for nesting.
Thus, a habitat mosaic of dense and open
woody vegetation (Scarascia-Mugnozza et al.
2000) is necessary for the maintenance of
populations of valuable game birds.

In conclusion, our results indicate that thin-
ning of the Mediterranean maquis modifies
the structure of the vegetation and, as a con-
sequence, also alters several aspects of bird
community structure, including species rich-
ness, guild composition and average body
mass. The effects were consistent across
seasons except for body mass. Thinning of
dense Mediterranean woodlands dominated
by shrubs and young trees enhances habitat
suitability for several species of birds, but
some un-thinned patches should be preser-
ved to provide refugia for species that are
impacted by thinning (Hayes, Weikel & Huso
2003; Hagar, Howlin & Ganio 2004).
Silvicultural thinning was also found to be
beneficial for threatened bird species in the
European context and for game birds,
emphasizing both its conservation and eco-
nomical values.
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Response of hirds to silvicultural thinning of Mediterranean maquis

Appendix 5.A: Densities (birds/10 ha) of species in the thinned and un-thinned (reference) stands of the study area in Ciudad Real
(Central Spain). One hundred and five circular census plots (50 m in radius) were surveyed in 21 localities in both thinned and
reference stands. Each census plot was repeated two times per year, in two consecutive years (i.e. four replicates per census plot).
---: species absent. SPEC scores define the European conservation status: 5 (non-endangered category), 4, 3, 2 (the most endange-
red category). Winter foraging guilds: carnivorous (C), granivorous (G), insectivorous (1), frugivorous (F). Main foraging substra-
ta: aerial feeder (a), foliage gleaners (f), ground searchers (g), trunk foragers (t). Game species (H).

Thinned stands

Reference stands

Winter  Spring Winter Spring
Long-tailed tit Aegithalus caudatus (5,1,f) 5.43 2.20 12.76 7.51
Red-legged partridge Alectoris rufa (2,G,g,H) 2.93 2.20 3.11 1.77
Buzzard Buteo buteo (5,C,9) 0.06 0.06
Linnet Carduelis cannabina (4,G,9) 0.37 0.24 0.12 1.89
Goldfinch Carduelis carduelis (5,G,g) 0.43 0.31 0.37 0.55
Greenfinch Carduelis chloris (4,G,9) - 0.12 - 0.37
Siskin Carduelis spinus (4,G,f) 0.24
Short-toed treecreeper Certhia brachydactyla (4,1,t) 0.12 0.37 0.37
Great spotted cuckoo Clamator glandarius (5,9) 0.37 0.31
Woodpigeon Columba palumbus (4,G,g,H) 2.08 232 0.73 220
Quail Coturnix coturnix (3,9,H) - 0.12 - -
Cuckoo Cuculus canorus (5,9) 0.12 0.06
Azure-winged magpie Cyanopica cyana (4,1,9) 1.59 311 0.31 2.50
Rock bunting Emberiza cia (3,G,9) 0.31 0.24 0.43 0.12
Cirl bunting Emberiza cirlus (4,G,g) - - - 0.12
Robin Erithacus rubecula (4,1,9) 12.51 0.12 14.71 ---
Chaffinch Fringilla coelebs (4,G,f) 9.46 5.43 5.49 4.88
Thekla lark Galerida theklae (3,G,g) 0.31 1.59 0.55 0.98
Jay Garrulus glandarius (5,G,g/f) 0.31 0.24
Melodious warbler Hippolais polyglotta (4,f) 0.06 0.12
Swallow Hirundo rustica (3,a) 0.85 0.24
Great grey shrike Lanius meridionalis (3,1,9) 0.31
Woodchat shrike Lanius senator (2,9) 1.53 0.49
Wood lark Lullula arborea (2,G,g) 1.65 0.49 0.49 0.18
Bee-eater Merops apiaster (3,a) 2.50 1.22
Corn bunting Miliaria calandra (4,G,g) - 1.40 0.31 0.37
Spotted flycatcher Muscicapa striata (3,a) 0.31
Blue tit Parus caeruleus (4,1,f) 4.09 2.32 5.25 2.93
Crested tit Parus cristatus (4,1,f) 0.18 0.24 0.31 0.06
Great tit Parus major (5,1,f) 4.70 3.24 5.37 3.11
Spanish sparrow Passer hispaniolensis (5,G,g) 0.43 0.12
Tree sparrow Passer montanus (5,G,g) 0.18
Black redstart Phoenicurus ochruros (5,1,9) 0.24
Bonelli’s warbler Phylloscopus bonelli (4,f) 0.18 0.43 - 0.43
Chiffchaff Phylloscopus collybita (5,1,f) 494 --- 5.19 ---
Magpie Pica pica (5,C,g) 1.59 0.18 0.06 0.73
Greenn woodpecker Picus viridis (2,1,9/t) 0.06 0.06 0.06 0.24
Dunnock Prunella modularis (4,G,9) 0.49 - 0.49 0.06
Crag martin Ptyonoprogne rupestris (5,1,a) 0.92 0.31 0.92
Firecrest Regulus ignicapillus (4,1,f) 2.26 0.37 4.46
Serin Serinus serinus (4,G,9) 0.49 1.65 0.37 214
Turtle dove Streptopelia turtur (3,g,H) 0.12 0.43
Spotless starling Sturnus unicolor (4,G,g) 1.22 0.24
Blackcap Sylvia atricapilla (4,F,f) 0.06 0.18 - 0.18
Subalpine warbler Sylvia cantillans (4,f) 0.18 0.73 1.04
Orphean warbler Sylvia hortensis (3,f) 0.18 0.06
Sardinian warbler Sylvia melanocephala (4,F,f) 2.99 5.92 5.49 10.13
Dartford warbler Sylvia undata (2,1,f) 6.90 3.36 7.14 5.68
Blackbird Turdus merula (5,F,g) 1.40 2.26 3.11 3.97
Song thrush Turdus philomelos (4,1,9) 3.97 1.89
Mistle thrush Turdus viscivorus (4,F,g) 1.59 0.37 0.37 0.55
Hoopoe Upupa epops (5,1,9) 0.06 0.24 0.12
Total density 75.88 48.72 79.30 60.13
Number of species 34 43 27 43
Diversity (Shannon index) 2.87 3.13 2.59 2.96
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“Austeridad, no pobreza (..) la tierra tiene suficientes recursos para
cubrir las necesidades de todos, aunque no para la codicia de algunos”
Mahatma Gandhi

La sesion del Chullachaki. El espiritu de la selva transmite instrucciones para
el cuidado de los animales salvajes. Pablo Amaringo, Chaman peruano.






Capitulo 6

Consideraciones adicionales

Como biélogo puedo asegurar que el trabajar en y para la Naturaleza es suficientemente gra-
tificante como para mantener radiante mi parcela de felicidad profesional. Pero me gusta pen-
sar que el fin dltimo de todos los que dedicamos nuestros esfuerzos en pro de la conserva-
cion de la Naturaleza es el bienestar de la humanidad, ademas de por respeto a la vida en
general. Nuestra incesante transformacién y degradacion de los ecosistemas esta dafiando el
bienestar humano global a cambio de unos beneficios a corto plazo. En estas circunstancias,
realizar una razonable combinacién de conservacion y explotacion sostenible de los ecosis-
temas tiene un sentido tanto moral como econdémico.

Diversidad y conservacion

Nos encontramos en una fase crucial en el desarrollo del conocimiento tedrico y su aplicacion
a las estrategias de conservacion. Por ello hemos centrado este trabajo en generar un con-
junto de herramientas e informacién de interés para la conservacion de la diversidad biolégi-
ca. Como ejemplo, podemos destacar el indice Combinado de Biodiversidad que hemos des-
arrollado y evaluado en esta Tesis. Debido a la falta de congruencia encontrada entre las dis-
tintas medidas de diversidad empleadas cominmente para identificar areas relevantes de
diversidad, el uso del indice Combinado evitaria la potencial ineficiencia que se produce al
usar una sola de las medidas que integra, ya que ademas de incorporar la riqueza, la rareza
y la vulnerabilidad de las especies en una Unica medida, es mas eficiente, como hemos podi-
do comprobar en los capitulos 2, 3y 4.

La identificacion de areas relevantes de diversidad es considerada una estrategia util y ren-
table en términos de conservacion (Myers et al. 2000). La metodologia propuesta puede
incluirse dentro de la Planificacion Sistematica de la Conservacion (Margules & Pressey
2000), y también es de utilidad para la priorizacidn de otras actuaciones como la mitigacion
de impactos ambientales y la restauracion ecolégica, ademas de como base para futuras
investigaciones. No obstante existen problemas relativos a la seleccién de areas, los datos de
base, la escala de analisis, ciertas variables socioecon6micas y el mantenimiento de proce-
sos clave que pueden provocar que se excluyan de las estrategias de conservacion areas con
alto valor ecoldgico (ver Whittaker et al. 2005 para una revision del tema).

En los estudios macroecoldgicos el problema mas frecuente es la falta de datos fiables sobre
la distribucion de grupos de especies que no estan bien definidos taxondmicamente, asi como
por el inadecuado conocimiento de la distribucion de muchas especies debido a la ausencia
0 escasez de trabajos de investigacion, los llamados Linnean shortfall (Brown & Lomolino
1998) y Wallacean shortfall (Lomolino 2004), respectivamente. El distinto esfuerzo de mues-
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treo realizado en diferentes areas geograficas y taxones produce sesgos en los datos de base
qgue condicionan los resultados finales. Por otro lado, los andlisis deberian realizarse con
datos independientes para varios taxones, ya que las prioridades identificadas para un taxon
pueden no reflejar adecuadamente la diversidad de otros taxones (Van Jaarsveld et al. 1998).
Lo ideal seria que los andlisis incluyeran a los invertebrados y las plantas, ya que represen-
tan la mayor parte de la biodiversidad. Pero la realidad es que se dedica la mayor parte de
los recursos y esfuerzo a los vertebrados.

La escala espacial de andlisis es un factor determinante de los patrones de diversidad,
debiéndose distinguir dos propiedades distintas: la extension geografica del sistema de estu-
dio y el grano o resolucién de los datos. Existen trabajos que muestran distintos patrones de
diversidad al variar la resolucion de los datos mientras se mantiene constante la extension
geogréfica, y viceversa (Rahbek & Graves 2000, Koleff & Gaston 2002, Hawkins et al. 2003,
Rahbek 2005, Hurlbert & Jetz 2007). Esto indica que algunos criterios de seleccion de areas
relevantes basados en datos de diversidad y distribucion de especies pueden ser sensibles a
la escala de analisis empleada. Aunque no se han hecho muchos trabajos para evaluar este
hecho, parece que podria tener una fuerte influencia (Araujo 2004), y por lo tanto son nece-
sarias nuevas técnicas que permitan analisis Utiles a diferentes escalas.

Muchas veces las areas relevantes de diversidad establecidas son demasiado amplias para
dirigir las actividades de conservacion, gestion y restauracion en escalas realistas de trabajo.
Establecer areas del territorio para prioridades de conservacion basada en la biodiversidad
puede ignorar muchos factores sociales relevantes. Si se pretende generar informacion util
para la correcta asignacion de los recursos destinados a la conservacion, se deben incluir fac-
tores econdmicos y sociales (Moore et al. 2004, Fraga 2006). También es conveniente que los
patrones espaciales de biodiversidad sean analizados a escala local con el objetivo de facili-
tar una conexion directa entre conocimiento biol6gico y las intervenciones concretas de con-
servacion (Harris et al. 2005). Es necesario que las actuaciones en areas reducidas como los
resalveos, u otras encaminadas a la conservacion o el aprovechamiento de los recursos natu-
rales, se integren dentro de estrategias de conservacion mas amplias, que sean el fruto de la
coordinacion entre organismos y/o administraciones, y asi poder evitar inconsistencia en la
gestion del territorio (Failing & Gregory 2003). A escala de proyecto, es necesario disponer del
conocimiento cientifico basico para poder adaptar la gestion a las peculiaridades ecoldgicas
y socioecondmicas locales, mientras se cumplen los objetivos de conservacién a escala de
planificacion.

La distribucion de la riqueza de especies, especies amenazadas y especies endémicas es
determinada por la interaccion de distintos factores biolégicos, ecoldgicos, evolutivos y huma-
nos. Es necesario un mayor conocimiento teérico que explique los diferentes patrones de
diversidad, aunque hay que tener en cuenta que existen evidencias de que el mantenimiento
de los patrones de distribucion de especies y comunidades no garantiza por si mismo la con-
servacion de los procesos evolutivos y ecologicos clave (Balmford et al. 1998, Pressey et al.
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2003). Es importante considerar la complementaridad entre las distintas unidades de un terri-
torio, ya que ayuda a flexibilizar la seleccion de éstas y a maximizar la eficiencia en conser-
vacion y representacion minimizando los costes socioecondémicos. También son necesarias
aproximaciones que evallen la probabilidad de persistencia de las poblaciones en el futuro,
en particular, en los distintos escenarios de cambio climéatico que se plantean actualmente
(IPCC 2007).

Conservacion de la Naturaleza y sociedad

Considerando las limitaciones y la constante necesidad de mejorar el conocimiento alcanza-
do, la realidad es que, por ejemplo, mucha de la superficie protegida en el mundo es conse-
cuencia de oportunidades locales mas que el resultado de una evaluacién a priori de sus valo-
res ecologicos (Prendergast et al. 1999). Esto se produce a pesar de la existencia de multi-
tud de métodos y técnicas condenados a ser siempre teéricamente Utiles, y que jamas llega-
ran a demostrar su aplicacion practica. La Convencién sobre la Diversidad Biolégica recono-
ce que se cuenta con los instrumentos necesarios para alcanzar el objetivo de reducir la pér-
dida de biodiversidad para el afio 2010 (UNEP 2002), pero que lo mas complicado es lograr
gue sean utilizados por todos los sectores econémicos, desde la pesca hasta la selvicultura,
desde la agricultura hasta la industria, desde la planificacién hasta el comercio. Después de
varios afios de buenas ideas y esfuerzos la mayor parte de ellos siguen siendo letra muerta,
a pesar de que la incertidumbre sobre la no linealidad y la reversibilidad de los efectos de la
pérdida de biodiversidad en los ecosistemas reclame medidas inmediatas para mitigar las
consecuencias negativas en el futuro (Chapin et al. 2000).

Todo ello se debe en parte a que la conservacion de la Naturaleza es una tarea compleja debi-
do a la interaccidn de los procesos ecologicos con los de indole socioecondémica, a la partici-
pacién activa o pasiva, voluntaria u obligada, favorable o contraria de multitud de sectores
sociales y a la distribucion de todos estos elementos en una escala geografica amplia. Esto
fomenta la aparicion de diferentes conflictos de intereses econdémicos, politicos, sociales e
incluso personales. La conservacion es un uso que se enfrenta a otros usos.

También influye el que frecuentemente no se consigue difundir el resultado de las investiga-
ciones méas alla del ambito cientifico, bien porque no es suficientemente atractivo para su apli-
cacion real, bien porque no tenemos o0 no sabemos usar las vias de comunicacion adecua-
das. Evaluar el impacto de un articulo cientifico en la politica y la gestion es siempre dificil de
demostrar, pero parece que se presta escasa consideracién a los trabajos publicados en
nuestro campo de investigacion. Afortunadamente, algunas sefiales indican que la ciencia
esta alcanzando los circulos politicos. Un ejemplo es la publicacion del Bowral Checklist
(Lindenmayer et al. 2008), donde se identifican 12 temas importantes que deben ser conside-
rados en el desarrollo de estrategias para la conservacion de paisajes. Unas semanas des-
pués de su publicacion, aparecid un resumen de sus conclusiones en el Science for
Environment Policy, el servicio de noticias ambientales de la Union Europea, distribuido a
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unos 6000 politicos y legisladores. En cualquier caso, siempre es imprescindible la voluntad
politica de actuacion y, por desgracia, ésta suele faltar. Frecuentemente se toman medidas
cuando un "mal ecoldgico" ya esta hecho y la opinion puablica clama.

Pensar en el futuro de la biodiversidad a escala global es desalentador (Sala et al. 2000). Es
maés practico y reconfortante considerar las amenazas a la integridad de los ecosistemas
como una oportunidad concreta de reducir el problema a unas dimensiones mas manejables,
a una situacion mas soportable. ¢ De qué forma podemos abordar estas amenazas para ser
mas efectivos y eficientes en la conservacion? Una de las mejores apuestas para lograrlo es
la integracién y la actuacién sobre los diferentes aspectos ecoldgicos, sociales, politicos,
organizativos y econémicos que rodean a la conservacion. Esta integracion debe incluir tanto
herramientas técnicas y cientificas como una nueva manera de ver la realidad que trascien-
da el pensamiento académico tradicional que nos obliga a compartimentarla para poder com-
prenderla y cambiarla.

La Ecologia tiene la obligacién de proveer a la sociedad el conocimiento necesario para ges-
tionar sabiamente la Tierra y sus recursos biologicos. Esto requerird comprender suficiente-
mente la Naturaleza y los impactos humanos en ella, y que comuniquemos este conocimien-
to al conjunto de la sociedad. ¢ Por qué limitarnos a dialogar dentro de la comunidad intere-
sada en la conservacion de los ecosistemas si ésta interesa a todos los sectores de la eco-
nomia? ¢ Como podemos presentar el conocimiento cientifico de manera util a las administra-
ciones, empresas Y la sociedad en general? Parte de las respuestas a estas preguntas radi-
ca en establecer indicadores de los servicios de la biodiversidad y los ecosistemas que sean
rigurosos, constantes, ampliamente aceptados y facilmente comprensibles (Balmford et al.
2005a, Hezri & Dovers 2006, Mace & Baillie 2007). Los cientificos de la conservacion tene-
mos mucho que aprender en este tema de los economistas. Uno de esos indicadores ecol6-
gicos, el U.K. Wild Bird Index, basado en las tendencias de las poblaciones de aves nidifican-
tes comunes, ha sido adoptado por el gobierno de Reino Unido como un indicador de la cali-
dad de vida y una medida de cdmo estan funcionando las politicas ambientales.

Ademas de modelos que describan como interactian los componentes humanos, biolégicos,
fisicos y quimicos de los sistemas de la Tierra, es necesario dar respuestas a preguntas espe-
cificas aplicables a situaciones reales. El problema es identificar cuales son las preguntas de
interés y quién las establece. La investigacion esta en posicion de ofrecer el asesoramiento
gue necesitan administraciones y empresas para tomar decisiones importantes. Pero si no
son la opcién mas rentable pocas veces son consideradas. Normalmente las ganancias a
corto plazo se priorizan antes que cualquier valor a largo plazo asociado a la conservacion
del sistema natural que genere ingresos sostenidos. Existe un compromiso entre los benefi-
cios actuales y los costes futuros de la degradacion ambiental, y entre el beneficio de unos
pocos y el coste para muchos. La investigacién necesita cuantificar estos compromisos. Son
necesarios trabajos relacionando ecologia y economia para cuantificar los costes inmediatos
y a largo plazo y los beneficios de acciones alternativas (Tilman 2000). La causa subyacente
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de la degradacion ambiental es frecuentemente econémica, y por lo tanto la solucién debe
también incorporar principios econémicos. Los servicios de los ecosistemas no estan adecua-
damente contemplados dentro de los mercados comerciales, por lo que frecuentemente tie-
nen muy poco peso en las decisiones politicas. El imperativo global de proteger los servicios
de los ecosistemas y de la biodiversidad debe convertirse politicamente en algo tan relevan-
te como lo es ahora el crecimiento econdmico (Balmford et al. 2005b).

Valores humanos y conservacion

Ese modelo econdmico es irresponsable y lo que llamamos desarrollo es insostenible. Las
actuales trayectorias de desarrollo evidencian la ausencia de beneficios para la humanidad
de la manera que deberian: la desigualdad de ingresos per capita aumenta en todo el mundo
y la mayoria de los paises no estan en el camino de alcanzar los objetivos de Naciones
Unidas para el desarrollo humano y la erradicacion de la pobreza en el afio 2015 (UNDP
2000). En 2008 casi se alcanzd la cifra de mil millones de personas que pasan hambre en el
mundo, unos 40 millones mas que el afio anterior (FAO 2008). El logro de un desarrollo ver-
daderamente sostenible obliga a reconsiderar los actuales paradigmas econémicos y a recha-
zar las soluciones a corto plazo que, a la larga, no llevan a ninguna parte.

Hay que cambiar los valores fundamentales de nuestra sociedad materialista. La responsabi-
lidad personal y el uso eficiente de los recursos debe ser una prioridad para las sociedades
modernas. Es necesario que se reduzca el nivel de consumo individual de energia, recursos
y alimentos producidos en los niveles tréficos mas altos. Es inconcebible que el deseable
bienestar de toda la humanidad desemboque en el nivel de consumo actual de los ciudada-
nos de los paises derrochadores. Cada ser humano utiliza tanta energia y tantos recursos que
causa un grave deterioro ambiental.

Posiblemente los problemas ambientales nunca se puedan controlar mientras la poblacion
humana siga creciendo a este ritmo. La prediccion de incremento de nuestra poblaciéon es de
2500 millones de personas para el afio 2050 (UN 2006). La insistencia en un estilo de vida de
alta energia magnifica el peso de la poblacién humana sobre los recursos mundiales y sobre
la calidad del ambiente.

La nueva ética debe repartir costes y beneficios entre individuos y la sociedad en su conjun-
to y entre las generaciones actuales y las generaciones futuras. Un mundo sostenible nece-
sitara una ética que se incorpore dentro de la cultura. Un cambio de este tipo requerird un
notable giro en el pensamiento politico y social. Mas que un cambio es necesaria una revolu-
cion, que solo se producira si nos damos cuenta de que al dafiar la Naturaleza estamos real-
mente perdiendo algo de valor. La clave es la educacion.

Pero un mundo en el que no somos capaces de garantizar los derechos humanos mas basi-
cos, ya que se siguen incumpliendo en multitud de paises 60 afios después de su Declaracion
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Universal, no se si sera capaz de garantizar un medio ambiente adecuado para las genera-
ciones futuras. Ademas, no podemos olvidar que para muchas personas los problemas prac-
ticos de la supervivencia personal hacen dificil ver la Naturaleza de una forma que no sea
como fuente de alimento y combustible. Mientras, para otros la moralidad es dictada por la
codicia personal mas que por la preocupacién por los demas, sean humanos o no.

El movimiento conservacionista moderno nacié a finales del siglo XIX entre la élite social
europea y norteamericana, motivados por el deseo de preservar lugares de especial relevan-
cia estética y por la aceptacion de la responsabilidad moral de los humanos para asegurar la
supervivencia de las especies amenazadas (Varillas 2005). Los cientificos de los afios sesen-
ta impulsaron dicho movimiento, transmitiendo lo que iban averiguando sobre la problemati-
ca situacion de la fauna y flora silvestres. Algunas de sus obras causaron gran impacto a
escala mundial y despertaron muchas conciencias en la década de los setenta, lo que moti-
vO la movilizacién y organizacion de la opinion publica en asociaciones conservacionistas.
Después del trabajo de los cientificos, la difusidon de las ideas conservacionistas debi6 su
éxito a los medios de comunicacion y en particular a destacados divulgadores como Félix
Rodriguez de la Fuente, Jacques Yves Cousteau o David Attenborough. La presion conjunta
de cientificos y conservacionistas tuvo como consecuencia la reaccién de los gobiernos, que
en la década de los ochenta comenzaron a construir un tejido de instituciones y legislacion
relacionado con la conservacion de la Naturaleza. La aplicacion de la normativa y la consta-
tacion de que los ciudadanos que claman por evitar la degradacién del ambiente son también
consumidores, ha hecho que las empresas se incorporen también al escenario ambiental.
Esta mezcla de cientificos, ONGs, politicos, funcionarios y empresarios tuvo su gran momen-
to en la Cumbre del Medio Ambiente de Rio de Janeiro en 1992. De esta reunién salieron
acuerdos con importantes expectativas en los que se ha avanzado poco. Pero es indudable
qgue en las Ultimas décadas se han producido algunos cambios significativos.

Esto demuestra el poder de la sociedad civil, pero también la lentitud en lograr grandes retos.
Ante la situacién actual, somos los ciudadanos los que debemos tomar ya la iniciativa sin
esperar a que los dirigentes politicos y responsables econdémicos nos marquen el camino.
Resignarse ante los acontecimientos o esperar a que exista otro mundo mejor en el mas alla
puede ser mas comodo y consolador que luchar por cambiar las cosas, pero el futuro depen-
de de la actitud de cada uno de nosotros. El equilibrio de la vida en la Tierra depende de las
plantas, insectos y bacterias, por lo que la certeza del futuro de la vida esta asegurada, con
los seres humanos o sin ellos. Ahora debemos tomar algunas decisiones con respecto a nues-
tra participacion continua en ese equilibrio, participacién que es claramente un privilegio y no
un derecho. Es posible que ya sea demasiado tarde y que esta senda nos conduzca a un pre-
cipicio, pero de vez en cuando bajan las estrellas al camino, modificando el rumbo de nues-
tros suefios, y se producen cambios que parecian imposibles, cambios conseguidos tras
mucho esfuerzo, cambios que cambian el mundo y que mantienen viva la esperanza.
Estamos obligados a no perderla y pensar que "yes, we can".
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La utopia esta en el horizonte. Me acerco dos pasos, ella se aleja dos pasos.
Camino diez pasos y el horizonte se corre diez pasos mas alla. Por mucho
gue yo camine, nunca la alcanzaré. ¢Para que sirve la utopia? Para eso sirve:

para caminar.
Eduardo Galeano
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Conclusiones

1. El indice Combinado de Biodiversidad desarrollado en este trabajo fue, junto a la rareza de
especies, el criterio que mejor representd la diversidad de vertebrados terrestres. El indice
Combinado de Biodiversidad destaca, ademas, por su alto valor intrinseco y su mayor efecti-
vidad para incluir a las especies amenazadas. A pesar de que la riqueza de especies es el cri-
terio usado con mayor frecuencia nuestros resultados indicaron que es relativamente poco
efectivo.

2. La congruencia entre las areas relevantes de diversidad identificadas segun los distintos
criterios y grupos taxondmicos de vertebrados fue baja o0 moderada en casi todos los casos.
Este hecho dificulta el desarrollo de estrategias de conservacion. Aquellas estrategias basa-
das en un solo criterio o que tengan en cuenta un sélo grupo taxonémico pueden proveer
inadecuada proteccién para muchos organismos.

3. Se identificaron tres grupos de factores ecologicos y evolutivos que influyen en la distribu-
cion de las areas relevantes de diversidad en Espafia peninsular y Baleares: 1) los efectos bio-
geograficos provocados por las diferencias climaticas entre las regiones de clima atlantico y
mediterraneo, y el efecto insular de las Baleares, 2) el efecto refugio de las zonas de montafia
y 3) las diferencias en los requerimientos ecolégicos de los distintos grupos taxonémicos.

4. Existe un nimero notable de areas relevantes de diversidad que no estan incluidas en la
Red de Espacios Naturales Protegidos a nivel nacional y regional. Las areas propuestas para
formar parte de la Red Natura 2000 en Castilla-La Mancha tampoco incluyeron todas las
areas relevantes de diversidad, a pesar de la gran extension de esta red.

5. La coincidencia entre las infraestructuras viarias y embalses planeados en la Peninsula
Ibérica y las areas relevantes de diversidad de herpetofauna fue baja. No obstante, las zonas
de distribucién de varias especies de anfibios y reptiles serian afectadas considerablemente,
con el consiguiente riesgo de pérdida de poblaciones. Consideramos necesaria alguna forma
de evaluacion estratégica que asegure que el desarrollo de infraestructuras sea compatible
con la conservacion de los habitats y las especies.

6. Las areas de conservacion de Castilla-La Mancha no representan adecuadamente los habi-
tats formados por los cultivos tradicionales, a pesar de que en la regiéon estos habitats confie-
ren una alta heterogeneidad al paisaje y son importantes para la conservacion de la biodiver-
sidad, especialmente para algunas especies de aves amenazadas en el contexto europeo.
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7. Nuestra metodologia para identificar areas relevantes de diversidad es de utilidad para la
planificacion sisteméatica de la conservacion. La combinacién de dichas areas relevantes, las
areas de conservacion existentes y nuevas areas de conectividad permite maximizar la repre-
sentacion de la biodiversidad de una forma eficiente, de manera que la configuracion espa-
cial resultante incluya a todas las especies y habitats considerados importantes para su con-
servacion.

8. Las zonas de monte mediterraneo resalveadas incrementan su diversidad estructural, pro-
porcionando nichos adecuados para que sean ocupados por especies de aves ausentes en
las zonas de monte denso. Aunque algunas de las especies de aves caracteristicas del monte
denso disminuyen su densidad, ninguna de ellas desapareci6. Ello resulta en un aumento de
la riqueza local de especies de aves que apoya la hipétesis de la perturbacion intermedia.

9. El resalveo afectd a la composicion de los gremios de aves, aumentando la densidad de
los granivoros y disminuyendo la densidad de los insectivoros, los frugivoros y la de las espe-
cies que se alimentan en el follaje. También fue beneficioso para la persistencia en la region
de las poblaciones de aves amenazadas en el contexto europeo y para las especies cinegé-
ticas, lo que aumenta el valor de conservacion y econdémico de este tratamiento silvicola.
Recomendamos mantener zonas de monte denso para favorecer las poblaciones de sus
especies caracteristicas.

10. La manipulacion experimental a gran escala de la estructura del habitat y el volumen de
la vegetacion nos ha permitido demostrar, el predicho efecto alométrico de la complejidad
estructural del habitat en la masa corporal media de una comunidad de aves. Esto puede
explicarse si asumimos que la complejidad estructural y la densidad de la vegetacion actla
como un filtro selectivo de la avifauna regional, favoreciendo el asentamiento y aumento de
la densidad de especies de pequefio tamafio en habitats densos y complejos debido a limita-
ciones de maniobrabilidad.

11. En esta Tesis Doctoral se muestra un conjunto de herramientas e informacion de interés
para la conservacion de la Naturaleza. Mas alla de su valor cientifico, el éxito de esta Tesis
residira en conseguir que parte de ella pueda tener alguna aplicacion en el mundo real. Ello
dependera, en parte, de nuestra capacidad para transmitir eficazmente los avances de cono-
cimiento a la sociedad en general y a los gestores y tomadores de decisiones en particular.
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