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We need another and a wiser and perhaps a more mystical concept of animals. Remote
from universal nature, and living by complicated artifice, man in civilization surveys the
creature through the glass of his knowledge and sees thereby a feather magnified and
the whole image in distortion. We patronize them for their incompleteness, for their
tragic fate of having taken form so far below ourselves. And therein we err, and greatly
err. For the animal shall not be measured by man. In a world older and more complete
than ours they move finished and complete, gifted with extensions of the senses we
have lost or never attained, living by voices we shall never hear. They are not brethren,
they are not underlings; they are other nations, caught with ourselves in the net of life
and time, fellow prisoners of the splendour and travail of the earth.

Necesitamos otro concepto mas sabio y quizas mas mistico sobre los animales.
Alejado de la naturaleza universal y viviendo en un complejo artificio, el ser civilizado
analiza a las criaturas a través de la lupa de su conocimiento, y es asi como ve la pluma
magnificada y toda la imagen en distorsion. Los tratamos con condescendencia por
ser incompletos, por su tragico destino de haber adoptado una apariencia muy por
debajo de la nuestra. Y es aqui donde erramos, erramos enormemente. Porque el
animal no debe ser medido por el hombre. En un mundo mas viejo y mas completo que
el nuestro se mueven plenos y consumados, dotados de extensiones de los sentidos
que ya hemos perdido o que jamas llegamos a poseer, viviendo a merced de voces que
jamas oiremos. No son hermanos, no son vasallos; son otros mundos, atrapados junto
a nosotros en la red de la vida y del tiempo, companeros prisioneros del esplendor y
del arduo trabajo de la Tierra.

Henry Beston,
The Outermost House (1928)
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| lince ibérico, simbolo de la fauna peninsular, es hoy la
especie de felino mas amenazada del mundo y su futuro es
tan incierto que, si se cumpliesen los peores prondsticos,
podria desaparecer en el plazo de diez afos.
La gravedad de su situacién ha hecho saltar las alarmas en
todos los ambitos, tanto nacionales como internacionales y
ha conducido a incrementar los esfuerzos para tratar de evitar
su extincion.
Asi, en los dltimos afios, se han puesto en marcha nuevas medidas y proyectos, y
se han reorientado iniciativas y planes ya existentes para intentar salvar al lince
ibérico de su extincién.
Es el caso de la Estrategia para la Conservacion del Lince Ibérico, aprobada en Espafia
en 1999, recientemente actualizada, que tiene como misién aunar la accién de todas
las partes competentes en la conservacion de esta especie endémica de la Peninsula.
Sin embargo, la recuperacion del lince ibérico es a la vez fin y medio, ya que su
supervivencia implica intrinsecamente la del monte mediterraneo, donde el lince
tiene su habitat natural y donde ha ido perdiendo progresivamente territorio,
quedandose desplazado en areas cada vez mas restringidas y aisladas.
La meta final de la Estrategia para la Conservacidn del Lince Ibérico es contribuir a
que el lince vuelva ser una pieza funcional del ecosistema donde habita, el monte
mediterraneo, para lo que se incide en el impulso de la investigacién aplicada a la
conservacion del lince.
Esta novedosa Estrategia establece metas cuantitativas concretas y fija un
calendario para conseguir que en el afio 2011 el lince ibérico quede fuera de la
categoria de especie “en peligro critico”, la mas grave de la escala de la lista
roja de la Unién Internacional para la Conservacién de la Naturaleza y pasar a
su catalogacion como especie “en peligro”. En una segunda fase, la Estrategia
Nacional determina una “hoja de ruta” con el objetivo de que en el afio 2020, el
lince ibérico pueda pasar a ser catalogado como especie “vulnerable”. El desarrollo
a medio y largo plazo de nuevas poblaciones de lince ibérico es parte integrante
de este proceso previsto por la Estrategia y se apoya significativamente en la cria
en cautividad. A la vista de sus resultados, la puesta en marcha del Programa de
Conservacion Ex situ del Lince Ibérico en Espafia es ya un éxito palpable, tras cinco
temporadas consecutivas de reproduccion, en las que se ha logrado un crecimiento
exponencial de la poblacién cautiva.
El Programa de Conservacion Ex situ del Lince Ibérico representa de esta forma un
“seguro de vida” frente a la posible extincidn de la especie, preparando animales
para su futura reintroduccién en la naturaleza (prevista para el afio 2010) y
asegurando la conservacion de la diversidad genética de esta especie.




Estas y otras claves para la conservacion del lince ibérico fueron analizadas durante el curso que la Fundacion
Biodiversidad organizé en 2006 en su sede sevillana, en el que se consiguio reunir a un selecto y amplio grupo
de expertos nacionales e internacionales en la materia.

Durante dos meses, cientificos y técnicos de reconocido prestigio han pasado por nuestras aulas para hacernos
participes de sus conocimientos sobre la recuperacién de éste y otros felinos y trasladarnos su experiencia
sobre posibles vias para sacar al lince ibérico de su gravisima situacién actual.

Fruto de aquellas jornadas, y del esfuerzo de cinco ahos de cria para la conservacion del lince ibérico, es el
libro que ahora presentamos y que ha logrado recopilar entre sus paginas, de forma singular, las valiosas
aportaciones de aquellos expertos que se dieron cita en Sevilla, a través de una publicacion que deseamos
contribuya a incrementar el conocimiento global de la comunidad cientifica, ademas de elevar la conciencia del
publico en general, sobre la recuperacion de esta especie, tan bella como amenazada.

Josep Puxeu Rocamora
Presidente del Patronato de la Fundacion Biodiversidad



FOREWORD

he Iberian lynx, a symbol of the fauna of the Iberian Peninsula,

is today the most endangered cat species in the world. Its

future is so uncertain that it may disappear in the next ten
years if the worst forecasts prove right.

The gravity of the situation has raised widespread alarm on a

national and international level and led to increasing efforts

to try to avoid the extinction of the species.

In recent years, new measures and projects have been
established, and already existing initiatives and plans aimed at preventing the
extinction of the Iberian lynx have been reoriented.

The Strategy for the Conservation of the Iberian Lynx was adopted in Spain in
1999 and has recently been updated. Its mission is to bring together the actions
of all the relevant players in the conservation of this species, which is endemic to
the Iberian Peninsula.

However, the recovery of the Iberian lynx is both a means and an end. The survival of
the species intrinsically implies the survival of Mediterranean forest and scrubland,
the natural habitat of the lynx, where the species has progressively lost its territory
and is being displaced to increasingly restricted and remote areas.

The final goal of the Strategy for the Conservation of the Iberian Lynx is to devote
efforts so that the lynx can be a functional part of its ecosystem once again.
This is carried out, among other things, by encouraging research applied to the
conservation of the species.

This innovative Strategy includes specific quantitative targets and a timetable.
First, the aim is to ensure that by 2011 the Iberian lynx is no longer Critically
Endangered, the most serious category of threat of the IUCN Red List, and can
be transferred to the category of Endangered. In a second stage, the National
Strategy has established a roadmap with the objective of ensuring that the species
qualifies for the category Vulnerable by the year 2020. The medium- and long-term
development of new populations of Iberian lynx is an important part of the process
established in the Strategy, which is significantly based on captive breeding. The
Iberian Lynx Ex situ Conservation Programme in Spain has already proven to be
successful after five consecutive breeding seasons that have led to an exponential
growth of the captive population.

This Conservation Programme represents a “life insurance” against the possible
extinction of the species, as it prepares animals for future reintroduction into the
wild — planned for 2010 — and ensures the preservation of the genetic diversity
of the species.

These key elements for the conservation of the Iberian lynx and others were
analysed during the course organised in 2006 by Fundacién Biodiversidad in its
headquarters in Seville, which brought together a broad group of the best national




and international experts on various subjects. For two months, renowned scientists and other experts visited our
classrooms to share their knowledge on the recovery of the Iberian lynx and other felid species as well as their
experience on possible ways to overcome the extremely serious plight of the Iberian lynx.

The book we are presenting today is a result of the course and of the effort of five years of captive breeding for
the conservation of the Iberian lynx. This publication compiles the valuable contributions of the experts who met
in Seville and is intended to increase the global knowledge of the scientific community and raise awareness in
the general public about the recovery of this beautiful and highly endangered species.

Josep Puxeu Rocamora
President of Board of Trustees of Fundacién Biodiversidad



ierra los ojos durante unos minutos e imagina qué posibles
problemas podria encontrar un felino de tamafio medio en
un paisaje cultivado, dominado por los seres humanos:
pérdida de habitat, disminucién de presas, sequias, fuegos,
persecucion directa, accidentes de trafico, fragmentacion
de la poblacién, deriva genética, enfermedades, y falta de
acuerdo respecto a las medidas de conservacion y reparto
de responsabilidades. Asi era la situacion del lince ibérico
en 2002, cuando fue catalogado en la Lista Roja de la UICN como Criticamente
Amenazado; la primera especie de felino en esa categoria. Quedaban menos de
150 linces en dos poblaciones en declive, ambas en Andalucia, una en Anddjar-
Cardefia, en Sierra Morena, y la otra en laregién de Dofiana. Desde entonces, hemos
progresado, y este libro es otro paso hacia delante. No el tnico, pero si una de las
mejoras mas obvias en los Gltimos afos ha sido el establecimiento de un programa
de cria para la conservacion de esta especie.
El primer centro de cria para el lince ibérico se construy6 en El Acebuche, Dofana,
en 1991, pero los linces nacieron alli por primera vez en 2005. Habia falta de
experiencia —nunca antes habia nacido un lince ibérico en cautividad —pero la gran
demora en conseguirlo fue principalmente consecuencia de las profundas dudas
en relacién a la importancia de la cria en cautividad y de su papel en la conservacién
del lince ibérico. Existe un gran excepticismo entre los bi6logos de campo y los
conservacionistas respecto a la cria en cautividad y la reintroduccién. Parte del
miedo consiste en que la cria en cautividad pueda “sobreexplotar” las poblaciones
silvestres, y que las reintroducciones son dificiles de llevar a cabo y conllevan una alta
probabilidad de fracaso. De hecho, las experiencias de reintroducciones realizadas
con linces euroasiaticos y linces canadienses extraidos de poblaciones silvestres han
sido ambivalentes, y los proyectos de reintroduccién de felinos nacidos en cautividad
tampoco son concluyentes. Sin embargo, podemos aprender de estas experiencias,
tanto de sus éxitos como de sus fracasos, y lo cierto es que la situacion del lince es tan
critica que necesitamos un enfoque que abarque el maximo rango de posibilidades.
Ya no es “esto o lo otro”, sino “esto, y ademas, lo otro”.
Hoy, el Programa de Cria para la Conservacién no solo proporciona una “copia
de seguridad” para preservar la diversidad genética de esta especie, es también
una parte integral de la estrategia global para la conservacion del lince ibérico.
Las metas principales del Programa Ex situ incluyen el mantener una poblacién
cautiva bien manejada desde el punto de vista genético y proporcionar linces
para programas de reintroduccién. Nuevos conocimientos obtenidos gracias
al trabajo con la poblacién cautiva, tales como el estudio de patégenos y la
observacion y estudio de episodios agresivos entre hermanos de camada, tienen




una consecuencia directa sobre la gestion de las poblaciones cautiva y silvestre. Y, por Gltimo, pero no por
ello menos importante, el programa de cria ayuda a concienciar nacional e internacionalmente acerca de la
situacion del lince ibérico y sus necesidades de conservacion.

El proceso de conservacion del lince y su programa de cria siguen un enfoque multidisciplinar, que se resalta en la
gran diversidad de temas cubiertos en este libro. Gran parte de esta obra es producto de proyectos colaborativos
de investigacion y, como libro propiamente dicho, comenzé a tomar forma tras una serie de seminarios organizados
en Andalucia en 2006 por la Fundacién Biodiversidad, en colaboracién con el Programa de Conservacién Ex situ.
La meta de esta serie de seminarios consistié en revisar el conocimiento que existia sobre la biologia y ecologia
del lince, haciendo énfasis especial en su relacién con el programa de cria y, a su vez, en compartir conocimientos
con expertos en las disciplinas de ecologia, genética, comportamiento animal, veterinaria y sanidad animal,
reproduccion y reintroduccion. Este libro recopila gran parte de las charlas presentadas durante los seminarios
de 2006 y actualiza los datos para presentar de modo integrado el trabajo de colaboracién llevado a cabo en el
Programa de Cria para la Conservacion del lince ibérico entre 2004 y 2008.

La obra esta organizada en cinco partes. La primera parte presenta una revisién sobre la situacion del lince
en la naturaleza y las actividades que se estan llevando a cabo in situ. La segunda parte trata sobre aspectos
genéticos, comportamiento y manejo de linces y otras especies de felinos en cautividad. La tercera parte recopila
diversos trabajos sobre aspectos veterinarios, tratando temas que han ido tomando cada vez mayor importancia
en la conservacion de especies. La cuarta parte versa sobre la fisiologia reproductiva de diversas especies de
felinos, poniendo especial énfasis en los hallazgos mas recientes sobre la reproduccién de lince ibérico y de otras
especies de linces. Por dltimo, la quinta parte presenta una revision sobre técnicas de reintroduccién, asi como
casos de estudio sobre proyectos de reintroduccién de felinos.

Los capitulos recopilados en esta publicacién representan el trabajo de colaboraci6n internacional que se ha llevado
a cabo en pro de la conservacién del lince ibérico durante los dltimos cinco afios, pero también presenta estudios y
trabajos que se estan desarrollando con otros felinos en distintas partes del mundo. Cada capitulo ha sido tratado
como una publicacién cientifica, siendo revisado por tres expertos en cada tema concreto. Aunque el idioma principal
de conjunto de la obra es el inglés, los reslimenes y textos de las ilustraciones, asi como el prélogo, el prefacio y el
epilogo, se presentan en ambos idiomas. En conjunto, un total de 124 coautores de 10 paises han participado en los
43 capitulos que contiene el libro, que incluye un epilogo de Miguel Delibes, uno de los cientificos mas prominentes
en Espafia, quien cierra el libro presentando su visién sobre el presente y el futuro de esta especie.

Ala vez que se presenta trabajos de investigacion cientifica en diversas disciplinas, el libro también desea llegar al
publico a través de su estética y ofrece mas de 200 fotografias cedidas por fotdgrafos nacionales e internacionales.
El artista de reconocido prestigio Joe Zammit-Lucia ha disefiado especificamente para esta publicacién las
fotografias que aparecen en la portada y la contraportada, asi como las fotografias que sirven como apertura de
cada una de las secciones del libro. Los versos y citas que aparecen acompafiando a cada capitulo han sido en su
mayoria seleccionados por los propios autores. La diversidad de temas, junto la seleccién de expertos y autores de
diversas partes del planeta, demuestran que el lince ibérico necesita apoyo internacional para su supervivencia, y
asimismo revela como la sociedad global de conservacionistas esta interesada e involucrada en la recuperacion de
esta especie, resaltando cuan necesario es el trabajar juntos para prevenir la extincién de este magnifico felino.

Urs Breitenmoser, Christine Breitenmoser y Astrid Vargas



PREFACE

lose your eyes and think for a few minutes about what
potential threats and problems a medium-sized cat species
could possibly encounter in a cultivated, human-dominated
landscape: Loss of habitat, prey depletion, droughts
and fire, direct persecution, traffic accidents, population
fragmentation, genetic drift and inbreeding, diseases, and
strong dissension regarding conservation measures and
responsibilities. And no captive population. That was the
Iberian lynx in 2002, when it was listed as Critically Endangered in the IUCN Red List
as the first cat species ever. Less than 150 lynx remained in two declining populations
in Andalucia, near Anddjar-Cardefa in Sierra Morena and in the Dofiana region.
Since then, we have made progress, and this book is another step forward. Not the
sole, but one of the most obvious improvements in the past years has been the
establishment of a conservation breeding programme. The first breeding centre
for the Iberian lynx was built in El Acebuche, Dofana, in 1991, but lynx were born
there only in 2005. There was a lack of experience —no Iberian lynx was ever born
in captivity before— but the long delay was mainly a consequence of profound
doubts regarding the importance of the conservation breeding programme and its
role in the conservation of the Iberian lynx. There is a widespread scepticism among
field biologists and conservationists about captive breeding and reintroduction.
They fear that captive breeding may “over-exploit” the remnant populations, and
that reintroductions are difficult to do and bear a high risk of failure. Indeed, the
experiences with wild-to-wild reintroduction of Eurasian lynx and Canada lynx
are ambivalent, and projects using captive-born cats of any species so far are not
conclusive. Nevertheless, we can learn from all these earlier projects, both from their
successes and failures, and the situation of the Iberian lynx is so critical that we need
a comprehensive approach. It is no longer “either —or”, it is “as well as”.
Today, the conservation breeding programme does not only provide a safety backup
for the lynx’s genetic diversity, it is an integral part of the overall conservation
strategy for the species. The main goals of the ex situ conservation programme
are to maintain a genetically well-managed captive population and to produce lynx
for reintroductions. Beyond this, the conservation breeding programme provides
insight into particular questions such as reproductive biology or health problems and
diseases that could affect the species. Findings as a result of captive breeding, such
as the study of pathogens and the observation of sibling aggression among lynx cubs
have immediate consequences for the management of both the captive- and the free-
ranging populations, and last but not least, the captive breeding programme helps to
raise worldwide awareness for the fate of the Iberian lynx and its conservation needs.
The Iberian lynx conservation process and its captive breeding programme follow an
interdisciplinary approach, emphasised by the wide range of topics covered in this




book. Largely, the book is a product of five years of collaborative research and, as a book, it began to take shape
during a series of seminars on Iberian Lynx Ex situ Conservation, organized by the Biodiversity Foundation together
with the Conservation Breeding Programme, which took place in Andalusia in autumn 2006. The goal of the seminar
series was to review current knowledge on Iberian lynx biology and ecology as it relates to conservation breeding
efforts and to share knowledge and experiences with experts on related fields of wild felid ecology, behaviour,
genetics, health and veterinary aspects, reproduction, and reintroduction, in order to further advance the various
aspects of the conservation programme. The seminar series was structured in four sessions, each lasting two days.
The present book summarises the experiences presented in the talks, all of which have been updated to cover the
work that has taken place in the conservation breeding programme between 2004 and 2008.

The organization of this book includes five sections. The first section presents a review of the in situ situation and
field conservation activities. The second section deals with genetic aspects and the behaviour and husbandry of
Iberian lynx in captivity. The third section compiles papers on veterinary aspects and health issues, which became
increasingly important in recent years. The fourth section looks at reproductive physiology of a variety of felid
species, placing special emphasis on the latest findings on lynx reproduction. Lastly, the fifth section provides an
overview of reintroduction techniques and case studies of felid reintroduction projects.

The chapters compiled in this publication represent the collaborative international work carried out
towards the conservation of the Iberian lynx during the past five years, but also portrays similar studies
and approaches from other felid species from various areas of the world. Each chapter has been treated as
a peer-reviewed paper for a scientific journal, and has been revised by three different experts in the specific
subject. Although the book’s main language is English, abstracts and illustration captions from each
chapter are presented in both English and Spanish; the prologue, preface and epilogue are also offered in
both languages. Altogether, 124 contributors from 10 different countries have taken part in the 43 chapters,
which include an epilogue by Miguel Delibes, one of Spain”s most prominent scientist, who wraps up the
book presenting his vision about the present and future of the critically endangered lynx.

While presenting scientific research in a wide variety of disciplines, the book also hopes to appeal to
the eye of the viewer by including more than 200 photographs contributed by national and international
photographers. World renowned photographic artist Joe Zammit-Lucia, has specifically designed the
photographs that appear in the front and back covers, as well as the artwork in the opening page of each
of the sections. The verses and quotes that appear throughout the book have been largely selected by the
authors. The variety of themes together with the selection of experts and authors from across the world
demonstrates that the Iberian lynx needs international support for its survival, and also reveals how the
global conservation society is interested and involved in the recovery of this species, emphasizing how
much we all need to work together to prevent the extinction of this magnificent cat.

Urs Breitenmoser, Christine Breitenmoser and Astrid Vargas



Caminante, son tus huellas

el camino y nada mas;
caminante, no hay camino,
se hace camino al andar.

Al andar se hace camino
y al volver la vista atras
se ve la senda que nunca
se ha de volver a pisar.

Caminante no hay camino
sino estelas en la mar...

Antonio Machado
(1875-1939)
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If a man walks in the woods for love of them half of each day,
he is in danger of being regarded as a loafer. But if he spends
his days as a speculator, shearing off those woods and making
the earth bald before her time, he is deemed an industrious
and enterprising citizen.

Henry David Thoreau
(1817-1862)
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RESUMEN

El lince ibérico, actualmente la especie de felino mas amenazada en el mundo,
es un animal de tamafo medio, solitario y territorial, cuyas Gnicas poblaciones
se encuentran en la mitad sur de la Peninsula Ibérica. Esta especie de lince
presenta una alta especializacién en cuanto a sus necesidades alimenticias y
de habitat: consume casi exclusivamente conejos europeos y habita en zonas
mediterraneas de monte bajo. Las hembras normalmente se reproducen una
vez al afio entre los 3 y 9 anos de edad, y suelen sobrevivir sélo 2 de las 3-4
crias que nacen en cada camada. Los linces jovenes abandonan el territorio
materno cuando tienen entre 1y 2 afios de edad, momento en el que se dis-
persan en blsqueda de nuevos territorios donde asentarse como residentes.
El drea de campeo de los linces adultos ocupa entre 4 y 30 km?, dependiendo
de factores como el sexo y la densidad de conejos. Los machos tienden a tener
mayores areas de campeo que las hembras. Los territorios de los machos y
hembras adultos pueden coincidir en gran parte, pero esto no suele ocurrir en-
tre ejemplares adultos del mismo sexo. En la naturaleza, el lince ibérico tiene
una mortalidad elevada por causas no naturales, especialmente fuera de las
areas protegidas. Existe una fuerte interferencia entre el lince y otras especies
de carnivoros; los linces matan a especies de tamafio mas pequefio, como los
zorros, meloncillos, ginetas y gatos domésticos, lo que produce cambios en
el uso del espacio y densidades mas bajas de algunas especies de carnivoros
mas pequefios.
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ABSTRACT

The Iberian lynx, currently the world’s most endangered felid species, is a medium-
sized solitary and territorial felid whose only populations occur in the southern half
of the Iberian Peninsula. This lynx species is highly specialized in its diet and habitat
requirements, consuming almost exclusively European rabbits and inhabiting Medite-
rranean scrubland. Females normally breed once a year between 3 and 9 years of age,
and only 2 of the 3 kittens of the litter usually survive. Between 1 and 2 years of age
juvenile lynx abandon their mother’s territory and disperse in search of new territories
to settle as residents. The home ranges of adult lynx measure between 4 and 30 km?,
depending on factors such as sex and rabbit density. Males tend to have larger home
ranges than females. Core areas greatly overlap between adult males and females, but
there is no overlap between adult individuals of the same sex. In the wild, the Iberian
lynx experiences a high mortality from non-natural causes, particularly outside protec-
ted areas. There is strong interference between lynx and other carnivore species, with
lynx killing species of smaller size such as red foxes, Egyptian mongooses, common
genets, and domestic cats, which results in changes in the space use and lower densi-
ties of some of the smaller carnivores.

KeywoRrbs
Iberian lynx, Lynx pardinus, spatial ecology, breeding, habitat use, social organization

FIGURE 1. IBERIAN LYNX BREEDING
FEMALE EMERGING FROM A HOLLOW
TREE DEN IN DONANA.

FicuRA 1. HEMBRA REPRODUCTORA
DE LINCE IBERICO SALIENDO DE

SU MADRIGUERA, UBICADA EN UN
ARBOL HUECO DE DONANA.

Photo: Antonio Sabater

IBERIAN LYNX EX SITU CONSERVATION: AN INTERDISCIPLINARY APPROACH
ASTRID VARGAS, CHRISTINE BREITENMOSER & URS BREITENMOSER
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INTRODUCTION
he Iberian lynx (Lynx pardinus) is one of the 36 existing species of felids, and one of
the four species of the genus Lynx in the world. Two lynx species —the Iberian lynx
and the Eurasian lynx (Lynx lynx)— occur in Europe and Asia, and two other species
—the bobcat (Lynx rufus) and the Canada lynx (Lynx canadensis)- occur in North
America. The direct ancestor of the Iberian lynx was the Cave lynx (L. pardinus
spelaeus), which was larger than the current species and widespread in most of
Europe. About one million years ago, a population of Cave lynx became isolated in
south-west Europe and gave rise to the Iberian lynx as we know it today.

The coat of the Iberian lynx is variable. Whereas individuals in the Dofhana area
have a pattern of large dark spots and stripes on a tawny background, those in
Sierra Morena have small, less distinct spots on a more or less grayish background.
Males are somewhat larger than females, and have been recorded to weigh 12-14
kg, and 9-10 kg, respectively in Dofiana (Beltran and Delibes, 1993).

The Iberian lynx is currently the world’s most endangered felid species (Novell and Jackson, 1996). Unlike the
other lynx species, the Iberian lynx already had a small natural range which was limited to the Iberian Peninsula.
After a very dramatic decrease in the size of its range in recent decades, only two populations remain in southern
Spain —Donana and Eastern Sierra Morena. The most significant factors in the population decline of the species
are habitat loss and fragmentation, direct persecution, and the decline of its basic prey, the European rabbit
(Oryctolagus cuniculus) (Rodriguez and Delibes, 1992; Palomares et al., 2002; Guzman et al., 2004).

FEEDING ECOLOGY
The Iberian lynx feeds almost exclusively on rabbits (Delibes, 1980). In several areas of the centre and south of
the Iberian Peninsula where its diet has been studied, remains of rabbits have been found in 85 to 99% of the
scats analyzed (Delibes, 1980; Aymerich, 1982; Beltran and Delibes, 1991; Gil-Sanchez et al., 1997; Palomares et
al., 2001). The size of the rabbits consumed changes throughout the year depending on their abundance; very
young and juvenile rabbits have been found to be more present in the diet in spring and summer than in the
rest of the year (Calzada, 2000; Calzada et al., 2003). Sometimes lynx also prey on geese, ducks, rats, hares,
partridges, magpies, pigeons and even juvenile red and fallow deer.

To date, there is no evidence that Iberian lynx can survive and breed feeding exclusively on prey other than
rabbits. Therefore, the species cannot live in areas in which rabbits are absent or very scarce.

HABITAT REQUIREMENTS
The Iberian lynx needs the Mediterranean scrubland to live (Palomares et al., 2000); if it is not available, rocky
areas with some scrubland can also be suitable (Fernandez et al., 2006). The Mediterranean scrubland is
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FiGURE 2. MEDITERRANEAN FOREST
AND SCRUBLAND IN SIERRA MORE-
NA (A) AND Donana (B, c).

FiGURA 2. BOSQUE Y MATORRAL
MEDITERRANEO EN SIERRA MORENA
(a) Y Doiana (B, c).

dominant in at least 75% of the areas where the Iberian lynx occurs and breeds regularly. In these areas, the
average scrub cover is 55%. Remaining areas are usually strips of land between the scrubland and open habitats
such as the edges of marshes or dehesas (Mediterranean savannah-like formations) (Fernandez et al., 2007).
Rabbit abundance must be at least between 1 and 5 rabbits/ha —in the least and most abundant seasons of the
year, respectively— for breeding to take place (Palomares et al., 2001).

Dispersing individuals are not as demanding as residents in terms of habitat requirements. At that stage
of their lives, they can use any kind of natural habitat as long as it is associated to some type of scrubland
(Palomares et al., 2000). They are also less demanding with regard to rabbit abundance and can use areas with
lower densities than those where they settle down (Palomares, 2001).

Availability of suitable breeding dens and the presence of water are also important components in lynx
habitat. In Dofiana, females always choose old, large hollow trees as breeding dens (at least go cm diameter
at breast height; Fernandez and Palomares, 2000) (Figure 1). In Sierra Morena, females probably breed in rock
cavities and small caves. In summer, the daily movements of lynx depend on the location of water sources,
where they are often sighted drinking (Palomares et al., 2001).

Therefore, the Iberian lynx needs a habitat where the dominant vegetation is the Mediterranean scrubland
(Figure 2), with relatively good abundance of rabbits. Areas of Mediterranean scrubland without rabbits or
areas with plenty of rabbits but without plant cover provided by scrubland or shrubland are not suitable for the
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FiGURE 3. IBERIAN LYNX WILD BORN CUBS. FIGURE 4. INTERSPECIFIC INTERACTION BETWEEN AN IBERIAN LYNX AND A RED FOX.

Ficura 3. CACHORROS DE LINCE IBERICO NACIDOS EN LA NATURALEZA. Ficura 4. INTERACCION INTERESPECIFICA ENTRE UN LINCE IBERICO Y UN ZORRO ROJO.

species. Most likely, the specie’s habitat must also have places that can make good breeding dens, such as old
hollow trees or rock cavities, and permanent water sources during the dry season.

SOCIAL AND SPATIAL ORGANIZATION

Lynx are solitary felids (Ferreras et al., 1997). It is unusual to see two individuals together apart from the female with her
young during the period of dependence on the mother, which usually ends when the cubs are 7-8 months old. Males do
not help to raise the kittens. Juvenile lynx abandon their mother’s territory and disperse in search of new territories to
settle as residents when there are between 1.and 2 years of age (Ferreras et al., 2004; Palomares et al., 1999).

The home ranges of adult lynx measure between 4 and 30 km?, depending on factors such as sex and rabbit
density (Ferreras et al., 1997; Palomares et al., 2001; Palomares, 2001). Males tend to have larger home ranges
than females. Home ranges are smaller in areas where rabbits are abundant than in those where rabbits are
scarcer. The areas of greatest use of resident adult lynx home ranges strongly overlap with those of individuals
of the other sex, but not with territories of individuals of the same sex. Although lynx tend to be monogamous,
the territories of some males may encompass those of more than one female.

RePrODUCTION

In the wild, female lynx normally breed only between 3 and 9 years of age (Palomares et al., 2005). Breeding
has been recorded in 2-year-old captive females, but the cubs seem to have lower chances of survival. Although
lynx usually breed once a year, sometimes they do not breed for unknown reasons. Estrus peaks in December-
January and litters are born between March and April. However, late estrus and births may occur (Fernandez et
al., 2002; Palomares et al., 2005). The most frequent litter size is 3 kittens, but sometimes 2 or 4 kittens are born
(Figure 3). In most cases only two offspring of the litter survive until the age of dispersal.

MOVEMENTS DURING DISPERSAL

Lynx have dispersal limitations that make them very sensitive to barriers imposed by the construction of large
infrastructures or the alteration of natural habitats (Ferreras, 2001; Ferreras et al., 2004; Revilla et al., 2004). In
the Dofiana area, a dispersing lynx travels an average distance of 172 km over a surface of 231 km? and moves
a straight-line distance of 23 km away from the point of capture (Palomares et al., 1999). Lynx movements are
determined by the structure and composition of habitats around breeding areas. Dispersing individuals have
difficulties crossing open areas over 5 km wide. They are therefore very sensitive to fragmentation or destruction
of the natural scrubland habitats they need to move about without major problems.



MORTALITY

Most lynx deaths in the Dofiana area —at least 62%— are caused by human actions (Ferreras et al., 1992). In a
radio-tracking study of more than 5o individuals, the causes of mortality recorded were the following: direct
shooting (21% of deaths), illegal trapping with leg-hold traps and snares and hunting with dogs (21%), road
accidents (17%) and drowning in water wells (4%). Humans appear to have been and continue to be responsible
for a high proportion of deaths in Dofana as well as other areas of the specie’s range.

INTERACTIONS WITH OTHER CARNIVORES AND EFFECTS ON PREY

In Dofana, lynx often kill but do not consume other carnivore species of smaller size, including red fox (Vulpes
vulpes), domestic cat (Felis catus), Egyptian mongoose (Herpestes ichneumon) and common genet (Genetta
genetta) (Figure 4) (Palomares et al., 1996; Palomares and Caro, 1999). At least in the smaller carnivores
—Egyptian mongooses and genets —, these interactions lead to densities between 10 and 20 times lower in areas
inhabited by Iberian lynx than areas with similar vegetation but no lynx (Palomares et al., 1996). As for interactions
between Iberian lynx and Egyptian mongoose, the abundance of mongoose has proven to be directly related
to the abundance of lynx. The two species only coexist in areas with low lynx density (Palomares et al., 1998).
This exclusion relation is not as clear with red foxes as it is with Egyptian mongooses and genets. However, red
foxes have shown to be able to use areas with higher lynx densities mainly during the resting period of lynx, thus
reducing the chances of encountering them (Fedriani et al., 1999). The presence of Iberian lynx benefits rabbit
populations. In spite of being predated by lynx, rabbits reach higher densities in areas with an abundance of lynx
due to the control exerted by lynx on other carnivores that also consume rabbits (Palomares et al., 1995).

FINAL REMARK

Initial research studies briefly outlined here on life history and ecology of lynx, including social and spatial
organization, reproduction, activity patterns or habitat use, have been basic to understanding Iberian lynx
requirements and, hence, have helped develop sound conservation plans for this species. Now, when the
species is critically endangered and its survival in nature depend on the performance of these plans, systematic
applied research is even more important to help managers understand the response of individual free-ranging
lynxes and populations to the conservation measures implemented. Adaptive management based on sound
research will allow for founded modifications of conservation plans if needed.
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| heard a thousand blended notes / While in a grove | sate

reclined, In that sweet mood when pleasant thoughts / Bring
sad thoughts to the mind.

To her fair works did Nature link / The human soul that through
me ran; And much it grieved my heart to / think What Man has
made of Man.

William Wordsworth
(1770-1850)
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RESUMEN

El conejo silvestre (Oryctolagus cuniculus L.) es una especie clave en el ecosis-
tema mediterraneo de la Peninsula Ibérica. En las Gltimas décadas, no obstan-
te, esta especie ha sufrido un dramatico declive en su abundancia poblacional
debido principalmente a la pérdida de habitat y, en especial, a la incidencia de
la mixomatosis y la enfermedad virica hemorragica (RHD). En la actualidad, el
manejo y recuperacién de las poblaciones de conejo silvestre es uno de los
principales hitos en el ambito de la conservacion. Sin embargo, el impacto de
la RHD en la dinamica de las poblaciones de esta especie parece ser uno de
los principales obstaculos para su recuperacion. En el presente capitulo, y bajo
las premisas establecidas por un modelo matemaético previamente desarrolla-
do para explorar la epidemiologia de la RHD, se evalian de forma tedrica los
posibles resultados de la aplicacién de diferentes estrategias de manejo de
las poblaciones de conejo silvestre. Siguiendo los supuestos de dicho modelo,
la mejora del habitat seria el mejor modo —solo o en combinacién con otras
estrategias de manejo— para incrementar la densidad de conejos de forma per-
manente en aquellas poblaciones que ya estan en equilibrio con la RHD. La
mejora de aquellas poblaciones que todavia no hubieran alcanzado este equi-
librio, sin embargo, parece ser compleja debido, probablemente, a las posi-
bles interacciones entre la RHD y otros factores como la depredacién. Por otro
lado, el uso indebido de las translocaciones surge como un obstaculo afiadido
a la mejora de las poblaciones, debido a diversos mecanismos —tales como la
competencia mediada por la enfermedad- que podrian perjudicar la viabilidad
de las poblaciones nativas. Finalmente, se concluye que es necesario promo-
ver investigaciones futuras, tanto para evaluar las implicaciones de la RHD en
la biologia del conejo silvestre como para definir y desarrollar nuevos modos
de gestion de la especie.
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ABSTRACT

The European wild rabbit (Oryctolagus cuniculus L.) is a keystone species in
Mediterranean ecosystems of the Iberian Peninsula. During the last decades wild rabbit
populations have suffered a dramatic decline because of habitat loss and especially
due to the incidence of myxomatosis and Rabbit Haemorrhagic Disease (RHD).
Currently, enhancement of rabbit populations is a primary concern in conservation;
however, the impact of RHD in rabbit population dynamics seems to be one of the major
challenges to rabbit recovery. Under the theoretical insights obtained in a previous
RHD epidemiology modelling approach, we evaluated the possible outcomes of several
rabbit management strategies. Following model assumptions, habitat improvement
was the best way -alone or in combination with other management strategies- to
permanently increase rabbit densities in populations at equilibrium with RHD. The
enhancement of rabbit populations in areas that had not yet reached equilibrium with
RHD seemed to be more complex, likely due to possible interactions of disease with
other factors like predation. The misuse of translocations arose as an added obstacle
to rabbit enhancement because of underlying mechanisms, such as apparent disease-
mediated competition, that could yield harmful effects on native populations. More
research is needed in order to evaluate the implications of RHD on rabbit biology and
to provide novel approaches to rabbit management.

KeywoRrbs
Wildlife disease control, epidemiology, Rabbit Haemorrhagic Disease (RHD), habitat
management, Oryctolagus cuniculus
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EL CONEJO SILVESTRE EN LA
PEeNiNsuLA IBERICA ES UN CLARO
EJEMPLO DE COMO UNA ESPECIE TAN
IMPORTANTE PARA EL ECOSISTEMA
HA SIDO TRADICIONALMENTE
CONSIDERADA UNA ESPECIE HUMILDE
0 DE CARACTER MENOR SIMPLEMENTE
POR SER COMUN, Y DE COMO,

ESTA APARENTE HUMILDAD, LE HA
HECHO HISTORICAMENTE VICTIMA

DE UNA GESTION BASADA EN EL
ACERBO POPULAR EN VEZ DE EN EL
CONOCIMIENTO CIENTIFICO.

CarLos CALVETE
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INTRODUCTION

he European wild rabbit (0. cuniculus L.)is one of most important vertebrate species
in Iberian Mediterranean ecosystems, where this species is native. The rabbit has
a deep impact on microclimates, floral composition and invertebrate biodiversity
of these ecosystems, largely contributing to their maintenance. Moreover, rabbits
contribute significantly to the food supply of more than 30 predator species in the
Iberian Peninsula (Delibes and Hiraldo, 1981), including highly endangered native
predator species that depend on rabbit abundance. For these reasons, the wild
rabbit is a primary conservation concern in the Iberian Peninsula.
Rabbits have been historically abundant in many areas of the Iberian Peninsula.
Their populations, however, have been declining since the mid XX century, in part
due to changes in agricultural practices and the subsequent habitat loss, yet
particularly due to the impact of two viral diseases: myxomatosis in the 1950s and
Rabbit Hemorrhagic Disease (RHD) at the end of the 1980s, causing two consecutive abrupt declines in wild
rabbit numbers. The magnitude of rabbit populations collapse folations seems to be associated with bioclimatic
factors traditionally related to habitat suitability and rabbit abundance. However, the high variability of current
rabbit occurrence between and within habitats makes the relationships between mean rabbit abundance
and these bioclimatic factors not so clear. This irregular distribution pattern suggests that unknown factors
sometimes could be hindering and others promoting rabbit recovery at local level. Factors that could be invoked
like putative and not mutually exclusive causes of this distribution pattern are: 1) variation of the impact of
mortality factors (e.g. predation or hunting) at a local scale, 2) stochastic events (e.g., flooding or drought) and,
especially, 3) variations in the dynamics of the wild rabbit-RHD virus system.

RHD is an infectious disease, primarily transmitted by direct contact. The etiological agent of RHD is the
Rabbit Haemorrhagic Disease Virus (RHDV), a member of the family Caliciviridae. The main epidemiological
feature of this disease is that lethality is frequently very high (about 80-90%) in rabbits older than 8 weeks
of age, but less so in younger rabbits (see review of Cooke, 2002). The existence of non-pathogenic RHD-like




viruses or variation in the genetic resistance to RHD between rabbit populations have been posed as possible
factors that could cause local variations in the dynamics of the wild rabbit-RHD virus system in the Iberian
Peninsula. Nevertheless, to date, there is no evidence regarding the presence of protective, non-pathogenic
RHD-like viruses in southern European rabbit populations or evidence of differences in the genetic resistance
to the disease in Iberian populations (Alda et al., 2006). Another possibility, however, has been described by
a mathematical model representing the epidemiology of RHD (Calvete, 2006a). This model suggested that
the impact of RHD could be highly dependent on rabbit population dynamics. The outcome of this model
were largely compatible with observed patterns of rabbit distribution in the Iberian Peninsula and showed
that, the presence of a unique, highly pathogenic RHD virus can be compatible with the existence of high-
density populations at equilibrium with the disease.

On the other hand, even though wild rabbits are not currently at risk of extinction, considerable efforts
have been made to enhance rabbit populations for hunting and conservation purposes in the Iberian
Peninsula since the arrival of RHD. These efforts have borne a considerable increase of scientific research
on rabbit ecology, management and conservation, but, mainly, research has been aimed towards enhancing
management of rabbit populations.

Despite these efforts, the scientific knowledge generated to date still seems to be insufficient to manage
rabbit populations successfully. Indeed, the results obtained in many management experiences are negligible,
and this failure is usually attributed to causes such as low habitat suitability, mortality by predation and the
impact of viral diseases. Among those, mortality caused by RHD during or just after management programmes
seems to be one of the more frequently events pointed as the cause of failure. Given the above mentioned
reasons, although the field validation of the RHD model (Calvete, 2006a) has not been performed yet, the
analysis of the possible effects of RHD on rabbit ecology and management can provide new insights into lines
of future research and management efforts.

THEORETICAL INSIGHTS INTO RHD AND RABBIT ECOLOGY

The theoretical relationships between rabbit density and habitat carrying capacity (K) are shown in Figure 1.
Carrying capacity is defined as the maximum density of reproductive individuals in an area in the absence of
RHD. Carrying capacity is dependent as much on intrinsic habitat features that affect rabbit productivity and
survival as on extrinsic mortality factors that are unique to RHD. For simplicity, the analysis assumed a linear
relationship (continuous line) between rabbit density before RHD arrival and K, with rabbit density being low at
values around K , medium at values around K, and high at values around K.

RHD had a differential short-term initial impact on naive populations. In Australasia, a higher initial impact
of RHD was associated with higher rabbit population densities, since high densities of susceptible rabbits
favoured the initial transmission of the virus. In the Iberian Peninsula, retrospective analyses resulted in similar
patterns, suggesting that the short-term initial impact of the disease was higher in populations located in more
suitable habitats, whereas, in populations located in medium-low suitability habitats, the disease needed several
additional years to attain its highest impact (Cooke, 2002; Calvete et al., 2006). Lacking more precise knowledge
about the short-term initial impact of RHD, its relationship with K was assumed to be that shown in Figure 1 (dotted
line). RHD affected rabbit populations at densities higher than a threshold density value (Dth), a threshold that was
necessary for effective virus transmission and continued persistence. The short-term initial impact of RHD was
higher in denser populations (around K_ values) and lower in populations around K values.

Following the initial impact of RHD, rabbit populations tended to reach a long-term equilibrium with
the disease, as predicted by the model (dashed line). In agreement with the outcomes of this model, in
the range from K_ to K there was little variation in rabbit density. Rather, the highest long-term impact of
RHD was reached in populations with medium-low pre-RHD density levels (around K, values). In contrast,
disease impact was lower around K , due to the reduced transmission rates of the virus, and in high-density
populations, around K, values, due to higher viral transmission rates and the consequent lower mean age of
rabbit infection. When the mean age of infection is lower, a greater proportion of rabbits are infected at ages
at which the RHD virus lethality is reduced, either by age resilience or the presence of maternal antibodies,
resulting in a lower mortality from RHD at the population level.
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FIGURE 1. THEORETICAL RELATIONSHIP
BETWEEN RABBIT DENSITY AND HABITAT
CARRYING CAPACITY (K) BEFORE THE
ARRIVAL oF RHD.

CONTINUOUS LINE: RABBIT DENSITY
BEFORE THE ARRIVAL OF RHD.

DOTTED LINE: RABBIT DENSITY AFTER THE
SHORT-TERM IMPACT OF RHD.

DASHED LINE: RABBIT DENSITY AT LONG= TERM
equiLiBRIUM WITH RHD FoLLOWING THE
monEL oF CawveTe (20064).

DtH: THRESHOLD RABBIT DENSITY FOR
eFFECTIVE RHD-VIRUS TRANSMISSION.

CARRYING CAPACITY OF THE ENVIRONMENT IN THE ABSENCE OF RHD

RABBIT DENSITY

The dashed line in Figure 1 is actually an oversimplified way to represent the long-term impact of RHD,
as it should be a cloud of points with a higher dispersion in relation to the vertical axis at values around K.
This dispersion is determined by equilibrium between rabbit population productivity and mortality rates due to
factors other than RHD. The transition of populations from short-term initial RHD impact (dotted line) to long-
term equilibrium with the disease (dashed line) was likely to be highly dependent on both population dynamics
and the life-history of each population. Differential transition times resulting from different population dynamics
or the concurrence of factors limiting population growth at local scale may explain the currently highly variable
pattern of rabbit distribution and population trends.

A extension of the theoretical predation model described by Pech et al. (1995) to incorporate the theoretical
impact of RHD suggested that a gradient of possible interactions between RHD and predation impact could
arise during this transition process (Calvete and Estrada, 2000). This way, the combined impacts of RHD and
predation could reduce rabbit populations to lower densities than each one could do so by itself, which confirms
the empirical evidence reported by Reddiex et al. (2002). In addition, the extended model suggested that the
probability that rabbit populations can be maintained at low densities by predators due to a “predator-pit”
phenomena could also increase in presence of RHD.

THEORETICAL INSIGHTS INTO RHD AND RABBIT MANAGEMENT STRATEGIES

The most frequent applied habitat management strategies have included scrub management to create
natural pastures, construction of artificial refuges and creation of artificial pastures. However, due to the
generally limited funding and logistic resources, habitat management strategies have been hardly maintained
throughout time at local scale, and for example, many times artificial pastures are sowed only once at the
start of management programmes.

Habitat management, is aimed to increase carrying capacity by mainly enhancing rabbit population
productivity, therefore, habitat management would be the best way to promote rabbit populations in presence
of RHD (Calvete, 2006a). However, following Figure 1, habitat improvement would not always vyield a clear
positive growth in populations. For example, we would consider a rabbit population at equilibrium with RHD
located in a habitat at carrying capacity around K . In an attempt to enhance the rabbit population we would




perform a habitat management programme that only increased habitat carrying capacity until values around K.. It
is obvious that the results would be fairly disappointing, as no positive change in rabbit density would take place,
although epidemiology of RHD would have changed dramatically. This scenario could take place under poorly
funded management programmes in which long-term habitat improvement was low or, also, under poorly designed
programmes in which habitat improvement was high but only during a short time. Another example would be if habitat
improvement was depending on the temporary (discontinuous) availability of funding and no habitat maintenance
effort was performed when funding was unavailable. In this case, rabbit population would be subjected to recurrent
perturbations from its equilibrium with RHD by repeatedly increasing the impact of the disease.

In equilibrium state with RHD, reduction of mortality alone could be useful in only some populations. However,
In situations in which a previous improvement of habitat has been performed, a temporary reduction of mortality
would help to achieve a quicker increase in rabbit populations. The same suitability of mortality reduction,
for example predation impact reduction, could arise in rabbit populations that are not in equilibrium with the
disease, since in this case predation control could help rabbits escape from predator regulation and reach the
equilibrium with RHD at higher densities.

Effective harvesting reduction should yield similar results on rabbit recovery as predation impact control.
Moreover, outcomes of the RHD-model suggested that a decrease in rabbit density caused by excessive
harvesting pressure (hunting or capturing for translocation) may increase the impact of RHD. Thus, a sustainable
harvesting is essential to rabbit maintenance. Several theoretical approaches have been carried out to estimate
the impact of harvesting on rabbit populations in Iberian Peninsula in absence of RHD (Angulo and Villafuerte,
2003; Calvete at al., 2005a). The discrepancies in results of both works are, however, clear evidence that, to
date, we are still far from designing sustainable harvesting plans.

The use of vaccination as a disease prevention method in wild rabbits has increased greatly in the past several
years. Currently, wild rabbits are vaccinated against myxomatosis and/or RHD with commercial vaccines
developed for use in domestic rabbits. While, in general, the efficacy of these vaccines in eliciting immune
responses in wild rabbits is relatively high (at least in the case of vaccines against RHD), there is some degree
of variability (Calvete et al. 2005b; Cabezas et al., 2006). Wild rabbits must be vaccinated individually; in these
vaccination campaigns, rabbits are captured by trapping or ferreting, vaccinated, and, ideally, released at the site
of capture. In general, the success of vaccination campaigns has been negligible, although their effectiveness
has been tested in very limited short-term field experiments, and only at the individual level (Calvete et al. 2004a;
Calvete et al., 2004b). More recently, a transmissible recombinant vaccine has been developed to enhance the
theoretical effectiveness of future vaccination campaigns (Torres et., al 2001).

The single evaluation of the effectiveness of vaccination campaigns at the population level has been only
performed by modelling and only for the case of RHD (Calvete, 2006b). This theoretical approach showed that
vaccination campaigns in populations at equilibrium with the disease could yield positive or negative population
growth rates, depending on rabbit population dynamics and subsequent RHD dynamics. Negative growth rates
were observed in simulated populations located in habitats with carrying capacity around or under K (Fig. 1).
Since low density populations are the main targets of vaccination campaigns, this model suggested that current
immunisation programmes may have harmful effects on many managed rabbit populations. In populations
subject to immunisation, prior knowledge of RHD dynamics should be therefore essential to minimise the risk
of harmful effects.

Other different scenarios would arise if vaccination campaigns were carried out in populations that had
not yet reached equilibrium with the disease. In this situation, vaccination, alone or in combination with other
management tools, may facilitate a quicker recovery of populations. However, many doubts arise regarding
the interference of vaccination on RHD epidemiology and how rabbit population would reach equilibrium with
the disease just after vaccination cessation. It is important therefore to evaluate the outcomes of vaccination
campaigns performed under these scenarios.
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Rabbit translocations are frequently performed for hunting purposes, with thousands of wild or captive-born
individuals being translocated every year. In addition, rabbit translocations have dramatically increased in the last
years due to conservation programmes that not only work towards recuperating rabbit populations, but also use
rabbits as a means to provide temporary prey to predators. It has been largely shown that short-term rabbit mortality
is a criticalissue in translocations, however, the few surveys carried out to evaluate the medium- to long-term success
of rabbit translocations have shown that survival is generally low and that some of the main mechanisms underlying
this management strategy remain unknown (Moreno et al., 2004; Cabezas and Moreno, 2007).

Following model assumptions, the effects of these translocations on restocked populations should be similar
to that described for vaccination campaigns against RHD (Calvete, 2006b). In some populations at equilibrium
with the disease, therefore, restockings could yield negative population growth rates due to the increase of
short- medium-term RHD-mortality. Taking into account that most of translocated rabbits are temporally
immunized against RHD via vaccination before their release, successive translocation trials in populations in
which restocking yielded negative growth rate would derive in a process of apparent competition mediated by
disease. In this scenario, restocking would increase RHD mortality among native rabbits whereas vaccinated
translocated rabbits (probably not as well adapted to the new environment) survive to disease and predominate
over native rabbits, deteriorating population’s long-term fitness.

Another interesting scenario would arise when the restocking was carried out in an area where RHD-virus was
absent or its transmission was severely reduced because the native population was at low density. In this case,
when the new restocked population increased in density after one or several breeding seasons in absence of RHD-
virus transmission, the casual reintroduction of the virus or the increase of its transmission rate subsequently to
rabbit density increase would cause a RHD outbreak that would dramatically lessen population density again.

ConcLusion

We are currently witnessing a process of re-distribution of wild rabbit populations in the Iberian Peninsula,
mainly driven by habitat loss and introduced viral diseases. Many efforts are being carried out to enhance
rabbit populations, trying to integrate hunting and conservation goals. Under the assumption of the theoretical
approach to the rabbit-RHD system dynamics delineated here, however, it seems that the effects of applied
management strategies would be uncertain. To date, there is still a considerable lack of knowledge about
actual implications of RHD on rabbit ecology, and future research efforts should be devoted to evaluating which
strategy or combination would yield the best results in terms of population improvements. However, until all
these matters are assessed by future research, in the light of present assumptions on RHD epidemiology the
next points could contribute to optimize wild rabbit recovery programmes.

Habitat managing aimed to increase habitat carrying capacity by mainly enhancing population productivity,
either alone or in combination with mortality reduction, should be the main goal of rabbit recovery strategies. The
primary mechanism by which habitat carrying capacity and rabbit productivity can be increased is managing habitat
to increase refuge (mainly warrens) and the quantity and the quality of available food during breeding seasons.

Following the spread of RHD, many of the highest rabbit densities are currently found to be located primarily
in agricultural landscapes mainly devoted to farming annual species on what rabbits preferentially feed during the
breeding season. Therefore, replicating the landscape structure of traditional agricultural systems could help rabbit
recovery. On the other hand, rabbit management programmes primarily based on scrub management to create natural
pasture areas or the planting of crops that are cultivated only once, are probably not sufficient for long-term increases
in population productivity. In consequence, they are not sufficient for reaching a population density at which RHD
impact decreases, excepting in those cases in which mortality rates are simultaneously reduced.

The main non-stochastic mortality factors that affect rabbits (excluding RHD) are myxomatosis, predation and
hunting. Myxomatosis is a viral disease that was introduced into Europe in the 1950s, and remains a major cause of
mortality in wild populations. To date, however, there is no effective method to control mortality from this disease.
On the other hand, predation impact reduction performed by means of predator control (e.g. fox removal) yields
unclear results and has harmful effects on other predator species. Nevertheless, strategies aimed to facilitate
predator avoidance, such as increasing warren density, changing landscape structure to minimize predation risk




or building predator exclusion fences are measures that can be implemented for long-term reduction of predation
impact in areas of concern in lynx conservation. Regarding hunting impact, effective reduction in hunting should
have similar effects on rabbit recovery as predation control, with the advantage that hunting is a man-made activity
that can be, or at least should be, easily reduced or even halted at the local or regional level.

For those populations that are currently at equilibrium with RHD, the long-term increase of habitat
carrying capacity is the only method, either alone or in combination with other management strategies such
as vaccination and/or restocking, for most negatively affected populations to reach stable densities similar to
those observed prior to the introduction of RHD. In the absence of this long-term increase, the application of
these other management strategies would be expected to yield only temporary positive or negative population
growth rates, depending on the subsequent RHD dynamics. In contrast, in populations at densities lower than
those obtained at equilibrium with the disease, the application of these management strategies for reaching
equilibrium with the disease seemed to be more complex, due to possible interactions of disease with other
factors, including predation, increasing, therefore, the uncertainty of results.

Until the managed rabbit population reached its final equilibrium with RHD at higher rabbit density, however,
in many cases the population probably should experience a transitional process, with few changes in rabbit
density but increased incidence of RHD. The duration of this hypothetical transitional process is not known,
but it is probably highly dependent on population dynamics. Thus, a well-designed management programme
should acquire the funding necessary for the long-term maintenance of the increased habitat carrying capacity
(perhaps during 3-5 years minimum), independent of the short-term results on rabbit abundance.

Finally, for native populations that have not reached yet equilibrium with RHD, restocking may be an
effective tool for recovering populations more quickly, especially in low-density populations regulated by
predators. In these cases, however, apparent competition mediated by disease would have dramatic effects if
population reinforcement was not sufficient to allow rabbits to escape predator regulation. Under this scenario,
the combined effects of predation, apparent competition and the subsequent loss of population fitness could
result in the extinction of rabbit populations. In addition, translocations carry an inherent risk of the possible
transmission of new disease agents into release areas. Since their effectiveness is highly uncertain, due to the
number of possible mechanisms that can cause failure or result in harmful effects on restocked populations,
their application should be supervised and highly restricted in current rabbit promotion programmes in order to
avoid abuse in their use as a rabbit management tool.

On the other hand, once the newly restocked population increased in density, the accidental introduction
of the RHD virus would cause an outbreak of the disease, which would again dramatically lessen population
density. To prevent this and to assure that the newly introduced rabbit population grows in the presence of
the disease, it is necessary that rabbits and RHD-virus be translocated simultaneously. Since reservoirs and
chronically infected rabbits may eliminate RHD for long periods of time, the joint translocation of rabbits and
virus should be performed by translocating a relatively high number of rabbits from populations that already
have reached equilibrium with RHD at high population density, and in which a high proportion of rabbits have
already been infected by the virus. Conversely, the translocation of captive-born rabbits without previous
contact with the virus, or the translocation of rabbits from populations in which virus transmission is reduced
(low density populations), may be the worst option to attain this goal.

Nevertheless, RHD virus transmission in the wild probably depends not only on rabbit population dynamics
and density but also on the density of infective viral particles in the environment. The latter, in turn, may depend on
rabbit density and RHD dynamics at an unknown lag time; e.g. virus persistence in carcasses of RHD-killed rabbits
in warrens. Thus, even when translocating a large number of rabbits from high density populations, it is unlikely
that the newly transplanted population will immediately exhibit an equilibrium with RHD similar to that of the
source population, even when the habitat and density of both populations are nearly identical. It is more likely that
the new population would require several yearly cycles to reach this equilibrium, otherwise translocation would
fail in the medium-term. One exciting option would be the controlled release of RHD virus during translocation
and during the growth process of the new population, until the population and the virus reached equilibrium. This
management practice could be applied independent of the origin of the translocated rabbits and may reduce the
uncertainty of success of translocations and their dependence on initial RHD dynamics.
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If this is not done, future ages will certainly look back upon
us as a people so immersed in the pursuit of wealth as to

be blind to higher considerations. They will charge us with
having culpably allowed the destruction of some of those
records of Creation which we had it in our power to preserve;
and while professing to regard every living thing as the direct
handywork and best evidence of a Creator, yet, with a strange
inconsistency, seeing many of them perish irrecoverably from
the face of the earth, uncared for and unknown.

Alfred Russell Wallace
(1823-1913)
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RESUMEN

Recientemente, el Grupo de Trabajo del Lince Ibérico aprob6 una nueva Estra-
tegia para la Conservacién del Lince Ibérico. Esta Estrategia surge en un marco
de trabajo diferente al que existia cuando se aprob6 la primera Estrategia para
el Lince Ibérico, en 1999. El lince ibérico esta en la peor situacién demografica
en la que ha estado a lo largo de su historia pero, por otra parte, nunca antes
se habia contado con tantos recursos humanos y econdmicos, ni con tanta
atencién politica y preocupacion social por la especie. La meta final de la Estra-
tegia es que el lince ibérico sea una pieza funcional del monte mediterraneo.
Para ello, la recuperacién de la especie pasa tanto por gestionar con éxito las
poblaciones que quedan, como por la eleccién y adecuacién de areas donde
desarrollar proyectos de reintroduccién que conduzcan al establecimiento de
nuevas poblaciones silvestres. La nueva Estrategia marca un camino a seguir
en el proceso de conservacion y recuperacion del lince ibérico, estableciendo
metas numeéricas concretas a lograr en un plazo determinado. Estas incluyen:
1) Estabilizar las poblaciones existentes luchando contra las amenaza para la
especie. 2) Aumentar el nimero de linces que viven en las poblaciones sil-
vestres. Se pretende conseguir que, para el afio 2011, el lince pase de estar
catalogado como “en peligro critico de extincién, CR” a “en peligro, EN”. 3)
Aumentar el nimero de poblaciones silvestres, y lograr que para el afio 2020
la especie deje de “estar en peligro, EN”, para pasar a ser considerada “vulne-
rable, VU”. Segln el contexto espafiol, la primera meta se deberfa conseguir a
través de los Planes de Recuperacion Autonédmicos, que deben adoptar las li-
neas marcadas en la Estrategia y desarrollarlas completa y competentemente.
La segunda meta es hacer crecer las poblaciones de linces hasta que, al menos
una de ellas, supere los 5o individuos maduros (sin que éstos supongan mas
del 90% de todos los linces maduros silvestres). Si se considerase necesario,
se recomienda desarrollar “Proyectos de Refuerzo e Intercambio Poblacional”
para contribuir a aumentar la abundancia de linces en las poblaciones exis-
tentes. La tercera meta es conseguir que el nimero total de linces maduros
presentes en la naturaleza sea superior a los 250 individuos maduros y que
las poblaciones no muestren signos de declive. La (inica manera de lograrlo es
mediante “Proyectos de Restauracién del Habitat y Proyectos de Reintroduc-
cién” en todas las Comunidades Auténomas de Espafa donde el lince ibérico
esta presente o estuvo presente hasta hace poco.

PALABRAS CLAVE
Planes de conservacion, Plan de recuperacidn de especies, Lynx pardinus




ABSTRACT

Anew Strategy for the Conservation of the Iberian Lynx (Lynx pardinus) has recently been
approved by the Spain’s maximum authorities in Environmental Policy at the Sectorial
Conference for the Environment. The new Strategy has been developed in a different
working framework from the one that led to the first Strategy for the Conservation of
the Iberian Lynx in 1999. The demographic situation of the Iberian lynx has never been
worse. However, there have never been so many humanand financial resources available,
and the species has never been the focus of so much public attention and concern. The
ultimate goal of the Strategy is to ensure that the Iberian lynx becomes a functional part
of the Mediterranean scrubland habitat again. To this end, the recovery of the species
involves both successfully managing the remaining populations and choosing and
restoring areas to carry out reintroduction projects that will lead to the establishment
of new wild populations. The new Strategy has set a roadmap for the conservation and
recovery of the Iberian lynx, as well as specific numerical targets that must be metina
given period of time. These targets include: 1) Stabilize the populations by combating
the causes of threat to the species; 2) Increase the number of individuals in the wild
populations so that the Iberian lynx can be downlisted from Critically Endangered
(CR) to Endangered (EN) by 2011; and 3) Increase the number of wild populations, so
that the species can be downlisted from Endangered (EN) to Vulnerable (VU) by 2020.
According to the Spanish system, the first target should be achieved through Regional
Recovery Plans, which must adopt the guidelines established in the National Strategy
and develop them fully and efficiently. Achieving the second goal requires increasing
the number of individuals in the lynx populations until at least one of them has more
than 50 mature individuals, which must not amount to more than 90% of all the wild
mature individuals. If necessary, “Restocking” and “Population Exchange Projects” are
recommended to help increase the abundance of lynxes in the existing populations.
To achieve the third target, the combined wild populations must comprise at least 250
mature individuals and not show signs of decline. This could only be attained through
“Habitat Restoration and Reintroduction Projects” carried out in all the Autonomous
Communities of Spain where the Iberian lynx occurs or occurred until recent times.

KeywoRrbs
Conservation planning, Species Recovery Plan, Lynx pardinus
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INTRODUCTION
painisaunitary state which, in fact, functions almost like a decentralized federation of
regions, called “Autonomous Communities“. Each of the 17 Autonomous Communities
has powers to manage its own interests with a great deal of independence. The
Environment is one of the areas over which Autonomous Communities have full
powers. Therefore, every region is in charge of nature conservation and protects
its resources with total independence. When an Action Plan is needed for the
conservation of an endangered species, each Autonomous Community must draw
up, adopt and implement its own Plan, which must include the necessary measures
for the protection of the species in its territory (Article 31.6 of Act 4/89). In this case,
the Iberian lynx (L. pardinus) has been listed as Endangered on a national level since
1990 (Royal Decree No. 439/90). Five Autonomous Communities in Spain where the
Iberian lynx occurs or occurred until recently —~Andalusia, Castille-La Mancha, Castille
y Leon, Extremadura and Madrid— must therefore draw up and implement their own Species Recovery Plan to
eliminate the risk of extinction of the species in their territory. However, for the species to recover successfully,
Regional Plans must be designed and implemented in a coordinated and consistent way. This is done by means
of National Conservation Strategies, whose purpose is to coordinate and combine the efforts of all the relevant
departments and levels of government to achieve a recovery of the species.

THE 2008 STRATEGY FOR THE CONSERVATION OF THE IBERIAN LYNX

The first National Conservation Strategy for the conservation of the Iberian lynx was adopted in 1999 (Direccion
General de Conservacion de la Naturaleza, 1999). Although the Strategy was planned to be valid for an indefinite
period of time, it was decided that it should be reviewed annually and updated every four years. In 2003 no
updates to the Strategy were considered necessary. However, new data available on the species —especially on
its abundance, distribution and annual productivity— and the new circumstances of its management —the launch
of new LIFE projects, and the Iberian Lynx Ex situ Conservation Programme- led the Iberian Lynx Working Group (a
group of Iberian lynx experts of the national and regional environmental departments) to review and agree on a new




1999 2007

Annual surveys were carried out No Yes

Estimated population size (individuals over 1 year old) *1,136 *** 107

No. of breeding females *350 *** 32

Area of occupancy * 14,569 km? ** 2,200 km?

Area of occupancy where breeding occurs * 10,669 km? ** 925 km?

No. of breeding populations *9 ** 2

Range States of the Iberian lynx * Spain and Portugal ** Spain

Spanish Autonomous Communities

(administrative regions) with breeding populations *5 **q

Conservation status (IUCN) Endangered Critically Endangered

Prior National Strategy No Yes

Recovery Plans approved o 2 (Regions of Extremadura
and Castille-La Mancha)

Action Plan for the Iberian Lynx in Europe No Yes

Iberian Lynx Ex situ Conservation Programme No Yes

LIFE Projects devoted, at least partly, to the species 2 6

Management teams exclusively devoted to the species No Yes

Knowledge of the specie’s ecology and biology Yes Yes

Management Plan for the Iberian Lynx in Dofiana National Park Yes Yes

SACs for the Iberian lynx (Natura 2000 Network) No SCls approved

TaBLE 1. DIFFERENCES IN CONSERVATION STATUS, KNOWLEDGE AND MANAGEMENT OF THE SPECIES BETWEEN 1999, WHEN THE FIRST STRATEGY FOR THE
CONSERVATION OF THE IBERIAN LYNX WAS ADOPTED, AND 2007, WHEN THE SECOND STRATEGY WAS DRAWN UP, DEMOGRAPHIC DATA ARE TAKEN FROM THE
FOLLOWING STUDIES: *RODRiGUEZ AND DELIBES, 1990; ** GUZMAN ET AL., 2005; *** CMA-Junta pE ANpaLuciA (ReGIONAL MINISTRY FOR THE
ENVIRONMENT, ANDALUSIAN REGIONAL GOVERNMENT), 2006.
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document which has been adopted by the Iberian Lynx Working Group in 2007, and, in 2008, has been approved by
the Spain’s maximum authorities in Environmental Policy in the Sectorial Conference of the Environment.

A DIFFERENT STATE OF AFFAIRS

The Iberian lynx is facing its worst demographic situation ever (Delibes and Calzada, 2005). In just a few
years the population has declined from over a thousand individuals over 1-year-old distributed in about 10
subpopulations in different regions of Spain and Portugal (Rodriguez and Delibes, 1990; Castro and Palma,
1996) to less than two hundred individuals, most of which are grouped into two subpopulations in the region of
Andalusia (Guzman et al., 2005. See Table 1 and Figure 1). The Atlas and Red Book of Mammals of Spain, Atlas
y Libro Rojo de los Mamiferos de Espafna (Calzada et al., 2007) shows that, in only 16 years —between 1985
and 2001- the area of occupancy of the species has decreased by 87%, its breeding area has shrunk by 93%,
the number of breeding females has declined by more than 90%, and the number of individuals over 1-year of
age has fallen under 86%. These data led the IUCN to list the Iberian lynx as Critically Endangered, the highest
category of threat for a species (IUCN, 2002). More recent population data obtained between 2001 and 2006
indicates some improvements (CMA-Junta de Andalucia, 2006). For instance, the Sierra Morena population is
beginning to increase, while Dofiana remains stable (Simén et al., this book).

DIFFERENT PLAYERS

In recent years, the political, social and economic attention given to the species has improved. In 1999, when
the first Strategy for the Conservation of the Iberian Lynx (L. pardinus) in Spain was adopted, it was the first
document drawn up to plan the management of the species. There was only one honorable exception, however:
the Management Plan for the Iberian Lynx in Dofiana National Park, drawn up many years before (Delibes et al.,
1986). To date, two of the five Regional Recovery Plans have been approved, as well as an Action Plan for the
species adopted by the Council of Europe, and a National Iberian Lynx Ex situ Conservation Programme (Delibes
and Calzada, 2005). In 1999, the Sites of Community Importance (SCls) for the Iberian lynx of the Natura 2000
Network had not been proposed yet. Today, the list has already been approved. In 1999 no attempts to breed the
species in captivity had succeeded, whereas the species now breeds regularly every year in specialized centers.
LIFE Projects involving the species had only been granted on two occasions, whereas the sixth one is currently
under way. As a matter of fact, the latest LIFE Nature Project (see Simdn et al., this book) is the most generous
one ever granted so far in Europe. Besides, today there are several professional teams exclusively devoted to
the management of the Iberian lynx, which was not the case in 1999 (Table 1).

In short, the current framework is totally different to the context in which the first Strategy was adopted. We
know that the status of the Iberian lynx is the worst ever, but never before had so many resources been available
for its management and conservation; the species has never received as much political attention, the public
has never been so aware of and sensitive about its difficult plight, and never before have so many people been
involved in the study, management and conservation of the Iberian lynx.

A NEW GLOBAL COMMITMENT

The ultimate goal of the Strategy for the Conservation of the Iberian Lynx is “to make the Iberian lynx a functional
part of the Mediterranean scrubland habitat again”. The intention is not to maintain the lynx in captive populations,
or “unnatural” wild populations where the resources of the species need to be supplemented forever.

The new Strategy for the Conservation of the Iberian Lynx (L. pardinus) acknowledges the undeniable fact that
the recovery of the lynx cannot be achieved in the territory of just one Autonomous Community. This is due to the
biological and ecological characteristics of the species and its habitat requirements (Delibes, 1980; Palomares,
2001; Palomares et al., 2000, 2001). This, added to the certainty that only two breeding populations of the
species remain —both in Andalusia—, means that a solid, close and honest relationship is necessary between all
the different departments and levels of government to achieve a recovery of the species.

The recovery of the species clearly involves both successfully managing the remaining populations
and choosing and restoring areas to carry out reintroduction projects that will lead to the establishment
of new populations of Iberian lynx.




OVERVIEW OF THE IBERIAN LYNX CONSERVATION

AND RECOVERY PROCESS IN THE NATIONAL STRATEGY

According to the Strategy, the conservation and recovery process of the Iberian lynx must absolutely involve the
following steps:

Stabilize the existing populations. If the declining trend continues, the species will become extinct in the wild.
To avoid this, it is urgent to stabilize the remaining wild populations. This implies eliminating the causes of threat
that have been described (Direccion General de Medio Natural y Politica Forestal, 2009). It must be highlighted
that an increase in the abundance or range of a species in itself does not imply that it is sustainable (Clark et
al., 2002). The recovery of the species can only be achieved by eliminating actual threats. However, even if all
the threats affecting the wild populations disappeared and the populations remained stable, they might still
become extinct because of their very small size. This could simply be caused by demographic stochasticity,
an environmental disaster and/or due to problems derived from poor genetic diversity. It is therefore vital to
increase the number of individuals in the remaining populations, to create new populations and to promote
genetic exchange between all of them.

To meet these commitments, the Strategy has drawn up a clear roadmap with specific numerical targets that are
to be achieved in specific timeframes. This is an innovative feature of the National Strategy, which also shows
an attitude of political commitment. It is the first time that a strategic plan for the conservation of a species in
Spain has taken on such clear, specific and measurable commitments.

Increase the number of individuals in the wild populations. The IUCN requirements for the Iberian lynx to
be downlisted from Critically Endangered, CR C2a(i), to Endangered, EN, are as follows: until the population
is stabilized, at least one of the two subpopulations must contain more than 5o mature individuals —adults
capable of breeding—, none of the subpopulations must contain more than 90% of all mature individuals, and, in
any case, there must not be extreme numerical fluctuations. Therefore, the first numerical target of the recovery
process must be to increase the number of individuals in the lynx populations until at least one of them has
more than 5o mature individuals*.These 50 individuals must not amount to more than 90% of all the wild
mature individuals. To attain this goal, the source patches in each population should be enhanced and allowed
to expand. The year 2011 was set as a deadline to meet this target at the meeting of the Iberian Lynx Working
Group held on 27 March 2007, where the Strategy was discussed and adopted**.

Increase the number of wild populations. The next step will be to get the Iberian lynx downlisted from
Endangered, EN, to Vulnerable, VU. For this to happen, the wild population must contain more than 250 mature
individuals* and not show signs of decline. To achieve this, the habitat must be restored so that it can be used
by the species and new lynx populations must be created through reintroduction projects. The National Strategy
has set the year 2020 as the deadline to meet this specific target**.

In order to reach the specified goals, it is obvious that a stable captive population must be maintained to
guarantee that the species will not completely disappear if the efforts to conserve the wild populations fail. In
addition to providing a safety net for the species, the captive population should be able to provide individuals
for Reintroduction and Restocking Projects.

*: It is difficult to calculate the number of mature individuals of wild Iberian lynx according to the definition used by the IUCN to set its
categories of threat. However, a survey of the number of females holding a territory is made every year. In this species, the territory
of a female is not equivalent to two mature individuals using IUCN criteria. This is because the social organization of the lynx is not
always structured into monogamous pairs, and not all individuals with a territory actually breed. From a conservative approach,
the target of reaching 50 mature individuals could be considered met if there were 25 breeding females; the target of reaching 250
mature individuals could be considered met if there were 125 breeding females.

**: Once the target is met, a taxon may be moved from a category of higher threat to a category of lower threat if none of the criteria
of the higher category has been met for five years or more (IUCN 2001).
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How To MEET THE COMMITMENTS

The first priority is to minimize the threats to the species. Unless this condition is met, the Strategy will never
succeed. The Strategy contains a summary of the threats leading the species to extinction and the basic
actions proposed to combat them. Yet, it is only an outline of the actual task of planning the management
and conservation of the species. It is through Regional Recovery Plans that Autonomous Governments must
adopt the guidelines set in the Strategy and develop them fully and efficiently. Each objective included in the
Strategy must be broken down into more specific, realistic and measurable goals and actions related to it.
These goals and actions should be adopted in the Plan with a deadline and information on who will be in charge
and what budget has been planned for their implementation. More importantly, provision must be made for
monitoring the actions and reviewing the Plan. A monitoring procedure is particularly necessary to check the
degree of compliance with the goals; it should include a timeframe of reviews with the possibility of adjusting
the actions —and even the Plan itself- to ensure that the goals are reached and thus that the species is on its
way to recovery-The monitoring procedure must be designed so that it is possible to differentiate between a
defect of the Plan —if the actions are implemented but do not lead to meeting the goals as expected- and a lack
of compliance with the Plan- if the actions are not implemented. Regional Recovery Plans must be developed
as the main tool to fight against the threats to the species and achieve the specie’s recovery. Recovery Plans,
however, are not the only executive plans for species conservation in Spain. There are many other local and
regional action plans that are mainly targeted to reducing threats to the species, ranging from the Management
Plan for the Iberian Lynx in Dofiana National Park to the LIFE Project currently under way. However, it is through
Recovery Plans that regional governments must plan and design the general implementation of the recovery
process in each Autonomous Community. They provide an axis for all the other Plans to join in.

After minimizing the direct threats to the Iberian lynx, the most important action for the conservation of the
species in the wild is to increase the number of individuals in the existing wild populations. This is aimed at
protecting the species from a direct threat of extinction due to stochastic, demographic and/or environmental
factors. The chances that a lynx population will disappear are inversely related to its size. In fact, over the
last 30 years, all the populations of Iberian lynx with less than 5o individuals have disappeared, except for
the one in Dofana (Rodriguez and Delibes, 2002, 2003). The remaining populations must grow and expand.
Sometimes it may be necessary to increase the carrying capacity of source patches by “compacting” territories
or by implementing Restocking and Population Exchange Projects (Simén et al., this book). With such few
populations of Iberian lynx, the conservation of the species is unlikely to be guaranteed even if we increase
the number of individuals they contain. The reason for this is that these populations might disappear simply
because of environmental stochasticity —e.g., a fire, a flood or the outbreak of a new disease in the population.
This risk, as well as others, would decrease with the creation of new populations through Reintroduction
Projects. In fact, representatives of the five Spanish Autonomous Communities have agreed on the goal of
achieving a new breeding population of lynx with long-term viability in each of these regions; another one will is
planned to be established in Portugal (Vargas et al., this book). The commitment acquired through the National
Strategy establishes that each Autonomous Community must have a Reintroduction Project under way by 2012.
This implies, at least, finding and selecting a number of potential areas that can be made suitable if necessary
via Habitat Restoration Projects so that Reintroduction Projects can be implemented with high chances of
success.

One of the main tools to achieve reintroduction goals is through the Iberian Lynx Ex situ Conservation
Programme, which is included in the National Strategy. The main goal of the Programme is to contribute to
the specie’s recovery by providing specimens born and raised in captivity fit for reintroduction into the wild
(Vargas et al., 2008; Vargas et al., this book). Besides, it also offers protection in the event of a catastrophic
extinction. In Andalusia there are already two dedicated Breeding Centers and a partner centre for breeding
Iberian lynx in captivity. The Ministry of the Natural, Rural and Marine Environment has agreed to fund one new
breeding center per Autonomous Community that has expressed and open commitment to recover the Iberian
lynx in areas of historical occupancy. In situ and ex situ efforts are thus linked by MOUs that tie the building
of breeding centers to preparation of habitat for lynx reintroductions. Besides the two dedicated centers that
are already established in Andalusia, new centers are scheduled to be opened in Extremadura and Castille-




Steps Goals Main management tool

1) Stabilize current populations Eliminate threats Recovery Plans

2) Increase number of individuals in populations Strengthen populations Restocking and population
exchange projects

Ex situ Conservation Programme

3) Create new populations Restore habitat Habitat restoration projects
Reintroduce lynx Reintroduction projects

Ex situ Conservation Programme

Conditions for success:

e Alldepartmentsin charge of environmentalissues at any level of government must believe in the recovery process and participate
in an active, coordinated and efficient way.

e Research applied to the conservation of the species must be promoted — especially studies aimed at assessing the outcome and
efficacy of the various Plans and Projects that must be carried out.

e Society needs to be convinced of the need to conserve the Iberian lynx. The recovery process of the Iberian lynx will be difficult,

long and costly, and unless there is enough support from society it will be impossible to implement it successfully.

TABLE 2. STEPS ESTABLISHED FOR THE RECOVERY PROCESS IN THE STRATEGY FOR THE CONSERVATION OF THE IBERIAN LYNX (LYNX PARDINUS), MAIN GOALS AND
MANAGEMENT TOOLS PLANNED FOR THE RECOVERY OF THE SPECIES; CONDITIONS FOR SUCCESS.

La Mancha (Vargas et al., this book). These centers will each maintain approximately 8 Iberian lynx breeding
pairs, that will be exchanged between facilities according to genetic criteria and that will also provide lynxes for
reintroduction projects. Portugal has also joined in by building a breeding center in the Algarve region (Vargas
et al., this book) while committing to sign up agreements to prepare areas for future reintroduction efforts. Table
2 shows an outline of the steps, main goals and management tools planned for the recovery of the species. This
framework was established through the overview of the Recovery Process of the Strategy for the Conservation
of the Iberian Lynx.

For this Strategy to be successful, all official departments in charge of environmental issues at any
governmental level must believe in the recovery process and participate in an active, coordinated and efficient
way. It will be necessary to promote research applied to the conservation of the species (Palomares, this book)
—especially studies aimed at assessing the outcome and efficacy of the various Plans and Projects that must
be carried out. However, the most important thing to do is to convince society of the need to conserve the
Iberian lynx. The recovery process of the Iberian lynx will be difficult, long and costly, and unless there is enough
support from society it will be impossible to implement it successfully (Jiménez, this book).

ACKNOWLEDGEMENTS

The Strategy for the Conservation of the Iberian Lynx was drawn up thanks to the valuable contributions of the
representatives of the regions of Andalusia, Castille-La Mancha, Castille y Leon, Extremadura and Madrid, the
Spanish Ministry of the Natural, Rural and Marine Environment, the Iberian Lynx Ex situ Conservation Programme,
Dofiana Biological Station-CSIC (Spanish Council for Scientific Research), and the following NGOs: Ecologistas
en Accion, Fundacion CBD-Habitat, SECEM and WWF/Adena. We wish to express our gratitude to all of them.

IBERIAN LYNX EX SITU CONSERVATION: AN INTERDISCIPLINARY APPROACH
AsTRID VARGAS, CHRISTINE BREITENMOSER & URS BREITENMOSER
FunpAcION Biobiversipad / IUCN Cat SpeciaLisT GrRoup



A NEW STRATEGY FOR THE CONSERVATION OF THE IBERIAN LYNX
UNA NUEVA ESTRATEGIA PARA LA CONSERVACION DEL LINCE IBERICO
Javier CaLzaDA, Luis MARIANO GONZALEZ, J. NicoLAs GuzmAN AND BorJA HEREDIA

REFERENCES

Calzada, )., Guzman, N., Rodriguez, A., 2007. Ficha Libro Rojo. Lynx
pardinus (Temminck, 1827), in: Palomo, L., Gisbert, J., Blanco, ).
(Eds)), Atlas y libro Rojo de los Mamiferos Terrestres de Espafia.
Direccién General para la Biodiversidad-SECEM-SECEMU, Madrid

Castro, L.R., Palma, L., 1996. The current status, distribution
and conservation of Iberian lynx in Portugal. Journal of
Wildlife Research 2, 179-181.

Clark, ). A., Hoekstra, ). M., Boersma, P. D., Kareiva, P., 2002.
Improving U.S. Endangered Species Act recovery plans: Key
findings and recommendations of the SCB recovery plan
project. Conservation Biology 16(6), 1510-1519.

CMA-Junta de Andalucia, 2006. Informe final Proyecto LIFE
“Recuperacién de las poblaciones de Lince ibérico en
Andalucia” (LIFE o2 NAT/E/8609). Consejeria de Medio
Ambiente-Junta de Andalucia. Department of Environment-
Regional Government of Andalucia, Seville.

Delibes, M., Laffitte, R., Beltran, J.F., 1986. Propuesta de
medidas para la conservacion del lince en Dohana.
Unpublished report to the Committee (Patronato) of Dofiana
National Park. Huelva.

Delibes, M., Rodriguez, A., Ferreras, P., 2000. Action Plan
for the Conservation of the Iberian Lynx in Europe (Lynx
pardinus). Nature and Environment Series, 111. Council of
Europe Publishing, Strasburg.

Delibes, M., Calzada, J., 2005. Ensayo de recuperacion de una
especie en situacion critica. El caso del lince ibérico, in:
Jiménez, I., Delibes, M. (Eds.), Al borde de la extincion. Una
vision integral de la recuperacién de fauna amenazada en
Espana. Evren, Valencia, pp. 277-308.

Direccion General de Conservacion de la Naturaleza, 1999.
Estrategia para la Conservacion del Lince Ibérico (Lynx pardinus)
en Espana. DGCN-MMA, General Directorate for Nature
Conservation-Spanish Ministry of the Environment, Madrid.

Direccion General de Medio Natural y Politica Forestal, 2009.
Estrategia para la Conservacion del Lince Ibérico (Lynx
pardinus). DGMNPF-MARM, General Directorate for Natural
Environment and Forest Policy-Spanish Ministry of the
Natural, Rural and Marine Environment, Madrid.

Guzman, J.N., Garcia, F.J., Garrote, G., Pérez de Ayala, R.,
Iglesias, C., 2005. El lince ibérico (Lynx pardinus) en Espafia
y Portugal. Censo-diagnéstico de sus poblaciones. OAPN,
Spanish National Parks Authority, Madrid.

IUCN, 2001. IUCN Red List Categories and Criteria: Version
3.1. IUCN Species Survival Commission. IUCN, Gland,
Switzerland and Cambridge, UK.

IUCN, 2002. IUCN Red List of Threatened Species. Downloaded
on 8 October 2002.

Jiménez, 1., 2009. Non biological aspects to be considered in
endangered species in recovery programmes: Vargas, A.,
Breitenmoser, C., Breitenmoser, U. (Eds.), Iberian Lynx Ex
situ Conservation: An Interdisciplinary Approach. Fundacion
Biodiversidad, Madrid, Spain.

Palomares, F., Delibes, M., Ferreras, P., Fedriani, J. M., Calzada,
J., Revilla, E., 2000. Iberian lynx in a fragmented landscape:
predispersal, dispersal and postdispersal habitats.
Conservation Biology 14(3), 809-810.

Palomares, F., 2001. Vegetation structure and prey abundance
requirements of the Iberian lynx: implications for the design
of reserves and corridors. Journal of Applied Ecology 38(1),
9-18.

Palomares, F., Delibes, M., Revilla, E., Calzada, }., Fedriani, J.
M., 2001. Spatial ecology of Iberian lynx and abundance
of European rabbits in southwestern Spain. Wildlife
Monographs 148, 1-36.

Palomares, F., 2009. Life history and ecology of the Iberian Lynx,
in: Vargas, A., Breitenmoser, C., Breitenmoser, U. (Eds.),
Iberian Lynx Ex situ Conservation: An Interdisciplinary
Approach. Fundacién Biodiversidad, Madrid, Spain.

Rodriguez, A., Delibes, M., 1990. El lince ibérico en Espana:
distribucién y problemas de conservacion. ICONA (Former
Spanish Institute for Nature Conservation), Madrid.

Rodriguez, A., Delibes, M., 2002. Internal structure and patterns
of contraction in the geographic range of the Iberian lynx.
Ecography 25(3), 314-328.

Rodriguez, A., Delibes, M., 2003. Population fragmentation
and extinction in the Iberian lynx. Biological Conservation
109(3), 321-331.

Simén, M.A., Cadenas, R., Gil-Sanchez, ). M., Lopez-Parra,
M., Garcia, )., Ruiz, G., Lépez, G., 2009. Conservation of
free-ranging Iberian lynx (Lynx pardinus) populations in
Andalusia, in: Vargas, A., Breitenmoser, C., Breitenmoser, U.
(Eds.), Iberian Lynx Ex situ Conservation: An Interdisciplinary
Approach. Fundacién Biodiversidad, Madrid, Spain.

Vargas A., Sanchez |., Martinez F., Rivas A., Godoy, ). A., Roldan
E.,Simon M. A, SerraR., Pérez M. ). Ensenat C., Delibes M.,
Aymerich M., Sliwa A., Breitenmoser U., 2008. The Iberian
lynx (Lynx pardinus) conservation breeding programme.
International Zoo Yearbook 42, 190-198.

Vargas, A., Sanchez, |., Martinez, F., Rivas, A., Godoy, J.A.,
Roldan, E., Simon, M. A., Serra, R., Pérez, M. )., Sliwa
A., Delibes, M., Aymerich, M., Breitenmoser, U., 2009.
Interdisciplinary Methods in the Iberian lynx (Lynx
pardinus) Conservation Breeding Programme, in: Vargas,
A., Breitenmoser, C., Breitenmoser, U. (Eds.), Iberian
Lynx Ex situ Conservation: An Interdisciplinary Approach.
Fundacién Biodiversidad, Madrid, Spain.




W
- f
=
= i
-

o
R .-‘-F' =
"E__:g- 2T :
i ‘ -..
-
-y _.-. o
o T
7
o

N L ’ .‘ -:.
%Hﬁ.ﬂ? 7 L
e
v"“' .' . @
-}

‘3
v B

2 iy

We will either find a way, or make one.

Hanibal
(247-183 a()



-
[}
z
©
a
©
n
=
o
S
S
=4
<<
S
2
©
=
o

CONSERVATION STATUS AND ACTION PLAN FOR THE RECOVERY OF IBERIAN LYNX POPULATIONS IN PORTUGAL
ESTADO DE CONSERVACION Y PLAN DE ACCION PARA LAS POBLACIONES DE LINCE IBERICO EN PORTUGAL
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Conservation status and Action
Plan for the recovery of Iberian
lynx populations in Portugal
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RESUMEN

Durante la segunda mitad del siglo XX, la poblacién portuguesa del lince ibé-
rico se distribufa en tres nicleos principales: el Valle de Sado, Malcata y Con-
tenda-Barrancos. A lo largo de las décadas siguientes, las poblaciones de lince
sufrieron una regresién significativa en estas areas, probablemente debido a
las practicas silvicolas en gran parte del habitat disponible, asi como a la es-
casez de conejos a consecuencia de la introduccion de enfermedades viricas.
Segtn el Gltimo censo de linces realizado entre los afios 2002 y 2004, el lince
actualmente se encuentra al borde de la extincién en Portugal. El Instituto para
la Conservacién de la Naturaleza y Biodiversidad, consciente de la situacién
critica de esta especie en Portugal, adoptd un Plan de Accién para la Conser-
vacién del Lince Ibérico con el fin de disponer de un método coherente y eficaz
para la conservacién del lince en territorio portugués. Este Plan de Accién se
estd aplicando en todos los espacios de la Red Natura 2000 situados en el area
de distribucién histérica del lince y que, a su vez, ofrecen condiciones apro-
piadas para la presencia potencial de la especie. También se estan teniendo
en cuenta aquellos espacios con caracteristicas que podrian ser optimizadas
para la supervivencia del lince. El Plan tiene como objetivo realizar actividades
estratégicas de preparacion para la reintroduccién, con el fin de posibilitar, a
largo plazo, la reintroduccién del lince ibérico en areas de distribucion histéri-
ca. El Plan integra varios proyectos de conservacién que estan actualmente en
curso y que incluyen la regeneracién del habitat y la recuperacion de las espe-
cies de presa, asi como la construccién de un centro de cria que se integraria
en el programa global de Conservacion Ex situ del Lince Ibérico.

PALABRAS CLAVE
Restauracion de hébitat, conservacion in situ, recuperacion de conejos, rein-
troduccion, cria en cautividad




ABSTRACT

From the first half of the 20th century onwards, the Portuguese Iberian lynx population
was distributed in three major nuclei: Sado Valley, Malcata and Contenda-Barrancos.
In the following decades these areas were subjected to a process that culminated in
the specie’s considerable regression, probably as consequence of a major allocation of
potential habitat to forestry and of prey scarcity as a result of viral diseases. The most
recent survey, conducted from 2002 till 2004, revealed that the species is presently on
the verge of extinction. Aware of the critical situation of the Iberian lynx in Portugal,
the Institute of Nature Conservation and Biodiversity developed a Conservation Action
Plan for the Iberian lynx in order to provide a consistent and effective approach to
conserve the species in Portuguese territory. The on-going Action Plan is being applied
in all Natura 2000 Sites, located in the lynx historical distribution that present suitable
characteristics for the species potential presence or landscape features that can be
optimised for lynx survival and that can be relevant for the species life-cycle. The
goal of this Plan is to apply pre-release strategic reintroduction activities in order to
make it possible, in the long-term, the reintroduction of Iberian lynx. Integrated in the
plan, there are several ongoing conservation projects, which include habitat and prey
restoration and the construction of a breeding centre that will be integrated within the
overall Iberian Lynx Ex situ Conservation Programme.

KeywoRrbs
Habitat restoration, in situ conservation, rabbit recovery, reintroduction, captive breeding
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INTRODUCTION

recent national survey has brought to light the critical status of the Iberian lynx
(Lynx pardinus), in Portugal (Sarmento et al., 2009). Field evidence showed that
the species is currently in a pre-extinction stage and this scenario was re-enforced
by a similar operation conducted in Spain (Guzman et al., 2005). Consequently, the
Iberian lynx was classified as a Critically Endangered species under IUCN criteria
in the updated version of the Portuguese Red Book of Vertebrates and in the [UCN
Red List of Threatened Species (Cabral et al., 2005; IUCN, 2007). The Iberian Lynx s
a vulnerable species because of its dependence on only one prey, the rabbit Oryc-
tolagus cuniculus, and its narrow habitat spectrum (Delibes et al., 2000; Calvete,
this book; Calzada et al., this book). The decline in rabbit populations, caused by
habitat changes and viral diseases, has had a direct impact on lynx numbers as
well as high rates of non-natural mortality and habitat destruction (Ferreras et al.,
1992; Guzman et al., 2005). As a result of this process, currently lynxes are essentially constrained to two isola-
ted populations (Dofana National Park and Cardefia-Andujar), both located in the Spanish Autonomic region of
Andalusia (Guzman et al., 2005; Calzada, this book). Potentially, dispersing animals could occasionally appear
in Toledo, Guadalmez river, Central Sierra Morena and Sierra del Relumbrar y Alcaraz (Alda et al., 2008).
The current dramatic status of Iberian lynx populations, associated to its ecological importance were the ba-
sis for its classification as a top priority species for conservation in Portugal. This situation was the catalyzer
for the establishment of a National Conservation Action Plan (Sarmento et al., 2005), which was legally appro-
ved in 2008 (Portuguese Government Issue 12697/2008, May 6th) and whose ultimate goal is to promote the
specie’s recovery and conservation in national territory through the restoration of historic population nuclei
through reintroduction. In this paper, we discuss the recent evolution of lynx populations in Portugal and
describe the on-going and proposed conservation measures conceived to reverse the specie’s decline and
assure its long-term conservation in the country.

RECENT HISTORY — PAST AND PRESENT SITUATION
A recent geographic analysis of the distribution of museum specimens, “naturalised” lynxes, skins and
photographs of hunted animals, using data from 1950 to the early 1990s, put into evidence the existence of




three potentially major historical nuclei: Sado Valley (currently Cabrela-Monfurado Natura 2000 Sites), Malcata
and Moura-Barrancos (Sarmento et al., 2009; see Figure 1 for geographic locations). These nuclei probably
constituted the Portuguese Iberian lynx core areas in the mid-2oth century. It seems that these areas were
subjected to a degradation process, as a consequence of a major allocation of potential habitat to forestry
and of prey scarcity as a result of viral diseases that has led the Iberian lynx towards an extinction vortex since
the 1960s. By the mid 1970s, Palma (unpublished data) performed the first Portuguese scientific study on the
species ecology in Serra da Malcata and attempted to describe the lynx distribution range and density in the
country. A national total population of 5o individuals was estimated, which, according to the author, were
distributed through Serra da Malcata, Sado Valley and Algarve.

More recently, a national lynx status survey was undertaken from 1994 to 1997 (Ceia et al., unpublished
data), under the coordination of the Institute of Nature Conservation (ICN, re-designated in 2007 as the Institute
of Nature Conservation and Biodiversity, ICNB), following the same criteria and methodology of the 1988 lynx
Spanish survey (Rodriguez and Delibes, 1990), which had been based on personal interviews and questionnaires.
Five lynx populations were estimated, distributed throughout 2,400 km? and harbouring a total population of
40-53 individuals. Three out of the five identified areas (Serra da Malcata, Serra de Sdo Mamede and Guadiana)
corresponded to the western extensions of the Sierra de Gata, Sierra de San Pedro, and Western Sierra Morena
Spanish populations, respectively (see Figure 1).

Inthe beginning of this decade a new census was conducted in an Iberian cale (Guzman et al., 2005; Sarmento
et al., 2009), using only reliable methods that could undoubtedly confirm the species occurrence. For Portugal,
no evidences of the species presence were obtained and the study revealed that the Iberian lynx is presently in
the verge of extinction. In recent years, reliable information is becoming rarer. The last scat confirmed by DNA
analysis as being from lynx origin was collected in Moura-Barrancos in late 2001 (Santos-Reis, unpublished
data), and from this date forward, no other reliable information was obtained regarding the occurrence of the
Iberian lynx in Portugal. This scarcity of evidence together with low habitat suitability in most of the lynx’s
historical range, points to a catastrophic situation for the species in Portugal (Sarmento et al., 2009). Although
we cannot confirm extinction, the scenario is highly pessimistic.

ON-GOING AND FUTURE CONSERVATION ACTIONS

Aware of the considerable difficulties pointed above, the ICNB, developed a Conservation Action Plan for the
Iberian lynx (CAPIL) in order to provide a consistent and effective approach to conserve the species in Portuguese
territory (Portuguese Government Issue nb. 12697/2008, May 6th). The goal of this Plan is to apply pre-release
strategic reintroduction activities (IUCN/SSC, 1998) in order to make possible, in the long-term, the reintroduction
of the species in Portugal, and thus, to assure its viability as a fundamental element of Mediterranean ecosystems.
For achieving this goal it is necessary to establish a suitable connection between ex situ and in situ actions (Vargas
et al., this book). The Action Plan is being applied in all the areas of Natura 2000 Network, located in the lynx
historical range, which include suitable characteristics for the presence of the species or landscape features that
can be optimised for lynx survival and that can be relevant for the species life-cycle (Figure 1). In this framework we
include residence, dispersal and reproduction habitats as defined by Palomares, 2001.

Conservation measures will likely be implemented at three scales of decision-making: home-range level (micro-
scale), population level (macro-scale) and ecological corridors, providing a broad direction for management
activities by establishing objectives and guidelines. The following managements units will be designed in order
to achieve conservation (Ruediger et al., 2000; Figure 1):

¢ Micro-units for lynx management (MULs): These micro-units are intended to provide the fundamental or smallest
scale for evaluation and monitoring of the effects of management actions on lynx habitat and prey. The MULs should
be considered as theoretical home-ranges that should incorporate all the habitat requirements for the completion of
the Iberian lynx life cycle and should be managed as if the species was present, even in case of no detection.
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FiGuRE 1 — NATURA 2000 SITES
\ SELECTED FOR THE APPLICATION OF
] THE PORTUGUESE IBERIAN LYNX
ConsERVATION AcTiON PLAN AND
EXAMPLES OF LYNX MANAGEMENT
UNITS FOR THE MALCATA AREA.
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¢ Macro-units for lynx management (MALs): Action and programme planning should not be only focused at the
home-range level (MULs). The landscape patterns of significant areas that correspond to potential populations
should be taken into account. In this context, several MULs corresponding to theoretical populations will
constitute a Macro-unit for lynx management (MALs).

¢ Ecological corridors: Dispersalis a key issue for lynx survival, since the meta-population equilibrium could only
be achieved when the genetic flow between populations is maintained. Thus, the presence of linear landscape
elements that warrants survivorship and movement is critical in terms of conservation.

The CAPIL actions were integrated in the Natura 2000 Network Management Plan, which will be the basic
tool for conserving the habitats and species of European importance in Portugal. For the establishment of




A HABITAT TYPE MANAGEMENT GUIDELINES
Denning habitat Identify priority areas for land acquisition or warrant

Recover potential areas of Mediterranean scrubland

Promote programmes for controlling feral cats and dogs
Promote forestry practices compatible with lynx conservation
Establish economic incentives

Promote sustainable rabbit hunting

Enforce the vigilance towards illegal hunting

Co-ordinate the decision-making process for infrastructure edification with lynx conservation

Foraging habitat Identify priority areas for land acquisition or warrant
Promote crop fields for rabbits
Conduct rabbit restocking operations
Evaluate the impact of rabbit diseases
Promote sustainable rabbit hunting
Enforce the vigilance towards illegal hunting

Co-ordinate the decision-making process for infrastructure edification with lynx conservation

Corridors Identify priority areas for land acquisition or warrant
Stop the physical remove of scrubland vegetation and riparian habitats
Promote sustainable rabbit hunting
Enforce the vigilance towards illegal hunting
Co-ordinate the decision-making process for infrastructure edification with lynx conservation

TaBLE 1 — NATURA 2000 MAJOR MANAGEMENT GUIDELINES FOR IBERIAN LYNX CONSERVATION ACCORDING TO THE DIFFERENT TYPES OF HABITATS.

these measures, we mapped lynx potential habitat for all Natura 2000 Sites that had been classified with lynx
presence (Figure 1). Using this data, management guidelines were defined for each habitat category according to
its importance for lynx conservation (Portuguese Ministerial Council Resolution nb. 115-A/2008, July 21st; Table
1). These guidelines are being applied since 2005 for evaluating human activities that can directly or indirectly
influence future lynx conservation. Currently is on-going a national evaluation on the effects of management
guidelines on the conservation of natural habitats and species of European Community interest within the
Natura 2000 Network areas.

Three major conservation projects are currently on-going:

e Habitat recovery in Serra da Malcata. Until 2007, most of the in situ conservation actions carried out in Portugal
have concentrated in Serra da Malcata Nature Reserve where, since 1997, a continuous programme, financed
by the LIFE Programme (LIFEB4-3200/99/006423) and by FEDER, for habitat and prey restoring is on-going. The
main actions of this project include preventing the degradation of the Mediterranean forest, restoring land-use
practices that favour rabbit presence (creation of pastures and shelters) and rabbit restocking. Several years after
the systematic application of these measures it was possible to increase lynx carrying capacity at the Reserve and,
as a consequence, to establish a reintroduction plan following IUCN guidelines (IUCN/SSC, 1998).

¢ L PN/FFI Life Project. In 2006, the League for Nature Protection (LPN), a Portuguese Non-Governmental Agency, in
association with Flora and Fauna International (FFI), engaged in an EU LIFE project for the conservation of Iberian
lynx in the area of Moura-Barrancos Natura 2000 Site (PTCONoo53), called “Habitat recovery for the Iberian lynx
in the Moura-Barrancos Natura 2000 Site” (LIFEo6/NAT/P/000191). The main purpose of this project is to increase
habitat suitability for lynx through the establishment of medium to long-term management agreements with
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landowners and hunting reserves in order to make a rational use of natural resources and to explore game species
in a sustainable way compatible with lynx conservation (for further details please go to http://www.lpn.pt).

¢ Odelouca dam mitigation actions. Following the assessment of water resources in the Algarve (South Portugal),
the Portuguese Government has applied for financial support to the European Union for the building of adam in
the Odelouca region, a Natura 2000 Site (PTCONo0037) and part of the historical range of the Iberian lynx. The
package of environmental compensatory measures presented to the EU includes several actions, being habitat
recovery, rehabilitation and viability analysis activities for Iberian lynx and rabbit, conversion of monocultures
into Mediterranean bush, valorisation of ecological corridors between habitat patches, and the construction of
a captive breeding centre for the Iberian lynx as the most relevant.

Future in situ conservation actions will include a feasibility analysis for reintroduction in potentially areas,
located in the south-east of Portugal, several regional projects, financed by EU funds, for habitat management
and prey increasing and the establishment of a national systematic monitoring system for rabbit populations.
The first measure is crucial for the success of the Action Plan since it is of critical importance that the best
possible sites and release methods are utilized. The study will be conducted in three phases: 1) construction
of a landscape-scale statistical model; 2) construction of a large-scale statistic model, and 3) development of a
metapopulation model. Following this action, several regional projects for habitat and prey conservation will be
applied in order to maintain or augment potential sites for lynx colonization.

EX SITU CONSERVATION

Portugal is represented in the Iberian Lynx Captive Breeding Team (CCCLI) through the ICNB since 2001. Based
on the Spanish Ex situ Conservation Action Plan (Vargas et al., 2005, 2008), the ICNB has applied its global
aims and objectives and developed its own Ex situ Conservation Plan (Serra et al., 2005), which, among other
measures, foresees the construction of a captive breeding facility within the Iberian network of breeding centres
and under the technical and scientific guidance of the CCCLI (Vargas et al., this book). The construction of the
breeding centre in Silves (Algarve, Southern Portugal) is currently taking place and will be able to maintain up
to 16 breeders coming from the captive breeding programme as of mid-2009.

ConcLusIoNs

The dramatic decline of the Iberian lynx and the critical status of its free-ranging populations in Portugal are now
acknowledged by both scientific and political groups nationwide. Nevertheless, it is assured that the recovery
of the Iberian lynx populations will be a considerable challenge with a high degree of uncertainty in both Iberian
countries. In order to achieve the goal of restoring the species in Portugal and Spain it is necessary to apply a
daring plan that will involve inter-agency and international collaboration; therefore, on-going actions involve
several teams that are co-ordinately conducting a multidisciplinary approach towards Iberian lynx recovery. All
the same, all agents involved in this laborious task need to be aware that, even with unlimited resources and in
ideal conditions, the future of the Iberian lynx in the Iberian Peninsula is still uncertain, and only a professional
attitude, coupled with social and political support, can prevent the vanishing of this majestic cat species.
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Imagine there’s no heaven / It’s easy if you try / No hell below
us / Above us only sky / Imagine all the people / Living for
today / Imagine there’s no countries / It isn’t hard to do /
Nothing to kill or die for / And no religion too / Imagine all the
people / Living life in peace / You may say I’'m a dreamer / But
I’'m not the only one / | hope some day you’ll join us / And the
world will be one / Imagine no possesions / | wonder if you
can / No need for greed or hunger / A brotherhood of man /
Imagine all the people / Sharing all the world / You may say
I’'m a dreamer / But I’m not the only one / | hope some day you’ll

join us /And the world will live as one.

John Lennon
(1940-1980)
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RESUMEN

A finales del siglo XX se comprobd que el estado de conservacion del lince
ibérico era extremadamente critico, cuando solo permanecian en la naturale-
za alrededor de 150 individuos en dos poblaciones aisladas, Dofiana y Sierra
Morena oriental, ambas en Andalucfa. La Junta de Andalucia, en colaboracién
con algunos socios, adopté diferentes medidas de conservacién que recibie-
ron apoyo de la Unién Europea en forma de dos proyectos LIFE de conserva-
cién. Estos proyectos han sido esenciales para evitar la posible extincion de
la especie en la naturaleza y para estabilizar ambas poblaciones silvestres.
En la actualidad, los esfuerzos de la conservacion in situ se estan centrando
en los siguientes objetivos: 1) Mantener y expandir las dos poblaciones exis-
tentes; 2) Crear nuevos niicleos poblacionales —siguiendo los criterios de la
IUCN para las reintroducciones; 3) Maximizar la variabilidad genética median-
te la “conexion genética” de ambas poblaciones; 4) Continuar promoviendo el
apoyo local, nacional e internacional para garantizar la recuperacion de esta
especie gravemente amenazada. Hoy, la poblacién de Sierra Morena continda
creciendo anualmente (tanto numéricamente como en superficie). De hecho,
el nimero de individuos adultos (mas de un afio de edad) se ha incrementado
desde los 38 registrados en 2001 hasta los 95 en 2008. La poblacion de Dofia-
na permanece estable, y se esta llevando a cabo un programa de reforzamien-
to (principalmente genético, pero también demografico). Los esfuerzos en la
conservacion in situ se estan centrando también en la recuperacién de nuevos
nlcleos poblacionales mediante programas de reintroduccién. Los trabajos de
preparacion se estan llevando a cabo desde 2005 y las primeras sueltas estan
programadas para el 2009.

PALABRAS CLAVE
Recuperacion, diversidad genética, refuerzo demografico, reintroduccién




ABSTRACT

The conservation status of the Iberian lynx was found to be extremely critical by the end
of the 2oth Century, when only 150 individuals remained in the wild secluded into two
isolated populations, Dofiana and eastern Sierra Morena, both located in Andalusia.
The Andalusian Government, together with a number of partners, adopted different
conservation measures that received support from the European Union in the form of
two LIFE-Nature conservation projects. These projects have proved essential to avoid
the potential extinction of the Iberian lynx in the wild and to stabilize both free-ranging
populations. Presently, in situ conservation efforts are focused on the following
objectives: 1) Maintaining and expanding the two existing populations; 2) Recovering
extinct population nuclei —following IUCN reintroduction criteria; 3) Maximizing genetic
diversity by “genetically connecting” the two existing populations; 4) Continuing to
promote local, national and international support to ensure the recovery of this highly
endangered species. Nowadays, the Sierra Morena population continues to grow —both
numerically and in surface area— at an annual basis. In fact, the number of lynxes has
increased from 38 adults (individuals of more than one-year—of-age) registered in 2001
to 95 in 2008. The Dofana population remains stable and a translocation programme,
with the ultimate goal of genetic and demographic reinforcement, is currently taking
place. Also, in situ efforts are presently focused on the recovery of historical population
nuclei through reintroduction programmes. Preparation works are being carried out
since 2005 and the first releases are scheduled to begin in 2009.

Keyworbps
Recovery, genetic diversity, demographic reinforcement, reintroduction
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FIGURE 1. IBERIAN LYNX
DISTRIBUTION RANGE IN THE
60’s (ONLY SPAIN; PALE BLUE)
(RooriGuez & DELiBES, 1990),
IN THE EARLY 90°S (DARK BLUE)
(RobriGuEz & DELiBES, 19903
CasTro & PALMA, 1996), IN
2002 (Rep)(GuzmAN ET AL.,
2004), AND IN 2008 (ORANGE)
(LIFE PROJECT UNPUBLISHED
DATA).
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INTRODUCTION
he Iberian lynx (Lynx pardinus), a species endemic to the Iberian Peninsula (Ferrer
& Negro, 2004), is currently endangered in Spain and virtually extinct in Portu-
gal (Sarmento et al., this book). It is considered the most endangered felid in the
world, as it has been catalogued as “critically endangered” by the IUCN (2003).
Legal protection for the Iberian lynx is granted by the Bern Convention, and the
protection of its habitat, the Mediterranean scrubland, is a considered a priority
by the European Commission (Habitat Directive 92/43). Although it is known that
the Iberian lynx inhabited throughout the Iberian Peninsula, its distribution area
suffered a 98% decline during the second half of the last century (Rodriguez et al.,
1992; Guzman et al., 2004; Calzada et al., this book) and, by 2002, about 170 indivi-
duals remained, distributed into two isolated breeding populations: the Dofiana
Natural Space and its surrounding biosphere reserve, and the Andidjar—Cardefa
mountains in Eastern Sierra Morena, both in Andalusia (Guzman et al., 2004; see Figure 1). The Iberian lynx
is a specialized predator, with more than 90% of its diet comprised of wild rabbits (Gil-Sanchez et al., 2006;
Palomares, this book “a”; Calvete, this book). Mediterranean scrubland areas represent the optimal habitat
for this species (Palomares, 2001; Palomares, this book “a”). Current threats to the species include 1) scarcity
of rabbits due to mixomatosis and rabbit haemorrhagic disease (RHD) (Calvete, this book); 2) habitat destruc-
tion, and 3) human—caused mortality (road kills, leghold traps, poaching, etc.) (Guzman et al., 2004).

Given this critical scenario, in early 2000 the Andalusian Regional Ministry of Environment began working on
measures to avoid the Iberian lynx extinction. These included: 1) to attain an accurate knowledge of the actual
distribution range of the species; 2) to carry out a monitoring programme of both rabbit and lynx populations; 3)




to sign collaborative agreements with land owners; 4) to recover rabbit populations; 5) to control non—natural
causes of mortality; 6) to establish a captive population to help preserve current genetic diversity, and 7) to
ensure support from the local people that inhabit near both wild populations. Initial results from this Andalusian
programme allowed to determine what was the actual distribution range of the Iberian lynx and helped develop
accurate population monitoring methods. By 2002, a more ambitious and participative LIFE-Nature conservation
project was granted. The project, entitled “Recovery of the Iberian lynx populations in Andalusia” (LIFENAT
02/E/8609) lasted four years (2002—-2006) and involved the participation of the Andalusian Regional Ministry of
the Environment, the three main Andalusian hunter associations (Asociacion de Titulares de Cotos de Andalucia
—ATECA-, Federacion Andaluza de Caza —FAC- and Asociacion de Productores de Caza —-APROCA-) and two
conservation organizations (Ecologistas en Accion Andalucia —-EEA- and —CBD-Habitat Foundation, belonging
to the Spanish Environment Ministry).

The main objectives of this project (which included both short- and medium-term conservation measures)
were 1) to augment lynx population size; 2) to maximize the connection between isolated populations; 3) to
promote habitat conservation and resources availability; 4) to improve public perception of the species; 5) to
contribute to the maintenance of a genetic “pull” representative of the species; 6) to create an effective lynx
population monitoring system, and 7) to decrease threats for the lynx. Scientific oversight was provided by the
Superior Council for Scientific Research (CSIC), Dofana’s Biological Station. The main goal of this LIFE project
was to stop and revert the rate of decline that had been observed during the previous decades. This included
avoiding potential losses in both populations (through controlling threats and stabilizing resources availability),
while increasing their carrying capacity to allow an increase of the population size. These specific goals were
successfully attained, since both population nuclei could be stabilized and Sierra Morena one began increasing
(LIFE project, unpublished data). Such results helped establish the basis for requesting a second LIFE-Nature
project. This project, entitled “Conservation and Reintroduction of the Iberian Lynx in Andalusia” (LIFENAT
06/E/209), was granted in 2006 and will be ongoing until 2011. This new LIFE project focuses on the following
objectives: 1) Maintaining and expanding the two existing populations; 2) Recovering extinct population nuclei
—following IUCN reintroduction criteria—; 3) Maximizing genetic diversity by “genetically connecting” the two
existing populations; 4) Continuing to promote local, national and international support to ensure the recovery
of this highly endangered species. The project counts with the participation of the Andalusian Regional
Ministries of Environment, Public Works and Agriculture, the Extremadura Regional Ministry of Environment, the
three main Andalusian hunter associations (ATECA, FAC and APROCA) and four conservation organizations (EEA,
CBD-Habitat Foundation, the Spanish Society for the Conservation and Study of Mammals (SECEM), and World
Wildlife Fund (WWF)/Spain). The project was structured based on the “Recovery Strategy for the Iberian Lynx”,
presented in the Il International Seminar on the Conservation of the Iberian Lynx, which was held in Cérdoba
in December 2004 (Olszanska & Breitenmoser, 2004). Presently, we are into the third year of this LIFE project
and preliminary results indicate that the Sierra Morena population continues to increase, and also Dohana
is beginning to do it, as it is currently being genetically and demographically enhanced via translocations of
selected Sierra Morena individuals. In addition, firsts releases of the reintroduction of the species into areas of
historical occupancy is scheduled to take place at the end of 2009.

MATERIALS AND METHODS

During 2001-2002, the actual distribution range of the Iberian lynx was studied in Andalusia. Transects
searching for lynx signs (mainly scats and tracks) were performed in 366 5x5 km UTM squares, covering
the known distribution area in 1988 (Rodriguez & Delibes, 1990). Lynx scats were confirmed by molecular
methods (J.A. Godoy, unpublished data). Only 55 out of the 366 squares were positive, corresponding
with the two previously identified nuclei: Dofiana and the Anddjar-Cardefa mountains, in the Sierra
Morena range. About 80% of the distribution area was composed of private hunting lands. Afterwards, a
quantification of rabbit abundance was performed through the lynx distribution area by means of transects.
Rabbit abundance ranged between 0,6 and 4 rabbits/ha.
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AGREEMENTS WITH LANDOWNERS

The establishment of agreements with land
owners and with hunter societies allowed
the conservation projects to perform
managementmeasuresthroughoutthelynx
distribution. A total of 125,088 Has have
currently being protected via collaborative
agreements with landowners: 106,359
Has signed with the Andalusian Regional
Ministry of the Environment, 13,729 Has
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FIGURE 2.

(A). FAUNA UNDERPASS
PLACED IN A ROAD OF
DORANA AREA.

(B). CoNSTRUCTION OF
SPEED BUMPS IN A ROAD OF
DONANA AREA.

FIGURA 2.

(A). Paso pE FAUNA
EN UNA CARRETERA

ot Doiana. (B).
CONSTRUCCION DE
RESALTOS EN UNA
CARRETERA DE DONANA.

Ficure 3. WELL COVERED
WITH A METALLIC NET
PROTECTED FROM THE
ENTRANCE OF IBERIAN LYNXES.
DROWNING IN WELLS WAS
DETECTED AS A RELEVANT
CAUSE OF MORTALITY DURING
THE 90’s.

Ficura 3. Pozo cuBierTo
CON UNA MALLA METALICA
PARA EVITAR LA CAIDA DE
LINCES. EL AHOGAMIENTO
EN POZOS SE DETECTG COMO
UNA CAUSA RELEVANTE DE
MORTALIDAD DURANTE LOS

ANOS 90.

with CBD-Habitat Foundation, and 5,000
Has with WWF-Spain. In addition, the Iberian lynx presently occupies 60,000 Has of public lands.

CONSERVATION STRATEGY

Both Iberian lynx LIFE conservation projects have been based on a general strategy focused on:

¢ Stabilization of existing territories: This has been carried out focusing on the following points: 1) stabilising
and increasing availability of resources through habitat improvement, and 2) decreasing actual threats for the
lynx. Habitat improvement management is focused on getting optimal vegetation structure both for rabbits
and lynxes (Palomares, 2001). It is mainly based on the improvement of meadows (small scrub clearances and
cereal plantations) and increasing shelters for rabbits (artificial burrows, hiding areas, etc). Also, reduction of
hunting pressure on rabbits is being carried out in critical areas. Rabbit releases are being performed in areas
where rabbit abundance is under 1 rabbit/Ha in autumn, which is considered the minimum necessary to sustain
Iberian lynx territories (Palomares, 2001). Rabbit releases are mainly being conducted using enclosures of about
5 Has with a predator exclusion fence (that is permeable to lynxes but not to other carnivores), although soft
releases in the field without enclosure have also been performed. The last tool to increase rabbit availability
is the establishment of supplementary feeding stations, aiming at maintaining specific lynxes in a determined
area. These stations are baited with domestic rabbits and allow managing the population in case of potential
rabbit populations crashes.

¢ Decreasing causes of mortality. Threats affecting Iberian lynx are mostly human—caused, although other
causes can also affect the specie’spopulation dynamic. The main human.related threats affecting Iberian lynx
include poaching, road kills and drowning in wells (Rodriguez & Delibes 1992; Guzman et al., 2004), whereas
the main natural threat includes mortalilty due infectious diseases (Meli et al., 2009; Lopez et al., this book;
Meli et al., this book). Several measures have been implemented to control these threats. Specific surveillance
againstillegal hunting methods is being carried out by LIFE project staff in areas of lynx occurrence. Also, control
of road kills, mainly in the Dohana population, is one of the most important issues being addressed through
the current LIFE project. Part of this control is being addresed by the construction of wildlife underpasses and



FIGURE 4. OPTIMAL AREAS (IN RED) FOR IBERIAN LYNX
REINTRODUCTION IN ANDALUSIA. AREAS HAVE BEEN
SELECTED BY THE MULTI—CRITERIA ANALYSIS BASED ON
HABITAT, THREATS, RESOURCES AVAILABILITY, HISTORICAL
DISTRIBUTION AND PROTECTION DEGREE. IN BLUE, CURRENT
DISTRIBUTION RANGE.
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ecoducts (Figure 2), placing wildlife exclusion fences on problem roads, installing dissuasive road night lights
(catadioptrics), advertising road signals and speed bumps for traffic, etc. Moreover, specific brochures and
booklets have been developed to increase awareness among drivers in the Dofana area. In addition, to address
the problem of lynxes drowning in wells, all known wells in areas of lynx occupancy have been covered with
metallic nets (Figure 3). Finally, to control the risk of infectious diseases (Lopez et al., this book; Meli et al., this
book) a surveillance programme is being carried out throughout both Iberian lynx populations. This programme
includes thorough health screenings of all handled animals (Martinez et al., this book), and also an indirect
surveillance through scat analysis.

¢ Settlement of new territories: This is performed by increasing carrying capacity and decreasing threats
for the lynx. The recovery of new territories has been made using territory recovery units (TRUs) as the main
methodology. TRUs are composed of different habitat improvement measures performed in about 500 Ha
(mean surface area of an Iberian lynx home range). Wild rabbit releases were included in TRUs only when rabbit
abundance is under 1 rabbit/Ha.

¢ “Compression” of occupied areas: This strategy works under the same premises of the abovementioned ones;
i.e., by increasing carrying capacity it is possible to reduce home range surfaces, which in turn will allow a higher
number of individuals to inhabit a specific area.

¢ Public awareness campaigns: These campaigns have been taking place at a regular basis since 2002, and
they are developed by all partners that participate in the conservation of this species. The incorporation of the
hunter societies to the communication group has been one of the most effective ways to gain access to the
hunter’s opinion and support. Conservation associations have also been important to bring national and local
awareness regarding the situation of the species.

¢ Reintroduction: This entails a medium- to long—term aspect of the conservation strategy. The first macro—
habitat analysis for the suitability of areas for potential Iberian lynx reintroduction in Andalusia was performed
in 1999 (F. Palomares, unpublished data). This habitat model become the basis for further work, although
resource availability was not considered in it. Given that this factor is thought to be the most important one
to take into account when developing a reintroduction strategy, a more exhaustive work was needed. Initial
work towards Iberian lynx reintroduction began under the first LIFE conservation project, in 2002, and it
has always being based on the IUCN guidelines for reintroduction (IUCN, 1998). The detection of potential
reintroduction areas in Andalusia was performed by a multi—criteria analysis (MCA). The MCA is a decision—
making tool developed for complex problems that follows a logical, well-structured, decision—-making process
where multiple criteria are involved. The steps followed in this analysis were: 1) the identification of factors
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determining the suitability of areas that could host Iberian lynx; 2) compilation of information on everyone of the
identified factors; 3) integration of all information in a Geographical Information System (GIS), and 4) evaluation
of the resulting models. The identified factors that were important in determining lynx presence included habitat
features (vegetation structure, altitude and slope), resource availability: (rabbit abundance and drinking points
availability) and threats (proximity to urban nuclei and to communication routes). Afterwards, a Weighted Linear
Combination (WLC) analysis was performed (Barredo, 1996). With this method, the suitability of a pixel is obtained
as the sum of partial suitability values of every factor in that area. The final potentiality map for Andalusia (Figure
4) took also into account the historical distribution of the species and the degree of protection degree of each area.
The result was the identification of three optimal nuclei where to carry out initial Iberian lynx reintroductions in
Andalusia: Guarrizas Valley, Guadalmellato Valley and Hornachuelos Natural Park. Once this map was generated,
all three areas were analysed in a fine—scale comparison through hierarchical analysis of 35 variables grouped into
seven groups: 1) Social attitude; 2) Possibility of integration in the current metapopulation; 3) Carrying capacity; 4)
Habitat structure; 5) Possibilities of expansion to other a—priori suitable areas; 6) lllegal persecution pressure and
7) other threats. Among the three selected areas, the Guadalmellato Valley area was selected as the best one and,
thus, the first reintroduction —scheduled for late 2009— will take place at this specific site. Ever since after signing
agreements with the owners, habitat management measures are already being made in the area.

A monitoring programme of both rabbits and lynxes is being carried out by the Andalusian Regional Ministry of
the Environment since 2001. Rabbit abundance is continuously monitored — via transects and latrine censuses—in
areas with lynx presence. A disease surveillance programme (focusing mostly on RHD) is also carried out every year
during critical time—periods. Iberian lynx monitoring is carried out by means of photo-trapping, radiotelemetry,
direct observations and search for lynx signs (tracks, scats, etc.). Evaluation of actions undertaken at the population
scale has been performed using information on inter-annual rabbit latrine survey in 2.5 km UTM squares, since
its surface (625 Ha) is about the size of a breeding female home range (Ferreras et al., 1997; Palomares, 2001). In
Sierra Morena, treated squares have been compared to control ones (without management actions).

The low effective size has, in fact, reduced the genetic diversity of both Iberian lynx wild populations and, data
shows that genetic drift has taken place in Dofiana and Sierra Morena (Godoy et al., this book). In addition,
Dofana’s genetic diversity is 30% lower than that of Sierra Morena (Godoy et al., this book). The most effective
way to increase genetic diversity in the Dofana Iberian lynx population is via translocations of individuals from
Sierra Morena (Palomares, this book “b”; Godoy et al., this book). To date, two individuals from Sierra Morena have
been released in Dofana, one in 2008 and the second one in 2009. Both were soft-released, being kept between
2—4 weeks in large (3-8 Has) acclimatization pens placed within the most protected environs of the Dofana area.
Translocations will continue to take place until at least four individuals from Sierra Morena will settle in Dofiana.

ResuLts

e Stabilization and compression of territories, and settlement of new ones: When comparing treated
squares (squares where TRUs have been performed into) with control ones, the former increase overall rabbit
abundance in 6 years, has been about 100%, whereas untreated squares have not shown significant differences
in rabbit abundance during the same period of time. The most effective conservation measures have been the
supplementary feeding stations and the rabbit release enclosures. Yet, the most important aspect that affects
rabbit population dynamics in our study area has been the RHD (Figure 5; see Calvete, this book). In Dofiana, rabbit
abundance has slightly increased since 2002, although the effect of the carried out actions is not clearly related
to this increase. Due to landscape features, the evaluation of actions over the rabbit population, however, is much
more difficult to be performed in Dofhana than in Sierra Morena. A TRU has been considered successful when the
rabbit increase has allowed the settlement and reproduction of an adult female, while we have considered them
partially successful if settlement has been recorded but without reproduction. Most TRUs both in Sierra Morena




Individual Year Age Population Individual Year Age Population

Aura 2002 <1 DON Candiles * 2006 <1 SMO
Saliega 2002 <1 SMO Cana 2006 <1 SMO
Garfio 2003 3 SMO Cardo 2006 <1 SMO
Cromo * 2003 <1 SMO Ceniza 2006 <1 SMO
Fran * 2003 1 SMO Cordoba 2006 <1 SMO
Jub 2003 3 SMO Coscoja 2006 <1 SMO
Adelfa 2004 <1 SMO Cuco 2006 <1 SMO
Alhucemas 2004 <1 SMO Al-Andalus 2007 3 SMO
Aliaga 2004 <1 SMO Alfonso * 2008 10> SMO
Almoradux 2004 <1 DON Azuel * 2008 Unkn. SMO
Artemisa * 2004 <1 SMO Calabacin * 2008 2 SMO
Arcex 2005 1 SMO Cascabel 2008 2 SMO
Beta 2005 <1 SMO Charquena 2008 2 SMO
Biznaga 2005 <1 SMO Era 2008 <1 SMO
Boj 2005 <1 DON Esparto 2008 <1 SMO
Azahar * 2006 2 SMO Espina 2008 <1 DON
Bandolero 2006 1 SMO Estela Il 2008 <1 DON
Barraca * 2006 1 SMO Daman Il 2009 2 SMO

TaBLE 1. IBERIAN LYNX INDIVIDUALS EXTRACTED FROM THE FIELD BY THE LIFE CONSERVATION PROJECT TO BE INCORPORATED AS FOUNDERS OF THE EX siTu
CONSERVATION PROGRAMME (* = INDIVIDUALS CONSIDERED TO HAVE LIMITED POTENTIAL FOR SURVIVAL IN THE WILD AT THE TIME OF CAPTURE).
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FiGURE 5. EVOLUTION OF THE RABBIT RELATIVE ABUNDANCE IN 2.5 Km UTM sqQuaREs IN THE IBERIAN LYNX OCCUPANCY AREA (N = 28sQUARES). THE PINK
ARROW MARKS THE BEGINNING OF THE SUPPLEMENTARY FEEDING PROGRAMME IN THE THREE CORRESPONDING SQUARES. THE BLUE ARROW MARKS THE BEGINNING OF
THE LIFE PROJECT ACTIVITIES. RED ARROWS MARK RABBIT HAEMORRHAGIC DISEASE OUTBREAKS.

IBERIAN LYNX £X S/7U/ CONSERVATION: AN INTERDISCIPLINARY APPROACH
AsTRID VARGAS, CHRISTINE BREITENMOSER & URS BREITENMOSER
FunpAcION Biobiversipad / IUCN Cat SpeciaLisT GrRoup



and in Dofiana have been considered successful. In Sierra Morena, eight out of the 13 established TRUs can be
considered successful and two partially successful. A total of 12 new Iberian lynx territories have been established
in Sierra Morena since 2001, where the population has increased from 38 adults (considering animals over 1 year—
of-age; n=60 individuals including young—of-the year) in 2002 to 95 adults (n=150 individuals including young—of
the year) in 2008 (Figure 6). In Dofiana, nine new female Iberian lynx territories have been established since 2002,
although the effect of the habitat management units is difficult to determine. The number of individuals in the
Dofiana population has remained stable at approximately 31-32 adults, yet the number of territorial females has
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FIGURE 6. EVOLUTION OF THE
IBERIAN LYNX POPULATION IN
SI1ERRA MORENA BETWEEN 2002
AND 2008: ESTIMATED TOTAL
NUMBER OF INDIVIDUALS, CUBS AND
TERRITORIAL FEMALES.

FiGure 6. EVOLUCION DE LA
POBLACION DE SIERRA MORENA
ENTRE 2002 Y 2008: NUMERO
TOTAL DE INDIVIDUOS ESTIMADOS,
CACHORROS Y HEMBRAS
TERRITORIALES.

FiGURE 7. EVOLUTION OF THE
IBERIAN LYNX POPULATION IN
DONANA BETWEEN 2002 AND
2008: ESTIMATED TOTAL NUMBER
OF INDIVIDUALS, CUBS, AND
TERRITORIAL FEMALES.

FiGuRra 7. EvoLuciON DE LA PO-
BLACION DE DONANA ENTRE 2002
Y 2008: NOMERO TOTAL DE INDI-
VIDUOS ESTIMADOS, CACHORROS Y
HEMBRAS TERRITORIALES.

Ficure 8. ROAD MORTALITY IN
THE IBERIAN LYNX POPULATIONS
BETWEEN 2001 AND 2008. DArk
GREEN BARS REPRESENTS THE
DONANA POPULATION AND LIGHT
GREEN BARS THE SIERRA MORENA
POPULATION.

Ficura 8. MORTALIDAD EN
CARRETERA EN LAS POBLACIONES
DE LINCE IBERICO ENTRE 2001

Y 2008. LAs BARRAS VERDES
OSCURAS REPRESENTAN A LA
POBLACION DE DONANA Y LAS
VERDES CLARAS A LA POBLACION DE
SIERRA MORENA.



increased from 10 to 19 between 2002 and 2008 (Figure 7), while the total number of males has decreased. This is
largely due to the loss of males after the 2007 Feline leukaemia (FeLV) outbreak in the Coto del Rey nuclei (Lopez
et al., 2009; Meli et al., 2009; Lopez et al., this book; Meli et al., this book).

¢ Decreasing causes of mortality: Measures to control road mortality seem to be working efficiently up to now.
Although road Kkills increased during 2003—2006, they have decreased during 2006—2009 (Figure 8; Martinez
et al., this book). Control of illegal hunting methods has helped decrease the number of leghold traps and
snares to almost cero. In 2008, the epidemiological surveillance programme allowed to detect the first case of
poisoning in an Iberian lynx. Fortunately, the perpetrator could be identified and he is currently down by law. The
epidemiological surveillance programme is also working effectively. Thanks to this programme, which is led by
staff of the Andalusian Government, the Ex situ Conservation Programme and the University Ziirich, an outbreak
of feline leukemia virus that occurred in Dofiana population in 2007 could be rapidly detected and controlled
(Lopez et al., 2009; Meli et al., 2009; Lopez et al., this book; Meli et al., this book).

¢ Public awareness campaigns: The outreach campaigns have made the population aware of the situation of
the Iberian lynx and supportive of the proposed reintroduction in this area. Altogether, outreach efforts have
largely focused on the most critical groups: hunters, farmers, local populations of Dohana, Sierra Morena and
the proposed release site, and children. As part of these communication efforts, the LIFE conservation project
publishes a monthly bulletin and maintains an updated webpage (www.lifelince.org). Public information is
proving to be a very effective tool for local awareness and support.

¢ Reintroduction: Habitat management measures are presently being carried out in the Guadalmellato Valley,
where the first Iberian lynx reintroduction is scheduled to take place. Six wild—born individuals will be released
during the second half of 2009. The selected method includes a soft-release technique in on—site acclimatization
enclosures of approximately 4 Ha each. Most landowners in the area have already signed collaborative
agreements with the Andalusian Regional Ministry of the Environment within the frame of the Iberian lynx LIFE-
Nature conservation project.

The genetic and demographic reinforcement performed in Dofiana via translocations of Sierra Morena males is still
incipient. The first translocated individual was released in Donana National Park in January 2008. It was a three—
year—-old male named “Baya”that belonged to the Cardefa subpopulation (Ruiz et al., this book). It was released in
Coto del Rey subpopulation, (a high rabbit density place) where there were three adult females and no adult males
due to the FelV outbreak that took place in 2007 (see Lopez et al., 2009). Bayaimmediately settled in the area and
copulated with the three territorial females. All three became pregnant and gave birth to a total of eight young,
of which three were still alive by the end of 2008 (for details see text box by Ruiz et al., in Palomares, this book).
The introduction of Sierra Morena genes into the Dofana population is considered essential for the long-term
genetic health of this wild population (Godoy et al., this book). In January 2009, “Caribi”, a three—year-old male
that originated from the Anddjar subpopulation, was soft-released in Dofiana’s Biological Reserve, one of the best
protected areas within the National Park. This place is a low—density rabbit area where one adult female and one
adult male inhabit. In contrast with the first experience, this male has not shown any interest on attempting to
settle within the vicinity of the release site, and it is currently dispersing northwards out of the Dohana population
in a moving considered as “homing behaviour”. Experiences with other lynx species (unpublished data) point out
the possibility that this individual returns to the Dofiana population by itself after several months.

Both LIFE conservation projects have helped provide all the Iberian lynx founders that presently conform the Iberian
Lynx Conservation Breeding Programme (Vargas et al., this book). Since 2002, 36 individuals have been brought
into captivity (6 from Dofiana and 30 from Sierra Morena; Table 1). From these, 24 lynxes were specifically extracted
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Photo: Andoni Candela
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for the captive breeding programme, whereas the other 10 lynxes were brought into captivity because they had
problems that compromised their survival in the wild. The extraction rate was based on a model developed in order
to avoid potential impacts on the population dynamics of this species (Palomares et al., 2002).

Discussion

The conservation strategy developed for the Iberian lynx in Andalusia seems to be advancing in the right way.
The Sierra Morena population has experienced a substantial increase since 2001, when active conservation
measures began to be implemented. The number of lynxes in this population has increased at a much higher rate
than the surface area they are occupying; i.e., territories are being “compacted” and there seems to be current
evidence of population saturation in Sierra Morena (LIFE project, unpub. data). The productivity is following an
every—-other—year cycle, probably due to the stratification of one—year—old individuals inside the population that
hinder the survival of cubs born the following year. Moreover, about 70% of the juveniles are lost within their
first year of life, and there have been several recorded cases of intraspecific aggression, which seems to be one
of the major causes of this loss. Moreover, juveniles are currently settling in areas with very low rabbit densities
or with very poor habitat structure. Population expansion seems difficult due to lack of resources in all areas
surrounding the current distribution area. Nevertheless, there are suitable areas for the establishment of Iberian
lynx within 15—-45 km from the current Anddjar-Cardefa population. In fact, all available information points
towards asserting that the rapidly growing Yeguas River subpopulation has motivated the foundation of a new
population nucleus in Southern Castille-La Mancha Community, 15 km away from the Andalusian Sierra Morena
population (Castille-La Mancha Government, unpublished data). Iberian lynx conservation efforts in Dofiana
have promoted the establishment of an important number of new territories outside the National Park during
the period 2001-2009, which have made up for the dramatic loss of territories suffered inside the National Park
between 2001-2003. The key to this change of trend outside the National Park has been the awareness of the
local population and the decrease in road mortality. The number of territorial females 19) and wildborn cubs
(24) recorded in Dofana in 2008 have been the maximum ever recorded in this population. We believe that all



the abovementioned measures have prevented the extinction of this small population. However, more active
management measures are needed to ensure the long—term conservation of this population.

Reintroductions are considered to be key in moving forward towards the recovery of the endangered Iberian
lynx. Once the protection and effective conservation of the currently existing populations are granted, the next
step is the establishment of new free-ranging lynx populations in areas of historical occupancy (see Calzada et
al., this book). The Iberian lynx is critically endangered, and can only be recovered through hard work and solid
partnerships between national and international stakeholders. The effort of politicians, biologists, scientists,
veterinarians, hunters, and the whole society is sorely needed to help recover the lynx populations that roamed
in the past throughout the Mediterranean forests and scrublands of the Iberian Peninsula.
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When despair grows in me

and | wake in the middle of the night at the least sound
in fear of what my life and my children’s lives may be,

I go and lie down where the wood drake

rests in his beauty on the water,

and the great heron feeds.

| come into the peace of wild things

who do not tax their lives with forethought of grief.

I come into the presence of still water.

And | feel above me the day-blind stars

waiting for their light. For a time
I rest in the grace of the world, and am free.

The Peace of Wild Things, Wendell Berry
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RESUMEN

El Programa de Cria para la Conservacion del Lince Ibérico se plantea bajo
un enfoque multidisciplinar, integrado en la Estrategia Nacional para la
Conservacién delLince Ibérico,y desarrollado en colaboracién coninstituciones
regionales, nacionales einternacionales. Las metas principales del Programa de
Conservacion Ex situ son: 1) mantener una poblacion cautiva sanay gestionada
genética y demogréficamente; 2) crear nuevas poblaciones naturales de lince
ibérico (Lynx pardinus) mediante la reintroduccion de la especie. Con el fin de
lograr el primer objetivo, el Programa tiene como cometido mantener el 85%
de la diversidad genética actualmente existente en la naturaleza durante los
préximos 30 anos, lo cual requiere el manejo de 60 ejemplares reproductores
(30 machos, 30 hembras). Las proyecciones de crecimiento indican que el
Programa Ex situ deberfa alcanzar su meta poblacional para el afio 2010 y que
una vez logrado este primer paso, podra dar comienzo la reintroduccién de
ejemplares nacidos en cautividad. El Programa se encuentra actualmente por
delante de las proyecciones, habiendo alcanzado su objetivo poblacional en el
aho 2009, aungue la primera reintroduccion de ejemplares de lince nacidos en
cautividad sigue programada para el ano 2010. Hasta la fecha, el trabajo actual
del Programa Ex situ se ha centrado en la cria y mantenimiento de ejemplares
sanos, tanto desde un punto de vista fisiol6gico como etoldgico, para lo cual
se han utilizado técnicas de manejo y de investigacion siguiendo un enfoque
multidisciplinar, es decir, integrando conocimientos generados a partir de los
campos de la biologia, etologia, nutricién, veterinaria, genética, fisiologia,




endocrinologfa y ecologia de la especie. Hemos considerado particularmente
importante el adaptar nuestros métodos de manejo para ayudar a fomentar
los comportamientos naturales del lince (caza, territorialidad, interacciones
sociales) y ofrecer asi un entorno cautivo que minimice el estrés y favorezca
la reproduccion natural. El presente capitulo tiene como objetivo ofrecer una
visiéon global sobre cdmo los conocimientos cientificos aportados a través
diversas disciplinas han sido esenciales para el disefio y desarrollo del
Programa de Cria del Lince Ibérico. El capitulo se divide en 6 secciones (Manejo
genético y demografico, Etologia y Manejo de la poblacién cautiva, Aspectos
Sanitarios, Fisiologia Reproductiva, Reintroduccién, Divulgacion/Capacitacién)
y presenta, a modo de resumen, la informacién y los resultados contenidos
en aquellos capitulos de este libro que tratan sobre la conservacion del lince
ibérico.

PALABRAS CLAVE
Genética, manejo, etologia, fisiologia reproductiva, medicina veterinaria,
reintroduccién

ABSTRACT

The Iberian Lynx Conservation Breeding Programme follows a multidisciplinary
approach, integrated within the National Strategy for the Conservation of the Iberian
Lynx, which is carried out in cooperation with national, regional, and international
institutions. The main goals of the Ex situ Conservation Programme are to: 1) maintain
a genetically and demographically-managed captive population; 2) create new Iberian
Lynx (Lynx pardinus) free-ranging populations through reintroduction. To achieve the
first goal, the Programme aims at maintaining 85% of the genetic diversity presently
found in the wild for the next 30 years. This requires managing 6o (30 males, 30
females) Iberian lynx as breeding stock. Growth projections indicate that the Ex
situ Programme should achieve such population target by the year 2010 and, once
this goal is reached, reintroduction efforts could begin. The Programme actually
surpassed this population target in 2009, although the first reintroduction of captive-
born Iberian lynxes is still scheduled for 2010. To date, ex situ efforts have focused
on producing physiologically and behaviourally sound captive-born individuals. To
achieve this goal, we have used management and research techniques that rely on
multidisciplinary input and knowledge generated on the specie’s life history, behaviour,
nutrition, husbandry, genetics, veterinary science, physiology, endocrinology and
ecology. Particularly important has been adapting our husbandry schemes based on
research data to promote natural behaviours in captivity (hunting, territoriality, social
interactions) and a stress-free environment that is conducive to natural reproduction.
The aim of this chapter is to provide an overview of how scientific knowledge from
various disciplines is proving essential to shape management efforts within the
Iberian Lynx Breeding Programme. The chapter is divided into 6 sections: Genetic and
Demographic Management, Captive Husbandry and Behavior, Health and Veterinary
Aspects, Reproductive Physiology, Reintroduction, & Outreach/Capacity Building, and
it summarizes information and results contained in various chapters of this book as
they relate to Iberian lynx conservation efforts.

Keyworbps
Genetics, husbandry, behaviour, reproductive physiology, veterinary medicine,
reintroduction
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INTRODUCTION

wing to the precarious situation of the Iberian lynx (Lynx pardinus), in the wild
(Calzada et al., this book; Simén et al., this book), conservation measures need to be
implemented effectively and efficiently, integrating efforts and working tools. Iberian
lynx conservation could be conceived as a puzzle whose pieces should fit together
adequately. One of such pieces involves ex situ conservation, which includes —among
other activities— captive breeding, genetic and demographic management of the
captive population, management of a Biological Resources Bank (BRB), preparing
captive-born animals for release, as well as capacity building, education, and
outreach efforts (Vargas et al., 2005b).
Current Iberian lynx conservation breeding efforts focus on producing physiologically
and behaviourally sound captive-born individuals (Figure 1) that are suitable for
future reintroduction efforts. For this purpose, we use management and research
techniques that rely on multidisciplinary input generated on the specie’s life history, behaviour, nutrition, veterinary
and health aspects, genetics, reproductive physiology, endocrinology and ecology. The Programme stresses the
importance of adapting our husbandry schemes based on research data to promote natural behaviours in captivity
(hunting, territoriality, social interactions) and a stress-free environment that is conducive to natural reproduction.
Some relevant research areas include: determining fecal hormone profiles for adult and subadult lynx (Pelican et
al., this book; Dehnhardt et al., this book) studying reproductive behaviour and cub development (Antonevich et
al., this book), determining reproductive health of male and female breeders (Roldan et al., this book; Goritz et al.,
this book), developing a non-invasive pregnancy test (Jewgenow et al., this book), establishing sound bio-security
and biomedical protocols (Martinez et al., this book), establishing reference values for blood parameters (Pastor
et al., this book; Garcia et al., this book), genotyping all founders and making paring recommendations based on
genetic distance between breeders (Godoy et al., this book; Leus and Lacy, this book). Within this scheme, one of
our goals is to minimize the use of potentially invasive methods while simultaneously enhancing the trust between
the animals and their keepers to assist in securing information on animal weight and gestational status. Between
2005 and 2008, a total of fifteen pregnancies resulted in the birth of 31 live offspring, of which 24 survive to date
(Vargas et al., 2008 a; Figure 2). While describing various organizational aspects of the Iberian Lynx Conservation
Breeding Programme, this chapter will present an overview of the information contained in various chapters of this
book while emphasizing how results from multidisciplinary life science research can be integrated into an adaptive
management approach to help recover the world’s most endangered felid species.




THE IBERIAN LYnX Ex situ CONSERVATION PROGRAMME

The Iberian Lynx Ex situ Conservation Programme is integrated within the National Strategy for the Conservation
of the Iberian Lynx, officially endorsed by the Spanish National Commission for the Protection of Nature (MARM,
2008; Calzada et al., this book). National, regional and international institutions collaborate with the Programme,
which is currently implemented through a “multilateral commission” that includes the central governments of
Spain and Portugal, together with the autonomous governments of Andalusia, Extremadura and Castille-La
Mancha, Spain. Portugal, where no Iberian lynx populations were detected during the last 2002-2003 census,
has developed its own ex situ conservation action plan in coordination with the Spanish Programme (Serra et
al., 2005) and it is presently building a captive breeding facility while beginning to work on improving habitat for

future re-establishment of lynx populations (Sarmento et al., this book).

Photo: Antonio Rivas
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FIGURE 1. IBERIAN LYNX FEMALE
WITH HER THREE-WEEK=-0LD
CAPTIVE-BORN CUBS. MOTHERS
TEND TO MAINTAIN THEIR LITTER IN
THE DEN FOR APPROXIMATELY ONE
MONTH AND, AFTERWARDS, THEY
FREQUENTLY MOVE THEIR CUBS TO A
DIFFERENT DEN. GENERALLY, CUBS
BEGIN TO EXPLORE THEIR IMMEDIATE
ENVIRONMENT DURING THEIR FIFTH
WEEK OF LIFE.

FiGurE 1. HEMBRA DE LINCE
IBERICO CON SUS CACHORROS

DE TRES SEMANAS NACIDOS EN
CAUTIVIDAD. LAS MADRES TIENDEN
A MANTENER LA CAMADA EN SU
PARIDERA NATAL DURANTE EL
PRIMER MES DE VIDA Y DESPUES
SUELEN MOVER LOS CACHORROS A
OTRA PARIDERA. GENERALMENTE,
LOS CACHORROS COMIENZAN A
EXPLORAR SU ENTORNO MAS
INMEDIATO DURANTE SU QUINTA
SEMANA DE VIDA.

FIGURE 2. POPULATION GROWTH
oF THE IBERIAN Lynx CAPTIVE
BREEDING PROGRAMME FROM
JANUARY 2004 TO JANUARY 2009
(GREY BARS = CAPTIVE-BORN
CUBS; BLACK BARS = WILD-CAUGHT
INDIVIDUALS).

Note: BETWEEN MARCH AND
APRIL, 2009, 18 NEW CUBS

HAVE BEEN BORN IN THE BREEDING
PROGRAMME, BRINGING UP TO 42
THE NUMBER OF IBERIAN LYNX CUBS
RAISED IN CAPTIVITY TO DATE.

Ficura 2. CRECIMIENTO
POBLACIONAL DEL PROGRAMA DE
Cria peL LINCE IBERICO ENTRE
ENERO DE 2004 Y ENERO DE 2009
(BARRAS GRISES = CACHORROS
NACIDOS EN CAUTIVIDAD;

BARRAS NEGRAS = EJEMPLARES
PROVENIENTES DE LA NATURALEZA).
Nota: ENTRE MARZO Y ABRIL DE
2009, HAN NACIDO 18 NUEVOS
CACHORROS EN EL PROGRAMA DE
CRiA, ELEVANDO A 42 EL TOTAL

DE CACHORROS DE LINCE IBERICO
CRIADOS EN CAUTIVIDAD,
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The route map of the Ex situ Programme is the Iberian Lynx Captive Breeding Action Plan, an adaptive
management document reviewed annually by an advisory captive breeding committee. The Plan’s most
recent update, which emphasizes habitat conservation using ex situ efforts as a working tool, has been
recently endorsed by the highest Spanish authorities at the Sectorial Conference, in May 2008 (Vargas et
al., 2008b). The main Ex situ Programme goals are twofold: 1) To maintain a genetically and demographically
managed captive population that serves as a “safety net” for the species and 2) To help establish new
Iberian lynx free-ranging populations through reintroduction programmes. To accomplish these goals, the
Iberian Lynx Conservation Breeding Programme encompasses management and applied research strategies
in the following six areas.

Iberian lynx genetic goals for the Ex situ Programme were established based on recommendations provided by
the IUCN/SSC Conservation Breeding Specialist Group in collaboration with the Iberian lynx in situ conservation
managers. Population modelling using the Programme PM2000 (2004) revealed that it would be impossible to
maintain 90% of existing gene diversity for 100 years because the wild population could not withstand extraction
of the required 12 founders per year for 5 years (Lacy and Vargas, 2004; Leus and Lacy, this book). At the time
of this first analysis in Spring 2004 there were six wild-caught lynxes already at El Acebuche captive breeding
center, a facility that was constructed in 1991 in Dofana National Park, Southeastern Spain. At the same time,
modelling suggested the feasibility of maintaining 85% of the existing genetic diversity for the next 30 years.
The outcome eventually would be the ex situ management of 60 individuals (30 males, 30 females) as breeding
stock (Lacy and Vargas, 2004; Godoy et al., this book; Leus and Lacy, this book). This goal could be attained by
adding four founders (mostly cubs or juveniles) per year for 5 years as well as one extra founder every 2 years
(from the handicapped lynxes that normally enter rescue centres) for the entire duration of the Programme.
This level of extraction rate would have a minor impact on the viability of the wild populations according to the
model designed by Palomares et al.,(2002). Following this scheme, the Programme could achieve its population
target of 60 individuals by 2009 and reintroduction of captive-raised lynxes could begin in 2010, provided that
adequate habitat was prepared. Originally, modelling predicted the availability of 12 to 13 captive-born lynxes
annually from 2011 through 2019 (Lacy and Vargas, 2004). A recent update of the projections, using data from
actual captive reproduction over the past 5 years, indicates that the annual number of animals available for
release every year will oscillate between 20 and 40 Iberian lynxes (Godoy et al., this book).

During the past seven years (from Spring 2002 to 2008), the Andalusian government has extracted 26 wild-born
Iberian lynxes for the Captive Breeding Programme; in addition, 10 more lynxes were brought into captivity because
they had problems that compromised their survival in the wild (Simén et al., this book), although not all of these lynxes
can be considered as potential founders of the captive population. The year 2008 marked the end of the planned
extractions of wild lynxes for incorporation into the breeding population; still, those found injured or handicapped
—with compromised probabilities of survival in the wild— will continue to trickle into the Breeding Programme. At the
time of writing this chapter, there are 58 lynxes in the Programme (Figure 2), of which 42 (28 founders and 14 captive-
born) and 6 (all founders) have pure Sierra Morena and Dofiana ancestry, respectively. Ten of the captive-born cubs
in captivity descend from crossings between Dofiana and Sierra Morena founders (Figure 3). Thus, the Programme
is presently ahead of growth projections (Godoy et al., this book) and could already begin to provide captive-born
individuals for reintroduction efforts.

To provide the captive space needed to achieve the Programme’s genetic goals, construction of two new Iberian
lynx breeding centers —Granadilla (Extremadura) y Odelouca (Silves, Portugal)- is underway. An additional center
in Cabafieros (Castille-La Mancha) is also scheduled for future construction. All breeding centers are strategically
placed so they can be co-managed by administrations that commit to habitat preparation for future reintroductions.
Breeding centers will function as a network, following EEP standards, each managing approximately eight Iberian
lynx breeding pairs. All centers considered, the captive population will be managed as a metapopulation, a genetic
counterpart to the Sierra Morena and Dofiana free-ranging populations (Godoy et al., this book). Construction of
breeding centers is tightly linked —via Memorandums of Understanding—to a regional compromise to prepare habitat
for future reintroduction efforts. In this fashion, in situ and ex situ efforts work together towards a common goal.




FIGURE 3. MATING BETWEEN A MALE FROM SIERRA MORENA AND A FEMALE
FROM DONANA. BETWEEN 2005 AND 2008, OUT OF THE 24 CAPTIVE-RAISED
CUBS, TEN WERE OF MIXED-ORIGIN “DONANA X SIERRA MORENA™.

FIGURA 3. APAREAMIENTO ENTRE UN MACHO DE SIERRA MORENA Y UNA
HEMBRA DE DONANA. DE LOS 24 CACHORROS CRIADOS EN CAUTIVIDAD
ENTRE 2005 Y 2008, 10 HAN SIDO DE ORIGEN MIXTO “DONANA X SIERRA
MORENA”
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FiGURE 4. ROUND-THE-CLOCK VIDEO-SURVEILLANCE SYSTEM. THIS SYSTEM
ALLOWS FOR EARLY DETECTION OF POTENTIAL PROBLEMS WHILE IT PERMITS
STUDYING THE LYNXE’S BEHAVIOUR WITHOUT DISTURBING THE ANIMALS. THANKS
TO THIS SYSTEM, WE HAVE BEEN ABLE TO DETECT SEVEN ABANDONED CUBS (ALL BY
PRIMIPAROUS MOTHERS) AND 48 SIBLING FIGHTS, THUS ALLOWING THE TEAM TO
REACT IN TIME AND SAVE SEVERAL IBERIAN LYNX LIVES.

FIGURA 4. SISTEMA DE VIDEOVIGILANCIA (24-HORAS AL DiA). ESTE SISTEMA
PERMITE LA DETECCION TEMPRANA DE CUALQUIER PROBLEMA POTENCIAL Y FAVORECE
EL ESTUDIO DEL COMPORTAMIENTO DE LOS LINCES SIN CAUSARLE MOLESTIAS DE
NINGUN TIPO. GRACIAS A ESTE SISTEMA SE HA PODIDO DETECTAR EL ABANDONO

DE VARIOS CACHORROS (TODOS POR PARTE DE MADRES PRIMERIZAS) Y DIVERSAS
PELEAS ENTRE HERMANOS N=18, PERMITIENDO REACCIONAR A TIEMPO Y SALVAR LA
VIDA DE VARIOS EJEMPLARES DE ESTA ESPECIE.
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TaBLE 1. MATING, GESTATION,
PARTURITION AND CUBS WEANED A
(3-MONTHS-0F AGE) OF caPTIvE  Year Female Male lDatg Num!?er of Gestation Labour Cubs Cubs
IBERIAN LYNX BETWEEN 2005 1**mating matings  (days) Born Weaned
AND 2008. THE GESTATION Total(m.f.unk) Total(m.f.unk)
PERIOD IS MEASURED AS THE
,,T,:;E::;:::::MH;E:: ::: 2005 Saliega Garfio  23/01/2005 >5 (unk) 64 ? 3(1.2) 2 (1.1)
oﬁ;‘;i:;‘";"";:r:f{::;::‘:l 2006 Garfio  19/01/2006 43 63 ? 2(0.2) 2 (0.2)
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°:Hs:';f:v?;2m?:2 2008 Jub  18/01/2008 65 64 32’ 3(1.2) 2(1.1)
YOUNG. (“M.FUNK"= MALE, FEMALE, 2005  Aura Jub  28/01/2005 25 NP N/A N/A N/A
UNKNOWN; NP= NoN PREGNANT; Ny
N/A = Not APpLICABLE; *= wHELPING 2006 Garfio  30/01/2006 26 NP N/A N/A N/A
BEFORE DUE TIME; **=ONE HAND-RAISED 3
p ***=A,thIJBS HAND-RASED). 2007 Garfio  15/01/2007 21 65 6h 3(2.1) 3(2.1)
2008 Garfio 07/02/2008 21 65 shgsg’ 2(1.1) 2(1.1)
T 1. A s )
A?:STAC,::EZ?A::;:ISY 2005 Esperanza Garfio  11/02/2005 20 NP N/A N/A N/A
CACHORROS DESTETADOS (3 5006 Jub  09/02/2006 25 65 >6h 2(1.2) 1(0.2)**
MESES DE EDAD) EN EL PROGRAMA
pE CONSERVACION EX siTuDEL 2007 Jub  03/01/2007 24 66 4h 40’ 2(1.1) 1(1.0)
Lince IBE 200 s
'%;:;gf%f':?:om DSE 2008 Jub  06/02/2008 33 66 2h 43 1(0.1) 1(0.1)
GESTACION SE MIDE COMOEL 2006  Aliaga Cromo  15/02/2006 13 56 * 50° 2(2.0) o
TIEMPO TRANSCURRIDO DESDE
LA PRIMERA COPULA OBSERVADA 2007 Cromo  22/01/2007 23 NP N/A N/A N/A
HASTA EL NACIMIENTO DEL ’ *kKk
PRIMER CACHORRO, MIENTRAS 2008 Cromo _ 07/02/2008 33 64 5h 22 3(0.3) 3(0.3)
QUE EL TRABAJO DEL PARTO 2006 Adelfa Cromo  19/01/2006 19 NP N/A N/A N/A
(“LABOUR™) SE MIDE COMO EL C 61 * h
TIEMPO TRANSCURRIDO DESDE 2907 romo  27/01/2007 33 1 1 3(2.0.) o
LA PRIMERA CONTRACCION 508 Garfio 01/02/2008 32 63 3h 25’ 2(2.0) 2(2.0)
OBSERVADA HASTA EL NACIMIENTO
DEL OLTIMO CACHORRO. 2007  Artemisa Almoradux  02/01/2007 23 42 * N/A 2(2.0) o
“‘M.F.UNK"= MACHO, ) X
DESCONO(("')"O: :INI;(= N%AG:STA:ETI:;B;A/ 2007 Brisa Arcex  20/01/2007 15 NP N/A N/A N/A
A=No apLIcABLE; * NACMIENTO ANTES 2008 Brisa Arcex  19/01/2008 25 59 * oh 2(0.1.1) 1(0.2)***
DE TERMINO; **=UN CACHORRO CRIADO -
A MANO; *¥*70005 L0 cAciorros 2008 BOj Arcex 02/02/2008 31 65 6h 3(2.1) 2(0.2)***
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INTERDISCIPLINARY METHODS IN THE IBERIAN LYNX (Lynx PARDINUS) CONSERVATION BREEDING PROGRAMME
METODOS MULTIDISCIPLINARES EN EL PROGRAMA DE CRIA PARA LA CONSERVACION DEL LINCE IBERICO (LYNX PARDINUS)
AsTRID VARGAS, IfIG0 SANCHEZ, FERNANDO MARTINEZ, ANTONIO RIvAS, JosE AnTonIO Goboy,

EpbuarRDO RoLpAN, MiGUEL ANGEL SIMON, RODRIGO SERRA, M2 JosE PErez,

ALEXANDER SLiwa, MicueL DeLiBes, MiGueL AYMERICH AND URS BREITENMOSER

Captive husbandry is based on interdisciplinary input from a variety of animal-care fields, such as nutrition,
behaviour, genetics, physiology and veterinary medicine, together with the systematic use of the scientific
method. One of the Programme’s key husbandry challenges is to strike a balance between fostering natural
behaviours in captivity (hunting, territoriality, social interactions, etc.) and creating a stress-free environment
where animals are more prone to mate. For this reason, the Breeding Programme favours naturalistic enclosures
and promotes natural behaviours via environmental enrichment (Manteca, this book; Martos, this book). In
order to get important information about the animals (such as their body mass or determining whether or not
the females are pregnant), certain training techniques are being used. Some of these include obtaining regular
weights by having the lynx step on a measuring scale. Such techniques are designed to avoid using invasive
methods, which would stress the animals, and they also serve as a way to strengthen the trust between the
animals and their keepers. Special care is taken to avoid domestication of captive lynxes, although this becomes
a greater challenge in the case of hand-reared, abandoned cubs (Rivas et al., this book).

Lynx behaviour and activity patterns are also being carefully observed by a round-the-clock video surveillance
system (see description in Vargas, 2005a) (Figure 4), which provides a great deal of information on conducts that
could not easily be learned through observations in the wild, such as the ontogeny of predatory behaviour or the
dynamics of the weaning process (Figure 5). Among other things, we have learned that mating behaviour in the
Iberian lynx follows a similar pattern as that of other felids (Figure 3) (Lanier and Dewsbury, 1976; Rodriguez-
Llanes, 2006). Breeding season in captivity mostly takes place throughout January and February, with most
births occurring in March and April, as it is the case in the wild (Palomares et al., 2005; Palomares et al., this
book “a”). The actual mating period lasts between two and three days during which lynxes copulate an average
of 28 times (range: 13-65; n=460 copulatory bouts in 21 pairs; Table 1). Gestation period, counted from the time
of the first copulation, ranges from 63-66 days (n=12). All parturitions that have occurred before 61 gestational
days (n=4) have resulted in the birth of either dead or weak and not completely developed young, which were
considered premature. Although variation between individuals is very high, most females are very consistent
regarding their own timing to enter estrous and regarding the number of days they are gravid (Table 1).

Labour during whelping (regarded as the time lapsed between the first visible contractions until the delivery
of the last offspring) varies widely between females, with some of them delivering each young within 10-15
min intervals while others taking up to 9 hours between the delivery of each offspring (Table 1). Primiparous
females have a higher rate of failure to raise their young than multiparous ones. Out of the eight females that
have whelped at El Acebuche center, only two first-time mothers —Saliega and Aura— managed to nurse all their
young until weaning age. Two other dams —Esperanza and Boj- kept only one of their cubs after whelping and
abandoned the rest of the offspring in their first litter, while three other females —Adelfa, Aliaga and Brisa—
miscarried one of their offspring and delivered the rest of the cubs prematurely during their first gestation. One
female, Artemisa, miscarried two undeveloped fetuses at 42 gestational days. Our video-surveillance system
permits early detection of problems, which has resulted in the rescue of 7 Iberian lynx cubs that were hand-
raised after being abandoned by their first-time mothers (Figure 5) (Rivas et al., this book).

This non-intrusive surveillance system has also allowed us to identify the existence of a sensitive period
when Iberian lynx cubs become highly competitive to the point of siblicide (Vargas et al., 2005 b; Antonevich et
al., this book). Spontaneous aggression erupted at 44 days of age in the first Iberian lynx litter born in captivity.
The largest cub (a female) in a litter of three was killed by a brother who delivered lethal bites to the larynx and
skull. Agonistic behaviour has been observed in nine of eleven subsequent Iberian lynx litters of two or more
cubs, with the most intensive fighting occurring around the end of the sixth and seventh post-natal weeks,
respectively (Antonevich et al., this book). This same phenomenon has been observed in the Eurasian lynx by
Russian scientists at the Tcherngolovka facility who recorded aggressive behaviour in 16 of 31 litters, with deaths
occurring in four cases (Naidenko and Antonevich, this book). The authors indicate that the highest prevalence
of agonistic behaviour in Eurasian lynx cubs occurred at 36 to 64 days of age, with the greatest frequency
during the seventh post-natal week. Although siblicide in Iberian lynx has not been directly observed in nature,
a 1-month-old cub was found in the wild in 2003 with severe injuries compatible with bites from another cub. It
may also be relevant that free-ranging Iberian lynxes generally give birth to three cubs, but 70% of the females




MOTHER BEGINS TO BRING DEAD RABBIT TO CUBS IN DEN
FirsT PLAY/CONTACT BEHAVIOUR OF CUBS WITH DEAD RABBIT
FIRST CONSUMPTION OF DEAD RABBIT KILLED AND OPENED BY THE MOTHER
FIRST CONSUMPTION OF DEAD RABBIT WITHOUT THE HELP OF THE MOTHER

FIRST PREDATORY TRIALS: STALKING AND POUNCING
OF CUB OVER LIVE RABBIT

FIRST EFFECTIVE KILL=BITE

(NAPE AND THROAT BITE COMBINED)
BIRTH THAT RESULTS IN THE DEATH

OF THE PREY

DAYs OF LIFE

TIMING DEPENDS ON THE
HIERARCHICAL STATUS OF
THE CUB WITHIN THE LITTER

SUCKLING PERIOD (~2 MONTHS) WEANING PROCESS WEANED (AFTER ~3.5 MO)

FiGURE 5. DEVELOPMENTAL LANDMARKS OF PREDATORY BEHAVIOUR IN MOTHER-RAISED IBERIAN LYNX CUBS, COUPLED WITH TIMING OF THE LACTATION AND WEANING
PROCESSES (N=9; ADAPTED FROM VAZQUEZ ET AL., 2007). DURING AND AFTER THE WEANING PERIOD, MOTHERS PLAY AN ACTIVE ROLE IN TEACHING THEIR
OFFSPRING HOW TO HUNT.

are usually observed with only two young after approximately three months post-parturition (Palomares et al.,
2005). Sibling aggression in Iberian lynx has influenced programme husbandry as staff must be vigilant and
prepared to break up aggressive bouts during the sensitive period.

The health considerations involved in captive breeding, reintroduction and translocation programmes are
a source of great concern to conservation biologists, since captive-bred animals could potentially transmit
infectious diseases to wild populations (e.g., tuberculosis in reintroduced Arabian oryx, Oryx leucoryx; Viggers
et al., 1993) and vice-versa (e.g., wild-caught black-footed ferrets transmitted canine distemper to potentially
uninfected, captive individuals; Williams et al., 1988). It is generally felt that most of these conservation
programmes were lacking: 1) sufficient information on disease distribution and risk in captive populations; 2)
sufficient information on disease incidence, distribution and risk in wild populations; 3) quarantine systems to
prevent disease transmission; 4) a system to adequately track and detect pathogens.

Because relatively little was known about the diseases affecting the Iberian lynx, actions to improve
our knowledge of the main diseases affecting the species was imperative. The Iberian Lynx Conservation
Breeding Programme established a Veterinary Advisory Team (GAAS) dedicated to address diverse aspects
of veterinary management and research, as well as protocol development (Martinez et al., 2006). To improve
the understanding of the various diseases that could potentially affect the species, the Programme’s
main lines of action involve the establishment of preventive disease protocols for the captive population,
capacity building of veterinary staff working with in situ and ex situ populations, and conducting research
on general veterinary science (Martinez et al., this book).
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FIGURE 6. SOMETIMES IT IS NOT
EASY TO DIFFERENTIATE BETWEEN
PLAY AND FIGHTING BEHAVIOURS,
ESPECIALLY BECAUSE PLAY-FIGHTING
IS COMMON IN IBERIAN LYNX CUBS.
IN GENERAL, SIBLING FIGHTS DO
NOT OCCUR DURING PLAYFUL BOUTS.

Photo: José Maria Pérez de Ayala

Research projects have helped determine the incidence and prevalence of infectious pathogens in captive
and wild lynx populations (Millan, 2006; Meli et al., this book; Lopez et al., this book), determination of normal
vs pathological blood values (Pastor et al., this book; Garcia et al., this book), and establishing parameters that
point towards a potential renal disfunction in wild and captive lynxes (Jiménez et al., 2008; Jiménez et al., this
book). The results of research, protocol development, and standardization efforts, coupled with dissemination
and sharing of knowledge and experience among veterinarians working in the Programme are all contributing to
more consistent diagnosis and treatment.

Reproductive physiology studies and associated technologies increase the success rate of any captive-breeding
programme and are important in helping with the conservation of wild felids in captivity (Wildt et al., 2009;
Wildt et al., this book). Reproductive technologies are available for three major purposes: 1) assessing fertility
and monitoring reproductive status; 2) assisting in breeding and maintenance of gene diversity; and 3) learning
more about reproductive mechanisms of the endangered Iberian lynx.

Consistent with the need for more basic species information, our husbandry and breeding efforts have
established/reconfirmed normative data on sexual maturity (males, 2-3 years; females, 2-3 years; Roldan et
al., this book; Goritz et al., this book, respectively), oestrus length (3-7 days), copulations per pairing (28) and
gestation interval (63-66 days) (Table 1). Faecal hormone monitoring has demonstrated that females experience
ovarian cycles from January through May whereas males maintain testosterone year-round (Pelican et al., this
book; Dehnhardt et al., this book). But species peculiarities also have been revealed, for example, oestrogen
metabolite concentrations during pregnancy are significantly greater than in other felid species (Pelican et al.,
this book; Brown, this book). Additionally, progestin excretion profiles are unusually lengthy, largely because
ovarian corpora lutea (sites of earlier ovulations) remain active much longer than in most other felids (Goritz et
al., this book). Prolonged non-pregnant luteal activity has also been described in the closely related Eurasian
lynx (Lynx lynx; Jewgenow et al., 2006; Dehnhardt, this book) and in the Canada lynx (Fanson et al., this book)
suggesting an idiosyncratically-conserved mechanism for lynxes in general.

Regarding male reproductive physiology, sperm traits seen in the Iberian lynx are lower than those reported
for some other felid species, yet higher than those reported for the Eurasian lynx and the bobcat (Gafian et al., in
press; Roldan, et al., this book). It has also been found that thawed-out Iberian lynx spermatozoa are capable of




FiGURE 7. FIVE-WEEK-OLD
IBERIAN LYNX HAND-RAISED
cuss. WHENEVER POSSIBLE, IT IS
IMPORTANT TO MAINTAIN HAND-
RAISED CUBS IN PAIRS [ TRIPLETS.
IF THIS WERE NOT POSSIBLE, IT IS
RECOMMENDABLE NOT TO MAINTAIN
THE CUB IN ISOLATION BUT TO
PROVIDE A SIMILAR-SIZE CUB
FROM A CLOSELY RELATED SPECIES
IN ORDER TO PROMOTE ADEQUATE
SOCIALIZATION AND BEHAVIOURAL
DEVELOPMENT.

FiGuRA 7. CACHORROS DE LINCE
IBERICO DE CINCO SEMANAS
CRIADOS A BIBERON. SIEMPRE

QUE SE PUEDA, ES IMPORTANTE
MANTENER A LOS CACHORROS
CRIADOS A MANO EN PAREJAS O

EN GRUPOS DE TRES. SI ESTO NO
FUESE POSIBLE, SE RECOMIENDA
NO MANTENER AL CACHORRO

EN AISLAMIENTO E INTENTAR
PROPORCIONARLE LA COMPANIA DE
ALGUN CACHORRO DE OTRA ESPECIE
DE FELINO DE TAMANO SIMILAR CON
EL FIN DE PROMOVER UNA BUENA
SOCIABILIZACION Y UN DESARROLLO
ADECUADO DEL COMPORTAMIENTO.
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fertilising viable in vitro matured do