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Quan surts per fer el viatge cap a Itaca,

has de pregar que el cami sigui llarg,

ple d'aventures, ple de coneixences.

Has de pregar que el cami sigui llarg,

que siguin moltes les matinades

que entraras en un port que els teus ulls ignoraven,

i vagis a ciutats per aprendre dels que saben.

Tingues sempre al cor la idea d'itaca.

Has d'arribar-hi, és el teu destf,

perd no forcis gens la travessia.

Es preferible que duri molts anys,

que siguis vell quan fondegis lilla,

ric de tot el que hauras guanyat fent el cami,

sense esperar que et doni més riqueses.

itaca t'ha donat el bell viatge,

sense ella no hauries sortit.

I si la trobes pobre, no és que itaca
t'hagi enganyat. Savi, com bé t'has fet,

sabras el que volen dir les itaques.

KONSTANTINOS KAVAFIS
adaptado por LLUIS LLACH
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RESUMEN

La vida campesina es una vida dedicada por entero a la supervivencia. Esta es tal vez la Gnica

caracteristica totalmente compartida por todos los campesinos a lo largo y ancho del mundo.

La palabra superviviente tiene dos significados. Denota a alguien que ha vivido y superado trances muy
duros. Y también denota a la persona que ha seguido viviendo cuando otras han desaparecido o

perecido. Es en este segundo sentido como yo utilizo el término en relacidn con el campesinado.

Cuando un campesino se resiste a la introduccion de nuevas técnicas o métodos de trabajo,
no lo hace porque no vea sus posibles ventajas

(su conservadurismo no tiene nada que ver con la ceguera o con la pereza),

sino porque cree que esas ventajas, dada la naturaleza de las cosas,

no pueden estar garantizadas y si fallaran, él se veria solo, aislado,

desgajado de la rutina de la supervivencia.

JOHN BERGER

Puerca tierra






Las areas pasto-cortafuegos: un sistema silvopastoral para la prevencién de incendios forestales

El término areas pasto-cortafuegos es un neologismo que se emplea para denominar aquellas
zonas de baja combustibilidad, ubicadas estratégicamente en los montes, que son gestionadas
mediante pastoreo con ganado para contrarrestar el desarrollo natural de la vegetacion y asi
mantenerlas en condiciones adecuadas para la prevencion de incendios forestales. El uso de esta
practica silvopastoral esta creciendo en la Europa mediterranea, donde es necesario mejorar las
estrategias de prevencion con las que se afronta la proliferacion de incendios registrada en las
Ultimas décadas. De hecho, tal y como se argumenta en la introduccion, el declive generalizado
del pastoreo del monte ha contribuido a este incremento de incendios; ahora son los propios
programas de prevencion de incendios forestales quienes incentivan su recuperacion, al utilizar el

pastoreo como herramienta complementaria para el mantenimiento de areas cortafuegos.

Andalucia es una de las regiones en las que la gestion silvopastoral de areas cortafuegos ha
comenzado a utilizarse recientemente. Dado el caracter innovador de esta gestion, la Junta de
Andalucia solicité el apoyo cientifico del grupo de Pastos y Sistemas Silvopastorales
Mediterraneos del CSIC para realizar los primeros ensayos y acompanar la puesta en marcha de
la denominada Red de Areas Pasto-Cortafuegos de Andalucia (RAPCA). Esta tesis doctoral se ha
desarrollado en el marco de esta colaboraciéon, por lo que los trabajos presentados en los
distintos capitulos son de caracter aplicado y procuran resolver cuestiones muy concretas,

siempre ligadas a la integracion del pastoreo en la prevencion de incendios forestales.

En el primero de ellos se presenta la metodologia de seguimiento que se ha aplicado en la
RAPCA con el fin de evaluar la efectividad del pastoreo y corregir las deficiencias detectadas
durante sus primeros anos. Mas concretamente, durante dos anos se caracterizaron mas de
2.000 ha de areas pasto-cortafuegos y se evalué el pastoreo realizado en ellas mediante
parametros de campo, como las tasas de consumo de la vegetacion por el ganado y una
evaluacion global del nivel de pastoreo observado. A partir de estos parametros se estimé el
nivel de cumplimiento de los objetivos de pastoreo en cada area pasto-cortafuegos, tanto
individualmente (el primer ano) como a través de funciones de clasificacion automatica (el
segundo ano), que habian sido elaboradas al efecto y resultaron muy fiables. Ademas, se discute la
posibilidad de simplificar la evaluacién del pastoreo en base al andlisis de los resultados de estos
anos. Entre las caracteristicas de las areas pasto-cortafuegos, se concluyé que un mayor volumen
de matorral afectaba negativamente al éxito del pastoreo, mientras que otros parametros
analizados (como la pendiente, la distancia al aprisco o el tipo de ganado) no ejercieron una

influencia destacable sobre la efectividad del pastoreo en la RAPCA.



Resumen

En los tres siguientes trabajos, la tesis se centra en una finca experimental piloto situada
en los altiplanos de Guadix (provincia de Granada), una zona de clima mediterraneo semiarido.
En estos trabajos se abordan la apertura de un area cortafuegos en una repoblacion, las
consecuencias que tiene su manejo con ganado sobre la vegetacion, y la respuesta al pastoreo de
un arbusto forrajero que podria ser utilizado en areas pasto-cortafuegos para mejorar la oferta
de pastos. En efecto, para la creacion de un area cortafuegos en esta zona de estudio se aplicaron
dos tipos de clareos, con tres intensidades distintas, sobre una repoblacion joven de pino
carrasco (Pinus halepensis Mill.). Se establecieron parcelas de seguimiento para estudiar estos
tratamientos, que fueron comparados en términos de estructura forestal resultante y crecimiento
del arbolado durante los cuatro anos siguientes a la intervencion. Ademas de sus implicaciones de
cara a la prevencion de incendios, en el analisis se incluyen también consideraciones sobre otros
objetivos de gestion que podrian alcanzarse paralelamente mediante estos clareos. En este ultimo
sentido, resulté ejemplar el clareo intenso con seleccion de arboles al azar, dado que consiguié
desdibujar el patron regular de plantacion del arbolado, y dotar asi de mayor naturalidad espacial

a la repoblacion.

El area cortafuegos creada mediante los clareos rodeaba una faja cortafuegos desarbolada
que existia con anterioridad. Toda esta zona comenzo a ser pastada estacionalmente por un
rebafio de ganado ovino y, durante tres afos, se realizd un seguimiento del efecto del ganado
sobre el pastizal de la zona desarbolada y sobre jovenes encinas (Quercus rotundifolia Lam.)
situadas en el sotobosque del pinar clareado. Al efecto de poder comparar zonas pastoreadas y
excluidas al ganado, se instalaron parcelas de exclusion a lo largo de la faja cortafuegos. En las
evaluaciones se emplearon tanto métodos destructivos (cuadrados de corte para evaluar
biomasa) como no destructivos (método point intercept para estudiar la cobertura del suelo y la
composicion botanica). El impacto del pastoreo fue destacado en la cobertura del suelo vy,
particularmente, en el porcentaje de suelo desnudo, que se incrementd con el pastoreo. En
cambio, los parametros ligados a la composicion botanica se vieron mucho mas afectados por
variaciones ambientales entre afios, como la pluviometria, que por el pastoreo. Para el estudio
del impacto sobre las jévenes encinas, se comparo la evolucion en tamano de un elevado nimero
de ejemplares que disponian de protectores con la de otros que estaban expuestos al ganado. Al
cabo de tres anos, las encinas ramoneadas habian mantenido un cierto crecimiento, pero eran

significativamente menores en tamano que las encinas protegidas.

En el tercer trabajo realizado en la finca piloto, se evalia la respuesta al pastoreo del

salado blanco (Atriplex halimus L.), un arbusto forrajero autédctono que, al ser poco inflamable,
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resulta idoneo para areas pasto-cortafuegos. Nuevamente, se compararon arbustos excluidos al
pastoreo frente a otros que fueron ramoneados estacionalmente por ganado ovino durante tres
afos consecutivos. Las mediciones periddicas del tamafo de los arbustos mostraron que el
pastoreo reducia su volumen notablemente en una zona con buen suelo y acceso a agua, mientras
que las diferencias eran minimas en otra zona proxima, pero que ofrecia peores condiciones para
el crecimiento. En todo caso, se observé que el salado blanco siempre rebrotaba vigorosamente
tras ser ramoneado. Al final de los tres afos, se cortaron y pesaron por fracciones (forraje y
leno) una muestra de los arbustos experimentales, lo que permitid detectar que aquellos que
habian sido ramoneados se habian compactado y, por tanto, concentraban una mayor biomasa de

lo esperado en su menor volumen.

Posteriormente, la tesis retoma la escala regional de Andalucia para analizar un fenémeno
ligado al pastoreo y a los incendios forestales: las quemas para la regeneracion de pastos, una de
las causas mas importantes de ignicion de incendios en los paises mediterraneos. Tomando en
consideracion que estas quemas se realizan para gestionar los recursos pascicolas disponibles
para la ganaderia extensiva, planteamos la hipotesis de que una mayor frecuencia de igniciones de
incendios por quemas de pastos podia estar asociada a patrones de uso del suelo. El estudio se
centré en 24 unidades de paisaje que se correspondian con los parques naturales de Andalucia.
La ocurrencia de quemas pastorales se calculd a partir de la base de datos nacional de incendios,
mientras que los usos del suelo en esas unidades se obtuvieron a partir de un mapa oficial, se
interpretaron desde un punto de vista pastoral y sus patrones se analizaron con el software
Fragstats. Las relaciones se modelizaron mediante redes neuronales, lo que permitié identificar
varios patrones de uso del suelo que estaban significativamente correlacionados con la ocurrencia

de incendios por quemas pastorales.

El ultimo tema que se aborda en la tesis es la tecnologia conocida como vallados virtuales,
que combina el posicionamiento animal mediante GPS con estimulos desagradables para
modificar el comportamiento del ganado en pastoreo. Aunque aln se encuentra en investigacion,
en un futuro esta tecnologia podria ser Gtil para concentrar el ganado en areas pasto-cortafuegos.
Una de las limitaciones de los vallados virtuales es que los dispositivos portados por los animales
(habitualmente collares) agotan rapidamente la energia de las baterias. En tal sentido, se realizé
un estudio de campo replicado para determinar si el sistema mantiene su efectividad cuando los
dispositivos se apagan parte del tiempo para ahorrar energia. De acuerdo con el disefio
experimental, se comparé el comportamiento animal en dos periodos sucesivos: en el primero,

los animales podian utilizar el pastizal sin recibir estimulacion alguna; en el segundo, en cambio,



Resumen

los animales recibian un estimulo desagradable si se internaban en una zona de restriccion. La
aplicacion del estimulo era discontinua, dado que los dispositivos se inactivaban durante
intervalos de duracion aleatoria que equivalian a un 75% del tiempo total. A pesar de estas
discontinuidades, el uso de la zona de restriccion se redujo drasticamente entre el primer y el
segundo periodo, lo que demostré que la utilizacion de esta estrategia de ahorro energético no

compromete la efectividad del sistema.

SUMMARY

The term grazed fuelbreaks refers to those low combustibility areas, located strategically in the
forest, which are grazed by livestock to offset vegetation growth and so maintain them in
adequate conditions for wildfire prevention purposes. This silvopastoral practice is increasingly
used in Mediterranean Europe, where there is a need to improve the prevention strategies set up
to face the proliferation of wildfires registered in the last few decades. Indeed, as argued in the
introduction, the generalised decline in livestock grazing on range and forestlands has contributed
to this increase in wildfires; currently, the wildfire prevention programmes themselves are
encouraging its recovery, as they make use of livestock grazing as a complementary tool for the

maintenance of fuelbreaks.

Andalusia is one of the regions where the silvopastoral management of fuelbreaks has
recently started to be used. This management being innovative, the Government of Andalusia
sought the scientific support of the Mediterranean Pastures and Silvopastoral Systems group from
the CSIC (Spanish National Research Council) to perform the first experiments and support the
creation of the Grazed Fuelbreak Network in Andalusia (RAPCA). This PhD thesis was
developed in the frame of this collaboration, so the studies presented in the different chapters
are all applied research and aim to answer very specific questions, always linked to the

integration of livestock grazing into wildfire prevention.

First of all, we present the monitoring methodology applied in the RAPCA to evaluate the
effectiveness of grazing and correct deficiencies detected in the first years of the network. More
specifically, over 2,000 hectares of fuelbreaks were characterised in two consecutive years and
grazing in them was evaluated using field parameterssuch as the utilization rate of vegetation by
livestock and the general grazing level observed. These parameters were employed to estimate
the level of accomplishment of the grazing objectives in each fuelbreak, both through individual

assessments (first year) and with automatic classification functions (second year), which had been
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specifically calculated and were very reliable. Further, the possibility of simplifying the monitoring
methodology is discussed on the basis of the results obtained during these years. Regarding
fuelbreak characteristics, larger shrub volumes were found to negatively affect the
accomplishment of grazing objectives, whereas other parameters analysed (such as steepness,
distance to animal shelter or type of livestock) were not particularly influential on grazing

effectiveness in the RAPCA.

Next, the thesis focuses on three experiments performed in the same pilot study area,
which is located on the highlands of Guadix (province of Granada, south-eastern Spain), where
the climate is semiarid Mediterranean. These studies tackle the creation of a fuelbreak within a
planted forest, the consequences of its pastoral management on vegetation, and the response to
grazing of a fodder shrub which could be used in grazed fuelbreaks to improve pasture resources.
Indeed, two types of thinning at three different intensities were applied in the creation of a
fuelbreak within a young Aleppo pine (Pinus halepensis Mill.) planted forest located in this study
area. Monitoring plots were established to study these treatments, which were compared in
terms of the resulting forest stand structure and tree growth four years following thinning. On
top of the implications for wildfire prevention, the analysis also considers other management
goals that could be attained through thinning. In this regard, intense thinning with random
selection of trees was a particularly remarkable treatment, as it successfully transformed the

regular tree plantation pattern into a near-natural spatial distribution of trees.

The fuelbreak created through thinning surrounded a preexisting linear treeless firebreak.
All this area started to be grazed seasonally by a sheep flock and, during three years, we
monitored the effect of grazing on herbage in the treeless area, and on holm oak (Quercus
rotundifolia Lam.) saplings growing under the thinned pine forest. Livestock exclosures were set
up on the firebreak to compare grazed and non-grazed areas. In the evaluation, we used both
destructive methods (herbage cutting in quadrats to estimate biomass) and non-destructive ones
(point intercept method to study soil cover and botanical composition). The impact of grazing was
remarkable on soil cover and, particularly, in the percentage of bare soil, which increased with
grazing. In contrast, parameters linked to botanical composition were affected to a much greater
extent by environmental variations between years, such as rainfall, than by grazing. The impact on
holm oaks was studied by comparing the evolution in size of a large number of saplings that were
protected, with that of other holm oaks exposed to grazing. At the end of three years, browsed
holm oaks had maintained some growth, but were significantly smaller than non-browsed

saplings.
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In the third experiment performed in the pilot study area, we evaluated the response to
grazing of the Mediterranean saltbush (Atriplex halimus L.), an autochthonous fodder shrub which,
due to its low flammability, is particularly adequate for grazed fuelbreaks. Again, shrubs excluded
from grazing were compared to others browsed seasonally by a sheep flock in three consecutive
years. The periodical shrub size measurements showed that grazing reduced shrub volume
notably in an area with good soil and more water available, whereas differences were minimal in a
nearby area with poorer conditions for growth. In all cases, shrubs resprouted vigorously after
being browsed. At the end of three years, a sample of the shrubs was cut and its fractions
(fodder and wood) weighed, which led to detecting that browsed shrubs had become more

compact and, therefore, concentrated more biomass than expected in their smaller volume.

Subsequently, the thesis comes back to the regional scale of Andalusia to analyse a
phenomenon linked to livestock grazing and wildfires: the use of fire to regenerate rangelands, a
major cause of wildfires in Mediterranean countries. Considering that pastoral fire is used to
manage the pasture resources available for grazing livestock, we hypothesised that a higher rate
of pastoral wildfire ignitions could be associated with land cover patterns. The study was focused
on the landscapes of 24 Nature Parks in Andalusia. Pastoral wildfire occurrence was calculated
from the national wildfire database, whereas land cover in those landscapes was obtained from an
official map, interpreted from a pastoral perspective and patterns were analysed using the
software Fragstats. Relationships were modelled with neural networks, which led to identifying

several land cover patterns that were significantly correlated with pastoral wildfire occurrence.

The last subject researched in this thesis is the technology called virtual fencing, which
combines animal positioning through GPS with aversive stimulation to modify livestock grazing
behaviour. This technology is still in research, but it could be useful in the future to concentrate
livestock in grazed fuelbreaks. One of the limitations of virtual fencing is that animal-borne
devices (usually collars) deplete energy in the batteries very fast. Consequently, we performed a
replicated field experiment to determine whether the system remains effective when devices are
switched off part of the time to save energy. According to the experimental design, we compared
animal behaviour in two successive periods: in the first one, animals could use paddocks without
receiving any stimulation; in the second period, instead, animals received aversive stimuli if they
moved into a restriction zone. The application of stimuli was discontinuous, as the devices were
disabled for intervals of random duration that equalled 75% of total time. Despite these

discontinuities, the use of the restriction zone was drastically reduced between the first and
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second periods, which proved that the use of this strategy to save energy does not compromise

the effectiveness of the system.
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JUSTIFICACION Y OBJETIVOS

Las cinco grandes etapas de la humanidad occidental han sido:

la recolectora, que hizo fisicamente hombres a los monos,

la cazadora, con que adquirieron la estructura mental humana y la capacidad de conquista,
la pastoril, que nos atafie, y las ulteriores que nos aquejan, es decir,

la agricola, que inundd el globo de seres humanos,

y la industrial, activamente dedicada a destruirlo.

Ahora mismo tengo la impresion de que esa etapa tan conspicua de la evolucién humana
que fue el pastoralismo, creador de imperios, no ha sido objeto de ningln estudio serio.

Merece por lo menos un ensayo.

JOSE ANTONIO VALVERDE

Los lobos de Morla
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1. JUSTIFICACION

La oportunidad y el sentido de esta tesis doctoral tienen su origen en
el lll Congreso Forestal Espanol, celebrado en Granada en el afio
2001. Alli, José Luis Gonzalez Rebollar impartié una ponencia bajo el
titulo Reflexiones desde los limites del monte, en la que abordd la
necesidad de superar la artificiosa frontera que separaba la gestion
forestal de los usos rurales en los que habia estado enmarcada
durante siglos, especialmente los usos ganaderos. Como buen

ejemplo de los beneficios que se podrian obtener con una gestidn

silvopastoral integrada, el Dr. Gonzilez Rebollar expuso en su
ponencia las grandes lineas del programa Réseau Coupures de Combustibles (RCC, Red de Areas
Cortafuegos), desarrollado en el sudeste francés. En esa region, el pastoreo era una herramienta
que se empleaba para la prevencion de incendios desde hacia mas de diez ahos, y en su
planificacion y desarrollo participaban multiples agentes, desde el propio sector forestal y
ganadero hasta las camaras agrarias y los organismos de investigacion. Precisamente habia sido
durante una estancia postdoctoral, realizada en 1997 por Ana Belén Robles Cruz en el
Departamento de Ecodesarrollo del INRA de Avignon, cuando ambos investigadores pudieron
conocer de primera mano la gestion silvopastoral que se realizaba en el programa francés RCC.
Asi se concibid la posibilidad de estudiar su aplicacion también en Espafia. Los Dres. Gonzalez

Rebollar y Robles Cruz se convertirian, a la postre, en los directores de esta tesis doctoral.

Entre el publico de la sala del Il Congreso Forestal Espanol se encontraban dos personas
sin las cuales esta tesis doctoral tampoco habria tenido lugar: un director general y un estudiante.
José Guirado Romero era en aquel momento, y lo fue hasta 2008, Director General de Gestidn
del Medio Natural de la Consejeria de Medio Ambiente de la Junta de Andalucia. Tras la
ponencia, el Sr. Guirado Romero solicitd al grupo de investigacion del CSIC liderado por el Dr.
Gonzilez Rebollar, Pastos y Sistemas Silvopastorales Mediterrdneos, la redaccién de un proyecto
orientado a evaluar las posibilidades de aplicacion del modelo silvopastoral RCC en Andalucia.
Dicho proyecto fue preparado en colaboracion con el grupo de investigacion forestal del CIFA de
Granada (actualmente IFAPA-Centro Camino de Purchil), liderado por Estanislao de Simoén
Navarrete, doctor ingeniero de montes y, a la sazon, director de dicho centro. El proyecto se
denomind Las areas pasto-cortafuegos como experiencia de silvicultura preventiva en los espacios

forestales y agroforestales mediterraneos. La Consejeria de Medio Ambiente aprobé el proyecto vy,
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con la financiacion aportada, se iniciaron en 2003 los primeros estudios en una finca experimental

propiedad de la Junta de Andalucia.

Fruto de los alentadores resultados que enseguida empezaron a mostrar estos primeros
trabajos cientificos, la Consejeria de Medio Ambiente propuso al grupo del CSIC un segundo
proyecto en 2006, que se desarrollaria a una escala de gestién mas amplia. Asi nacié el Estudio y
seguimiento de la red de cortafuegos en los parques naturales de Sierra Nevada, Los Alcornocales y
Sierra de las Nieves, que se convertiria en el germen de la actual Red de Areas Pasto-Cortafuegos
de Andalucia (RAPCA). Entre los objetivos de este nuevo proyecto se encontraba también la
valoraciéon econdémica del pastoreo en areas cortafuegos frente a otras alternativas de
mantenimiento, tarea que asumiria Elsa Varela Redondo tras incorporarse al grupo de
investigacion. En 2010, la RAPCA abarcaba ya unas 2.200 hectareas de areas cortafuegos
pastoreadas con la colaboracion de 67 ganaderos, y las previsiones existentes para 201 | indican
que se va a producir una importante expansion de la RAPCA por toda la geografia andaluza, con

mas de 200 ganaderos dispuestos a participar en el programa.

La segunda persona que se encontraba en la sala en aquel lll Congreso Forestal Espanol es
el autor de esta tesis doctoral, Jabier Ruiz Mirazo, quien por aquel entonces estudiaba Ingenieria
de Montes en la Universidad Politécnica de Madrid. Al escuchar los planteamientos expuestos en
la ponencia, le resulté especialmente atrayente la propuesta de integrar el pastoreo con ganado
en la gestion forestal, una propuesta que se alejaba de no pocos dogmatismos e incorporaba
elementos de sensatez ecoldgica y social. El futuro doctorando conocié al grupo de Pastos y
Sistemas Silvopastorales Mediterraneos a través del programa de becas de introduccion a la
investigacion del CSIC, en sus ediciones de 2002 y 2003, y una vez finalizados sus estudios de
Ingenieria de Montes, se incorporé al grupo en abril de 2004. A partir de entonces se

desarrollarian los diversos trabajos de investigacién que se presentan en esta tesis doctoral.

El hilo conductor de la tesis es la integracion del pastoreo en la prevencion de incendios
forestales. Asi lo refleja el titulo de la misma, si bien se emplea un neologismo (area pasto-
cortafuegos) brevemente definido para referirse a la forma mas habitual en la que se suele
producir esta integracion. En efecto, el pastoreo de areas cortafuegos configura un sistema
silvopastoral (es decir, una zona donde se combinan usos forestales y pastorales) cuyo objetivo

principal es la prevencion de incendios.

Debido a su caracter innovador, este sistema silvopastoral ofrece un amplio campo de
estudio y muchas preguntas por responder: ;Cual es la relacion entre la carga ganadera aplicada y

la reduccion en el riesgo de incendios? ;Como asegurar una carga ganadera suficiente? ;Es
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necesario hacer mejoras de pastos o instalar puntos de agua o comederos? ;Es posible hacer esas
mejoras con siembras de especies autdctonas no agricolas? ;Qué consecuencias tiene el pastoreo
aplicado sobre la biodiversidad? ;Qué especie de ganado resulta mas efectiva sobre cada tipo de
vegetacion? ;Como hacer un clareo de la masa forestal para crear o ampliar un area cortafuegos?
iPuede el ganado tener un impacto negativo sobre el arbolado? ;Qué hacemos si no se dispone

de un pastor? ;Utilizamos vallados o existen otras alternativas?, etc.

Como es natural, en esta tesis doctoral sélo ha sido posible abordar una pequena parte de
las innumerables preguntas existentes, ya que asi lo imponen el grado de precision y de detalle
necesarios para la creacién de conocimiento cientifico. En todo caso, una de las caracteristicas
destacables de esta tesis es que, desde su concepcion, ha pretendido ser un apoyo cientifico para
la puesta en marcha de la RAPCA, el antedicho programa de gestién silvopastoral para la
prevencion de incendios en Andalucia. Por tanto, los trabajos tienen un caracter aplicado muy
importante y, en su mayor parte, se han completado en situaciones reales de gestion, con las
dificultades y representatividad que ello conlleva. Ademas, los objetivos y disefio de los trabajos
siempre procuran resolver cuestiones muy concretas que afectan a la gestion silvopastoral para la

prevencion de incendios, y asi se presentan y discuten los resultados obtenidos.

2. ESTRUCTURA

Como buen exponente del caracter aplicado de los trabajos, en el Capitulo | de esta tesis
doctoral se abordan los seguimientos técnicos realizados en todo el conjunto de la RAPCA en
2008 y 2009, que han permitido monitorizar esta red y corregir las deficiencias detectadas a lo
largo de los primeros anos de aplicacion del pastoreo en areas cortafuegos en Andalucia. Ello ha
implicado un desarrollo metodolégico previo, en estrecha colaboracién con el personal técnico

del programa.

Los trabajos contenidos en los Capitulos 2, 3 y 4, en cambio, se centran en la zona
experimental donde se iniciaron los estudios cientificos: la finca Cortijo Conejo y Albarran,
situada en el término municipal de Guadix. Una de las primeras acciones del proyecto fue la
creacion de un area cortafuegos en dicha finca y, mas concretamente, en una joven repoblacidn
de pino carrasco (Pinus halepensis Mill.). Para ello se aplicaron seis clareos diferentes sobre la
masa forestal, cuyas consecuencias sobre la diversidad estructural de la repoblacion y el

crecimiento del arbolado se analizan en el Capitulo 2.
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Tras la creacion del drea cortafuegos, la zona empezo a ser pastoreada con un rebano de
ganado ovino. Esta gestion silvopastoral se evalta en el Capitulo 3, en el que se estudia el impacto
del ganado tanto sobre el estrato herbiceo, como sobre jovenes encinas (Quercus rotundifolia
Lam.) situadas en el sotobosque del pinar. En el Capitulo 4, por su parte, se estudia la respuesta
del salado blanco (Atriplex halimus L.) al pastoreo estacional. Este arbusto presenta tanto aptitud
forrajera como baja inflamabilidad, por lo que podria emplearse para realizar mejoras de pastos
en areas pasto-cortafuegos, un tipo de actuacion silvopastoral también contemplado en el

proyecto de investigacion.

Los siguientes dos capitulos abordan sendas cuestiones técnicas y sociales ligadas a la
figura de los pastores. Si bien los pastores colaboran activamente en la prevencion de incendios
en programas como la RAPCA, al responsabilizarse del mantenimiento de areas pasto-
cortafuegos, no es menos cierto que el uso tradicional del fuego para la regeneracion de pastos
es una causa importante de ignicién de incendios. En este sentido, en el Capitulo 5 se realiza un
estudio comparativo entre varias unidades de paisaje de Andalucia, con el objetivo de determinar
si existe alguna relacion entre las quemas de pastos registradas y los patrones de uso del suelo
existentes en esas unidades. Este trabajo es fruto de una estancia del doctorando en la
Universidad de Lleida, realizada entre marzo y mayo de 2007 bajo la supervision de la Dra. Vega

Garcia.

Por otra parte, es conocido el hecho de que la profesion de pastor se encuentra en
declive. Sin embargo, existen herramientas tecnolégicas modernas de apoyo a la gestion ganadera
que podrian aliviar parte del trabajo y hacerlo mas atractivo a las jovenes generaciones. En tal
sentido, el Capitulo 6 recoge una investigacion sobre los vallados virtuales, una tecnologia de
Control Animal Automatizado que combina el posicionamiento de animales mediante GPS con
una serie de estimulos desagradables que permiten modificar el comportamiento del ganado en
pastoreo. Este trabajo se realizd durante una estancia del doctorando en Rockhampton
(Queensland, Australia), entre agosto y noviembre de 2008. La investigacion se desarrollé en el
centro JM Rendel Laboratory, perteneciente a la division Livestock Systems del CSIRO, bajo la

supervision de los Dres. Bishop-Hurley y Swain.

Como puede observarse, cada uno de los trabajos de investigacion aqui recogidos aborda
un tema relativamente diferente, por lo que se ha optado por estructurar la tesis doctoral en
modulos independientes. Asi, cada capitulo contiene todos los elementos propios de un trabajo
cientifico per se: introduccion, material y métodos, resultados, discusion y conclusiones. Las

referencias citadas, en cambio, se han reunido en una Unica Bibliografia disponible al final de la
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tesis doctoral, para evitar asi su repeticion en distintas secciones del documento. Esta
estructuracion de la tesis, avalada por la normativa de doctorado de la Universidad de Granada,
se adecUa a la publicacion de cada una de las investigaciones de forma independiente, si bien
hemos procurado asegurar la coherencia y el sentido global de la tesis con contenidos
complementarios. A tal efecto, el tema de tesis se presenta de forma amplia en la Introduccién
General, la zona principal de ensayos se caracteriza en la Descripcion de la Zona de Estudio,
mientras que los principales resultados obtenidos se contextualizan y destacan en las secciones

finales de Discusion Conjunta y Conclusiones.

Dado que los seis capitulos de esta tesis doctoral han sido preparados para su publicacion
en revistas internacionales (ver detalles en el apartado siguiente), sus contenidos estan escritos
en inglés, el idioma predominante para la comunicacion cientifica. En todo caso, al inicio de cada
capitulo se ofrece un resumen amplio escrito en espanol para facilitar su lectura. Por dltimo, el
resumen y las conclusiones de la tesis se presentan tanto en espaiol como en inglés, pues es un

requisito para la obtencion de la mencién Doctorado Internacional en la Universidad de Granada.

2.1. Estado de publicacion de los trabajos

Capitulo 1. Evaluacién durante dos afios de las areas pasto-

cortafuegos en el programa de prevencidén de incendios de =

Andalucia.

Titulo en inglés: Two-year evaluation of fuelbreaks grazed by

livestock in the wildfire prevention program in Andalusia (Spain)

Autores: Jabier Ruiz-Mirazo, Ana Belén Robles y José Luis

Gonzalez-Rebollar

Publicado en Agriculture, Ecosystems and Environment, Vol. 141,
Issue 1-2 (201 1): 13-22.

Capitulo 2. Crecimiento y estructura de una reforestacién joven de pino carrasco tras la

aplicacion de seis regimenes de clareos.

Titulo en inglés: Growth and structure of a young Aleppo pine planted forest after the application of six
thinning regimes

Autores: Jabier Ruiz-Mirazo y José Luis Gonzalez-Rebollar

En preparacién para su envio a Annals of Forest Science.
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Capitulo 3. Evoluciéon del estrato herbiceo y de encinas jovenes bajo pastoreo con ganado

ovino en un sistema silvopastoral para la prevencion de incendios en el sudeste espanol.

Titulo en inglés: Herbage and holm oak sapling evolution under targeted sheep grazing in a

silvopastoral wildfire prevention system in south-eastern Spain
Autores: Jabier Ruiz-Mirazo y Ana Belén Robles
En preparacion para su envio a Agroforestry Systems.

Capitulo 4. Respuesta a corto y medio plazo de Atriplex
halimus L. al pastoreo estacional repetido en el sudeste

espanol.

Titulo en inglés: Short- and medium-term response of Atriplex

halimus L. to repeated seasonal grazing in south-eastern Spain
Autores: Jabier Ruiz-Mirazo y Ana Belén Robles

Publicado en Journal of Arid Environments, Vol. 75, Issue 6 (junio
de 2011): 586-595.

Capitulo 5. Los incendios por quemas de pastos en el Mediterraneo: anilisis de sus conexiones

con los patrones de uso del suelo en paisajes manejados.

Titulo en inglés: Pastoral wildfires in the Mediterranean: understanding their linkages to land cover

patterns in managed landscapes

Autores: Jabier Ruiz-Mirazo, Jesls Martinez-Fernandez y Cristina Vega-Garcia

Enviado a Journal of Environmental Management. A la espera de contestacion.

Capitulo 6. Control Animal Automatizado: ;puede
modificarse el comportamiento del ganado vacuno en pastoreo

con estimulaciones desagradables discontinuas?

Titulo en inglés: Automated animal control: can discontinuous

monitoring and aversive stimulation modify cattle grazing behaviour?

Autores: Jabier Ruiz-Mirazo, Greg ]. Bishop-Hurley y Dave L.

Swain

Aceptado para publicacion en Rangeland Ecology and

Management, Vol. 64, Issue 3 (mayo de 2011).

18

Autsmates Asimas Cantral, Can Discontivmses Mesaitpring 430 Avtriive Stimelutian
Motify Catie Grazisg Bebavar?




Las areas pasto-cortafuegos: un sistema silvopastoral para la prevencién de incendios forestales

3. OBJETIVOS

El objetivo general de la tesis doctoral es producir conocimiento cientifico aplicable a la gestion
silvopastoral de areas cortafuegos, con el fin Ultimo de contribuir a mejorar la integracion del

pastoreo en los programas de prevencion de incendios.

En los seis trabajos de investigacion que forman parte de la tesis, se abordan los siguientes

objetivos especificos:

e Capitulo 1. En base a los datos recogidos durante dos campafias de seguimiento de la
Red de Areas Pasto-Cortafuegos de Andalucia: 1) identificar que caracteristicas de las areas
pasto-cortafuegos y del ganado fueron factores clave para que el pastoreo fuera efectivo; 2)
determinar qué parametros de campo son los mas adecuados para evaluar el nivel de
cumplimiento de los objetivos de pastoreo; y 3) presentar un sistema contrastado y
proponer una sistema aligerado para el seguimiento y la evaluacion, a escala regional, del

pastoreo en areas cortafuegos.

e  Capitulo 2. Crear un drea cortafuegos piloto en una joven repoblacién forestal de pino
carrasco, y comparar los seis regimenes distintos de clareo aplicados desde un prisma de
gestion multifuncional basindose en el tamafio y crecimiento del arbolado en los cuatro afos
siguientes al clareo, asi como en la estructura de la masa forestal (i.e., distribucion espacial

del arbolado y diversidad-diferenciacion de tamafos).

e  Capitulo 3. Evaluar el pastoreo realizado en el drea cortafuegos piloto por un ganadero
profesional durante tres afos, a fin de: |) cuantificar el impacto del pastoreo en la biomasa
herbacea y la cobertura del suelo; 2) detectar cambios en la composicion botanica y
diversidad del pastizal; y 3) medir el efecto del pastoreo en el crecimiento de jovenes

encinas.

e  Capitulo 4. Valorar la respuesta al pastoreo a corto y a medio plazo de Atriplex halimus,
una especie arbustiva que podria emplearse como recurso forrajero en areas pasto-
cortafuegos, tomando en consideracion los siguientes parametros: el crecimiento de los
arbustos, la produccion de forraje y lefio, la compacidad de los arbustos y el contenido en

humedad de los brotes en verano.

e  Capitulo 5. En vista de la importancia del fendmeno de las quemas para la regeneracion
de pastos y en base a los registros oficiales de causas de incendios forestales durante un

periodo de trece anos, identificar, mediante modelizacién con redes neuronales artificiales,
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qué patrones de uso pastoral del suelo, entre los existentes en los parques naturales

andaluces, han estado ligados a una mayor ocurrencia de incendios por quemas de pastos.

° Capitulo 6. Determinar si los sistemas de Control Animal Automatizado, una
tecnologia basada en la localizacion del ganado por GPS y en la aplicacion de estimulos
sensoriales desagradables, modifican de forma efectiva el comportamiento del ganado en
pastoreo incluso cuando los dispositivos que portan los animales estan apagados parte del

tiempo para ahorrar energia.
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INTRODUCCION GENERAL

Herbivores, wild or tame, have always played a key role in European nature.
A very large proportion of European plants and animals are now dependent for their survival
on domesticated herbivores, and are therefore facing a critical situation,

since almost all traditional grazing systems are in the process of disappearing.

URBAN EMANUELSSON

The rural landscapes of Europe
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Las areas pasto-cortafuegos: un sistema silvopastoral para la prevencién de incendios forestales

1. PASTOREO Y PREVENCION DE INCENDIOS FORESTALES

1.1. Proliferacion y prevencion de incendios

En Espafia, el nimero de incendios forestales y su impacto territorial iniciaron un crecimiento
importante a partir de los anos setenta del siglo XX (Fig. I). Aunque el nimero de incendios y
conatos (incendios menores de | ha) sigue siendo muy elevado (entre 10.000 y 25.000 siniestros
por ano), la continuada mejora de los recursos dedicados a la deteccidon y extincion desde los
afnos noventa ha permitido reducir significativamente la superficie forestal quemada anualmente
(Ministerio de Medio Ambiente, 2007, y posteriores informes anuales). Sin embargo, se siguen
produciendo ocasionalmente grandes incendios forestales que resultan devastadores y ante los

que poco pueden hacer los medios de extincion.
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Fig. 1. Evolucion del nimero de siniestros y de la superficie afectada
por incendios forestales a lo largo de los ultimos 50 anos.

Habitualmente, estos grandes incendios suceden en aquellos dias de gran riesgo
meteoroldgico (altas temperaturas, baja humedad relativa y fuertes vientos), en los que una
fuente de ignicidon y una elevada carga de combustibles en el monte completan las condiciones
optimas para el incendio. Posiblemente, el propio éxito de los dispositivos de extincién ayuda a
que se generen estas condiciones, ya que la ausencia de pequenos incendios permite, a medio y a
largo plazo, la acumulacion de biomasa de forma homogénea en grandes superficies (Reinhardt et
al, 2008). Ante todo ello, diferentes expertos coinciden en sefalar que, para continuar
reduciendo los riesgos de incendios y que su impacto sobre el territorio sea asumible, es

necesario fomentar las actuaciones preventivas (Scarascia-Mugnozza et al,, 2000; Vélez, 2007).
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La prevencién de incendios suele tratarse desde dos perspectivas: la prevencion social y la
selvicultura preventiva. La prevencion social trabaja con el elemento humano a través de distintas
estrategias (concienciacion y participacion social, prevencion e investigacion de causas, vigilancia
disuasoria, etc.). Su principal objetivo es la reduccién del nimero de igniciones provocadas por
las actividades humanas, que son las causantes del 94% de los incendios en Espaiia (Ministerio de
Medio Ambiente, 2007). En el Apartado 2.4 de esta Introduccion General se describe un
programa ejemplar de prevencion social cuyos destinatarios son los ganaderos. Por su parte, la
selvicultura preventiva tiene por objetivo el reducir la vulnerabilidad de los ecosistemas forestales

ante los incendios, de tal forma que, caso de producirse, se reduzca su extension e impacto.

En Espana, la selvicultura preventiva suele identificarse con las actuaciones ligadas a crear y
mantener zonas de baja combustibilidad (que denominaremos de forma genérica areas
cortafuegos) en ubicaciones estratégicas en los montes, tales como su perimetro exterior o a lo
largo de pistas forestales. La tipologia de areas cortafuegos es muy variada (desde cortafuegos
lineales desprovistos de vegetacion hasta zonas mas amplias y arboladas), pero siempre son zonas
con menor cantidad de biomasa que su entorno, en las que la continuidad de los combustibles
forestales se interrumpe localmente para dificultar la propagacion del fuego (ver ejemplo en la
Fotografia |). En muchos casos, el objetivo principal de las areas cortafuegos no es tanto detener
los incendios sino facilitar que los equipos de extincion puedan desplazarse rapidamente en el
interior de la masa forestal, combatir el incendio en condiciones suficientes de seguridad y tener

una mayor probabilidad de éxito (Agee et al.,, 2000).

Esta estrategia de compartimentar la superficie forestal mediante areas cortafuegos no
esta exenta de criticas, ya que se trata de actuaciones de efectividad limitada, que no mejoran la
resiliencia del ecosistema ante el fuego y que no imitan ninguin tipo de proceso natural o cultural
en el paisaje. Por estos motivos, serian ecologicamente preferibles los tratamientos a mayor
escala que mitigaran la severidad del dafo que produciria un incendio forestal sobre el territorio

(Reinhardt et al., 2008).

1.2. Viejos usos, nuevas soluciones: la ganaderia pastoral

La reciente proliferacion de incendios forestales en Espafa y otros paises del sur de Europa esta
estrechamente vinculada al desarrollo socioeconémico. Asi lo atestigua la baja incidencia de los
incendios en paises del sur y el este de la cuenca mediterranea (Vélez, 2007), cuyas condiciones
biogeogrificas y dominios de vegetacion son comunes a los del resto del mediterraneo. En

efecto, las condiciones socioeconomicas ligadas a nuestro desarrollo europeo han fomentado la
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migracion de la poblacién a zonas urbanas y una fuerte polarizacion de la produccion agraria, que
se ha intensificado en las zonas mas accesibles y productivas del territorio, mientras que todo el
resto se ha ido abandonando progresivamente. En consecuencia, se han dejado de practicar
ciertas actividades rurales que tenian gran importancia ecolégica y cultural (Izquierdo, 2006; Rey-
Benayas et al., 2007), pero que dejaron de ser competitivas en un mercado crecientemente
globalizado. Se han perdido asi muchos cultivos agricolas en los montes, el aprovechamiento de
las lefas o el uso intensivo de los pastos, que mantenian un paisaje heterogéneo y diversificado,

menos propicio a los grandes incendios.

Fotografia 1. Area cortafuegos en el monte Quejigales, provincia de Mélaga, constituida por
un eje central desarbolado y una zona adyacente mas amplia con baja densidad de arbolado.

En efecto, una de las actividades rurales en regresion es la ganaderia extensiva o pastoral:
aquélla que basa la alimentacion del ganado en el aprovechamiento a diente de los pastos.
Impulsados por la modernizacién agraria, muchos ganaderos dejaron de pastorear y optaron por
abandonar o intensificar sus explotaciones. Debido a la falta de ganado, muchos pastos se han ido
embasteciendo y matorralizando, lo que ha contribuido —junto con otros procesos paralelos— a la

pérdida de valor de los recursos forestales, a la acumulacién de biomasa en el monte, y a la
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homogeneizacion del paisaje (Moreira et al, 2001; Lasanta et al.,, 2006); una serie de factores que

explican, en gran medida, la reciente proliferacion de incendios forestales.

Ante la constatacion de estos hechos, la ganaderia pastoral se reivindica hoy, entre otros
motivos, por ser un uso agrario que permite reducir el riesgo de incendios en los montes
(Gonzalez-Rebollar et al, 1999; Lasanta et al, 2006; Rigueiro-Rodriguez et al, 2009). Para la
consecucion de este objetivo, el pastoreo suele planificarse de tal forma que el ganado se
concentra en areas cortafuegos y, al consumir intensamente la vegetacion, ejerce una labor de
mantenimiento de la zona. A diferencia de otras herramientas empleadas con estos mismos fines,
el pastoreo con ganado es un proceso plenamente natural en los ecosistemas del Mediterraneo
(Ruiz-Mirazo et al., 2009), incluso cuando se aplica con una intensidad alta (Perevolotsky &

Seligman, 1998) como la necesaria para reducir de forma notable el riesgo de incendios.

1.2.1. Las areas pasto-cortafuegos: una definicion

A lo largo de esta tesis doctoral, empleamos el término areas pasto-cortafuegos para referirnos,
de forma general, a todas aquellas areas cortafuegos cuyo mantenimiento esta basado en el

pastoreo. Por tanto, un area pasto-cortafuegos podria definirse como:

Una zona de baja combustibilidad, ubicada estratégicamente en el monte, que es gestionada
mediante pastoreo con ganado para contrarrestar el desarrollo natural de la vegetacion y asi mantenerla

en condiciones adecuadas para la prevencion de incendios forestales.

Existen muchos otros elementos que caracterizan a las areas cortafuegos en general
(como su forma, extension, ubicacion idonea, técnicas para su creacion, etc.), sobre los que
puede encontrarse amplia informacién en otras fuentes muy completas (Rigolot & Costa, 2000;
Vélez, 2009). El elemento a destacar de las areas pasto-cortafuegos es, precisamente, que son
pastoreadas con ganado. Esto convierte un area cortafuegos convencional en un sistema
silvopastoral singular, que requerira una gestion especifica para que el control de la vegetacion

resulte muy efectivo.

1.3. Capacidad de control de la biomasa por el ganado

El ganado en pastoreo siempre va a consumir, en mayor o menor grado, la vegetaciéon que se
encuentre a su paso, lo que lo convierte en un valioso aliado para la prevencion de incendios

forestales. Los sistemas silvopastorales que a este efecto se planifiquen en los montes, no
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obstante, deben ser disenados y gestionados de tal forma que se propicie una reduccion de

biomasa muy alta, superior a la que se produciria con un pastoreo moderado.

La consecucion de este objetivo requiere que se reunan las condiciones adecuadas en un
gran numero de factores, relacionados tanto con la gestién pastoral que se realice (época,
duracién y frecuencia del pastoreo, carga ganadera aplicada, etc.), como con las caracteristicas de
la vegetacion, las del ganado y sus interacciones. En efecto, la capacidad de los distintos tipos de
ganado para controlar la biomasa ha sido analizada en multiples estudios cientificos, realizados en
condiciones ambientales y de gestion muy variadas. Como muestra de ello, a continuacion se
repasan algunos de estos trabajos, que han sido seleccionados por haberse realizado

recientemente en diferentes zonas de Espana y su entorno inmediato.

En ensayos realizados en Galicia, se ha observado que el sotobosque de zarza (Rubus L.
spp.) no es consumido por el caballo pero si, en cambio, por las cabras. Sin embargo, especies
como el tojo (Ulex L. spp.) son consumidas muy intensamente por ambos tipos de animales, lo
que puede favorecer la presencia de especies herbaceas (Rigueiro et al, 2005). A igualdad de
condiciones, y siempre que el arbolado tenga edad suficiente como para no ser danado por la
cabra, el ganado caprino resulta econémicamente mas interesante que el equino, ya que el precio
en el mercado de las canales de cabrito supera con creces a las de potro. Por su parte, cuando la
vegetacion a controlar mediante desbroce biolégico (Rigueiro-Rodriguez et al, 2009) es

principalmente herbacea, son mas apropiados el ganado ovino y el vacuno.

En un estudio llevado a cabo en la Cordillera Cantabrica, Jauregui et al. (2007) compararon
el pastoreo de ovino (raza gallega) con el caprino (raza cachemir y local) sobre tojales que habian
sido quemados previamente, empleando para ello parcelas valladas donde se confinaba al ganado.
Las parcelas experimentales tenian, inicialmente, un 19% de cobertura de tojo (Ulex gallii Planch.)
y un 22% de herbaceas. El pastoreo de verano con ganado caprino durante cuatro afos mantuvo
el porcentaje de cobertura de tojo en un 24% (frente a un 44% en el caso del ovino), mientras
que las herbaceas se incrementaron hasta un 35% (frente a una reduccion al 19% con el ovino).
La efectividad de la cabra en contener el desarrollo del tojo fue especialmente acusada en los dos
primeros anos del ensayo ya que, posteriormente, los tallos y espinas se habian lignificado en
exceso, dificultando su consumo. En otro estudio de caracteristicas similares pero que incluia
controles excluidos al ganado (Jauregui et al., 2009), se observé que el ovino también reducia el

crecimiento del matorral, si bien el caprino resultd, nuevamente, mas efectivo.

En la finca de la Garcipollera, en el Pirineo central, Casasts et al. (2007) estudiaron el

efecto del pastoreo de primavera y otofo, aplicado con ganado vacuno y cargas moderadas,
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sobre el sotobosque de pinares de laricio (Pinus nigra subsp. nigra Arn.) durante seis afos. En las
zonas pastadas, la altura y biomasa del estrato herbaceo se mantuvo en los mismos valores
iniciales, mientras que se increment notablemente (de 8 a 26 cm y de 500 a 1.730 kg ha') en
parcelas de exclusion que servian como control. Esa misma tendencia se observé al cabo de los
seis afios en el estrato arbustivo, cuyo volumen pasé de 1.950 a 5.200 m® ha' en las exclusiones,

mientras que apenas crecio en las zonas pastadas.

En otro ensayo completado en la misma finca pero con ganado caprino, Valderrabano y
Torrano (2000) analizaron la evolucién bajo pastoreo de la aulaga (Genista scorpius (L.) DC.), una
de las principales especies de matorral en el sotobosque de estos pinares. La principal conclusion
de este estudio fue que el pastoreo de otono resultaba mucho mas efectivo que el de primavera
para reducir la supervivencia y el rebrote de las plantas de esta especie. Segun los autores, este
hecho se deberia a que, tras el pastoreo primaveral, las plantas pudieron reaccionar en verano
diferenciando numerosas yemas en los tallos restantes, lo que generd un fuerte rebrote al ano
siguiente; en cambio, el pastoreo otonal, particularmente cuando fue intenso, supuso el consumo
de la practica totalidad de las partes verdes de los arbustos, incluyendo las yemas generadas en

verano, y esto redujo notablemente su capacidad de respuesta al pastoreo.

En la Comunidad Valenciana se realizé un experimento de dos anos de duracién, en el que
se colocaron parcelas de exclusién en areas cortafuegos recién desbrozadas (Dopazo et al,
2009). El pastoreo aplicado fue con ganado caprino y dirigido por un pastor que cobraba una
prima del programa valenciano de fomento del pastoreo en areas cortafuegos. El fitovolumen
arbustivo medido en las zonas pastadas fue entre una tercera y una sexta parte del observado en
las exclusiones, lo que constituyé una reduccion muy significativa. Entre las especies dominantes,
la coscoja (Quercus coccifera L) y el enebro (Juniperus oxycedrus L.) fueron muy consumidas,
mientras que el romero (Rosmarinus officinalis L.) y el tomillo (Thymus vulgaris L.) lo fueron menos,

si bien el consumo de este Ultimo se incrementé notablemente en un periodo de intensa sequia.

En el ambito internacional, por ultimo, Etienne et al. (1995) observaron en areas
cortafuegos del sudeste francés que el impacto del pastoreo sobre los arbustos variaba segun el
tipo de ganado (caprino, ovino y bovino, en orden decreciente de impacto). En todos los casos,
las tasas de consumo que observaron fueron consideradas insuficientes para contrarrestar
completamente el crecimiento arbustivo, por lo que los autores concluyeron que el pastoreo no
sustituiria a otros métodos de mantenimiento de areas cortafuegos, como los desbroces

mecanicos, sino que los complementaria retrasando la necesidad de aplicarlos.
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Esta tesis doctoral no aborda especificamente la capacidad de distintos tipos de ganado
para controlar la vegetacion. No obstante, en el Capitulo 3 se analizan tres anos de pastoreo con
ganado ovino en un area cortafuegos de caracter herbiceo y con presencia de jovenes encinas,
mientras que en el Capitulo | se comparan los resultados obtenidos con ganado ovino y caprino

en el conjunto de la RAPCA.

1.4. Integracion del pastoreo con la selvicultura preventiva

1.4.1. Planificacién del pastoreo

Habitualmente, el pastoreo ha entrado a formar parte de los programas de prevencion de
incendios como una herramienta complementaria para el mantenimiento de areas cortafuegos.
No obstante, este manejo silvopastoral tiene una aplicabilidad limitada en fajas cortafuegos
estrechas (de menos de unos 25 m de ancho) y con escasa produccion de pastos, pues el ganado
debe realizar largos recorridos sin apenas satisfacer sus necesidades alimentarias. En cambio, es
especialmente adecuado para areas cortafuegos amplias (a partir de 50 m de ancho), parcialmente
arboladas y con vegetacion mas abundante. De hecho, estos espacios mas amplios de actuacion
constituyen un recurso pastoral mas valorado por el ganadero encargado de su mantenimiento,

lo que facilita la permanencia de atencion e interés en el area pasto-cortafuegos.

Los expertos en extincion de incendios, por su parte, preferirian disponer de areas
cortafuegos muy anchas (de mas de 125 m) y con poca cobertura arbérea (menor del 50%) para
aumentar las probabilidades de éxito (Rigolot, 2002). El pastoreo con ganado resulta idéneo en
areas cortafuegos de semejantes caracteristicas, ya que el coste de mantenimiento con medios
mecanicos se incrementa debido a su mayor superficie, mientras que el ganado transforma la

carga de combustible indeseada en un recurso pascicola valioso.

En las areas cortafuegos de mayor tamafio, puede ser pertinente hacer una planificacion
diferenciada del manejo pastoral. En el sudeste francés, por ejemplo, es habitual la subdivision de
estas areas en dos sectores de caracteristicas y objetivos diferentes (Thavaud, 2006, y Apartado
2.l de esta Introduccién General). En primer lugar tendriamos una zona clave, habitualmente
coincidente con el eje principal del area cortafuegos, que debera ser pastoreada muy
intensamente. En segundo lugar se planifica una zona de apoyo, en la que el pastoreo no
necesitara ser tan intenso, pero que colabora a reducir la intensidad y velocidad de propagacion
del fuego antes de su llegada a la zona clave. Asimismo, y para que el propio uso pastoral sea

factible, resulta muy recomendable disponer de otros pastaderos cerca de las areas cortafuegos,
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en los que el ganado pueda complementar su dieta con pastos de calidad. En caso contrario,
podria ser necesario aportar piensos u otros concentrados como suplemento alimentario para

los animales.

Este tipo de planificacion del pastoreo responde a la necesidad de concentrar esfuerzos en
ciertos sectores del monte para que el ganado tenga un efecto notable de cara a la prevencion de
incendios. Potencialmente, un pastoreo intenso y generalizado en zonas amplias del monte
también reduciria el riesgo de incendios o, al menos, mitigaria la severidad del dafo que se
produciria en caso de incendio, lo que lo convertiria en un fendomeno mas aceptable (Reinhardt et
al, 2008). Sin embargo, sea por los condicionantes socioeconémicos, por el bajo valor pastoral
del sotobosque o por otros motivos, en la actualidad muchos montes estan sujetos a una carga
ganadera relativamente baja que, si se aplicara de forma homogénea en el monte, resultaria muy
insuficiente para aminorar el riesgo de incendios. En este contexto, el pastoreo intensificado en
areas cortafuegos cobra pleno sentido para la prevencion de incendios, sin perjuicio de que otras

zonas del monte sean también pastoreadas.

El hecho de que las areas pasto-cortafuegos ocupen pequenas superficies en el monte
permite, hasta cierto punto, poder despreocuparse de algunos efectos secundarios negativos que
podria tener el pastoreo; tanto mas si se considera su funcion protectora del conjunto del
monte. Por ejemplo, puede resultar asumible que el pastoreo intenso genere zonas de suelo
desnudo que podrian erosionarse, o que dificulte la regeneracion y crecimiento de especies de
interés. En el Capitulo 3 se abordan precisamente este tipo de consideraciones. Sin embargo, la
prevencion de incendios no puede ser un criterio que justifique la aplicacion de un pastoreo muy
intenso por toda la superficie de un monte. Indudablemente, una buena ordenacién silvopastoral
debera atender a mdltiples criterios de gestion, lo que con toda probabilidad requerira la
planificacion de diferentes intensidades de pastoreo en un mismo monte e, incluso, la exclusion

del ganado en algunos sectores.

1.4.2. Actuaciones selvicolas y silvopascicolas

A la hora de establecer areas pasto-cortafuegos, a menudo es muy conveniente realizar
tratamientos de selvicultura preventiva antes de la entrada del ganado (Rigueiro-Rodriguez et al,,
2009). Los desbroces permiten rejuvenecer el pasto y, junto con las podas, dificultan la
transmision de incendios de suelo a copas. Los clareos (o claras, en rodales de mayor edad) se
realizan para reducir la densidad del arbolado y, sobre todo, disminuir la cantidad y continuidad

del combustible en el dosel arbéreo (Vélez, 2009). Esto puede permitir un mayor desarrollo del
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sotobosque gracias a la mayor disponibilidad de agua y luz, por lo que se recomienda que el
ganado entre a pastorear inmediatamente después de las actuaciones para que el control sea

efectivo.

En un contexto en el que muchas masas forestales de la region mediterranea apenas son
gestionadas debido a su baja rentabilidad econémica, los clareos con fines de prevencion de
incendios constituyen una oportunidad para alcanzar, paralelamente, otros objetivos de la
gestion. Por ejemplo, los clareos podrian servir para reconducir la artificialidad de muchas
repoblaciones forestales, o para diversificar con una intervencion local la estructura del conjunto
de la masa forestal, lo que repercutiria positivamente sobre el uso recreativo del bosque y sobre
los niveles de biodiversidad. Estas cuestiones se analizan en detalle en el Capitulo 2, donde se

comparan seis clareos diferentes aplicados para la creacion de un area cortafuegos.

Una de las consecuencias inherentes a la utilizacion del ganado es que su impacto sobre
la vegetacion es mas irregular del que se obtendria mediante el uso de maquinaria. Por ejemplo,
si el ganado no pasta por toda la superficie, o hay zonas dominadas por vegetacion que los
animales no consumen, se pueden generar puntos débiles en un area cortafuegos, lo que pone en
peligro su efectividad frente a los incendios (Rigolot & Alexandrian, 2006). El pastoreo podria
suplirse por desbroces puntuales alli donde fuera necesario, pero también se pueden prever
ciertas actuaciones silvopascicolas que fomenten un pastoreo intenso y homogéneo. Por ejemplo,
si no se dispone de un pastor que controle al ganado, se podria concentrar los animales en
vallados de pequena superficie que se irian rotando por toda la zona. Como una posible
alternativa, en el Capitulo 6 se presentan los vallados virtuales, una tecnologia que podria
utilizarse en el futuro con el fin de manejar al ganado en pastoreo, si bien se encuentra aiin en

fase de investigacion.

De una manera mas indirecta, la ubicacion estratégica de puntos de agua o de
suplementacion puede resultar Util para conseguir que el ganado recorra toda la zona a
pastorear. Asimismo, las mejoras de pastos (siembras, enmiendas, fertilizaciones, etc.) pueden
emplearse para incrementar la produccién y calidad de los pastos (Franca, 2001); estas zonas
mejoradas atraen al ganado, lo que permite obtener un mejor control de la vegetacion en su
entorno (Etienne et al, 1995). En la Toscana italiana, por ejemplo, los caballos que pastaban sobre
areas cortafuegos sembradas con trébol y grama consumieron intensamente este pasto de
calidad, y el estrato herbiceo permanecié con poca altura y verde en el verano (Pardini et al,

2007). En este sentido, en el Capitulo 4 de esta tesis se estudia la respuesta al pastoreo estacional
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de Atriplex halimus, un arbusto de aptitud forrajera y baja combustibilidad que podria emplearse

para realizar mejoras de pastos en areas pasto-cortafuegos.

1.5. Costes del pastoreo para la prevencion de incendios

Tal y como se ha expuesto anteriormente, el pastoreo es una herramienta de prevencion de
incendios que puede sustituir, al menos parcialmente, a otros medios utilizados para el
mantenimiento de areas cortafuegos, como motodesbrozadoras, tractores con apero de
desbroce, o bulldozers. Su aplicacion, por tanto, conlleva un ahorro de costes cuyo principal
beneficiario es la entidad encargada del programa de prevencion de incendios, quien suele
remunerarlo mediante un pago directo o en especie (apriscos, puntos de agua, etc.). Por ejemplo,
en el programa de prevencion de incendios de Andalucia (descrito en el Apartado 2.2 de esta
Introduccion General) la remuneracion anual por el pastoreo de areas cortafuegos es de entre 42
y 90 € ha. Incluso tomando en consideracion este pago a los ganaderos, Varela-Redondo et al.
(2008) cuantificaron en mas de un 70% el ahorro promedio que se lograba utilizando el pastoreo

en lugar de las motodesbrozadoras para el mantenimiento de areas cortafuegos.

En otros programas de gestion analogos, los incentivos anuales para el fomento del
pastoreo con fines de prevencién de incendios son similares: en la Comunitat Valenciana varian
entre 2| y 61 € ha', mientras que en Catalufia oscilan entre 61 y 74 € ha'' (ver detalles en el
Apartado 2.3). En un estudio especifico realizado en Catalufa, en cambio, se estimé que el coste
adicional que suponia el pastoreo de areas cortafuegos, para una explotacion ganadera que se
encontrara en las proximidades, era tan sélo de 6 a 30 € ha' afio”, dependiendo del tipo de

animal y de manejo (Casals et al., 2009).

En general, el pago a los ganaderos se justifica porque el pastoreo de areas cortafuegos
requiere, en muchas ocasiones, que el ganado se desplace a zonas alejadas, frecuentemente
pobres en recursos pascicolas y en las que, ademas, debe concentrarse al ganado para que el
pastoreo sea intenso. Todo ello supone un esfuerzo de gestion para el ganadero, quien incurrira
en mayores costes o, posiblemente, en la pérdida de parte del potencial productivo de su ganado.
Como ejemplo de esto Ultimo, durante uno de los experimentos citados en el Apartado 1.3 se
observé que las cabras que pastaban en tojales de la Cordillera Cantabrica no incrementaban su
peso, e incluso perdian condicién corporal (Osoro et al., 2007). En consecuencia, la duracién del
periodo de pastoreo o la carga ganadera aplicable en los tojales eran limitadas, por lo que los
autores sugieren que seria deseable la realizacién de mejoras de pastos en algunas zonas para

complementar la dieta. En otro de los trabajos citados anteriormente, Casasts et al. (2007)
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también subrayan que las vacas gestantes o lactantes no podian alcanzar sus requerimientos

nutricionales en base a los pastos del sotobosque de los pinares de laricio del Pirineo Central.

1.6. Mas alla de la prevencion de incendios

La sociedad y los servicios forestales han empezado a tomar conciencia sobre el importante papel
que puede jugar una buena gestion silvopastoral en la prevencion de incendios; asi lo demuestran
los diversos programas gubernamentales que la incentivan (ver Apartado 2 de esta seccién). Pero
mas alla de esta utilidad directa, también debe valorarse que el mantenimiento de la ganaderia
pastoral en el monte produce otras muchas externalidades sociales y ecolégicas positivas para la

sociedad (Rey-Benayas et al., 2007).

Por ejemplo, esta actividad mantiene poblacion activa en zonas desfavorecidas y de
montana, en las que se estan produciendo fuertes procesos migratorios de despoblacion que
ponen en peligro la conservacion del patrimonio cultural campesino (Izquierdo, 2006). De hecho,
la rapida sustitucion de usos del suelo y los cambios en la forma de aprovechamiento de los
recursos estan poniendo en peligro buena parte de la gran diversidad agraria y ecolégica que se
habia desarrollado alrededor de los usos humanos de la naturaleza (Emanuelsson, 2009). Ademas,
en un contexto de cambio global, la ganaderia pastoral es un sistema de produccion de alimentos
local, menos vulnerable que la ganaderia intensiva a la limitacion o encarecimiento de los insumos
externos (Izquierdo, 2006). En consecuencia, es una pieza clave para la soberania alimentaria y la

reduccion del impacto ambiental del sistema alimentario globalizado.

Desde un punto de vista ecologico, el ganado juega un importante papel en la
conservacion de los ecosistemas de nuestro entorno, todos ellos fruto de una larga interaccion
entre el ser humano y la naturaleza. De hecho, hoy en dia ya no contamos con la mayor parte de
los grandes herbivoros que han estado histéricamente presentes en nuestro entorno
(Emanuelsson, 2009) y que han sido responsables de las multiples adaptaciones al pastoreo que
muestra la flora y del mantenimiento de los espacios abiertos necesarios para muchas especies.
Es mas, algunos autores argumentan que esta dinamica historica de herbivoria ha sido muy
intensa en los ecosistemas mediterraneos (Perevolotsky & Seligman, 1998). Ante esta situacion, la
ganaderia pastoral se muestra como la mejor herramienta de la que disponemos actualmente
para mantener esta dinamica activa y, por tanto, constituye un elemento indispensable para la
conservacion de nuestros ecosistemas. Ademas, a diferencia de los herbivoros silvestres, el

ganado puede gestionarse en funcidon de las necesidades humanas, lo que lo convierte en una
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herramienta muy valiosa tanto desde un prisma forestal o ecolégico, como social y economico

(Ruiz-Mirazo et al., 2009).

2. PROGRAMAS GUBERNAMENTALES DE GESTION

2.1. La experiencia del RCC en el sudeste francés®

En los anos 1980, una oleada de incendios en las regiones .
mediterraneas francesas llevo a los organismos publicos a impulsar - T
una politica de prevencion de incendios forestales, para =1 < e

——
complementar con ella a los dispositivos de extincion del A |

programa DFCI| (Defensa Forestal Contra los Incendios). Desde un i "L8 FORET CONTEE L& et 1

inicio, la prevencion se centré en la compartimentacion de las .I 1= W

masas forestales mediante areas cortafuegos, con el objetivo de limitar la posibilidad de que se
desarrollaran grandes incendios catastroficos. Mediante una planificacion territorial integral, las
zonas de cultivos agricolas y de pastos adyacentes a los bosques formaron parte de la red de
areas cortafuegos (RCC, Réseau Coupures de Combustible). Fruto de este planteamiento y de su
éxito, el pastoreo ha sido una de las técnicas de mantenimiento de areas cortafuegos habituales

en el RCC.

Hasta 1990, la implantacion de medidas que asociaban el pastoreo con la prevencion de
incendios forestales se hizo bajo la tutela de operaciones de investigacion y experimentacion.
Aunque se constaté rapidamente el interés de emplear ganado y el ahorro de costes que suponia
frente a otras técnicas de mantenimiento, su aplicacion requeria ciertas inversiones en
infraestructuras pastorales (puntos de agua, vallados, etc.), asi como ayudas regulares para su
funcionamiento. La financiacion para esta actividad se encontré en las lineas de ayudas asociadas
al segundo pilar de la Politica Agricola Comin (PAC) de la Union Europea. Las medidas
agroambientales impulsaron el pastoreo de areas cortafuegos hasta su apogeo en el aiio 2000, en
el que 437 explotaciones ganaderas tenian contratos de mantenimiento sobre un total de 18.848
ha de areas cortafuegos pertenecientes a ocho departamentos de las regiones de Languedoc-
Rosellén y Provenza-Alpes-Costa Azul (sudeste francés). Otras medidas complementarias habian
permitido extender el programa a la isla de Corcega, lo que llevaria a que, en total, hubiera unas

700 explotaciones ganaderas participando en el mantenimiento de 37.225 ha de areas

I Apartado basado en dos publicaciones del RCC, coordinadas por Thavaud (2006, 2009).
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cortafuegos. Posteriormente al ano 2000, un aumento de la complejidad burocratica de las ayudas
agroambientales y su empleo para otros fines propiciaron un decrecimiento importante de este
programa. A pesar de ello, las ayudas agroambientales aln financiaban el pastoreo de 10.000 ha

de areas cortafuegos en el ano 2008.

Los sistemas ganaderos involucrados en estos programas han sido muy diversos. Las
ganaderias participantes podian ser trashumantes (de invierno), locales (con explotaciones
préximas al monte) o, incluso, desplazadas especificamente al lugar para la tarea, si bien en este
ultimo caso el coste econémico resultaba muy elevado. Se ha facilitado la participacion de todas
las ganaderias pastorales, al haberse observado que, mas alla del tipo de ganado empleado, se
cosechaban buenos resultados siempre que la gestion fuera la adecuada. La combinacién de la
técnica de preparacion apropiada (desbroce mecanico, fuego controlado, o incluso siembra de
pastos), con un manejo del rebano acertado (mediante suplementacion, pastoreo controlado o
cercados moviles) ha permitido alcanzar excelentes niveles de control de la vegetacion en areas
cortafuegos y minimizar la frecuencia de aplicacién de técnicas de mantenimiento

complementarias.

Entre las principales reglas que utilizan para asegurar que la gestion pastoral sea efectiva
para la prevencion de incendios, se encuentran: |) realizar un primer pastoreo temprano, en los
primeros seis meses posteriores al desbroce del matorral; 2) realizar un pastoreo regular, en el
que se consuma, al menos una vez por ano, la totalidad del estrato herbaceo; 3) combinar el
pastoreo dirigido con la utilizacion de cercados; 4) utilizar puntos de agua, de suplementacién o
piedras de sal para fomentar el pastoreo de las zonas menos utilizadas; 5) favorecer que los
animales aprendan a consumir el pasto disponible; y 6) suministrar algunos alimentos

concentrados para estimular el consumo de las lefosas.

Los contratos establecidos entre los ganaderos y los servicios forestales han estado
regulados mediante pliegos de condiciones estrictos, que determinaban distintos objetivos de
control del combustible en funcion de una zonificacion estratégica de las areas cortafuegos (ver
ejemplo en la Fig. 2). Por orden decreciente de importancia, esta zonificacion discrimina los

siguientes sectores:

e Zonas clave. Se trata de las zonas centrales de las areas cortafuegos, en las que
servicios de extincion deben poder establecerse con total seguridad para combatir
directamente el frente del incendio. El objetivo de pastoreo es muy exigente, ya que se desea

obtener un pastizal cespitoso herbaceo raso a principios del verano. En ocasiones, el
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pastoreo se complementa con desbroces mecanicos con el objetivo de que el volumen de

matorral nunca supere los 500 m* ha™.

Zonas de apoyo. Conformadas por el entorno directo de las zonas clave, responden al
doble objetivo de reducir la potencia del incendio antes de que llegue a las zonas clave y de
minimizar los riesgos de eclosién de focos secundarios. Mediante el pastoreo se pretende
que la vegetacion lefiosa se mantenga con una estructura discontinua, tanto vertical como

horizontalmente, sin que su volumen supere los 2.500 m® ha™'.

e Zonas pastorales de refuerzo. Son zonas contiguas a las anteriores, o que forman
parte de areas cortafuegos de caracter agropastoral, situadas entre macizos forestales.
Aunque el pastoreo con fines de prevencion es mas difuso en ellas, estas zonas resultan
primordiales para el buen funcionamiento global del sistema, ya que ofrecen una superficie de

pastos complementaria que permite el mantenimiento del ganado.

Zonas pastorales
de refuerzo

Fig. 2. Ejemplo de zonificacién en un area cortafuegos
del monte de Aldeire, provincia de Granada.

Debido a las distintas exigencias de pastoreo, la remuneracion ofrecida a los ganaderos
también respondia a esta zonificacion, ademas de a otros factores (intensidad de la dinamica de
matorralizacion, valor pastoral de las zonas objeto de contrato, etc.). El pago por el servicio de
pastoreo pretendia ser un incentivo para que los ganaderos suscribieran los contratos, si bien al
menos la mitad de la remuneracion cobrada se destinaba a sufragar los sobrecostes o pérdidas de
potencial productivo asociados al cumplimiento del pliego de condiciones. A efectos ilustrativos,
la prestacion global media para los ganaderos contratados en el departamento del Pirineo

Oriental rondaba los 6.000 € anuales durante el periodo 1990-2000.
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A lo largo del tiempo, el RCC se ha ido constituyendo en un espacio multidisciplinar de
trabajo y coordinacion que reune a pastoralistas, investigadores, forestales, administraciones y
otros agentes interesados en la prevencién de incendios forestales. El acompafnamiento cientifico
que ha tenido durante varios afios este programa ha permitido evaluar y ajustar las técnicas
pastorales aplicadas, asi como ofrecer a los gestores forestales informacion contrastada acerca de

la eficacia técnica y econdmica del pastoreo de areas cortafuegos.

Ademas, la red de trabajo colaborativo RCC ha puesto en valor y difundido su experiencia
mediante una docena de publicaciones técnico-cientificas (Rigolot & Costa, 2000; Etienne &
Rigolot, 2001; Thavaud, 2006; 2009, entre otras) que han abordado distintos temas, como el
diseno y el coste de las areas cortafuegos, el control de la matorralizacion, o la evaluacion a
posteriori del comportamiento de las areas cortafuegos ante un incendio. Hoy en dia, la
colaboracion continla con reuniones periodicas y grupos de trabajo que profundizan en aspectos

que consideran necesarios para proseguir mejorando la prevencion de incendios forestales.

2.2. Creacion y evolucion de la RAPCA

La Red de Areas Pasto-Cortafuegos de Andalucia (RAPCA) es un programa de gestion que se
cred formalmente en el afo 2005, a instancias de la Consejeria de Medio Ambiente de la Junta de
Andalucia y, en particular, de la Direccion General de Gestion del Medio Natural. Su puesta en
marcha se fundamento en la experiencia cientifica del grupo de Pastos y Sistemas Silvopastorales
Mediterraneos (CSIC), cuyos miembros habian participado en proyectos de investigacion y
desarrollo del RCC francés en el ano 1997. Ademas, tal y como se describe en la Seccion de
Justificacion y Objetivos, este grupo fue el responsable de desarrollar el primer proyecto de
investigacién sobre este tema en Andalucia, que se inicié en el afho 2003 con financiacion de esta

Direccion General.

Anteriormente, la Junta de Andalucia habia contratado una asistencia técnica a la empresa
Agroforesta Consultores S. A, para la Obtencion y tabulacion de datos sobre pastoreo controlado en
labores de prevencidn de incendios forestales, que se completd en diciembre de 1996. Este estudio
se centro en observar el consumo que distintos ganados (ovino, caprino y vacuno) realizaban
sobre las principales especies de matorral y arbolado de varios montes de Sierra Morena y Sierra
de Cadiz. Existian igualmente algunas experiencias practicas de gestién puestas en marcha desde
la Delegacion de Medio Ambiente de la provincia de Malaga: a lo largo de los afos 90, el técnico
José B. Lépez Quintanilla introdujo el pastoreo con fines de prevencion de incendios en los

montes de La Ventilla y El Peidn de Ronda, una experiencia que fue objeto de un cierto
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seguimiento técnico a través de varios Trabajos Profesionales Fin de Carrera de alumnos de la
Universidad de Cérdoba.

El punto de inflexion que consigue transformar estas dispersas experiencias cientifico-
técnicas en lo que vendria a llamarse la RAPCA se produce en 2005, cuando la Direccion General
de Gestion del Medio Natural decide impulsar un programa mas amplio de pastoreo de areas
cortafuegos. Mediante una resolucion oficial, se autoriza la entrada de ganado en los montes para
fines de prevencion de incendios y comienzan a financiarse las pequefias inversiones de
infraestructuras ganaderas que resultan necesarias para ello. Ademas, se establece la posibilidad
de que Egmasa, la empresa publica de la Consejeria de Medio Ambiente, llegue a acuerdos
econémicos con los titulares de los rebanos para la prestacion del servicio de pastoreo. El
respaldo cientifico para todo ello lo proporcionan los resultados que comenzaban a obtenerse en
el primer proyecto de colaboracién con el CSIC. La participacion del grupo de Pastos y Sistemas
Silvopastorales Mediterraneos en esta segunda fase que daria lugar a la RAPCA se concreta con la

firma de un nuevo proyecto.

Desde sus inicios, la RAPCA ha estado vinculada al dispositivo autonémico contra
incendios forestales (Plan INFOCA), gestionado por la propia Consejeria y por Egmasa. En todo
caso, su disefo y desarrollo ha sido un proceso abierto, en el que han participado activamente
tanto el equipo cientifico como los agentes y técnicos forestales de los espacios naturales
protegidos concernidos por el estudio y, muy especialmente, el personal contratado
especificamente para este programa por Egmasa. En particular, tuvo una gran trascendencia la
temprana contratacion de Rogelio Jiménez Piano, en julio de 2005, quien con su iniciativa y saber
hacer se convertiria rapidamente en el gran dinamizador e impulsor de la RAPCA.
Posteriormente, se irian incorporando como personal del mismo programa Fidel Delgado Ferrer,

José Caballero Sanchez y Jaime Montes Gémez.

La RAPCA estad constituida por todas aquellas areas cortafuegos de los montes publicos
de Andalucia cuyo mantenimiento esta basado en el pastoreo con ganado. En la mayor parte de
los casos el pastoreo lo realiza un ganadero de la zona, quien utiliza fincas adyacentes o dispone
del aprovechamiento de pastos del propio monte. La participaciéon de los ganaderos en el
programa no esta regulada mediante una convocatoria abierta, sino que se evalGan
individualmente los casos propuestos por los técnicos forestales y otras personas interesadas
(alcaldes, ganaderos, etc.). El personal de la RAPCA se encarga de poner de acuerdo a las

distintas partes implicadas (entidad local, gestor del monte y ganadero, principalmente) y de
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identificar las areas cortafuegos del monte que relnen las mejores caracteristicas para su manejo

con ganado.

Las areas cortafuegos seleccionadas son, preferentemente, aquellas que estan proximas a
puntos de agua y apriscos, que han sido desbrozadas recientemente, o cuyo mantenimiento con
otros medios alternativos es mas complicado (por su pedregosidad o lejania a pistas, por
ejemplo). La dificultad que presentan estas zonas para el pastoreo se caracteriza mediante tres
parametros (distancia al aprisco, pendiente media y tipo de vegetacion) y, desde 2007, se ofrece
al ganadero una remuneracién econémica que puede variar entre 42 y 90 € ha™' afio’ en funcién
de dicha dificultad (Varela-Redondo et al, 2008). Complementariamente, cada ganadero
colaborador recibe 300 € afo™' por participar en el programa, siempre y cuando haya cumplido

los minimos que estipula su contrato.

La consecucion de una intensidad de pastoreo muy alta, de forma que resulte efectiva para
la prevencion de incendios, requiere una gestion muy activa del ganado. Por este motivo, las
ganaderias participantes en la RAPCA son, principalmente, de ovino (61%) o caprino (35%) y son
careadas por un pastor. De hecho, hasta ahora, el empleo de ganado vacuno es testimonial (4%).
La efectividad del pastoreo a la hora de controlar el crecimiento vegetal en las areas pasto-
cortafuegos es evaluado en verano por el personal del programa, siguiendo un protocolo

disenado por el equipo cientifico y descrito con detalle en el Capitulo | de esta tesis doctoral.

Segun los contratos firmados entre Egmasa y cada ganadero, si la evaluacion determina
que el pastoreo no ha sido suficientemente intenso, la remuneracion econémica sera inferior a la
cantidad maxima ofertada, y si ni siquiera se alcanzan unos objetivos minimos, el pago se anulara.
Ademas de mediante la contratacion directa del servicio de pastoreo, estos acuerdos pueden
establecerse también en el marco de la concesion del aprovechamiento de pastos, siempre que el
monte sea propiedad de la Junta de Andalucia. En estos casos, en el pliego de condiciones se
establece que las anualidades del aprovechamiento se veran reducidas en una cuantia igual a la
que le corresponderia al ganadero por el mantenimiento de las areas pasto-cortafuegos del

monte.

En Andalucia, el pastoreo controlado para la prevencién de incendios también se incentiva
econoémicamente en las fincas privadas (BOJA, 2008), que constituyen un 72% de la superficie
forestal de la comunidad auténoma. Sin embargo, estas fincas no forman parte integral de la
RAPCA, ya que no estan sujetas al mismo sistema de evaluacion y remuneracion que las situadas

en montes publicos.
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En la RAPCA, la caracterizacion y seguimiento individualizado realizado por el personal del
programa ha ofrecido informacion muy detallada, lo que ha permitido corregir las deficiencias
detectadas en sus primeros anos. Ademas, el contacto frecuente con los pastores y las relaciones
de confianza establecidas con ellos han sido el pilar sobre el que se ha sustentado el creciente
éxito obtenido. De hecho, el apoyo que ofrece el personal de la RAPCA a los ganaderos, tanto
para resolver cuestiones burocraticas como para arreglar un punto de agua o un pequeno
cercado, constituyen una valiosa forma de remuneracion indirecta y un reconocimiento del valor

de su actividad por parte del sector forestal.

La RAPCA se ha ido consolidando a lo largo de cinco anos (Tabla I), si bien su
crecimiento ha estado condicionado por la disponibilidad presupuestaria del Plan INFOCA para
contratar personal para el proyecto y financiar los acuerdos firmados anualmente con los
ganaderos. En todo caso, creemos que el apoyo que recibe este programa desde la Consejeria de
Medio Ambiente posibilitara una nueva expansion de la RAPCA en el ano 201 I. Las previsiones
actuales indican que se podrian superar los 200 pastores y las 5.000 ha de areas pasto-
cortafuegos en todo el territorio autonémico. En correspondencia con este crecimiento y
basindose en la experiencia metodoldgica de afios anteriores, se ha planificado que el personal
de la RAPCA realice una evaluacion mas somera en aquellas areas pasto-cortafuegos del

programa que hayan venido obteniendo buenos resultados.

Tabla 1. Evolucién de la Red de Areas Pasto-Cortafuegos de Andalucia.

Afo 2005 2006 2007 2008 2009 2010!
Pastores 5 13 19 49 69 67
Cabezas de ganado 1.930 3.626 7.565 23.033 31.990 34.005
Superficie (ha) 520 715 911l 1.996 2.346 2.202
Areas pasto-cortafuegos I 19 28 175 227 208
Nudmero de contratos 5 9 15 46 59 59

- con resultado positivo 2 4 13 38 57 57

- con pago anulado 3 5 2 8 2 2

I Los datos de este afio no incluyen 14 nuevos contratos (que abarcan 36 areas pasto-cortafuegos) ya
firmados en otofio de 2010.
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2.3. Otras programas analogos en Espafia?

2.3.1. Comunitat Valenciana

La Generalitat Valenciana fue pionera en Espafia a la hora de incentivar esta gestion silvopastoral
con ayudas recogidas en su normativa autonomica oficial. De hecho, en el aho 1996 cred ya un
programa para el fomento del pastoreo controlado en areas cortafuegos (DOGV, 1996). Su
planificacion de la selvicultura preventiva siempre ha considerado la integracion de los usos y
aprovechamientos que fueran Utiles a este fin (zonas recreativas, cultivos, truferas, huertos
semilleros, etc.) y, en particular, el pastoreo. La integracion de pastores y ganaderos en las
actividades de prevencion de incendios pretendia servir tanto para controlar la vegetacion en
areas cortafuegos como para, indirectamente, reducir el nimero de incendios generados por

quemas de pastos.

El incentivo econémico ofrecido a los ganaderos por pastorear areas cortafuegos se ha
mantenido en un minimo de 21,90 € ha', que puede incrementarse segin las necesidades de
cercados y de suministro de agua hasta 43,00 € ha’', en el caso del ganado menor, o 61,70 € ha
para ganado bovino (DOGYV, 1996; DOCYV, 2009). La condicion para acceder a esta prima es que
el ganado paste en las areas cortafuegos un minimo de 130 dias al afo, repartidos en primavera y
otono, en los que la carga ganadera media debe superar las 5 ovejas, 3 cabras o | vaca por
hectarea. Sin embargo, en este programa no se ha establecido un protocolo de seguimiento

especifico para evaluar la efectividad del ganado.

La superficie de dreas pasto-cortafuegos se incrementé rapidamente en la Comunitat
Valenciana durante los primeros anos del programa, y en el ano 2000 ya se superaban las 3.000
ha, pastoreadas por mas de 60 ganaderos. Desde entonces, las cifras se han mantenido siempre
por encima de esos valores, alcanzandose un maximo de 76 ganaderos y 4.480 ha en 2005. En
2010, lamentablemente, las restricciones econémicas ligadas a la crisis financiera provocaron que
no se convocaran ayudas para ese ano, y se desconocen las posibilidades de que el programa se

recupere proximamente.

En todo caso, los resultados obtenidos durante la vigencia del programa se han

considerado satisfactorios, y es particularmente destacable que el nimero de incendios

2 Este apartado resume sucintamente un documento elaborado por varios autores bajo la
coordinacion del doctorando, para su publicacion como capitulo del libro “Sistemas Agroforestales en

Espafa”, actualmente en proceso de edicion por la Sociedad Espaiola de Ciencias Forestales.
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provocados por quemas descontroladas para la regeneracion de pastos ha descendido
progresivamente hasta alcanzar valores anecdéticos en la Comunitat Valenciana. La efectividad
del ganado en controlar el combustible en varias areas pasto-cortafuegos del programa ha sido
estudiado en detalle en una reciente tesis doctoral (Dopazo, 2008). De ella se desprende que el
pastoreo con ganado caprino resulta muy efectivo para retrasar el crecimiento en volumen del
matorral. En particular, destaca el elevado consumo de coscoja, una especie de dificil y costoso

control en areas cortafuegos (Dopazo et al,, 2009).

2.3.2. Aragbn

El Gobierno de Aragén inicié en 2005 un Plan Medioambiental de Ganaderia Extensiva, disehado
para fomentar que los recursos ganaderos existentes en los terrenos forestales se gestionaran de
tal forma que se asegurara su sostenibilidad y pudieran participar en la prevencion de incendios
forestales. En los primeros anos se realizaron varias experiencias piloto para ensayar el pastoreo
de dreas cortafuegos en las diferentes comarcas de Aragdn, para lo que se contdé con la
colaboracion del grupo de investigacion del Dr. Fillat Estaqué, del Instituto Pirenaico de Ecologia
(IPE). En 2008 se inicid una segunda fase mas ambiciosa, cuyo objetivo era la extension de este

sistema silvopastoral a un mayor nimero de montes.

A diferencia de otros programas gubernamentales, en Aragon no existe una remuneracion
directa a los ganaderos, sino que el servicio de pastoreo se recompensa con la dotacion de
infraestructuras ganaderas, como accesos viales, puntos de agua, cerramientos y otros elementos
para el manejo del ganado (mangas ganaderas, pasos canadienses, rampas de carga, etc.). En el
marco de este programa, en 2008 se establecieron acuerdos con |12 ganaderos, en 2009 con 28, y
en 2010 ya se alcanzaron los 42 ganaderos colaboradores distribuidos por |3 comarcas
aragonesas. En este ultimo ano se llegaron a pastorear 209 km de areas cortafuegos (unas 2.090
ha), empleandose para ello hasta seis tipos de ganado (ovino, caprino, vacuno, equino, asnal vy,

anecddticamente, camélido).

Para asegurar un elevado control de la biomasa, en este programa es habitual el uso de
cercados en las areas pasto-cortafuegos. Es mas, los cercados son obligatorios en el caso del
ganado mayor, ya que este tipo de ganado generalmente pasta sin la supervision permanente de
un pastor. Entre las singularidades del programa, destaca el hecho de que ha sido el propio
Gobierno de Aragon, a través de su Departamento de Medio Ambiente, quien ha asumido la

gestion directa de la ganaderia asnal que participa en el programa.
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2.3.3. Cataluiia

La prevencion de incendios en Cataluiia aborda la reduccion del riesgo a distintas escalas de
planificacion. A escala de macizo forestal se han establecido 31 zonas de alto riesgo de incendios,
denominados Perimetros de Proteccion Prioritaria (PPP) que cubren aproximadamente el 40% de
la superficie de Cataluha. A escala mas detallada, existen diversas figuras de proteccion para

municipios, fincas forestales y urbanizaciones.

El pastoreo con fines de prevencion de incendios esta contemplado por el Plan General de
Politica Forestal actualmente vigente, y ha recibido el respaldo econémico del Plan de Desarrollo
Rural (PDR) en 2007. En efecto, el PDR ha establecido una medida agroambiental para las
explotaciones ganaderas que realizan pastoreo de sotobosque en zonas forestales localizadas en
los PPP, que ha quedado integrada en los denominados contratos globales de explotacion
(DOGC, 2007). La prima econémica anual oscila entre 61 € ha' y 74 € ha', y el ganadero
adquiere el compromiso de pastorear un minimo de |5 ha durante 5 afios, con una carga
ganadera de 0,6 unidades de ganado mayor (UGM) por hectarea. En 2008, se acogieron a esta

medida 71 titulares de explotaciones ganaderas.

Asimismo, el Plan General de Politica Forestal también promueve los convenios de
colaboracion entre la administracion catalana, las entidades ganaderas y los propietarios
forestales, con la finalidad de crear y mantener zonas abiertas para la prevencion de incendios y la
conservacion de habitats. En estos casos, para permitir la intervencion publica en terrenos de
propiedad privada (que suponen un alto porcentaje de la superficie forestal) se ha empleado la
figura de Zona de Actuacion Urgente. Asi se han establecido consorcios con los propietarios y,

posteriormente, acuerdos de colaboracion entre la administracion y los ganaderos.

2.4. Programas para la reduccion de las quemas de pastos

Si bien los ganaderos colaboran activamente en la prevencion de incendios al responsabilizarse
del mantenimiento de areas pasto-cortafuegos, también es cierto que el uso tradicional del fuego
para la regeneracion de pastos es una causa importante de ignicion de incendios. De hecho, las
quemas de pastos realizadas por ganaderos que no toman las suficientes precauciones son una de
las causas principales de incendios forestales en Espana (Martinez & Martin, 2004; Ministerio de
Medio Ambiente, 2007). Los programas de prevencién social de incendios han atendido a este
hecho con diversas iniciativas que se han desarrollado principalmente en el noroeste peninsular,

por ser la region de Espafna donde los incendios por quemas pastorales son mas frecuentes.
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En este sentido, el Ministerio de Medio Ambiente puso en marcha en 1998 los Equipos de
Prevencion Integral (EPRIF), que trabajan con los propios ganaderos para aminorar el uso
incontrolado del fuego en épocas de riesgo. Los EPRIF desarrollan labores de sensibilizacion que
culminan frecuentemente en acuerdos con los ganaderos para la realizacion de desbroces y
quemas prescritas, que se efectlian en invierno y son controladas por equipos especializados
(Vélez, 2007). Los 18 equipos EPRIF activos en la campana 2009-2010 se distribuian por I5
provincias. Con una estrategia similar, varias comunidades auténomas financian la realizacion de

desbroces de matorral en acuerdo con los ganaderos.

2.4.1. Castillay Le6n

Entre las iniciativas de este tipo que han tenido un mayor éxito y alcance territorial se encuentra
el Programa de Desbroces Ganaderos (PDG) desarrollado por la Junta de Castilla y Ledn. En el
PDG, iniciado en 2003, han participado hasta el momento cerca de |.300 explotaciones
ganaderas, lo que supone cerca del 10% de los ganaderos de extensivo de Castilla y Ledn. La
financiacion del programa proviene de fondos europeos (40%), estatales (50%) y autonémicos
(10%), ya que ha contado con una medida agroambiental especifica, denominada Gestion
Integrada de las Explotaciones Ganaderas Extensivas para Actuaciones de Desbroces en Zonas de

Prados y Pastizales (BOCyL, 2003, 2010).

La esencia del PDG es la firma de un contrato territorial de explotacion (CTE) entre su
titular y la administracion forestal, con una vigencia de cinco afos. La diferencia fundamental con
otros CTE es que el ganadero debia elaborar un Plan Silvopastoral de su explotacién, suscrito
por un técnico competente y en el que se reflejaran todas las parcelas que utilizaba como
pastaderos. Ademas, cada Plan Silvopastoral debia contar con un plan anual de actuaciones o
mejoras, que cada ganadero definia libremente de entre un amplio abanico de posibilidades:
cerramientos, accesos, abrevaderos, abonados, encalados y, por supuesto, desbroces. La
administracion ha trabajado de forma directa con los ganaderos en la elaboracion de los CTE,
implicandolos en las decisiones a tomar sobre la mejora de su explotacion y, a menudo, también

en la ejecucion directa de las obras y en el mantenimiento de los desbroces.

En el marco del PDG se han desbrozado mas de 34.000 ha, instalado mas de 750 km de
cerramientos y se han mejorado o construido 270 abrevaderos. La estrategia de colaboracién
con los ganaderos ha permitido disminuir sustancialmente las quemas de pastos, particularmente
en algunas comarcas conflictivas, donde se han registrado descensos de hasta el 80% en el

numero medio de incendios.
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Atendiendo a la importancia del fendbmeno de las quemas de pastos, en el Capitulo 5 de
esta tesis doctoral se realiza un estudio comparativo de su incidencia en 24 parques naturales de
Andalucia. En particular, se analiza qué patrones de uso del suelo, entre los existentes en esos
parques, estan mas correlacionados con un mayor nimero de incendios causados por las quemas

para la regeneracion de pastos.
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CAPITULO 1. Evaluacion durante dos afios
de las areas pasto-cortafuegos en el programa
de prevencion de incendios de Andalucia

Monitoring has not been a glamorous activity in science, in part because it has been perceived as blind
data-gathering (which, in some cases, it has been). The kinds of questions that a scientist asks when
initiating a research project —about causes and effects, probabilities, interactions, and alternative

hypotheses— are not commonly asked by workers initiating a monitoring project.

Perhaps monitoring will be most successful when it is perceived (and actually qualifies) as scientific
research and is designed to test specific hypotheses that are relevant to policy and management
questions. In this context, monitoring is a necessary link in the “adaptive management” cycle that

continuously refines regulations or management practices on the basis of data derived from monitoring.

REED F. NOSS

Indicators for monitoring biodiversity
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RESUMEN DEL CAPITULO

Tal y como se ha presentado en la Introduccion General, el pastoreo de areas cortafuegos es una
practica silvopastoral cuya utilizacion ha sido propuesta en varias regiones mediterraneas con el
objetivo de mejorar la prevencion de incendios. En su mayor parte, estas iniciativas se han
quedado en pequenas experiencias cientificas, y sélo unas pocas (como es el caso de Andalucia)
han dado lugar a programas de gestion mas amplios. La referencia mas destacada en este sentido
es el programa RCC (Réseau Coupures de Combustible — Red de Areas Cortafuegos), desarrollado
desde hace unos 25 afios en el sudeste francés (ver Apartado 2.1 de la Introduccién General). El
manejo silvopastoral de areas cortafuegos pertenecientes al RCC ha sido objeto de numerosas
publicaciones, pero la mayor parte de ellas Unicamente se han distribuido en Francia, al ser de
caracter técnico Yy estar dirigidas a los servicios de extensién ganaderos y forestales franceses. En
la literatura cientifica internacional apenas se encuentran datos sobre programas de gestion
silvopastoral de areas cortafuegos, sobre la efectividad que ha tenido el ganado en ellos, o sobre

cuales son los factores clave para que el resultado sea exitoso.

La Red de Areas Pasto-Cortafuegos de Andalucia (RAPCA) es un programa amplio de
gestion, descrito en el Apartado 2.2 de la Introduccion General, que presenta la particularidad de
que ha sido objeto de un seguimiento realizado por el personal técnico del proyecto bajo la
supervision del equipo cientifico del CSIC. Asi, entre los afios 2005 y 2007 se puso a punto una
metodologia de seguimiento, que después fue aplicada de forma sistematica en toda la RAPCA.
En efecto, en los anos 2008 y 2009, unas 2.000 ha de areas pasto-cortafuegos fueron
caracterizadas y se evalud el pastoreo realizado en ellas. Los datos recogidos en estas dos
campanas han sido utilizados en este trabajo de investigacién para alcanzar los siguientes
objetivos: ) identificar qué caracteristicas de las areas pasto-cortafuegos y del ganado fueron
factores clave para que el pastoreo fuera efectivo; 2) determinar qué parametros de campo son
los mas adecuados para evaluar el nivel de cumplimiento de los objetivos de pastoreo; y 3)
presentar un sistema contrastado y proponer un sistema aligerado para el seguimiento y la

evaluacion, a escala regional, del pastoreo en areas cortafuegos.

En la RAPCA, el servicio de pastoreo intenso necesario para la prevencion de incendios se
contrata con ganaderos locales. La superficie encomendada a cada uno de ellos se divide en
unidades de gestion (denominadas areas pasto-cortafuegos [APC]), que son relativamente
homogéneas en términos de tipo y cantidad de vegetacion, pendiente y distancia al aprisco mas

proximo. La remuneracién ofrecida por el servicio de pastoreo (entre 42 y 90 € ha' afo™) es
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proporcional a la dificultad que presenta el terreno, siendo maxima en zonas de gran pendiente,
con matorral muy pujante y alejadas del aprisco. En todo caso, se realiza un seguimiento y
evaluacion del trabajo de los ganaderos y, si al cabo del afio no se alcanzan los objetivos de

pastoreo acordados, dicha remuneracién puede ser reducida y, en casos graves, incluso anulada.

La metodologia de evaluacion se ha fundamentado en estimaciones visuales de las tasas de
consumo (TC) de la vegetacion por parte del ganado (Fotografia 2), empleandose para ello una
escala de 0 (ninglin signo de pastoreo) a 5 (consumo muy notable de toda la planta o estrato). El
consumo del estrato arbustivo en particular se evalu6 mediante un minimo de tres transectos
por APC, en los cuales se observaba la TC de 20 individuos y se anotaba la especie a la que
pertenecian. Por su parte, la TC del estrato herbaceo se evalué en su conjunto (sin diferenciar
especies) en un minimo de 20 zonas por APC, si bien no fue evaluada en aquellas APC de
caracter netamente arbustivo. Ademas, se emplearon tres especies (la encina, el espino albar y la
rosa) como indicadoras de pastoreo, para las que se anotaban un minimo de ocho TC, siempre
que estuvieran presentes en el APC. Promediando estas observaciones, se obtuvieron las tasas de
consumo medias para el estrato arbustivo (TC-a), el estrato herbaceo (TC-h) y las especies

indicadoras (TC-encina, -espino o -rosa) en cada APC.
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Finalmente, en base a las TC, a la palatabilidad de las especies dominantes y a otros
indicios de pastoreo (p. €j., abundancia de suelo desnudo o de excrementos), el personal de
campo efectuaba una evaluacion global (EG) del nivel de pastoreo observado. Se realizaron un
minimo de tres evaluaciones por APC, empleandose una escala de 0 (pastoreo inapreciable) a 4
(pastoreo muy intenso) que se promediaron para obtener la EG media. Ademas, la EG minima
obtenida en cada APC fue utilizada como indicadora de un pastoreo irregular, que debia ser

penalizado por suponer una deficiencia que podia comprometer la funcionalidad del APC.

Estos parametros de campo fueron empleados para clasificar en gabinete las areas pasto-
cortafuegos en uno de los niveles de cumplimiento de los objetivos de pastoreo: Bajo, Medio,
Alto o Muy Alto. En 2008, este proceso se realizo mediante evaluaciones individuales que se
apoyaban en umbrales predefinidos: asi, se esperaba otorgar la clasificacion Muy Alto (y Bajo) a
aquellas APC con una EG media superior a 3,5 (inferior a 1,5), TC-a mayor que 3,5 (menor que
2,5) o con TC-h superior a 4 (inferior a 3). Sin embargo, los casos ambiguos fueron frecuentes,
por lo que el proceso de clasificacion hubo de ser flexible. De hecho, los niveles de clasificacion
no se disefiaron con la pretension de respetar estrictamente a tales umbrales, sino para describir
las distintas intensidades de pastoreo registradas en la RAPCA en base a parametros objetivos.
En consecuencia, fueron los propios resultados obtenidos en esta primera campana los que
definieron el rango de valores de los parametros que realmente se ajustaba a cada nivel de
clasificacion (ver Tabla I.1). A pesar de su amplitud, estos rangos constituyen una referencia muy

util para futuras campanas de seguimiento en las que se aplique esta metodologia.

Los resultados obtenidos en 2008 (125 APC evaluadas y clasificadas) fueron empleados
para generar, mediante andlisis discriminante, las funciones de clasificacién automatica descritas
en la Tabla 1.2. Estas funciones se aplicaron sobre los datos de campo recogidos en 2009 (208
APC) para obtener el nivel de cumplimiento mas probable de las APC sin necesidad de
clasificarlas una a una. Posteriormente, se revisaron individualmente algunos casos que
presentaban probabilidades similares de clasificacion en niveles adyacentes, corrigiéndolos si se
estimaba necesario. Esta revision se baso en indicaciones del personal de campo, en considerar la
palatabilidad de la vegetacion y en utilizar la TC de las especies indicadoras para comparar

distintas APC.

La clasificacion predicha por las funciones en 2009 fue considerada correcta en el 86.5%
de las APC. En los casos restantes (28 APC), la clasificacion finalmente otorgada fue una
correccion, mayormente al alza, con respecto a la prediccion. De hecho, se observo que la

necesidad de esta correccién se debia a que, frecuentemente, la baja palatabilidad de la
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vegetacion habia producido una TC-a relativamente baja, que no se correspondia con los altos
valores observados en el resto de los parametros de campo. En base a este hecho, parece
deseable incorporar una correcciéon por palatabilidad a la TC-a, de tal forma que sea mas precisa
en la evaluacion del pastoreo. Esta tarea, sin embargo, resultaria extremamente complicada en
region con una flora muy diversa, como Andalucia, especialmente si se considera que la

palatabilidad de las especies dependera de la época del ano y del tipo de ganado que las consuma.

Una vez finalizado el proceso de clasificacion, se unieron las bases de datos de 2008 y
2009, manteniendo por separado las APC arbustivas (sin TC-h) de las APC herbaceas. Para cada
grupo, se realizd un andlisis discriminante por pasos, con el objetivo de determinar qué
parametros de campo discriminaban mejor entre los distintos niveles de cumplimiento de
objetivos. Este analisis mostré que, para las APC arbustivas, las tres variables predictoras (EG
media, TC-a y EG minima, por ese orden) aportaban capacidad discriminante. En cambio, para las
APC herbaceas, EG media y TC-h fueron los parametros mas relevantes para la clasificacion,

mientras que TC-a y EG minima no la mejoraban significativamente.

En global, la EG media resulto ser el parametro de campo que mejor capacidad predictora
presentaba. De hecho, se observé que las clasificaciones que se habrian obtenido empleando
Unicamente la EG media, con umbrales predefinidos para separar los niveles, habria resultado en
una precision del 82% en la clasificacion (Fig. 1.2). En vista de este resultado, la EG media se
muestra como un excelente estimador de la consecucion de los objetivos de pastoreo. Sin
embargo, esto no implica que la evaluacion de campo pueda limitarse a la observacion de este
parametro Unicamente. De hecho, la EG no es un parametro medido de forma independiente,
sino que toma en consideracién el impacto del ganado sobre la vegetacion (las TC) y otros
indicios de pastoreo para realizar una valoracion general del nivel de pastoreo observado. A
nuestro entender, la mejor forma de simplificar la metodologia de seguimiento seria mediante la
eliminacion de aquellos pardametros que, a lo largo de estas dos campanas, han tenido una menor
relevancia para la evaluacion. Asi un sistema de evaluacion aligerado, pero igualmente fiable,

comprenderia los siguientes parametros de campo:

e La tasa de consumo del estrato de vegetacion dominante en el area pasto-cortafuegos:

TC-ao TC-h.

e La TC-encina, por ser la especie indicadora mas frecuente en la RAPCA y, por tanto, la

mas util para comparar el pastoreo entre zonas distintas.
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e  lLa evaluacion global (EG) del nivel de pastoreo observado, como parametro sintético

que integra diversos indicios de pastoreo.

Antes de formar parte de la RAPCA, todas las areas pasto-cortafuegos habian sido
examinadas en campo y caracterizadas en términos de su superficie, pendiente, volumen de
matorral, distancia al aprisco y tipo de ganado que las pastaria. La superficie y pendiente se
obtuvieron a partir del software cartografico y de un modelo digital de elevaciones. El volumen
de matorral se estimé mediante un minimo de tres evaluaciones por APC, en las que se anotaba
una estimacion visual del porcentaje de cobertura del estrato y se media la altura de diez
arbustos representativos. Cada ganadero informé sobre el tipo de ganado (ovino, caprino o
vacuno) que pastaria en el APC e indico el aprisco mas préoximo que podia utilizar. La distancia

desde ese aprisco al punto mas alejado del APC se midié sobre el software cartografico.

La influencia de estas caracteristicas sobre el cumplimiento de los objetivos de pastoreo se
analizé mediante un ANOVA, en el que los niveles de la clasificacion eran los factores fijos,
seguido del test post-hoc HSD de Tukey. Segln los resultados obtenidos (Tabla 1.3), el volumen
de matorral fue la caracteristica que mayores diferencias presentaba entre las distintas
clasificaciones, siendo tanto mas bajo cuanto mas alto era el nivel de cumplimiento de objetivos.
Las tendencias observadas para otras caracteristicas, como la superficie y la pendiente, no fueron
tan claras: las APC con mejor clasificacion tendian a ser las mas pequefias y con menor pendiente,
pero existian notables excepciones en otros niveles. Por su parte, las diferencias en distancia al

aprisco fueron minimas entre los distintos niveles.

Aparentemente, las APC pastoreadas con ganado ovino obtuvieron un resultado algo
inferior al caprino (Fig. 1.3). Sin embargo, el test de independencia de caracteres de la chi-
cuadrado indico que el tipo de ganado y la clasificacion obtenida no estaban estrechamente
relacionados. En cambio, al comparar las tasas de consumo obtenidas en las APC en funcion del
tipo de ganado que pastaba, se observé que tanto TC-a como TC-h eran estadisticamente
superiores cuando dominaba el ganado caprino (Fig. 1.4). De hecho, las diferencias eran aln
mayores para las TC de las especies indicadoras: el ejemplo mas claro es la TC-encina, cuyo
promedio fue 0,75 puntos superior con ganado caprino que con ovino. En suma, los resultados
obtenidos en la RAPCA indican que el pastoreo con fines de prevenciéon de incendios puede ser
exitoso tanto con ganado ovino como caprino, si bien este Ultimo puede resultar mas efectivo en

areas pasto-cortafuegos en las que domine la encina.
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Two-year evaluation of fuelbreaks grazed by livestock in the wildfire

prevention program in Andalusia (Spain)

ABSTRACT

Livestock grazing of fuelbreaks is a silvopastoral practice which is promoted in several
Mediterranean regions with the objective of improving wildfire prevention. In the grazed
fuelbreak network in Andalusia (Spain), over 2000 hectares of fuelbreaks were characterized and
grazing in them was evaluated in 2008 and 2009. The grazing evaluation was based on several
visual assessments of the utilization rate of vegetation by livestock and the general grazing level
observed. These parameters were employed to classify fuelbreaks into four levels of
accomplishment of the grazing objectives, both through individual assessments (2008) and with
the aid of an automatic procedure based on discriminant analysis (2009). The accuracy of the
automatic classification functions for 2009 reached 86%. This value remained high (82%) when
only the parameter with the most discriminatory power (the mean general grazing level) and
predefined thresholds were employed. Based on these results, a streamlined monitoring system is
proposed to evaluate grazing in fuelbreaks. Regarding fuelbreak characteristics, larger shrub
volumes were found to negatively affect the accomplishment of grazing objectives. For fuelbreak
surface area, distance to animal shelter and mean steepness, the data were non-conclusive. Both

goat and sheep flocks demonstrated their effectiveness in reducing fuel loads.

1. INTRODUCTION

Wildfire events and their associated impacts have dramatically increased in Spain in the last few
decades, a trend common to most countries along the northern Mediterranean rim. The growth
in the incidence of wildfires is mainly attributed to the recent land-use changes associated with
socioeconomic development, although it is recognized that climate change could have also been
an influential factor (Pausas, 2004). Development has caused the abandonment of many traditional
rural activities that helped to maintain a diverse, fine-grained landscape in the Mediterranean
region (Antrop, 1993). This process of rural desertion has resulted in an expansion of
homogeneous fire-prone vegetation communities with increased fuel loads (Moreira et al.,, 2001;
Lasanta et al,, 2006). As a consequence, widespread forest fires are nowadays publicly perceived

as one of the foremost environmental concerns (IESA/CSIC, 2008) and their prevention,
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detection and suppression attract a substantial portion of the budget assigned to forest

management in Mediterranean countries.

Unlike other regions where fire exclusion policies are being reconsidered due to fuel
accumulation and subsequent larger wildfire events (Reinhardt et al,, 2008), fast and effective fire
suppression is an ongoing objective of forest services in Mediterranean countries (Vélez, 2009).
Fuel loads are hardly ever managed at the landscape level and wildfire prevention efforts
concentrate on a network of fuelbreaks designed to contain the spread of wildland fires and
improve the chances of suppression forces successfully attacking fire (Agee et al, 2000). This
widely applied prevention strategy is costly, particularly considering that it does not improve
ecosystem resilience or mimic any natural or cultural landscape process (Reinhardt et al., 2008).
In an attempt to improve the strategy, it has frequently been proposed that stock grazing should
be incorporated into fire prevention programs (e.g., Franca, 2001; Rigueiro et al, 2005;
Launchbaugh et al, 2008). Extensive livestock grazing contributes to a more diversified
heterogeneous landscape, and it can be locally intensified along fuelbreaks. The capacity of
livestock to effectively control shrub growth is supported by scientific evidence (e.g., Magadlela et
al, 1995; Torrano & Valderrabano, 2005; Jauregui et al, 2007) so targeted grazing could be
expected to successfully reduce fuel loads. The integration of this agricultural practice into an
environmental protection program (such as wildfire prevention) is valued not only for being cost-
effective and sustainable, but also for a number of associated positive externalities (Gonzalez-

Rebollar et al., 1999; Etienne, 2001).

Over the past 25 years, silvopastoral management of fuelbreaks has been widely applied in
south-eastern France (Thavaud, 2006), which, as such, constitutes the most important reference
in the region. Other Mediterranean countries have also run trials (Franca, 2001), but only in a
few cases has this approach gone on to be adopted in larger management programs; Andalusia, in
Spain, is one of them. Overall, data on the progress of these programs, their effectiveness and
key factors for success are very scarce in the scientific literature. Exceptionally, the French
fuelbreak management program has produced numerous publications, though most of them have

only been disseminated nationally.

In the context of the French program, Etienne and Rigolot (2001) described both the
thorough (scientific) and the standard (technical) evaluation procedures applied for grazed
fuelbreaks. Overall, the impact of grazing on vegetation was found to be greater with goats than
with sheep or cattle, although it was never considered enough to fully contain shrub growth

(Etienne et al, 1995). When compared to non-grazed controls, however, both sheep and goat
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grazing have been reported to produce excellent results in Mediterranean shrubby fuelbreaks
(Dopazo et al,, 2009; Thavaud, 2009). Regarding the herbaceous stratum, targeted cattle grazing
was found to significantly reduce flame length and rate of spread of fires in an experiment
conducted in northern Nevada, USA (Diamond et al, 2009). Livestock grazed fuelbreaks have
even been reported to be successful in stopping wildfires in France (Lambert et al, 1999) and
Israel (Gutman et al., 2001). In post-wildfire analysis, irregular grazing was identified as a weakness
that jeopardized the success of the whole fuelbreak, as certain areas had accumulated greater fuel
loads (Lambert et al, 1999; Rigolot & Alexandrian, 2006). In order to achieve intense
homogeneous grazing, a well distributed water supply (Gutman et al, 2001) and improving

pasture quality (Etienne et al,, 1995; Franca, 2001) are two frequently proposed strategies.

In the Spanish region of Andalusia, livestock grazing of fuelbreaks started being tested in
2003 and was widely promoted from 2005 onwards, while a program for remuneration of
shepherds started in 2007 (Ruiz-Mirazo et al, 2007). By 2009, the grazed fuelbreak network in
Andalusia had reached a total surface area of 2346 ha, grazed with the collaboration of 69
shepherds. Within this network, a methodology for characterizing fuelbreaks and monitoring the
effectiveness of grazing was developed and refined between 2005 and 2007. This methodology
was then used for the 2008 and 2009 comprehensive evaluation of the network, which enabled
standardized data to be collected under real management conditions. The analysis of these data is

the basis of the findings that are presented in this paper.

More specifically, the objectives of this research were: |) to identify which fuelbreak and
livestock characteristics were relevant for effective fuelbreak grazing management in Andalusia; 2)
to determine which field parameters best indicated the accomplishment of fuelbreak grazing
objectives; and 3) to propose a tested and a streamlined monitoring system for grazed fuelbreaks.
The results obtained are transferrable to other regions where managers are interested in
introducing livestock grazing in wildfire prevention programs and offer valuable guidelines for the

setting up of reliable monitoring systems.

2. MATERIALS AND METHODS

Andalusia, one of the self-governed regions in Spain, lies at the far south of the Iberian Peninsula
(Fig. 1.1). Its surface area is 87 268 km?2, 53% of which is covered by forests and rangelands. It has
very diverse landscapes, comprising both high mountains (up to 3479 m a.s.l.) and large valley

areas. The climate is Mediterranean across the region, but the annual mean rainfall ranges from

56



Las areas pasto-cortafuegos: un sistema silvopastoral para la prevencién de incendios forestales

under 200 mm on the arid eastern coast to over 2000 mm in the western mountains. Holm oak
(Quercus rotundifolia Lam.) forests are dominant in the region together with extensive pine
plantations (Pinus spp. L.). Small ruminant farming is a major agricultural activity in Andalusia (de

Rancourt et al., 2006).

0 25 50 100 150 200
N e—llometers

Fig. 1.1. Location of the forest estates in Andalusia (Spain)
containing fuelbreaks under grazing management in 2008 and 2009.

Within this regional context, our study area was constituted by the fraction of the
fuelbreak network in Andalusia which was under grazing management in 2008 and 2009 (the
grazed fuelbreak network, hereafter). Its surface area in those years was 1992 ha and 2346 ha,
respectively, which accounted for approximately 5% of the total fuelbreak surface area. The
desired intense grazing was commissioned from local shepherds who used rangelands neighboring
the forests and could easily access the fuelbreaks to be grazed. The fuelbreak area entrusted to
each shepherd was subdivided into management units (fuelbreaks, hereafter) which were

relatively homogeneous in terms of type and amount of vegetation, slope and proximity to animal
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shelter. Thus, each fuelbreak had a distinct grazing difficulty as a result of the combination of the
aforementioned factors; the difficulty was hypothesized to be greatest for steep and distant
fuelbreaks with dense shrubby vegetation. The total number of fuelbreaks in the network was
163 in 2008 and 225 in 2009, while the number of shepherds involved was 50 and 69,

respectively.

The grazing service contract offered to shepherds usually comprised several fuelbreaks,
which were priced from 42 € to 90 € per hectare per year, in proportion to the estimated
grazing difficulty, and included a 300 € bonus for taking part in the program. Livestock were not
confined in the fuelbreaks by fences but grazed under the surveillance of shepherds. At the end of
the 2008 and 2009 grazing seasons, comprehensive field campaigns were completed to evaluate
grazing in each fuelbreak. This assessment was used to adjust the a priori offered maximum
remuneration, making it proportional to the a posteriori observed accomplishment of the grazing
objectives. This adjustment could even lead to the cancellation of the payment if insufficient or
very irregular grazing was detected in the fuelbreaks under contract. Despite its implications, no
stage of the work here presented has been influenced by the funding sources nor have the results

or their interpretation been biased.

2.1. Grazing evaluation

2.1.1. Field parameters and individual fuelbreak classification

Fuelbreak grazing was evaluated in summer by the same field personnel in the two campaigns
(2008 and 2009). The evaluation method was a modification of the procedure Etienne and Rigolot
(2001) proposed for south-eastern France, and was based on several field parameters observed
on site: the shrub stratum utilization rate (UR), the herb stratum UR, the UR of three indicator
species, and a general evaluation of the grazing level observed. UR was defined as the degree to
which a plant or stratum had been consumed by grazing animals and was visually assessed using

the following descriptors:

UR Impact observed on a woody plant (or large bunch grass)

0 No signs of browsing

| Several young shoots are browsed

2 Numerous young shoots are browsed

3 Browsed young shoots and light consumption (<40%) of other shoots and leaves

4 Browsed young shoots and moderate consumption (<70%) of other shoots and leaves
5 Very intense browsing: few leaves or green stems left.
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UR Impact observed on the herb stratum
0 No signs of grazing
| Grass is lightly trampled and only certain patches of the stratum have been consumed.

2 The preferred leguminous species have been partly consumed; abundant species have been
irregularly grazed; moderate grass trampling.

3 In general, dominant species have been consumed, except for the less palatable species;
generalized grass trampling.

The herb stratum has been consumed intensely; irregular grazing on the less palatable species.

5 The stratum has been consumed very intensely, and reduced to few centimeters above the
ground. Even the less palatable species have been consumed.

The shrub stratum, which comprised shrubs and small trees less than 1.5 m high, as well as
large bunch grasses (e.g., Stipa tenacissima L.), was evaluated every five hectares, with a minimum
of three assessments per fuelbreak. Each assessment started at a random location in the
fuelbreak and consisted in a zigzag transect with 20 vertices situated ten footsteps apart. At every
vertex, the nearest species in the stratum and its UR were registered. The mean UR obtained at
each assessment was averaged with the other assessments recorded for the same fuelbreak to
calculate the fuelbreak shrub stratum utilization rate (Shrub UR, hereafter). The species
composition and associated palatability helped interpret the Shrub UR, if required, during the

fuelbreak classification described below and in Section 2.1.2.

The holm oak, the rose (Rosa sp. L) and the common hawthorn (Crataegus monogyna
Jacq.) were employed as indicators for grazing intensity. This selection was based on observations
from previous years, which revealed their widespread distribution across the region, high
palatability and easily observable UR (Ruiz-Mirazo et al.,, 2008). Neither large individuals (beyond
the reach of livestock), nor holm oaks sprouting at ground level (totally rejected by livestock)
were considered for evaluation. A target of 24 UR records per species was set for each
fuelbreak, but this was rarely met due to their unpredictable distribution. Therefore, sets with a
minimum of eight UR records were accepted as sufficiently representative to calculate the mean

utilization rate of an indicator species in a fuelbreak (Holm oak, Rose or Hawthorn UR).

The herb stratum, which excluded large bunch grasses, was evaluated every half hectare.
This stratum was assessed as a whole, without differentiating between individuals or the
utilization rate of the different plant species present. A minimum of 20 UR records were
collected in each fuelbreak. These utilization rates were averaged to calculate the fuelbreak herb
stratum UR (Herb UR). However, this UR was not assessed in shrubby fuelbreaks, as most

lacked a regular herbaceous layer.
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Finally, a general evaluation of the grazing level (General GL) was carried out every five
hectares, with a minimum of three assessments per fuelbreak. This assessment built on the
previously noted utilization rates so it was not independent of them. In fact, the General GL was
a more global assessment that allowed the field personnel to integrate other observed indicators
for grazing intensity (e.g., abundance of bare soil or feces) and to take into account the
palatability of the dominant shrubs, which could have affected the Shrub UR values. A simple five
level (0-4) classification was used, which represented negligible (0), light (1), moderate (2), heavy
(3) and very heavy (4) grazing intensities. These assessments were averaged to obtain the
fuelbreak Mean General GL. The Minimum General GL observed in each fuelbreak was also
recorded, and was employed as an indicator for irregular grazing. Due to the negative effect of
grazing irregularity on the performance of fuelbreaks against wildfires, partially non-grazed or

lightly grazed fuelbreaks were penalized in the fuelbreak classification process.

In summary, the Shrub UR, the Herb UR (except in shrubby fuelbreaks), the UR of the
different indicator species and the Mean and Minimum General GL comprised the collected and
processed field data. Based on these parameters, the extent to which the grazing objectives (i.e.,
heavy grazing intensities to reduce fuel loads) had been accomplished in each fuelbreak was
assessed. As a result, fuelbreaks were classified into one of the following levels of

accomplishment: Low, Medium, High or Very High.

In the 2008 campaign, fuelbreaks were classified one by one, following an individual
assessment of the field data. In order to achieve the Very High classification, shepherds were
expected to reach the very heavy grazing intensity in most evaluations of a fuelbreak (Mean
General GL > 3.5). A Shrub UR over 3.5 and an Herb UR over 4 were a priori thresholds to
deserve this classification. At the other extreme, the Low level of accomplishment was reserved
for fuelbreaks with essentially light or negligible grazing intensities (Mean General GL < 1.5). The
a priori threshold values for the Low classification were Shrub UR under 2.5 and Herb UR under
3. As indicator species could vary between fuelbreaks and had different palatability, their UR

values were not checked against a threshold.

Disparities in the vegetation characteristics (composition and palatability) and grazing
management across the grazed fuelbreak network made it unadvisable to apply the a priori
parameter thresholds rigidly. In fact, ambiguous cases were common and demanded a flexible
interpretation of the results when classifying fuelbreaks. This process was facilitated by the use of

the common indicator species as a comparable standard between different fuelbreaks, and it was
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complemented by the feedback obtained from field observers. Incompletely evaluated fuelbreaks

(38 in 2008 and 17 in 2009) were excluded from the analysis.

2.1.2. Automatic fuelbreak classification and identification of key parameters

Thus, at the end of the 2008 grazing evaluation process, a large set (n = 125) of fuelbreak field
parameters and their related accomplishment levels was available. As some fuelbreaks lacked a
regular herbaceous layer, two subsets were differentiated: shrubby fuelbreaks (without Herb UR,
n = 84) and herbaceous fuelbreaks (with Herb UR, n = 4l). For each subset, a separate
discriminant analysis procedure was applied, which resulted in two sets of classification functions.

These functions had the following general form:
S, =a+ b *Shrub UR + ¢ * Herb UR + d * Mean General GL + e * Minimum General GL

where a, b, ¢, d and e are coefficients which took different values for each level of
accomplishment (i). By definition, the most likely level of accomplishment was determined by the
highest score (S;) obtained when field parameters from a fuelbreak where introduced into the

classification functions.

The 2008 distribution of accomplishment levels was used to establish the a priori
classification probabilities and thus improve the accuracy of the predictions. The homogeneity in
the variance-covariance matrices across groups was checked using Box’s M test. In the
herbaceous fuelbreak subset, the Low level of accomplishment was excluded from the
discriminant analysis, as the few cases available in that group (n = 2) were not representative.
Accordingly, only three classification functions (i.e., those corresponding to the Medium, High

and Very High levels of accomplishment) were obtained for this subset.

The field evaluation data from the 2009 campaign, which was collected using the same
methods, was then introduced into the functions to obtain an automatic classification of the 2009
fuelbreaks (n = 208). This procedure allowed the most likely level of accomplishment of
fuelbreaks to be predicted without carrying out individual assessments. However, after the
automatic procedure, individual interpretation was required for the 2009 cases which had very
similar probabilities of being classified into two contiguous levels. The UR of the indicator species
and the feedback from field observers were, once more, a useful guide for this process.
Herbaceous fuelbreaks with a Mean General GL lower than 2 were individually examined to

identify those deserving a Low classification, as this level could not be automatically determined.
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The overall accuracy of the discriminant analysis was measured using two parameters: |)
the percentage of 2008 fuelbreaks correctly classified in the cross-validation, where cases were
sequentially excluded from the model construction and their estimated and actual classifications
were compared; and 2) the percentage of 2009 fuelbreaks which were not reclassified in the

posterior individual interpretation process.

Once the final classification had been completed, the 2008 and 2009 evaluation datasets
were merged, keeping the shrubby and herbaceous fuelbreaks in separate groups. Forward
stepwise discriminant analysis was then applied to these datasets to determine which field
parameters best discriminated between the levels of accomplishment. Predictive variables were
selected using Wilks’ Lambda method and F probabilities of 0.05 and 0.10 as thresholds to enter
and exit the model respectively. When the statistical conditions were not met, this analysis was

limited to the 2008 dataset.

Once the variable (i.e., field parameter) which had the most discriminatory power in each
dataset had been identified, the accuracy of predictions using just this variable was assessed. For
this, the actual accomplishment levels obtained in the 2008 and 2009 fuelbreaks were compared
to the estimates provided by that variable on its own, which were based on the a priori threshold
values described in Section 2.1.1. Cases on the border between two adjacent groups were
assigned to the higher level, as this was found to reduce misclassifications. The percentage of
coincidences between the actual levels of accomplishment and the single-variable estimates was

used to measure the accuracy of the latter.

2.2. Fuelbreak characterization

All fuelbreaks in the grazed fuelbreak network were examined in the field before being included
in the program and were characterized in terms of surface area, steepness, shrub volume,
distance to animal shelter, and type of grazing livestock. Fuelbreak boundaries, which were always
agreed with the shepherd, were digitized using ArcGIS 9 software (ESRI, Redlands, CA, USA).
Fuelbreak surface area (ha) was obtained directly from the software, while mean fuelbreak

steepness (%) was calculated using a Digital Elevation Model of the region.

Fuelbreak shrub volume was estimated through field measurements of the stratum, which
comprised shrubs and small trees less than 1.5 m high, as well as large bunch grasses. Volume (m’
ha') was calculated multiplying the percentage of shrub cover (%) by the mean shrub height (cm).

The former was assessed visually with the aid of comparison charts for estimation of cover, while
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the latter was calculated averaging the height of 10 representative shrubs. Shrub volume was
evaluated every five hectares, with a minimum of three assessments per fuelbreak, and these

values were averaged to obtain the fuelbreak shrub volume.

Shepherds provided information about the characteristics of their livestock (types and
numbers) and the location of the nearest animal shelter they could use. Livestock data were
made comparable assuming one bovine unit to be equivalent to six ovine or caprine units.
Subsequently, the main type of livestock (sheep, goat or cattle) that grazed each fuelbreak was
determined. Distances from the nearest animal shelter to the furthest point of each fuelbreak (m)

were measured digitally following the shortest available path.

In summary, each fuelbreak was quantitatively characterized in terms of its surface area,
steepness, shrub volume and distance to animal shelter. Greater values in these variables were
hypothesized to increase grazing difficulty and to, potentially, lower grazing success. As fuelbreaks
were classified according to the accomplishment of grazing objectives (see Section 2.1), we
assessed whether these characteristics had been influential in the outcomes across the network.
Fuelbreaks were grouped according to their level of accomplishment and analysis of variance
(ANOVA) and posthoc Tukey’s HSD tests were used to search for differences in the mean values
of these fuelbreak characteristics between the four groups. Surface area and shrub volume data

were log transformed before the analysis to meet homoscedasticity assumptions.

Lastly, the influence of the type of grazing livestock was evaluated. Fuelbreaks were
classified into a double-entry contingency table according to their main type of livestock and their
level of accomplishment. Independence between these two qualitative variables was assessed
using a Pearson’s chi-square test. Further, the utilization rates (Shrub UR, Herb UR and the UR
of the indicator species) observed in fuelbreaks in the 2008 and 2009 grazing evaluation were also
employed to detect differences due to the type of grazing livestock. Fuelbreaks with Medium and
Low levels of accomplishment were excluded from this analysis, to avoid the cases where factors
other than livestock type were likely to have been more influential on the utilization rates. Sheep-
and goat-grazed fuelbreaks were compared using Student’s t-tests, which were substituted by
Welch’s t-tests when variance between the groups was unequal. Due to the small number of
cattle-grazed fuelbreaks (n = 12), this group was not sufficiently representative and was excluded

from the type-of-livestock analysis.

All analyses were performed with the aid of the SPSS 17.0 software (IBM-SPSS Inc.,
Chicago, IL, USA). Statistical significance was set at P < 0.10 to take account of the greater

variability expected due to the non-experimental conditions of our study area.
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3. RESULTS AND DISCUSSION

3.1. Grazing evaluation

3.1.1. Field parameters and individual fuelbreak classification

Among the parameters we used, the Herb UR and the General Grazing Level assessment had
already been employed in the standard evaluations of the fuelbreak network in south-eastern
France (Etienne & Rigolot, 2001). We added the Shrub UR and indicator species UR in our
modified methodology to better monitor the impact of grazing on the woody component of the
vegetation. For similar purposes, other authors (Jauregui et al, 2007; Dopazo et al,, 2009) have
used parameters such as the amount of plant biomass left after grazing, or the inter-annual shrub
volume growth. In fact, these alternatives could be better indicators of whether grazing is being
successful in maintaining fuel loads and fire risk below certain thresholds. Nevertheless,
considering that the objective was to monitor the entire grazed fuelbreak network, measuring
these variables with accuracy was found to be excessively time-consuming. In contrast, the
utilization rates approach we selected made it possible to perform a quicker assessment.
Utilization rates may be affected by a number of factors (e.g., relative abundance of plant species
and their palatability), but they can be considered good estimators of the impact of grazing on the

vegetation dynamics (Etienne, 1989).

Table 1.1. Mean values (10"-90" percentiles) of fuelbreak grazing evaluation field parameters in
2008. Fuelbreaks are grouped according to their level of accomplishment.

Level of Mean Minimum
a b
accomplishment Shrub UR Holm oal UR Herb UR General GL General GL
Very High 3.73 420 442 3.6l 3.18
(n=33) (3.06-4.50) (2.85-5.00) (3.91-4.80) (3.00-4.00) (2.00-4.00)
High 3.10 3.8l 3.79 2.89 2.30
(n=43) (2.58-3.72) (2.82-4.64) (3.36-4.10) (2.33-3.33) (1.00-3.00)
Medium 2.55 3.15 3.04 1.97 1.47
(n=38) (2.05-3.20) (2.30-4.15) (2.32-3.64) (1.50-2.52) (1.00-2.00)
Low 1.63 2.48 1.85 1.24 0.82
(n=11) (0.68-2.41) (-)e (-)d (0.74-1.67) (0.00-1.00)

2 The total number of fuelbreaks evaluated with this parameter was 94; b The total number of fuelbreaks
evaluated with this parameter was 41; < Only seven cases; 4 Only two cases.
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The distribution of the field parameter values obtained in the 2008 campaign is
summarized in Table I.l. As could be expected, the fuelbreaks where the accomplishment of
grazing objectives was higher averaged greater values in all these parameters. Even though we
employed a priori thresholds as a guide for the fuelbreak classification process (see Section 2.1.1),
the levels of accomplishment were not designed to be strictly associated with specific parameter
values. They were intended to describe distinct grazing intensities observed across the grazed
fuelbreak network, so that a progressive remuneration scheme could be implemented on the
basis of objective parameters. Accordingly, it was the outcomes in the network itself which,

eventually, defined the values of the parameters that were appropriate for each of the levels.

However, the distribution of all the parameters overlapped to a remarkable degree
between adjacent classifications. This was due to parameter values varying largely both within and
among fuelbreaks. In fact, the diversity of vegetation characteristics and livestock managements
registered in the grazed fuelbreak network produced apparent incongruities when different
parameters and fuelbreaks were assessed jointly. This called for the fuelbreak classification
process to be applied flexibly. Indeed, the range of values of the field parameters associated with
each level of accomplishment (as summarized in Table I.1) reflect the degree of flexibility
required in the final stage of the grazing evaluation process. Despite being rather broad ranges,
these values constitute the best reference for future applications of this evaluation methodology

in Andalusia, and could also serve as guidelines for other territories.

Overall, the Shrub UR had consistently lower values than the Herb UR across all the
accomplishment levels (Table I.1), which indicated that effective control of the herb stratum was
more easily attained at a given grazing intensity. Livestock grazing could, therefore, be expected
to have a stronger influence on the herbaceous component of the vegetation present in a
fuelbreak. This could potentially reduce the flame length and rate of spread of wildfire (Diamond
et al, 2009). Indeed, rate of spread is based on fine fuels such as grass (Agee et al., 2000), and
wildfires can even stop spreading when this type of fuel is very scarce (Gutman et al, 2001;

Diamond et al., 2009).

However, even in the best grazing scenario we observed, there was some fuel
accumulation. Among fuelbreaks with a Very High level of accomplishment, the mean Shrub UR
value (3.73) was relatively far from the maximum on the scale (5), which indicated that, generally,
the shrub stratum maintained some growth. As Etienne et al. (1995) have already suggested for
south-eastern France, our results showed that, in most cases, livestock grazing will need to be

complemented in the long term by another shrub clearing technique to avoid woody fuel loads
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increasing beyond the thresholds defined in the wildfire prevention program. A greater Shrub UR
may be obtained using higher stocking rates, but this would probably require the use of

enclosures and/or providing plenty of supplementary feed to livestock.

The utilization rate of the indicator species (holm oak, rose and hawthorn) were
employed in the final stage of the fuelbreak grazing evaluation process, when ambiguous cases
needed to be individually interpreted. Unfortunately, representative UR values for the rose and
the hawthorn were only collected in 23% and 21% of the fuelbreaks in the network, respectively.
Despite having been preselected (see Section 2.1.1), these species were too scarce or randomly
distributed in many fuelbreaks, which made it difficult to obtain a representative number of
observations for them. They were locally useful, but the overall results questioned their utility as

indicator species for a large network.

In contrast, the widespread holm oak (its UR was observed in 75% of the fuelbreaks) was
a very useful indicator species in the grazed fuelbreak network. Holm oak UR values were similar
to those obtained for the herb stratum, and greater than the Shrub UR (Table I.1), as a
consequence of being a woody species preferred by livestock. When the methodology was at a
development stage, we detected that holm oaks sprouting at ground level were totally rejected
by livestock, even in areas where very intense grazing was observed in taller individuals of this
species. Therefore, the reliability of this indicator species was improved by avoiding individuals

sprouting at ground level during the field work.

3.1.2. Automatic fuelbreak classification and identification of key parameters

The discriminant analysis performed using the 2008 grazing evaluation dataset generated seven
classification functions, three for the herbaceous fuelbreaks and four for the shrubby ones (Table
I.2). These functions were used to automatically classify the 2009 fuelbreaks: the values of the
field parameters were introduced into the functions and fuelbreaks were classified in the level
with the highest score. For instance, a shrubby fuelbreak with Shrub UR, Mean General GL and
Minimum General GL values of 3.0, 2.5 and 2.0, respectively, would obtain the following scores:
36.2 for the Low level of accomplishment, 47.0 for the Medium, 48.3 for the High, and 41.7 for
the Very High. Accordingly, it would be classified in the High level.

The functions calculated for the herbaceous fuelbreak subset correctly classified 74.4% of
the 2008 fuelbreaks (29/39) in the cross-validation. The automatic classification applied to the
2009 herbaceous fuelbreak dataset was found satisfactory in 86.3% of cases (44/51). Four of the

2009 corrections were upgrades, while in the other three cases the level of accomplishment was
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lowered. One of these downgrades was associated with the individual assessment required to
separate fuelbreaks deserving a Low classification from the Medium group, as the former could

not be included in the discriminant analysis.

Table 1.2. Coefficients of the classification functions obtained using discriminant analysis for the
herbaceous and the shrubby fuelbreaks. The most likely level of accomplishment (i) is determined
by the highest score (S) obtained in the functions, which have the following general form:
S;=a+ b *Shrub UR + ¢ * Herb UR + d * Mean General GL + e * Minimum General GL

Level of accomplishment a b d d e

Herbaceous fuelbreaks

Low - - - - -
Medium -59.19 7.59 36.20 -3.27 -5.34
High -85.23 871 43.52 -4.01 -5.27
Very High -113.53 9.75 47.61 -2.06 -4.31
Shrubby fuelbreaks

Low -15.97 9.6l - 15.42 -7.61
Medium -34.40 15.77 - 21.83 -10.22
High -61.55 18.81 - 32.25 -13.62
Very High -92.14 23.15 - 37.81 -15.05

The functions calculated for the herbaceous fuelbreak subset correctly classified 74.4% of
the 2008 fuelbreaks (29/39) in the cross-validation. The automatic classification applied to the
2009 herbaceous fuelbreak dataset was found satisfactory in 86.3% of cases (44/51). Four of the
2009 corrections were upgrades, while in the other three cases the level of accomplishment was
lowered. One of these downgrades was associated with the individual assessment required to
separate fuelbreaks deserving a Low classification from the Medium group, as the former could

not be included in the discriminant analysis.

Regarding the shrubby fuelbreaks, 84.5% of the 2008 cases (71/84) were correctly
classified in the cross-validation. The automatic classification of the 157 shrubby fuelbreaks
evaluated in 2009 was found satisfactory in 86.6% of cases (136/157). Most of the corrections
(15/21) corresponded to fuelbreaks which improved their classification, particularly from the
High to the Very High level (9 cases). Among these, all misclassifications were found to be a
consequence of fuelbreaks being dominated by unpalatable shrub species, which led to low Shrub
UR values despite their very high Mean General GL. Accordingly, a Shrub UR parameter that

incorporated a correction for plant palatability would seem desirable to make grazing evaluation
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more accurate. However, this could be extremely difficult to implement considering the high
diversity of species found in a large region like Andalusia and the effects that seasonality or the
type of grazing livestock and its management have on livestock preferences (e.g., Torrano &

Valderrabano, 2005).

Overall, the accuracy of the classification functions reached 81.3% (100/123) in the cross-
validation of the 2008 data, while the 2009 predictions reached 86.5% (180/208). Considering the
simplification of the process they implied, and despite the need to make some corrections, the
results obtained were very satisfactory. Therefore, the classification functions displayed in Table
1.2 could be applied to fuelbreaks evaluated with the procedure we describe in Section 2.1.1 and
they would mostly be correctly classified according to the criteria we have developed in

Andalusia.

We note that the accuracy observed in the cross-validation of the 2008 data, particularly
for the herbaceous fuelbreak dataset (74.4 %), was somewhat poorer. Two factors could be
behind this lower accuracy: |) the individual fuelbreak classification performed in 2008, which
corrected for virtually all incongruities found in the field parameters, while the discriminant
analysis overlooked some of them; and 2) the maintenance of all parameters in the discriminant
analysis, instead of selecting them through a stepwise procedure. Use of the stepwise procedure
could have improved the cross-validation accuracy by 5% for the herbaceous fuelbreaks (analysis
not shown; only Herb UR entered the model). Nevertheless, we opted to maintain all variables at
this stage, as each field parameter represented a distinct element of grazing evaluation, and all of

them could be relevant for future assessments.

In the stepwise forward discriminant analysis applied to the full 2008-2009 herbaceous
fuelbreak dataset, Mean General GL was the first variable to enter the model (A = 0.211, P <
0.001) and Herb UR the second (A = 0.164, P < 0.001). In contrast, Minimum General GL (P =
0.196) and Shrub UR (P = 0.852) were not included in the model as they did not reach the P =
0.05 threshold. This result suggested that the information the latter two variables provided was
secondary in the automatic classification process. Therefore, monitoring Shrub UR could be
deemed unnecessary for herbaceous fuelbreaks, which would enable the field grazing evaluation
to be simplified. However, it is difficult to ascertain whether the information of the Shrub UR was
embedded in the synthetic Mean General GL. It is possible that the inclusion of this latter
parameter in the model made, in turn, the Shrub UR redundant. The only parameter conveying
grazing irregularity (the Minimum General GL) was also not included in the model, and this was

probably related to the grazing management being more homogeneous in herbaceous fuelbreaks.
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In the full 2008-2009 shrubby fuelbreak dataset, the Box’s M-test indicated lack of
homogeneity in the variance-covariance matrices between the groups, so the stepwise forward
discriminant analysis was limited to the 2008 shrubby fuelbreaks. Using this dataset, all three
predictive variables entered the model, in the following order: I) Mean General GL (A= 0.194, P
< 0.001), 2) Shrub UR (A = 0.134, P < 0.001), and 3) Minimum General GL (A =0.117, P < 0.001).
Accordingly, all of these variables were directly included in the automatic classification and they

should not be disregarded in future evaluations.

In both the herbaceous and the shrubby subsets, the Mean General GL was the field
parameter with the most discriminatory power. When the accomplishment levels predicted by
this variable on its own were contrasted to the actual classifications the fuelbreaks received in
2008-2009 (Fig. 1.2), the accuracy of the Mean General GL reached 80.2% (267/333). Thus, the
predictions made using just this parameter and fixed thresholds resulted in a very limited loss of
accuracy (less than 5% in most cases) when compared to the more elaborate discriminant
functions. The greater number of cases observed under the diagonal than over it in Fig. 1.2
indicated a tendency of the Mean General GL to predict lower levels of accomplishment than

those actually obtained, similar to what happened with the discriminant functions.
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Fig. 1.2. Number of 2008-2009 fuelbreaks actually classified in each level of accomplishment of
the grazing objectives, compared to the predictions based on the Mean General Grazing Level.
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Considering each of the years independently, the accuracy of the Mean General GL
reached 76.8% (96/125) in 2008 and 82.2% (171/208) in 2009. Herbaceous fuelbreaks obtained
poorer predictions (accuracy 71.7%, 66/92) than the shrubby fuelbreaks (accuracy 83.4%,
201/241) in the 2008-2009 dataset. This result underlined the relevance of the Herb UR in
determining the level of accomplishment of herbaceous fuelbreaks, in accordance with the

outcome of the stepwise discriminant analysis.

Potentially, the Mean General Grazing Level could be used on its own as an excellent
estimator of the accomplishment of fuelbreak grazing objectives. However, this would not mean
that the evaluation process could be simplified to the extent of measuring only this parameter.
According to the monitoring methodology described in Section 2.1.1, the General Grazing Level
built on the previously noted utilization rates and, therefore, its accuracy was related to the
reiterated process of assessing grazing impact on the vegetation. Indeed, the General Grazing
Level assessment may only be reliable when it is preceded by careful observation of grazing

impact.

On the other hand, according to our results, not monitoring the Hawthorn and Rose UR,
or even the Shrub UR in dominantly herbaceous fuelbreaks would be ways of simplifying the field
work without severely affecting the accuracy of the grazing evaluation. Thus, a streamlined
methodology would include: 1) the utilization rate of the dominant vegetation stratum (Shrub UR
or Herb UR); 2) the Holm oak utilization rate, as a comparable standard across fuelbreaks; and 3)
the General Grazing Level, which would integrate other signs of grazing activity in a single

synthetic parameter-.

3.2. Fuelbreak characterization

Fuelbreak surface area, distance to shelter, steepness and shrub volume were four variables we
had hypothesized would be influential on the accomplishment of the grazing objectives. However,
our evidence (Table 1.3) only indicated that larger shrub volumes were clearly related to lower

levels of accomplishment.

Indeed, shrub volume showed a uniform and statistically significant increasing trend with
decreasing levels of accomplishment. This result suggests that, in general, the chances of livestock
being effective in fuelbreak maintenance are increased with lower shrub volumes. This in
agreement with Thavaud (2006), who recommended using shrub volume in a multi-factorial

grazing difficulty assessment for fuelbreaks in France. Larger and more lignified shrubs were also
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found to restrict the ability of goats to control growth of gorse in an experiment conducted in
north-western Spain (Jauregui et al,, 2007). In a neighboring region, Rigueiro et al. (2005) have
conducted silvopastoral experiments in which goat and horse grazing have successfully reduced
large shrub volumes, but they also recommend dealing with the undergrowth to rejuvenate the

shrub stratum before grazing begins.

Table 1.3. Mean values (10-90" percentiles) of 2008-2009 fuelbreak characteristics. Fuelbreaks
are grouped according to their level of accomplishment.

. Surface area 2 Distance to shelter Steepness Shrub volume 2

Level of accomplishment
(ha) (m) (*) (m3 ha)

Very High 9.6 ab 3036a 232a 476 a
(n=101) (3.3-16.7) (1506-4948) (9.0-40.8) (78-1034)
High 125b 3335a 29.3b 656 ab
(n=125) (3.0-24.7) (1673-5557) (13.8-46.0) (163-1450)
Medium I1.5b 3369a 274 ab 871 bc
(n=178) (2.9-20.3) (1720-5698) (9.9-39.5) (169-2039)
Low 79a 3535a 319b 1175 ¢
(n=129) (1.8-15.4) (1532-5948) (16.0-54.0) (219-2800)
F-test F=252 F=1.19 F=6.24 F=10.49
Significance P =0.057 P=0312 P <0.001 P <0.001

Note: Different letters in the same column indicate significant differences between groups (Tukey’s HSD
test, P < 0.10).

2 Data were log-transformed before the analysis

Surface area statistically differed between accomplishment levels, but a uniform trend was
not observed. Fuelbreaks with a Low level of accomplishment were unexpectedly smaller than
those in the Medium and High levels, and similar in size to those in the Very High level. This
result could indicate that some of the relatively small-sized fuelbreaks were disregarded by
shepherds, who may have focused on other larger fuelbreaks assigned to them. Therefore,
despite the fact that higher grazing intensities could potentially be easier to achieve in smaller
areas, sufficiently large fuelbreaks may be advisable to maintain the interest of shepherds and,

thus, achieve the desired grazing management.

Distance to shelter followed the expected uniform trend, as mean values were somewhat

higher in less successfully grazed fuelbreaks. However, the minor differences (max. 500 m)
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observed between group means were not statistically significant, so the relevance of this variable
could be considered to have been negligible across the grazed fuelbreak network. Fuelbreak
steepness, in turn, did have a significant influence on accomplishment levels, although the trend
was not uniform. The fuelbreaks classified in the Very High group were, on average, less steep
than those in the High and Low groups. To some extent, this result agreed with our hypothesis
that less steep fuelbreaks would be easier to graze, but the trend in this variable was weakened
due to the intermediate steepness value obtained in the Medium group. Generally, abiotic factors
such as slope or distances (from water or shelter) are considered very influential in determining
free-grazing livestock distribution (Senft et al,, 1987; Bailey, 2005), but they do not seem to have
been very important in the grazed fuelbreak network in Andalusia. The fact that virtually all flocks
grazing in the network are herded is likely to have strongly influenced this outcome, as the effect
of these variables on grazing intensity was unavoidably mediated by shepherds and their
perception of how distant or steep a fuelbreak was. In some cases, they could have even adapted

their management to compensate for difficulties associated with these factors.

Overall, the limited differences we detected in the characteristics of the fuelbreaks were,
at least partly, a consequence of the selection process used to include them in the grazed
fuelbreak network. Excessively distant, steep or shrubby areas were normally excluded from the
program, and large (>15 ha) fuelbreaks were mostly split into smaller units to avoid
heterogeneity and facilitate monitoring. Therefore, variability in fuelbreak characteristics was

limited by the feasibility criteria applied throughout the process.

Regarding the type of grazing livestock, a tendency for lower levels of accomplishment was
observed in sheep-grazed fuelbreaks, when compared to the goat- and cattle-grazed groups (Fig.
1.3). However, the latter group comprised very few cases (n = 12), so it was unadvisable to draw
any conclusion regarding the effectiveness of cattle grazing. Despite the aforementioned
tendency, the chi-square test applied to the sheep- and goat-grazed fuelbreaks indicated that type
of livestock and level of accomplishment were independent variables (X = 3.63, df 3, P = 0.304).
Thus, the type of livestock can be considered to have had a negligible effect on the
accomplishment of fuelbreak grazing objectives. Actually, the abundance of fuelbreaks with High
and Very High classifications indicated the capacity of all types of livestock to be effective in fire

prevention programs.
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Fig. 1.3. Distribution of accomplishment levels in sheep-, goat- and cattle-grazed fuelbreaks
in the 2008-2009 dataset.

Nevertheless, type of livestock did have a clear effect on the utilization rates observed in
fuelbreaks (Fig. 1.4). Indeed, the mean values of Shrub UR, Herb UR and the UR of indicator
species were significantly greater in goat-grazed fuelbreaks (t-tests, minimum P = 0.023). This
agreed with the abundant literature (Etienne et al, 1995; Magadlela et al., 1995; Jauregui et al,
2007) reporting experiments in which goats controlled shrub growth more effectively than sheep.
It is remarkable that this was also so for the herb stratum, since sheep are commonly considered
grazers whereas goats are classified as browsers (e.g., de Rancourt et al,, 2006). However, there
is also evidence in the literature to support the strong grass feeding behavior we observed in

goat-grazed fuelbreaks (Barroso et al., 1995; Torrano & Valderrabano, 2005).

Differences in the Shrub and Herb UR were relatively small between the sheep- and goat-
grazed fuelbreaks, as these parameters described the grazing impact on very diverse communities

with different degrees of palatability. When the same references (i.e., the indicator species) were

73



Capitulo |. Evaluacién de areas pasto-cortafuegos en el programa de prevencion de incendios de Andalucia

used to compare fuelbreaks, the contrast became more apparent. Focusing on the holm oak, the
most widespread indicator species, its UR was found to be 0.75 points higher in goat-grazed
fuelbreaks (Fig. 1.4). This result differs from that obtained by Rogosic et al. (2006), who found
that penned goats and sheep ate similar amounts of holm oak in a study of livestock preference
for Mediterranean maquis shrubs. Nevertheless, in other studies conducted under natural grazing
conditions, the domestic goat is also reported to be the type of livestock which consumes this
species more intensely (Cuartas & Garcia-Gonzalez, 1992; Bartolomé et al, 2000). Therefore,
goat-grazing seems to be particularly adequate for fuelbreaks where the holm oak is the

dominant species.
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Fig. 1.4. Mean utilization rates observed among the 2008-2009 fuelbreaks with Very High or
High classifications. Fuelbreaks are grouped according to the main type of grazing livestock.
Whiskers on the top of the bars indicate the standard error of the mean.

* P <0.05; ¥: P < 0.01; ** P <0.00l.

4. CONCLUSIONS

The 2008 and 2009 comprehensive monitoring of fuelbreaks grazed by livestock in the wildfire
prevention program in Andalusia (Spain) allowed standardized field data to be collected under
real management conditions, and this provided the basis for the detailed analysis presented in this

paper.
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Automatic classification functions were developed to facilitate the process of assessing the
accomplishment of the fuelbreak grazing objectives, and applied in the 2009 campaign (accuracy =
86%). Among the field parameters employed in this assessment, the Mean General Grazing Level
was found to be the one which best discriminated between accomplishment levels. The utilization
rate of the dominant (herb or shrub) stratum ranked second in discriminatory power, while the
Minimum General Grazing Level ranked third. The utilization rate of the holm oak was also very

useful to compare grazing intensity across different fuelbreaks.

A streamlined monitoring system based on the aforementioned parameters is proposed to
evaluate fuelbreak grazing. Alternatively, an evaluation which only included the Mean General
Grazing Level could suffice (accuracy = 82%), as long as it was preceded by careful observation of

grazing impact on fuelbreak vegetation.

Higher shrub volumes in fuelbreaks were found to negatively affect the accomplishment of
the grazing objectives. For other fuelbreak characteristics, such as surface area, distance to animal
shelter and mean steepness, the data were non-conclusive. All types of vegetation were more
intensely consumed in goat-grazed fuelbreaks, but sheep also showed a remarkable capacity to

reduce fuel loads.
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DESCRIPCION DE LA ZONA DE ESTUDIO.
El escenario de una experiencia piloto
a escala de finca

Predominan las tierras de secano de monocultivo cerealista con una productividad baja.
Hay muchas tierras marginales, roturadas en el pasado,

que deben volver a tener una vocacion forestal clara.

Las tierras de erial-pastizal podrian ser reconvertidas en forestal con uso ganadero,

con lo que se protegeria el medio y se incrementaria la posibilidad de alimentar a la cabafia ganadera.

JUAN GAMEZ NAVARRO

El espacio geografico de Guadix
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Desde hace mas de 15 anos, la finca Cortijo Conejo y Albarran ha sido un territorio sobre el que
se han desarrollado diversas experiencias cientificas ligadas a una gestion forestal innovadora.
Aqui se han estudiado, por ejemplo, distintas técnicas de repoblacion y sus consecuencias sobre
la vegetacion espontanea, el uso de microcuencas como técnica de irrigacion mediante la captura
de escorrentias superficiales, la repoblacién con arbustos autoctonos en nucleos de dispersion, o

las siembras de pastos y el desbroce de espartales para favorecer a la avifauna esteparia.

Asimismo, tal y como se describe en la Seccién de Justificacion y Objetivos, en esta finca
se inician y concentran los trabajos asociados al proyecto de investigacion en el que se enmarca
esta tesis doctoral. Este conjunto de experiencias han llevado a que Cortijo Conejo y Albarran se
haya convertido en una finca piloto, que ademas puede considerarse especialmente singular por
hallarse en un lugar aparentemente poco atractivo: una zona agricola cerealista en abandono, bajo

un ambiente continental xérico.

Los tres trabajos cientificos que se presentaran a continuacion (Capitulos 2, 3 y 4) se han
desarrollado en este lugar y, por ello, resulta oportuno dedicar primero algunas paginas a
describir sus principales caracteristicas. Ademas, se presentan las actuaciones forestales y gestion
silvopastoral que han llevado a la creacién de un area pasto-cortafuegos en un joven pinar de

repoblacion situado en la finca.

1. LOCALIZACION Y OROGRAFIA

La finca Cortijo Conejo y Albarran se encuentra en el sudeste de la Peninsula Ibérica (Fig. 3), en
el término municipal de Guadix (provincia de Granada). Esta situada en las cuadriculas de la
proyeccion UTM de 10 km x 10 km 30SVG93 y 30SVG94, en el entorno de las coordenadas
X = 494.000 m, y = 4.140.000 m de ese mismo huso, lo que corresponde a la latitud 37°24’

Norte y la longitud 3°05" Oeste, aproximadamente.

La finca tiene una extension de 890 ha y pertenece a la Junta de Andalucia desde el afio
1993 (codigo de monte: GR-10052-JA). Los terrenos limitrofes son privados y de uso agricola, a
excepcion de la zona noroeste, donde se encuentra la finca Cortijo de Becerra, de 1.190 ha y

propiedad también de la Junta de Andalucia.

Orograficamente, la zona se encuentra en la depresion de Guadix, que esta rodeada por

montanas de entidad en casi todas las direcciones: Sierra Nevada (al Sur), Sierra de Huétor
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(Sudoeste), Sierra Magina (Noroeste), Sierra de Castril (Nordeste) y Sierra de Baza (Este); esta

ultima es la mas préxima a la zona de estudio.
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Fig. 3. Localizacion de la zona de estudio, al sudeste de la Peninsula Ibérica.

El caracteristico paisaje de este entorno esta compuesto por tres unidades fisiograficas

claramente diferenciadas (Fotografia 3):
e  Altiplano: zona de relieve llano situado en la cota de los 1.000-1.200 m.

e Rambla: es la zona mas baja (800-1.000 m), con pendientes muy suaves y constituyendo

todo el fondo de la red de drenaje.

e Laderas: enlazan los altiplanos con la rambla, con pendientes muy acusadas y fuertes

procesos erosivos.

Fotografia 3. Paisaje de la red de ramblas desde el borde del altiplano.
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El pinar y area pasto-cortafuegos de los Capitulos 2 y 3 se sitlan en este altiplano,

mientras que la plantacion de Atriplex halimus del Capitulo 4 se ubica en la zona de rambla.

2. CLIMA

Una estacion meteoroldgica instalada en la finca en el afo 1995, y gestionada por el
Departamento Forestal del IFAPA, proporciona datos muy precisos del clima en la zona, si bien la

serie temporal se limita a los Ultimos 15 anos.

La precipitacion media anual es de 306 mm de lluvia. En afios extremos se han registrado
maximos de 488 mm y minimos de 168 mm, pero durante los afos en que se concentran los
trabajos de esta tesis doctoral (2006-2009) las fluctuaciones han sido menores, entre 297 mm y
346 mm. Las precipitaciones mas abundantes se producen en primavera. La lejania de la influencia
atlantica y el efecto de sombra de lluvias que ejercen las montanas circundantes son los dos

principales factores que determinan la escasa pluviometria.

La temperatura media anual es de 13,3°C, con valores minimos en enero (extremos de
hasta -19°C en 2005) y maximos en julio, mes en el que es frecuente superar los 38°C. Los
meses de junio a septiembre son los Unicos en los que nunca se han registrado heladas, si bien las
noches estivales también son frescas. La altitud y el aislamiento orografico con respecto al mar
provocan que estas tierras sean relativamente frias y continentales, con fuertes contrastes de

temperatura diarios, y también estacionales.

La escasez de precipitaciones, particularmente durante el verano, determina que la
evapotranspiracion real sea inferior al 40% de la potencial. Esta diferencia se traduce en una
fuerte sequia fisiolégica todos los veranos, que puede extenderse al otofo si se retrasan las
primeras lluvias. De acuerdo con Rivas-Martinez (1987), el clima es Mesomediterraneo
Semiarido, mientras que segun la clasificacion propuesta por Allué-Andrade (1990), el clima seria

Mediterraneo Fresco Semiarido.

3. GEOLOGIA Y SUELOS

El mapa geoldgico de la comarca (IGME, 1979) ubica la zona de estudio en el dominio de la
Cordilleras Béticas. Concretamente, las depresiones de Guadix y Baza albergan materiales
postorogénicos, nedgenos y cuaternarios, que ocultan los contactos entre las Zonas Internas y

Externas de las Cordilleras Béticas.
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A grandes rasgos, la historia geologica mas reciente de la depresion de Guadix parte del
deposito de materiales del Plioceno-Pleistoceno en un ambiente sedimentario con dos grandes
escenarios: al noroeste lacustre y, en el resto, esencialmente fluvial. A lo largo del tiempo la
dimension y disposicion del lago varian, principalmente como consecuencia de cambios
climaticos. La cuenca se colmata hace menos de 80.000 afos, constituyendo un nivel de relleno
continuo de la depresion que se corresponde con los actuales altiplanos. Desde entonces, este
nivel de colmatacion se levanta de una manera considerable (algunos autores estiman que unos
1.000 m, aunque es un hecho controvertido), lo que genera fallas y el encajamiento de los rios
hasta su posicion actual. Asi se crea el caracteristico glacis de erosion, un abrupto relieve con

fuertes procesos de erosion fluvial remontante (Fotografia 3).

Litologicamente, los altiplanos estan constituidos por un conglomerado de cantos de rocas
calizas con una matriz arcillosa rojiza y cemento carbonatado. Hacia la parte superior, en el techo
de los estratos se presentan abundantes costras calizas. En la zona de ramblas, en cambio,
dominan los materiales detriticos gruesos y medios, mezclandose conglomerados, arenas y, con
menor frecuencia, lutitas. Entre los componentes de los conglomerados y las arenas dominan los
fragmentos de rocas metamorficas siliceas como cuarcitas y esquistos, procedentes de la Sierra

de Baza y Sierra Nevada.

Los suelos de la zona han sido estudiados en una reciente tesis doctoral (Ripoll, 2004). De
acuerdo con esta autora, los suelos el altiplano son del tipo Calcisol pétrico (nomenclatura del
IUSS Working Group WRB, 2006). Su caracteristica principal es su poca profundidad, debido a la
existencia de un horizonte C petrocalcico (a partir de unos 55 cm de la superficie). El suelo
situado sobre esta costra calcarea se encuentra poco evolucionado debido a la aridez del clima. El
horizonte A superficial presenta una textura franco-arcillosa-arenosa, alrededor de un 0,9% de
carbono organico y un 32,9% de carbonato calcico. La roturacion sistematica de estos suelos
durante su pasado agricola ha provocado un aumento de la pedregosidad en superficie. El pH
medido es de 7,2, si bien se incrementa hasta 8,4 a mayor profundidad. La abundancia de calcio
en todo el suelo provoca que la capacidad de intercambio catidnico sea baja y que el grado de
saturacion de bases sea total. Bajo el horizonte petrocalcico nos encontramos con un paleosuelo
no cementado de espesor variable. Este paleosuelo funciona como un reservorio de agua que
puede ser utilizado por la vegetacion en periodos secos, siempre que las raices atraviesen el

horizonte petrocalcico.

En la rambla, en cambio, los suelos son del tipo Fluvisol arénico-calcarico (Ripoll, 2004;

IUSS Working Group WRB, 2006). Su litologia es diversa y estratificada, al proceder de sucesivas
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aportaciones aluviales. Dominan las texturas arenoso-francas, que determinan una baja capacidad
de retencién de agua en el suelo. El horizonte A superficial se encuentra muy alterado debido a
su pasado agricola, es de escasa potencia y de pedregosidad practicamente nula. El porcentaje de
carbonato célcico es de 2,5% a 5,6% en los diversos horizontes el suelo, mientras que el pH es de
8,0. La baja capacidad de intercambio catiénico y el reducido contenido en carbono organico

(inferior a 0,7%) provocan que la fertilidad del suelo también es muy baja.

4. FLORA Y VEGETACION

Biogeograficamente, la zona de estudio esta en la Region Mediterranea, Provincia Bética y Sector
Guadiciano-Bacense. En un catilogo de flora reciente (Navarro et al,, 2003) se identificaron 353
especies de 46 familias, entre las que domina Asteraceae, seguida por Poaceae y Fabaceae, como
suele ser habitual en los ambientes semiaridos. Entre las especies mas singulares se encuentran
Arenaria arcuatociliata Willk., un endemismo bético localmente abundante, y Clypeola eriocarpa
Cav., un endemismo ibérico de presencia escasa y local. Estas especies estan catalogadas como

Vulnerable y en Peligro de Extincién, respectivamente (Blanca et al,, 1999; Blanca et al,, 2000).

Las series de vegetacion presentes en la zona de estudio son dos (Valle, 2003): en los
altiplanos, la Mesomediterranea Bética Basdfila de la encina (Paeonio coriaceae-Querceto
rotundifoliae S.), cuya cabeza de serie es un encinar bien estratificado con un rico sotobosque; en
los laterales e interior de la red de ramblas, en cambio, tendriamos la Mesomediterranea
Semiarida de la coscoja (Rhamno lycioidis-Querceto cocciferae S.), cuya cabeza de serie es un pinar-

coscojar denso, dominado por el pino carrasco en las topografias mas abruptas.

Tal y como se desprende de esta descripcion, la existencia de uno u otro tipo de
vegetacion responde a las variaciones de relieve y suelo. Los diagramas bioclimaticos (Montero
de Burgos & Gonzilez Rebollar, 1973), calculados para los valores climaticos promedio de la finca
en diversos escenarios, permiten visualizar claramente la existencia de esta transicion (Fig. 4).
Tomando en consideracion que la existencia de encina en una zona suele requerir que la
Intensidad Bioclimatica Libre alcance valores superiores a |, puede observarse que las
condiciones mas adecuadas para esta especie se producen en el altiplano, una zona de relieve
llano donde apenas se produce escorrentia (W entre 0% y 10%), y con una cierta capacidad de
retencion de agua en el suelo (CR = 50 mm). El aumento de escorrentia que se produce en zonas
de pendiente, como las laderas entre el altiplano y la rambla, limita rapidamente las posibilidades

de presencia de encina. Eso mismo sucede cuando el suelo apenas retiene agua (CR = 0 mm), una
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situacion asimilable a la de los suelos arenosos de la rambla. Sin embargo, un suelo con una alta
capacidad de retencién de agua (CR = |50 mm) apenas mejoraria las condiciones fitoclimaticas
para la vegetacion, ya que la escasez de precipitaciones determina que nunca se disponga de

excedentes de agua de esta magnitud.

EFAAN G A SR TR SR EFAAR ST ASOA EF RS TSRS
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Menor capacidad de retencion de agua en el suglo (CR)
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Mayor escomentia (W) -

Fig. 4. Diagramas bioclimaticos calculados para la zona de estudio en diversos escenarios de
capacidad de retencion de agua en el suelo (CR) y escorrentia (W). Los colores que rodean las
figuras indican si la Intensidad Bioclimatica Libre (IBL) en cada escenario permite (verde, IBL>1,1),
dificulta (ocre, I,121BL20,9) o impide (rojo, IBL<0,9) la presencia de encina.

4.1. Usos historicos

Esta comarca ha tenido un uso agrario durante largo periodos historicos (segln diversas fuentes
compendiadas en Navarro, 2001). A partir del V milenio antes de nuestra era, comienzan los
primeros indicios de cultivo mediante rozas y de cria de ganado menor. Estas actividades se
intensifican durante la Edad del Cobre y Bronce (lll y Il milenio antes de nuestra era) y, por tanto,

también su impacto sobre el medio. En este mismo periodo se registra una transicion de la
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vegetacion debido a una mayor xericidad del clima, disminuyendo el encinar-quejigar en favor del

pinar-coscojar.

La utilizacion humana del medio sigue su progreso a lo largo de nuestra era, si bien hasta
finales del siglo XV se debian de conservar grandes extensiones de vegetacion natural, ya que esta
documentada la abundancia de lobo e, incluso, la presencia de oso pardo en las inmediaciones de
la Sierra de Baza. A partir de la reconquista, se registran una agresiva deforestacion de los

montes, al dar preferencia a los usos agricolas y ganaderos.

La existencia del Cortijo de Becerra esta documentada en 1752 en el catastro del Marqués
de la Ensenada, lo que indica que la zona de estudio ha tenido un uso dominantemente agricola
durante al menos 250 anos. Desde entonces, las roturaciones de montes han seguido avanzando
para establecer cultivos de secano. En los afos 40 del siglo XX, un periodo en el que la poblacion
pasa grandes necesidades, se produce la tala de muchos encinares para su uso como carbon. A
pesar de ello, segiin se describe en el mapa de cultivos y aprovechamientos de 1979, en los
altiplanos se mantienen grandes encinas en los terrenos roturados con una densidad media de 10

a 15 arboles por hectarea.

4.2. Vegetacion actual

De resultas de los usos histéricos, la vegetacion parte de un grado de alteracion muy elevado
cuando la finca Cortijo Conejo y Albarran es adquirida por la Junta de Andalucia y deja de ser
cultivada. La vegetacion pionera que se establece en esos terrenos agricolas abandonados es un
mosaico de comunidades ruderales, bien dominado por lefiosas (como Artemisia barrelieri Besser
o Helichrysum italicum (Roth) G. Don), bien por pastizales terofiticos de la asociacion Stellarietea
mediae (San Miguel, 2001). En zonas menos alteradas por la agricultura tienen a dominar los
espartales (con varias especies del género Stipa L.) entremezclados con pastizales terofiticos de la
alianza Trachynion distachyae. En ambos tipos de vegetacién aparecen, de forma dispersa pero

destacada, ejemplares de retama (Retama sphaerocarpa (L.) Boiss.).

En ciertas zonas se ha mantenido una cobertura arbérea rala (de hasta 10 arboles por
hectarea) sobre estas dos comunidades (Fotografia 4). En su mayor parte son encinas de tamano
medio-grande y, ocasionalmente, grandes pinos carrascos, lo que atestigua la importancia
historica de la distribucion natural de esta ultima especie. Por Ultimo, en la finca existe también
un joven pinar de carrasco procedente de repoblacion, descrito en mas detalle en el Apartado 7

de esta seccion.
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Fotografia 4. Paisaje de una zona del altiplano con una cobertura rala de encinas,
en la que un rebano de ovejas pasta sobre pastizales terofiticos ruderales.

5. FAUNA

La fauna vertebrada presente en el entorno de la zona de estudio asciende a 97 especies (varias
fuentes compendiadas en Ruiz-Mirazo, 2004). Los anfibios son escasos (2 especies) pero los

reptiles tienen una amplia representacion (I | especies), destacando los lacértidos y colibridos.

En cuanto a la avifauna nidificante (67 especies), es destacable la presencia de aves
esteparias como el sison, el alcaravan o la ortega. El uso cerealista que ha tenido la region
historicamente ha llevado a que se mantengan estas poblaciones, que no abundan en Andalucia.
Varias grandes rapaces campean en la zona, como el aguila real o el buitre leonado, que visita
frecuentemente un muladar establecido en la finca. Este muladar se encuentra en la zona de
campeo del quebrantahuesos, reintroducido recientemente en las sierras proximas, aunque aln

no ha sido avistado en la zona.

Pasando a los mamiferos (17 especies), se han catalogado siete especies distintas de
murciélagos y tres de carnivoros: el zorro, la garduia y el gato montés. Entre los lagomorfos, el
conejo abunda en la zona de ramblas, mientras que la liebre es mas frecuente en los altiplanos.
Hay tres especies de roedores: la ardilla roja, el ratén moruno y el topillo de Cabrera. Asimismo,
hay dos especies de artiodactilos, la cabra montés y el jabali, que estan expandiéndose hacia la

Zona.

6. ACTIVIDAD GANADERA

La ganaderia extensiva o pastoral es una actividad agraria importante en la comarca de Guadix y
en todo el nordeste de la provincia de Granada. El sistema de explotacién habitual gira en torno

a los cortijos, donde es habitual combinar el uso agricola con el ganadero.

86



Las areas pasto-cortafuegos: un sistema silvopastoral para la prevencién de incendios forestales

El ganado ovino es el predominante en las ganaderias pastorales y esta orientado
exclusivamente a la produccion de carne. Por este motivo se tiende a la especializacion, optando
por la raza segurefia, que cuenta con una asociacion de criadores (ANCOS), ubicada en Huéscar
(Granada), que lleva adelante un programa de mejora de la raza. El sistema de alimentacion
continia basado en el pastoreo, tanto en monte como en los cultivos, aunque se hace
indispensable suplementar con heno y concentrados en el invierno, lo que encarece su cria.
También aprovechan subproductos de cultivos lefiosos, como la cascara y la hoja del almendro,
asi como la hoja del olivo. La escasez de pastos en verano, tras aprovechar la rastrojera,
determina que los grandes rebanos trashumen o trasterminen a las sierras proximas; los rebanos
de menor tamano suelen mantenerse estabulados. En general, se programan tres partos cada dos

anos, siendo las parideras en enero, mayo y septiembre.

Por su parte, el ganado caprino esta orientado principalmente a la produccion de leche. La
raza mas frecuente es la murciano-granadina, que es prolifica y ristica. El sistema de explotacion
tradicional ha sido el pastoreo en pequeios rebanos durante todo el ano, utilizando pastos
marginales y los subproductos de las huertas. Sin embargo, en los ultimos afos se tiende a una
explotacion mas intensiva, de mayor tamano, y en la que los animales permanecen estabulados la

mayor parte del aho.

La finca de estudio ha sido pastoreada en los Ultimos siete afos con un rebafno de ganado
ovino segureno, inicialmente en el marco del proyecto de investigacion y, posteriormente, dentro
del programa RAPCA. El tamafio inicial de rebafio era de unas 500 ovejas, acompanadas de una
treintena de cabras de raza mezclada. No obstante, en los Ultimos tres afnos el nUmero de ovejas

se ha visto incrementado hasta 900 animales.

7. PINAR Y AREA PASTO-CORTAFUEGOS

Poco después de la adquisicion de la finca, entre los afios 1994 y 1996, la Junta de Andalucia
completd una repoblacién forestal de unas 500 ha de superficie. Las densidades de plantacion que
se emplearon estan comprendidas entre las 1.500 y 2.000 posturas por hectarea. La mayoria de la
planta empleada era pino carrasco, que venia de vivero con dos 6 mas pies por unidad, con lo
que el nimero de pies real por hectarea es superior a esa cifra. Se introdujo un 5% de encina y
algunos ejemplares de pino pifionero (Pinus pinea L.), ademas de lineas de cipreses (Cupressus

sempervirens L. y Cupressus arizonica Greene) al borde de las pistas.
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En términos generales, la preparacién del suelo consisti6 en un decapado realizado
mediante bulldozer, seguido de un subsolado cruzado de 60 a 100 cm de profundidad. El
subsolado se aplicé para romper el horizonte petrocalcico del suelo y facilitar que la planta
repoblada pudiera prospectar el suelo en profundidad. La plantacion se realizé en lineas
equidistantes, siguiendo el surco dejado por el subsolado. Las plantulas de pino procedian de
diversos viveros y eran de calidad heterogénea. En general, el pinar se ha desarrollado
vigorosamente, aunque existen algunas zonas concretas en las que se han producido muchas
marras y otras en que los crecimientos han sido muy bajos. La mayor parte de los plantones de
encina han tenido un desarrollo lento: doce ahos después de la plantacién, son muy pocas las
encinas que superaban los 40 cm de altura, mientras que los pinos habian alcanzado 5-6 m de

altura en ese mismo periodo (mas detalles en los Capitulos 2 y 3).

Fotografia 5. Aspecto general del pinar de repoblacidon en enero de 2004. Se observan algunas
zonas con abundantes marras y, de izquierda a derecha, el cortafuegos que lo atraviesa.

La repoblacion esta atravesada por un cortafuegos lineal y desarbolado (Fotografia 5). Sus
dimensiones son 35 m de ancho por 1,4 km de largo, y se extiende en direccién Norte-Sur.
Hasta el afo 2003 este cortafuegos era roturado regularmente para dejarlo libre de vegetacion
de cara a la campana estival de incendios. En 2004, a raiz del inicio del proyecto de investigacion,
se instalaron seis parcelas experimentales sobre el cortafuegos, que no ha vuelto a ser roturado

desde entonces. En ese mismo afo, la administracion ejecutd un tratamiento forestal consistente
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en una poda baja (hasta un metro de altura) y el deshermanado de los pies multiples de pino

carrasco.

En el marco del proyecto de investigacion, en 2005 se cred un area cortafuegos de 38 ha
alrededor de la faja cortafuegos existente (Fotografia 6). El diseno de la actuacion incluia diversos
tipos de clareos que se aplicaron en bandas de bordes sinuosos y adaptadas al ligero relieve del
terreno. La progresion de intensidades de clareo utilizada evito generar contrastes bruscos en la
densidad del arbolado, con lo que también se reducia el impacto visual de la actuacion. En el
Capitulo 2 se pueden encontrar mas detalles sobre la tipologia de clareos aplicada y sus

consecuencias sobre la estructura y crecimiento de la masa forestal.

Fotografia 6. Aspecto general del pinar y el drea cortafuegos en junio de 2006.

A excepcidn de una zona que se excluyé al pastoreo, el resto del area cortafuegos creada
con los clareos empezo6 a ser pastoreada inmediatamente después, constituyendo asi un area
pasto-cortafuegos. Sin embargo, el pastoreo registrado en los primeros dos afos (2005-2006) fue
muy ligero e irregular. A raiz de la concesién de pastos de la finca en 2007 a otro ganadero,
Alvaro Yeste Martinez, el pastoreo registrado en el drea pasto-cortafuegos fue mas regular, tal y
como se describe en el Capitulo 3. El periodo del aio en que el Sr. Yeste Martinez pastorea la

finca se extiende de febrero a junio. Posteriormente, traslada el rebafio a los pastos de verano
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mas frescos disponibles en la Sierra de Baza y, hacia finales de afio, concentra la paridera en su

finca particular.

La superficie del area cortafuegos mantenida mediante pastoreo asciende a unas 33 ha, de
las cuales 29 ha son arboladas y 4 ha corresponden al cortafuegos desarbolado que ya existia con
anterioridad a los clareos. Ademas, la concesién de pastos de la finca Cortijo Conejo y Albarran
a la que accede el ganadero participante incluye unas 335 ha mas de pastos. De acuerdo con la
zonificacion descrita en el Apartado 2.1 de esta Introduccion General, el cortafuegos desarbolado
se corresponderia con la zona clave del drea pasto-cortafuegos, en la que el pastoreo debe ser
muy intenso para asegurar las mejores condiciones para hacer frente a un incendio. El area
arbolada y clareada seria la zona de apoyo, en la que un pastoreo algo menos exigente tiene por
objetivo reducir la potencia de un eventual incendio y minimizar el riesgo de eclosion de focos
secundarios (Fotografia 7). Y, por ultimo, el resto de los pastos disponibles en la finca serian las
zonas pastorales de refuerzo, cuyo fin prioritario no es la prevencion de incendios directa, sino el
servir como pastos complementarios para el ganado, lo que permite que el ganadero pueda

permanecer en la finca varios meses e ir manteniendo regularmente el area pasto-cortafuegos.

Fotografia 7. El rebafio de ovejas pastando en la zona de apoyo del area pasto-cortafuegos.
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CAPITULO 2. Crecimiento y estructura de una
reforestacién joven de pino carrasco tras la
aplicacion de seis regimenes de clareos

Le desperto el frio y entreabrié los ojos. Los abri6 del todo, incrédulo: un hombre andaba por el rio.
Si, tranquilamente, sobre las aguas, avanzando entre los ltimos jirones de niebla.

Shannon se incorpord estupefacto, creyendo que adn sofiaba, y lo comprendié al punto.

Todo el rio estaba como entarimado por los largos maderos, pinos enteros descortezados.

El hombre cruzaba agilmente de una orilla a otra,

apoyandose de cuando en cuando en una vara terminada en gancho.

Un enorme arbol atravesado retenia a los demas y dejaba ante él un verdoso espacio de agua turbulenta.
El hombre apoyd su gancho en un extremo del tronco, deshizo el atasco,

y todo el rebafio de palos siguié avanzando.

El bosque flotante continud rio abajo, guiado por sus pastores.
Siempre por el estrecho callejon de los riscos grises y rojizos;

entre los desplomes cubiertos de sabinas y carrascas.

JOSE LUIS SAMPEDRO

El rio que nos lleva
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RESUMEN DEL CAPITULO

Los clareos son un tratamiento forestal intermedio que se emplea habitualmente para
incrementar la produccion maderera y los ingresos al final del turno. Sin embargo, la modificacion
de la estructura forestal mediante clareos también puede servir para otros fines, como el
fomento de la biodiversidad. De hecho, la diversidad estructural de los bosques esta considerada
como un indicador de biodiversidad, y su caracterizacion ha llevado a la elaboracién de
numerosos indices que cuantifican la distribucion espacial del arbolado u otros elementos (p. €j.,
arbustos o troncos muertos), la mezcla y diversidad de especies, o el grado de diferenciacion

entre arboles.

En zonas de baja productividad maderera, como el Mediterraneo, los clareos a menudo no
resultan econéomicamente viables y solo se realizan cuando se cuenta con financiacién publica. En
consecuencia, muchas masas forestales de la region, procedentes de programas de reforestacion
del siglo pasado, apenas han sido gestionadas y presentan hoy en dia una elevada densidad de
arbolado y un alto riesgo de incendios. En este contexto, los clareos se aplican frecuentemente
para la creacion de areas cortafuegos, como parte de los programas de prevencion de incendios.
Dada la escasez de recursos, estas actuaciones deberian aprovecharse para alcanzar también
otros objetivos de gestion. Por ejemplo, los clareos podrian servir para reducir la artificialidad de
las repoblaciones, y modificar localmente la estructura de la masa forestal. Asimismo, podrian
favorecer el desarrollo de arboles dominantes de mayores dimensiones, lo que mejoraria la

resistencia y resiliencia del bosque ante los incendios.

Desafortunadamente, no existen muchos estudios sobre clareos en masas de pino
carrasco, a pesar de ser una especie plantada muy frecuentemente en el Mediterraneo. De hecho,
apenas existen referencias de experimentos de clareos realizados sobre bosques plantados,
siendo mas frecuentes aquéllos hechos sobre masas regeneradas tras un incendio y los datos
integrados en tablas de produccion y modelos de crecimiento. Por tanto, son necesarias nuevas

investigaciones para respaldar una gestion adecuada de estas reforestaciones.

En este trabajo se han comparado seis regimenes distintos de clareos, aplicados sobre una
masa joven (I0 anos) de pino carrasco para la creacion de un area cortafuegos. Mas
especificamente, se ha evaluado el tamafio y crecimiento del arbolado en los cuatro anos
siguientes a los clareos, la estructura del bosque en cada régimen de clareo, y las implicaciones

que los resultados anteriores tienen para la prevencion de incendios.
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El estudio se llevd a cabo en la finca Cortijo Conejo y Albarran, la zona piloto de las
investigaciones descrita en la seccion precedente a ésta. La reforestacion se habia realizado entre
los afios 1994 y 1996, sobre terrenos anteriormente cultivados con cereal y empleindose una
densidad de plantacion de 1.500 a 2.000 pies por hectarea. Los clareos se aplicaron en 2005
sobre 38 ha de pinar, en una zona adyacente a una faja cortafuegos. Se aplicaron dos tipos de
clareo: i) Aleatorio, en el que los arboles a cortar se seleccionaban siguiendo una secuencia al
azar predefinida; y ii) Regular, en el que se buscaba que los arboles residuales estuvieran
equidistantes (ver Fig. 2.1). Dentro de lo posible, se cortaron los arboles de menor tamano,
anadiendo una seleccién por lo bajo a ambos tipos de clareos. Los clareos se aplicaron en tres
intensidades: Ligera (dejando unos 800 pies ha'), Media (400 pies ha™') e Intensa (250 pies ha™).

Ademas de los seis regimenes resultantes, una zona no clareada fue utilizada como Control.

En cada una de estas siete zonas, se establecieron al azar tres parcelas de seguimiento.
Cada parcela estaba constituida por los 25 pinos mas préximos a su centro. El diametro normal
de estos 525 arboles se midi6 en marzo de 2006, 2008 y 2010. Asimismo, se midieron las
distancias desde esos arboles a sus tres vecinos mas préximos. Para evitar efectos de borde, se
aceptaron aquellos vecinos que no estaban en la parcela, lo que anadié 243 arboles mas a la
muestra. El diametro normal de estos se midié en marzo de 2006 y 2010. La superficie de las
parcelas se calculé como la media de la superficie de dos circulos, cuyos radios eran la distancia

desde el centro de la parcela hasta el 25° y el 26° arbol.

Complementariamente, y aprovechando los clareos, se midieron 32 pinos de diversos
tamanos Y, tras ser apeados, se subdividié su biomasa en tronco (hasta 4 cm en punta delgada),
ramas (entre 4 y | cm de diametro) y la fraccién fina (aciculas y ramillos de menos de | cm de
diametro). Mediante pesaje de campo (Fotografia 8), seguido de secado y pesaje de muestras en
laboratorio, se determind el peso seco de estas fracciones para cada arbol. A partir de estos
datos, se calcularon regresiones entre el diametro normal (a 1,30 m del suelo) de los arboles y

sus distintas fracciones de biomasa (ver Tabla 2.1).

Los datos recogidos permitieron calcular una serie de parametros, tanto por unidad de
superficie como para arboles individuales, que se compararon entre los distintos tratamientos.
Entre los primeros, se observé que la densidad de arbolado (pies ha™') obtenida tras los clareos
fue algo superior a la deseada en los clareos Medio Aleatorio y Ligero Aleatorio, mientras que
fue algo menor en los clareos Medio Regular y Ligero Regular. De resultas de ello, el clareo
Medio Regular presenté un area basimétrica similar a los dos clareos Intensos, que era

aproximadamente un tercio de la registrada en el Control. El crecimiento en area basimétrica
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observado en los cuatro anos posteriores fue inferior en los clareos Medio Regular e Intenso
Regular que en el resto de los tratamientos (Fig. 2.2). Este ultimo resultado indica que estos dos
clareos provocaron una merma en la capacidad de crecimiento del arbolado, lo que puede no ser
deseable si la produccién de madera o el secuestro de carbono son los objetivos principales de la

gestion.

Fotografia 8. Preparacion del pesaje en campo de la fraccién fina de un pino carrasco.

La biomasa, estimada para todos los arboles a partir de las ecuaciones de regresion, siguid
una tendencia similar al area basimétrica (Fig. 2.3). Los valores minimos se obtuvieron en los
clareos Intenso Regular, Intenso Aleatorio y Medio Regular que, incluso cuatro afios después de
los clareos, alin no habian alcanzado los valores medios medidos en 2006 en las parcelas Control.
De hecho, se estimé que la fraccion fina en estos tratamientos era del 30% al 36% de la medida
en el Control, que alcanzé los 9.900 kg ha' en 2010. Esta reduccién supuso una disminucién
notable del riesgo de transmision de un incendio por las copas, un objetivo prioritario de un area
cortafuegos. En todo caso, al haberse triturado in situ los arboles apeados (a excepcion del
tronco), la cantidad de biomasa transferida al suelo fue mayor en los tratamientos mas intensos,
para los que se estimé rondaba los 6.100 kg ha™'. En caso de incendio, esta mayor biomasa en el

suelo podria suponer un aumento de la intensidad del frente de llama, aunque este efecto
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indeseado se minimizé por haber sido triturada y, por tanto, concentrada en los primeros

centimetros del mantillo.

Basandose en la distancia al arbol mas préximo, se calculé el indice de Clark y Evans para
todas las parcelas (Fig. 2.4). Este indice mostré que Unicamente las tres parcelas del clareo
Intenso Aleatorio tenian una distribucion de arboles préxima a la aleatoriedad. El resto de las
parcelas tendian, en mayor o menor medida, a una distribucion regular. Por tanto, se concluyd
que, entre los tratamientos Aleatorios, el clareo Intenso era el que verdaderamente modificaba el
patron regular de plantacion. La distribucion aleatoria resultante, que conlleva también la
existencia de claros desarbolados de mayor tamano, se considera similar a la que presentan
masas naturales de pino carrasco. En realidad, la prevencion de incendios se podria beneficiar
tanto de una distribucion al azar del arbolado, que mantiene por mas largo tiempo las
discontinuidades en el combustible del dosel forestal, como de una distribucion regular del

arbolado, que minimiza el desarrollo del sotobosque.

En lo que respecta a los parametros individuales, calculados para cada arbol y después
promediados por parcela, se observé que el didmetro normal en 2006 era menor en el Control
que en cualquiera de los regimenes de clareos y, especialmente, que en el clareo Intenso
Aleatorio (Fig. 2.5). Este resultado era el esperado, ya que en los clareos se tendié a cortar los
arboles de menor tamafo y era, precisamente, en el clareo Intenso Aleatorio donde mayor
libertad se disponia para escoger. Cuatro anos mas tarde, estas diferencias se habian acentuado
(Tabla 2.2) y el diametro normal medio era entre un 21% y un 68% superior en los clareos que
en el Control. En cambio, las diferencias existentes inicialmente entre tipos de clareo (diametros
algo mayores en los clareos Aleatorios) se habian difuminado para 2010. En efecto, el crecimiento
(incremento periodico anual [PAI]) observado en los cuatro anos fue significativamente mayor en

los clareos Regulares, asi como en los mas intensos.

Los clareos también redujeron la competencia entre arboles, que fue medida con respecto
a los tres vecinos mas proximos (ver SCI3 en Fig. 2.6). Esta reduccion de competencia fue mayor
en los clareos Regulares y en aquellos de mayor intensidad, lo que propicié los mayores
crecimientos indicados anteriormente. De acuerdo con la literatura, estos clareos que resultan
en unas mayores dimensiones de los arboles serian positivos de cara a los incendios: cortezas
mas gruesas Yy alturas de copa mayores aumentan la resistencia del arbolado al fuego, mientras
que los clareos también fomentan una produccion temprana de pifas, lo que incrementa la

resiliencia de la masa forestal al mejorar las posibilidades de regeneracion por semilla.
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En comparacion con la zona de control, todos los regimenes de clareos presentaron una
menor diferenciacion en tamano entre arboles vecinos (ver TD3 en Fig. 2.6), y especialmente
aquellos que fueron mas intensos. El mayor contraste se observé en 2010 entre el Control y el
clareo Intenso Aleatorio. En este ultimo, el arbol de menor tamano de cada pareja de vecinos
tenia, en promedio, un diametro del 80% con respecto al diametro del mayor, mientras que en el

Control ese valor alcanzaba el 70%.

Tomando en consideracion todos los arboles medidos en cada tratamiento, se calcul6 la
desviacion estandar de la distribucion de didametros normales, asi como el indice de diversidad de
Shannon-Wiener aplicado a las clases diamétricas. Estos parametros, que evaluaban la diversidad
de diametros a una escala mayor, presentaban igualmente una tendencia a ser menores en todos

los regimenes de clareo que en el Control (Tabla 2.3).

La menor diversidad y diversificacion de tamanos que indican los parametros anteriores
puede considerarse inadecuada desde el punto de vista de fomentar la diversidad estructural, y
podria haberse evitado aplicando los clareos sin seleccionar los arboles mayores. Sin embargo,
desde una perspectiva de prevencion de incendios, resulta muy importante eliminar la vegetacion
de menor tamafo para evitar que los incendios se transmitan a las copas y devengan mas
virulentos. Ademas, debe considerarse que intervenciones como la de crear un area cortafuegos
se realizan de forma localizada en una masa forestal de dimensiones mucho mayores. Por tanto,
las modificaciones de estructura que se realizan contribuyen a diversificar el conjunto de la masa

forestal, aunque localmente supongan alguna simplificacién, como la observada anteriormente.

En su conjunto, el clareo Intenso Aleatorio se mostré como el mas apropiado para una
reforestacion joven cuando se desea reducir el riesgo de incendios y transformar la distribucién
artificial del arbolado simultaneamente. Este tratamiento podria constituir un primer paso desde
un bosque plantado hacia uno mas natural y con mayor resiliencia y resistencia frente a los
incendios. Por su parte, los clareos regulares pueden resultar mas adecuados para crear areas
cortafuegos cuando el sotobosque supone un alto riesgo de incendios, y especialmente si se
aplican con una intensidad Ligera. Esta intensidad evita ralear excesivamente la masa forestal y,

por tanto, perder capacidad productiva y de secuestro de carbono.
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Growth and structure of a young Aleppo pine planted forest after the

application of six thinning regimes

ABSTRACT

Forest thinning is a mid-rotation management technique that is usually employed to increase
timber production and economic return. Modifying forest structure through thinning can,
however, also serve other purposes such as the promotion of biodiversity and wildfire
prevention. The latter are the predominant goals in Mediterranean regions of low timber
production, where areas recently afforested with Aleppo pine (Pinus halepensis Miller) are
common. This study was carried out in the context of the creation of a fuelbreak in a young
Aleppo pine planted forest in south-eastern Spain. The objective was to compare the effects of
six thinning regimes on tree growth and stand structure four years following treatment. Three
thinning intensities (Light, Medium and Heavy) were combined with two thinning methods: i)
Random (tree selection), and ii) Regular (tree spacing). Allometric regression equations were
calculated to estimate tree biomass. The Heavy Regular thinning (followed by the Medium
Regular and Heavy Random regimes) significantly reduced growth in stand basal area and
biomass. Four years after thinning, the amount of tree biomass measured in these regimes was a
third of that measured in the non-thinned Control area, and this helped maintain a low wildfire
risk. Individual tree growth, in contrast, was greater in the Heavy and Medium thinnings than in
the Light ones, which were similar to the Control. The Heavy Random thinning successfully
transformed the regular tree plantation pattern into a close-to-random spatial tree distribution,
resembling that of natural Aleppo pine stands. Compared to the Control area, all thinning
regimes resulted in lower variability and differentiation in tree size. Wildfire prevention can
benefit both from a random tree distribution, which maintains canopy fuel discontinuities for
longer, and from regular tree spacing, which minimises the development of undergrowth. Overall,
the Heavy Random thinning seemed the most appropriate in a young afforestation area to reduce
fire risk and the artificial tree distribution simultaneously. This treatment could constitute a first
step from a planted to a more natural and resilient forest. On the other hand, Regular thinning
regimes may be more suitable for the creation of a fuelbreak when undergrowth poses a high fire
risk, particularly when applied at a Light intensity. This intensity avoided understocking the stand

and the associated decrease in timber production and carbon sequestration.
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1. INTRODUCTION

Thinning is a mid-rotation forest management technique that has been widely studied and is
commonly applied to optimise timber production and economic return (Montero et al, 2001;
Tong et al,, 2005). Its effect on forest structure and diversity has also been the focus of research
(Lei et al, 2007; Crecente-Campo et al, 2009; Sullivan et al, 2009). In fact, forest structural
diversity is often considered an indicator of biodiversity (Ldhde et al, 1999; Pommerening, 2002;
Kint, 2005), due to the known link between forest structure and the habitats provided for other
plant, animal or fungi species. Attempts to characterise forest structure have lead to the
development of various different indices describing the spatial arrangement of forest elements
(mainly trees), the mixture and diversity of species, or the degree of differentiation among
individuals (Pommerening, 2002; del Rio et al., 2003). In the context of climate change, thinning is
being revisited to assess its influence on carbon fixation (del Rio et al., 20082) and on improving

forest adaptation to future climate scenarios (Cotillas et al., 2009).

However, the possibilities of managing forests through thinning are economically limited in
areas with low timber production, such as the Mediterranean Basin. Mediterranean forests in
southern Europe are often unprofitable nowadays (in terms of marketable products), and this has
led to a greater degree of abandonment and exposure to risks such as fire (Scarascia-Mugnozza et
al,, 2000; Fabbio et al., 2003). Forest management relies largely on public funding and is currently
focused on the protection of forests and the promotion of their social and ecological value (e.g.,

recreation, biodiversity, carbon storage) (Osem et al.,, 2008).

The Mediterranean Basin is a worldwide biodiversity hotspot (Médail & Quézel, 1999),
partly a result of the historical human presence in the region (Scarascia-Mugnozza et al., 2000).
However, in recent centuries, intensified human impact has caused extensive deforestation.
Hence, many of the current forests, particularly coniferous high forests, stem from fairly recent
degraded-land restoration programmes (Valbuena-Carabafa et al, 2010) and have become a

principal component of the landscape and heritage (Osem et al., 2008)

In Spain, three million hectares were afforested with coniferous species in the course of
the twentieth century, but there has been little management of these often dense and
monospecific forests and they have become very vulnerable to wildfire (Valbuena-Carabana et al,
2010). To address this issue, shaded fuelbreaks (Agee et al., 2000) are frequently promoted in the

context of public wildfire prevention measures. These fuelbreaks are located alongside forest
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roads or existing firebreak strips and are created by thinning and pruning the forest to reduce

the amount and continuity of vegetation (Vélez, 2009).

As there is rarely funding for far-reaching measures (Fabbio et al., 2003), programmes to
create fuelbreaks are good opportunities to accomplish other management goals in these
Mediterranean planted coniferous forests (MPCF) (Osem et al., 2008). For example, thinning can
be employed to reduce artificiality in MPCF and promote the development of near-natural forests
(Ginsberg, 2006; Crecente-Campo et al,, 2009). Modifying stand structure locally can increase the
diversity at the larger forest scale (Lihde et al.,, 1999), which is itself of importance in the wider
context of biodiversity promotion (Noss, 1990). Thinning should also encourage the growth of
larger and stronger trees, as competition for water and nutrients is reduced (Lopez-Serrano et
al,, 2005). These larger trees are more likely to withstand future surface wildfires (Fernandes et
al,, 2008) and store a larger canopy seed bank (Gonzilez-Ochoa et al, 2004; Verkaik & Espelta,

2006), which would improve the resistance and resilience of the stand to wildfires.

Unfortunately, there has been little research into thinning of certain important
Mediterranean tree species, such as the Aleppo pine (Pinus halepensis Miller) (Montero et al.,
2001). This species is easily regenerated and frugal, so it has been widely used for afforestation in
the Mediterranean Basin, particularly in semi-arid and degraded areas. In Spain, it is the dominant
species across almost two million hectares of forestland (MARM, 2007). Despite its pioneer and
coloniser traits, it is also the most competitive late successional species in poor soil-moisture
conditions (Ne'eman et al,, 1995; Zavala et al., 2000). Given the future predictions of warming and
declining precipitation from global climate models for the Mediterranean region (IPCC, 2007),
Aleppo pine forests may thrive in northerly humid locations (Vila et al., 2008). In contrast, an
increase in stress conditions is expected in the most arid areas, which could affect their growth
and survival (Vicente-Serrano et al, 2010). In these locations, thinning may be a valuable

technique to mitigate tree stress by increasing soil moisture (Cotillas et al., 2009).

Even-aged stands of Aleppo pine resulting from plantation or wildfires differ from natural
uneven-aged stands. The latter have a complex structure characterised by low tree density
(Osem et al, 2008) and numerous clearings (Montero et al, 2001). They may also have a multi-
strata structure and include a mixture of other species (Ciancio et al., 2007; Osem et al., 2008).
Generally, early heavy thinning is recommended for Aleppo pine forests, so trees can develop
with less competition, reach a larger size (Ne'eman et al, 1995; Montero et al, 2001), and

produce more cones earlier (Gonzalez-Ochoa et al., 2004; Verkaik & Espelta, 2006).
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Published research on thinning in these forests has mostly dealt with post-fire regenerated
stands (Ne'eman et al,, 1995; Gonzilez-Ochoa et al,, 2004; Verkaik & Espelta, 2006) or appears as
part of production tables and yield models (Montero et al., 2001). Overall, there is a lack of data
from thinning experiments on Aleppo pine MPCF in the literature and more research is needed
to identify the best approaches to their management. To this end, we have studied tree growth

and stand structure after thinning in a young planted Aleppo pine forest in south-eastern Spain.

The thinning experiments were conducted to create a fuelbreak in association with a
wildfire prevention pilot project. Three thinning intensities were combined with two thinning
methods: i) random (tree selection), and ii) regular (tree spacing). We hypothesised that random
thinnings would reduce the artificiality in the spatial pattern of trees, resulting in a more natural
tree distribution. On the other hand, we expected regular thinnings to maximise tree growth, as
even spacing among neighbouring trees would minimise competition for resources. Heavier

thinning intensities were hypothesised to increase the effects of the thinning methods.

The objective of this study was to compare these thinning regimes in terms of: i) tree size
and growth in the four years after thinning, using standard parameters and locally developed
allometric regression equations to estimate tree biomass; and ii) stand structure, using various
indices to characterise tree spatial distribution, size diversity and differentiation. The analysis of
the results is augmented by discussing the likely implications of thinning regimes for wildfire

prevention, a major concern in MPCF.

2. MATERIALS AND METHODS

2.1. Study site

The study was conducted on the Cortijo Conejo y Albarrdn estate (Guadix, Granada), in south-
eastern Spain (37°23'N and 3°03'W, at |,100 m a.s.l.). Mean annual precipitation is 302 mm,
ranging from 204 mm to 370 mm in the study period (2005-2010). In winter the temperature
may drop to as low as —15°C and in summer it may reach 40°C. According to Rivas-Martinez and
Loidi (1999), the area is in the semi-arid meso-Mediterranean bioclimatic belt. The estate extends
across near-flat (2-3% slopes) terrain. The soil is a petric calcisol (Ripoll, 2004; 1USS Working
Group WRB, 2006), poor in organic matter (l.6% in the top horizon). Under these
environmental conditions, holm oak (Quercus rotundifolia Lam.) forest could potentially grow on
this land (Valle, 2003). The Aleppo pine is naturally present in the surroundings, particularly on

steeper slopes and where there are poorer soil conditions.
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This estate was cultivated for decades before it was bought in 1993 by the regional
government of Andalusia and ceased to be ploughed. In 1994-1996, 500 ha of this degraded
agricultural land were afforested with Aleppo pines to a density of 1,500-2,000 trees ha', in
evenly spaced rows. In 2004, before the beginning of the study, pine branches less than | m from
the ground were pruned and, when several stems emerged from the same planting position,
secondary stems were also cut. All slash was shredded to mulch. From December 2007 to the
end of the study, pine trees were severely affected by a seasonal winter infestation by the pine
processionary moth (Thaumetopoea pityocampa Den. & Schiff.). The plantation is traversed by a
35-m—-wide and |.4-km—long firebreak, which is devoid of woody vegetation and is seasonally

grazed by livestock.

2.2. Creation of the shaded fuelbreak

In 2005, when the pines were roughly 10 years old, a 38-ha shaded fuelbreak was created to
reinforce the existing firebreak. This was accomplished by thinning the plantation alongside the
firebreak (Fig. 2.1), in accordance with a spatial design that avoided straight lines and sharp tree-
density contrasts, so as to reduce the visual impact. Despite being a precommercial thinning, all
trees to be felled were individually marked for the purposes of this study. After felling, the trunks

were removed while the branches and foliage were shredded and left as a mulch.

In this operation, two experimental factors (thinning method and intensity) were
combined to produce six different thinning regimes, which were later compared with each other
and with a non-thinned Control area. Two thinning methods were employed: |) Random (RND),
where trees to be felled were randomly selected using a predefined sequence; and 2) Regular
(REG), where equal spacing between residual trees was sought. In addition, three different
thinning intensities were tested: |) Light (L), preserving about 800 trees ha'; 2) Medium (M),

preserving about 400 trees ha'; and 3) Heavy (H), preserving about 250 trees ha™'.

Combining these treatments required the calculation of three mean frequencies of
selection for the RND thinnings, based on an estimated planting density of 1750 trees ha'. These
frequencies were printed as long binary sequences (l: preserve; 0: mark and fell) and applied
following the plantation rows. Empty positions (gaps) were flexibly accounted for as zeros to
prevent overthinning. REG thinnings were constrained by the spacing between plantation rows
(about 2.25 m). Every other row of trees was completely removed for the M-REG and H-REG
thinnings, and the mean spacing between trees to be preserved in the remaining rows was

calculated to obtain the desired tree density. Tree positions in adjacent rows were staggered to
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achieve an approximately diamond pattern. Within the limited freedom granted by the thinning
regimes, smaller trees were preferentially marked to be felled, adding a “from-below” bias to the

thinning methods.

Year
2004

Year
2006

Fig. 2.1. Aerial photographs: comparison of the general appearance of the study area before and
after the regular and random thinnings.

In this operation, two experimental factors (thinning method and intensity) were
combined to produce six different thinning regimes, which were later compared with each other
and with a non-thinned Control area. Two thinning methods were employed: |) Random (RND),
where trees to be felled were randomly selected using a predefined sequence; and 2) Regular
(REG), where equal spacing between residual trees was sought. In addition, three different
thinning intensities were tested: 1) Light (L), preserving about 800 trees ha'; 2) Medium (M),

preserving about 400 trees ha'; and 3) Heavy (H), preserving about 250 trees ha™'.

Combining these treatments required the calculation of three mean frequencies of
selection for the RND thinnings, based on an estimated planting density of 1750 trees ha™'. These
frequencies were printed as long binary sequences (l: preserve; 0: mark and fell) and applied
following the plantation rows. Empty positions (gaps) were flexibly accounted for as zeros to
prevent overthinning. REG thinnings were constrained by the spacing between plantation rows
(about 2.25 m). Every other row of trees was completely removed for the M-REG and H-REG

thinnings, and the mean spacing between trees to be preserved in the remaining rows was
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calculated to obtain the desired tree density. Tree positions in adjacent rows were staggered to
achieve an approximately diamond pattern. Within the limited freedom granted by the thinning
regimes, smaller trees were preferentially marked to be felled, adding a “from-below” bias to the

thinning methods.

2.3. Allometric regression equations

During the thinning, tree measurements were made of 32 Aleppo pines of varied sizes. The
diameter at breast height (DBH) was calculated as the geometric mean of two-crossed trunk
diameters measured at 1.30 m using forest callipers (I mm precision); while total height was
measured by means of a telescopic measuring rod (5 cm precision); and height to the crown and
two crossed crown diameters were measured using a tape (I cm precision). These trees were
felled and their biomass was divided into three fractions: 1) the trunk, to a diameter (d) of 4 cm
at the top end; 2) the branches, with d between | cm and 4 cm; and 3) the fine fraction,
comprising needles and small branches with d less than | cm. Large portable field scales (50 g
precision) were used to measure the fresh weight of all fractions. In addition, six samples from
each fraction were weighed using a field dynamometer (5 g precision), fully oven-dried (60°C),
and weighed again using higher precision laboratory scales. The six ratios between dry and fresh
weight calculated for each fraction were averaged and used as conversion coefficients. Moisture

content of each fraction was assumed to be similar in all trees.

This 32-tree dataset was employed to build linear regression equations between the
allometric parameters and the trunk, branches, fine fraction and total above-ground dry biomass.
Due to asymmetry towards the right in the distribution of values of these variables, the
dependent and independent variables were log transformed. These transformations normalised
the distribution of the residuals and validated the tests on which the regressions relied. The best
regression equations were selected by comparing their coefficient of determination (R?) values.
For similar accuracies, regressions with a single predictor variable were preferred to multiple

regressions.

2.4. Tree growth and stand structure

Once the thinning was completed, three plots were randomly established in each of the seven
treatments (six thinning regimes + one control outside the fuelbreak). Plots were defined by their
central point, which was located at random using an orthophotograph, and included the nearest
25 trees. The DBH of the 525 plot trees was measured in March 2006, 2008 and 2010, before
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the beginning of the growth season. Additionally, the distances from each of these trees to their
three nearest neighbours were taken using a measuring tape (I cm precision) in March 2006. To
avoid border effects, neighbouring trees were allowed to be outside the plots, which added 243
buffer trees to the sample. The DBH of the buffer trees was measured in March 2006 and March
2010.

2.4.1. Plot parameters

The surface area of plots (S) was calculated as the mean of the areas of two circles whose radii
were the distances from the plot centre to the 25" and 26™ nearest trees, and was employed to
estimate tree density (A, trees ha"'). Stand basal area (G, m? ha"') was calculated for each plot
adding together the cross-section of the plot trees at breast height and dividing the result by the
plot surface area. The allometric regression equations were employed to estimate the dry weight
of biomass fractions in plot trees. These values were added together and divided by the plot
surface area to obtain the trunk, fine fraction and total above-ground stand biomass (B, kg ha™).
Branches were the biomass type with the least accurate regression equation, so their biomass
was calculated as a linear combination of the other fractions’ biomass. Thinning regimes were
compared in terms of the growth observed in the stand basal area (AG) and stand biomass (AB)

in the periods 2006-2008, 2008-2010 and 2006-2010.

The spatial distribution of trees in the plots was characterised using the Clark-Evans index
(CE) (Clark & Evans, 1954). Through this index, the observed distances (D,;) between each plot
tree (i) and its nearest neighbour (j) were averaged and compared to the mean distance expected

if trees were randomly positioned, which is a function of tree density (A):
1 i=n

" Z Di—j

n=

Javi

To test whether the CE value of a plot significantly deviated from a random (Poisson)

CE=

distribution (CE = 1), the normally distributed Tp test (Clark & Evans, 1954) was applied:

CE-1 _ 0.26136
TR B — with O=——

o n7
S
where o is the observed variance and is calculated as a function of the number of trees in

the plot (n, which equals 25 in our case) and plot surface area (S).
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2.4.2. Individual tree parameters

Individual tree growth between 2006 and 2010 was calculated using Pressler’s formula (Philip,
1994) for the periodic annual increment (PAI) in DBH, which expresses the mean annual DBH

growth rate as a percentage of the mean DBH of the period:

DBH 2010 DBH 2006

PAI _1
4 (DBH,,,, + DBH . )/2

x100

Individual tree size in 2006 and 2010 (DBH 2006 and DBH 2010), and growth (PAIl) were
analysed using the full plot-tree and buffer-tree samples (n = 768). DBH values from trees that
died in the period (n = 4) were discarded and, in the tree-growth analysis, very small trees (DBH
< 10 mm in 2006, n = 9) were also removed from the dataset, as their PAl could not be

calculated or created very high outlying PAI values.

The data on neighbouring trees was employed to measure differentiation and competition
among trees. Gadow’s differentiation index (TD3; Gadow, 1993) was calculated for the 2006 and

2010 datasets using the DBH of each plot tree and those of its three nearest neighbours:

TD3 = 11223 1- DBHmini,j
393 DBH, ... ;
where DBH,, ;; and DBH_,, ;; are the smaller and the larger DBH in the pair-wise

comparisons between a plot tree (i) and its | nearest neighbour.

Hegyi’s spatial competition index (Hegyi, 1974) was calculated for the 2006 dataset to
measure the competition exerted on a plot tree by its three nearest neighbours. This index
(SCI3) compares the DBH of a tree (i) to that of its neighbours (j), and weights this ratio with the

distance between them (D, in m):

2 DBH,
. ZDBH *D,_,

TD3 and SCI3 were calculated for 51| plot trees, after discarding the trees that were very

small, died in the period, or had a neighbouring tree which died.

Further, the distributions of DBH registered in each experimental treatment in the 2006

and 2010 full tree samples were characterised in terms of the standard deviation (SD) of DBH,
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the number of DBH classes comprised, and the Shannon-Wiener diversity index (H’), according
to the formula:

i=n

H'= _z p, log, p

i=l

where p; is the proportion of trees in the i DBH class and n the number of DBH classes.

The width of diameter classes was 2 cm.

2.4.3. Statistical analysis

The influence of the thinning regimes on the parameters was studied in two steps. A one-way
ANOVA and post-hoc tests were applied, with the seven treatments as fixed factors, to
determine which thinning regimes were different from the Control and from each other. In
addition, differences among the thinning regimes were studied leaving the data from the Control
aside and applying a two-way ANOVA with interactions. In this latter analysis, thinning method
(two levels) and thinning intensity (three levels) were introduced as fixed factors and post-hoc

tests were applied to determine which thinning intensities were different from each other.

In the analysis of individual tree parameters, the high number of cases ensured a normal
distribution of the mean values. Plot parameters were also assumed to follow a normal
distribution, although their significance was limited due to the small number of cases per thinning
regime (n = 3). Tukey’s HSD post-hoc tests (Tk) were applied for multiple comparisons when the
homoscedasticity condition was met, which was verified using Levene’s test. SCI3 data were log-
transformed to meet this requirement. For other parameters with unequal variance among
groups, Games-Howell post-hoc tests (G-H) were used instead. In all cases, a 95% confidence
level was used to establish statistically significant differences. The SPSS 17.0 software (IBM-SPSS

Inc., Chicago, IL, USA) was employed for the statistical analyses.

3. RESULTS

3.1. Allometric regression equations

The diameter at breast height (DBH) was the independent variable that provided the most
accurate simple regression equations to predict tree biomass (Table 2.1). The regressions were
only marginally improved (AR? < 0.015) using a second independent variable (crown volume or

tree height), so this option was discarded. Predicted biomass values should be considered less
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accurate for Aleppo pines with a size outside the range of the 32 sample trees (1.2 cm < DBH <

10.9 cm; 2.1 m < Total height < 5.4 m).

Table 2.1. Allometric regression equations: coefficients and R? values obtained in the
estimations of above-ground biomass (kg) using the diameter at breast height (DBH, in cm).
Biomass was divided in fractions according to its diameter (d).

Regression equation coefficients
Biomass = a x DBHb

Biomass fraction a b R? values
Trunk (d > 4 cm) 0.142 1.920 0.923
Branches (4 cm >d > | cm) 0.089 1.801 0.842
Fine fraction (d < | cm) 0.350 1.553 0.950
Total above-ground 0.598 1.699 0.961

3.2. Tree growth and stand structure

3.2.1. Plot parameters

The mean tree density obtained after thinning was somewhat higher than desired in the M-RND
and L-RND thinning regimes, while it was lower than intended in M-REG and L-REG (Fig. 2.2). As
a consequence, mean stand basal area and biomass values (Fig. 2.3) for the latter two thinning
regimes were similar to those obtained for the Heavy thinnings and the M-RND thinning,

respectively.

7+ O'Year 2010
Year 2008
61 | M Year 2006

24 —— .| | | | -
Nl NN HE mD EO BE W

Heavy-Regular Heavy-Random  Medium-Regular  Medium-Random Light-Regular Light-Random Control
248 trees ha'! 243 trees ha 283 trees ha 502 trees ha 553 trees ha 851 trees ha 1278 trees ha

Stand basal area (m* ha)

Thinning regime and mean tree density

Fig. 2.2. Stand basal area: evolution of mean values in the different thinning regimes.
Whiskers indicate the standard error of the mean.
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After thinning, the stand basal area in the H-REG, M-REG and H-RND regimes fell by two
thirds compared to the Control, while in the M-RND and L-REG plots, it was reduced by one
third (Fig. 2.2). On the other hand, the L-RND treatment obtained very similar values to the
Control. The growth observed in the stand basal area (AG) was similar in all periods for the
Control and for four of the thinning regimes (the three Random thinnings and L-REG). As for the
other regimes, the AGs in H-REG and M-REG were statistically smaller than the growth observed
in the L-RND thinning in 2006-2008 (G-H) and in the Control in 2006-2010 (Tk).
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Fig. 2.3. Stand biomass: evolution of mean values in the different thinning regimes.
Whiskers indicate the standard error of the mean.

As stand biomass was estimated from the DBH of plot trees, the reductions observed
after thinning were similar to those observed in stand basal area (Fig. 2.3). Regarding stand
biomass growth (AB) between 2006 and 2008, L-RND had larger (G-H) growths in all biomass
fractions than the H-RND, H-REG and the M-REG thinnings. However, between 2008 and 2010
no statistical differences among groups were observed in AB. Stand biomass growth over the
total period 2006-2010 was also similar in all groups, with the exception of H-REG, which had a
lower AB than that of the L-RND thinning for the trunk (Tk), fine fraction (G-H) and total above-

ground (G-H) biomass fractions.

By 2010, total above-ground biomass in the heavier thinnings (H-REG, H-RND and M-
REG) had not reached the mean values observed in the Control plots in 2006 (13,400 kg ha™).
The mean amount of fine fraction biomass grew from 1,800 to 3,600 kg ha' in the heavier
thinnings between 2006 and 2010. This constituted 30 to 36% of the amount of fine fraction

biomass estimated for the Control plots, which grew from 6,000 to 9,900 kg ha'. The amount of
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biomass shredded in the heavier thinnings was approximately 6,100 kg ha' (all biomass except

the trunk, as explained in Section 2.2).

The Clark-Evans index values were lower (Tk) in H-RND than in all the other thinning
regimes (Fig. 2.4). The Ty test showed that the distribution of trees in all three H-RND plots
could be considered random. The rest of the plots tended to regular tree spacing and statistically

differed (most with P < 0.001) from a random distribution.
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Fig. 2.4. Tree spatial distribution: mean Clark-Evans index values in the different thinning
regimes. Whiskers indicate the standard error of the mean. Different letters indicate statistical
differences among thinning regimes according to Tukey’s HSD test.

3.2.2. Individual tree parameters

DBH 2006 was significantly larger in all thinning regimes than in the Control (Fig. 2.5), and both
experimental factors had a significant effect on this variable (Table 2.2). Heavy thinnings produced
significantly (Tk) larger mean DBH values than the Light regimes (6.8 cm vs. 6.3 cm), as did
Random thinnings when compared to the Regular ones (6.7 cm Vvs. 6.3 cm). The significant
interaction (Table 2.2) was caused by the larger mean DBH observed in H-RND when compared

to all other thinning regimes (Fig. 2.5).

Compared to DBH 2006, differences due to the thinning intensity factor were more acute
in DBH 2010 (Table 2.2). In fact, mean DBH 2010 values for the Heavy, Medium and Light
thinnings (10.8 cm, 10.0 cm and 8.9 cm, respectively) were statistically different (Tk). The thinning
method, on the other hand, was not a significant factor for DBH 2010. Overall, mean DBH 2010

was 21% (L-RND) to 68% (H-RND) larger in the thinning regimes than in the Control area.
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Fig. 2.5. Tree size and growth: diameter at breast height (DBH) in 2006 and 2010, and periodic
annual increment (PAl) mean values in the different thinning regimes. Whiskers indicate the
standard error of the mean. Different letters within a parameter series indicate significant
differences (P < 0.05) among groups according to Tukey’s HSD (DBH 2010 and PAI)

or Games-Howell’s (DBH 2006) tests.

Table 2.2. Results of the two-way ANOVA: F and P values obtained for diameter at breast
height (DBH) in 2006 and 2010, periodic annual increment (PAl), Gadow’s differentiation index

(TD3) in 2006 and 2010, and Hegyi’s spatial competition index (SCI3).

Parameter Thinning intensity Thinning method Interaction

Fae4s = 4.8 Fiess = 8.0 Fae48 = 22.0
DBH 2006 2,648 1,648 2,648

P =0.008 P =0.005 P <0.00l

Fae48 = 34.6 Fiess = 3.4 Fae48 = 22.0
DBH 2010 2,648 1,648 2,648

P <0.001 P =10.065 P <0.001
PAI Fa644 = 118.9 Fie4s = 152 Fae44 = 5.5

P <0.001 P <0.001 P =0.004

F2433 = 0.2 Frasz = 1.1 Fa433 = 2.9
TD3 2006 2433 1,433 2433

P=028l6 P=0.291 P =0.055

Fa433 = 2.6 Frass = 1.1 F2433 = 3.0
TD3 2010 2433 1,433 2433

P =0.072 P =0.290 P =0.053
sci3 » F2433 = 48.8 Fi433 = 53.5 F2433 = 0.01

P <0.001 P <0.001 P=0.993

aData were log-transformed before the statistical analysis.

Regarding the growth between 2006 and 2010, both experimental factors were statistically

significant (Table 2.2). Regular thinnings resulted in greater PAI values than the Random regimes

(10.7% vs. 10.0%). The three thinning intensities differed statistically (Tk), as PAl was greatest in
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the Heavy thinnings (11.6%), followed by the Medium (10.9%) and Light (8.5%) intensities. PAI in

the Light regimes was similar to the Control (Fig. 2.5).

Gadow’s DBH differentiation index (TD3) was very similar across all thinning regimes in
2006 and 2010 (Fig. 2.6). Differences with the Control were accentuated by 2010, after a general
decrease in TD3 values. This decrease was more acute in the areas which had undergone more
intense thinnings, which caused thinning intensity to be close to statistical significance for TD3 in
2010 (Table 2.2). Thinning method was not a significant factor for this parameter. The greatest
contrast was registered in 2010 between the H-RND thinning (TD3 = 0.20) and the Control
(TD3 = 0.30). These values indicated that, on average, the smallest tree in a neighbouring pair

had a DBH of 80% (70%) of the largest one in the H-RND thinning (Control).

0.4 16

| TD3 2006 w

r2) TD3 2010 b [ '8
o mSCI3 r c =2
b o5 o d I 12 w
5 . ab ab . ab oc - 8
o ab a ab a T ab | 3
£ ! 1 | ab . L ¢ -8
c . =
yQ a oe | (] é‘.
T 02 o . | +os 5
= b =
>

5 ° a
o = @
g X
o© w
T 0.1 + | | | | | 04 o}
a ©
3

—

o 1. L L | | I B
Heavy-Regular  Heavy-Random Medium-Regular Medium-Random  Light-Regular Light-Random Control
Thinning regime

Fig. 2.6. Tree size differentiation and competition: Gadow’s diameter at breast height (DBH)
differentiation index (TD3) in 2006 and 2010, and Hegyi’s spatial competition index (SCI3) mean
values in the different thinning regimes. Whiskers indicate the standard error of the mean.
Different letters within a parameter series indicate significant differences (P < 0.05) among groups
according to Tukey’s HSD test. SCI3 data were log-transformed before the statistical analysis.

All thinning regimes, except L-RND, reduced tree competition significantly, as they had
statistically smaller SCI3 values than the Control (Fig. 2.6). SCI3 was greater for Random
thinnings than for the Regular ones (0.944 vs. 0.709). The three thinning intensities were also
statistically different (Tk). The competition index was greatest in the Light thinnings (1.025),

followed by the Medium (0.764) and Heavy (0.686) intensities.

Table 2.3 summarises the values obtained for each thinning regime and the Control area
of three parameters depicting DBH distribution in 2006 and 2010. Although no statistical tests

could be made on these non-replicated data, all thinning regimes tended to have lower DBH
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standard deviation (SD) values than the Control in both years. The Control also obtained the
highest H" (Shannon-Wiener diversity index), which indicated a greater balance in the number of

trees among more numerous DBH classes.

Table 2.3. Distribution of the diameter at breast height (DBH): standard deviation (SD), number
of 2-cm—wide DBH classes (No. classes) and Shannon-Wiener’s diversity index (H’) in the
different thinning regimes in 2006 and 2010.

Thinning regime SD (cm) No. classes H’

2006 2010 2006 2010 2006 2010
Heavy-Regular 1.68 249 5 8 1.86 2.34
Heavy-Random 1.75 2.52 6 8 1.94 2.38
Medium-Regular 1.79 2.58 6 7 1.91 237
Medium-Random 1.69 242 5 8 1.80 2.20
Light-Regular 1.67 237 4 5 1.87 221
Light-Random 1.88 2.45 5 7 1.99 2.38

Comrol 213 285 6 ' 20 25

4. DISCUSSION

The experimental thinning regimes described in this study produced remarkable differences in
tree size and growth, as well as in the stand structure of a young Aleppo pine MPCF. In
accordance with our hypotheses, Medium and Heavy thinnings brought about greater changes
than seen in the Light intensity regimes, which were similar to the Control in several parameters;
Random and Regular thinnings differed in their effects on stand structure, particularly regarding
the spatial distribution of trees; and tree growth was greater in Regular thinnings, although this

parameter was affected to a greater extent by the thinning intensity.

All Random thinnings produced some randomisation in the spatial distribution of trees, as
measured by the Clark-Evans index (Fig. 2.4). However, it was in the H-RND thinning (CE =
1.04) that the initial regularity of the planting pattern was fully transformed. This was also
noticeable on-site and, to some extent, from the air (Fig. 2.1). This thinning regime can, thus, be
recommended when an effective randomisation in the spatial distribution of trees is pursued in a
young MPCEF. This regime would lead to a low density stand with long-lasting gaps in the canopy,

as the growth of the irregularly spaced remaining trees is not able, at least in the short term, to
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cover the larger gaps associated to a random tree distribution. According to Montero et al.
(2001), this spatial structure resembles that of natural Aleppo pine stands. For fuelbreaks, these
long-lasting gaps contribute to maintaining the horizontal discontinuity in canopy fuels for longer,
reducing the risk of a difficult-to-fight crown fire reaching the firebreak (Agee et al., 2000).
Nevertheless, maximum canopy cover is recommended for fuelbreaks where shading the
undergrowth is necessary to prevent surface fuel accumulation (Vélez, 2009). Regular thinning

methods could better suit this latter requirement.

No previous references to a random method of thinning have been found, although other
methods may produce similar effects. In a combined systematic and selection (from below)
thinning on a Pinus sylvestris plantation, for instance, thinned stands also tended towards a random
tree distribution, particularly in the heavier thinning (CE = 1.11) (Crecente-Campo et al,, 2009).
These authors recommended prioritising the goal of attaining variation in tree spatial distribution
when seeking a diverse structure in an area of high fire risk. In contrast, in a long-term thinning
experiment in north-east China, thinning from below was found to produce some departures
from the random distribution of trees observed in control plots (Lei et al, 2007). In a post-fire
regenerated Aleppo pine stand in south-eastern Spain, early thinning was found to increase the
initially low CE values (0.14-0.68) and promote a non-clustered tree distribution (Moya et al,
2009). Further research using other thinning methods in MPCF could provide a useful contrast to

the results we obtained in tree distribution through random thinning.

The divergence observed between the desired tree density and that obtained through the
thinning (Fig. 2.2) was probably due to the tree marking and felling procedure used. Greater
densities after Random thinnings may be attributed to an underestimation of the initial tree-
planting density, as this density was directly related to the calculated frequency of tree selection.
Lower densities after Regular thinnings were most likely caused by missing trees along plantation
rows. We underestimated their potential effect on final tree density, and as quantifying it a priori
was not feasible, no correction was introduced in the calculation of the mean spacing between

residual trees.

Stand basal area and biomass growth was larger in the first two years after thinning than in
the 2008-2010 period (Fig. 2.2 and Fig. 2.3). Rather than a short-lived effect of thinning, this was
most likely due to climatic variability or, rather, to the severe infestation by the pine
processionary moth that affected the study area from the end of 2007 onwards. The fact that
growth was also reduced in the non-thinned Control area, as well as in the more heavily thinned

areas, which could be expected to benefit from the competition release for longer, corroborates
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the very limiting effect of the pest on tree growth. This ill-timed event could have also minimised

the contrasts in tree growth among thinning regimes.

The heaviest thinnings we applied (H-REG, M-REG and H-RND, in this order) caused a
drastic diminution in stand basal area, which conditioned the growth of this parameter and of
stand biomass in the four years after thinning (Fig. 2.2 and Fig. 2.3). An understocked stand is a
known consequence of heavy thinnings (del Rio et al, 2008b; Crecente-Campo et al., 2009) and
may not be desirable when maximum timber production or carbon sequestration are the main
management goals (del Rio et al, 2008a). In these cases, the Light thinning intensity could be
considered more suitable. From a wildfire prevention perspective, though, understocking could
help lower biomass (fuel) accumulation in trees. Focusing on the (most fire-prone) fine fraction,
the amount of biomass estimated in the heaviest thinnings (one third of the Control) implied that
the risk of crown fires was markedly reduced through thinning. By 2010, the fine fraction biomass
in Control plots had reached the usual range (9,600-18,000 kg ha') observed in adult Aleppo pine
forests (Mitsopoulos & Dimitrakopoulos, 2007), posing a high crown-fire risk. On the other hand,
as the branches and foliage were not removed after the thinning, a considerable amount of
biomass (up to 6,100 kg ha') was transferred to the ground. In the event of a surface wildfire,
this could result in a greater fire-line intensity (Agee et al, 2000). Shredding the slash after
thinning, however, should have reduced this effect, as the fuelbed was packed tightly (Agee et al,,
2000).

It may be argued that the undergrowth could benefit from a reduction in tree competition
for light, water and nutrients, and this could produce an increase in the amount of surface fuels
after thinning. In our study area, which is a recently afforested but long cultivated degraded land,
shrub encroachment was very limited. In contrast, the growth of the herbaceous stratum was
boosted: complementary research determined a biomass production of 920 kg ha in the heavier
thinning regimes and of 300 kg ha' in the non-thinned Control (Navarro et al, 2010). This
increment constitutes both a risk, as wildfire rate of spread is increased by such fine fuels, as well
as a potential opportunity for fire suppression forces, as this flashy fuel can readily be used for
backfiring large areas as a wildfire is approaching (Agee et al,, 2000). In our study area, controlled
livestock grazing brought the herbaceous fuel load down to 200 kg ha' (Robles et al., 2009a),

offsetting the increase in fire risk while benefitting from the pasture resource.

From a biodiversity perspective, the thinnings we applied increased the herbaceous
species richness in the understory when compared to the Control (Navarro et al, 2010). The

chances of native shrubs to grow under the pine canopy in a MPCF may, however, be somewhat
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limited in areas of low rainfall (Osem et al,, 2009), or distant from remnants of natural vegetation
(Navarro et al, 2006). Besides, Aleppo pine afforestations have been found to negatively affect
the presence of native shrubs (Chirino et al, 2006), and particularly late-successional species
(Maestre & Cortina, 2004). Thinnings could mitigate some of the negative effects of a dense
MPCF (e.g., the depletion of soil moisture) although more specific measures may be required,

particularly in low rainfall areas, if the goal is to promote a species-rich forest.

All thinning regimes resulted in a greater mean DBH 2006 than the Control (Fig. 2.5), and
this can be attributed to the “from below” selection superposed on the applied thinning methods.
This tendency was particularly acute in the H-RND thinning, as the smaller number of residual
trees and the lack of spatial restriction allowed greater margin to select larger individuals. The
subsequent growth amplified the differences with the Control, leading to significantly larger trees
in all thinning regimes. From a wildfire perspective, larger trees are an asset for forest resistance,
as trees with thicker bark (that insulates inner tissues from heat) and higher position of the
foliage (which prevents crown scorching) can be expected to better withstand low intensity
wildfires (Fernandes et al., 2008). Besides this, early thinning has been found to promote cone
production (Gonzalez-Ochoa et al., 2004; Verkaik & Espelta, 2006), which is particularly relevant
for the resilience of young dense stands. In the event of wildfire, these stands would more likely

be completely burnt and require serotinous cones to regenerate.

The initially greater DBH observed in the Random thinnings faded by 2010, as a result of
the greater growth (PAI) that took place in the Regular thinnings (Table 2.2). However, tree
growth was more strongly related to thinning intensity (see PAl in Table 2.2), to the extent that
Light thinnings were found to be similar to the Control (Fig. 2.5). The values obtained for Hegyi’s
spatial competition index (SCI3), an index previously found to be correlated to tree growth
(Daniels, 1976; Crecente-Campo et al., 2009), suggest that greater growths were stimulated by
lower degrees of competition with the neighbouring trees. In fact, SCI3 was lowest in the H-REG
thinning regime, a combination of low tree density and regular spacing that maximised individual

tree growth.

Thinning tended to reduce DBH differentiation among neighbouring trees, as measured by
TD3 (Fig. 2.6), but differences among thinning regimes were not very notable, as other authors
have also reported (Moya et al,, 2009). TD3 decreased with time in all cases, in agreement with
previous references (Crecente-Campo et al,, 2009), but the decrease we observed was greater in
heavier thinnings. This is likely to have been an effect of a greater competition release in those

regimes, which would have facilitated the growth of the previously dominated smaller trees. If
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this trend continued, the more heavily thinned areas would have a remarkably lower local

differentiation in DBH in the future.

The DBH variability and the evenness in the distribution of DBH within each thinning
regime, as measured by SD and H’, were also reduced by thinning. Nevertheless, these indices
tended to grow with time, in agreement with other studies (Lei et al,, 2007). The reductions in
SD and H’ are a result of the “from-below” approach that characterised all thinning regimes, as
many of the smallest trees were felled, and this homogenised tree sizes. This consequence may
be considered undesirable from a diversity perspective, but felling the lowest layer of trees is
frequently regarded as necessary to increase the height of the live crown and eliminate ladder
fuels (Agee et al, 2000; Vélez, 2009). This preventive approach may be crucial in Aleppo pine
forests, as they usually have a low crown height (3-6.5 m) which increases the risk of crown fire

initiation even under moderate burning conditions (Mitsopoulos & Dimitrakopoulos, 2007).

4.1. Conclusions

Overall, each of the six thinning regimes studied produced distinct effects on tree size and
growth, as well as in the stand structure of the experimental Aleppo pine planted forest. The
appropriate choice and adaptation of the thinning regime to be used will depend on the MPCF
management goals. According to our results, a regular plantation pattern can successfully be
transformed into a random tree spatial distribution through heavy random thinning. If heavy
thinning is undesirable, it may be worth carrying out a lower intensity random thinning, but the
degree of wildfire prevention attained will be limited and further thinning will be necessary in the

future to accomplish a random tree distribution.

Regular thinnings maximised individual tree growth and, applied at a light intensity, may be
the most suitable approach to maintain competition and prevent development of the
undergrowth when this stratum poses a high fire risk. This thinning intensity will also avoid
understocking the forest stand, which ensures higher timber production and carbon
sequestration, but improvements in diversity will probably be limited. Indeed, all thinning regimes
resulted in lower differentiation and variability in tree size, which may not be desirable from a
diversity perspective. Nevertheless, given the limited resources available for MPCF management,
thinning is most likely to be adopted on a small scale, such as when it is applied to create a
fuelbreak. Such localised actions will unavoidably contribute to increasing the diversity of stand

structures harboured in the larger MPCF where they are applied.
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CAPITULO 3. Evolucion del estrato herbaceo y
de encinas jovenes bajo pastoreo con ganado
ovino en un sistema silvopastoral para la
prevencion de incendios en el sudeste espaiiol

—;Qué le das tu al ganado, criatura? Parece que lo tienes hechizado...

—Nada. Le doy monte, lo mismo que los demas...

Sonreia.

Y seguia educando a los borregos con gestos y palabras que nadie mas que él sabia hacer o decir.
Nunca golpeaba a las reses. El castigo era una simple mirada desaprobatoria, un silbido impaciente,
una interjeccion malhumorada. Pero era suficiente. Transcurrido cierto tiempo, cada cabeza porfiaba
en no desagradar a su duefio, en vivir en sintonia con aquel mando sin cayado.

Y daba gusto ver la disciplina con que el rebafio dejaba el redil y atravesaba el pueblo.

MIGUEL TORGA

Nuevos cuentos de la montafia
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RESUMEN DEL CAPITULO

Tal y como ya se ha presentado ampliamente en la Introducciéon General, varios programas de
prevencion de incendios forestales de los paises de la ribera norte del Mediterraneo emplean el
pastoreo como técnica complementaria de mantenimiento de areas cortafuegos. Se crea asi un
sistema silvopastoral singular, que tiene como funciéon principal la reduccién de los riesgos de

incendios.

El hecho de que las dreas cortafuegos ocupen superficies pequenas en el monte y cumplan
una funcién protectora del mismo, permite relativizar la importancia de algunos de sus efectos
secundarios no deseados, como el impacto visual que generan. Sin embargo, los gestores
procuran mitigar estos impactos, asi como los asociados a las distintas técnicas de mantenimiento
de areas cortafuegos. En este sentido, el pastoreo con ganado esta considerado como una de las
técnicas mas sostenibles que puede aplicarse, ya que la vegetacion a controlar sirve como
alimento, el pastoreo suele tener un impacto positivo sobre la diversidad biologica y paisajistica, y
esta actividad agraria contribuye al desarrollo rural. Pero por otro lado, un pastoreo intenso
también puede tener consecuencias menos deseables, como un aumento del suelo desnudo y de

la erosién, cambios en la composicién del pasto, o dafios sobre el arbolado y la regeneracién.

Este tipo de efectos secundarios, descritos en la literatura cientifica, son probables en
areas pasto-cortafuegos, pero muy pocos de esos trabajos cientificos han sido desarrollados en
este tipo de sistemas silvopastorales. Por tanto, resulta oportuno realizar experimentos y analisis
especificos para clarificar y cuantificar la severidad e importancia de estos impactos en areas
pasto-cortafuegos. A tal efecto, se ha realizado un estudio a lo largo de tres afios en la zona
experimental piloto de la finca Cortijo Conejo y Albarran, pastoreada por un ganadero
profesional, con los siguientes objetivos: |) cuantificar el impacto del pastoreo en la biomasa
herbacea y la cobertura del suelo; 2) detectar cambios en la composicion botanica y diversidad

del pastizal; y 3) medir el efecto del pastoreo en el crecimiento de jovenes encinas.

Este estudio se realizé en los anos 2007 (Ano 1), 2008 (Aho 2) y 2009 (Aho 3), en los que
la precipitacion anual registrada fue, respectivamente, 331 mm, 297 mm y 346 mm. En esta zona,
sin embargo, la mayor parte de las especies del pastizal son terdéfitos que pasan el periodo critico
estival en forma de semillas, por lo que el ciclo de crecimiento se inicia tras las primeras lluvias
de otono. En consonancia, la produccidn del pastizal estuvo mas relacionada con la precipitacion
recogida entre septiembre y abril, que fue de 227 mm en 2006-2007, 171 mm en 2007-2008, y

294 mm en 2008-2009. El pastoreo se aplicd por el mismo ganadero durante los tres afios, entre
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los meses de febrero y junio, en coincidencia con la época de mayor disponibilidad de pasto. Este
servicio de pastoreo era remunerado y se evaluaba por el personal técnico de acuerdo con los
criterios establecidos en la RAPCA (ver Capitulo | y el Apartado 2.2 de la Introduccion General).
El rebano era principalmente de ganado ovino, que pastaba libremente bajo la supervision de un

pastor y no estaba recibiendo alimentacion suplementaria en el periodo de pastoreo.

La evolucion del estrato herbaceo fue monitorizada en seis parcelas ubicadas a lo largo de
la faja cortafuegos. Cada parcela incluia una zona vallada de 6 m x 6 m para excluir al ganado
(subparcela Excluida), y una zona no vallada aledana, a la que el ganado tenia acceso libre
(subparcela Pastada). La vegetacion fue caracterizada en las |12 subparcelas al final del periodo de
pastoreo, tanto mediante métodos destructivos (ocho cuadrados de corte para determinar la
biomasa del pastizal) como no destructivos (método point intercept en transectos fijos). En los
transectos (puntos de muestreo cada 5 cm, que sumaban un total de 300 por subparcela) se
anotaba pasto si la aguja contactaba con plantas vivas o recientemente secas. En ausencia de
cobertura de pasto, se anotaba mantillo o suelo desnudo para reflejar la presencia/ausencia de
material vegetal muerto sobre el suelo. A partir de estos datos se calculd el porcentaje de

cobertura del suelo correspondiente a cada una de estas tres clases.

En los puntos de muestreo con cobertura de pasto, se anotaba también el nombre de la
especie (o especies) contactadas con la aguja. La riqueza de especies (S) de cada subparcela se
obtuvo directamente a partir del nimero total de especies registradas. El indice de Jaccard (J) fue
utilizado para comparar la composicion botanica por pares, tanto para cada afo y parcela
(subparcela Excluida vs. subparcela Pastada), como para la misma subparcela entre anos. Por otro
lado, se calculd la contribucién especifica (SC) para cada especie (una medida de su abundancia
relativa en la subparcela), y estos valores se utilizaron para calcular el indice de diversidad de
Shannon (H’). Asimismo, se agruparon las especies por familias para determinar la abundancia
relativa de las familias (FC) presentes en el pastizal. Por Ultimo, se calculé también el porcentaje
de cobertura (PC) de cada especie, ya que este parametro mide la frecuencia de aparicion de una
especie en términos absolutos, independientemente de la abundancia de otras especies, y

permitia asi una evaluacion mas completa de los cambios observados.

Los parametros de biomasa herbacea y cobertura del suelo fueron analizados con un
ANOVA factorial, en el que el pastoreo y el afo eran los factores fijos, y la parcela el factor
bloque. El test post-hoc HSD de Tukey fue empleado para las comparaciones multiples. Los

parametros de composicion botanica, en cambio, no cumplian las condiciones estadisticas y las
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diferencias entre subparcelas Excluidas y Pastadas fueron analizadas, tanto ano a aho como

globalmente, con el test no paramétrico de Wilcoxon.

La comparacién de la biomasa herbacea entre zonas excluidas y pastadas (Fig. 3.1) indico
que el ganado consumié una cantidad de pasto muy similar (entre 419 y 446 kg de materia seca
[MS] por hectarea) en los tres afios que durd el experimento. Esta regularidad no era esperada,
ya que la carga ganadera no estaba controlada especificamente, sino que dependia del manejo
realizado por el ganadero. En todo caso, la produccion del pastizal varié notablemente entre
anos, tal y como lo atestiguaban las subparcelas Excluidas, y en consecuencia, el efecto del
pastoreo sobre la biomasa también fue distinto entre anos. El minimo valor de biomasa en las
subparcelas Pastadas se registré en el Afio 2 (unos 200 kg MS ha™), y el maximo en el Afio 3 (més
de 800 kg MS ha'). Este hecho tiene repercusiones claras en el grado de reduccién del riesgo de
incendio, y asi lo atestiguaron las evaluaciones globales realizadas por el personal técnico de la
RAPCA en los distintos anos. De este resultado se deriva que, a diferencia de lo sucedido en este
experimento, la carga ganadera aplicada anualmente en areas pasto-cortafuegos debe ajustarse a
la produccién anual del pastizal, para asegurar asi que la cantidad de combustible fino sea

minimizada.

El efecto del pastoreo sobre la cobertura del suelo fue estadisticamente significativo tanto
para el suelo desnudo como para el pasto. En promedio, el porcentaje de suelo desnudo fue tres
veces mayor en las zonas pastadas que en las excluidas, mientras que la cobertura del pasto se
redujo en un cuarto. La influencia del aho también fue significativa para ambos parametros, pero
especialmente para la cobertura de pasto, que fue minima en el Ao 2. De hecho, la cobertura de
pasto en las subparcelas Pastadas en ese ano fue inferior al 30%, un umbral que se considera
critico para el desencadenamiento de procesos erosivos. En cambio, se obtuvieron valores
notablemente superiores en los otros anos (Fig. 3.2). Por otro parte, también se detecté una
tendencia a que el porcentaje de mantillo se redujera debido al pastoreo, pero las diferencias
observadas a lo largo del experimento no fueron significativas. Los valores de mantillo mas
discrepantes con la tendencia general se registraron en el Ano |, posiblemente debido a que éste
parametro depende en gran medida del manejo que se haya realizado anteriormente: al no haber
tenido lugar apenas pastoreo en el ano anterior, probablemente la biomasa herbacea no
consumida se transformé en mantillo, lo que propicid que las diferencias entre zonas pastadas y

excluidas fueran minimas.

En lo que respecta a la composicion botanica, el pastizal de la faja cortafuegos estaba

dominado por terdfitos (47 especies sobre las 57 catalogadas, ver Apéndice de este capitulo). Las
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familias mas abundantes eran las gramineas (59%), seguidas de leguminosas (18%), compuestas
(12%) y cariofilaceas (7%). Las diez especies mas frecuentes estan listadas en la Tabla 3.1. En los
tres anos del estudio apenas se observaron cambios en la composicion botanica que pudieran ser
atribuidos al pastoreo. Asi lo mostraron todos los parametros estudiados (S, H’, SC, FC y PC),
que no fueron significativamente diferentes entre subparcelas Excluidas y Pastadas. En cambio, si
se produjeron importantes variaciones interanuales (Fig. 3.3 y Fig. 3.4), si bien éstas no
presentaban una tendencia progresiva que indicara un efecto acumulado desde el inicio del
experimento. Los cambios en la composicion se debieron, aparentemente, a otros factores
ambientales. La riqueza de especies, por ejemplo, parecia estar directamente relacionada con las

precipitaciones y la produccién anual de pastos asociada.

El inico caso en el que se observé un efecto claro y consistente debido al pastoreo fue en
la especie Vicia peregrina L.: sus frecuencias relativa (SC) y absoluta (PC) fueron significativamente
menores en las zonas pastadas (Tabla 3.1). Este caso excepcional se deba posiblemente al hecho
de que V. peregrina es la especie leguminosa de mayor talla entre las existentes en el pastizal, lo
que la convierte en un bocado apetecible y de facil consumo para el ganado. El resto de las
tendencias observadas no fueron concluyentes (Fig. 3.3 y Tabla 3.1), pero resulta oportuno
destacar los cambios observados para las dos gramineas dominantes en el pastizal. La tendencia
causada por el pastoreo fue una disminucién de Aegilops triuncialis L., mientras que Bromus
matritensis L., la especie dominante, no se vefa afectada o incluso incrementaba su presencia con
el pastoreo. Este hecho puede deberse a que B. matritensis desarrolla tempranamente una espiga
que es rechazada por el ganado. Este caso constituye un buen ejemplo de que, en ocasiones, el
manejo pastoral en areas pasto-cortafuegos debe ser ajustado para conseguir un control mas

efectivo de las especies dominantes.

Pasando al impacto del pastoreo sobre encinas jovenes, en este estudio se monitorizé el
crecimiento de un total de 240 ejemplares situados en el sotobosque del pinar clareado hasta una
densidad de 250 pies ha'. El tamafio de estas encinas (altura y diametros cruzados) fue medido
por primera vez en febrero de 2007, antes del inicio del periodo de pastoreo. Con estos datos se
calculé también su volumen, que se supuso igual al de un cilindro eliptico de la misma altura y

seccion.

Se esperaba que el tamano de las encinas estuviera directamente relacionado con su
capacidad de resistir el pastoreo, por lo que se crearon tres grupos (n = 80) en funcidn de su
volumen inicial: Pequefas (< 3 dm?®), Medianas (3-15 dm®) y Grandes (> |15 dm?®). Como puede

observarse, incluso las encinas de la clase de tamano Grande eran relativamente pequenas y de
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facil acceso para las ovejas. A continuacion, se colocaron protectores individuales en la mitad de
las encinas de cada grupo (n= 40), asegurandose de que las encinas protegidas y las que iban a ser

ramoneadas estuvieran entremezcladas y que su volumen medio inicial fuera igual.

Las mediciones de las encinas se repitieron anualmente en invierno para monitorizar su
evolucién regularmente. La Ultima medicion se realizd en enero de 2010 (Fotografia 9), tres afnos
después del inicio del experimento. Los analisis estadisticos de los datos se realizaron de forma
separada para cada clase de tamafo. Dentro de cada clase, las dimensiones de las encinas
ramoneadas y protegidas se compararon mediante el test de la t de Student para dos muestras. El
crecimiento interanual se evalué con el test de la t de Student para muestras pareadas,
comparandose medidas consecutivas de altura, diametro y volumen. Este mismo test se aplico
para comparar las dimensiones iniciales y finales de las encinas. En los casos en que no se cumplia

el requisito de homocedasticidad, se aplico el test de la t de Welch.

Fotografia 9. Medicion del diametro de una de las encinas protegidas del ganado.

Los resultados obtenidos mostraron que el pastoreo con ganado ovino habia reducido

significativamente el crecimiento de las encinas. En efecto, a pesar de que partian de un mismo
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tamano, al final del experimento las encinas protegidas eran de mayor tamano que las
ramoneadas (Tabla 3.2). La diferencia entre ambos grupos era mayor en altura que en diametro,
pero ambas dimensiones contribuyeron a que, al final, el volumen de las encinas ramoneadas
fuera entre un 47% y un 56% menor que el de las protegidas en las distintas clases de tamafno. En
todo caso, la comparacion de los tamaiios inicial y final mostraba que incluso las encinas

ramoneadas habian crecido significativamente a lo largo del experimento.

El anadlisis de la evolucion aho a afio mostré que las diferencias estadisticamente
significativas entre encinas ramoneadas y protegidas solo fueron generalizadas al final del tercer
ano (Tabla 3.2). En el primer afo apenas se observaban algunos indicios, mientras que al final del
Ano 2, las diferencias en la altura media de las encinas ya eran significativas para todas las clases
de tamano. De acuerdo con las evaluaciones técnicas de la RAPCA (ver Capitulo 1), en este
segundo ano se registrd un pastoreo mas intenso que en los otros dos, lo que conllevé que las
encinas ramoneadas apenas crecieran. Sin embargo, las bajas precipitaciones también impusieron
condiciones restrictivas para las encinas protegidas, cuyo crecimiento se vio ralentizado. En el
tercer ano, aunque el pastoreo fue menos intenso, el efecto acumulado de tres afios de pastoreo

finalmente propicio la existencia de claras diferencias entre encinas ramoneadas y protegidas.

El efecto del pastoreo sobre las encinas de las distintas clases de tamano fue muy similar,
tanto en la reduccion de tamano observada como en la apariciéon de diferencias significativas. Por
tanto, la hipotesis de que un mayor tamano estaria relacionado con una mayor resistencia al
pastoreo debe ser rechazada, al menos para encinas del rango de tamafnos estudiados. Se debe
subrayar ademas, que el pastoreo fue aplicado con un rebano de ganado ovino y en una época de
abundancia de pasto herbaceo. Podria esperarse un mayor impacto del pastoreo sobre las
encinas si se utilizara otro ganado mas ramoneador, como la cabra, o si el periodo de pastoreo se
extendiera a otras épocas en las que un pasto herbaceo mas escaso, o de menor calidad nutritiva,

hiciera que la encina fuera un alimento mas apetecible para el ganado.

Herbage and holm oak sapling evolution under targeted sheep grazing

in a silvopastoral wildfire prevention system in south-eastern Spain

ABSTRACT

Several wildfire prevention programmes in southern Europe are currently using livestock grazing

for the maintenance of fuelbreaks. This silvopastoral management is valued for being sustainable
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and effective in reducing fuel loads, but few studies have analysed side effects linked to fuelbreak
grazing. This paper reports on an experiment performed within the wildfire prevention
programme in Andalusia (Spain) with the aim of clarifying and quantifying the impact of fuelbreak
grazing on herbage biomass, soil cover, herbage species composition, and growth of holm oak
saplings. The study site, located in a semiarid Mediterranean environment, was grazed by a
shepherded sheep flock from February to June in three consecutive years at a similar stocking
rate. Livestock consumed between 33% and 68% of herbage production in the different years,
and the greatest fuel reduction (leftover dry matter was 200 kg ha') was registered in Year 2, the
year in which rainfall and herbage production was lowest. Soil cover was significantly affected by
grazing: on average, bare soil increased three-fold whereas herbage cover was reduced by one
fourth. The botanical composition of herbage varied remarkably between years, but hardly
between grazed and non-grazed areas within each year. Non-browsed holm oak saplings became
progressively larger than browsed ones, reaching clear statistical significance only at the end of
the three experimental years. At this time, volume of browsed saplings was 47% to 56% smaller
than that of non-browsed holm oaks, even if the former had also grown significantly in the course

of the experiment.

1. INTRODUCTION

Wildfires are a phenomenon that affects most terrestrial biomes in the world. Naturally
occurring fire has been burning ecosystems for hundreds of millions of years, constituting an
important evolutionary force (Bond & Keeley, 2005). The start of human-controlled use of fire
dates back ca. 400,000 years and it became common to manage wildlife and vegetation by hunter-
gatherers tens of thousands of years ago (Bowman et al, 2009), which caused changes in fire
regimes (i.e., fire frequency, intensity, seasonality, etc.). Indeed, human land use and vegetation
types are currently considered the two prime factors determining fire regimes at regional and

global scales (Bowman et al.,, 2009).

In the Mediterranean region, the climatic conditions (particularly the prolonged dry and
hot summer season) are naturally propitious for wildfires (FAO, 2007). However, the influence of
the other aforementioned factors on fire regimes has been made evident by the severe increase
in wildfire incidence and impact observed over the last few decades in the more developed
southern European countries (Vélez, 2004). This increase is mainly attributed to land-use changes
associated with socioeconomic development (FAO, 2007), as many traditional rural activities

(e.g., firewood collection or livestock grazing) have been generally abandoned in favour of
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industrial alternatives (e.g., fossil fuels or intensive livestock production). This process has
resulted in an expansion of homogeneous vegetation communities with increased fuel loads
(Moreira et al, 2001; Lasanta et al., 2006), which augments fire hazard. The context is further
aggravated by current climate trends (Pausas, 2004) and the persistent high number of human-
caused wildfire ignitions (Martinez et al, 2009), which altogether create the conditions for

deleterious wildfire events.

Accordingly, wildfires have become a major issue for forest services in European
Mediterranean countries and so wildfire prevention programmes have specifically been set up. In
these programmes, the increased forest vulnerability to wildfires is seldom dealt with at the
landscape level. Instead, actions usually concentrate on a network of fuelbreaks designed to
contain the spread of wildfires and improve the chances of suppression forces successfully
attacking fire (Agee et al,, 2000). These low-biomass fuelbreaks require regular maintenance (e.g.,
brushcutting) to offset vegetation growth, and livestock grazing could well serve this purpose.
Indeed, the capacity of livestock to effectively control grass and shrub growth in Mediterranean
areas is supported by scientific evidence (Torrano & Valderrabano, 2005; Casasus et al., 2007;
Jauregui et al, 2007; Dopazo et al,, 2009) so targeted grazing could be expected to successfully

reduce fuel loads.

Livestock grazed fuelbreaks are usual in several regions in the Mediterranean, such as
south-eastern France (Thavaud, 2006) or Andalusia, in southern Spain (Ruiz-Mirazo et al,, 201 I).
Grazing for wildfire prevention can sometimes take place in narrow, tree-less and scarcely
vegetated fuelbreak strips (i.e., firebreaks), but it is more appropriate in wider fuelbreaks with
more vegetation and a sparse tree cover. This latter type of fuelbreaks are commonly called
shaded fuelbreaks (Agee et al, 2000) and frequently include a firebreak within them. When
maintained through livestock grazing, they constitute a singular silvopastoral system that demands
specific management to effectively reduce fuel loads and fire hazard. For instance, the full
consumption of the herbage at least once per year is recommended in these systems, as well as

providing supplementary feed to livestock so as to maximise shrub consumption (Thavaud, 2009).

Fuelbreaks being relatively small areas within the forest, some of their undesired side
effects (e.g., visual impact or production loss) may be deemed of minor importance in view of
their wildfire preventive function, but increasing efforts are made to mitigate these impacts.
Fuelbreak maintenance also produces some effects that managers must evaluate jointly with the
cost and effectiveness of each maintenance technique. Livestock grazing is usually considered a

particularly sustainable option, as it transforms fuel into feed and can have positive effects on
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biodiversity (Etienne, 2001) and contribute to rural development (Gonzélez-Rebollar et al., 1999).
In contrast, heavy regular grazing could also be expected to increase bare soil and facilitate
erosion (Papanastasis et al., 2003; Thornes, 2007), affect species composition (Noy-Meir et al,
1989; Fernandez Alés et al, 1993), or cause damage to trees and, particularly, saplings

(McPherson, 1993; Hester et al,, 1996).

These side effects are likely to occur in grazed fuelbreaks, but the results available in the
literature have seldom been obtained under such management conditions. Therefore, their
severity and importance in grazed fuelbreaks remain uncertain and specific experiments and
analyses seem necessary to clarify and quantify these effects. Accordingly, the three year research
presented in this paper was performed within the wildfire prevention programme in Andalusia, in
a grazed fuelbreak managed by a professional livestock farmer, with the following objectives: I) to
quantify the impact of grazing on herbage biomass and soil cover, 2) to detect grazing-caused
changes in herbage species composition and diversity, and 3) to measure the effect of grazing on

the growth of saplings.

2. MATERIAL AND METHODS

2.1. Study site

This study was conducted on the Cortijo Conejo y Albarran estate (Guadix, province of Granada), in
south-eastern Spain (37°23’N and 3°03'W, at |,100 m a.s.l.). Mean annual precipitation is around
300 mm in this area: 331 mm, 297 mm and 346 mm were collected in a weather station located
nearby in the years 2007, 2008 and 2009, respectively. These yearly values are of little significance
for herbage production in this Mediterranean region, as herbage is mostly composed of
therophytes, annual species that pass the dry hot summer as seeds and germinate with the first
autumn rains. Indeed, herbage production is more closely related to rainfall between September

and April, which was 227 mm in 2006-2007, 171 mm in 2007-2008, and 294 mm in 2008-2009.

Temperatures recorded in the study period ranged between —9°C and 38°C. According to
Rivas-Martinez and Loidi (1999), the area is in the Mesomediterranean semiarid bioclimatic belt.
The estate extends across near-flat terrain (2-3% slopes). The soil is a petric calcisol (Ripoll,
2004; 1USS Working Group WRB, 2006), poor in organic matter (1.6% in the top horizon). The
climax vegetation for this land is holm oak (Quercus rotundifolia Lam.) forest (Valle, 2003). The
Aleppo pine (Pinus halepensis Mill.) is naturally present in the surroundings, particularly on steeper

slopes and where there are poorer soil conditions.
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This estate was cultivated for decades before it was bought in 1993 by the regional
government of Andalusia and ceased to be ploughed. In 1994-1996, 500 ha of this degraded
agricultural land were afforested to a density of 1,500-2,000 trees ha"' with Aleppo pines and a
small proportion (5%) of holm oaks. The plantation is traversed by a linear treeless firebreak,
which is 35 m wide and 1.4 km long. Alongside this firebreak, a 38-ha shaded fuelbreak (Agee et
al., 2000) was created in 2005 by thinning the plantation and pruning all pine branches less than |
m from the ground. Until 2003, the firebreak was regularly bulldozed to leave it devoid of
vegetation for the summer. Since 2005, vegetation on both the firebreak and the fuelbreak has

been managed through livestock grazing to reduce fuel loads.

The study site comprised both the firebreak and the fuelbreak. Experimental plots for
evaluating grazing impact on herbage were located on the firebreak, and included six exclosures
that were set up in 2004. Monitored saplings were a sample of the holm oaks located in the

fuelbreak area closest to the firebreak, where pine density had been reduced to 250 trees ha™.

2.2. Grazing management

Grazing on the study site for fuel load control and fire prevention purposes was commissioned
from the same professional farmer in three consecutive years: 2007 (Year 1), 2008 (Year 2) and
2009 (Year 3). The farmer, who shepherded livestock personally, was offered a yearly
remuneration of 1,600 € in exchange for this service (Varela-Redondo et al., 2008). The flock was
initially composed of 500 sheep (Segurefia breed, live weight: 45-50 kg) and 30 goats (mixed
breed), but it had grown to 900 sheep by the end of the study period. Grazing always took place
between February and early June, the period of the year when more fresh pasture is available in
this location. During this season, livestock grazed on the study site and other pastures nearby,

and were not receiving any supplementary feedstuff.

At the end of each grazing season (June), fire prevention personnel performed a technical
assessment to determine the extent to which the grazing objectives (i.e.,, an elevated grazing
intensity to reduce fuel loads) had been accomplished. A five level (0-4) classification was used,
which represented negligible (0), light (1), moderate (2), heavy (3) and very heavy (4) grazing
intensities. The assessments resulted in the following mean values for Year |, Year 2, and Year 3,
respectively: 2.67, 3.67 and 2, in the firebrealk; 1.33, 3.67 and 1.67, in the fuelbreak. Further

details on the methodology applied in this assessment can be found in Ruiz-Mirazo et al. (2011).
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Another farmer grazed his flock on the study site in 2005 and 2006, but grazing was very

light and irregular, so data from these years are not shown.

2.3. Firebreak grazing: effect on herbage

The impact of grazing on herbage was monitored in six plots located along the firebreak. Each
plot comprised two subplots: 1) a 6 m x 6 m exclosure, constructed with a 1.2-m-high mesh wire
fence (Non-Grazed subplot); and 2) an unfenced area of a similar size (Grazed subplot). Grazed
subplots were located approximately 3 m outside the exclosures, to ensure a sufficient proximity
and so minimise spatial variation in pastures, while livestock distribution was not disturbed by the

presence of the exclosures.

The vegetation was characterised in the 12 subplots at the end of the grazing season
(June) in Year I, Year 2 and Year 3, using both destructive and non-destructive procedures.
Herbage biomass was determined by cutting and collecting all above-ground biomass in eight 50
cm x 50 cm quadrats per subplot. These quadrats were randomly located, with two spatial
restrictions: being 25 cm away from the fixed transects (see below) and not sampling the same
quadrat twice in the study period. The material from each quadrat was oven-dried to constant
weight at 60°C and the dry matter (DM) weighed to the nearest 0.] g. Data from the eight

quadrats was averaged and units transformed into kg DM ha™'.

In all subplots, the non-destructive point-intercept method was also applied, following a
modification proposed by Daget & Poissonet (1971) of the point-quadrat method originally
described by Levy & Madden (1933). More specifically, three 5-m—long point-intercept transects
were performed in fixed parallel lines that were 1.25 m apart. A long pin of 2 mm diameter was
introduced vertically in the sward every 5 cm along transects, adding up to 300 sample points per
subplot. In each point, “herbage” was recorded if the pin touched any part of a live or recently
dry plant. When no plants were contacted, either “bare soil” or “litter” was registered, to reflect
the absence/presence of dead plant material on the ground in contact with the pin. These data
were summarised in each subplot to describe the distribution of soil cover in three classes: bare

soil, litter and herbage.

Herbage was further characterised by noting down the names of all vascular plant species
touched by the pin in each sample point. A recent Flora of Eastern Andalusia was the reference
used for plant species names (Blanca et al., 2009). The species richness (S) found in each subplot

was obtained by direct count of the number of species recorded. The Jaccard index (J) was used
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to compare the botanical composition pair wise, both in each year within each plot (Grazed vs.
Non-Grazed subplots), and between years in the same subplot. This index quantifies the similarity
between pairs of plant communities from 0 (no species in common) to | (identical composition),

according to the formula:

a

J=—"——
a+b+c

where a is the number of species present in both communities, b is the number of species
present only in the first community, and ¢ is the number of species present only in the second

community (Magurran, 2004).

The specific contribution (SC) of a plant species in a subplot was calculated as the ratio
between the number of pins contacted by that species and the sum of number of pins contacted
by each species recorded (Daget & Poissonet, 1971; Glatzle et al, 1993). By definition, this
parameter measures abundance of a species in relative terms and the sum of all species’ SC in a
community will equal 100%. SC values of species belonging to the same botanical family were
added up to obtain family contribution (FC). SC was also used to calculate the Shannon diversity

index (H’), according to the formula:

i=S
H'=-) plog, p
i=1

where p; is the relative abundance of the i species, which was estimated with SC, and S

the species richness (i.e., number of species) found in a subplot.

Finally, percentage cover (PC) of a plant species in a subplot was calculated as the
percentage of pin sample points in which that plant species was contacted (Levy & Madden, 1933;
Glatzle et al., 1993). This parameter measures abundance of a species in absolute terms, and the
sum of all species’ PC in a community will equal (or exceed, if species overlap) herbage soil
cover. PC and SC were used jointly to assess the overall effect of grazing on the most frequent
species in the herbage. A lower PC value in Grazed subplots would indicate that a plant species
was consumed by livestock, whereas a lower SC value would indicate that livestock preferred

that plant species to other species in the community.
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2.4. Fuelbreak grazing: effect on holm oak saplings

The impact of grazing on holm oak saplings was assessed by monitoring 240 individuals located in
the fuelbreak. The size of holm oaks was first measured in February 2007, before the beginning of
the grazing season (Year 0). A measuring tape was used to determine, to the nearest centimetre,
plant height (H, to their highest living leaf) and two cross widths. Plant diameter (D) was
calculated as the geometric mean of the widths. These parameters were used to estimate the
volume of holm oaks (V), which was assumed to approximate to an elliptical cylinder (V =

nD?H/4).

The size of saplings was expected to have a direct relationship with the capacity of holm
oaks to withstand grazing. To test this hypothesis, holm oaks were divided into three size classes
(n = 80) according to their initial volume: Small (< 3 dm®), Medium (3-15 dm?) and Large (> |5
dm®). As their volume suggests, even those saplings in the Large size class were relatively small
and easily accessible for sheep. Next, half of the holm oaks in each class (n = 40) were individually
protected from livestock using a |.2-m-high mesh wire fence. These Non-Browsed individuals
were selected in such a way that their mean initial volume was equal to the Browsed ones in each
size class. Besides, care was taken to ensure that Browsed and Non-Browsed holm oaks were
interspersed and, thus, avoid creating differences between groups due to uncontrolled spatial

variation in conditions for growth.

Holm oak measurements were repeated annually in the winter to monitor their evolution
regularly and search for differences between groups. The last measurement was performed in
January 2010, three years after the start of the experiment. In the course of Year 2, one Small
Browsed holm oak died, but it seemed to have withered naturally rather than directly affected by
livestock browsing. In Year 3, two Large Browsed holm oaks were negligently shredded during

some forest works in an adjacent area.

2.5. Statistical analysis

In accordance with the experimental design, the values of herbage biomass and soil cover were
analysed using a factorial ANOVA procedure. Grazing treatment and Year were the fixed
experimental factors, while Plot was the blocking factor. Tukey’s HSD post-hoc tests were used
for multiple comparisons. The same procedure was planned to analyse the botanical composition
of herbage (S, H’, SC, FC and PC), but these parameters failed to meet the statistical

assumptions. Therefore, the non-parametric two-sample Wilcoxon rank sum test was used to
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determine significant differences between Grazed and Non-Grazed subplots, both globally in the
three years and separately in each year. When ties between values occurred, an asymptotic

approximation of this test was used (see wilcox_test in R Development Core Team, 2009).

Holm oak dimensions (height, diameter and volume) in the course of the experiment were
analysed separately for the Small, Medium and Large classes. Browsed and Non-Browsed groups
in each size class were compared through two sample Student’s t-tests. Inter-annual growth
within each group was assessed with paired Student’s t-tests applied to consecutive
measurements of height, diameter and volume. This process determined whether each holm oak
dimension was significantly larger or smaller than the observation made the year before. The
same test was applied to compare final and initial dimensions of holm oaks. In these analyses,
normality of the distribution of the mean was ensured by the large number of samples per group.

When the homoscedasticity assumption was not met, Welch’s t-test was applied instead.

The statistical analysis was performed using the R 2.9.1 software package (R Development
Core Team, 2009). The Shapiro-Wilk test and the Bartlett test were used to test for normality
and homoscedasticity, respectively. In all cases, a 95% confidence level was used to establish

statistically significant differences. Mean values are followed by * the standard error of the mean.

3. RESULTS

3.1. Firebreak grazing: effect on herbage

The comparison between Grazed and Non-Grazed subplots (Fig. 3.1) indicated that livestock
consumed very similar amounts of herbage in the three experimental years (range: 419-446 kg
DM ha'). However, production of herbage varied between years, roughly in accordance with
precipitations registered in the September-April period. Indeed, mean herbage biomass measured
at the end of the growth season in Non-Grazed subplots was lowest in the dry Year 2 (625 kg
DM ha'', after 171 mm of rainfall) and highest in the much rainier Year 3 (1250 kg DM ha™', 294
mm). Consequently, the percentage of herbage consumed by livestock also varied between years:
50 % in Year |, 68% in Year 2, and 33% in Year 3. In agreement with these observations, the
ANOVA indicated that both Grazing (Fy 5 = 71.84, P < 0.001) and Year (F,,5 = 51.91, P < 0.001)

were very significant factors for herbage biomass, unlike their interaction (F,,5 = 0.02, P = 0.976).
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Fig. 3.1. Mean values of herbage biomass (kg DM ha™') in Grazed and Non-Grazed areas through
the course of the experiment. Whiskers on the top of the bars represent the standard error of
the mean. Different letters indicate significant differences (P < 0.05) between the six groups,
according to Tukey’s HSD test.
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Fig. 3.2. Mean distribution of soil cover (%) in herbage, litter and bare soil in Grazed (G) and
Non-Grazed (NG) areas through the course of the experiment. Different letters within each of
the three soil cover classes indicate significant differences (P < 0.05) between the six groups,
according to Tukey’s HSD test.
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Regarding soil cover (Fig. 3.2), Grazing increased bare soil (Fy 5 = 131.96, P < 0.001) and
reduced herbage cover (F;,; = 45.82, P < 0.001). On average, Grazing multiplied the percentage
of bare soil by a factor of three, and herbage cover was reduced by one fourth. Grazing also
tended to reduce litter, but this effect was globally unclear (F,,; = 3.46, P = 0.075) due to the
opposed trend observed in Year |. When only data from Year 2 and Year 3 were analysed, the
effect of Grazing on litter reached statistical significance (F;,5 = 8.30, P = 0.011). Year had a very
significant effect on the three classes of soil cover (P < 0.001 in all cases) and its interaction with
Grazing was also found statistically significant for bare soil (F,,5 = 6.58, P = 0.005) and litter cover
(F,25 = 28.38, P = 0.009). These interactions were caused by the distinct magnitude of the

increases in bare soil and the decreases in litter cover caused by grazing in the different years.

A total of 57 plant species were recorded in the firebreak during the study period (the full
catalogue is in the Appendix). Forty-seven of them are therophytes, nine hemicryptophytes and
one chamaephyte. Overall FC values showed that herbage was dominated by grasses (59%),
followed by legumes (18%). The Asteraceae family was also fairly abundant (12%), while
Caryophyllaceae ranked fourth (7%). FC of all other families was minor (4% in total), but they

contributed to the catalogue with 19 species, one third of the total. The ten most frequent plant

species are listed in Table 3.1.
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Fig. 3.3. Mean species richness (S), Shannon diversity index (H’), and family contribution (%) in
Grazed and Non-Grazed areas through the course of the experiment.
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The botanical composition of herbage registered remarkable variations in the course of
the experiment (Fig. 3.3). Indeed, values of all botanical parameters differed notably between
years but hardly between Grazed (G) and Non-Grazed (NG) subplots within each year.
Considering the three experimental years together, Shannon diversity index remained unaltered
(G: 25 + 0.18 vs. NG: 2.5 * 0.15), while Grazed subplots tended to have somewhat lower
species richness (G: 12.8 £ .22 vs. NG: 14.5 * 1.33). However, neither globally nor in any of the

years were differences caused by grazing statistically significant.

Table 3.1. Overall mean values of percentage cover (PC) and specific contribution (SC) of the
ten most frequent plant species, in Grazed and Non-Grazed areas.

Percentage cover (%) Specific contribution (%)
FAMILY / Species Non-Grazed Grazed Non-Grazed Grazed
POACEAE
Bromus matritensis L. 21.5+497 182 £3.92 26.7 £ 5.44 32.0 £ 5.27
Aegilops triuncialis L. 1.1 +3.82 4.1 £ 1.51 15.8 + 5.04 7.4+ 236
Cynodon dactylon (L.) Pers. 39 +0.68 44 £ 1.11 5.7 + 1.05 80+ 1.87
Bromus tectorum L. 24+ 1.11 2.7 + 0.66 26%1.12 44 +1.08
FABACEAE
Trigonella polyceratia L. 59+ 1.36 55+ 1.17 10.8 +2.73 16.2 + 4.38
Medicago minima (L.) L. 45 +2.11 25+ 1.17 7.1 £3.62 59 +297
Vicia peregrina L. 3.9+0.89 0.1 +0.05 4.6 £ 0.94 0.2 £ 0.07
ASTERACEAE
Andryala ragusina L. 79 £2.09 32+095 1.6 +3.07 63+ 1.72
CARYOPHYLLACEAE
Bufonia tenuifolia L. 1.4 +0.49 2.] +0.68 1.5 + 0.47 3.4+ 096
PLANTAGINACEAE
Plantago albicans L. 1.5+ 1.04 1.2 +0.56 .6 +1.02 29+ 133

Note: differences in PC and SC were statistically significant only for the species V. peregrina.

Family contribution (FC) values were also largely unaffected by Grazing. A same trend in
the three experimental years was only observed for Asteraceae, which tended to be less abundant
in grazed subplots (G: 8.9% £ 2.09 vs. NG: 14.6% + 3.09), and Caryophyllaceae, which tended to be
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more abundant (G: 8.3% * 1.64 vs. NG: 4.5% + 0.98). Nonetheless, these global differences were
not statistically significant. In fact, the non-parametric tests only detected significant differences
between Grazed and Non-Grazed plots for Fabaceae in 2007 and Caryophyllaceae in 2009 (Fig.
3.3).

Specific contribution (SC) and percentage cover (PC) also fluctuated strongly between
years, and the effects of grazing on the most frequent plant species were mostly unclear (Table
3.1). The only consistent and significant effect of grazing was a diminution in the abundance of V.
peregrina, a climbing and very palatable legume. Indeed, PC and SC for this species were
significantly lower in Grazed subplots, in the whole experiment (Z = 4.22, P < 0.001), in Year |
(Z = 293, P = 0.003) and Year 3 (Z = 2.90, P = 0.004). The difference was only marginally
significant (Z = 1.89, P = 0.059) in Year 2, when V. peregrina was scarce even in Non-Grazed
subplots. Regarding other species, the absolute and relative abundance of both A. ragusina and A.
triuncialis also tended to be reduced by grazing. However, these two tendencies and other

differences reflected in Table 3.1 never reached statistical significance.

The Jaccard index also suggested a relatively poor influence of Grazing on botanical
composition (Fig. 3.4). The mean value of this index between Grazed and Non-Grazed subplots
in the same year (range: 0.518-0.551) was greater than between years in the same subplots
(range: 0.362-0.486). Year | and Year 3 showed greater similarity between them than with Year
2. Overall, Non-Grazed Year 2 subplots were the most dissimilar (i.e., lowest ] values) across all

pair-wise comparisons.

Year 3
Non-Grazed 0.486 Non-Grazed
N ~
0.373\ Year 2 /0.362
Non-Grazed
0.551 0.5|18 0.549
Year 2
0.4227 Grazed ™ 406
~ N v, 3
ear
Grazed 0.474 Grazed

Fig. 3.4. Mean values of the Jaccard index calculated both in each year within each plot (Grazed
vS. Non-Grazed subplots) year and between years in the same subplot.
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3.2. Fuelbreak grazing: effect on holm oak saplings

Grazing restricted holm oak growth in this experiment, and its effect was similar in the three size
classes. Despite being the same size at the beginning of the experiment (Year 0), Non-Browsed
holm oaks were significantly larger in all dimensions than Browsed ones at the end of Year 3
(Table 3.2). The difference was more acute in height (mean height in Browsed groups was 26% to
33% smaller than in Non-Browsed groups across size classes) than in diameter (15% to 22%), but

both added to a notable difference in holm oak volume (47% to 56%).

However, the comparison between the initial (Year 0) and final (Year 3) dimensions
showed that Browsed holm oaks had also grown significantly (P < 0.05) in most cases. The only
exception to this was holm oak height in the Large Browsed group (t;; = 1.72, P = 0.094), which
even decreased inter-annually between Year | and Year 2. Indeed, height was the holm oak
dimension that was affected by grazing earlier in the experiment: only height was significantly

different between groups in all size classes at the end of Year 2 (Table 3.2).

Inter-annual growth was always positive in Non-Browsed groups, as well as in Browsed
holm oaks at the end of Year |, and in most cases in Year 3 (Table 3.2). In contrast, Browsed
holm oak height and volume did not significantly increase in the course of Year 2. However, this
was also the year when Non-Browsed holm oaks grew least: their inter-annual growth in height
(8%) and diameter (9%) in Year 2 was smaller than growth recorded in Year | and Year 3 (23-
26% in height, 35-37% in diameter). As a result, differences in holm oak dimensions between the

Browsed and Non-Browsed groups did not reach clear statistical significance until Year 3.

Table 3.2. (over the page) Mean values of holm oak height (H, cm), diameter (D, cm) and
volume (V, dm’) through the course of the experiment.

Note: Signs in parenthesis within each column indicate a non-significant (=) or a significant (P < 0.05)
increase (+) or decrease (-) in height, diameter and volume since the measurement of the previous year.

2 |n Year 0, no grazing had yet been applied. Tests only indicate the initial equal dimensions between
experimental groups.

b Unequal variance was detected in this parameter and so Welch’s t-test was applied.
c Statistically significant differences (P < 0.05) are highlighted in bold.
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Year O

Year |

Year 2

Year 3

H (ecm)

D (cm)

V (dm?)

H (cm)

D (cm)

V (dm?)

H (cm)

D (cm)

V (dm?)

H (cm)

D (cm)

V (dm?)

Small Medium Large
Browsed Non-Browsed t-test Browsed Non-Browsed t-test Browsed Non-Browsed t-test

trg = 1.77 t;g =-0.81 tzg = -0.59
12.1 £0.49 13.4 £ 0.55 20.6 £0.78 19.7 £ 0.74 358+ 1.60 345+ .45

P =0.081 P=0418 P =0.556

tzg = -0.39 t;s=0.10 tzg = 0.78
1.1 £0.57 10.7 £ 0.53 20.7 £ 0.66 20.8 £ 0.57 354+ 1.30 36.7 £0.98

P =0.698 P=0921 P =0435

tzg = 0.03 ;g = 0.03 tzg = 0.001
14+0.13 14 +0.14 7.0 £ 0.45 7.1 £0.53 39.1 £3.95 39.1 £3.26

P =0.979 P =0.980 P =0.997

trg=2.17 t;g=0.16 tzg = 0.60
145 £0.69 (+) 167 £0.72 (+) 25.1 £0.84 (+) 253 +0.96 (+) 395+ 1.58 (+) 40.8 £ 1.50 (+)

P =0.033 P=0.876 P =0.552

trg = 0.44 tig=1.19 tg = 1.51
139+0.76 (+) 143 +0.85 (+) 273 £ 1.06 (+) 29.1 £1.03 (+) 459 £ 1.95 (+) 49.7 £ 1.60 (+)

P =0.664 P=0236 P=0.134

tg=1.18° tg = 0.93 tzg = 0.81
28+ 031 (+) 34 +£048 (+) 164+ 170 (+) 186 1.71 (¥) 76.7 £9.22 (+) 86.5 + 7.80 (+)

P =0.240 P =0.357 P=0418

t;; =3.93 t;g =2.29 trg = 2.48
14.1 £0.70 (=) 184 +0.82 (+) 240+ 1.04 (=) 274%1.08(+) 384+ 1.59 () 44.1 £ 1.68 (+)

P <0.001 P =0.025 P =0.015

t;; = 0.57 tg=1.82 tg = 1.97
150+0.86 (+) 157 £0.94 (+) 277 £ 126 (=) 30.8%1.20(+) 479 £ 199 (+) 53.0 £ 1.66 (+)

P=0.573 P =0.072 P =0.053

ts=1.85° trg = 1.86 tzg = 1.89
32+038 (%) 45+0.63 (+) 170£2.13 (=) 23.0+239 (%) 81.0 £ 9.44 (=) 107.1 £ 10.40 (+)

P =0.069 P =0.067 P =0.067

t;o = 6.53° tg3 = 5.50° tze = 5.12
153 £0.67 (+) 228093 (+) 247 £089 (=) 343 % 1.50(+) 380+ 1.91 () 51+ 171 (+)

P <0.001 P <0.001 P <0.001

t;; =231 ;s = 4.50 tre = 4.42
19.1 £0.94 (+) 225%1.14(+) 323+ 131 (+) 415%155(+) 51.9 £2.06 (+) 64.0 £ 1.82 (+)

P =0.023 P <0.001 P <0.001

ts; =4.01° ts, = 4.75° t76 = 4.39
5.2 %054 (+) 11.0£ .33 (+) 23.0 £ 251 (+) 52.1 £5.58 (+) 94.0 £ 12.00 (+) 176.7 £ 14.35 (+)

P <0.001 P <0.001 P <0.001
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4. DISCUSSION

4.1. Firebreak grazing: effect on herbage

The similarity in the amount of herbage consumed by livestock in the three years (Fig. 3.1),
confirmed by the lack of interaction between Year and Grazing for herbage biomass, suggests
that the stocking rate applied on the firebreak was very regular throughout the experiment. This
regularity was unexpected, as the duration of grazing and the number of animals were not
specifically controlled but depended on the management applied by a professional livestock
farmer. Nevertheless, the grazing intensity assessments made visually by wildfire prevention
personnel on the firebreak were understandably distinct between years, as herbage biomass left
after grazing (i.e., fuel in the event of fire during the summer) was very different: from over 800
kg DM ha'' in Year 3 (mean technical assessment value [TAV] was 2: moderate grazing on a 0-4

scale) to 200 kg DM ha™ in Year 2 (mean TAV was 3.67: very heavy grazing).

Two important lessons for silvopastoral wildfire prevention systems can be drawn from
these results. Firstly, unlike it happened in our experiment, the stocking rate applied needs to be
adapted to annual herbage production, so the amount of fine fuel left after grazing is minimised.
These fine fuels are a crucial element to reduce flame length and, especially, rate of spread of
wildfires (Agee et al., 2000; Diamond et al,, 2009). Therefore, the simplicity of establishing a fixed
stocking rate in silvopastoral management plans, an approach used in some wildfire prevention
programmes (e.g., DOCYV, 2009), seems inadequate for herbaceous fuelbreaks, as grazing success

will depend to a great extent on the yearly herbage production.

Secondly, the farmer and the wildfire prevention personnel agreed that the very heavy
grazing registered in Year 2 was very close to a reasonable upper limit for grazing intensity.
Consequently, 200 kg DM ha"' may be considered a good estimation of the minimum amount of
herbage biomass which will be left after shepherded sheep grazing in firebreaks with similar
characteristics. According to a rangeland burning experiment conducted by Diamond et al. (2009)
on comparable semiarid herbaceous vegetation, such an amount of biomass would lead to very
mild wildfires. Indeed, a fuel load of 260 kg DM ha' was found to support fires with a mean flame
length of 0.2 m and rates of spread lower than 7 m min™' in a prescribed burn they performed in
October, and somewhat higher values (0.6 m and 13 m min') under modelled peak fire
conditions. In an adjacent area with 150 kg DM ha”, the prescribed burn just extinguished and

authors obtained the same result when simulating peak fire conditions.
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As regards soil cover, litter tended to be reduced by Grazing, in agreement with results
obtained by Rigolot & Etienne (1995) in the frame of the French fire prevention programme, but
the effect we observed was globally unclear due to several factors. Firstly, grazing causes two
opposed effects on the amount of litter: grass trampling increases litter in the short term (i.e., the
same year), whereas consumption of herbage reduces the amount of biomass that will become
litter in the medium term (i.e., the following year). This could explain the somewhat larger litter
cover values recorded in Grazed subplots in Year I, as hardly any grazing had taken place the
year before. The analysis made excluding data from Year | suggested that the reduction in litter
becomes significant after more than one year of grazing management. Secondly, according to the
method applied (see Section 2.3), litter and bare soil were only recorded when herbage cover
was absent and, therefore, the abundance of herbage affected the values obtained for the other
two classes of soil cover. Indeed, the milder reduction in litter registered in Year 3 could partly
be linked to plots having a higher herbage cover than in Year 2, when differences in litter
between Grazed and Non-Grazed subplots were more remarkable (Fig. 3.2). Therefore,
recording litter and bare soil irrespective of the presence of herbage seems advisable to avoid

this effect and improve the clarity of results.

Evolution in herbage soil cover was closely linked to annual climatic conditions, with
lowest values registered in Year 2 (Fig. 3.2). Actually, mean herbage cover in Grazed subplots in
Year 2 fell below 30%, which is considered a critical threshold for triggering erosion (Francis &
Thornes, 1990). Grazing reduced herbage cover consistently, but it is also remarkable that
Grazed subplots in Years | and 3 had higher percentages of herbage cover than Non-Grazed
subplots in Year 2. This result indicates that herbage cover was largely determined by climatic
conditions and, to a much lesser extent, by grazing management. This conclusion is opposed to
that obtained in mountain rangelands in Crete by Papanastasis et al. (2003), who found that very
heavy grazing produced larger reductions in plant cover than those attributable to inter-annual
variations. In our experiment, it was bare soil the parameter which was most clearly affected by
Grazing, as shown by the three-fold greater percentages registered, on average, in Grazed
subplots (Fig. 3.2). Undoubtedly, such an increase in the direct exposure of soil to rain and wind
make it somewhat more susceptible to erosion. Nevertheless, it is overall difficult to discern
whether these grazing-caused changes in soil cover can have important consequences such as
ecosystem degradation. Indeed, even generalised views that closely relate overgrazing to land
degradation (e.g., Papanastasis et al, 2003) are currently being questioned, and the possibly
greater influence of other factors such as historical land use or climatic conditions is being

debated (Rowntree et al,, 2004).
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In this experiment, Grazing caused negligible changes in herbage species composition and
diversity. The values of almost all botanical parameters we studied did not differ between Grazed
and Non-Grazed areas, and their variability throughout the experiment was mostly attributable
to the Year factor (Fig. 3.3, Fig. 3.4). The changes observed did not show any progressive
tendency suggesting cumulative effects since the beginning of the experiment. Rather, fluctuations
were apparently linked to other environmental factors; for instance, species richness seemed to
have a direct relationship with rainfall and the associated annual herbage production. The
preponderance of such ecosystem-environmental variables when assessing grazing effects on
vegetation was highlighted by Milchunas & Lauenroth (1993), who modelled data from 236 study
sites worldwide. These authors concluded that the degree of change in species composition
expected with grazing is primarily a function of site productivity, changes being greater in
productive environments. According to this global perspective, it is no surprise that only weak
tendencies were observed in species composition shift in our semiarid study site, where annual

precipitation is only 300 mm.

Other authors working specifically in Mediterranean (but more humid) environments have
agreed that the clearest consequence of grazing is that it favours species with low life forms
(Noy-Meir et al, 1989; Fernandez Alés et al, 1993). This is consistent with the results we
obtained for V. peregrina, which was the only species whose presence consistently decreased with
grazing (Table 3.1). V. peregrina being a climber, it was certainly more easily grazed than other
frequent legumes (T. polyceratia and M. minima), which remained virtually unaffected possibly due
to their creeping or low life form. In fact, such prostrate growth is considered to be an
adaptation to both defoliation by grazing and drought conditions (Fernandez Alés et al, 1993),
which would further support the aforementioned idea that effects caused by grazing are likely to
be minor in poorer, less productive areas. However, it is noteworthy that the most outstanding
effect of grazing was observed in a legume, which suggests that the high palatability of V. peregrina
played a role in this species being preferentially consumed by sheep. In contrast, Noy-Meyr et al.
(1989) found that palatability was not a major factor in the effects measured in cattle-grazed
grasslands, which authors attribute to the poor species selection abilities of this type of livestock

when herbage height is below 5 cm.

The data we obtained for all other species was non-conclusive, but it may be worth
highlighting the trends observed for the two dominant grasses (Table 3.1). The overall tendency
was to have less A triuncialis in Grazed subplots, whereas B. matritensis was not particularly

affected and even tended to increase its specific contribution. Indeed, B. matritensis develops its
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armed inflorescence early in the season and is thereafter rejected by livestock. For a more
successful control of a similar species (cheatgrass, B. tectorum), Mosley & Roselle (2006) indicate
that intense grazing needs to be timed adequately at the early boot stage, and must be repeated
few weeks later to control regrowth. A similar strategy, with grazing management targeted at the
dominant species (B. matritensis in our experimental firebreak), may be necessary to attain the

greater levels of vegetation control demanded for wildfire prevention.

The overall conclusion drawn from the results on botanical composition and diversity is
that they will only slightly be modified by grazing for wildfire prevention in areas comparable to
our experimental conditions. However, it must be noted that very heavy grazing intensity was
only registered in one of the three experimental years. Even though the effects on botanical
composition were equally negligible both in that Year 2 and the following Year 3, longer term
effects under prolonged very heavy grazing cannot be discarded. Indeed, it has been suggested
that the grazing intensity required to reduce biomass to levels that would strongly influence fire
behaviour could compromise sustained livestock production and ecosystems goals in semiarid
rangelands in USA (Launchbaugh et al., 2008). Therefore, these authors suggest that such grazing

management must be restricted to areas designated as fuelbreaks.

4.2. Fuelbreak grazing: effect on holm oak saplings

Holm oak saplings were 12 years old at the beginning of the experiment, but they were still
relatively small, particularly when compared to the Aleppo pines that had been planted together
with them. In fact, the difference was approximately ten-fold in height, as most holm oaks were
shorter than 0.5 m while some Aleppo pines reached over 5 m. This contrast in growth, which
has specifically been studied by Bocio et al. (2004) in a nearby plantation, speaks clearly about
how limiting this environment is for holm oaks. Nevertheless, being the main species in the
climax forest that might eventually grow in the area (Valle, 2003), efforts are frequently made
towards its restoration, and the impact of grazing on this process attracts the interest of

managers.

The results we obtained in the grazed fuelbreak showed that Non-Browsed holm oaks
became progressively larger than Browsed ones in the course of the experiment (Table 3.2).
Differences at the end of Year | were still little, in accordance with the low grazing intensity
estimated in the technical evaluation (mean TAV was 1.33: light grazing). In Year 2, the lower
rainfall and higher grazing intensity registered (mean TAV was 3.67: very heavy grazing) imposed

much more restrictive conditions for growth. Indeed, as it also happened in the firebreak, Year 2
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showcased the outcome that may be expected after a comparatively less favourable year: the
growth of Non-Browsed holm oaks was positive but relatively low, while Browsed saplings grew
slightly only in diameter. At the end of this second year, differences between groups had become
significant for sapling height, but they were only marginally significant for diameter and volume
(Table 3.2). Even if the grazing intensity registered in Year 3 was not particularly high (mean TAV
was 1.67: moderate grazing), the cumulative effect of browsing the same holm oaks during three
years eventually produced clear differences in size between Browsed and Non-Browsed saplings

at the end of the experiment.

Had we used livestock with stronger browsing habits than sheep (e.g., goats), the impact
on saplings would have probably been greater. In fact, it is well established in the literature that
goats control growth of woody plants more effectively than sheep (Etienne et al., 1995; Magadlela
et al, 1995; Jauregui et al., 2007). More specifically, it has been observed that holm oaks are more
intensely consumed by domestic goats than by sheep, both in natural grazing conditions (Cuartas
& Garcia-Gonzalez, 1992; Bartolomé et al, 2000) and in wildfire prevention programmes (Ruiz-
Mirazo et al., 2011). Therefore, the results here reported should be considered a valid reference
for sheep grazing, but greater impacts should be expected if browser-type livestock is used

instead.

The grazing season is another factor which can greatly modify impact on saplings (Hester
et al,, 1996). The fact that fuelbreak grazing took place during the period of the year when more
fresh pasture was available probably contributed to reducing the impact of grazing we observed
on saplings. In other experiments performed in the same grazing season but in a reforested holm
oak dehesa in southern Spain, sheep dedicated only 2% of their grazing time to browsing holm
oak saplings, both in February (Blazquez et al, 2005) and April (Blazquez et al., 2003). These
authors concluded that the abundance of herbage in both periods helped diminish browsing, and
warned of greater impacts under different conditions. Nevertheless, controlled grazing can also
benefit sapling survival and growth by reducing competition with herbage for soil moisture

(McPherson, 1993; Blazquez et al., 2005).

Larger holm oaks were expected to withstand grazing better than those in the Small size
class. Indeed, severe damage seemed likely for some of the smaller saplings, as they could lose
most of their foliage if livestock cared to browse them. Nevertheless, our results showed that
Browsed holm oaks had approximately the same size difference (in percentage) with Non-
Browsed saplings in the three size classes at the end of the experiment. Further, statistical

significant differences appeared mostly at the same time and yearly growth trends were also
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similar in all size classes (Table 3.2). In sum, the hypothesis that size of saplings had a direct
relationship with their capacity to withstand grazing is rejected, at least for holm oaks within the
size range we studied. Undoubtedly, larger holm oak saplings can escape browsing when crowns
become inaccessible for livestock. At this stage, damage to tree bark is the main concern but,
otherwise, grazing can even benefit the development of tree-shaped holm oaks by pruning low

branches (Blazquez et al., 2005).

The overall conclusion is that sheep grazing for wildfire prevention in fuelbreaks
comparable to our experimental conditions will restrict, but not impede, the growth of holm oak
saplings. The reduction in size we measured, which reached 47% to 56% in holm oak volume
after three years of grazing, may be considered acceptable in view of fuelbreaks’ protective
function in the forest, but this will ultimately depend on other concurrent management goals
(e.g., medium-term restoration of holm oak forest). If it were considered necessary, individual
protectors such as those used in this experiment could make livestock grazing compatible with a

greater growth rate of saplings.

5. CONCLUSIONS

This experiment provides uncommon data about the effects of targeted sheep grazing on herbage
and holm oak saplings in a silvopastoral wildfire prevention system. The experiment was
performed in a semiarid Mediterranean environment during three years in which rainfall varied
notably. The flock was shepherded by a professional farmer, grazing took place yearly between
February and June (i.e., the period of greatest pasture availability), and stocking rate was very

regular throughout the experiment.

Under the aforementioned conditions, fuel load control was most successful in the year
with lowest herbage production (and lowest rainfall), when grazing reduced herbage biomass to
200 kg DM ha'. Reductions any further than this value seemed difficult to attain but also
unnecessary, as this amount of biomass can only sustain mild wildfires with a low rate of spread.
Grazing had a significant and consistent impact on soil cover: on average, grazing increased three-
fold the percentage of bare soil and reduced herbage cover by one fourth. In contrast, herbage
species composition and diversity hardly differed between grazed and non-grazed areas in any of
the years, and most variations were inter-annual, following yearly fluctuations in climatic
conditions. As regards the impact on saplings, grazing restricted but did not impede the growth

of holm oaks, and this effect was very similar for saplings in the three size classes studied. By the
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end of the experiment, the mean volume of browsed holm oaks was 47% to 56% smaller than

that of non-browsed ones.

These results constitute a valuable reference for wildfire specialists and forest managers,
who will establish the relative importance of the impacts produced by silvopastoral fuelbreak
management in view of its wildfire prevention function and impacts linked to other available

alternatives for fuelbreak maintenance.

APPENDIX: PLANT CATALOGUE

Table 3.3. Catalogue of plant species in the firebreak, grouped by botanical families. Families are
sorted by their overall family contribution (FC) and, within families, species are sorted by their
overall specific contribution (SC).

FC /SC (%) FAMILY / Species

58.85 POACEAE
31.67  Bromus matritensis L.
12.17  Aegilops triuncialis L.
6.63  Cynodon dactylon (L.) Pers.
4.02  Bromus tectorum L.
1.31  Aegilops geniculata Roth
.21 Lolium rigidum Gaudin
0.66 Avena barbata Link
0.58  Bromus diandrus Roth
0.40 Catapodium rigidum (L.) C. E. Hubb.
0.16  Hordeum murinum L.

0.03 Vulpia ciliata Dumort.

18.10 FABACEAE
9.05 Trigonella polyceratia L.
5.58 Medicago minima (L.) L.
3.22 Vicia peregrina L.
0.22  Astragalus sesameus L.
0.01  Coronilla scorpioides (L.) W. D. J. Koch

0.0l  Hippocrepis ciliata WVilld.

147



Capitulo 3. Evolucion del estrato herbaceo y de encinas jovenes bajo pastoreo con ganado ovino

FC/SC (%) FAMILY / Species

11.92 ASTERACEAE
8.80 Andryala ragusina L.
1.06  Crupina crupinastrum (Moris) Vis.
0.86 Filago pyramidata L.
0.75  Chondrilla juncea L.
0.18  Helichrysum italicum (Roth) G. Don
0.09  Anacyclus clavatus (Desf.) Pers.
0.07  Xeranthemum inapertum (L.) Mill.
0.03  Onopordum nervosum Boiss.
0.03  Leontodon longirrostris (Finch & P. D. Sell) Talavera
0.03  Scorzonera angustifolia L.

0.01  Picris hispanica (Willd.) P. D. Sell

6.85 CARYOPHYLLACEAE
2.76  Bufonia tenuifolia L.
1.73  Minuartia campestris L.
0.62  Silene nocturna L.
0.49  Silene conica L.
0.30 Paronichia argentea Lam.
0.28  Silene tridentata Desf.
0.27 Velezia rigida L.
0.25 Petrorhagia dubia (Raf.) G. Lopez & Romo
0.13  Minuartia hybrida (Vill.) Schischk.

0.03  Vaccaria hispanica (Mill.) Rauschert

2.16 PLANTAGINACEAE

2.16 Plantago albicans L.

0.55 EUPHORBIACEAE

0.55  Euphorbia serrata L.

0.41 BRASSICACEAE
0.22  Descurainia sophia (L.) Prantl

0.15 Camelina microcarpa DC.
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FC/SC (%)

FAMILY / Species

0.0l
0.0l

0.0l

Eruca vesicaria (L.) Cav.
Hirschfeldia incana (L.) Lagr.-Foss.

Sisymbrium runcinatum DC.

0.38
0.38

OROBANCHACEAE

Bartsia trixago L.

0.32
0.25
0.04

0.03

PAPAVERACEAE
Hypecoum imberbe Sm.
Papaver hybridum L.

Glaucium corniculatum (L.) Rudolph

0.25
0.25

DIPSACACEAE

Lomelosia stellata (L.) Raf.

0.06
0.06

VERONICACEAE

Linaria arvensis (L.) Desf.

0.04
0.04

BORAGINACEAE

Neatostema apulum (L.) I. M. Johnston

0.03
0.03

LINACEAE

Linum strictum L.

0.03
0.03

RESEDACEAE

Reseda undata L.

0.03
0.01

0.0l

RUBIACEAE
Crucianella angustifolia L.

Galium parisiense L.

0.01
0.0l

GERANIACEAE

Erodium cicutarium (L.) L'Hér.

100/ 100

TOTAL: 16 FAMILIES / 57 species

149






Las areas pasto-cortafuegos: un sistema silvopastoral para la prevencién de incendios forestales

CAPITULO 4. Respuesta a corto y medio plazo
de Atriplex halimus L. al pastoreo estacional
repetido en el sudeste espafiol

Hay un aromo nacido en la grieta de una piedra,
parece que la rompi6 pa’ salir de adentro de ella.
Lo miran a la distancia arboles y enredaderas,

diciéndose con rencor: pa’ uno sélo, cuanta tierra.

Salud, plata y alegria, tuito al aromo le suebra,
a segln ven los demas, dende el lugar que lo observan.
Pero hay que ir y fijarse como lo estruja la piedra,

fijarse que es un martirio la vida que le envidean.

Ansina vive el aromo, sin que ninguno lo sepa,

con su poquito de orgullo, porque es justo que lo tenga.
Pero con I'alma tan linda, que no le brota una queja,
que no teniendo alegria, se hace flores de sus penas.

Eso habrian de envidiarle los otros, si lo supieran.

ATAHUALPA YUPANQUI

El aromo
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RESUMEN DEL CAPITULO

El salado blanco (Atriplex halimus) es un valioso arbusto forrajero mediterraneo que puede vivir
en condiciones de clima arido y suelos pobres. El salado blanco es una especie mas palatable que
otros arbustos de su familia (Chenopodiaceae), y produce abundante forraje de manera regular.
Debido a estas caracteristicas, ha sido empleado frecuentemente en el Mediterraneo para
restauracion de zonas degradadas y como banco de forraje para los periodos de escasez de otros
pastos. Dada la alta concentracion de sales que presenta en las hojas, lo que eleva su contenido
en humedad, el salado blanco resulta poco inflamable y se comporta como retardante del fuego.
Por tanto, podria emplearse con fines de prevencion de incendios, particularmente en areas
pasto-cortafuegos, donde ademas seria un recurso forrajero para el ganado. En efecto, la
presencia de salado blanco no incrementaria el riesgo de incendios y permitiria mantener cargas

ganaderas mas altas, lo que redundaria en una mayor reduccién de la carga de combustibles.

A pesar de ser una especie muy estudiada, apenas existen investigaciones sobre la
evolucién del salado blanco cuando es sometido a sucesivos pastoreos durante varios afos. Ante
ello, realizamos un experimento en el sudeste de Espana con el objetivo de analizar la influencia
del pastoreo estacional (de invierno y primavera), con ganado ovino y repetido durante tres afos,
sobre plantas jovenes de salado blanco. El crecimiento de los arbustos, la produccién de forraje y
lefio, la compacidad de los arbustos y el contenido en humedad de los brotes fueron los
principales parametros examinados. Los analisis se centraron en comparar las plantas ramoneadas
con aquellas no expuestas al pastoreo. Adicionalmente, se estudié la influencia en estos
parametros de otros dos factores experimentales: la ubicacion de los arbustos, comparando dos
terrenos de distintas caracteristicas, y la utilizacion de protectores individuales para reducir el

impacto del pastoreo sobre los arbustos.

El experimento se desarrollé entre 2006 y 2009 en la finca Cortijo Conejo y Albarran
descrita anteriormente. Los plantas de A. halimus procedian de dos plantaciones realizadas en
marzo de 2003, a marco de 2 x 4 m, en dos ubicaciones muy proximas: |) un llano de fondo de
rambla, y 2) una ladera de escasa pendiente (<10%), en la que el suelo era mas somero y la
disponibilidad de agua menor. De acuerdo con el disefo experimental, la mitad de los 72
arbustos experimentales de cada ubicacion fueron pastoreados puntual e intensamente
(Fotografia 10) en mayo de 2006, febrero de 2007, mayo de 2007, febrero de 2008 y mayo de
2008. Asimismo, la mitad de los arbustos de cada grupo tenia un protector individual de 40 cm

de alto y 12 cm de diametro. El efecto de este protector resultd, en todo caso, insignificante,
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pues los arbustos alcanzaron muy pronto dimensiones superiores a estas. Por tanto, los
resultados se presentan obviando este factor, de acuerdo con un disefio bifactorial (pastoreo y

ubicacion, 2x2) y 36 arbustos en cada uno de los grupos experimentales.

ay

Fotografia 10. Ovejas consumiendo un ejemplar de salado blanco en febrero de 2007

Se realizaron mediciones periédicas del tamano (altura y diametros cruzados) de todos los
arbustos, tanto para evaluar su capacidad de rebrote tras el pastoreo (corto plazo), como para
seguir su evolucién interanual (medio plazo). Se efectuaron dos muestreos de 60 brotes jovenes
en dos veranos consecutivos, y se determiné su contenido en humedad mediante secado y pesaje
en laboratorio. Al finalizar los tres afios del experimento, se aplicaron procedimientos
destructivos sobre 60 arbustos de diversos tamanos para determinar su biomasa forrajera y
lefosa, empleandose los 3 mm de didametro como umbral para separar ambas componentes. A
partir de estos datos se calcularon ecuaciones de regresion entre la biomasa y el volumen de los
arbustos, que se supuso igual al de un cilindro eliptico de la misma altura y seccién. Ademas, se

analizé la compacidad y proporcion de forraje que presentaban las plantas.
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El volumen de los arbustos fluctud a lo largo del ano debido a su fenologia de floracion
(estival) y a la aplicaciéon de los tratamientos de pastoreo (Fig. 4.1). En los afos en que se aplico
un doble pastoreo (2007 y 2008), el segundo pastoreo (en mayo) se produjo antes de la
recuperacion completa de los arbustos y redujo su volumen ain mas que el primer pastoreo (en
febrero). En todas las ocasiones, sin embargo, el crecimiento relativo en volumen observado
entre pastoreos fue significativamente mayor en los arbustos ramoneados que en los no
ramoneados (Tabla 4.2), lo que indica que el salado blanco presenta una excelente capacidad de

recuperacion tras el pastoreo.

De acuerdo con las mediciones de febrero de los sucesivos anos (Tabla 4.3), las
dimensiones de los arbustos de todos los grupos crecieron a lo largo del experimento. La
principal excepcion a esta tendencia la constituyd la altura, que nunca se incrementé entre los
arbustos ramoneados, e incluso se redujo entre 2008 y 2009 en aquellos del llano. Precisamente,
fue en este periodo y grupo la Unica ocasién en que no se registré crecimiento en volumen. Al
comparar los distintos grupos experimentales, se observd que el efecto del tratamiento de
pastoreo sobre las dimensiones de los arbustos habia sido de una magnitud muy distinta en cada
ubicacion: en la ladera, las pequefas diferencias debidas a este factor sélo alcanzaron la
significacion estadistica para el volumen en 2009, mientras que en el llano, las diferencias fueron

muy notables ya desde el primer ano.

Se podria inferir, por tanto, que el pastoreo genera efectos mucho mas acentuados en
periodos mas breves de tiempo al aplicarse sobre arbustos situados en terrenos con mejores
condiciones para el crecimiento. Aparentemente, las limitaciones asociadas a la ubicacion de
ladera resultaron mucho mas restrictivas para el desarrollo de los arbustos que el propio
pastoreo. Al término del experimento, los arbustos no ramoneados de la ladera promediaban el
mismo volumen que los ramoneados del llano. Este hecho demuestra la capacidad del pastoreo
repetido para controlar el crecimiento arbustivo, ya que los tres anos de pastoreo estacional

habian compensado completamente las condiciones mas favorables asociadas al llano.

El volumen de los arbustos fue la variable morfométrica que ofrecid los mejores ajustes en
las ecuaciones de regresion con la biomasa. Los ajustes mejoraron ain mas al subdividir los
arbustos procesados y calcular las regresiones para los ramoneados y no ramoneados
separadamente. Otras subdivisiones, como la ubicacion (ladera y llano) o el tamano de los
arbustos (mayor y menor volumen), produjeron peores ajustes (Tabla 4.4). Esto indica que el
tratamiento de pastoreo condicion6 muy notablemente la forma de los arbustos, asi como su

produccion de forraje y lefio. Al comparar las regresiones obtenidas (Fig. 4.2), se aprecié que las
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predicciones de biomasa (forrajera, lefosa o total) de los arbustos ramoneados eran muy
superiores a las de arbustos no ramoneados del mismo tamano. De hecho, la compacidad,
calculada como el ratio entre biomasa total y volumen, fue notablemente superior entre los

arbustos ramoneados (2,20 vs. 1,24 g dm3, P< 0,001).

De acuerdo con los resultados anteriores, la mayor compacidad de las plantas sometidas a
pastoreo fue tomada en consideracion para interpretar la produccion de forraje y biomasa total
de los arbustos. Asi, se estimé que el grupo de arbustos ramoneados de la ladera, de un volumen
poco inferior a los no ramoneados, tendian a contener una mayor biomasa que estos. De igual
modo, las diferencias en biomasa entre los dos grupos de arbustos del llano resultaron ser muy
inferiores a lo esperable por sus grandes diferencias en volumen (Tabla 4.5). Este andlisis reveld
que el pastoreo no habia reducido de forma clara la acumulaciéon de biomasa en las plantas, a
pesar de que hubiera reducido su volumen. Asimismo, la produccién de forraje no se vio afectada
de forma notable por el pastoreo, dado que sélo fue inferior entre los arbustos ramoneados del

llano en 2009.

En el conjunto de los grupos experimentales, la biomasa por unidad de superficie varid
entre 386 y 739 kg MS de forraje por hectarea, y entre 925 y 2.231 kg MS total por hectarea.
Estos valores son claramente inferiores a los recogidos en otros estudios realizados con
variedades mejoradas de A. halimus y/o en terrenos de centros de investigacion agrondmica, que
superan los 2.000 kg MS de forraje por hectarea. Nuestros resultados, obtenidos empleando una
variedad local no mejorada y sobre terrenos agricolas marginales, ofrecen una estimacion mas

moderada de la capacidad productiva del salado blanco.

Con respecto a la proporcion de forraje que contenian los arbustos, un primer analisis
(ver Fig. 4.3) indicd que esta caracteristica no se habia visto afectada por el tratamiento de
pastoreo, mientras que el factor de ubicacion habia producido grandes diferencias (50,5% en la
ladera vs. 34,4% en el llano, P< 0,001). Seguidamente, y dado que las plantas de mayor tamano
tenian una menor proporcion de forraje, se efectué un andlisis de la covarianza con el volumen
como variable cuantitativa. Al corregir el efecto del tamano, se observo que el pastoreo habia
reducido significativamente la proporcion de forraje en los arbustos. En suma, se concluye que el
pastoreo ejercié dos efectos que se anularon mutuamente: por una parte, el consumo repetido
del forraje disminuyé su proporcién en la planta y, por otro lado, el pastoreo redujo el tamano

del arbusto, lo que incrementaba esta proporcion.

Por dltimo, el contenido en humedad de los brotes en verano se vio afectado,

principalmente, por la aplicacién del tratamiento de pastoreo. En efecto, aquellos arbustos que
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habian tenido que rebrotar tras perder la mayoria de sus tejidos fotosintéticos, presentaron un
contenido en humedad superior a los no ramoneados (62,5% vs. 56,0%, P< 0,001). Este retraso
fenoldgico podria beneficiar tanto al ganado, al disponer de un mayor recurso hidrico en el
verano, como a la prevencién de incendios, dado que la inflamabilidad de las plantas se reduce

cuando aumenta su contenido en humedad.

En suma, los resultados obtenidos en este experimento indican que el salado blanco
responde muy positivamente al pastoreo estacional, incluso cuando se repite en tres afos
sucesivos. Por tanto, se recomienda su uso como recurso forrajero en ambientes mediterraneos

aridos e, incluso, en areas pasto-cortafuegos con fines de prevencion de incendios.

Short- and medium-term response of Atriplex halimus L. to repeated

seasonal grazing in south-eastern Spain

ABSTRACT

Atriplex halimus L. is a valuable fodder shrub that has been widely used in arid Mediterranean
regions. However, its response to several cumulative years of grazing management remains
uncertain. Accordingly, we conducted a three-year experiment in south-eastern Spain to analyze
the influence of repeated seasonal (winter-spring) sheep browsing on young A. halimus plants.
Shrub growth, fodder and wood production, plant compactness and shoot moisture content
were assessed through regular monitoring of the size of shrubs, sampling of summer shoots, and
destructive procedures at the end of the experiment. Shrubs were on two closely located sites
but where soil quality and water availability were different. At the better location, browsed
shrubs grew less and were significantly smaller (P< 0.001) than the non-browsed saltbushes. In
contrast, differences between groups were minimal where the growth conditions were poorer.
In all cases, shrubs resprouted vigorously and maintained fodder production throughout the
experiment. Browsing affected shrub structure, resulting in smaller but more compact plants
(220 vs. 1.24 g dm?, P< 0.001), but their proportion of fodder remained similar. The spring
grazing increased shrub-shoot moisture content in the summer (62.5% vs. 56.0%, P< 0.001).

Overall, this species responded very positively to repeated seasonal grazing.
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1. INTRODUCTION

The Mediterranean saltbush (Atriplex halimus L.) is a C, species that can grow in arid continental
climates and sandy or salty soil conditions. Its leaves have crude protein contents of 15 to 20%
and are highly digestible (Andueza et al., 2005; Larbi et al., 2009). However, the nitrogen balance
for livestock feeding on A. halimus may be negative (Mufioz et al, 1996), particularly when no
supplementation is provided (Ben Salem et al., 2005). Compared to other Chenopodiaceae shrubs,
A. halimus is one of the most palatable and consumed species (Otal et al,, 1991), and it produces
fodder more regularly (Rahmoune et al, 2004). In several experiments, the Mediterranean
saltbush has been the most successful shrub species in terms of establishment and productivity

(Delgado, 1992; Otal et al,, 1995; Larbi et al.,, 2009).

Due to these features, A. halimus offers an outstanding potential in dryland agroforestry
(Larbi et al, 2009). It has frequently been used in arid Mediterranean areas for restoration of
degraded rangelands (Le Houérou, 1992), where it can become a valuable fodder bank for winter
and summer, the periods with lower grass production (Le Houérou, 2006; Papanastasis et al.,
2008). Several studies of this management strategy have demonstrated that a diet based on A.
halimus fodder can meet the nutritional requirements of non-productive animals (Valderrabano et

al,, 1996; Correal & Sotomayor, 1999).

The Mediterranean saltbush may also be used for wildfire prevention purposes (Vélez,
2009). The high salt concentration found in its leaves (Mozafar & Goodin, 1970) increases their
moisture content, which makes this species behave as a fire retardant in the event of wildfire
(Ching & Stewart, 1962; Montgomery & Cheo, 1969). Compared to other species, A. halimus has
very low heat content and flammability (Hernando et al, 2004). From a wildfire prevention
perspective, it may be particularly appropriate to introduce this species in grazed firebreaks. The
presence of this attractive fodder saltbush could boost stocking rates and, indirectly, the
consumption of the surrounding vegetation, thereby helping reduce fuel loads without

intrinsically adding to the fire risk.

Unlike other saltbushes (Atriplex spp.) that have been characterized as sensitive to grazing
(Le Houérou, 1992), A. halimus has shown a good response after being browsed by livestock in
several studies. Valderrabano et al. (1996), for instance, found that A. halimus plants had
completely recovered their volume one year after being subjected to high grazing pressure in the
autumn. In another short-term experiment, Luna et al. (1994) also concluded that this species had

good levels of growth and response to browsing. Other authors also applied occasional grazing
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to assess the preference for and consumption of saltbushes by livestock, as well as the
subsequent regrowth of the shrubs (Otal et al, 1991; Jones & Arous, 2000), but no detailed
information is available, to our knowledge, regarding the evolution of A. halimus shrubs under

several years of grazing management.

Therefore, questions such as whether repeatedly browsed A. halimus shrubs keep
resprouting vigorously, maintain their fodder production, or tend to lignify, have remained
unanswered. This paper reports on a three-year experiment whose main objective was to
narrow this gap of knowledge on the short- and medium-term response of the Mediterranean
saltbush to repeated grazing. The experiment was conducted in south-eastern Spain, on a young
A. halimus plantation that was subjected to intense grazing in successive winters and springs.
Shrub growth, fodder and wood production, plant compactness and shoot moisture content
were the main parameters examined in both browsed and non-browsed plants. Moreover, the
influence exerted on those parameters by two concurrent secondary factors (namely plantation
location and individual plant protection) was also assessed to help understand how to most

successfully use this multipurpose species in arid environments.

Our hypothesis was that the repeated seasonal grazing applied would constrain shrub
growth and reduce biomass accumulation. Browsed plants were anticipated to become more
compact, remain less lignified and maintain an acceptable level of fodder production. Spring
grazing was also expected to increase the shoot moisture content of plants in the summer.
Regarding the concurrent experimental factors, it was hypothesized that saltbushes on the better
location would grow more and respond better to grazing than those sited on the less favorable
terrain. The protection of the central stem of the saltbushes was expected to reduce plant

consumption and improve their response to grazing.

2. MATERIAL AND METHODS

The experiment was performed at the Cortijo Conejo y Albarrdn estate (37°26’'N, 3°06’W) in
Guadix (south-eastern Spain) at 970 m a.s.l. The area has a Mesomediterranean semiarid climate
(Rivas-Martinez, 1987), with temperatures varying from -5°C to 36°C every year (average
13.3°C), and extremes of -19°C and 40°C recorded since 1995 at an adjacent meteorological
station. The mean precipitation is 302 mm yr”', with recorded extremes of 488 and 168 mm yr',
and a marked summer drought. Annual rainfall during the three experimental years ranged

between 296 and 305 mm. Experimental plots were situated in a dry stream valley, on farmland
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abandoned in 1993. Soils were poor in organic matter and basic (pH= 8), with a sandy loam
texture and low water retention capacity (Ripoll, 2004). The climax vegetation for this land is a

mixed Pinus halepensis Mill. and Quercus coccifera L. forest (Valle, 2003).

In March 2003, three years before the start of the grazing experiment, two lots of one
hundred Atriplex halimus shrubs had been planted following a 2 x 4 m pattern (1250 plants ha') at
two closely located sites in the dry stream valley: a gentle (< 10%) north-facing slope (hereafter,
slope) and the flood plain (hereafter, plain). The latter provided deeper soil and greater water
availability. Saltbush seedlings had been produced in a nursery, using seeds collected near the
study area from non-cultivated A. halimus populations. Saltbushes were one year old at plantation,
and their central stems were individually shielded with 40-cm—high and 12-cm—wide tubular wire
protectors. The survival rates on the slope and the plain were 76% and 78% respectively by
February 2006 (Ruiz-Mirazo & Robles, 2010), when the shrubs were considered to be fully

established and ready for the start of this experiment, which lasted until February 2009.

In each of the two locations, 72 shrubs were split into four groups of 18 individuals in such
a way that the mean shrub volume was equal across the groups. Two of the four groups were
excluded from the grazing treatment with a |-m—-high mesh wire fence. These groups of plants
were adjacent to facilitate experimental procedures. One of the excluded and one of the
browsed groups were randomly selected to keep their individual protectors, while the other two
had them removed. Therefore, this factorial (2x2x2) experimental design resulted in 8 groups of
I8 saltbushes, each group with a unique combination of location (plain or slope), grazing
(browsed or non-browsed) and individual protection (protected or unprotected). Nevertheless,
field observations and the analysis of the data revealed that individual protection had an almost
null effect on shrub development throughout the experiment. In order to focus the analysis and
avoid confusing the reader, most of the results here presented discuss the location and grazing
factors only. This approach would correspond to a factorial (2x2) design, with each of the four

experimental groups comprising 36 shrubs.

The grazing treatment was applied in three consecutive years using the same flock, which
was composed of 500 sheep (Segurefia breed, live weight: 45-50 kg) and 30 goats (mixed breed).
The animals were already used to eating A. halimus, as this species is naturally present in local
rangelands. In 2006, saltbushes were browsed for two hours on one occasion (May), when the
flock had just been let out of their night pen. In 2007 and 2008, saltbushes were browsed around
midday for the same duration on two occasions (February and May). At the time of the grazing

treatments, the animals were not receiving any supplement (i.e., they were feeding on pasture
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only) and had been treated against internal parasites. Drinking water was available at a distance of
200 m from the saltbush plantation. The grazing was very intense and on all occasions most of
the fodder was consumed. Outside the aforementioned periods, the saltbushes could have been

browsed by wild animals or free ranging livestock, but no signs of this were observed.

The statistical analysis was performed using the SPSS 17.0 (IBM-SPSS Inc., Chicago, IL,
USA) and R 2.9.1 (R Development Core Team, 2009) statistical packages. Unless otherwise
stated, unpaired two-sample Student’s t-tests were applied when the effect of the grazing
treatment on the parameters was analyzed separately; when jointly with the location factor, two-
way ANOVAs were used. When the assumptions for these tests were not met, Welch’s t-test
and a robust generalization of Welch’s test (using the 0.l-trimmed means) were applied instead.
In most cases, normality of the distribution of the mean was ensured by the large number of
samples per group. Otherwise, this assumption was checked using the Shapiro-Wilk test.
Homoscedasticity was assessed using Bartlett’s test. A 95% confidence level was used to establish
statistically significant differences. The precision in the estimation of mean values is indicated with

* the standard error of the mean (SEM).

2.1. Shrub growth

Atriplex halimus shrub growth was monitored through regular measurements, to the nearest
centimeter, of their maximum height (H, to their highest living leaf) and two cross widths. Shrub
diameter (D) was calculated as the geometric mean of the widths. These parameters were used
to estimate the volume of shrubs (dm?®), which was assumed to approximate to an elliptical
cylinder (TD*H/4). Measurements were made both before and after the application of the grazing
treatment (when applicable) in February, May and July/August of the years 2006, 2007 and 2008,
as well as a final one in February 2009. After grazing, the dimensions of the browsed saltbushes
included many severely defoliated branches, which formed the structure that would later
resprout. Within this structure, a central core of denser foliage usually remained. This core was
also measured immediately after the first two grazing applications, in May 2006 and February

2007.

The effect of individual protectors on reducing browsing damage to saltbushes was
assessed in terms of the percentages of shrub height, diameter and volume occupied by the
central core of foliage left after grazing. These percentages were calculated for each browsed
saltbush (n= 72) and the mean values of the individually protected and unprotected groups were

compared using t-tests.
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Atriplex halimus has a characteristic summer flowering cycle, which includes the
development of leafy terminal shoots that bear fruit in autumn and die back through the winter.
This made shrub size (height, particularly) fluctuate strongly during the year. Therefore, medium-
term growth analysis was based on the most stable end-of-winter (February) measurements.
Data on shrub dimensions in the course of the year were used to quantify the effect of the

experimental factors on the short-term response of saltbushes to grazing.

2.1.1. Short-term evolution

An exploratory graphical analysis of the intra-annual evolution of saltbush volume was performed
to observe the influence of the experimental factors (grazing and location) on the plants. Post-
grazing resprouting capacity was then analyzed in greater depth, studying the relative growth in
volume of shrubs between the following pairs of dates: February 2007 to May 2007, May 2007 to
February 2008, February 2008 to May 2008 and May 2008 to February 2009. In each of the four
periods, the initial volume was measured after saltbushes were browsed, while the measurement
of the final volume was carried out several months later, just before the following grazing
application. The relative growth in volume was calculated as the ratio of the final to the initial
volume measurements and was compared across groups. This analysis was applied to the second
and third experimental years, as they followed the same double (February and May) grazing

schedule.
2.1.2. Medium-term evolution

Saltbushes from the plain were larger than those from the slope from the start of the
experiment, so the shrub-size datasets from each location were analyzed separately. Statistical
tests were applied to assess the effect of the grazing treatment on the height, diameter and
volume of saltbushes, as measured in February of each experimental year. Inter-annual growth
within each group was assessed with paired t-tests applied to consecutive measurements of
saltbush height, diameter and volume. This process determined whether each shrub dimension

was significantly larger or smaller than the observation made the year before.

2.2. Shrub structure

2.2.1. Development of regression equations

Medium-term effects of prolonged grazing on fodder and wood biomass distribution, as well as

on plant compactness, were studied through a destructive procedure applied to 60 of the
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experimental saltbushes in March 2009, three years after the beginning of the trial. After the
February 2009 measurements, |5 shrubs from each of the four (2x2) location-grazing factor
combinations were selected using a volume-stratified random procedure. This ensured that a

representative sample of each group was taken.

Each of the 60 plants was cut at ground level and its above-ground biomass separated into
two types: fodder, consisting of leaves and thin stems; and wood, comprising all biomass with a
diameter of more than 3 mm. This threshold was based on the results obtained by Valderrabano
et al. (1996), who established that sheep browsed on A. halimus up to 3-mm—wide shoots. The
fresh weight of each of these fractions was measured, to the nearest 5 g, using field scales. One
homogeneous subsample of fodder and one of wood were collected for every three shrubs
processed. These 40 subsamples were weighed fresh and later fully oven-dried (60°C) before
being weighed again using higher precision laboratory scales. The ratios between dry and fresh
weights of the subsamples were averaged for each biomass type, location and grazing treatment,
and then used as conversion coefficients. This procedure enabled the fodder, wood, and total
(fodder + wood) above ground dry matter (DM) to be calculated for the 60 saltbushes whose

height and diameter had previously been measured.

These data were used to elaborate a number of linear regression equations that were
used to assess which factors were affecting the structure of shrubs, and in which way. The first
linear regression equations were built using all saltbushes in order to select the morphometric
variable which produced the highest coefficient of determination (R?) values in the fodder, wood
and total above-ground DM predictions. The independent variables compared were shrub height
(H), diameter (D), side surface (TDH) and volume (TD?H/4). For the latter two variables,
saltbushes were assumed to approximate to the shape of a cylinder. Due to a strong asymmetry
towards the right, the dependent and independent variables were log transformed. These
transformations normalized the distribution of the residuals and validated the tests on which the

regressions relied.

Once the independent variable that best predicted biomass had been selected, further
biomass regression equations were built using different subsets of saltbushes. The 60-shrub
dataset was halved according to three different criteria: location (slope/plain), grazing treatment
(browsed/non-browsed) and shrub volume (large/small). These divisions produced three pairs of
2 x 30 individuals each, and their regressions were cross-compared to detect the best fits. This
indicated which of the three dividing criteria grouped saltbushes best in regard to their

similarities in their DM-volume relationships.

163



Capitulo 4. Respuesta a corto y medio plazo de Atriplex halimus L. al pastoreo estacional repetido

2.2.2. Plant compactness, biomass and fodder production

The regressions obtained using the grazing treatment subsets were compared graphically to
explore the effect of browsing on fodder, wood and total DM of shrubs across the volume range
of the saltbushes. This visual assessment also indicated how prolonged grazing was affecting plant
compactness. In addition, this characteristic was studied by calculating the total dry matter to
volume ratio (g dm™) of the 60 saltbushes processed. Differences in this parameter between the

browsed and non-browsed groups were then statistically tested.

The regressions of the grazing treatment subsets were also used to estimate the fodder
DM and total DM of all saltbushes (n= 144) in February 2008 and 2009. Due to the
aforementioned differences in shrub volume between the slope and the plain, differences in plant
DM between the browsed and non-browsed saltbushes were analyzed for each location (and
year) separately. Additionally, plant DM values were transformed into production per unit area of

land by taking into account the saltbush planting density.

The percentage of fodder (the amount of fodder DM compared to the total above ground
DM of shrubs) was calculated for each of the 60 plants processed. An exploratory graphical
analysis was performed to observe the effect of grazing treatment, location and shrub volume on
the distribution of this variable. Then, the percentage of fodder was log-transformed to meet the
conditions for the two-way ANOVA. To improve the analysis, we performed an ANCOVA that
incorporated the logarithm of shrub volume as a quantitative covariate. In order to validate the
procedure, we specifically tested for the equality in the slopes of the regressions between the
percentage of fodder and the quantitative covariate for each factor level. This condition was not
met for a two-way ANCOVA, due to the lack of correlation between the proportion of fodder
and the volume of saltbushes from the plain. Therefore, the location factor was left aside and a
one-way ANCOVA was run with grazing as the only experimental factor. For this latter analysis,

log-transformation of the percentage of fodder was unnecessary.

2.3. Shoot moisture content

In the mid-summer measurements, browsed plants were visually observed to have younger
shoots and a later blossom than the non-browsed saltbushes. This delayed phenology could be
expected to be affecting shoot moisture content in the summer. This was assessed by sampling a
young shoot from |5 different plants in each of the four location-grazing treatment combinations.

The sampling took place between 10 and || a.m. and was repeated in two consecutive years, on
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31 July 2006 and 3™ August 2007. Immediately after being cut, each of the samples was weighed
fresh to the nearest 0.1 g using a field dynamometer. Later, they were oven-dried to constant

weight at 60°C and their dry matter content determined using higher precision laboratory scales.

Shoot moisture content was defined as the percentage of moisture found in a fresh shoot.
This was calculated as the difference between the fresh and the dry weights, divided by the fresh
weight of the sample. The shoot moisture content observations of each year (n= 60) were

analyzed separately.

3. RESULTS

3.1. Shrub growth

After three years of grazing management, all 144 saltbushes in the experiment were alive.
Comparing the final (February 2009) and initial (February 2006) measurements, 63 plants had a
smaller height, of which 45 had been browsed. The maximum reduction in height for an individual
shrub reached 51%. None of the saltbushes had a shorter diameter, but four had a smaller
volume. Among these, three had been browsed and lacked an individual protector, while the
fourth had not been browsed. The maximum fall in volume for an individual saltbush was by 20%

of its original size.

Overall, the individual protection of shrubs had an irrelevant effect on saltbush
development. Some short-lived protective effect was observed, but only in the first grazing
treatment application (May 2006). Indeed, in February 2007, the percentages of shrub dimensions
occupied by the core of foliage left after grazing were similar in the protected and unprotected
saltbushes (Table 4.1). The protectors remained ineffective during the rest of the experiment, as

most saltbushes largely exceeded their size.

3.1.1. Short-term evolution

The volume of saltbushes fluctuated intra-annually, in accordance with their phenology and the
grazing treatment applications (Fig. 4.1). Both the peak in volume registered in summer and the
loss of volume detected in the following February measurement were more extreme among non-
browsed shrubs. In the years 2007 and 2008, the grazing treatment applied in May reduced the

volume of browsed saltbushes further than the previous February grazing.
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Table 4.1. Percentages (Mean + SEM) of shrub dimensions occupied by the core of foliage left
after grazing in May 2006 and February 2007, grouped according to the individual protection
experimental factor.

MAY 2006 FEBRUARY 2007

Height Diameter 2 Volume 2 Height Diameter Volume
Protected 727 £333 59.0+458 36.6+6.38 662 +289 548+261 23.1+%3.15
Unprotected 627 £3.06 439+264 156295 61.7+233 558+249 220+298

tro= 2.22 tse= 2.86 tao= 2.99 tro=1.21 tzo=-0.28 tzo=0.26
Two-sample t-test

P=0.030 P=0.006 P=0.004 P=10.230 P=0.781 P=0.797

Note: Statistically significant differences (P< 0.05) are highlighted in bold.

a Unequal variance was detected in this parameter and so Welch'’s t-test was applied.
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Fig. 4.1. Evolution of mean shrub volume (dm®) for the different experimental groups
between February 2007 and February 2009.

Browsed shrubs had significantly larger mean relative growth in volume than those in the
non-browsed groups in the four intra-annual periods analyzed (Table 4.2). Location was found to
be a significant factor only in the two May to February periods, when shrubs from the slope
produced greater relative growth in volume. The grazing and location factors interacted
significantly, as a consequence of the greater effect of grazing in increasing relative growth of the

saltbushes on the slope.
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Table 4.2. Relative growth in volume in the various periods (95% confidence interval for the 0.1-
trimmed means), grouped according to the location and grazing factors.

Slope Slope Plain Plain . . .
Location factor'  Grazing factor*  Interaction*

Browsed Non-browsed  Browsed Non-browsed

Feb07- F=0.01 F=14.05 F=9.60
1.06 —1.86 0.78-0.92 1.08-1.39 094-1.16

May07 P=0.905 P< 0.001 P=0.004

May07- F=18.81 F=79.16 F=7.65
448-6.99 1.71-222 295-395 1.29-1.57

Feb08 P<0.001 P< 0.001 P=0.009

Feb08- F=0.23 F=33.28 F=3.62
143-1.97 1.00-1.21 1.38-1.74 1.03-1.29

May08 P=0.634 P< 0.001 P=0.062

May08- F=7.94 F=14.74 F=6.83
3.05-9.10 1.43-1.83 199-273 I1.16-1.42

Feb09 P=10.008 P<0.001 P=0.014

I Statistical values obtained using a robust generalization of Welch’s test. Significant differences (P< 0.05) are
highlighted in bold.

3.1.2. Medium-term evolution

Positive inter-annual growth was registered in all groups and in most measurements (Table 4.3).
Shrub height was the main exception to this tendency, as it never increased in the browsed
groups, and it even decreased between 2008 and 2009 among the browsed saltbushes of the

plain. In this period and group, no growth in volume was observed either.

The grazing treatment affected saltbush dimensions differently in each location (Table 4.3).
On the slope, differences due to this factor were not found to be significant across all years and
variables, except for the 2009 volume measurement (P= 0.047). In addition, the differences in the
2007 diameter were close to being statistically significant (P= 0.055). In contrast, on the plain, the

non-browsed saltbushes were statistically larger than the browsed ones from 2007 onwards.
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Table 4.3. Atriplex halimus shrub height (H, cm), diameter (D, cm) and volume (V, dm®) (Mean %
SEM) through the course of the experiment.

SLOPE PLAIN
Browsed Non-browsed t-test ¢ Browsed Non-browsed  t-test ¢
Feb 2006 2
H (cm) 66 + 4.0 64 +48 t7o= 0.37 82+33 84 +3.0 tzo=-0.40
P=0.710 P=0.688
D (cm) 45+ 3.6 42 £43 t7o= 0.53 60 £ 4.1 60 + 4.3 tzo= 0.05
P=0.601 P=0.958
V (dm3) 161 +33.3 162 £ 355 t70=-0.02 314+£49.6 3141483 t70= 0.003
P=0.984 P=0.997
Feb 2007
H (cm) 62 +3.0 62 + 3.1 t70=0.12 79 £ 3.1 90 + 3.1 t70=-2.50
=) =) P=0.902 =) +) P=0.015
D (cm) 54 + 3.5 65 +44 t7o=-1.95 74 £ 42 103 £ 5.0 tro=-4.47
+) +) P=0.055 +) +) P<0.001
V (dm3) 191 £31.1 278+ 454 teo=-1.60 b 416 £ 609 876+ 104.6 tse=-3.80 b
=) +) P=0.116 +) +) P<0.001
Feb 2008
H (cm) 61 £3.2 66 +3.0 tzo=-1.07 8035 99+ 2.6 t70=-4.26
=) +) P=0.290 =) +) P<0.001
D (cm) 73+44 77 £ 4.5 t7o0=-0.62 94 1 4.| 117 £ 4.6 t70=-3.83
+) +) P=0.538 +) +) P<0.001
V (dm3) 329 +48.1 386 £47.5 t70=-0.85 633+£689 11891326 ts3=-3.72 b
+) +) P=0.398 +) +) P<0.001
Feb 2009
H (cm) 63128 70+ 35 t7o=-1.61 73 £33 105 + 3.5 t70=-6.61
(=) (+) P=0112 “) (+) P< 0.001
D (cm) 87 +4.0 96 +5.2 tro=-1.47 98 £ 4.1 136 £ 5.0 t70=-5.78
(+) (+) P=0.146 (+) (+) P<0.001
V (dm3) 436 £ 563 628 +76.5 t7o=-2.02 629 £ 66.4 1696 £ 1757 t45=-5.68 b
(+) (+) P=0.047 =) (+) P< 0.001

Note: Signs in parenthesis within each column indicate a non-significant (=) or a significant (P< 0.05) increase
(+) or decrease (-) in shrub height, diameter and volume since the measurement of the previous year.

a In February 2006, no grazing had yet been applied. Tests only indicate the initial equal dimensions between
experimental groups.

b Unequal variance was detected in this parameter and so Welch’s t-test was applied.

< Statistically significant differences (P< 0.05) are highlighted in bold.

168



Las areas pasto-cortafuegos: un sistema silvopastoral para la prevencién de incendios forestales

3.2. Shrub structure

3.2.1. Development of regression equations

Among the different morphometric variables tested, the best regression equations for shrub dry
matter (DM) were obtained using shrub volume, so this variable was used for the subsequent
regressions. Of the regressions built using various different subdivisions of the dataset, the best
fits were obtained when plants were grouped according to the grazing treatment applied (Table
4.4). In contrast, subdividing the dataset according to location did not improve the fits,
particularly for saltbushes from the plain. Further, grouping the cases according to shrub volume
resulted in very poor regressions for large saltbushes. Across all regressions, total DM was the

dependent variable which best correlated with shrub volume.

Table 4.4. Coefficient of determination (R?) values for the regressions built between shrub
volume and total, fodder and wood dry matter (DM), classified according to the full or subdivided
dataset used.

LOCATION GRAZING TREATMENT SHRUB VOLUME
Subdivision Criteria ~ NONE

Slope Plain Browsed Non-browsed  Large Small
Total DM 0.815 0.846 0.772 0.909 0.897 0.355 0.788
Fodder DM 0.769 0.778 0.739 0.838 0.843 0.232 0.771
Wood DM 0.771 0.843 0.699 0.825 0.892 0.351 0.713

3.2.2. Plant compactness, biomass and fodder production

In the regressions obtained for the browsed and non-browsed subsets, estimates of fodder,
wood and total DM were higher for browsed shrubs than for equal sized non-browsed plants,
across all the range of volume values considered (Fig. 4.2). This indicated that browsed saltbushes
were more compact. Accordingly, the total DM to volume ratio was significantly different (t;z=
8.15, P< 0.001) between browsed and non-browsed saltbushes, averaging 2.20 g dm? + 0.094
SEM and 1.24 g dm” + 0.073 SEM, respectively.

The application of these regression equations to all experimental saltbushes yielded the
mean fodder and total shrub dry matter estimations listed in Table 4.5. On the plain, non-
browsed saltbushes were found to have greater fodder and total DM mean values in 2009, but

not in 2008, even though there was a notable difference in mean volume between the two
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groups. On the slope, where the disparity in mean volume was smaller, browsed saltbushes
tended to surpass the mean DM values of the non-browsed group. However, only for total DM
in 2008 was this difference marginally significant (P = 0.060). Considering that saltbushes were
planted at a density of 1250 plants ha™', the estimated fodder DM production per unit area of land
ranged from 386 kg ha' to 739 kg ha' across groups in 2009, while total DM values varied
between 925 kg ha' and 2231 kg ha™.
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Fig. 4.2. Regression equations obtained for the browsed and non-browsed subsets
between shrub volume (dm3) and total, fodder and wood dry matter (g).

Regarding the percentage of fodder found in saltbushes, minimal differences were
observed between the browsed (41.9% * 2.41 SEM) and non-browsed (43.0% + 2.65 SEM)
subsets, while the saltbushes located on the slope had greater percentages of fodder than those
on the plain (50.5% + 2.31 SEM vs. 344% + 1.73 SEM). Shrub volume also seemed to be
correlated with the values of this variable, with larger shrubs showing a tendency to have lower

proportions of fodder (Fig. 4.3).

The two-way ANOVA confirmed that location was a very significant factor (F, 5,= 38.5, P<
0.001) for the percentage of fodder, while grazing treatment and their interaction were not (P>
0.05). However, when the influence of shrub volume was corrected through the one-way
ANCOVA, a significantly (F,s;= 9.54, P= 0.003) greater percentage of fodder was observed
among the non-browsed saltbushes. Their estimated marginal mean at a 95% confidence level
ranged from 43.0% to 50.4%, while the mean percentage of fodder for the browsed group was

estimated to be between 34.5% and 42.0%.
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Table 4.5. Mean volume (dm®) and estimated (Mean * SEM) fodder and total dry matter (DM, g)
of shrubs from the different experimental groups in February 2008 and 2009.

SLOPE PLAIN
Browsed Non-browsed t-test © Browsed Non-browsed t-test ©
February 2008
Volume (dm?) 329 386 -a 633 1189 -a
ts;= 1.31° t;o= 0.04
Fodder DM (g) 277 +32.8 227 + 19.6 475 £ 414 473 + 30.7
P=10.196 P=10.970
t,o= 1.92 t,,= 0.09
Total DM (g) 700 +99.4 483 £ 53.7 1323 £ 1395 1307 £ 124.4
P=0.060 P=0.932
February 2009
Volume (dm’) 436 628 -8 629 1696 -8
t,,=0.98 to= -2.14
Fodder DM (g) 3524354 309 +25.7 474 + 40.0 591 372
P=0.328 P=0.036
tee= 1.30° tyo= -2.24
Total DM (g) 922 + 1148 740 £ 81.0 1316 + 134.5 1785 + 160.1
P=10.200 P=10.028
a Tests for this variable and other dimensions are provided in Table 4.3.
bUnequal variance was detected in this parameter and so Welch’s t-test was applied.
< Statistically significant differences (P< 0.05) are highlighted in bold.
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Fig 4.3. Distribution of the percentages of fodder in relation to

grazing treatment, location and shrub volume.
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3.3. Shoot moisture content

The percentage of moisture in shrub shoots measured in each combination of location,
treatment and year is summarized in Fig. 4.4. The two-way ANOVA indicated that most of the
variation observed was due to the grazing treatment factor (2006: F, ;,= 46.79, P< 0.001; 2007:
Fis6= 97.30, P< 0.001). Browsed saltbushes were found to contain more moisture in the shoots
than non-browsed ones both in 2006 (62.5% + 0.61 SEM vs. 57.4% + 0.51 SEM) and 2007 (62.5%
+ 0.60 SEM vs. 54.6% * 0.52 SEM). Statistical differences were also produced by the location
factor in the 2006 measurements (F, s,= 9.47, P= 0.003), when saltbushes from the slope had on
average greater moisture content than those from the plain (61.1% + 0.63 SEM vs. 58.8% * 0.78
SEM). However, in 2007 no significant differences were observed between the two locations.

Interactions were not observed in any of the years.
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Fig. 4.4. Box plots of the shoot moisture content measured in shrubs
across the experimental groups in the summers of 2006 and 2007.

4. DISCUSSION

This experiment evaluated the short and medium-term response of Atriplex halimus to a repeated
seasonal grazing schedule at an experimental site located on marginal arable land. Overall, A.
halimus plants responded very positively to grazing, as browsed shrubs maintained a trend of
moderate growth throughout the experiment, and a strong resprouting capacity was observed

after each grazing treatment. Several variables that are relevant for the management of
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plantations, such as plant compactness, the proportion of fodder and the shoot moisture content,

were also affected by grazing.

4.1. Shrub growth

The use of individual protectors, a factor which we hypothesized would reduce plant
consumption by livestock and improve the response of saltbushes to grazing, had an irrelevant
influence on shrub development in this experiment. Early on (Table 4.1), the larger dimensions of
the saltbushes rendered the relatively small-sized protectors superfluous. The usefulness of
protectors could have been greater in the case of younger plants, which are usually more
sensitive to grazing. In another experiment, however, younger (2 to 3-year—old) A. halimus plants
were also found to recover well after grazing in the absence of protectors (Luna et al,, 1994).
Larger protectors would certainly have reduced saltbush consumption in our experiment but,
considering the vigorous regrowth observed among browsed plants (Table 4.2), we conclude that
any kind of protection would prove unnecessary for situations similar to our experimental

conditions.

Saltbushes maintained a vigorous resprouting capacity during the whole experiment
despite being repeatedly browsed. Even in 2007 and 2008, when plants were grazed for a second
time (in May) before fully recovering from the first browsing (in February), a strong late spring
regrowth was observed (Fig. 4.1). In fact, the relative growth in volume measured in all intra-
annual periods was statistically greater among browsed shrubs (Table 4.2). Being a relative
measurement, this parameter could have somewhat magnified the figures for the browsed shrubs,
which were smaller in size (particularly on the slope). However, it clearly indicated that
saltbushes recovered rapidly from grazing. This capacity was probably linked to the limited loss of
biomass associated with browsing, when compared to harvesting shrubs by mechanical means.
Abu-Zanat et al. (2004), for instance, observed less regrowth in A. nummularia when plants were

cut at 15 or 30 cm above ground, while resprouting was stimulated if they were cut at 45 cm.

Correal and Sotomayor (1999) recommended letting A. halimus shrubs recover for the
rest of the year after having been browsed for |-3 months in the winter. Valderrabano et al.
(1996) also allowed saltbushes to recover after being grazed in the autumn, and observed a
complete recovery of shrub volume one year later. Our data suggests that further grazing on A.
halimus does not compromise its growth. In fact, the double (February and May) grazing period
we tested in 2007 and 2008 was easily withstood by saltbushes, which seemed to have fully

recovered by as early as mid-summer (Fig. 4.1).
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Height was the morphometric variable most affected by intense seasonal grazing. The
mean height did not increase inter-annually among browsed saltbushes, and the positive growth
in volume registered was a direct consequence of increases in diameter (Table 4.3). Non-
browsed saltbushes, in contrast, grew both in height and width, which added up to greater
volume increments. Benjamin et al. (1995) reported that other saltbush species (A. nummularia
and A. canescens) do not recover pre-grazing standing biomass after several grazing periods,
making the strong resistance of A. halimus to repeated browsing particularly notable among

saltbushes.

As hypothesized, shrub growth was greater on the plain, a location with deeper soil and
greater availability of water than the slope. In fact, the mean volume of the non-browsed shrubs
from the plain was two to three times larger on the plain than on the slope (Table 4.3). By the
end of the trial, however, the non-browsed group from the slope had reached the mean
dimensions of the browsed saltbushes from the plain (Fig. 4.1). This demonstrated the potential
of repeated browsing to constrain shrub growth, as the more favorable conditions found on the
plain were fully counterbalanced by three years of seasonal grazing. This convergence of the
effects on plants of environmental aridity (found at the slope location in our experiment) and
grazing (browsed saltbushes on the plain) was described in classic studies modeling long-term

evolutionary processes in grasslands (Coughenour, 1985; Milchunas et al., 1988).

Grazing was expected to constrain shrub growth consistently during the experiment, and
this was supported by the data obtained. However, the effect of grazing on shrub dimensions was
much less remarkable on the slope, where the trend towards the non-browsed shrubs being
larger was only confirmed statistically in the last (February 2009) volume comparison (Table 4.3).
In contrast, on the plain, significant differences in shrub dimensions between groups were
observed as early as after the first experimental year (February 2007). These differences grew in
the course of the experiment, as a result of the cumulative effect of repeated browsing of the
same individuals. Overall, the most remarkable effect of grazing was observed on the plain, where
the average shrub volume did not increase among browsed saltbushes in the third experimental
year. Thus, according to our results, grazing could be expected to produce more accentuated
effects in shorter periods of time when saltbushes are located on sites with better conditions for
growth. Contrary to our hypothesis, being in a better location did not substantially improve the
response of saltbushes to grazing. Rather, the difference with the non-grazed group was more
apparent than in the poorer location, where factors other than grazing restricted shrub growth

more severely.
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4.2. Shrub structure

Shrub volume was the morphometric variable that best predicted the fodder, wood and total dry
matter (DM) of saltbushes in our experiment. In other studies, similar regression equations also
used volume as the independent variable (Luna et al., 1994; Valderrabano et al., 1996; Ben Salem
et al, 2005). The highest R? values were obtained in the regressions for the browsed and non-
browsed saltbush subsets (Table 4.4 and Fig. 4.2). These results suggested that the grazing
treatment was a very influential factor in conditioning the shape of shrubs and modifying their
fodder and wood production. Other authors have also reported this (e.g., Zhao et al,, 2007), so
taking into account how shrub structure is modified by browsing seems to be critical to obtain

better fits and improve biomass estimations made from morphometric variables.

The most marked difference in structure caused by grazing was that, as anticipated,
browsed shrubs had become more compact by the end of the experiment (Fig. 4.2). In fact, they
surpassed by 77% (2.20 g dm” vs. 1.24 g dm™) the total dry matter to volume ratio observed
among non-browsed shrubs. This remarkable disparity sheds a different light on the mean shrub
volume observed across the experimental groups, the browsed saltbushes having been found to
contain larger amounts of biomass per unit of volume. On the plain, for instance, where browsing
had produced drastic differences in shrub dimensions, shrub fodder DM and total DM were
similar in 2008, while statistical significance was just reached in 2009 for the differences between
the browsed and non-browsed groups (Table 4.5). A similar trend was observed on the slope,
where biomass was somewhat higher for the browsed group. Thus, our hypothesis that browsing

would reduce biomass accumulation was not validated by the data.

Further, we may also conclude that fodder production was only mildly affected by the
repeated browsing, as a statistically significant reduction was only observed in 2009 for the
groups from the plain (Table 4.5). Therefore, the hypothesis that browsed plants would maintain
acceptable fodder production was validated. Nevertheless, our fodder DM estimates (from 386
kg ha'' to 739 kg ha') were distinctly lower than those reported by Larbi et al. (2009) (700 to
2400 kg ha™' of fodder in different cultivars of A. halimus) in a study carried out in Aleppo, Syria. It
must be taken into account that this latter experiment and many others reported in the
literature were performed using improved cultivars and in research stations, which are generally
situated on very good agricultural land. Indeed, Le Houérou (1992) reported even higher
potential yields (2000-4000 kg ha' yr™') for saltbush plantations under arid climates when suitably
managed. Our results suggest that these predictions are too optimistic for poorer locations or

when non-improved local cultivars are used. In another study conducted in northern Spain on
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autochthonous three-year-old A. halimus plants, leaves averaged 824 g DM per shrub in winter
(Luna et al,, 1994) and this could represent 67% of the total edible (fodder) fraction (Andueza et
al., 2005). Our results (309-591 g of fodder DM per shrub in 2009) confirmed the relatively
poorer growth conditions found on the marginal arable lands that constituted our experimental

site.

Browsed saltbushes were expected to remain less lignified, as they were frequently
consumed by livestock and their tissues rejuvenated through the subsequent resprouting process.
At first glance, however, the proportion of fodder seemed not to be affected by this factor (Fig.
4.3). Instead, higher percentages of fodder were found to be correlated with smaller saltbushes.
The ANCOVA corrected for the effect caused by shrub volume and revealed previously
undetected differences in fodder percentage between the browsed (34.5%-42.0%) and non-
browsed (43.0%-50.4%) groups. Therefore, it would seem that grazing produced a double self-
cancelling effect: on the one hand, it reduced plant dimensions and this increased the proportion
of fodder; on the other hand, the repeated consumption by livestock reduced the proportion of
fodder. In summary, our hypothesis should be rejected, as the percentage of fodder was similar in
the browsed and non-browsed groups. Our values were somewhat lower than those calculated
by Larbi et al. (2009) for A. halimus cultivars, which ranged from 45% to 54%. These authors,
however, used a different methodology: shrubs were not browsed but mechanically harvested,
they used a greater diameter threshold to separate fodder from wood (10 mm vs. 3 mm) and
only evaluated the biomass more than 50 cm from the ground, while we processed all the above-
ground biomass. All these factors contribute to increasing the difference in the percentage of

fodder found in the two studies.

4.3. Shoot moisture content

The application of the grazing treatment delayed the phenology of the browsed plants, which had
to resprout after most of their photosynthetic tissues had been consumed by livestock. Rather
than characterizing their hydric status in detail, the shoot moisture content measurements we
took in the summers of 2006 and 2007 were intended to simply observe whether more water
was available in the shoots of the saltbushes that were browsed in spring. Our results (Fig. 4.4)
clearly indicated that browsed shrubs had consistently higher percentages of moisture in their
shoots than the non-browsed plants, which confirmed our initial hypothesis. This greater
moisture content could have been mediated by an accumulation of salt in the shoots and,

particularly, in the leaves (Andueza et al, 2005). Thus, resprouting saltbushes could represent a
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greater source of water and salt for grazing livestock during the dry season, and could also help

reduce fire risk, as moisture content is a critical determinant of flammability (Weise et al., 2005).

5. CONCLUSIONS AND MANAGEMENT IMPLICATIONS

This three-year grazing experiment on an Atriplex halimus plantation in south-eastern Spain
provided novel and uncommon data on how this species responds in the short and medium term
to repeated grazing. The seasonal grazing applied constrained the intra- and inter-annual growth
in volume of saltbushes, but their capacity to resprout after being browsed was very high
throughout the experiment. Browsing modified shrub structure, producing more compact plants
with greater amounts of fodder, wood and total dry matter per unit volume. As a result, and
although browsed saltbushes were smaller in size, biomass accumulation was not consistently

reduced by grazing.

Fodder production, which was relatively low in comparison with other studies, was barely
reduced by repeated grazing. The percentage of fodder found in shrubs also remained unaffected.
However, spring grazing was found to increase shrub-shoot moisture content in the summer. As
regards the other experimental factors, individual protection had an insignificant effect on
improving saltbush response to grazing in this experiment. By contrast, location had a very
notable effect, with shrub dimensions and fodder production found to be greater where there
was deeper soil and more water available. However, being on a better location did not
substantially improve the response of saltbushes to grazing, as it was also very good on the

poorer site.

These conclusions demonstrate the capacity of A. halimus to withstand seasonal grazing
and maintain an acceptable fodder production, even in the medium term and when repeatedly
grazed. Therefore, its regular use as a fodder resource for grazing livestock can be generally
recommended for low-rainfall Mediterranean environments. A more innovative possibility would
be to plant this species in firebreaks that are regularly grazed and thereby help reduce forest fire
risk. In this application, maintaining shrub vitality and fodder production is essential but growth
beyond the reach of livestock and accumulation of biomass should be avoided. For the most part,
these goals could be attained by the seasonal grazing schedule evaluated in this study. Besides, the
higher moisture content found in browsed saltbushes during the dry summer could benefit both

grazing livestock and wildfire prevention objectives.
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CAPITULO 5. Los incendios por quemas de
pastos en el Mediterraneo: analisis de sus
conexiones con los patrones de uso del suelo en
paisajes manejados

If Mediterranean geography made itinerant grazing mandatory, fire made it possible.
The grazier burned not out of wantonness but of necessity. Fire retarded the final progression into
full-blown forest, pruned and sweetened maquis, flushed new life into grasses and forbs,

and in general kept ager and saltus in a state suitable for the herd.

Fire prodded, fire cleared, fire converted; but fire alone did not abuse.
The shepherd’s torch only assisted other assaults, much as armies put cities to the torch
only after the walls had fallen to siege engines and storming troops.

Pastoral fire was as regulated (or riotous) as pastoralism.

STEPHEN J. PYNE

Vestal fire

179






Las areas pasto-cortafuegos: un sistema silvopastoral para la prevencién de incendios forestales

RESUMEN DEL CAPITULO

Como hemos descrito en la Introduccion General, el incremento del nimero e impacto de los
incendios forestales en los paises del norte del Mediterraneo ha llevado a revisar el papel de
ciertas actividades agrarias en el medio natural. En particular, las practicas de pastoreo con
ganado han entrado a formar parte de varios programas de prevencion de incendios. No
obstante, la actividad ganadera también esta ligada histéricamente al uso del fuego, pues la quema
de pastos es una practica tradicional utilizada por ganaderos para regenerar sus pastaderos y

obtener un pasto fresco mas apetecido por el ganado.

Esta practica persiste, pero las condiciones del medio han cambiado. El abandono rural ha
provocado que el monte tenga, hoy por hoy, una carga de combustibles mas alta, que se
distribuye de forma muy homogénea por el paisaje (Fotografia |1). En consecuencia, las quemas
de pastos se escapan mas facilmente de control y pueden generar grandes incendios forestales.
De hecho, las estadisticas indican que las quemas de pastos constituyen la principal causa de
incendios en Espafia. A pesar de ello, son escasos los estudios que analizan especificamente esta

causa de ignicion.

Fotografia 11. Paisaje de Sierra Nevada, provincia de Granada, en el que se observan pequefios
borreguiles alin no invadidos por el piornal, un tipo de matorral muy dominante y en expansion.
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El objetivo de este trabajo es estudiar las conexiones entre el nimero de incendios
originados por quemas de pastos y los patrones de uso del suelo existentes en Andalucia.
Estudios anteriores han demostrado que los patrones de usos del suelo estin estrechamente
ligados a los incendios forestales. Por un lado, estos usos determinan la cantidad y continuidad de
vegetacion potencialmente combustible en el paisaje, lo que tiene consecuencias directas sobre la
expansion y dimension de los incendios. Por otro lado, los usos del suelo reflejan la organizacion
espacial de las actividades humanas en los paisajes manejados y, precisamente, las actividades

humanas son las causantes del 95% de los incendios que suceden en Europa.

Esta ultima relacion es particularmente estrecha en el caso de las igniciones por quemas
de pastos, dado que la ganaderia extensiva depende de los recursos pascicolas disponibles, y
estos pueden ser regenerados mediante el uso del fuego. Por tanto, planteamos la hipotesis de
que una mayor frecuencia de igniciones de incendios por quemas de pastos podria estar asociada
a ciertos patrones de usos del suelo. La identificacién de estos patrones permitiria comprender
mejor el fendbmeno de los incendios originados por quemas de pastos y podria emplearse para

mejorar la gestion de los usos del suelo en el territorio.

Para este trabajo de investigacion, la zona de estudio ha sido el conjunto de Andalucia, una
region grande y diversa que comprende paisajes muy representativos de la ribera norte
mediterranea. Como se justifica mas adelante, el estudio se centrd en los 24 parques naturales
existentes en Andalucia, que abarcan los espacios naturales mas importantes de la regién. Al igual
que en el resto del Mediterraneo, estos espacios naturales son fruto de una muy larga historia de

manejo humano de los ecosistemas naturales.

Los datos de incendios por quemas de pastos en Andalucia se obtuvieron directamente de
un estudio anterior, en el que se habia extractado y corregido informacién procedente de la base
de datos de incendios forestales del Ministerio de Medio Ambiente. Asi, se dispuso de una serie
de datos de |3 anos (1988-2000), que contenia el niumero de incendios por quemas de pastos
iniciados en cada término municipal de Andalucia durante el periodo de estudio. La informacion
de usos del suelo se obtuvo a partir del mapa CORINE 1990, cuya fecha de elaboracién coincidia
con el inicio del periodo de estudio. Las distintas clases de usos del suelo existentes en dicha
cartografia (n = 56) se reclasificaron, a su vez, en cinco clases en funcién del nivel de uso pastoral
que podria razonablemente esperarse en ellas (Tabla 5.1). Las teselas adyacentes de un mismo
nivel de uso pastoral se fusionaron, y asi se obtuvo un mapa de Andalucia que describia los usos

del suelo desde una perspectiva pastoral.
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Con el fin de que los paisajes estudiados fueran suficientemente representativos, se vio
necesario unir varios municipios, pero evitando mezclar zonas muy distintas entre si. En
consecuencia, se optd por utilizar los parques naturales como unidades de estudio. Asi, se
definieron 24 unidades de paisaje (denominados Paisajes en lo sucesivo); cada una de ellas abarca
al conjunto de municipios cuyo territorio esta total o parcialmente dentro de un parque natural.

El resto de municipios de Andalucia fue excluido del estudio.

Para cada Paisaje, se agregaron los datos de incendios de sus municipios, y la suma se
dividid por la superficie forestal de dicho paisaje. Asi, se obtuvo el nimero de incendios
originados por quemas de pastos por unidad de superficie forestal (denominado densidad de
incendios en lo sucesivo), y se evitaba que el tamano de los Paisajes influyera en este valor. Los
valores de densidad de incendios por cada 100 km? variaron entre 0 y 10,4 en los distintos
Paisajes, que en su conjunto sumaban un total de 363 incendios por quemas de pastos durante el

periodo de estudio.

Asimismo, el mapa obtenido anteriormente se interseco con el perimetro de los Paisajes,
y en cada una de las 24 unidades resultantes se caracterizaron los patrones espaciales de uso
pastoral. Para ello, se utilizo el software Fragstats, una herramienta habitualmente empleada para
caracterizar patrones en estudios de ecologia del paisaje. Para cada Paisaje se obtuvieron 37
indices paisajisticos globales, y 34 mas para cada una de las cinco clases de uso pastoral, todos
ellos insensibles al tamafo del paisaje analizado. En general, el tamafo medio de las teselas era
grande (410 ha) si bien la mediana era mucho menor (35 ha), lo que indicaba que muchos Paisajes
estaban dominados por una o varias teselas muy grandes. Por su parte, las cinco clases de uso
pastoral ocupaban proporciones muy desiguales en los Paisajes, si bien estaban presentes en
todos ellos. En promedio, la clase | (sin uso pastoral) era la menos abundante, seguida por la
clase 5 (alto uso pastoral). Los valores de otros de estos indices pueden consultarse en las Tablas

52y523.

La modelizacién entre estos indices (variables independientes) y la densidad de incendios
(variable dependiente) se realizé empleando redes neuronales artificiales. Esta eleccion se debid a
que las distribuciones alejadas de la normalidad son frecuentes en los datos de incendios, y a que
varios de los indices paisajisticos estan estrechamente correlacionados, lo que impedia el uso de
herramientas estadisticas clasicas. En el proceso de modelizacién se definieron, entre otros
parametros, la arquitectura de las redes neuronales y las transformaciones que podian hacerse de
las variables. Ademas, se empled un algoritmo genético para preseleccionar a priori las variables

independientes mas correlacionadas con la variable dependiente. La bondad de ajuste de las
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distintas redes construidas se evalu6 mediante la correlacion lineal entre los valores

pronosticados y observados de la densidad de incendios.

La red neuronal que presenté un mejor ajuste dependia de siete variables independientes
y contenia tres nodos en la capa oculta. Para evaluar la importancia relativa de estos siete indices
paisajisticos, se valord tanto la sensibilidad de las predicciones ante cambios en el valor de los
indices, como la frecuencia con la que los indices habian sido seleccionados por el algoritmo

genético (Tabla 5.4).

Los tres indices mas importantes indicaron que la densidad de incendios era mas alta
cuando: 1) existia una mayor variabilidad en el tamafo de las teselas en el paisaje, 2) las teselas
tenian un grado similar de elongacion, y 3) la probabilidad de que dos pixeles seleccionados al
azar en el paisaje no estuvieran en la misma tesela era mas alta. Asimismo, si bien con una
importancia algo menor en el modelo, los cuatro indices restantes indicaban que la densidad de
incendios era mas alta cuando: 4) la densidad de teselas era mas baja, 5) las teselas eran mas
alargadas, 6) las distintas clases de uso pastoral estaban mas entremezcladas, y 7) la superficie se

repartia de forma mas equitativa entre las distintas clases.

La interpretacion de las tendencias apuntadas por estas siete variables se realizé en base a
las caracteristicas generales de los Paisajes estudiados y a elementos propios del territorio y la
gestion ganadera. En global, todos los Paisajes tendian a estar dominados por una o varias teselas
de gran tamano, aunque existian muchas otras de un tamano inferior. En zonas de montana, estas
grandes teselas se corresponderian con matorrales y bosques perennifolios (clase 4), asi como
con pinares (clase 3), mientras que muchas teselas mas pequenas serian pastos herbaceos (clase
5). En zonas de valle, en cambio, las grandes extensiones de cultivos lenosos (clase 2) y herbaceos
de secano (clase 3) dominarian el paisaje, y entre ellas se encontrarian pequenas teselas de mayor

uso ganadero (clase 4, principalmente).

En este contexto, los resultados del modelo sugieren que varios patrones espaciales
estaban correlacionados con una mayor densidad de incendios. Por un lado, la mayor variabilidad
de tamanos indica un patréon mas extremo de dominacién por teselas muy grandes en las que se
insertan muchas teselas de un tamafo muy inferior. Esta tendencia se corresponde con paisajes
agrarios menos diversificados, y con procesos de abandono y matorralizacion. Con respecto a la
forma de estas teselas, las formas mas similares y alargadas también aumentan la densidad de
incendios, posiblemente porque propicia un incremento de la interfaz entre clases distintas. El
aumento de las zonas de contacto puede estar vinculado a un aumento de la ocurrencia de

incendios, tal y como sugieren otros autores, especialmente si el contacto es con zonas de
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matorral, ya que estas comunidades son las mas frecuentemente gestionadas mediante quemas de

pastos.

Los Paisajes con un mayor nimero de teselas (tanto grandes como pequefas) también
presentan una densidad de incendios mayor, particularmente si los distintos niveles de uso
pastoral se encontraban mas entremezclados. Esta tendencia esta respaldada por dos de los
indices del modelo, si bien el indice que apuntaba a una densidad de teselas mas baja le resta
cierta importancia al nimero de teselas pequefas. Con respecto al ultimo de los indices, se vio
que la mayor equidad en el reparto de superficies entre clases se producia en aquellos Paisajes
con una mayor proporcion de las clases | y/o 5. La mayor abundancia de superficie de clase 5,
que agrupa pastos herbaceos y sistemas agroforestales, puede considerarse un indicador de
actividad ganadera extensiva. La mayor demanda de pastos para el ganado que conllevaria podria

haber ocasionado un mayor uso del fuego para la regeneraciéon de zonas aledanas.

En suma, la conclusion que se desprende de este estudio es que las igniciones de
incendios por quemas de pastos son mas probables en aquellos paisajes que tienen un patréon mas
acusado de estar dominados por una matriz compuesta por varias teselas grandes de poco a
moderado uso pastoral, y de contener un gran nimero de teselas pequenas y alargadas de mayor
uso pastoral. En correspondencia con este hecho, una gestion del territorio que propiciara el
agrandamiento y fusion de estas pequenas teselas de mayor uso pastoral podria reducir la
incidencia de este fenomeno. En todo caso, y asumiendo que ciertos procesos, como la
expansion de la matriz dominante, son dificilmente controlables, podria ser necesaria la adopcion

de otras medidas para reducir el impacto de este fendbmeno sobre el territorio.

Pastoral wildfires in the Mediterranean: understanding their linkages

to land cover patterns in managed landscapes

ABSTRACT

The pastoral use of fire to regenerate rangelands is a major cause of wildfires in many
Mediterranean countries. Despite producing important environmental impacts, this phenomenon
has hardly ever been studied separately from other wildfire ignition causes. As extensive livestock
breeding relies on the available pasture resources, we hypothesised that a higher rate of pastoral

wildfire ignitions could be associated with land cover patterns, as these reflect the spatial
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arrangement of human activities in managed landscapes. To investigate these patterns, we studied
landscape structure and the pastoral wildfires recorded between 1988 and 2000 in 24 Nature
Park landscapes in Andalusia (Spain). The CORINE Land Cover map was reclassified according to
five levels of grazing use and landscape metrics were calculated. Neural networks were
developed to model the relationship between landscape metrics and pastoral wildfires, obtaining
a set of significant variables which are discussed in the frame of land and livestock management in
the region. We conclude that pastoral wildfire ignitions are more likely in landscapes where the
pattern of being dominated by a matrix composed of several large patches of low to moderate
grazing use, and having abundant small and elongated patches of higher grazing use, is more

extreme.

1. INTRODUCTION

In recent decades, wildfires and their associated impacts have dramatically increased in most
European countries along the northern Mediterranean rim. Although climate change may have
contributed to their growth (Pausas, 2004), widespread wildfires are considered a direct
consequence of land-use change. Socioeconomic development has promoted the abandonment of
many traditional rural activities which had long maintained a diverse fine-grained mosaic of land
use in the region (Antrop, 1993; Farina, 1998). In the second half of the 20™ century, pervasive
rural abandonment has resulted in increased fuel loads (Moreira et al, 2001) and in the
predominance of simplified fire-vulnerable landscapes composed of large homogeneous

communities (Lloret et al.,, 2002; Lasanta et al., 2006).

In an attempt to offset this trend, the promotion of certain agricultural activities is
frequently proposed as an instrument to reduce wildfire hazard (Bartolomé et al., 2000; WWF,
2006). Among these, extensive livestock breeding has outstanding potential to reduce fuel loads
in forests and rangelands. In fact, several regions in Mediterranean countries have integrated
monitored grazing of fuelbreaks into their wildfire prevention programmes (Thavaud, 2006; Ruiz-
Mirazo et al., 2009), recognising the environmental value of a type of farming which had declined

markedly in favour of intensive production systems.

However, the beneficial effects of agricultural practices on reducing the susceptibility of
landscapes to wildfires are only one side of the picture. In Spain, the use of fire for agricultural
purposes accounts for over 46% of the wildfires of known origin, and the pastoral use of fire, in

particular, is the single main cause of ignition (Martinez, 2004). This is a traditional practice
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employed by livestock farmers who intentionally burn rangelands to offset shrub encroachment
and induce the growth of forage for their herds. These burnings often spread out of control and
develop into wildfires that can affect large areas. The importance of the pastoral use of fire in
Spain was reflected in a study by Martinez et al. (2009): the persistence of livestock under
traditional management was one of the most significant socioeconomic variables in a model that
predicted the occurrence of human-caused wildfires. Pastoral wildfires require specific analyses,
as their spatial and temporal patterns are different from those observed with other causes of

ignition (Catry et al,, 2010).

Land cover patterns are considered to be closely related to both wildfire size and the
number of wildfire ignitions, albeit in different ways (Bajocco & Ricotta, 2008). On the one hand,
the continuity and amount of fuel in a landscape, which have an effect on fire spread and size, are
largely determined by land cover. In managed landscapes, on the other hand, land cover reflects
the spatial arrangement of human activities, which are the cause of 95% of wildfire events in
Europe (Catry et al, 2010). In the case of pastoral wildfire ignitions, the linkage with land cover is
particularly strong, because extensive livestock breeding is conditioned by the spatial structure of
the pasture resources available in the area. In the Mediterranean basin, domestic livestock exploit
virtually all possible resources (crops, grass, shrub and forestlands), and these may be managed
with fire when it is deemed necessary to improve forage quality and quantity. For example,
livestock farmers may decide to set fire to moderately grazed plant communities where shrub
encroachment is progressively diminishing the availability of good pasture. However, the pastoral
use of fire tends to prove ineffective in certain types of land cover, such as heavily grazed

silvopastoral systems (e.g., the Spanish dehesas).

Despite its connexions with the management of land cover, the study of extensive
livestock breeding as a direct cause of wildfires has received little attention from environmental
research. Usually, the influence of livestock grazing on wildfire is studied in terms of the effect of
grazing on the vegetation and fuel load dynamics. For example, Kerby et al. (2007) simulated fire
behaviour in four theoretical heterogeneous landscapes which differed in grain size of fuel
patches as a consequence of historical fire-grazing interaction. In another study that compared
two Greek peninsulas with different histories of human impact, Kalabokidis et al. (2002) used
livestock sheds as spatial indicators of intensely grazed areas in the landscape, but no conclusive

evidence related sheds for livestock to wildfire occurrence.

Pastoral wildfires in particular were studied in Portugal by Catry et al. (2010), who found

they were positively correlated to areas of higher altitude, slope and recurrence of wildfires. The
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linkages between wildfire ignitions and land cover type were analysed by Bajocco & Ricotta
(2008) in Sardinia (ltaly), but the causes of these ignitions were not analysed. To our knowledge,
no studies have related pastoral wildfire ignitions with patterns of land cover. This approach may
seem especially appropriate in Mediterranean Europe, where wildfires are an important
environmental issue, livestock graze on a large portion of the landscape and the pastoral use of

fire is common.

The objective of this research was to investigate and model the relationship between land
cover patterns and pastoral wildfire ignitions in Andalusia (southern Spain), a large and varied
region which is representative of the northern Mediterranean landscapes for its climate,
vegetation and socioeconomic activities. Landscape metrics were employed to characterise
patterns of land cover and relate them to the pastoral wildfires which occurred during a |13-year
period using artificial neural networks. The underlying hypothesis was that a higher occurrence of
pastoral wildfires would be associated with certain land cover patterns found in managed
landscapes. The identification of these patterns would deepen our understanding of the pastoral

wildfire phenomenon, and could be used to improve land management.

2. MATERIAL AND METHODS

Andalusia is the southernmost region of Spain in the Iberian Peninsula (Fig. 5.1). It has a surface
area of 87 268 km?, with a population density of 91.4 inhabitants km™. It is a very diverse region,
containing both mountainous and wide valley areas, with mean annual rainfall ranging from under
200 mm in the arid south east to over 2000 mm in the western ocean-influenced mountains. All
landscapes in Andalusia are the result of a very long history of human management of natural

ecosystems.

This study was focused on the 24 Nature Parks (IJUCN Management Category V) in
Andalusia, which contain the most representative semi-natural ecosystems of the region. These
parks constitute management units for forestry and pastoral uses, and bring together most
conservation initiatives implemented by the government. Extensive livestock breeding is a
common farming practice within Nature Parks, where domestic livestock grazing for wildfire

prevention purposes is currently being promoted (Ruiz-Mirazo et al.,, 2009).
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2.1. Data and analysis scale

The Spanish Ministry of the Environment manages a centralised database for the registering of all
wildfires which occur in Spain using a standardised form (Vélez, 2009). The location where each
wildfire initiated and the most likely cause of ignition (when known) are two of the key features
which are systematically recorded. As a result of previous research (Martinez, 2004), information
from this database extracted and corrected was available for Andalusia for the period 1988-2000.
This elaborate dataset constituted a unique resource, as the number of pastoral wildfires (i.e.,
wildfires identified as originating from fires lit by livestock farmers to regenerate rangelands)
initiated in each of the 764 municipalities of the region during the |3-year period was obtained
directly. The length of this period mitigated the annual fluctuations in the number of wildfire
events and allowed sufficient information to be collected to adequately reflect the occurrence of
pastoral wildfires in the different municipalities. Extensive livestock breeding being a traditional
activity regulated by custom, the use of fire by farmers would not be expected to change

significantly during this study period.

In order to characterise landscape structure for the purpose of relating it to pastoral
wildfire ignitions, we implemented a pastoral reclassification of the best land cover map available
for that period (CORINE 1990 Land Cover map). This reclassification was performed to
adequately reflect the spatial arrangement of the pasture resources and the extensive livestock
breeding they sustained. On the one hand, the vegetation and human use associated with land
cover types were assumed to have the potential for different degrees of pastoral use, e.g., after
harvesting non-irrigated cereal crops are an important summer feed for livestock, while irrigated
agricultural lands are very productive but only occasionally grazed. On the other hand, pastoral
activities themselves may affect vegetation distribution, e.g., intense grazing dynamics are a key
factor in the perpetuation of many types of grassland, while the lack of grazing pressure can

facilitate encroachment of shrubby species in many areas.

Among the different sources of data on land use available, we selected the European
CORINE (Coordination of Information of the Environment) Land Cover project (Heymann et al,
1994), which offered a good trade off between detail and homogeneity in the information
provided. Other maps had a coarser scale, only partially covered the study region, were out of
date, or too recent to relate them to the chosen study period of wildfire records. The satellite
images used to produce the CORINE 1990 Land Cover map (CLC90) in Spain were taken in the
summer of 1987 and the associated fieldwork was completed in the following years. Land cover is

likely to have evolved somewhat in the course of our study period (1988-2000) but the
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information provided by CLC90 was considered to represent the spatial arrangement of pasture
resources sufficiently accurately for the purposes of this study. CLC90 was mapped at a
1:100,000 scale, with an accuracy of at least 100 m. The inventory described land cover units with
a hierarchical nomenclature of five, |5 and 44 classes at the first, second and third level,
respectively. In Spain, more detailed work led to 64 different classes at the fifth level for CLC90
(IGN, 2004); 56 of them were present in Andalusia.

For this study, CLC90 land use classes were reclassified according to their estimated use
for grazing, using a five-level scale (Table 5.1). This assessment was based on the human use and
dominant vegetation in each class, as these factors determined, to a great extent, their carrying
capacity (i.e., forage availability for livestock). This process was supported by local experts and
regional pasture and livestock system descriptions available in the literature (Robles & Gonzilez-
Rebollar, 2006; Robles et al, 2009b). Adjacent patches with different land use but equal grazing
use level were merged. Thus, the CLC90 map of Andalusia was simplified to produce a surrogate

pastoral map with five levels of estimated grazing use.

In the search for relationships between pastoral wildfires and pastoral landscape structure,
it would be possible to analyse the landscape on different scales. In our study, the structure of
the wildfire data available determined that the analysis scale had to be municipalities or
aggregations of municipalities. The mean surface area of municipalities in Andalusia is |14 km?
(CV = 130%), which was found to be too small for the analysis, as a consequence of the scale at
which the CLC90 and our surrogate pastoral map were produced. Accordingly, it was necessary
to aggregate municipalities into larger territories. However, Andalusia being such a diverse
region, this grouping had to be kept to a minimum, to avoid putting together sites with very

different characteristics.

This was achieved using Nature Parks as the common feature of the municipalities to be
merged, in accordance with reasons exposed above for selecting Nature Parks as our analysis
units. This led to defining a total of 24 Nature Park landscapes (NP landscapes, hereafter) across
Andalusia, each constituted by the aggregation of municipalities whose territory was totally or
partly inside each Nature Park. Therefore, our NP landscapes always comprised some peripheral
areas beyond the limits of Nature Parks (Fig. 5.1). The surface area of NP landscapes averaged
1549 km? (CV = 78.5%; range: 145 km? to 4752 km?). All municipalities in Andalusia lacking

territory within a Nature Park were excluded from the study.

The reclassified CLC90 layer was intersected with the boundaries of each of the 24 NP

landscapes and transformed into a 50 m resolution raster. The configuration of the resulting
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pastoral landscapes was characterised through the calculation of 37 class and 34 landscape
metrics using Fragstats software (McGarigal et al., 2002). These metrics described elements such
as the area and density of patches, their shape, contrast, interspersion, and diversity in the
different landscapes under study. All calculated metrics were selected for being insensitive to the

size of the landscape, so as to allow comparisons between different territories.

Table 5.1. Creation of pastoral map. Reclassification of classes in the CORINE 1990 Land Cover
(CLC90) map of Andalusia into five classes describing levels of estimated grazing use.

Estimated grazing use  CLC90 descriptors of land cover type

|- None Artificial surfaces
Intertidal flats
Water bodies

2- Very low Permanently irrigated land
Rice fields
Permanent crops
Annual crops associated with permanent crops
Mosaic of permanent crops
Mosaic of annual crops and permanent crops
Beaches, dunes, sand
Bare rocks
Burnt areas
Glaciers and perpetual snow
Inland marshes
Peat bogs
Salt marshes

Salines

3- Low Non-irrigated arable land
Deciduous forests
Planted broadleaved woodlands
Pine forests

Sparsely vegetated areas

4- Medium Mosaic of annual crops and pastures
Land principally occupied by agriculture, with significant areas of natural vegetation
Evergreen forest
Mixed forests
Sclerophyllous vegetation
Transitional woodland-shrub

5- High Agro-forestry areas

Natural grasslands
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Several metrics (the independent variables in our study) were hypothesised to be closely
related to pastoral wildfire ignitions (the dependent variable). As Class 4 contained the land
cover types more commonly managed through fire, higher values in the metrics describing the
density (PD), overall abundance (PLAND) and size (AREA) of Class 4 patches were expected to
increase pastoral wildfire events. Interfaces between different types of land-cover have been
found to be correlated with human-caused fire ignitions (Martinez et al, 2009), so we also
hypothesised that more boundary (CWED) between Class 4 and other important grazing
resources (Classes 3 and mainly 5), would increase the pastoral wildfire occurrence. Further, a
high percentage of landscape area covered by the Class corresponding to the highest grazing use
(PLANDS) would indicate the abundance of extensive livestock farming activities, so this was also

expected to increase pastoral wildfire ignitions.

Some socio-economic variables directly linked to extensive livestock breeding were
available at the municipality level from a previous study on wildfire risk (Martinez, 2004). In
particular, small ruminant livestock density, grazing livestock density, the percentage of the
population working on farms, and the percentage of “ageing” landowners (i.e., over 55 years of
age) were summarised for our NP landscapes. These variables were used as complementary
independent variables to help improve the process of building the model. Further details
concerning the relationship of these socio-economic variables with the overall human-caused

wildfire risk can be found in Martinez et al. (2009).

Regarding the dependent variable, pastoral wildfire ignitions recorded in the constituent
municipalities of each NP landscape were added together. To avoid the effect of landscape size,
the number of pastoral wildfires was divided by the surface area of the forest and rangeland of
each landscape, which was derived from the CLC90. In this way, data were transformed into

pastoral wildfire densities (number of pastoral wildfire ignitions per area unit).

ArcGIS Desktop 9.0 software (ESRI, Redlands, CA, USA) was used to process all

geographical information.

2.2. Model construction and evaluation

During the last |5 years, wildfire research has paid increasing attention to models based on
artificial neural networks (ANN) (Vega-Garcia et al, 1996; de Vasconcelos et al, 2001; Vega-
Garcia & Chuvieco, 2006; Yang et al, 2006). ANNs have a great potential for modelling these

events because they can approximate mathematical relationships where statistical models cannot
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be applied and relationships are not linear. Non-normal distributions are common in wildfire
data, and very high correlations are to be expected among landscape structure indices. This
suggests the need to use robust models that are independent of data distribution such as neural

networks (Atzberger, 2004) in this type of research.

A generic non-linear three-layer feed-forward cascade-correlation model was selected for
this study, as in other prediction problems (Chiang et al, 2004; Alcazar et al, 2008). The
advantage of this model architecture is that the algorithm that constructs the network learns
very quickly and determines the size and topology of the ANN. The models were developed
using NeuralWorks Predict® 3.12 software (NeuralWare, 2000). The sigmoid transfer function
was selected for the single output processing element (predicting pastoral wildfire density) and
the hyperbolic tangent for the hidden nodes. Direct connections between the processing
elements of all levels (input, hidden, and output layers) were allowed. It was very important to
obtain parsimonious models in this study, since the database consisted only of 24 observations
(the Nature Park landscapes in Andalusia), and the number of weights (degrees of freedom) must
be within the order of magnitude that our data would allow (Hecht-Nielsen, 2004). The size of
the hidden layer size was also limited to prevent overfitting, which occurs when the algorithm

learns the data so exactly that the generalisation of the model becomes seriously impaired.

As is usual in this modelling technique, a subset of 6 NP landscapes (25% of the data) was
randomly segregated for validation before constructing the model. The remaining 75% of the data
was also randomly split in two subsets containing 12 and 6 NP landscapes. The |12 observations
were used for the network training process, while the smaller subset was set aside to periodically
test the progression of the learning process and, thus, prevent overfitting. Many networks were
built and trained, shifting cases randomly between the three subsets, changing training
parameters, and establishing different random initial weights for the connections between nodes

for each model tested (Alcazar et al., 2008).

The number of independent variables (possible nodes in the input layer) to consider was
especially large in this study. The Fragstats metrics calculated added a total of 34 for the
landscape, plus 37 for each of the five Classes. This could hinder the process of obtaining the
desirable parsimonious models. Bowden et al. (2005) reviewed the methods usually applied and
pointed to the “obvious advantages in using analytical procedures to select an appropriate set of
inputs”. To this end, we employed a genetic algorithm (GA), provided by Predict®, to preselect

significant landscape metrics before constructing the models (Koza, 1993). The GA process had a
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positive impact on the performance of the ANN, shortening the training phase and helped to

improve the models (NeuralWare, 2000).

The predictive capacity of each network (goodness-of-fit) was evaluated by using the linear
correlation (r) between the observed pastoral wildfire density and the values estimated by the
models in the three data subsets (training, test and validation). Architecture complexity was also
considered in the selection of the best model, as we favoured parsimonious models with lower

numbers of input variables, nodes and layers.

ANN models are usually too complex to allow direct examination of weights and
connections, so the most influential landscape metrics within each network were determined
using sensitivity analysis. We calculated the matrix containing the partial derivatives of the output
variable with respect to each of the input variables and produced a quantitative measure of the
mean variation of the pastoral wildfire density calculated by the network when each input
changed. A positive sign in the mean sensitivity (MS) would indicate a direct relationship between

dependent and independent variables and, conversely, a negative sign an inverse relationship.

The frequency of selection of landscape metrics by the GA was also assessed. A high
selection frequency was considered indicative of the importance of that landscape metric in the

pastoral wildfire density prediction model.

3. RESULTS

The total number of pastoral wildfires in the NP landscapes was 363 for the |3 years under
study. On average, the density of pastoral wildfires was 2.1 per 100 km? ranging from 0 to 10.4
wildfires per 100 km? across the different landscapes. All NP landscapes contained patches of the

five levels of estimated grazing use, each in a unique configuration (Fig. 5.1).

Mean patch size (area) was relatively large in the landscapes (between 235 and 625 ha), as
a consequence of the original scale of the CLC90 and its reclassification into a reduced set of five
descriptors of grazing use. Besides, the NP landscapes contained (at least) one very large patch
which on average corresponded to 38.5% of the landscape surface area (LPI in Table 5.2; see also
Fig. 5.1). The median patch area, however, showed that half of the patches in the NP landscapes

were, on average, smaller than 35.2 ha (AREA_MD in Table 5.2).
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Fig 5.1. Comparison of representative landscapes. Pastoral landscape configuration in three
Nature Park landscapes of Andalusia, selected for their distinct pastoral wildfire densities.

Table 5.2. Landscape metrics. Mean values and coefficient of variation (CV) of some
representative landscape metrics that characterised the pastoral configuration of the 24 Nature
Park landscapes of Andalusia.

Metric (Fragstats acronym)2 Mean value CV (%)
Patch Density (PD) 0.255 patches / 100 ha 228
Largest Patch Index (LPI) 38.5% of landscape area 458
Edge Density (ED) 18.9 m/ ha 14.5
Edge Density between Classes 3-4 and 4-5 (CWED) 8.03m/ ha 39.8
Mean Patch Area (AREA_MN) 410 ha 20.7
Median Patch Area (AREA_MD) 352 ha 19.0
Mean Perimeter-Area Ratio (PARA_MN) 239 m/m? 14.6
Mean Related Circumscribing Circle (CIRCLE_MN) 0.625 (range 0-1) 2.8
Mean Contiguity Index (CONTIG_MN) 0.680 (range 0-1) 6.6
Interspersion & Juxtaposition Index (I)I) 54.3% 18.2
Shannon’s Diversity Index (SHDI) I.15 information bits 16.7
Shannon’s Evenness Index (SHEI) 0.712 (range 0-1) 16.7

aA detailed description of these metrics can be found in McGarigal et al. (2002)
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The five Classes of grazing use covered different percentages of the NP landscapes
(PLAND in Table 3). Class | (no grazing use) was the least abundant, followed by Class 5 (high
grazing use). Further metrics for Class 4, the category we had expected to be particularly

relevant to the phenomenon under study, are reported in Table 5.3.

Table 5.3. Class metrics. Mean values and coefficient of variation (CV) of some of the class
metrics that characterised the pastoral configuration of the 24 Nature Park landscapes of
Andalusia. The numbers after the acronym for each metric indicates the class(es) they were
calculated for-.

Metric (Fragstats acronym)?2 Mean value CV (%)
Percentage of Landscape | (PLAND I) 2.5% of landscape area 137.9
Percentage of Landscape 2 (PLAND 2) 21.1% of landscape area 735
Percentage of Landscape 3 (PLAND 3) 27.2% of landscape area 64.2
Percentage of Landscape 4 (PLAND 4) 39.5% of landscape area 46.2
Percentage of Landscape 5 (PLAND 5) 9.6% of landscape area 122.0
Edge Density between 3-4 (CWED 3-4) 5.06 m/ ha 64.8
Edge Density between 4-5 (CWED 4-5) 297 m/ ha 114.5
Patch Density 4 (PD 4) 0.068 patches / 100 ha 357
Median Patch Area 4 (AREA_MD 4) 39.1 ha 40.5
Mean Related Circumscribing Circle 4 (CIRCLE_MN 4) 0.651 (range 0-1) 55
Euclidean Nearest Neighbour Distance 4 (ENN_MN 4) 389 m 35.2

aA detailed description of these metrics can be found in McGarigal et al. (2002)

Numerous Artificial Neural Networks were built to relate pastoral wildfire densities to
the metrics describing pastoral landscape configuration. The best ANN model we obtained
depended on seven independent variables (pastoral landscape metrics), and had just three nodes
in the single hidden layer (structure 7-3-1). Correlation values between the observed and the
ANN-estimated pastoral wildfire densities were 0.78 for the 12 NP landscapes in the training
dataset, 0.98 for the 6 NP landscapes in the test set and 0.74 for the 6 NP landscapes in the
validation set. Better correlation values in the test dataset were explainable as this set was used

to halt the learning process before overfitting occurred.

Among the seven landscape metrics included in the best model (Table 5.4), three were
considered particularly influential in the model, because they |) showed higher mean sensitivity
(MS) values, so changes in their values affected the model-estimated response more, and 2) were

selected more frequently in the trials made by the genetic algorithm (GA), which indicated that
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they played a significant role in a higher percentage of the GA tested variable combinations.

These three landscape metrics indicated that pastoral wildfire density was higher when:

e The standard deviation of patch area (AREA_SD) was higher, i.e., when greater

variability was observed in patch size across the landscape.

e  The range of related circumscribing circle values (CIRCLE_RA) was lower, i.e., when

patches in the landscape showed more similar degree of elongation.

e  Llandscape division index (DIVISION) was higher, i.e., when the probability that two

randomly chosen pixels in the landscape were not situated in the same patch was higher.

Table 5.4. Metrics included in the best model. Landscape structure metrics related to pastoral
wildfire density according to the best Artificial Neural Network model: range of values across
Nature Park landscapes, mean sensitivity (MS) and genetic algorithm selection frequency (GA-SF).

Metric (Fragstats acronym) 2 Range of Values MS b GA-SF
Patch density (PD) 0.16 - 0.43 patches / 100 ha -0.256 0.225
Patch area standard deviation (AREA_SD) 915-5730 ha 0.523 0.284
Circle median (CIRCLE_MD) 0.60 - 0.70 (range 0-1) 0.015 0.216
Circle range (CIRCLE_RA) 0.55 - 0.90 (range 0-1) -1.489 0.387
Interspersion and juxtaposition index (IJ1) 35.7-709 % 0.578 0.147
Division (DIVISION) 0.31 - 0.92 (range 0-1) 0.362 0.446
Shannon’s diversity index (SHDI) 0.60 - 1.47 bits 0.177 0.230

Note: The highest values for MS and GA-SF are indicated in bold.
a2 A detailed description of these metrics can be found in McGarigal et al. (2002)

b Positive or negative values in MS indicate, respectively, direct or inverse relationships between the metric
and the predicted pastoral wildfire density.

There were four other landscape metrics with a less strong influence on the best ANN

model. According to these four metrics, pastoral wildfire density was higher when:
e Patch density (PD) was lower: indicative of a coarser grained landscape.
e CIRCLE median (CIRCLE_MD) was higher: patches in the landscape are more elongated.

e Interspersion and juxtaposition index (IJI) was higher: patch types more intermixed, so

they are more equally adjacent to all other patch types.

e  Shannon’s diversity index (SHDI) was higher: the area is more evenly distributed

between the different classes in the landscape.
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This best ANN model was developed without using any class metrics. Accordingly, the
seven independent variables used were selected from the pool of 34 landscape metrics. Table 5.5
summarises some of the other models, obtained using the same procedure, which did include
class metrics, or a combination of landscape and class metrics. None of these models achieved
better results in terms of predictive capacity and architecture simplicity, nor did they offer
straightforward interpretations of the selected variables regarding the pastoral wildfire
phenomenon under investigation. The inclusion of socio-economic variables linked to pastoral

activities was also tested, but these variables consistently failed to be retained in models.

Table 5.5. Comparison of the best four models. Correlation values and variables included
in the best Artificial Neural Network models obtained for pastoral wildfire density using different
sets of metrics.

. Correlation values in the datasets: . . .
Set of metrics o o Variables included in the model 2
Training / Test / Validation

Landscape metrics 0.78/0.98/0.74 Best model, see Table 5.4
All metrics 0.71/0.96 /0.70 DIVISION | (-); CONTIG_MN 3 (+)
Landscape metrics 0.63/0.99/0.64 CWED (-); SHEI (+)

LPI 2 (+); PARA_SD 3 (-);
PARA_AM 5 (-); ENN_SD 5 (+)

Class metrics 0.65/0.77 /1 0.63

2 The meaning of these acronyms can be found in previous tables and in McGarigal et al. (2002). (+) or (-)
after the metrics indicate, respectively, direct or inverse relationships with the predicted pastoral wildfire
density.

4. DISCUSSION

This research analysed pastoral wildfires, an important environmental issue in Mediterranean
Europe, through a novel approach: their relationship with the spatial arrangement of the pasture
resources in the landscape. The ANN modelling process led to the identification of seven
pastoral landscape metrics which were significantly correlated to pastoral wildfire ignitions in
Andalusia (Spain). The patterns they depict can contribute to deepen our understanding of this

complex phenomenon and improve current land management accordingly.

The studied NP landscapes tended to contain one or several very large patches combined
with many smaller ones (Table 5.2). This structure corresponds to two very common livestock
breeding systems in Andalusia (Robles & Gonzalez-Rebollar, 2006). In mountain areas, livestock
graze mostly on relatively small patches of grassland (Class 5) located near the farms and on
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extensive shrubland and evergreen forests (Class 4). The latter Class and pine forests (Class 3)
dominate the landscape. In valley areas, in contrast, small patches of natural vegetation (primarily
Class 4) occupy marginal locations within a matrix of extensive non-irrigated arable lands (Class
3) and permanent crops (Class 2) such as olive and almond groves. These extensive agricultural
lands are grazed when they lie fallow or after harvesting, while the smaller patches of natural

vegetation are grazed irregularly according to the requirements of the farm.

In recent decades, however, livestock farms have increased the seasonal use of
supplements to meet animal feed requirements. As a result, patches such as the shrubland (in the
first case) and the natural vegetation (in the second) are grazed less intensely than in the past.
This underutilisation can facilitate shrub growth and expansion into neighbouring areas (Romero-
Calcerrada & Perry, 2004), a process that livestock farmers may offset by using fire to maintain

pastoral value.

According to our best model, pastoral wildfire density was higher in landscapes where
patch size was more variable (higher AREA_SD). This seems to reflect landscapes that contain
more very large patches (that dominate the landscape), as well as more much smaller patches. So
when the use and structure of the pasture resources in the landscape, described above, was

more extreme (numerous small patches in an expanding matrix), pastoral wildfires increased.

Regarding the shape of the patches in the landscape, pastoral wildfire density was larger
when most patches had more elongated shapes (higher CIRCLE_MD), and more so when all
patches in the landscape shared this characteristic (lower CIRCLE_RA). Elongated shapes result
in a greater amount of interface between classes and, as we hypothesised for Class 4 patches and
is suggested in the literature (Jappiot et al,, 2002; Martinez et al., 2009), this characteristic can be

expected to increase wildfire occurrence.

A landscape more divided in patches (higher DIVISION), where the different classes are
more intermixed (higher IJI) was also a pattern detected to increase pastoral wildfire density.
Taking into account the predominant structure of large patches with smaller areas of distinct
grazing use discussed above, these metrics showed clearly that pastoral wildfires are more
frequent in landscapes with more numerous patches (both large and small), particularly when the
different levels of estimated grazing use are closely intermixed. This tendency was somewhat
counterbalanced in the model by the patch density variable, but this latter metric affected the
predictions to a much lesser extent. In other Mediterranean landscapes, low patch densities
(Lloret et al., 2002) and local homogeneity (Vega-Garcia & Chuvieco, 2006) have been found to

increase the probability of an area burning. This structure is quite the contrary of that indicated
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by our model, but these authors analysed the size of wildfires rather than the number of wildfire
ignitions. Despite their inherent connexions, wildfire ignitions and the size of the areas burnt

have distinct linkages with land cover configuration (Bajocco & Ricotta, 2008).

The greater division and intermixing indicates higher levels of human activity, including
livestock farming, which could be linked to a higher use and ease of access to some areas of the
landscape. This has been proved to enhance fire ignition risk (Vega Garcia et al.,, 1995; Carmel et
al., 2009), in accordance with our observed higher pastoral wildfire density. In fact, pastoral
wildfires tend to be ignited in areas further from main access roads than other wildfires (Catry et
al, 2010). The intermixture of different vegetation types can also contribute to shrub and tree
encroachment from moderately or occasionally grazed areas into grasslands (which require
persistent grazing to be perpetuated). This process is more likely when communities are close
(Navarro et al, 2006) and the proportion of boundary is greater, as indicated also by the
CIRCLE_MD metric in the model. As a result, the likelihood that livestock farmers will use fire to

offset this process would increase.

As all landscapes contained the five Classes of grazing use, the Shannon’s diversity index
(SHDI) metric in the model indicated that those landscapes with a more equitable distribution of
area among these Classes were affected by pastoral wildfires more often. When we examined
the composition of the NP landscapes of our study, those with highest SHDI values had relatively
higher percentages of land (PLAND) covered by Classes | and/or 5. Low values of SHDI were
obtained in landscapes heavily unbalanced towards Classes 2, 3 or 4, with some of them almost
totally lacking Class 5 terrain. Urban areas (Class |) have been found to be a very common
wildfire ignition location (Bajocco & Ricotta, 2008), but their relationship with pastoral wildfires
may be considered minimal. Therefore, regarding this metric, we may conclude that a higher
pastoral wildfire density was related to a higher proportion of Class 5 (natural grasslands and
agroforestry systems) in the NP landscapes. As hypothesised, more Class 5 terrain, which
indicates the abundance of extensive livestock farming activities, seems to have involved an

increased use of fire to regenerate pastures and meet the greater need for animal forage.

It is remarkable that the socioeconomic variables, as well as some of the metrics we were
expecting to be relevant, were not retained in the best models. The fact that several of these
variables were found significant in previous research (Leone et al, 2002; Martinez et al, 2009),
rather than posing a contradiction with ours, is an indication of the complexity of the wildfire
ignition phenomenon. Indeed, those authors addressed all human-caused wildfires while, in our

study, we focused on pastoral wildfire ignitions in particular, finding that they were significantly
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correlated with the arrangement of pasture resources in the landscape. Overall, more pastoral
wildfire ignitions may be expected in landscapes where the pattern of being dominated by a
matrix of several large patches of low to moderate grazing use, and having abundant small and

elongated patches of higher grazing use, is more extreme.

The results obtained in this study were conditioned by several unavoidable limitations.
Issues such as the correct classification of wildfire causes (constrained by the resources and
training that wildfire inspectors receive) or the relatively small scale at which consistent livestock
and land-use information can be obtained (which could have masked some important smaller
scale processes) may have concealed the capacity of pastoral landscape structure to predict
pastoral wildfire density. However, our results shed some valuable light on this important
environmental issue by identifying which landscape patterns are indicative of higher rates of
pastoral wildfires in a representative Mediterranean region. Further research would be desirable
to test these patterns in other study areas, and to put forward other more comprehensive

procedures of analysis to improve our understanding of the phenomenon of pastoral wildfires.

5. CONCLUSIONS AND MANAGEMENT IMPLICATIONS

This study deepens our understanding of pastoral wildfires in the Mediterranean by correlating
their abundance to the arrangement of pasture resources in managed landscapes. We conclude
that pastoral wildfire ignitions are more likely in landscapes where the pattern of being
dominated by a matrix of several large patches of low to moderate grazing use, and having

abundant small and elongated patches of higher grazing use, is more extreme.

According to these results, less pastoral wildfires should be expected in areas with
extensive livestock farming activities if land management attempts to enlarge and merge the small
patches of higher grazing use, reducing the amount of interface and their intermixture with
poorer pasture resources. Assuming that the expansion of the matrix is beyond the control of
environmental managers, mitigation measures may also need to be implemented. For instance,
fuel loads could be reduced in the areas of the matrix surrounding those small patches of higher
grazing use. Knowing that pastoral fire is frequently targeted at overgrown shrublands, hazard
could also be diminished by small-scale brush cutting or prescribed burning performed on that

vegetation in agreement with local livestock farmers.

201






Las areas pasto-cortafuegos: un sistema silvopastoral para la prevencién de incendios forestales

CAPITULO 6. Control Animal Automatizado:
cpuede modificarse el comportamiento del ganado
vacuno en pastoreo con estimulaciones
desagradables discontinuas?

Los aborigenes eran némadas y no atinaban a imaginar el territorio como un bloque de tierra limitado
por fronteras, sino que lo veian mas bien como una red intercomunicada de lineas o caminos de paso.

Todas nuestras palabras que significan “terrufio” —manifest6—, son idénticas a las que significan “linea”.

Ello tenia una explicacion muy sencilla. La mayor parte de la llanura interior de Australia era un matorral
arido o un desierto donde la lluvia siempre caia muy esporédicamente y donde a un afio de abundancia
podian seguir siete de penuria. Desplazarse por semejante paisaje equivalia a sobrevivir; permanecer en

el mismo lugar era suicida. El sentirse comodo en dicho terrufio equivalia a la posibilidad de abandonarlo.

BRUCE CHATWIN

Los trazos de la cancién
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RESUMEN DEL CAPITULO

Como es sabido, el ganado que pasta libremente se distribuye en el territorio de acuerdo con sus
preferencias por los recursos disponibles. Sin embargo, un uso ganadero sostenible requiere
gestionar la distribucién natural de los animales, sea para evitar que el ganado paste en zonas
sensibles, para ajustar la carga ganadera a la capacidad sustentadora de los pastos, o para
concentrar animales en zonas como las areas pasto-cortafuegos, que cumplen una funcién de
prevencion de incendios. El pastoreo y los vallados son las técnicas que habitualmente se emplean
para estos fines, aunque también existen otras, como la ubicacion estratégica de puntos de agua,
de suplementacion o de mejoras de pastos. En tal sentido, el Control Animal Automatizado
(CAA) es una tecnologia en desarrollo, también conocida como vallados virtuales, que podria

constituir una alternativa a estas técnicas.

En los sistemas de CAA, se equipa a los animales con un dispositivo electrénico
(habitualmente un collar), que permite monitorizar su ubicacién mediante GPS y aplicarles un
estimulo sensorial cuando entran en una zona restringida, cuyos limites suelen definirse mediante
coordenadas geogrificas. Esta tecnologia ha demostrado su efectividad en varios experimentos a
pequena escala, pero presenta ciertas limitaciones que deben resolverse antes de que sea posible
su uso comercial. Una de las mas importantes es la baja eficiencia energética de los dispositivos
electrénicos, que agotan la energia de las baterias en poco tiempo. Atendiendo a este hecho, en
este trabajo se evalta si el CAA mantiene su efectividad cuando opera de forma discontinua: es
decir, cuando los dispositivos estan apagados parte del tiempo para ahorrar energia. Cuanto
menor fuera la proporcion de tiempo que los dispositivos estuvieran conectados (1/2, 1/4, 1/10),

tanto mas (x2, x4, x10) durarian las baterias.

Esta estrategia difiere notablemente de la aplicada hasta ahora en la investigacion sobre
vallados virtuales. Habitualmente, el CAA se ha mantenido activo continuamente para obtener el
mejor control posible de los animales a lo largo de un vallado virtual permanente. En el CAA
discontinuo, en cambio, se asume que los animales van a entrar ocasionalmente en la zona
restringida, y el objetivo del sistema se limita a reducir la cantidad de tiempo que permanecen en
ella. Sin embargo, el CAA discontinuo nunca ha sido ensayado experimentalmente sobre
animales. El principal objetivo del presente trabajo es, precisamente, determinar si el CAA

discontinuo modifica de forma efectiva el comportamiento del ganado.

El experimento se desarrollé en Australia, en la finca experimental Belmont, proxima a

Rockhampton (Queensland). Se utilizaron cuatro parcelas rectangulares, llanas y de unas 7,6 ha
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de extension. En uno de los extremos de las parcelas se situé un comedero que ofrecia ad libitum
un suplemento liquido de melazas, lo que atraia a los animales hacia esa zona. El punto de agua
estaba situado en el otro extremo de las parcelas (Fig. 6.1). En cada parcela se introdujo un grupo
de ocho cebles jovenes. Se equip6 a cada animal con un collar electrénico (Fig. 6.2) que tenia las
siguientes caracteristicas: 1) un receptor GPS para determinar la posicion, con un lector de
tarjetas SD integrado, que registraba los datos; 2) una placa de audio para generar un sonido de
aviso, que se emitia por dos altavoces colocados cerca de las orejas del animal; 3) una placa para
generar un pulso eléctrico de | kV, que se transmitia al animal a través de dos electrodos

kTM

situados sobre su cuello; 4) una placa madre Fleck™ 3 que controlaba todo el sistema mediante

un software especifico.

Antes del inicio del experimento, cada grupo de cebles permanecié una semana en sus
parcelas, con el fin de que pudieran reconocerlas, y establecieran relaciones de grupo y rutinas
diarias (Fotografia 12). El experimento se inicié con un primer periodo de tres dias, denominado
Periodo Libre, en el que los animales utilizaron libremente las parcelas, sin recibir ninguna
estimulacion desagradable. Tras un intervalo de cuatro dias, se inicié un segundo periodo de tres
dias, denominado Periodo Controlado, en el que los animales recibian de forma discontinua
estimulaciones desagradables si se encontraban en la zona de restriccion. Esta zona estaba situada
alrededor del comedero de melazas y ocupaba un 10% de la superficie de las parcelas. Los
collares registraron la posicion de los animales durante ambos periodos, que se compararon
entre si para determinar el efecto de la estimulacion sobre la distribucion del ganado en las

parcelas.

La estimulacién utilizada en este experimento consistia en una sefal auditiva indicadora
(no desagradable) de hasta tres segundos, seguida de una suave descarga eléctrica (I kV) de un
segundo de duracion. El estimulo se aplicaba sobre el animal cuando intentaba acceder a la zona
de restriccion o, una vez dentro, si caminaba en esa misma direccion. Si el animal se detenia, o
caminaba hacia fuera de la zona de restriccion, el estimulo se interrumpia (Fig. 6.3). Para que el
CAA fuera discontinuo, los collares se programaron para que generaran estimulos sélo durante
un 25% del tiempo: se activaban 5 min y se desactivaban después por un intervalo de duracion
aleatorizada entre 0 y 30 min (duracion media = |5 min). Si, al activarse el collar tras un
intervalo, se detectaba que el animal ya se encontraba dentro de la zona de restriccion, se le
proporcionaba un estimulo inicial, consistente en la sehal auditiva y la descarga eléctrica
posterior, independientemente de en qué direccion se moviera en esos momentos. Los animales

nunca recibian estimulos durante los intervalos o si se mantenian fuera de la zona de restriccion.
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Fotografia 12. Uno de los grupos de ocho cebles, pastando en su parcela experimental.

La localizacion espacial de cada cebu se monitorizé de forma permanente a través del GPS
de su collar, que se mantuvo encendido incluso durante los intervalos sin estimulacion del
Periodo Controlado. Los collares estaban programados para grabar dos veces por segundo las
coordenadas geograficas (entre otros datos) sobre las tarjetas SD, que fueron descargadas al final
de cada periodo experimental. No todos los collares funcionaron correctamente: algunos no
registraron las coordenadas geogrificas, y otros no generaron estimulos, a pesar de detectar que
los animales estaban en la zona de restriccion. Al final de los periodos experimentales, un minimo
de dos collares se mantenia en pleno funcionamiento en cada grupo. Desafortunadamente, en las
ultimas horas del Periodo Controlado, los dos collares que aln funcionaban en uno de los grupos
(Grupo D) generaron los pulsos eléctricos oportunos, pero los electrodos no transmitieron la
descarga, posiblemente por no hacer buen contacto con la piel de los animales. Al no haber

recibido la estimulacién debida, los datos de este grupo de animales se analizaron por separado.

El comportamiento del ganado se analizd a través de un Indice de Preferencia (LPI),
calculado como el ratio entre la proporcion del tiempo que habian permanecido en una zona, y la

extension relativa de esa zona con respecto a la parcela. Los valores de LPI superiores a | indican
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una preferencia por la zona en cuestion, ya que los animales pasan mas tiempo en ella de lo
esperable por la superficie que ocupan. Asimismo, se calculd el nimero de visitas a la zona de
restriccion, su duracion y el tiempo entre visitas sucesivas (el intervalo de retorno) para cada
periodo experimental. En todos los casos, los periodos se compararon entre si mediante tests de

la t de Student para datos apareados.

Para la zona de restriccion, el LPl pasé de 4,48 en el Periodo Libre a 0,14 en el Periodo
Controlado, lo que supuso una reduccion del 97% en el uso de la zona. Este resultado de clara
significacion estadistica (ver Tabla 6.1) puede considerarse muy satisfactorio, si se toma en cuenta
que los collares sélo generaban estimulos durante un 25% del tiempo. El diferente LPI observado
en el Grupo D sirvio para confirmar que, siempre que los animales reciban la estimulacién
desagradable, el CAA discontinuo resulta eficaz, ya que permite reducir la preferencia del ganado

por la zona de restriccion.

Logicamente, al evitar la zona de restriccion durante el Periodo Controlado, el ganado
modificé también su utilizacién del resto de la parcela. En la zona préxima al punto de agua y a la
puerta de acceso a las parcelas (Gate zone en la Fig. 6.1), por ejemplo, el LPI pas6 de 1,68 en el
Periodo Libre, lo que ya indicaba una cierta preferencia, a 5,29 en el Periodo Controlado.
Aunque esta diferencia no tuviera una clara significacion estadistica, debe tomarse como una
advertencia: el restringir el acceso a una zona determinada puede ocasionar un mayor impacto en

otras zonas preferidas.

Las visitas del ganado a la zona de restriccion fueron significativamente mas breves (2 h 39
min vS. 10 min) y el intervalo de retorno mas largo (2 h 33 min vs. 12 h 8 min) cuando se les
aplicod la estimulacion discontinua (Fig. 6.4). De hecho, en el Periodo Controlado las primeras
tres o cuatro visitas se produjeron al comienzo del periodo y, tras un rapido aprendizaje, los
animales evitaron la zona durante un largo periodo. Hacia el final de este periodo, todos los
grupos volvieron a visitar la zona de restriccion, pero Unicamente aquel en el que fall6 el
contacto de los electrodos permanecié largo tiempo en la zona. Este hecho demuestra la
importancia de la estimulacion desagradable periddica para reforzar el aprendizaje y mantener a

los animales fuera de la zona de restriccion.

En general, el protocolo de estimulacion aplicado (estimulacién de 5 min seguida de un
intervalo medio de |5 min, y la combinacion de aviso sonoro y posterior descarga eléctrica) se
mostré muy efectivo para nuestras condiciones experimentales, y consiguié disminuir a un valor
muy bajo el uso que los cebues hicieron de la zona de restriccion. De hecho, el tiempo medio

desde el inicio de la estimulacion hasta la salida de los animales de la zona fue menos de tres
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minutos (ver Tabla 6.2). En algunos casos, aunque sélo una parte de los animales con collares en
funcionamiento recibieron la estimulacion, ésta provocoé la salida de todo el grupo de la zona.
Este resultado sugiere que puede no ser necesario que todos los animales porten collares para

controlar los movimientos del grupo, lo que disminuiria los costes en una aplicacion comercial.

En este experimento, el GPS se mantuvo encendido permanentemente para monitorizar
detalladamente la localizacién de los animales, lo que supuso un consumo alto de energia, que
agoto las baterias en pocos dias. Sin embargo, en una aplicacién comercial los collares se habrian
podido desconectar completamente, incluido el GPS, durante los intervalos sin estimulacion (el
75% del tiempo). Este ahorro de energia habria permitido multiplicar por cuatro la duracion de

las baterias y, por tanto, de los collares en funcionamiento sobre los animales.

En suma, los resultados de este experimento sugieren que la estimulacion desagradable
generada por collares electronicos en funcionamiento discontinuo es suficiente para modificar el
comportamiento del ganado y reducir su preferencia por una zona de restriccion. Este hallazgo
supone un importante paso adelante para mejorar la eficiencia energética de los sistemas de
Control Animal Automatizado, ya que sugiere que los dispositivos pueden ser desconectados
parte del tiempo y seguir siendo efectivos para controlar al ganado. En todo caso, aln se requiere
mas investigacion para conseguir que las explotaciones ganaderas extensivas se beneficien de

versiones comerciales de esta tecnologia.

Automated animal control: can discontinuous monitoring and aversive

stimulation modify cattle grazing behaviour?

ABSTRACT

Grazing livestock freely select landscape resources, unless they are herded or constrained by
fences. Automated animal control (AAC) systems offer an alternative to physical fences by using
animal positioning technology and aversive stimuli to deter animals from staying in sensitive
environments and so limit their impact. This paper reports on a replicated field experiment
completed to test whether occasional stimuli (audio cue followed by a mild electric stimulus),
delivered by discontinuously activated AAC collars, could suffice to modify the grazing behaviour
of groups of cattle. Four groups of eight steers were confined in 8-hectare rectangular paddocks

which had an ad libitum supplement feeder located in one end to attract cattle. The steers’
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positional information was recorded continuously for three days using a GPS receiver encased in
a collar fitted around their neck. These data were used to characterise their use of the paddocks
without intervention. Subsequently, a restriction zone was activated on the collars. This zone
contained the supplement feeders and represented approximately 10% of the paddock area.
Cattle movement was again monitored during a second three-day period, in which the steers
were subjected to discontinuous aversive stimuli (5 minutes of stimulation followed by a random
0-30 minute interval without stimulation) if they were located inside or moved into the
restriction zone. Cattle visits to the restriction zone were shorter and the return interval longer
when steers were subjected to discontinuous stimulation. Overall, there was a 97% reduction in
the use of the restriction zone between the first and second deployments. These results suggest
that grazing impact can be drastically reduced by making a zone less desirable through
discontinuous aversive stimulation. Such a discontinuous (25% of the time on) AAC system can
reduce power consumption in collars and so help overcome energy supply limitations that hinder

commercial AAC applications.

1. INTRODUCTION

The natural distribution of foraging animals across a landscape develops from choices animals
make after evaluating tradeoffs between the different resources available. These choices are
based on the interaction of biotic factors such as forage biomass or nutritive quality and abiotic
factors such as topography, water availability or microclimate (Senft et al,, 1987). Comparing the
time animals spend in a particular zone with its relative surface area in the landscape is a frequent
approach to assessing animal preference for particular resources (Pienaar et al, 1992; Handcock
et al,, 2009). For wildlife, the highest density of a species often suggests optimal habitat. However,
sustainable management of grazing livestock requires a managed distribution of animals across the
landscape to avoid overgrazing certain areas and to make the best use of the pastoral resources

available (Bailey, 2005).

Therefore, modifying natural grazing distribution is frequently regarded as necessary for
several management objectives, such as protecting areas sensitive to grazing, matching stocking
rate with carrying capacity across a property or scheduling targeted grazing to reduce fuel loads
and the risk of wildfire (Ruiz-Mirazo et al,, 2009). Traditionally, herding and fencing have been
successfully used to manage livestock movements. However, other techniques such as placing
supplements or drinking water in key locations, or improving pasture quality in some areas, can

also modify livestock distribution (DelCurto et al, 1999; Ganskopp, 2001; Bailey, 2005). The
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development of technology may offer further cost-efficient alternatives for extensive livestock
farming systems. For example, sensor networks and other information communication
technologies (ICT) have been proposed for low-labour livestock systems, so as to improve their
productivity by increasing the awareness on the state of both pastures and animals (Wark et al,

2007; Handcock et al., 2009).

Automated animal control (AAC), a wider term for virtual fencing, is a relatively recent
technological development (Butler et al., 2006) designed to provide an alternative to conventional
fencing. In AAC systems, a virtual boundary is usually defined by geographic coordinates, the
location of an animal is monitored via a satellite global positioning system (GPS), and a sensory
stimulus is applied using electronics housed in a device worn by the animal (frequently a collar)
when an animal enters a restriction zone. Location data can be obtained at an ever decreasing
cost through GPS technology, while different combinations of sensory stimuli (e.g., audio, electric,
vibration, or light followed by an electric stimulus) have been found successful at eliciting a flight
response in cattle (Butler et al, 2006; Bishop-Hurley et al,, 2007; Lee et al., 2007). Even though
AAC is not yet commercially available, it could become a practical alternative to physical fences
in the future, particularly where fence installation and maintenance is expensive, more
customisable animal control is needed or fences are an issue for wildlife or recreation. Research
into AAC is still needed to optimise the animal-borne equipment, develop an optimal suite of
sensory cues to elicit a consistent behavioural response, and improve power sources and

efficiency (Anderson, 2007).

To date, most AAC experiments have been conducted on relatively small numbers of
animals, and for relatively short periods of time. Very precise data have been obtained from AAC
devices, but at a very high battery power cost (Swain et al,, 2008b). To prevent animals crossing a
virtual fence, detailed continuous behavioural control algorithms have been mostly researched
(Butler et al., 2006; Anderson, 2007; Bishop-Hurley et al., 2007). Deriving AAC applications that
can work at larger spatial and temporal scales, however, requires a more pragmatic approach to

animal control.

Discontinuous AAC operation (i.e., an AAC system where the devices remain in stand-by
during part of the deployment time) may provide a useful approach to address power efficiency, a
practical constraint which is limiting more widespread use of AAC. Rather than maintaining the
virtual fence activated continuously and, thus, stimulating animals as soon as they attempt to
enter a restriction zone, discontinuous AAC would involve allowing animals to enter the zone

occasionally. This approach moves away from previous research that aimed to obtain complete
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control of livestock along a virtual fence line. The focus is set on reducing grazing impact on a
zone delimited by a permeable virtual boundary, with the use of discontinuous AAC. The smaller
the proportion of time AAC devices remained activated (1/2, 1/4, 1/10), the longer the

deployment time would be extended (x2, x4, x10) based on the energy saved.

Nevertheless, the effectiveness of discontinuous AAC in reducing animal use of a
restriction zone remains unknown. The mechanisms that initiate and determine the degree of
avoidance are still not well understood (Swain et al,, 2008a), but animals could be expected to
progressively learn, through negative reinforcement, to avoid an area where an aversive stimulus
is occasionally delivered (Launchbaugh & Howery, 2005; Broom & Fraser, 2007). The main
objective of this paper is to use a replicated experimental design to determine the effectiveness
of discontinuous AAC. Our hypothesis was that occasional cue (stimulus) and control (aversive
stimulus) packages, delivered by discontinuously activated AAC devices, could suffice to
significantly modify the grazing behaviour of groups of cattle and reduce their preference for a

restriction zone.

Automated animal control collars were deployed on four groups of cattle, which were
under very similar experimental conditions (paddock size and configuration, handling procedures,
etc.). Access to an area in the paddocks containing an attractive supplement was first unlimited
and later restricted using the discontinuous stimuli provided by AAC collars. If cattle responded
consistently and their use of the restriction zone was effectively reduced, the discontinuous AAC
operation would be scientifically supported. This would validate this approach to improve power
efficiency in AAC systems and open the way for further research that could make this novel

technology commerecially applicable in the future.

2. METHODS

2.1. Experimental site

The experiment was conducted at the Belmont Research Station (lat 23°13’S, long 150°23’E, |5
m a.s.l.), located 20 km NW of Rockhampton in Queensland, Australia. Four adjacent rectangular
paddocks (645 m E-W x 120 m N-S) of 7.6 ha * 0.3 SD and flat relief were used for the
experiment. Larger paddocks available at the Research Station were inadequate for a replicated
experiment due to their dissimilar sizes and configuration. The experiment was conducted
between 18 and 28 November 2008, a period with 98 mm of rainfall and ambient air

temperatures ranging from 3.5 °C to 36.2 °C (mean 26.0 °C).
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Throughout the experiment, cattle grazed on Rhodes grass (Chloris gayana Kunth) pastures
with uniform and abundant standing crop. An intake restricted liquid molasses supplement,
designed to provide cattle with supplementary protein, essential trace minerals, and vitamins
(40% sour [cow/calf] & 60% sweet [weaner], salt content = 3%, protein content = 22%;
AniproNCQ — Performance Feeds, QLD 4400, Australia) was provided ad libitum in 200 L
feeders placed |15 m from the west end of the paddocks. Placement of supplement feeders aimed
to increase the attractiveness of the west end area for cattle. Permanent drinking water troughs

were situated 75 m from the east end of each paddock (Fig. 6.1). This paddock configuration was

maintained throughout the experiment, including the period of cattle preparation.

B45m
| [Restriction. Gate
| ZONeé | - Supplement feeder %&E Zane
E } \ W(\;’ Water trough | | sm
< em | ™ Virtual boundary . 85m _
| 65 m Gate ———Y

Fig. 6.1. Configuration of the experimental paddocks.

2.2. Monitoring and stimulation devices

The electronics used to monitor the location of each steer and provide the stimuli were housed
in a neck collar (Fig. 6.2) based on an earlier version of AAC equipment (Bishop-Hurley et al,
2007). The hardware consisted of a Fleck™ 3 mainboard and three daughter boards: |) a GPS
board with an antenna to determine spatial location and an integrated Secure Digital card reader
to store the data, 2) an audio board to reproduce a computer-generated buzzing sound (60 dB at

I m), and 3) a board that produced a | kV electrical pulse for | s.

This equipment was contained in a 110 x 70 x 50 mm plastic box (electronics box) and
powered by 24 AA Ni-Mh rechargeable batteries housed in two plastic boxes (12 in each battery
box). A 50 mm-wide nylon neck collar attached to a modified horse halter was used to carry the
equipment, and kept the electronics box on top of the animals’ neck for optimal GPS reception
(Fig. 6.2). The battery boxes were secured on either side of the neck towards the bottom of the
collar and acted as counterweights. Two speakers connected to the audio board were attached
to the halter near the animals’ left and right ear canals. Electric stimuli were delivered from a
single pair of electrodes, which were fixed to the halter strap positioned on the top of cattle’s

neck. A dedicated programme was loaded into the Fleck™ 3 and provided the set of commands
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used to control each device. Hereafter, the device described above will be referred to as AAC

collar.

Fig. 6.2. Steer wearing Automated Animal Control (AAC) equipment.

2.3. Preparation of cattle

Thirty-seven Brahman (Bos indicus) yearling steers with an initial live weight of 312 kg + 26 SD
were purchased for the experiment. Once at the Research Station, the steers were inducted
over seven weeks into being handled in the yards and wearing dummy AAC collars. During this
period, the steers were handled once or twice per week to either put on or take off the collars.
For safety reasons, five animals were excluded from the experiment due to their aggressive

behaviour during the induction period. Subsequently, the remaining thirty-two steers were
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weighed again (375 kg + 30 SD) and split into four groups (A, B, C, and D) of similar mean weight
using a weight-stratified random procedure. Each group of eight steers was randomly assigned to
an experimental paddock and kept there for one week to enable the steers to familiarise
themselves with its configuration, to develop daily routines (DelCurto et al., 1999) and establish
group behaviours (Launchbaugh & Howery, 2005). Each cattle group was considered as an
experimental unit and a full day was the unit of time analysed. Analysing individual steer
behaviours fell beyond the goals of this paper. However, scrutiny of the data indicated the steers

behaved mostly as united groups throughout the experiment.

To maintain consistency, the same persons mustered and handled the cattle at the
beginning and end of the experimental periods. To minimise the effects of mustering and handling
on the experimental results, deployments began at least one hour after the last group of steers

had returned to its paddock. The steers were not mustered or handled during the deployments.

This experiment was approved by the Rockhampton Animal Experimentation Ethics

Committee (Application number RH231-07).

2.4. Experimental treatment

Animal location data from the period where the steers received aversive stimuli was compared
with the data from the period when no aversive stimuli were applied. All four groups (replicates)
of steers followed the same experimental procedure. During the first three days, the cattle used
the resources in the paddocks in the absence of any stimuli (called free-grazing deployment [Free
GD] hereafter). After a four-day interval, a second three-day experimental period was run (called
controlled-grazing deployment [Controlled GD] hereafter), where the steers were subjected to
discontinuous aversive stimulation. All animals were fitted with AAC collars which monitored
their location (Free GD and Controlled GD) and delivered the aversive stimuli (Controlled GD
only). In the interval between deployments, the steers were not instrumented and groups
remained in their respective paddocks. Both deployments started with fully recharged batteries
and lasted two full days (48 h), beginning at 1530 hours on Day | and ending at 1530 hours on
Day 3. The restriction zone was defined as a rectangular strip 120 m long x 65 m wide at the
west end of each paddock, where the supplement feeder was located (Fig. 6.1). This area (0.77 ha
* 0.08 SD) represented approximately one tenth (10.2% * 0.9 SD) of the total area of the

paddocks, which differed slightly in shape and size.
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The stimulation protocol implemented in this trial (Fig. 6.3) was based on an algorithm
previously developed for AAC, which automatically delivered stimuli proven to work in earlier
experiments (Bishop-Hurley et al, 2007; Lee et al, 2007). Originally, the control algorithm
continuously recorded the animal’s location and the stimuli were delivered as soon as the animal
tried to enter the restriction zone. The standard stimuli consisted of a non-aversive audio cue
(maximum duration of three seconds), followed by an aversive mild (I kV) electric stimulus (one
second duration) if the animal attempted to cross the virtual fence line. This behavioural based
control algorithm utilised associative learning methodologies (for details, see Lee et al., 2007), as
the stimulus would immediately stop if the animal reacted adopting the desired behaviour (i.e.,
halted or turned around). The stimuli were deactivated when a speed threshold was exceeded,
avoiding unnecessary stimuli occurring to an alarmed animal. Outside the restriction zone, no

stimuli were delivered.
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Fig. 6.3. Decision flow followed by algorithm to determine stimuli delivery
during controlled-grazing deployment (Controlled GD).
For the experiment, the control algorithm was modified to operate discontinuously. After
being enabled for a 5-min—long control period, the algorithm was disabled for intervals with a
random duration of between 0 and 30 minutes. This procedure created, on average, |5-min
intervals between the 5-min control periods. During the intervals, the GPS remained active and
provided continuous monitoring of steers but no stimuli was delivered, regardless of the location
of steers in the paddocks. The interval sequence was programmed in such a way that control

periods took place simultaneously for all steers in a group, and at different times for each group.

The control algorithm was also recoded to deliver a single 3-s—long audio cue followed by

the |-s—long electric stimulus if the steer was inside the restriction zone when the algorithm
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became enabled, regardless of steer’s movement in that moment. This “wake-up” feature was
introduced to initiate movement of the steers, as lack of movement would have rendered the
control algorithm ineffective. During the following five minutes, those steers still inside the
restriction zone would receive stimuli as would those animals attempting to enter the restriction

zone (Fig. 6.3).

2.5. Data recorded, processing, and statistical analyses

Each steer’s AAC collar recorded data twice per second throughout the experiment. Each
record contained the date and time, location data (northing, easting and UTM zone), type of GPS
fix (3D, 2D or No fix), and information regarding the algorithm and the stimuli being delivered
(algorithm enabled/disabled, type of stimulation audio/electric, electrodes delivering stimuli
yes/no). These records were stored on Secure Digital cards that were downloaded after each
deployment. Data were parsed using Matlab 7.7 (The MathWorks, Natick, MA, USA) and
summarised using MS Office Access 2003 (Microsoft Corp., Redmond, WA, USA) and ArcGlIS 9.3
software (ESRI, Redlands, CA, USA), including Hawth’s Analysis Tools 3.27 extension for ArcGIS
(Beyer, 2004).

Records with poor GPS fix quality (i.e., 2D and No Fix) were deleted from the datasets. If
less than 95% of the total daily records (172,800) of an AAC collar had 3D precision, it was
considered to have been malfunctioning and its dataset was discarded. Furthermore, 3D records
more than 5 m outside the paddock boundaries (mean = 0.04%) were also removed. Those
records within the 5-m buffer around the boundaries were considered to be near-fence fixes

drifted by the GPS error.

The number of AAC collars operating correctly (i.e., functional electronics recording GPS
positions and generating the stimuli due) decreased progressively in both deployments. In the
course of the 48 h of Free GD, the mean (and minimum) number of functional units in the cattle
groups went down from 7 (5) to 5 (3). In Controlled GD, this number decreased from 5 (4) to 3
(2). Unfortunately, the electrodes of the two collars that were still working in one of the groups
at the end of Controlled GD failed to deliver electric stimuli in the last hours of the deployment.
The data from this group was, therefore, excluded from the statistical analysis. No collars

delivered audio or electric stimuli outside the programmed times and areas.

The grazing behaviour of cattle was analysed through a Landscape Preference Index (LPI).

Generically, LPI could be defined as “the ratio between the proportional time spent in an area of
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interest and the proportion of the area of interest compared to the whole area available” (p.
3597, Handcock et al,, 2009). LPI values were computed for the restriction zone and the total
duration (48h) of each deployment, and they were compared to determine the global
effectiveness of the discontinuous stimulation in reducing the preference of the steers for the

restriction zone.

LPI for the restriction zone was also calculated separately for the first and second halves
of Controlled GD. Comparison of these two 24h periods was used to assess how progressive
learning impacted behaviour in cattle. Furthermore, understanding how avoidance of the
restriction zone affected the use of the rest of the paddocks was also of interest. This effect was
assessed in another preferred but unrestricted area: the gate zone located at the opposite (east)
end of the paddocks (Fig. 6.1). LPI values for the gate zone were computed for the total duration

of each deployment.

The duration of cattle visits to the restriction zone was calculated as the length of time
between the first animal in the group entering the area and the last animal leaving it. The time
cattle groups spent outside the restriction zone between two consecutive visits (the return
interval) was also measured. The mean duration of visits and the mean return interval were

computed for each cattle group and these values were compared between deployments.

The Controlled GD was further analysed to determine the number of steers that entered
the restriction zone in each visit and the amount and type of stimuli delivered. Steers’ response
to the stimuli was evaluated based on the time it took for the group to leave the restriction zone
after the start of the stimuli. The mean distance from the location of the stimulated steers to the
virtual boundary of the restriction zone at the start of the stimuli was also calculated. All these

parameters were determined by detailed scrutiny of the data recorded on AAC collars.

Analyses were completed using the R 2.9.1 statistics software package (R Development
Core Team, 2009). Deployments were compared through paired Student’s t-tests and the

normality in the distribution of the data was tested for using the Shapiro-Wilk W test.

3. RESULTS

The random discontinuous application of stimuli modified the grazing behaviour of the cattle and
it therefore constitutes a useful addition to existing automated animal control algorithms. All four
steer groups reacted consistently by avoiding the restriction zone where the stimuli were

applied. The failure of the AAC collars in Group D gave this group non-stimulated access to the
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restriction zone towards the end of Controlled GD. Accordingly, the statistical analyses were
carried out with the data only from Groups A, B, and C, and the distinct behaviour observed in

Group D is reported separately.

The Landscape Preference Index (LPI) for the restriction zone in Controlled GD (0.14)
was 3.1% of that observed in Free GD (4.48). This difference was highly significant (Table 6.1) and
proved that grazing behaviour of the steers was successfully modified by the experimental

treatment, resulting in a drastic reduction of steer use of the restriction zone.

Table 6.1. Landscape Preference Index (LPl) values for cattle groups during free-grazing
deployment (Free GD) and controlled-grazing deployment (Controlled GD).

Zone and period / Cattle Group A B C Mean + SEM t-test

Restriction zone, total duration of deployments
Free-grazing deployment 3.78 4.66 5.01 4.48 £ 0.37 t=12.42

Controlled-grazing deployment 0.1 013 017  0.14+0.02 P =0.006

Restriction zone, evolution during the controlled-grazing deployment
First half of deployment 0.18 0.22 0.33 0.24 + 0.04 t=4.14

Second half of deployment 003 004 00l 00300l P=0.054

Gate zone, total duration of deployments

Free-grazing deployment 1.21 1.62 221 1.68 £ 0.29 t=-3.10

Controlled-grazing deployment 699 487 401  529+0.89 P=0.090

LPI values between the first and second halves of Controlled GD showed a clear
decreasing trend. In the first 24h, LPI for the restriction zone was already very low (0.24)
compared with Free GD, but it further diminished to a negligible value (0.03) in the second half of
the deployment. However, the difference between the two halves was only marginally significant

(Table 6.1).

The restriction zone was the most preferred area during Free GD, followed by the gate
zone (LPI = 1.68), located at the opposite end of the paddocks. The aversive stimulation
implemented during Controlled GD in the restriction zone produced a noticeable increase in
steer preference for the gate zone (LPI = 5.29). However, the small number of replicates (n = 3,
as Group D was exclude from the analyses) limited the statistical significance of this increase

(Table 6.1).
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In the 48 hours of Free GD, the mean number of visits to the exclusion zone per cattle
group was 9.7 £ |.2 SEM. The mean duration of the visits was 2 h 39 min * 19 min, while the
mean return interval was 2 h 33 min * 18 min. During Controlled GD, the mean number of visits
per group was reduced to 4.3 + 0.3, and the mean time cattle spent inside the restriction zone
was 10 = | min. The mean return interval was 12 h 8 min £ | h 36 min. According to the
statistical tests, the duration of visits was significantly shorter (t = 7.68, P = 0.017) in Controlled

GD, while the return interval between visits was longer (t = -5.09, P = 0.037).

During Free GD, the longest visits to the restriction zone were concentrated during the
night and the morning (Fig. 6.4). In Controlled GD, the first (three to four) visits of each group
were concentrated in the first 15 h of the deployment and lasted 3| min at most (Table 6.2).
Afterwards, no visits to the restriction zone took place for a period that lasted from 24 h to 32 h
across the groups. Towards the end of the deployment, all groups revisited the restriction zone

but remained there for very short (< 10 min) periods, with the exception of Group D.

Free-grazing deployment (Free GD)

Steer group
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Fig. 6.4. Time steer groups spent inside the restriction zone during
free-grazing deployment (Free GD) and controlled-grazing deployment (Controlled GD).
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Table 6.2. Characterisation of cattle-group visits (time, steers monitored, visit duration) to the
restriction zone during controlled-grazing deployment (Controlled GD), including stimuli
delivered (audio and electric) and the reaction of the group (time and distance to exit).

Mean Time Audio No. of
Time from No. of Visit distance from stimuli No. of steers
Group-  start of visiting duration to exitat start of electric that
Visit deployment  steers ) start of stimuli per stimuli received
(h:min:s) monitored  (NMINS) gy until exit z:;aer delivered eI.ectri‘c
(m) (h:min:s) stimuli

A-l 8:35:50 4 0:16:24 285 0:05:18 248 29 4

A-2 12:38:12 4 0:09:08  NA! NA! 0.0 0 0

A-3 14:52:19 4 0:07:51 9.3 0:00:10 29 3 3

A-4 38:36:55 4 0:07:45  NA! NA! 0.0 0 0

B-1 0:00:00 4 0:11:56  47.0 0:05:09 16.6 4 3

B-2 8:37:34 4 0:13:48 295 0:02:27 35 2 2

B-3 12:38:07 4 0:08:01 235 0:01:12 35 2 2

B-4 38:35:58 2 0:09:47 10.5 0:03:32 14.3 3 I

B-5 46:17:40 3 0:01:31 1.0 0:00:23 33 0 0

C-l 0:00:00 5 0:30:52 541 0:02:05 6.5 4 4

C-2 09:32:35 3 0:00:37 0 0:00:37 5.0 3 I

C-3 13:30:20 5 0:11:51 47.1 0:02:18 6.6 4 3

C-4 46:17:49 4 0:01:43  NA! NA! 0.0 0 0

D-1I 02:10:02 2 0:00:34 0 0:00:34 2.8 0 0

D-2 07:53:58 5 0:15:10  3I.1 0:00:16 33 5 5

D-3 13:37:00 3 0:0229 O 0:02:29 1.7 0 0

D-4 14:49:09 5 0:16:44 523 0:10:59 23.6 17 4

D-5 42:08:08 2 3:49:19 0 3:49:19 1268 0 0

D-6 46:08:32 | 0:16:03 0 0:16:03 43.0 0 0

I'NA: Not applicable: algorithm was disabled throughout the visit.
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The stimuli delivered to the four groups of cattle throughout each visit to the restriction
zone during Controlled GD is summarised in Table 6.2. Leaving aside the visits where the
stimulation failed (D-5 and D-6), the mean time from the start of the stimuli until all steers exited
the area was 2 min 41 s * 47 s SEM. Two consecutive stimulation cycles were needed in D-4 to
make the animals exit the restriction zone. In three other visits (A-I, B-1 and C-2) the 5-min
stimulation period finished before the last animal of the group exited, but in all three cases this
took place less than 20 seconds prior to the animals leaving the restriction zone. Even though the
algorithm was enabled in both D-l and D-3 when animals entered the restriction zone, their
movements were mostly along the virtual boundary, so they did not trigger any electric stimuli
and few audio cues. In B-2, B-3, B-4, and C-2, one or two of the steers received the electric
stimuli and the rest of the group only received audio cues, but all steers exited the restriction

Zone.

D-5 and D-6 were the visits made by Group D to the restriction zone where, due to
technical failure, no electric stimuli were delivered to any of the steers of the group (Table 6.2).
In the first of these visits (D-5), the steers perceived immediately the lack of aversive stimuli and
rested in the restriction zone during 3 h 49 min. As a result, LPI values for the restriction zone
incremented in Group D between the first half (0.20) and the second half (1.57) of Controlled
GD. The contrast with Free GD (LPI = 4.42) was still clear, but the overall use of the restriction

zone was much greater than in the other three cattle groups (Table 6.1).

4. DISCUSSION

Automated animal control (AAC) is a new technology which promises assistance in controlling
animal location to managers of extensive livestock farms. This study builds on previous AAC
research (Butler et al, 2006; Anderson, 2007; Bishop-Hurley et al, 2007; Lee et al, 2007) by
validating the hypothesis that discontinuous AAC monitoring and aversive stimulation can
significantly modify the grazing behaviour of cattle groups and reduce their preference for a
restriction zone. This finding supports the use of discontinuous AAC to improve power efficiency
in AAC systems, which constitutes an important step forward in the research that could make

this technology commercially applicable in the future.

The results from our replicated experiment demonstrated a clear statistical difference in
the preference indices for the restriction zone between controlled and free-grazing steers (Table

6.1). Taking into account that the AAC collars only delivered stimuli 25% of the time during their
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deployment, the 96.9% reduction observed in the use of the restriction zone can be considered
very satisfactory. The somewhat divergent behaviour observed in one of the replicates was
caused by technical limitations detailed below, and served to confirm that, as long as the aversive
stimuli are effectively delivered, random discontinuous AAC operation is able to reduce the use

of an area by steers.

Steer groups were expected to increasingly avoid the restriction zone as a consequence of
receiving successive aversive stimuli. The mean LPI values of the first and the second halves of
Controlled GD (0.24 and 0.03, respectively) seemed to confirm this hypothesis, but differences
were not statistically clear (P = 0.054). In fact, LPI values for the restriction zone were already
very low even in the first 24 h of the deployments, which suggests that steers learned very
rapidly to avoid the area. Indeed, the experimental steers were strongly discouraged to enter the
restriction zone for some time (24-32 h) after their first three to four visits (Fig. 6.4). A similar
number of aversive stimuli were needed in another experiment until cattle associated an audio
cue to the subsequent electric stimulus (Bishop-Hurley et al., 2007). Rapid associative learning has
also been reported by Lee et al. (2007) who analysed cattle response to receiving electrical

stimuli when they approached a feed attractant.

The avoidance of the restriction zone was expected to influence how the steers used the
rest of the paddocks. The important increase observed in the preference shown for the gate
zone (Table 6.1) captured this effect clearly. This zone contained the gate to the paddock, was
close to the drinking water trough and was the area furthest from the restriction zone (Fig. 6.1).
All these features probably contributed to the remarkably high frequentation of the gate zone
(LPI = 5.29) registered during Controlled GD. This result could be considered a warning about
restricting the access to a preferred area: restriction may result in very high impact in other areas

of the paddock.

The statistical analyses indicated that during Controlled GD not only were LPI values
lower, but visits to the restriction zone were shorter in duration (P = 0.017), and the mean
return interval was longer (P = 0.037) than during Free GD (Fig. 6.4). These findings demonstrate
that the stimuli and their protocol for being applied elicited the desired animal behaviour in our
experiment. The degree of intervention applied can be summarised as 5-min—long control
periods on a random sequence with a mean interval (without stimulation) of 15 min. Randomizing
the time interval between control periods was considered important to prevent animals from
learning that exploring the restriction zone in the first minutes following a control period was

always “safe”. The randomized approach was successful in our experiment, but no
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complementary tests were run with a non-randomized sequence to determine the importance of

this characteristic.

In most of the visits steers made to the restriction zone (Table 6.2), one control period (5
min) sufficed to make animals exit the restriction zone. This indicated that this was an adequate
duration for our experimental setup, which comprised relatively small (< | ha, 10% of the
paddocks) and distinct restriction zones (Fig. 6.1). Three (16%) of the visits, however, were
completed during an interval when the algorithm was disabled (Table 6.2). Learning of
appropriate responses could have been disrupted by this location—stimuli association
inconsistency (Lee et al,, 2007). However, none of these three visits lasted for more than 10 min.
The association of features in the restriction zone (most importantly, the supplement feeder)
with an aversive stimuli did not last very long. Delivery of electric stimuli was necessary to
maintain avoidance behaviour towards the end of Controlled GD; when not delivered, as in

Group D, steers restarted to use the restriction zone.

The distinct behaviour of Group D was caused by technical failure of the two AAC collars
which were still working at visits D-5 and D-6 (Table 6.2). Collars failed to deliver electric
stimuli, most probably due to a defective contact between the electrodes and the steers’ skin.
This undesirable result calls for an improvement in the interface between AAC collars and
animals. There were other collars that failed to deliver electric stimuli, but on only one other
occasion (B-5) did all collars in the group fail. In these cases, however, the audio cues proved
effective in ensuring the cattle did not stay in the restriction zone. In a replicated experiment
with similar stimulation (Bishop-Hurley et al., 2007), cattle also responded appropriately to the
audio cue after having previously experienced audio cues followed by electric stimuli. The
response to audio stimuli, however, has been reported to wane as cattle get habituated (Butler et
al., 2006), and the application of an aversive stimulus would be, at some point, necessary to
maintain avoidance (Nolte, 1999). The behaviour observed in Group D towards the end of

Controlled GD seems to support this assertion.

The number of AAC collars operating correctly decreased progressively in both
deployments. As collars failed, fewer steers were monitored, so the behaviour of the whole
cattle group had to be inferred from the behaviour of fewer animals. This assumption was
supported by scrutiny of the data, including periods with many functional collars, which showed
that steers behaved mostly as united groups throughout the deployments. However, it was
anticipated that fewer functional collars would be less effective in encouraging the whole cattle

group to leave the restriction zone, as fewer steers would potentially receive the stimuli.
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Nevertheless, there were four visits to the restriction zone (i.e., B-2, B-3, B-4, and C-2) in which
only one or two animals (out of the two to four with functional collars) received electric stimuli,
but it was still possible to successfully have all steers exit the restriction zone. This result
suggests that it may not be necessary to instrument all animals within a commercial AAC

application (Anderson, 2007).

Although the AAC collars were programmed to deliver stimuli only during 25% of the
deployment time, their GPS remained activated throughout the deployments. Indeed, recording
high frequency GPS positions was necessary to provide continuous monitoring of steers and this
caused high battery consumption, which led to short-duration experimental deployments (3
days). In commercial applications, however, the designed duty cycling could allow the AAC collar
(including the GPS) to be in stand-by for 75% of the time; this would represent a four-fold

increase in deployment time based on the energy saved.

In future research, further reductions in power consumption of AAC collars may require
additional algorithm modifications. A simplified algorithm that delivered an occasional electric
stimulus to cattle when inside a restriction zone may be sufficient to initiate avoidance behaviour.
Indeed, the frequency of these stimuli could possibly be reduced as cattle progressively learned
to avoid the area. A more complex algorithm could also be of interest, if it estimated the
probability of an animal entering a restriction zone in the subsequent period of time (Swain et al,,
2008b), or predicted the most probable length of time until the animal reached the restriction
zone. This would reduce the frequency with which AAC collars would need to be activated and
diminish energy consumption. These algorithms should be designed to work with low GPS fix
frequency, as this would also save energy in commercial applications. Other AAC challenges also
need to be researched, such as improving the animal borne equipment or determining whether

AAC is still effective when only part of the herd (i.e., group leaders) are collared.

5. IMPLICATIONS

Our results suggest that the aversive stimuli provided by discontinuously activated AAC collars
can suffice to significantly modify the grazing behaviour of groups of cattle and reduce their
preference for a restriction zone. This finding constitutes an important step forward in improving
power efficiency in AAC systems, as it suggests that AAC collars can be duty cycled to save
energy whilst still delivering successful animal control. This approach focuses on reducing grazing

impact on a zone delimited by a permeable virtual boundary, rather than attempting to obtain
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complete control of livestock along a virtual fence line. Further research is still needed before

livestock management in extensive rangelands benefits from AAC commercial applications.
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DISCUSION CONJUNTA

—Esperen un minuto —les decia yo—. ;No hay algln caso particular de este problema general?
—Claro que sf, desde luego.

—Estupendo. Dénme un ejemplo.

A mi me resulta imposible entender nada de manera general a menos que tenga en mi mente

un ejemplo concreto y pueda ver como va funcionando.

Al principio hay quienes piensan que soy tardo de entendederas, y que no comprendo el problema,

porque no hago méas que hacer un montén de preguntas tontas.

Pero luego, cuando el otro esté liado en mitad de un montén de ecuaciones,
él va y dice algo, y yo le corto:

—iEspere un momento! jHay un error! jEso no puede ser correcto!

El otro mira sus ecuaciones, y desde luego, un rato mas tarde descubre el error y se pregunta:
¢Como diablos ha hecho este tipo, que al principio apenas si entendia nada,

para hallar el error en mitad de todas estas ecuaciones?

RICHARD P. FEYNMAN

¢Esta usted de broma, Sr. Feynman?
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El hilo conductor de los seis capitulos de esta tesis doctoral es la integracion del pastoreo en la
prevencion de incendios forestales. Las investigaciones realizadas alrededor de esta idea central
han explorado diversos campos de conocimiento, que han sido particularmente dispares en
aquellos estudios realizados durante estancias en otros centros de investigacion (Capitulos 5 y 6).
En el resto de casos existen conexiones mas directas entre los trabajos, al estar todos ellos
estrechamente relacionados con la gestion silvopastoral de areas cortafuegos en Andalucia, sea a
escala regional (Capitulo 1) o en la zona de estudio piloto (Capitulos 2, 3 y 4). Ademas de
mostrar estas interrelaciones, en esta seccion se discuten brevemente los principales resultados

obtenidos en los distintos trabajos, contextualizindolos en la literatura cientifica.

El sistema de seguimiento aplicado en la RAPCA para evaluar el pastoreo en areas
cortafuegos (Capitulo |) esta inspirado en la metodologia utilizada en el programa RCC del
sudeste francés (Etienne & Rigolot, 2001). En el proceso de ajuste de esta metodogia, se
incorporaron algunos parametros de campo a las evaluaciones, fundamentalmente para
monitorizar mejor el impacto del pastoreo sobre las especies lefosas, y se descartaron otros que
no parecian aportar informacion relevante en la mayoria de las areas pasto-cortafuegos. Dado
que se buscaba una metodologia sencilla y rapida de aplicar, se prefirid incorporar la tasa de
consumo de especies arbustivas (Etienne, 1989) en lugar de otros parametros, més precisos pero

laboriosos, utilizados con fines de investigacion (Jauregui et al., 2007; Dopazo et al., 2009).

En este trabajo se ofrecen por primera vez funciones que permiten determinar, de forma
fiable y automatica a partir de los parametros de campo, el nivel de cumplimiento de los objetivos
de pastoreo en areas pasto-cortafuegos. Mas alla de su aplicacion en la RAPCA, este desarrollo
metodoldgico constituye una referencia que puede ser util para otros programas analogos.
Asimismo, en base a los resultados obtenidos en Andalucia, se identifican los tres parametros de
campo mas importantes para evaluar correctamente el pastoreo, que conjuntamente podrian

integrar una metodologia de seguimiento mas ligera.

En lo que respecta al analisis de las caracteristicas de las areas pasto-cortafuegos de la
RAPCA, el principal resultado fue que el volumen de matorral era el elemento que mas
condicionaba el éxito del pastoreo. En el sudeste francés también se considera que este
parametro dificulta el pastoreo (Thavaud, 2006), probablemente debido a la lignificacion y perdida
de palatabilidad asociada a los arbustos de mayor tamafo (Jauregui et al, 2007). En vista de lo
afirmado en otros estudios (Senft et al, 1987; Bailey, 2005), también se esperaba que factores
abioticos como la pendiente o la distancia (a puntos de agua o apriscos) dificultaran que se

produjera el pastoreo intenso deseado. Sin embargo, no tuvieron una influencia importante en la
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RAPCA, posiblemente porque el ganado era careado por pastores, y estos adaptaban el manejo

para cumplir con los compromisos adquiridos.

Tanto el ganado ovino como el caprino mostraron su capacidad de controlar la vegetacion
en areas pasto-cortafuegos. La diferencia mas destacable entre estos tipos de ganado se produjo
en la tasa de consumo de la encina, una de las especies mas habituales en la RAPCA. Tal y como
ya habian observado otros autores (Cuartas & Garcia-Gonzalez, 1992; Bartolomé et al., 2000),
esta especie fue consumida mas intensamente por el ganado caprino. Precisamente, en uno de los
estudios realizados en la finca piloto (Capitulo 3) se analizé con detalle el impacto del pastoreo
con ganado ovino en el crecimiento de las encinas. En lineas generales, el pastoreo restringié
pero no impidi6 el crecimiento de las jovenes encinas situadas en el area pasto-cortafuegos. En
este resultado posiblemente influyera el hecho de que el pastoreo fue muy intenso sélo en uno
de los tres anos que durd el estudio, y que siempre tuvo lugar en la época de mayor abundancia
de pasto. De hecho, otros autores han observado que, en esta época, el ganado ovino que pasta
en zonas repobladas con encinas dedica muy poco tiempo a consumirlas (Blazquez et al., 2003;

Blazquez et al., 2005).

La metodologia aplicada para el seguimiento de las encinas fue similar a la utilizada para
evaluar la respuesta al pastoreo del salado blanco (Atriplex halimus); en ambos casos se
compararon ejemplares ramoneados con otros protegidos del pastoreo durante tres anhos. En el
caso del salado blanco (Capitulo 4), se observé que esta especie mantiene su vitalidad y capacidad
de rebrote tras pastoreos sucesivos. Este resultado confirma los obtenidos en otros estudios de
duracién mas corta (Luna et al,, 1994; Valderrabano et al,, 1996), y muestra por vez primera que
la excelente respuesta observada a corto plazo se mantiene también cuando el salado blanco es
sometido a pastoreos repetidos durante varios anos. De hecho, esta especie soporto sin
dificultades un doble pastoreo, puntual pero muy intenso, en febrero y mayo del mismo afo,
mientras que lo habitual es aplicar un Unico pastoreo anual y se recomienda dejar recuperarse a

los arbustos el resto del afio (Valderrabano et al., 1996; Correal & Sotomayor, 1999).

En este mismo estudio se detecté que el pastoreo habia modificado la estructura de los
arbustos, haciéndolos mas compactos. Asi, aunque su volumen fuera en ocasiones muy inferior, la
biomasa forrajera y lefiosa de los arbustos ramoneados era mayor de lo esperado, y las
diferencias con los arbustos no ramoneados, minimas. Para atender a su diferente compacidad,
calculamos ecuaciones de regresion especificas para arbustos ramoneados y no ramoneados, con
lo que mejoraron los ajustes entre volumen y biomasa. Las ecuaciones genéricas propuestas en

otros estudios (Luna et al,, 1994; Valderrabano et al.,, 1996; Ben Salem et al., 2005), en cambio, no
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toman en consideracion este importante factor. Otro efecto causado por el pastoreo fue un
retraso en la fenologia de las plantas, ya que requerian alglin tiempo para rebrotar tras ser
ramoneadas intensamente. Esto ocasioné un aumento significativo del contenido en humedad en
verano de los brotes jovenes, lo que puede ser beneficioso para la prevencion de incendios, ya
que un mayor contenido en humedad disminuye la inflamabilidad de la vegetacion (Weise et al,
2005). En suma, el valor forrajero, baja inflamabilidad y excelente respuesta al pastoreo del salado
blanco lo convierten en una especie muy adecuada para realizar mejoras de pastos en areas
pasto-cortafuegos. De hecho, las mejoras de pastos atraen al ganado y eso propicia un mayor

control de la vegetacion en su entorno (Etienne et al, 1995).

Precisamente, el control del pastizal en el area pasto-cortafuegos piloto fue un tanto
irregular a lo largo del periodo de estudio (Capitulo 3). El mantenimiento de esta zona estaba a
cargo de un ganadero profesional que, en lugar de adaptar la carga ganadera a la variable
produccion anual del pastizal, la mantuvo muy constante durante los tres afios en que se
realizaron seguimientos. Consecuentemente, sélo en el afio con menores precipitaciones y
produccion de pastos se considerd que el resultado del pastoreo habia sido 6ptimo de cara a la
prevencion de incendios. Efectivamente, la cantidad de biomasa restante tras el pastoreo en ese
afio (200 kg ha') Unicamente podria dar lugar a incendios débiles y de avance lento (Diamond et
al,, 2009). En estos mismos afos, el pastoreo apenas produjo cambios en la composiciéon botanica
y diversidad del pastizal. La mayor influencia que tuvieron otros factores ambientales, como la
cantidad de lluvia, sobre estas variables es, de hecho, una dinamica caracteristica de comunidades

vegetales poco productivas (Milchunas & Lauenroth, 1993).

Este seguimiento del pastizal se realizd sobre una faja cortafuegos, desarbolada y de
pequena superficie, que ya existia con anterioridad al estudio y venia siendo mantenida mediante
decapados mecanicos regulares. Al iniciarse el proyecto y planificarse una gestion silvopastoral
para la prevencion de incendios, se considero necesario crear un area cortafuegos, mas amplia y
arbolada, a su alrededor. A tal efecto, se realizaron clareos sobre el pinar, lo que mejoraria la
proteccion frente a los incendios (Agee et al, 2000; Vélez, 2009) e incrementaria los recursos
pascicolas para el ganado (Navarro et al,, 2010). Ninguno de los pocos estudios disponibles sobre
clareos en pinares de pino carrasco (Ne'eman et al, 1995; Montero et al, 2001; Gonzalez-Ochoa
et al,, 2004; Verkaik & Espelta, 2006), documenta resultados obtenidos en una repoblacion, por lo
que se desconocia qué tipo o intensidad de clareo podian ser mas adecuados a nuestros fines.
Paralelamente al objetivo de prevencion de incendios, se pretendia transformar el patrén espacial

regular del arbolado de la repoblacién en una distribucion mas irregular, similar a la de una masa
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de origen natural (Montero et al,, 2001), por lo que se optd por un clareo aleatorio. La seleccion
al azar de arboles es muy poco habitual pero, aplicada a una intensidad alta, se mostré como un

tratamiento muy efectivo para el antedicho objetivo.

En una zona aledana, en cambio, el clareo se diseié para que los arboles residuales
quedaran equidistantes. El crecimiento individual de los arboles fue mayor en estos clareos
regulares, posiblemente debido a una menor competencia entre pies (Daniels, 1976; Crecente-
Campo et al, 2009). En ambos tipos de clareo, los tratamientos de mayor intensidad redujeron
tanto la densidad del arbolado, que el crecimiento en area basimétrica y biomasa por unidad de
superficie se vio reducido. Este efecto se ha observado en otras ocasiones (del Rio et al., 2008b;
Crecente-Campo et al,, 2009), y puede no ser deseable si interesa maximizar la produccién o el

secuestro de carbono (del Rio et al,, 2008a).

En general, todos los clareos produjeron un incremento en el diametro medio de los
arboles, lo que puede beneficiar a la resistencia y resiliencia de la masa forestal frente a los
incendios (Gonzilez-Ochoa et al., 2004; Verkaik & Espelta, 2006; Fernandes et al, 2008). Sin
embargo, los clareos también provocaron una disminucion en la diferenciacion y variabilidad del
tamano del arbolado, un efecto indeseado si la diversificacion es un objetivo de la gestion. En
todo caso, se debe considerar que los clareos para la creacion de un area cortafuegos se realizan
sobre una superficie relativamente pequefa, Yy estas actuaciones localizadas crean
indefectiblemente un ambiente distinto en el seno de una repoblacién extensa, por lo que

siempre aumentara la diversidad estructural del conjunto.

En contraposicion a la relacion positiva entre pastoreo y reduccion del riesgo de incendios
expuesta hasta el momento, también analizamos el fendmeno del uso tradicional del fuego por
ganaderos (Capitulo 5). Las quemas para la regeneracion de pastos son una causa muy
importante de incendios forestales (Martinez et al., 2009), y son singularmente diferentes de otras
causas de ignicion, por lo que requieren analisis especificos (Catry et al., 2010). Se conoce que los
patrones de usos del suelo estan relacionados con la frecuencia de igniciones de incendio
(Bajocco & Ricotta, 2008), y es razonable pensar que estas conexiones seran particularmente
fuertes con las quemas de pastos, ya que el objetivo de éstas es modificar los recursos pascicolas
disponibles para la ganaderia. Precisamente, el estudio de los incendios por quemas de pastos en

diversas unidades de paisaje de Andalucia perseguia identificar estas conexiones.

A tal fin, la relacion entre los incendios por quemas de pastos y los indices descriptores de
patrones de paisaje se modelizaron mediante redes neuronales, una herramienta crecientemente

utilizada en estudios sobre incendios forestales (Vega-Garcia et al, 1996; de Vasconcelos et al,

232



Las areas pasto-cortafuegos: un sistema silvopastoral para la prevencién de incendios forestales

2001; Yang et al, 2006). Su virtud radica en que los modelos son robustos y pueden aplicarse
para datos alejados de la distribucion normal (caso frecuente con los incendios), o cuando las

variables estan muy correlacionadas (como sucede con los indices calculados para un paisaje).

En otros estudios se han abordado cuestiones como la relacion entre la extension de un
incendio y la estructura del paisaje (Lloret et al, 2002; Vega-Garcia & Chuvieco, 2006), la
importancia de variables socioeconémicas ligadas a la ganaderia pastoral para explicar la
ocurrencia de incendios (Leone et al, 2002; Martinez et al, 2009) o ciertas singularidades
(localizacion del lugar de ignicion, tipo de vegetacion afectada, etc.) que caracterizan a las quemas
de pastos (Catry et al,, 2010). En este trabajo, en cambio, se identifican por primera vez patrones
de uso del suelo significativamente correlacionados con las igniciones de incendios por quemas de

pastos en una region mediterranea.

La existencia de ganaderias pastorales en el territorio es el elemento clave que posibilita la
gestion silvopastoral de areas cortafuegos. Sin pastores, no habria sido posible desarrollar un
programa como la RAPCA, pero es sabido que esta profesion se encuentra en declive. Por tanto,
consideramos importante analizar la posibilidad de disponer de herramientas modernas de apoyo
a la gestién pastoral, como la tecnologia de los vallados virtuales, dado que podrian incrementar
el atractivo de esta profesion para las jovenes generaciones. Esta demostrado que el ganado
responde a los estimulos sensoriales desagradables que se utilizan en esta tecnologia (Butler et al.,
2006; Bishop-Hurley et al, 2007; Lee et al, 2007) y que, por tanto, es posible modificar su
comportamiento en pastoreo. Sin embargo, muchos experimentos se han realizado a muy
pequefa escala (Anderson, 2007; Bishop-Hurley et al., 2007) y es necesario mejorar aspectos
concretos, como la eficiencia energética de los dispositivos (Anderson, 2007), para que la

tecnologia sea aplicable en la gestion ganadera.

En tal sentido, en el dltimo estudio evaluamos la posibilidad de apagar los dispositivos
durante parte del tiempo para ahorrar energia y los resultados experimentales obtenidos fueron
muy satisfactorios (Capitulo 6). De hecho, se consiguid modificar de forma efectiva el
comportamiento en pastoreo de grupos de cebues aunque los dispositivos sélo se activaron
durante un 25% del tiempo; el ahorro de energia asociado permitiria multiplicar por cuatro la
duracién de las baterias. Al igual que en experimentos anteriores (Bishop-Hurley et al., 2007; Lee
et al,, 2007), los animales aprendieron rapidamente a evitar los estimulos desagradables, aunque
en este experimento fueran discontinuos, y redujeron drasticamente el uso que hacian de la zona
de restriccion. En todo caso, tal y como era previsible (Nolte, 1999), se observo que los cebues

volvian a hacer uso de la zona si dejaban de recibir los estimulos desagradables. Asimismo, se
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detectd que en muchos casos bastaba con que Unicamente algunos animales recibieran la
estimulacion para que todo el grupo abandonara la zona de restriccion. Este resultado confirma
que puede no ser necesario instrumentar a todos los animales en una aplicacion comercial de

esta tecnologia (Anderson, 2007).

234



Las areas pasto-cortafuegos: un sistema silvopastoral para la prevencién de incendios forestales

CONCLUSIONES

Teniamos una tradicion gestora en sistemas bioldgicos que ahora desaparecen sin darnos cuenta.
Conviene recuperar ese dinamismo interno y espontaneo,

el adecuado para cada uno de los tres niveles superpuestos de organizacion:

a) la vegetacion que alimenta, b) el gregarismo animal que sabe aprovecharla,

y ¢) la vida comunal gestora del hombre, con su evolucion cultural apasionante.

El hombre aprovechd bien ese gregarismo conseguido con anterioridad por unas manadas que después
pudo domesticar, para obtener asi alimento de los pastos mas alejados en las estepas y alta montafia;

son por lo tanto unos sistemas naturales y en ellos el hombre se naturaliz también (cultura ganadera).

Somos cientificos y la Ciencia puede contribuir, perfeccionar, esas culturas antiquisimas sin deformarlas,

aumentar sus posibilidades, fomentar la eficiencia y controlar la potencia.

PEDRO MONTSERRAT RECODER

Naturalicemos, internalicemos la gestién en ambiente de montafia
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En esta tesis doctoral se han abordado distintos aspectos de la gestion silvopastoral de areas
cortafuegos. Los trabajos de investigacion se han realizado a diversas escalas y con metodologias
distintas, pero todos ellos han proporcionado conclusiones que constituyen una valiosa
referencia para una adecuada integracion del pastoreo en los programas de prevencion de

incendios:

I.  Se ha desarrollado una metodologia especifica para el seguimiento de areas pasto-
cortafuegos a escala regional, contrastada durante dos campafas en la Red de Areas Pasto-
Cortafuegos de Andalucia (RAPCA). Esta metodologia incluye un sistema de clasificacion
automatico que determina, de manera fiable, el nivel de cumplimiento de los objetivos de
pastoreo en un area pasto-cortafuegos en base a parametros de campo facilmente

observables.

2.  Entre los distintos parametros de campo utilizados, se han seleccionado aquellos que
han mostrado ser mas adecuados para la evaluacion del pastoreo en areas cortafuegos. Asi,
se propone una metodologia de seguimiento aligerada que comprende: ) la tasa de consumo
del estrato de vegetacion dominante (herbaceo o arbustivo), 2) la tasa de consumo de la
encina (como especie indicadora), y 3) una evaluacion global del nivel de pastoreo

observado.

3. El volumen de matorral presente en un area pasto-cortafuegos es una caracteristica
clave para que el pastoreo con fines de prevencion de incendios resulte efectivo. De hecho,
un volumen pequenio de matorral es mas importante para asegurar el éxito del pastoreo que
el tamano de un area pasto-cortafuegos, su pendiente media, la distancia al aprisco o, incluso,
el tipo de ganado que la paste. Los resultados obtenidos en la RAPCA con pastoreo de cabra
son algo superiores a los de oveja, pero ambos tipos de ganado son efectivos en el control

de la vegetacion.

4. A la hora de crear un area cortafuegos en un pinar de repoblacion similar al de nuestra
zona de experimentacion piloto, un clareo intenso y aleatorio, en el que los arboles son
seleccionados al azar, resulta el tratamiento mas apropiado cuando se desea reducir el riesgo
de incendios y, al mismo tiempo, transformar el patrén espacial regular del arbolado de la

repoblacion en una distribucion mas similar a la de masas forestales de origen natural.

5.  Los clareos regulares resultan mas adecuados cuando el sotobosque puede generar un
alto riesgo de incendios, ya que los arboles quedan distribuidos a intervalos regulares por

toda la zona clareada, lo que propicia un mayor crecimiento del arbolado y que éste ejerza
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una mayor competencia sobre el sotobosque. La intensidad ligera resulta la mas apropiada
para estos clareos, ya que asegura una mayor competencia y evita que disminuya la capacidad

productiva y de secuestro de carbono de la masa forestal.

6. En areas pasto-cortafuegos en las que el pasto es predominantemente herbaceo, resulta
muy importante ajustar anualmente la carga ganadera aplicada a la produccion anual del
pastizal, para asegurar asi que la biomasa herbacea sea minimizada todos los afos. Reducir
esta biomasa a valores inferiores a 200 kg MS ha' puede resultar dificil mediante pastoreo,
pero también innecesario, ya que un incendio que se desarrollara sobre esta cantidad de

combustible fino seria poco intenso y se expandiria lentamente.

. n condiciones similares a las de nuestra zona de estudio, debe esperarse que e
7. E d I las d t d tudio, deb I
pastoreo con fines de prevenciéon de incendios produzca un descenso en la cobertura de
pasto herbaceo, y un aumento notable en el porcentaje de suelo desnudo. Tras mas de un

afio de pastoreo, también es probable que la cobertura de mantillo comience a reducirse.

8.  El pastoreo de areas cortafuegos apenas producira cambios en la composicion botanica y
diversidad del pastizal, por lo menos durante los primeros afnos de manejo pastoral. De
hecho, en las condiciones de clima mediterraneo semiarido de la zona estudiada, estos
parametros botanicos se muestran notablemente mas sensibles a la variabilidad climatica y

ambiental que al impacto del pastoreo.

9. El pastoreo reducira, pero no impedira, el crecimiento de joévenes encinas (Quercus
rotundifolia Lam.) que estén situadas en un area pasto-cortafuegos, al menos si el pastoreo se

realiza con ganado ovino y en épocas con abundancia de pasto herbaceo fresco.

10. El salado blanco (Atriplex halimus L.) es un arbusto forrajero poco inflamable que seria
muy adecuado para realizar mejoras de pastos en areas pasto-cortafuegos, ya que responde
muy positivamente al pastoreo estacional; incluso cuando el pastoreo se repite en tres anos

consecutivos, el salado blanco mantiene una excelente capacidad de rebrote.

I'l. El ramoneo del salado blanco a finales de invierno y primavera provoca una reduccion
del volumen de los arbustos en comparacion con ejemplares no ramoneados,
particularmente en zonas con buenas condiciones para el crecimiento. Sin embargo, los
arbustos ramoneados se vuelven mas compactos: presentan una biomasa forrajera y lefosa
mas elevada por unidad de volumen. Ademas, al verse forzados a rebrotar tardiamente en

primavera, el contenido en humedad de sus brotes jovenes se incrementa en verano, lo que
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reduce su inflamabilidad en caso de incendio y puede beneficiar también al ganado en una

época de carencia de pasto fresco.

12. El estudio de los incendios por quemas de pastos en diversas unidades de paisaje de
Andalucia ha mostrado que existen conexiones entre este fenébmeno y los patrones de uso
del suelo. De este estudio se desprende que las igniciones de incendios por quemas de
pastos son mas probables en aquellos paisajes que tienen un patrén mas acusado de estar
dominados por una matriz compuesta por varias teselas grandes de poco a moderado uso
pastoral, y de contener un gran numero de teselas pequenas y alargadas de mayor uso

pastoral.

13. De acuerdo con la conclusion anterior, una gestion del territorio que propiciara el
agrandamiento y fusion de estas pequenas teselas de mayor uso pastoral podria reducir la
incidencia de este fenédmeno. En todo caso, y asumiendo que ciertos procesos, como la
expansion de la matriz dominante, son dificilmente controlables, podria ser necesaria la
adopcién de otras medidas para reducir el impacto de las quemas pastorales sobre el

territorio.

14. La tecnologia de Control Animal Automatizado resulta muy efectiva para modificar el
comportamiento del ganado en pastoreo incluso cuando, en lugar de mantenerse encendidos
permanentemente, los dispositivos (que monitorizan la localizaciéon del ganado y aplican

estimulos sensoriales desagradables) se desconectan parte del tiempo para ahorrar energia.

I5. La aplicacion discontinua (Unicamente durante un 25% del tiempo) de una estimulacion
desagradable sobre aquellos animales que se encuentran en una zona predeterminada, basta
para reducir drasticamente (en un 97% en nuestras condiciones experimentales) el uso que
el ganado hace de esa zona. El ahorro de energia que supone este sistema discontinuo
permite cuadriplicar la duracién de las baterias, sin afectar sensiblemente a la efectividad del

control animal.

CONCLUSIONS

This PhD thesis tackles different aspects of the silvopastoral management of fuelbreaks. The

studies have been performed at diverse scales with different methods, but the conclusions drawn

from all of them constitute a valuable reference for a sound integration of livestock grazing into

wildfire prevention programmes:
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I. A specific methodology has been developed for the monitoring of grazed fuelbreaks at a
regional scale, and tested during two years in the grazed fuelbreak network in Andalusia. This
methodology includes an automatic classification system that determines reliably the level of
accomplishment of the grazing objectives in fuelbreaks, on the basis of easily observable field

parameters.

2. Among the different field parameters used, those found to be most adequate for
fuelbreak grazing evaluation have been selected. Accordingly, we propose a streamlined
monitoring system which includes: 1) the utilization rate of the dominant (herb or shrub)
stratum, 2) the utilization rate of the holm oak (as an indicator species), and 3) an

assessment of the general grazing level observed.

3. The shrub volume found in a grazed fuelbreak is a key feature for wildfire preventive
grazing to be effective. Indeed, low shrub volume is more important to ensure grazing
success than the size of a grazed fuelbreak, its mean slope, distance to shelter or even the
type of grazing livestock. In the grazed fuelbreak network in Andalusia, the results obtained
with goats are somewhat better than with sheep, but both are effective in reducing fuel

loads.

4. In the creation of a fuelbreak in a planted forest similar to that in our pilot study area,
the application of intense random thinning, in which trees are selected at random, is the
most appropriate option to lower wildfire risk and, at the same time, transform the regular

plantation pattern into a near-natural tree distribution.

5. Regular thinning is more suitable when the undergrowth can pose a high fire risk, as
remaining trees are distributed regularly over all the thinned area, so they will grow more
and exert greater competition on the undergrowth. Regular thinning is best when applied at
a light intensity, as this ensures greater competition and avoids reducing timber production

and carbon sequestration capacity.

6. In grazed fuelbreaks where herbage is the predominant pasture, it is very important to
adjust the stocking rate yearly to the annual herbage production, in order to ensure that
herbage biomass is minimised every year. Reducing this biomass to values below 200 kg DM
ha'' through grazing could be difficult but also unnecessary, as this amount of fine fuel can

only sustain mild wildfires with a slow rate of spread.
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7. In conditions similar to those in our study area, grazing for wildfire prevention should be
expected to produce a decrease in herbage cover, as well as a notable increase in bare soil

cover. After more than one year of grazing, it is also likely that litter cover starts to diminish.

8.  Fuelbreak grazing will hardly produce any changes in the botanical composition and
diversity of herbage, at least during the first years of grazing management. Indeed, in the
study area, where the climate is Mediterranean and semiarid, all botanical parameters are

more sensitive to climatic and environmental variability than to grazing impact.

9.  Grazing will restrict, but will not impede, the growth of holm oak (Quercus rotundifolia
Lam.) saplings located in a grazed fuelbreak, provided that grazing is applied with ovine

livestock and in seasons when abundant fresh herbage is available.

10. The Mediterranean saltbush (Atriplex halimus L.) is a fodder shrub of low flammability that
is very adequate to improve pastures in grazed fuelbreaks, as it responds very positively to
seasonal grazing; even when grazing is repeated in three consecutive years, the

Mediterranean saltbush maintains an excellent capacity to resprout.

I'l. Browsing the Mediterranean saltbush at the end of the winter and in the spring produces
a remarkable reduction in shrub volume when compared to non-browsed shrubs.
Nevertheless, browsed saltbushes become more compact: they have greater fodder and
wood biomass per unit volume. Further, browsed saltbushes being forced to resprout late in
the spring, their shoot moisture content in the summer increases, which reduces their
flammability in the event of wildfire and can also benefit livestock in a season lacking fresh

pasture.

12. The analysis of pastoral wildfires in a number of landscapes in Andalusia has shown that
this phenomenon has linkages with patterns of land cover. Overall, more pastoral wildfire
ignitions may be expected in landscapes where the pattern of being dominated by a matrix of
several large patches of low to moderate grazing use, and having abundant small and

elongated patches of higher grazing use, is more extreme.

3. According to the conclusion above, less pastoral wildfires should be expected if land
management attempts to enlarge and merge the small patches of higher grazing use.
However, assuming that certain processes, such as the expansion of the matrix, fall beyond
the control of environmental managers, other measures may also need to be implemented to

reduce the impact of pastoral wildfires on the territory.
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14.  Automatic Animal Control technology modifies cattle grazing behaviour very effectively
even when, rather than remaining continuously activated, the devices (which monitor the

location of animals and provide the stimuli) are disconnected during part of the time to save

energy.

I5. The discontinuous application (only during 25% of the time) of aversive stimuli on
animals located in a predefined area suffices to reduce drastically (by 97% in our
experimental conditions) use of the area by cattle. This discontinuous system can multiply
four-fold the duration of batteries based on the energy saved, and still deliver successful

animal control.
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