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en Suiza, fundaron la organizacion sin animo
de lucro KORA. Desde 2001 ambos codirigen
el Grupo Especialista de Felinos de la Union
Internacional para la Conservacion de la Natu-
raleza (UICN/SSC). Durante los dltimos afios,
han desarrollado diversas herramientas para
mejorar la comunicacién y la formacién de
especialistas en conservacion de felinos, ta-
les como la pagina web www.catsg.org, con
informacién sobre las 37 especies de felinos;
la biblioteca digital “Cat Library”, con mas de
6.000 documentos sobre conservacion de fe-
linos silvestres, y la revista “Cat News”, con
informacién sobre programas de conservacion
de felinos a nivel global. El Grupo Especialis-
ta de Felinos reline a 210 especialistas de 57
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sentantes de ONGs, con el fin de desarrollar
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todo el mundo.
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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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resulté en la creacién de un area protegida en
dicha region en el afio 2005. Desde diciembre
de 2003 Astrid dirige el Programa de Conser-
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ble de la gestion del centro de cria de El Ace-
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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 tamano medio, solitario y territorial, cuyas (nicas poblaciones
se encuentran en la mitad sur de la Peninsula Ibérica. Esta especie de lince
presenta una alta especializacion 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 ahos 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 tamaiio mas pequeio, 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.

Keyworps
Iberian lynx, Lynx pardinus, spatial ecology, breeding, habitat use, social organization
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FIGURE 1. IBERIAN LYNX BREEDING
FEMALE EMERGING FROM A HOLLOW
TREE DEN IN DONANA.
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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).

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 Dofana, females always choose old, large hollow trees as breeding dens (at least 9o 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.

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 1and 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 dinédmica 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 depredacin. 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.

Keyworbps
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



STATUS AND TRENDS OF RABBIT POPULATIONS IN THE IBERIAN PENINSULA
ESTADO ACTUAL Y TENDENCIAS POBLACIONALES DEL CONEJO EN LA PENINSULA IBERICA
CarLos CALVETE

Status and trends of rabbit populations
in the Iberian Peninsula

CarLos CALVETE

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 aprobé 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 econémicos, ni con tanta
atencion 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.
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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 financialresources 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.

Keyworps
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).
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Conservation status and Action
Plan for the recovery of Iberian
lynx populations in Portugal

Pepro SARMENTO, JoANA Cruz, CATARINA FERREIRA, PEDRO MONTERROSO, RODRIGO
SERRA, PEDRO TARROSO AND NUNO NEGROES

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 introduccién de enfermedades viricas.
Segln el dltimo 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-
vacion 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
esta 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 reintroduccion 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 Conservacién 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.

Keyworps
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.

¢ 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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ReESuMEN

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, Dofana y Sierra
Morena oriental, ambas en Andalucia. La Junta de Andalucia, en colaboracion
con algunos socios, adopt6 diferentes medidas de conservacion 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 extincién de
la especie en la naturaleza y para estabilizar ambas poblaciones silvestres.
En la actualidad, los esfuerzos de la conservacién 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 poblacion de Sierra Morena continla
creciendo anualmente (tanto numéricamente como en superficie). De hecho,
el ndmero de individuos adultos (méas 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.
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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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Has with WWF-Spain. In addition, the Iberian lynx presently occupies 60,000 Has of public lands.

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.

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.
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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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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 Dofana
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 Dofiana 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 reintroduccién 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 deberia alcanzar su meta poblacional para el afo 2010y 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
ano 2009, aungue la primera reintroduccién 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 fisiolégico como etoldgico, para lo cual
se han utilizado técnicas de manejo y de investigacién siguiendo un enfoque
multidisciplinar, es decir, integrando conocimientos generados a partir de los
campos de la biologia, etologia, nutricion, 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 20022003 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).

PopuLATION GROWTH OF THE IBERIAN LYNX CAPTIVE BREEDING
PROGRAMME FROM JANUARY 2004 TO JANUARY 2009
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FIGURE 1. IBERIAN LYNX FEMALE
WITH HER THREE-WEEK-OLD
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 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.
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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.
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FIGURE 3. MATING BETWEEN A MALE FROM SIERRA MORENA AND A FEMALE FiGURE 4. ROUND-THE-CLOCK VIDEO-SURVEILLANCE SYSTEM. THIS SYSTEM
FROM DONANA. BETWEEN 2005 AND 2008, OUT OF THE 24 CAPTIVE-RAISED ALLOWS FOR EARLY DETECTION OF POTENTIAL PROBLEMS WHILE IT PERMITS
CUBS, TEN WERE OF MIXED-ORIGIN “DONANA X SIERRA MORENA”. 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 18 SIBLING FIGHTS, THUS ALLOWING THE TEAM TO
REACT IN TIME AND SAVE SEVERAL IBERIAN LYNX LIVES.

Photo: Héctor Garrido

TABLE 1.
TaBLE 1. MATING, GESTATION,
PARTURITION AND CUBS WEANED .
(3-MONTHS-0F AGE) OF cAPTIVE  Year Female Male Date Number 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
TIME ELAPSED BETWEEN THE . .
FIRST OBSERVED MATING ANp 2005 Saliega Garfio  23/01/2005 >5 (unk) 64 ? 3(1.2) 2 (11)
THE DELIVERY OF THE FIRST 56 Garfio  19/01/2006 43 63 ? 2(0.2) 2 (0.2)
OFFSPRING, WHILE “LABOUR”’
IS MEASURED FROM THE FIRST 2007 Jub  18/01/2007 43 64 1h 2(1.1) 2(1.1)
OBSERVED CONTRACTION TO R
THE DELIVERY OF THE Last 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 ***=1:ucuss HAND-RAISED). 2007 Garfio  15/01/2007 21 65 6h 3(2.1) 3(2.1)
2008 Garfio 07/02/2008 21 65 shgg’ 2(1.1) 2(1.1)
2005 Esperanza Garfio  11/02/2005 20 NP N/A N/A N/A
2006 Jub  09/02/2006 25 65 >6h 2(1.1) 1(0.2)**
2007 Jub  03/01/2007 24 66 4h 40 2(1.1) 1(1.0)
2008 Jub  06/02/2008 33 66 2h 43’ 1(0.1) 1(0.1)
2006 Aliaga Cromo  15/02/2006 13 56 * 50° 2(2.0) o
2007 Cromo  22/o01/2007 23 NP N/A N/A N/A
2008 Cromo  07/02/2008 33 64 5h 22’ 3(0.3) 3(0.3)***
2006 Adelfa Cromo  19/01/2006 19 NP N/A N/A N/A
2007 Cromo  27/o01/2007 33 61 * 1h 3(2.0.1) o
2008 Garfio 01/02/2008 32 63 3h 25’ 2(2.0) 2(2.0)
2007 Artemisa Almoradux 02/01/2007 23 42 * N/A 2(2.0) o
2007 Brisa Arcex  20/01/2007 15 NP N/A N/A N/A
2008 Brisa Arcex  19/01/2008 25 59 * 9h 2(0.1.1) 1(0.2)***
2008 Boj Arcex 02/02/2008 31 65 6h 3(2.1) 2(0.2)***
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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
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fertilising viable in vitro matured domestic cat oocytes, thus opening up the possibility of examining functional
capacity of spermatozoa from this species under laboratory conditions (Gafian et al., in press).

The ex situ population is also being used to explore a novel means of diagnosing pregnancy. Because all
ovulating lynxes produce rising progesterone (regardless of conception), conventional hormone monitoring is
not useful for identifying a gestating female (Pelican et al., this book). However, increasing concentrations of
the hormone relaxin (in blood or urine) are indicative of pregnancy in felids (Van Dorsser et al., 2007). A unique
non-invasive means of collecting blood has been developed using blood-sucking Triatomine bugs (Rhodnius
prolixus or Dipetalogaster maxima) placed in specially-drilled hiding holes in the lynx’s cork nestbox (Voigt et
al., 2007; Jewgenow et al., this book). As much as 2 ml of blood can be extracted per bug, more than adequate
for the assay. Urine is captured using special collection devices distributed throughout the animal’s enclosure.
Pregnant females express a positive relaxin signal from 32 to 56 days post-copulation of a 65-day gestation
(Braun et al., 2009; Jewgenow, this book), thereby allowing managers to prepare for an impending parturition.

In order to assist breeding and maintaining genetic diversity, the Iberian Lynx Ex situ Programme collaborates with
the maintenance of Biological Resources Banks (BRBs) for conservation of biomaterial gathered from wild and captive
Iberian Lynx populations. Biomaterials are presently being safeguarded at two locations: the National Museum of
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Natural Sciences in Madrid (Roldan et al., this book) and the Miguel Hernandez University in Elche, Alicante (Ledn et
al., this book). Although the Museum of Natural Sciences places special emphasis on reproductive samples and the
MH University focuses on multipotential somatic cells, both banks preserve tissue, blood, serum, and other biological
materials. The conservation of gametes will allow the Breeding Programme to extend future options without the
limitation of space or the risk of disease transmission, while opening the opportunity of prolonging the possibilities
of reproduction for individual animals after their death (Roldan et al., this book). The storage of samples at both
BRBs provides a safety net for these valuable materials and ensures that biosamples will be available for additional
analysis whenever needed, which is a crucial resource for potential retrospective studies.

The small size of current Iberian lynx free-ranging populations renders them highly vulnerable to stochastic events.
Thus, it is imperative to create, as soon as possible, new wild populations, while simultaneously increasing
numbers in the existing ones. Prior to any reintroduction/translocation a detailed viability study is required
(IUCN Guidelines for reintroductions: IUCN, 1998). It is important to determine if the cause or causes that
brought the species to extinction in the specific area have been eradicated and, if so, if there is administrative
and local population support for the programme and if the habitat is prepared to support a viable population
of the species (Simén et al., this book). All reintroductions and translocations must be performed using
scientific support and the Iberian lynx should be no exception (Calzada et al., this book; Palomares et al., this
book “b”). Such conservation techniques require an interdisciplinary approach, with input from experts in
ecology, veterinary medicine, genetics, physiology and behavioural sciences, as well as support from socio-
political and information sciences. All stages of programme development and implementation must have
well-defined protocols that document objectives, methodology, responsibilities, as well as the accountability
of the organizations and individuals involved (MARM, 2008).

The Andalusian government, by means of the current LIFE-Nature Project for the Reintroduction of the Iberian
lynx in Andalusia, has evaluated different potential areas for lynx reintroduction in this Spanish region and has
selected two areas that comply with IUCN criteria (Simoén et al., this book). The first reintroduction is scheduled
to take place in 2009 using wild-born individuals from the Sierra Morena population (Simén et al., this book).
Reintroduction of captive-born lynxes is scheduled for 2010. Captive candidates will be chosen based on geneticand
behavioural criteria. Preparation for release will include maintaining animals in large preconditioning enclosures
with minimal human contact and exposure to natural stimuli, including live prey. Lessons from other reintroduction
programmes will be essential for the planning and implementation of the first Iberian lynx reintroduction.

Awareness, education, and scientific training are essential to all conservation breeding programmes. Education
and awareness efforts should be focused on changing prevalent attitudes that contribute to habitat destruction
and species extinction. One advantage enjoyed by conservation breeding programmes is their ability to gain
public attention, particularly if the animal in question is charismatic and attractive to the broader public. The
Iberian lynx is one such case, and raising public awareness for the need for habitat conservation to guarantee
survival of the species in the wild is one of the Programme’s objectives. It is important to emphasize that
breeding and keeping lynxes in captivity, with no hope of ever returning them to the wild or of recovering the
natural populations, would be a pointless exercise. The Breeding Programme encourages, cooperates with, and
supports media interest in the Iberian lynx, while taking every opportunity to remind the public of the primary
importance of habitat conservation.

One way of providing an open window to the Breeding Programme is by sharing on-line information via
a frequently updated Iberian lynx web page (http://www.lynxexsitu.es), featuring monthly newsletters,
pictures and videos of all captive lynxes, along with general interest and scientific articles, plus information
on the Programme’s protocols and working methods. An English language version is currently in production
to further expand the scope of communication and awareness efforts. As part of its training efforts, El
Acebuche Center organizes on-site internships for recent college graduates interested in acquiring first—
hand knowledge on the Iberian Lynx Conservation Programme.




ConcLusions

To date, the Iberian Lynx Conservation Breeding Programme includes 58 (30, 28) lynxes and is ahead of Action Plan
forecasts (Lacy and Vargas, 2004; Leus et al., this book; Godoy et al., this book). Between 2005 and 2008, 15 litters
have been produced (three prematurely) with 24 surviving young (Figure 2). The Programme’s management team
works closely with in situ conservation authorities, managers and researchers. For example, skills and resources are
being shared to address the increase in disease concern for lynxes and prey, and projects are coordinated to monitor
genetic status of the wild and captive populations. Most importantly, our multidisciplinary research is generating
new insights into the unique biology of this species while our intensive management is on course to meet the
overall recovery goal of attempting reintroduction of captive-raised lynxes by 2010. Finally, the Programme carries
out a capacity-building plan aimed at preparing professionals for working on endangered species conservation
as well as sensitizing the general public and decision-makers about the importance of conserving habitat for the
recovery of this charismatic felid. In this fashion, the guidelines and experiences offered in this book illustrate how
an ex situ breeding programme can be integrated to compliment the challenge of recovering wild Iberian lynxes in
nature, which is always the highest priority.
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Managing conservation breeding programmes oriented
towards reintroduction is a case of artfully combining the
following advice:

Before beginning, plan carefully
Marcus Tullius Cicero

You’ll never do a whole lot unless you’re brave enough to try
Dolly Parton
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RESUMEN

En el presente capitulo se resumen los principios generales de la gestion gené-
tica de los programas de cria en cautividad con fines de reintroduccién, uno de
cuyos objetivos mas importantes es mantener tanta diversidad genética como
sea posible. Esta diversidad genética representa el potencial evolutivo de una
poblacién y esta correlacionada con su aptitud biolégica. Las poblaciones en
cautividad suelen ser pequefias, carecen de flujo génico sin intervencion hu-
mana y no viven en condiciones naturales. Esto las hace vulnerables a cam-
bios genéticos que pueden afectar al éxito de la reintroduccién, tales como la
pérdida de diversidad genética debido a la deriva genética, la endogamia, la
depresién por endogamia y la adaptacion genética a la vida en cautividad. La
mejor forma de mantener la diversidad genética en poblaciones cautivas impli-
ca: 1) maximizar el nimero de ejemplares fundadores (sin poner en peligro la
poblacién silvestre de donde se extraen los ejemplares), 2) maximizar la tasa
de crecimiento durante la etapa de crecimiento de la poblacion (lo que implica
un buen conocimiento de la historia natural y los cuidados que requiere la
especie en cautividad), 3) maximizar la capacidad de carga y 4) realizar los
emparejamientos de los ejemplares en funcién de su indice medio de paren-
tesco o mean kinship (mk), sobre todo durante la “etapa de capacidad” del
programa, y ademas, 5) minimizar la endogamia. El valor mk de un individuo
es una medida con la que se establece su parentesco con toda la poblacion.
Los ejemplares con valores de mk bajos tienen pocos parientes en la pobla-
cién. Si uno de estos individuos muere, es muy probable que se pierda para
siempre esa diversidad genética Gnica. En cambio, es probable que la mayor
parte del material genético de un individuo con muchos parientes ya esté re-
presentado en ellos. Por tanto, la diversidad genética de una poblacién cautiva




se puede maximizar dando prioridad a los individuos con valores de mk bajos,
emparejando individuos con valores de mk similares para la reproduccion, y
minimizando la endogamia. Se necesita un buen grado de conocimiento para
tener en cuenta las caracteristicas biolégicas y sociales de la especie, las pe-
culiaridades no genéticas de los individuos en cuestién y las circunstancias
practicas. Por dltimo, los individuos criados en cautividad mas idéneos para
la reintroduccién deben estar bien representados en la poblacién cautiva v,
asimismo, deben ser cuidadosamente seleccionados, ya que ellos mejoraran
la diversidad genética de la poblacion silvestre. Todos estos principios se ex-
plican en este capitulo, prestando particular atencidn al caso especifico del
lince ibérico.

PALABRAS CLAVE
Reproduccidn en cautividad, diversidad genética, fundadores, metas poblacio-
nales, seleccion de parejas, indice medio de parentesco

ABSTRACT

This paper aims to summarise the general principles of the genetic management of
conservation breeding programmes with the aim of reintroduction. One of the most
important aims for such programmes is to retain as much gene diversity as possible.
Gene diversity represents the evolutionary potential captured within the population
and is correlated with population fitness. Populations in captivity are often small, lack
gene flow between subpopulations without human intervention, and live under unna-
tural conditions. This makes captive populations vulnerable to genetic changes that
may affect reintroduction success, such as loss of genetic variation through genetic
drift and inbreeding, inbreeding depression, and genetic adaptation to captivity. Gene
diversity can best be maintained in captive populations by 1) maximising the number of
founders (without compromising the wild source population); 2) maximising the growth
rate in the growth stage of the population (implying good knowledge of natural history
and captive husbandry); 3) maximising carrying capacity, and 4) basing the pairings
of individuals, especially during the capacity stage of the Programme, on their mean
kinship (mk) values, while 5) minimising inbreeding. The mk value of an individual is
a measure for the relatedness of this individual to the entire population. Animals with
low mk values have few relatives in the population and vice versa. If an individual with
few relatives dies, chances are high that unique genetic variation is lost forever. In con-
trast, most of the genetic material of an individual with many family members (i.e.,
high mk) is likely also present in its relatives. By giving breeding priority to low mk
individuals, combining individuals with similar mk values for mating, and minimising
inbreeding, the amount of gene diversity retained can be maximised. A degree of com-
promise will be necessary to take into account the biological and social characteristics
of the species, non-genetic peculiarities of the individuals involved, as well as practical
circumstances. Finally, the captive born individuals best chosen for reintroduction are
those that benefit the gene diversity of the wild population, but are genetically well
represented in the captive population. The above principles are explained while paying
particular attention to the specific case of the Iberian lynx.

Keyworbs
Captive propagation, gene diversity, founders, population targets, pair selection, mean
kinship
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INTRODUCTION: WHY IS GENETIC MANAGEMENT SO IMPORTANT?
ne of the most important aims for the management of any captive population of
endangered species, and especially one that is to function as a source for individuals
to be reintroduced into the wild, is to retain as much gene diversity as possible.
This is because gene diversity represents the evolutionary potential captured
within the population and because there is a correlation between gene diversity
(heterozygosity) and population fitness (Reed and Frankham, 2003). The more
variation in genetic traits present in the population and in the individuals within it,
the higher the chance that at least a proportion of the individuals is able to survive
the challenges offered by the variable wild environment. Populations in captivity are
often small, lack gene flow between subpopulations (different enclosures or captive
colonies) without human intervention and live under unnatural conditions (de Boer,
1989). These characteristics make captive populations vulnerable to a number of
genetic changes that affect reintroduction success, among which loss of genetic
variation (and therefore of evolutionary potential) through genetic drift and inbreeding, inbreeding depression,
and genetic adaptation to captivity. Gene diversity can be measured by employing various molecular techniques to
study the nuclear and/or mitochondrial DNA of a sufficiently large sample of individuals in the population, or can
be inferred from detailed pedigree records with the aid of computer modelling.

IF CAPTIVE PROPAGATION IS EXPENSIVE AND PRONE TO LOSING GENE DIVERSITY, WHY DO IT?

The maintenance of a captive population of an endangered species is a very costly affair. If captive populations
are vulnerable to rapid loss of evolutionary potential, and at the same time cost a lot of time and resources, why
do it? The same artificial conditions that cause the loss of gene diversity in captivity also provide the captive
population with a relatively safe environment (no predators, sufficient food and shelter, medical treatment etc.).
Assuming one has sufficient knowledge of the basic biology and therefore husbandry needs of the species, a
much faster population growth can be obtained in captivity. Mortality rates may be lower in captivity than in the
wild and for some species the reproductive output per female per year can be increased (e.g., double clutching
in birds). The assumption of sufficient knowledge of the biology and husbandry of the species is not one to be
taken lightly. If reproduction is lower and/or mortality is higher in captivity than in the wild, extracting animals
from the wild to establish and support the captive population will act as a drain on the already endangered wild
population. Sometimes closely related species for which there is more knowledge on the natural history in the




wild and/or that have already been kept successfully in captivity can act as a model for the development of
suitable husbandry and breeding techniques. In the case of the Iberian lynx for example, experience with the
Eurasian lynx (Lynx lynx) taught that in captivity there is regular mortality of cubs due to one cub attacking and
fatally injuring another cub of the same litter. This knowledge allowed housing and breeding management in the
Iberian lynx ex situ breeding programme to be adapted such that this cause of cub mortality could be minimised
without compromising the family unit and normal lynx rearing behaviour (Vargas et al., 2005).

Apart from providing a safe environment, the more controlled conditions in captivity allow for pro-active
genetic and demographic management in order to minimise and slow the rate of loss of gene diversity, even
when the population is relatively small. The relevant techniques employed will be discussed below.

STARTING THE CAPTIVE POPULATION — HOW MANY FOUNDERS?

The wild caught individuals at the basis of a captive population are known as founders. The founders are a sample
of the wild population and therefore the statistical laws of sampling apply (Lacy, 1994). The larger the number of
founders taken from the wild population, the higher the proportion of the wild population’s gene diversity that
will be present in the source population. In the case of critically endangered species, this creates an interesting
dilemma. Catching many wild individuals as founders for the captive population may further endanger the wild
source population(s). Also, the smaller and more fragmented the wild population becomes, the less gene diversity
is available for the start of a captive population. For this reason IUCN recommends in its guidelines for the ex situ
management of endangered species, to start a captive breeding programme when a species still numbers in the
thousands in the wild (IUCN, 1995). Considering the very low numbers of Iberian lynx in the wild, there was no time
to lose and the decision to start an ex situ breeding population was entirely warranted (Delibes et al., 2000).

If catching more founders is better for the captive population but less good for the remnant wild population,
then how many founders are enough? Luckily, sampling and genetic theory indicates that only modest numbers
of founders, namely at least 20 unrelated wild individuals, are sufficient to capture 97.5% of the gene diversity
of the wild population within the founder population. Even a modest further increase in amount of gene diversity
captured would require many more founders (Crow and Kimura, 1970; de Boer, 1989; Lacy, 1994; Frankham et
al., 2002). About 20 unrelated founders are therefore considered an acceptable compromise between gene
diversity captured and number of individuals needing to be extracted from the endangered wild population.

At this stage it is worth pointing out a few caveats: 1) A wild caught-individual can only be truly considered a
founder once it has surviving descendants in the captive population. Therefore, likely more than 20 individuals
will have to be caught as not all individuals may breed. 2) The founder generation is only the start of the
captive breeding programme. How breeding progresses from the founder generation onwards (determined by
management and the natural history characteristics of the species which influence growth rate, population size,
founder representation, inbreeding level, etc.) will determine the rate of loss of the gene diversity present in the
founder population. Twenty wild caught individuals should therefore be considered a theoretical minimum (see
further in this paper for what is appropriate specifically for the Iberian Lynx population).

BREEDING FROM THE FOUNDERS — MORE IS BETTER!

Each generation of individuals born in captivity is in a genetic sense a sample of the previous generation
(Lacy, 1994). This can be understood as follows (de Boer, 1993): Every time a parent has an offspring,
50% of its genetic material is passed on to that offspring. If a parent has a second offspring and if the
transmittance of the genetic material to a second offspring is independent of that to the first one, it is
highly unlikely that they will each receive either exactly the same 50%, or the complementary 50%. On
average, 50% of the genetic material will only be present in one offspring and not in the other, 25% will
be present in both and 25% in neither. Statistically speaking, the genetic material of the two offspring
combined represents 75% of the genetic material of the parents. If the parents have three offspring, this
becomes 87.5%, four 93.75% etc. Conversely, should the parents die after having had three offspring, on
average 12.5% of their genetic material would not be represented in those offspring — therefore 12.5% of
their genetic variation would be lost. All of this holds a number of implications:

1. The more offspring a founder produces, the more of its genetic variation will have been passed on to the
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next generation. In real life, the above theory holds true for each founder allele separately and some loci will
be linked on the same chromosomes and are therefore not transmitted independently. Things are therefore not
quite that simple, but it has nevertheless been estimated that 12 offspring per founder are sufficient to provide
99% probability that all alleles of a founder are transmitted to at least one offspring (Thompson, 1994).

2. The offspring will only be able to retain and preserve the genetic variation of the founders if they themselves
survive and reproduce before they die. Genetically speaking, a founder that has had 12 offspring, but of which
9 never bred, might from a genetic point of view as well only have had three offspring. Therefore, it is likely that
more offspring need to be produced than sampling theory indicates (to compensate for stochasticity in survival
and reproduction of the offspring).

3. As each founder needs to produce many offspring, a steep growth rate is an important goal in the foundation
phase of a captive breeding programme.

4. In captive populations that are small and remain small, a lot of gene diversity will be lost quickly due to the
above process. Which alleles are lost is largely due to chance (a process called genetic drift), especially if there
is no proactive management of who will breed with whom in the capacity phase of the population (see below).

5. Gene diversity is lost per generation. Therefore the fewer generations a population passes through in a given
number of years, the slower gene diversity will be lost. This is partly determined by the natural history of a
species, but can also be influenced to some degree by breeding management.

6. The growth rate during the foundation phase strongly influences the rate at which gene diversity is lost in the
future of the captive breeding programme. In addition, when a founder dies, any of its genetic variation that was
not yet passed on to the next generation will have been irretrievably lost from the captive population. There is
also always a chance that mortality may occur among the offspring of a founder before they themselves have
had the chance to reproduce and pass on the retained gene diversity. For these reasons, as long as carrying
capacity in captivity has not yet been reached, founders should not be prevented from breeding, even those
founders that appear to be much more prolific than the others. It is preferable to try to correct unevenness in
founder representation during the capacity stage of the programme, rather than to risk losing alleles during the
founding stage (Lacy, 1994). As long as all founder alleles are passed on with an acceptable probability, the fact
that some have a higher frequency than others can be addressed later.

CAPACITY STAGE — HOW MANY IBERIAN LYNX ARE ENOUGH?

From a genetic point of view, the smaller a population at the carrying capacity stage of a breeding programme
(the stage at which the population will be kept stable at that size), the more gene diversity is lost. Although
bigger is better, both space and financial and human resources are always limited. This begs the question, how
big is big enough? What should be the minimum population of Iberian lynx kept in captivity in order to be able
to retain a sufficient amount of gene diversity? And how much gene diversity is enough? This leads to the search
for an acceptable compromise between the theoretic ideal and what is possible in practice.

First, it is necessary to introduce the concept of Effective Population Size (Ne). This theoretical concept can
be intuitively understood by taking into consideration that a population with 5oo males and 20 females is not as
“effective” as one with 260 males and 260 females, or that having only 10% of the males doing all the breeding
is not genetically the same as having all reproductive aged males contributing equally to the next generation.
Or that a population with 5oo individuals that crashes to 50 and then grows back to 500, is not as “effective” as
one that had a stable population size of 500.

The effective population size is defined as the size of an ideal population that would have the same rate of genetic
drift and of inbreeding as is observed in the real population with N individuals (Lacy, 1994; Frankham et al., 2002).
In an ideal population there is random breeding, constant population size, equal sex ratio and non-overlapping
generations. Needless to say, real life populations are far from “ideal”. The ratio of Ne to N is influenced by the




number of breeding animals in the population (some

; . Year N Capture of founders Releases Cumulative
are pre- or post-reproductive and some animals at releases
reproductive age may not breed for other reasons), o0 p 5 5 5
variation in family size (not all individuals produce 4
the same number of offspring), unequal sex ratio 2005 1 4+1 ° °
(leaving some animals of the more abundant sex 2006 18 4 0 0
with fewer breeding opportunities), and fluctuations 2007 25 4+1 ° °
in population size. There are different methods of 2008 35 4 o o
calculating Ne that each makes adjustments for 2009 46 4+1 o o
these different parameters influencing Ne (Frankham 2010 56 5 5
et al., 2002). 2011 67 1 5 10

There is a relationship between the effective 2012 73 8 18
population size and the gene diversity retained: 2013 72 1 13 31
Gt=GO0 (1-1/(2Ne))t, whereby Gt is gene diversity 2014 73 12 05
retained at generation t, GO is gene diversity 2015 73 s 3 56
present in generation o (Frankham et al., 2002). The

. . . . 2016 72 12 68
higher the effective population size, the more gene
diversity will be retained. This implies that, apart 2017 /3 ! 3 81
from the number of founders, the growth rate and 2018 73 12 93
the true size of a population, the amount of gene 2019 72 1 13 106
diversity that can be retained in a captive population
. FIGURE 1. GROWTH PROJECTIONS FOR THE IBERIAN LYNX CONSERVATION
also depends on how closely the true population BReeDING PRoGRAMME (FROM LAcY AND VARGAS, 2004).

behaves to the ideal population. No real population
will achieve the theoretical ‘ideal’, but a technique
for management of breeding in captive populations
has been developed to help maximise the ratio of Ne/N in captive populations (see below).

Current genetic theory indicates that the minimum viable population size needed to balance the loss of gene
diversity due to drift with the generation of new diversity through mutations is an effective population (Ne) of
500 - 5.000, which for wild populations often corresponds to a true population size (N) of about 5.000 - 50.000
individuals (Thomas, 1990; Nunney & Campbell, 1993; Frankham et al., 2002). Even when taking into consideration
that the Ne/N ratio for captive breeding programmes under proper genetic and demographic management is
often close to 0.3 (Frankham et al., 2002; Mace, 1986), this still implies a required true population size of about
1.700 — 17.000 Which is a practical impossibility in terms of space, finances and resources for the vast majority
of programmes. Even when space for a captive breeding programme is shared between a large number of zoos
and other holding collections, the number of species needing captive breeding is so high that the demand for
space usually far exceeds what is available. However, if a modest amount of loss of gene diversity is accepted, a
smaller population is required to achieve this goal. Currently, the world zoo and aquarium community generally
considers a goal of retaining 90% of gene diversity present in the source population after 100 years of breeding
in captivity to be an acceptable compromise between a modest loss of gene diversity and accommodating more
breeding programmes (because they are of smaller size). This goal can generally be achieved with a few hundred,
rather than a few thousand individuals. Ninety percent of gene diversity retained after 100 years corresponds
to an average level of inbreeding of 10%, meaning that on average the individuals would be related to the
equivalent level of just below that of half-siblings or that of aunt and nephew (F = 0.125).

How has all this been applied to the particular situation of the Iberian lynx? The software programme
PM2ooo was designed to establish the genetic and demographic goals for pedigree managed captive breeding
programmes (http://www.vortexg.org/pmz2ooo.html) (Pollak et al., 2007). Based on the generation length, the
population growth rate, the current population size, the current effective population size, the ratio of Ne/N, and the
current gene diversity, me calculates the population size needed to reach a particular genetic goal (e.g., retention
of 90% of gene diversity at the end of 100 years). These population parameters can either be calculated from
pedigree data, or can be entered by the user. Lacy and Vargas (2004) employed PM20oo0 in order to determine
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the goals for the captive Iberian lynx population. At the time of the analyses, the ex situ Iberian lynx population
consisted of a total of six animals, all wild caught animals. As no studbook data were available that could be
used to calculate the other parameters, a number of assumptions were made, based on experience with similar
species: maximum annual population growth rate 21.5%, generation time 5.25 years, Ne/N ratio 0.3, and current
gene diversity 90%. The analyses indicated that the goal of maintaining 90% of gene diversity for 100 years is not
obtainable for the Iberian lynx because the number of extra founders needed to achieve this (12 extra founders
per year for the next 5 years) is more than the wild populations can sustain (Palomares et al., 2002), and the
number of individuals required at carrying capacity (500) is exceeding the availability of space and resources for
the programme. Furthermore, the primary goal of this captive population is not to provide a long term (e.g. 100
years), large, back up population for the wild population, but to provide a genetically healthy, yet relatively small,
short term population that can relatively quickly supply individuals for reintroduction. Further modelling indicated
that it will be possible to maintain 85% of gene diversity for 30 years (a more realistic time span) with a nucleus
population of 60 breeders (feasible in terms of space and resources), if 4 wild cubs can be added to the programme
each year, for the next five years (spread over Dofiana and Sierra de Morena — a rate deemed viable according to
the study by Palomares et al., 2002), as well as one extra founder every two years for the whole duration of the
programme in the form of animals entering rescue centres (Figure 1).

Is 85% gene diversity retained (and therefore an average level of inbreeding after 30 years of 15%) much worse
than 90% (and 10% inbreeding) and will this compromise the success of reintroduction? This is again a matter of
probabilities. There is no guarantee that a captive population, or a reintroduced population derived there from,
with less gene diversity and higher inbreeding levels will go extinct or suffer in other ways, but the chance that it
does increases. It is therefore always a case of trying to achieve the highest possible retention of gene diversity
within the restraints of the particular situation of the species and the space and resources available.

WHO BREEDS WITH WHOM?

From a genetic point of view, what you would ideally like to do in an ex situ programme is magically freeze the
founders and thaw them out again at some point in the future so they can be available for breeding. In that way,
all gene diversity would have been retained and all allele frequencies would remain exactly the same. Although
gene banking and reproductive technologies allow us to take important steps in this direction (Ballou, 1984),
generally the gene diversity of the founders is preserved for the future by having them breed by natural means
and pass on their genes to the next generation. Ideally one would like each founder to have a very large and
equal number of offspring. This not only maximises retention of gene diversity but would also preserves the
existing allele frequencies. In other words, one would ideally like to “stop” selection such that the gene diversity
that is available for reintroduction is the same as that collected from the wild generations earlier.

Real life is of course a different matter. Some founders will be more prolific than others. Allele frequencies will
change (and some alleles may be lost) due to a combination of genetic drift (i.e., chance) and some individuals
having better adapted to life in captivity. Whereas the emphasis is very much on maximising growth rate during
the growth phase of the population, during the carrying capacity stage attention should be paid to correcting
inequalities that have developed in the founder representation (Lacy, 1994).

In order to achieve this, the technique that is currently employed by the zoo and aquarium community is
to base the pairings of the animals (i.e., who breeds with whom) on their mean kinship value. Mean kinship is
a measure of the relatedness of an individual to every living individual in the population (Ballou, 1991; Ballou
& Lacy, 1995). It is calculated as the average of the coefficients of kinship of an animal with every animal in
the population. The coefficient of kinship between a pair of animals in turn is the inbreeding coefficient of any
offspring produced by that pair of animals. Priority for breeding is given to individuals with low mean kinship
values (and few relatives). After all, if such an individual should die before it gets a chance to breed, there are
very few other individuals in the population that share some of its genetic variation and can help pass this on to
the next generation. Chances are high that alleles only present in this individual will be lost from the population.
For an individual with a high mean kinship value, chances are high that the majority of its gene diversity is also
present in its many relatives. Individuals with high mean kinship values are therefore given lower breeding
priority. Furthermore, efforts should be made to combine individuals with similar mean kinship values. If an




animal with low mean kinship would be combined with one with high mean kinship, the resulting offspring
would be half important and half not important. Every time this offspring is bred, not only the rare alleles are
spread, but also the already common alleles of the individual with high mean kinship value (Wilcken & Lees,
1998). The offspring is also going to be related to many individuals in the population which will make it harder
to find breeding opportunities for it that do not result in inbreeding.

Apart from basing breeding priority and pair combinations on mean kinship, it is also important to minimise
the level of inbreeding in a population. Inbreeding not only increases the level of homozygosity and reduces
the amount of gene diversity retained, it often also causes inbreeding depression (a reduction in fitness of
the inbred individual), partly due to an increased probability for homozygosity of recessive deleterious or
lethal alleles (Frankham et al., 2002). Inbreeding depression may express itself in many forms, some of which
may not be immediately obvious unless one consciously sets out to investigate them, e.g. reduced juvenile
survival, reduced adult survival, less successful mate acquisition, lower social dominance ranking of inbred
individuals, increased sensitivity to infections, reduced fertility, increased bilateral asymmetry, lower resistance
to environmental stresses, etc. Despite earlier skepticism about the importance of inbreeding depression in
wildlife populations, numerous wild populations have now been shown to suffer from inbreeding depression
(Roelke et al., 1993; Crnokrak and Roff, 1999; Dietz et al., 2000; Sunquist and Sunquist, 2001; Frankham et
al., 2002; Keller and Waller, 2002; Pimm et al., 2006). Captive populations too have been shown to suffer from
inbreeding depression (Ralls and Ballou, 1986; Ralls et al., 1988; Boakes et al., 2007).

The level of inbreeding depression significantly influences the extinction risk of a population (O’Grady et
al., 2006), and it would be dangerous and unwise to presume any population will be safe from inbreeding
depression. In addition, populations with a high level of inbreeding that appear to be coping well enough in
captivity may have significantly lower success rates upon reintroduction (i.e., in a more challenging environment)
compared to non-inbred released individuals. For example, inbred white-footed mice (Peromyscus leucopus)
showed significantly lower survival upon reintroduction than non-bred individuals (Jiménez et al., 1994).

Inbreeding is ‘reversible’, meaning that when an inbred individual is mated with an unrelated animal, the
resulting offspring are no longer inbred. For this reason, it may sometimes be preferable to allow a modest level
of inbreeding among low mean kinship animals, rather than pairing unrelated individuals with very different
mean kinship levels. Naturally, these theoretically ideal breeding strategies for captive management need to be
‘married’ with the specific social and life history strategies of the species.

CHOOSING INDIVIDUALS TO REINTRODUCE

The modelling by Lacy and Vargas (2004) showed that the Iberian lynx ex situ population may be able to supply
modest numbers of individuals for reintroduction after 8 years, and after 12 years, 12 to 13 cubs could be
supplied for reintroduction per year, while still maintaining the required (for maintenance of gene diversity)
nucleus population of 60 breeders (Figure 1). Especially for species as critically endangered as the Iberian lynx,
the temptation is large to start reintroducing as soon as possible. Reintroductions are risky and the probability
for whole or partial failure of particularly the first release attempts is high. The urge to reintroduce is therefore
best contained until the required, secure, reliable nucleus breeding population has been obtained (Lacy, 1994).
Rather than limiting breeding to keep the population at carrying capacity, growth can at this stage be maintained
and the “surplus” animals used for reintroduction.

This automatically leads to the question, which individuals are best chosen for reintroduction? What are the
best genetic criteria upon which to base this choice?

It is obvious that reintroduced individuals have to help improve the genetic and demographic health of
the wild population. From this point of view, the reintroduced individuals need to be physically healthy, have
a high reproductive fitness, a high gene diversity, and as low an inbreeding level as possible. What is often
forgotten however is that the removal of the animals destined for reintroduction should also not compromise
the genetic and demographic health of the nucleus ex situ breeding population. For that reason, individuals for
reintroduction are preferably those that benefit the gene diversity of the wild population (i.e., have few relatives
in the reintroduced population), but are genetically overrepresented in the captive population (Frankham et al.,
2002). As reintroductions are risky however, first attempts are best tested with animals that are overrepresented
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in both the wild and captive populations. Once release methods have been tested and fine tuned and once
survival and reproduction in the reintroduced population have improved, animals more valuable to the wild
population can be added (Frankham et al., 2002).
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RESUMEN

Una de las principales utilidades de la genética de la conservacién es la
de apoyar a la practica de la conservaciéon aportando recomendaciones y
procedimientos especificos para la gestion de los programas ex situ y para
otras medidas de conservacion. Estas recomendaciones se deben ajustar a las
particularidades de la historia de vida, demografica y evolutiva de la especie

La vitalidad en cuestion. Para el establecimiento del Programa de Conservacién Ex situ
se revela no del Lince Ibérico la primera decisién que hubo que tomar fue si habia que

mezclar las dos poblaciones silvestres (Sierra Morena y Dofana) o tratarlas
solamente en como dos unidades separadas. Aunque la diferenciacién para marcadores

moleculares entre estos grupos es grande, esto se puede explicar por la accién
predominante de la deriva genética en tiempos recientes. Ademas, hasta la
persistir sino en fecha no se han encontrado diferencias en caracteristicas potencialmente
adaptativas entre estas poblaciones y éstas son poco probables considerando
la historia demografica y la capacidad de dispersién que tiene esta especie.
Por lo tanto, ambas poblaciones se trataron como una Gnica unidad y se
recomendd la translocacion de animales desde Sierra Morena a Dofiana. El
siguiente paso fue determinar la proporcién de individuos que habia que
capturar de cada poblacién para maximizar la diversidad genética de partida.
Teniendo en cuenta las diferencias en la composicion genética de las dos

la capacidad de

la de volver a
empezar.

Francis Scott

Fitzgerald poblaciones, la contribucién 6ptima de cada una de ellas a la poblacion cautiva
se estimd en un 64% de individuos de Sierra Morena 'y un 36% de individuos de
(1896-1940) Donana. A mediados del 2008 la poblacién cautiva incluia cuatro fundadores

de Donana y 24 de Sierra Morena. El analisis empirico de la poblacién cautiva
revelé una heterocigosidad esperada algo por debajo del maximo potencial,
debido principalmente a una representacion insuficiente de la poblacion de
Donana. La gestion de la poblacién cautiva ha sido guiada por dos criterios
principales: asegurar la reproduccién de todos los fundadores (para que su
informacion genética no se pierda) y laaplicacién de un disefio de cruzamientos
basado en la estrategia de minima coancestria. Siguiendo este principio, se
han favorecido los cruzamientos entre individuos procedentes de distintas
poblaciones, que podemos estar seguros que estan menos relacionados
que las parejas procedentes de una sola poblacién. El Programa Ex situ ha
tenido tanto éxito que se han superado las proyecciones de crecimiento
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iniciales y se ha alcanzado la capacidad de carga original dos afios antes de lo
previsto. Se necesita urgentemente, por tanto, continuar con la expansion del
Programa a nuevos centros para acomodar este crecimiento poblacional.
Al mismo tiempo, se podria disponer de individuos nacidos en cautividad
para reintroducciones ya en el afio 2009. Una vez que todos los centros
proyectados estén funcionando a capacidad de carga, se deberfan manejar
conjuntamente las poblaciones cautivas y las silvestres para maximizar la
diversidad genética global, optimizandose al mismo tiempo el intercambio
de individuos entre ellas.

PALABRAS CLAVE
Unidadesdeconservacion,diversidadgenética,fundadores,translocaciones,
reintroducciones, emparejamientos de minima coancestria, marcadores
moleculares

ABSTRACT

One of the main roles of conservation genetics is to support conservation practice by
providing specific recommendations and procedures for the management of ex situ
programmes and other conservation actions. However, these recommendations must
be tailored to the particularities of the life, demographic and evolutionary histories of
the species and populations we deal with. In the establishment of the Iberian Lynx Ex
situ Conservation Programme the first decision that had to be taken was whether to mix
the two wild populations (Sierra Morena and Dofiana) or to treat them as two different
units. Although differentiation for neutral molecular markers was large between
groups, this might be explained by the predominant action of genetic drift in recent
times. Moreover, no differences on potentially adaptive features have been reported
between both populations and these are unlikely given the known demograhpic
history of the species and its dispersal capacity. Consequently, they were treated
as a single unit, and translocations of animals from Sierra Morena to Dofiana were
advised. Next step was determining the proportion of individuals to be captured from
each of the wild populations to maximize levels of starting genetic diversity. Based on
the genetic variation within and between both populations, the optimal contribution
of each to the captive stock was estimated in 64% of individuals from Sierra Morena
and 36% from Dofiana. By mid-2008 the captive population included four founders
from Dofiana and 24 from Sierra Morena. Empirical analysis of the captive population
revealed an expected heterozygosity a little below the potential maximum, mostly
due to insufficient representation of Dofiana population. Management of the captive
populations has been driven by two main criteria: using all the available founders as
breeders (to allow the maintenance of their genetic information) and the application
of a minimum coancestry mating scheme. According to the latter principle, matings
between individuals coming from different wild populations were favoured, as one
can be sure that they are less related than couples formed within populations. The
Ex situ Programme has been so successful that initial growth projections have been
surpassed, and the original carrying capacity of the Programme has been reached
two years in advance of original predictions. Therefore, continuing the expansion of
the Programme to new centers is urgently needed to cope with population increase.
In parallel, captive individuals for reintroduction to the wild might become avaliable
already by 2009. Once all the planned centers are running at carrying capacity, both
wild and captive populations should be managed jointly to keep the highest levels of
global genetic diversity, while optimising the exchange of individuals between them.

Keyworbs
Conservation units, genetic diversity, founders, translocation, reintroductions, minimum
coancestry mating, molecular markers
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Genetic issues in the implementation
of the Iberian Lynx Ex situ
Conservation Programme

Jost A. Gopoy, Mirela Casas—MARCE AND JESUS FERNANDEZ

INTRODUCTION
X situ conservation programmes are important conservation tools, especially when
they complement rather than substitute in situ programmes. Accordingly, the ultimate
goal of such programmes should be to serve as a backup from an eventual extinction
in the wild and to support wild populations by providing healthy and fit individuals for
reinforcement or reintroductions. This goal can rarely be achieved if genetic issues are
ignored. In particular, global objectives of any ex situ conservation programme must
include the preservation of the adaptive potential of the species, the minimization
of the risks of inbreeding depression and the prevention of adaptation to the captive
environment. In order to achieve these aims, captive breeding programmes must be
scientifically managed based on all available genetic and demographic information,
with the application of most effective managing strategies.
A primary task of any ex situ programme is to define the targeted units of conservation.
For a species with some degree of intraspecific structure, it has first to be decided whether perceived genetic units
should be mixed in a single captive population or bred separately. Secondly, it has to be decided the number and
origin of the founders, the objective being to capture the highest possible proportion of the genetic diversity still
present in the wild, while minimizing the impact of extractions on the wild populations and considering the intrinsic
capacity limitations of the Programme. Finally, management strategies need to be applied to minimize the losses of
the captured genetic diversity and the accumulation of inbreeding over successive generations.

The generalities of genetic issues in ex situ programmes have been thoroughly treated in a separate
chapter of this volume (Leus and Lacy, this book). In this chapter we will elaborate on these issues for the
particular case of the Iberian lynx. Firstly, we will discuss whether lynx populations should be considered
as a single management unit based on the existing knowledge on the genetic and demographic history of




the species. Secondly, we will evaluate the genetic status of the captive Iberian lynx population as of mid-
2008. Finally, we will explore alternative strategies and discuss the role that genetic markers may play in
the genetic management of this captive population.

IDENTIFICATION OF MANAGEMENT UNITS: TO MIX OR NOT TO MIX

In structured populations, a first important decision is whether the different population segments should
be combined and managed as a single unit or managed separately. Mixing is the best option when genetic
differentiation arises as a consequence of genetic drift acting independently in recently isolated and declining
populations. In this situation mixing would revert the accumulated inbreeding and maximize the potential genetic
diversity of the captive stock. However, if the genetic differentiation is due to long periods of independent evolution
in isolation, mixing might negatively affect individual fitness and population viability, an effect known as outbreeding
depression (Edmands, 2007). The causes of outbreeding depression might be extrinsic, when local adaptation to
particular environments is lost in the hybrids, or intrinsic, when due to genetic incompatibles, either chromosomal or

Species or population N samples N loci He (SE) + AR (SE) Reference
Iberian lynx (Lynx pardinus) 150 36 0.50 (0.02) 3.94 (1.87) Godoy , unpublished data
Iberian lynx, Dofiana 93 36 0.31 (0.05) 2.39 (1.02) id.
Iberian lynx, S. Morena 57 36 0.47 (0.03) 3.58 (1.48) id.
European lynx (L. lynx) 401 11 0.61 (0.06) 7.30 (3.53) (Rueness et al., 2003)
L. lynx Norway 210 11 0.52 (0.07) 4.40 (2.46) id.
L. lynx Sweden 93 11 0.51 (0.07) 4.10 (1.85) id.
L. lynx Finland 48 11 0.63 (0.06) 5.40 (2.32) id.
L. lynx Baltic 32 11 0.61 (0.08) 4.70 (2.34) id.
L. lynx Russia 11 11 0.70 (0.04) 5.00 (1.70) id.
Cheetah (Acinonyx jubatus) 89 38 n.d. 6.1 (1.8) (Marker et al., 2008)
A.j., Gobabis 11 38 0.70 (0.13) 4.5 (1.3) id.
A.j., Grootfontein 11 38 0.70 (0.12) 4.3 (1.3) id.
A.j., Okahandja 18 38 0.66 (0.12) 4.4 (1.3) id.
A.j., Omaruru 15 38 0.67 (0.14) 4.5 (1.3) id.
A.j., Otjiwarongo 21 38 0.64 (0.14) 4.6 (1.5) id.
A.j., Outjo 7 38 0.64 (0.14) 3.7 (1.0) id.
Lion (Panthera leo) 60 51 0.56 (0.04) 5.29 (2.66) (Driscoll et al., 2002)
P. L, Gir Forest 10 51 0.10 (0.03) 1.31 (0.65) id.
P. I., Ngorongoro Crater 10 51 0.44 (0.04) 2.84 (1.24) id.
P. L., Serengeti NP 10 51 0.52 (0.04) 3.61(1.7) id.
P. I., Kalahari Gemsbok NP 10 44 0.40 (0.04) 2.68 (1.38) id.
P. L, Etosha Park 10 44 0.49 (0.04) 3.05 (1.43) id.
P. L, Kruger National P 10 44 0.48 (0.04) 3.32 (1.7) id.
Puma (Puma concolor) 30 84 0.56 (0.67) 6.64 (0.42) (Driscoll et al., 2002)
P. c. coryi BCS 10 84 0.15 (0.17) 1.51 (0.40) id.
P. c. hippolestes IDO 10 84 0.35 (0.41) 2.51 (0.51) id.
P. c. subsp. SA 10 84 0.68 (0.81) 5.99 (0.54) id.
Cat (Felis catus) 15 51 0.70 (0.02) 6.18 (2.46) id.

TABLE 1. GENETIC DIVERSITY PARAMETERS ESTIMATED WITH MICROSATELLITE MARKERS FOR IBERIAN LYNX AND SEVERAL OTHER FELID SPECIES. HE: EXPECTED
HETEROZYGOSITY; AR: ALLELIC RICHNESS. THE FEW EXAMPLES OF POPULATIONS WITH LEVELS OF GENETIC DIVERSITY SIMILAR TO OR LOWER THAN IBERIAN LYNX ARE
HIGHLIGHTED.
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genic. The decision to mix or not to mix is, therefore, largely based on the direct evaluation of the existence of adaptive
divergences or on the evaluation of the opportunities for such divergences to have arisen in view of the evolutionary
and demographic history of the species. For this purpose, the analysis of genetic patterns for molecular makers might
be extremely useful. Let us, thus, review what we know about the demographic history of the Iberian lynx, current
genetic patterns in the species, and the possibilities of adaptive divergences between populations.

The Iberian lynx has gone through a well documented steep decline and fragmentation process during the last
century which has restricted its current distribution to two isolated populations: Dofana and Sierra Morena
(Castro and Palma, 1996; Rodriguez and Delibes, 1992, 2002, 2003; Calzada et al., this book; Simén et al., this
book). Although both populations are the consequence of a common process of decline and fragmentation, they
have slightly different recent demographic histories. Dofiana is a peripheral population that became effectively
isolated from the rest of the species distribution probably more than five decades ago, and has remained
isolated and at a census size of around fifty since then. Conversely, the Sierra Morena population has remained
connected to surrounding populations until recently, and has been continuously shrinking in size until recent
active conservation measures have stabilized its census size at around 180 (Simén et al., this book). Under this
demographic history, the action of genetic drift may have resulted in a pattern of low genetic diversity and high
inbreeding within populations and high genetic differentiation between them, although the magnitude of these
changes is difficult to predict without precise estimates of demographic parameters over time.

Contemporary genetic patterns in Iberian lynx have been analysed using both mitochondrial and
microsatellite markers (Johnson et al., 2004; Godoy, unpublished data). The two main findings are that
genetic diversity is globally low, but lower in Dofiana than in Sierra Morena, and that these two populations
show a high level of genetic differentiation.

Mitochondrial diversity is extremely low in the Iberian lynx, with only two haplotypes observed which differin
one single position. These two haplotypes seem to be alternatively fixed in each population at present. However,
our previous study detected the presence of the Dofiana haplotype in a museum specimen from Sierra Morena,
and also showed the occurrence of a third now extinct haplotype in Western Sierra Morena (province of Huelva)
(Johnson et al., 2004). These results with mitochondrial DNA provide direct evidence for diversity losses in recent
times due to drift in the small remnant populations and to the extinction of differentiated populations.

Iberian lynx nuclear microsatellite diversity levels are also globally low, both in terms of heterozygosity
and allelic diversity. Most felid species analysed to date have higher microsatellite diversity than the
Iberian lynx, including its sister species, the Eurasian lynx, as well as some of the species that, like the
cheetah, once became paradigmatic examples of species with low genetic diversity. On the contrary, some
extreme examples of small isolated populations like the Gir forest lions and the Florida panther (before
the successful translocation of pumas from Texas) do seem to harbour lower diversity than the Iberian lynx
(Table 1). Interspecific microsatellite diversity comparisons must be interpreted with care because of the
possible ascertainment bias, but they actually suggest lower genetic diversity in the Iberian lynx than in
closely related populations/species with similar life history. Moreover, microsatellite heterozygosity and
allelic diversity are 33% lower in Dofana than in Sierra Morena.

Ahigh level of genetic differentiation is observed between Dofiana and Sierra Morena populations, i.e., allele
frequencies are currently different in both populations, so that a significant fraction of the total genetic variation
is distributed between populations. Furthermore, private alleles (i.e., alleles that are found in one population
but not in the other) are up to four times more abundant in Sierra Morena than in Dofiana, indicating that the
genetic variation found in Dofiana may be mostly, but not totally, a subset of that found in Sierra Morena.

As expected from the known demographic history of the species, genetic patterns found in the Iberian lynx
population could have been shaped by the predominant action of genetic drift in recent times, according to
size and time since isolation of each population. Accordingly, the strong differentiation found between Dohana
and Sierra Morena populations should be mainly due to random allele frequency fluctuations occurring in each




FIGURE 1. PHENOTYPIC DIVERSITY
FOR MORPHOLOGICAL TRAITS IN
IBERIAN LYNX. THE TWO EXTREME
COAT PATTERNS —SMALL AND LARGE
SPOTS— STILL COEXIST IN SIERRA
MORENA, BUT THE SMALL SPOT
PATTERN WAS LOST IN DONANA
DURING THE 1960s.

population since their isolation from each other, and must not be interpreted as the consequence of differential
adaptation pressures/responses or a long history of independent evolution. Moreover, low levels of current
genetic diversity are probably the consequence of a steep and rapid loss in recent times, especially in Dofana,
where the loss might have reached over 33% in magnitude. Diversity projections using simple genetic drift
models and genetic estimates of effective population sizes predict a further reduction of heterozygosity to 50%
from current levels in only 12,5 (60 years, assuming a generation length of five years) and 16,6 generations (83
years) for Dofana and Sierra Morena, respectively. Furthermore, an effective size like that estimated for Dofiana
could retrospectively explain the loss of 33% heterozygosity from an ancestral diversity similar to that currently
present in Sierra Morena in less than ten generations (50 years). Under such scenario, diversity losses may be
equated to inbreeding accumulation, so that a 33% diversity reduction in Dofiana would reflect a population
inbreeding coefficient for Dofiana well over that expected for full-sibling matings. Such high inbreeding values are
often associated to a high frequency of genetic disorders, low fertility and other negative effects, as illustrated
by the notorious case of the Florida panther (Roelke et al., 1993). A high incidence of glomerulonefritis and
lymphoid depletion has been reported for Iberian lynx (Jiménez et al., this book; Jiménez et al., 2008; Pefa et al.,
2006). Establishing that these and any other observed deficiencies and abnormalities in Iberian lynx are due to
inbreeding depression or genetic depauperation will not be easy to proof, but this possibility must be seriously
considered in view of the observed genetic patterns and the recent demographic history of the species.

Direct evidence for adaptive divergences between Sierra Morena and Dofiana populations are lacking: no differences in
life history traits or behaviour have been reported to date, at least none that may not be attributed to a plastic response
to a slightly different environment (e.g., dens in caves vs. shallow trunks, in Sierra Morena and Dofiana, respectively).

A recent study reported morphometric differentiation between Iberian lynx populations, but also
demonstrated temporal morphological changes within Dofiana. Consequently, morphometric differentiation
was attributed to environmental stress and genetic drift acting on small and isolated populations (Pertoldi et al.,
2006). The two remnant populations also differ currently in pelage pattern frequencies: the small-spot pattern
that is predominant in Sierra Morena is currently absent from Dofiana population; however, both patterns
coexisted in Dofana until the 1960s (Beltran and Delibes, 1993) (Figure 1).
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Notwithstanding, these two remnant populations were probably interconnected by gene flow prior to their
recentisolation. The potential for dispersal and gene flow in the species is probably high, as in other lynx species,
although it has been shown to be strongly affected by habitat matrix (Revilla et al., 2004). The anecdotal case
of an animal from Dofana that made its way back after being liberated in Anddjar (Eastern Sierra Morena)
illustrates the potential for long distance movements in the species. Such high dispersal rates in the past would
have hindered the development of strong adaptive divergences between these two populations.

When the points discussed above are considered together, the management of the species as a single unit arises
as the most sensible management option. In other words, in view of current genetic patterns and the demographic
history of the species, the risks of inbreeding depression largely exceed risks of outbreeding depression in the
Iberian lynx. The Iberian Lynx Ex situ Programme is consequently managed as a single mixed population and
already harbours several captive-born interpopulational litters (Vargas et al., this book). Moreover, the first wild
progeny of interpopulational crosses were born in Dofiana in spring 2008 following the release of a single Sierra
Morena male, which becomes the first example of successful translocations of Iberian lynxes.

GENETIC OBJECTIVES AND CURRENT STATUS OF THE EX siTu PROGRAMME
Ex situ conservation programmes must aim at capturing as high a proportion as possible of the genetic
diversity still present in the wild. This can only be achieved by maximizing the number of individuals brought
into captivity, although in most real-world scenarios this has to be tampered by the need to minimize the
impact of extractions from the wild populations. Twenty to 30 randomly selected founders would represent
97.5-98.3% of the sampled diversity, so this number is usually recommended as a reasonable compromise
in most real-life situations (Frankham et al., 2002). Furthermore, as long as there is some genetic structure
—as is the case for the Iberian lynx— global diversity will be maximized by the mixing of the two genetic
stocks in appropriate proportions. This proportion depends on diversity levels within populations and on
the degree of differentiation among populations (Caballero and Toro, 2002). From our empirical estimates of
each population’s diversity and their degree of differentiation, optimal contribution of each population to the
mixed captive stock is determined as 36% and 64% for Dofiana and Sierra Morena, respectively (Figure 2).
When these proportions are met, the heterozygosity of the Ex situ Programme can reach 0.54.

As expected, the genetic diversity represented in the captive population has progressively increased as
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THE 24 CAPTIVE-BORN CUBS SURVIVING BY MID-2008 WERE INCLUDED IN THE GENETIC DIVERSITY ANALYSIS.

new founders are incorporated to the Programme (Figure 3). By mid-2008, the number of potential founders
(individuals that have been captured but which have not necessarily reproduced) in the Iberian lynx ex situ
population was four from Dofiana and 24 from Sierra Morena. Microsatellite analysis of these founders
shows that they globally harbour an expected heterozygosity of 0.50, and that they represent 96% of
Sierra Morena’s heterozygosity, but only 77% of Dofiana’s. The inability to reach the theoretical maximum
heterozygosity of 0.54 is due both to an insufficient representation of Doflana’s genetic diversity and to a
biased composition towards Sierra Morena, what calls for the increase of Dohana’s representation in the
captive stock. Based on these recommendations, two new juvenile females from Dofiana were recently
added to the captive stock (Simén et al., this book).

MANAGEMENT OF THE CAPTIVE POPULATION: THE EARLY TIMES

Once the potential founders to be taken from the wild have been chosen and brought to captivity, all the
management strategies must be directed (from the genetic point of view) to maintain the highest possible level
of the genetic diversity present in the moment of the establishment (Frankham et al., 2002). It must be noticed
that all the genetic information available to be preserved is the one present in the founders (i.e., the individuals
captured in the wild without previous knowledge of their ancestors). Therefore, the correct use of these animals
is the key point in a conservation breeding programme.

Following this philosophy, it seems that the sensible way to act is to guarantee that all the founders have an
equal opportunity/probability of transmitting their genetic material (Leus and Lacy, this book). First of all, this
implies using all the founders as actual breeders. In the initial stages of an ex situ conservation programme the
resources are usually scarce, and space, number of adult animals, and personnel limitations reduce the number
of couples that can be mated in each reproductive season. In the case of the Iberian lynx, only three couples
could be used as breeders in the early years (when only one center, El Acebuche, had lynxes of breeding age).
This fact led to a scenario where some founders have been “overused” (e.g., a single male has contributed up
to 11 offspring) while others remained unused because they were too young to breed. The incorporation of new
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facilities into the conservation programme has helped to increase the number of founders reproducing, increase
the programme census size and reduce its probability of extinction due to demographic stochasticity. Besides
this, the spreading of the population into different locations would prevent the complete loss of the captive
population caused by punctual catastrophes like fires or disease breakouts.

The usual management strategy to assure the proper representation of all founders in any generation is
the minimisation of the global coancestry, as explained in a previous chapter (Leus and Lacy, this book). This
feature is due to the property of the minimum coancestry method of minimising the variance of the contributions
of any individual in the genealogy to a particular generation and, therefore, equalising the contributions of all
the ancestors, including the founders (Caballero and Toro, 2000). Moreover, several authors (Ballou and Lacy,
1995; Caballero and Toro, 2000) have pointed out that the global coancestry of a population is inversely related
to the number of founders genome equivalents and, so, minimising the coancestry would maximise this latter
parameter, that include both the effective number of founders and the effective number of non-founders (related
with the occurrence of bottlenecks within the Ex situ Programme).

In most conservation programmes, founders are assumed to be unrelated and, thus, their genetic
information is considered exclusive and worthy, what gives support to the idea of the equalisation of the founder
contributions. But in the case of the Iberian lynx the wild populations have been small during a large period of
time, making much likely that animals starting the captive population are actually related and, thus, genetically
redundant to some extent. Conversely, the long period of isolation between the populations of Dofiana and
Sierra Morena implies that any eventual relationship between animals coming from different locations might
be very small. Consequently, founders from different origins can be assumed unrelated and only relationships
within subpopulations need to be accounted for. Some authors think that the denial of the coancestry between
founders could result in a rather moderate loss in genetic diversity, depending on the population structure
(Rudnick and Lacy, 2008), or even be advantageous for the maintenance of adaptations for survival in the wild
(Saura et al., 2009). Notwithstanding, in highly endangered population starting from an already low genetic
diversity, no extra losses can be afforded and the incorrect assumption of unrelated founders may lead to further
increases of inbreeding due to a wrong planning of matings. Therefore, we encourage the relationship between
founders to be estimated and accounted for when planning the matings in the Iberian Lynx Ex situ Conservation
Programme, at least when it reaches the steady state and the centers are at their carrying capacity.

The relationship between wild individuals (or the amount of genetic information they share) is usually
unknown, but it can be estimated from molecular data. Several estimators have been developed in the last
decades (see Fernandez and Toro, 2006 and Oliehoek et al., 2006 for a revision). In general, the methods
can be divided into two categories: those estimating the relationship between single pairs of individuals (i.e,
pairwise methods) and those calculating the relationships of all individuals at a time (the so called genealogy
reconstruction methods). Advantages and shortcomings of each method can be found in the cited literature.
Data from 36 microsatellites genotyped in the founders of the Iberian Lynx Ex situ Conservation Programme
were processed with a couple of methods (those developed in Fernandez and Toro, 2006 and Oliehoek et al.,
2006). Although some differences were found between the results obtained with each method, both detected
a couple of individuals from Dofiana (Bojand Esperanza) and another from Sierra Morena (Candiles and Garfio)
that appeared to be significantly related to a level similar to that of half-sibs.

Molecular tools are also useful once the Programme is running. On one hand, they can be used to complete/correct
the pedigree if some doubts about any of the relationships arise. For example, Adelfa’s 2008 litter could be anambiguously
asigned to Garfio after molecular analysis, while Cromo, who also mated with her, was discarded as parent. On the
other hand, molecular analysis are also required to determine the relationships between captive individuals and wild
populations and can thus help in the design of reintroductions of captive stock back into nature.

The second step where the manager can act within a conservation breeding programme is in the design of the
mating plan. In the short-term, the effect of the mating strategy is more evident on the levels of inbreeding of the
animals kept. Highly endangered populations, like the Iberian lynx, should be prevented of further increases of
inbreeding to avoid the deleterious consequences of inbreeding depression. Consequently, the most sensible




strategy should be implementing a minimum coancestry mating design, as the inbreeding of the offspring will
be the coancestry between the individuals acting as parents (Caballero et al., 1996). The general idea is to avoid
as much as possible the mating of relatives. In the Iberian Lynx Ex situ Conservation Programme, as explained
before, the most unrelated couples that can be paired are those comprising one parent from Dofiana and the
other from the Sierra Morena. Once the management of both subpopulations as a single unit has been decided,
the generation of ‘mixed’ couples should thus be promoted.

Regarding the genetic long-term consequences, it is well known from the classical theory that there are
other mating schemes that assure lower levels of inbreeding in a distant future (as well as higher levels of
genetic diversity maintained). This is the case of circular mating (Caballero et al., 1996; Kimura and Crow,
1963), which provide lower inbreeding rates (AF) in the long-term due to the subdivision of the population
inherent to this management strategy. In fact, as pointed out by Woolliams and Bijma (Woolliams and Bijma,
2000), the lowest overall long-term AF can be obtained by mating related individuals (as it occurs in subdivided
populations) but the inbreeding generated in the short-term cannot be assumed in conservation breeding
programmes of large mammals, as the one we are dealing with.

From a theoretical point of view, the two steps of selecting the parents (and/or their contributions) and deciding
the way they are to be mated could be performed separately. However, reproductive limitations of the species or
logistic reasons may show that some configurations of the first step (i.e., scheme of contributions) are impossible
to implement in a sensible mating design. For example, the optimal result could imply the generation of many
offspring from a single female or the mating of one female to several males, which could be not feasible in a
single breeding season. Moreover, behavioural matters are also very important in the designing of the mating
plan, as particular couples may be incompatible even when they would be recommended from a genetic point of
view. Reproductive technologies, like artificial insemination and embryo transfer, could partially overcome these
limitations; these are being developed for the Iberian lynx (Roldan et al., this book), but they cannot yet be used
as routine in the Ex situ Conservation Programme. In these scenarios, management decisions should be taken
in a single step, in the process that has been called mating selection (Fernandez et al., 2001). Mating selection
allows fitting any mating/logistic limitation required and, at the same time, optimising the contributions of the
available parents and implementing minimum coancestry mating schemes, if desired.

MANAGEMENT OF THE CAPTIVE POPULATION: EXPANDING TO OTHER CENTERS

When a center reaches its carrying capacity, the need for genetic management still applies as stated above, but the
surplus animals must be transferred to another center. Contrary to what happened in the early stages when the use
of all founders had to be guaranteed, adult animals that are already adapted to the center should not be moved but
young individuals that have not yet reproduced are better candidates. This is a way of avoiding mating failures of
those individuals that were successful in previous rounds, due to the stress induced by the change of center.

But, which particular animals should be moved from all the available? The general idea is that individuals
belonging to overrepresented lineages should be the ones transferred, i.e., we leave in the original center a set
of individuals with the minimum global coancestry. This procedure has a twofold justification: i) if the animal
dies or it is unable to reproduce in its new location, the genetic information it carried will not be lost, as it is
present in its relatives left in the origin; ii) following this strategy, all centers will harbour quite a similar genetic
composition becoming copies of each other. This way, the security of the whole programme will improve because
any problem within a particular center is less important as the genetic information of that subpopulation can be
replaced by the one present in any other subpopulation.

When all the centers are at carrying capacity and no more centers are planned, the movement of animals
between centers should not stop. However, the migration scheme must be planned carefully to avoid unnecessary
translocations with the problems and risks they imply. At that stage we must consider all the centers as a
metapopulation and design their dynamic as a whole. Recently, Fernandez et al., (Fernandez et al., 2008) have
presented a management system which allows for the joint control of the contributions and matings within each
subpopulation and the migration scheme among them. Therefore, this strategy provides the configuration that
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keeps the highest possible levels of genetic variability in the metapopulation while avoiding a large increase
of inbreeding in any subpopulations via a proper design of migrations. The system is dynamic and can detect
punctual or structural disequilibria and act to correct them.

PROSPECTS FOR AN INTEGRATED MANAGEMENT OF WILD AND CAPTIVE POPULATIONS

The concept of metapopulation can be applied to the movement of individuals between different captive
populations but also to the possible migration between the different populations in the wild. Translocations of
individuals can be viewed as migrations performed to increase the census size of more endangered populations
and to avoid the rise of inbreeding. The Iberian Lynx In situ Conservation Programme has transferred a couple of
males from the Sierra Morena population to the Dofiana population (Simén et al., this book), which is smaller,
bears higher inbreeding levels and, therefore, is at higher risk. The first male to be translocated managed to
breed and some of his offspring are still alive and growing.

In later stages of the Conservation Breeding Programme, movements of individuals should also include
migrations between both types of populations: wild and captive. Obviously, ex situ animals are to be released
into nature, as this is the final objective of the captive programme. This includes population reinforcement in
areas where animals are still present and reintroduction in areas where they are absent. Captive-born Iberian
lynxes were scheduled to become available for reintroductions/reinforcements in 2010, based on demographic
projections using demographic and life history parameters estimated for the wild, on an anticipated steady rate
of incorporations of four animals per year between 2004 and 2008 and one more animal every two years, and
taking into account an estimated carrying capacity of 60 breeders (Lacy and Vargas 2004; Vargas, this book).
Fortunately, these early projections have been surpassed as captive population size reached 52 already by
mid-2008, in good part due to intensive husbandry aimed at maximizing newborn surviv al., New demographic
simulations with updated demographic data and parameters estimated for the captive stock predict the
production of 20-40 cubs per year starting in 2010. This updated estimate of population growth underscores
the urgent need of additional breeding/housing spaces (Vargas et al., this book) and allows the consideration of
reintroductions of captive-born animals already for 2009.

But if only the founders™ genetic variability is continuously distributed, this may have a counteracting
effect diminishing the global variability in the wild (Wang and Ryman, 2001) for the problems incurred with a
wrong implementation of supportive breeding. Therefore, animals from the natural populations should enter
periodically the captive programme to avoid the overrepresentation of particular lineages and to capture
the genetic information not included in the original establishment of the Ex situ Programme. In the end, the
metapopulation to be managed will include all natural populations and all breeding centers. The general aim will
be to maintain the highest levels of genetic diversity in the global metapopulation while avoiding inbreeding in
any of the subpopulations through a wise planning of captures, reintroductions and translocations.

Hopefully, the Ex situ Programme and intensive management will eventually become unnecessary if we
manage to achieve the ultimate goal of establishing a demographically stable and genetically healthy network
of Iberian lynx wild populations interconnected by natural dispersal.
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We can’t solve problems by using the same kind of thinking we
used when we created them.
Albert Einstein

(1879-1955)
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RESUMEN

El libro genealdgico o “studbook” del lince euroasiatico (ESB) se estableci
en 2002 siguiendo las recomendaciones del TAG (Grupo Asesor del Taxon) de
Felinos de la EAZA. Entre los numerosos motivos que dieron lugar a la crea-
cion de este libro genealdgico cabe resaltar que casi el 50% de los individuos
en cautividad eran de origen desconocido, que habian tenido lugar muchas
reintroducciones a partir de animales cautivos, que se estaban obteniendo
muchos individuos mediante la cria en cautividad y que los linces cautivos
estaban siendo objeto de una gran diversidad de estudios. Con el fin de or-
ganizar la informacion existente, se pidié a todos los zoolégicos que enviaran
sus registros histéricos sobre los linces cautivos y se compararon los datos
con la informacion proporcionada por el ISIS (Sistema Internacional de Infor-
macion de Especies). El estudio del libro genealdgico revelé un gran niimero
de problemas y discrepancias, entre los que figuraban los siguientes puntos:
alto nivel de endogamia, gran ndmero de individuos de origen desconocido
y numerosos individuos de origen mixto. Ademas, se pudo comprobar que
muchos individuos se encontraban en condiciones de cautividad sub6ptimas.
Se enviaron recomendaciones a los zooldgicos instandoles a cooperar para
evitar una mayor endogamia en la poblacién cautiva, a mejorar el diseio de
sus instalaciones para la cria en cautividad de la especie y a convencer a las
instituciones implicadas para que participasen en estudios genéticos que ayu-
dasen determinar las distintas subespecies. El problema de las subespecies es
importante para el programa de reproduccién, debido a la gran dificultad que
existe para gestionar cruces sin tener la certeza de cuantas subpoblaciones
contiene la poblacién cautiva. Por otra parte, dado que sigue habiendo zoo-
l6gicos que participan en los proyectos de reintroduccién, es imprescindible
conocer el origen de los individuos destinados a ser reintroducidos. Un gru-
po de investigadores suizos participa en el muestreo genético de linces y ya
ha establecido un banco de datos para algunas de las subespecies. Mediante
este programa se solicita a los zool6gicos que albergan esta especie a que co-
laboren todo lo posible proporcionando muestras de subespecies conocidas.
De esta forma, el ESB sirve de catalizador para las instituciones de la EAZA que
proporcionen muestras genéticas de sus linces euroasiaticos.
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ABSTRACT

The Eurasian lynx studbook (ESB) was established in 2002 after recommendations from
the EAZA Felid TAG (Taxon Advisory Group). The reasons to establish this studbook
were manifold. Almost 50% of the lynxes in captivity were of unknown origin, many
reintroductions had been taking place, many lynxes were bred and many different
studies were being conducted with the captive specimens. In an attempt to address
these problems in an organized manner, all zoos were asked to send their historical
registration on lynxes, and this data was compared with the information received
from ISIS (International Species Information System). Through careful investigation
of the studbook many discrepancies and problems were identified. Specifically, it
was found out that the level of inbreeding in the captive population was very high.
Secondly, the number of lynxes of unknown origin was also high. In addition, there
were a large number of identified lynxes of mixed genetic origin. Finally, many lynxes
were kept in suboptimal captive conditions. Recommendations were sent out to zoos
urging cooperation to avoid further inbreeding of the population, to improve enclosure
design and husbandry procedures for this species and to convince involved institutions
to participate in the genetic studies aimed at determination of the various subspecies.
The subspecies problem is an important one for the programme, since it is very
difficult to manage the captive population if it is unclear how many subpopulations it
consists of. Furthermore, as there are still zoos involved in reintroduction projects, it is
imperative to find out the origin of lynxes that are targeted for reintroduction. A Swiss
research group is currently involved in genetic sampling of lynxes and has already set
up a databank for some subspecies. Zoos keeping lynxes are encouraged to cooperate
as much as possible by providing samples of known subspecies. In this way, the ESB
serves as a catalyst for the EAZA institutions that provide genetic samples from their
lynxes.

KeywoRrbps
Eurasian lynx, subspecies, inbreeding, genetic sampling
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STATUS OF THE EURASIAN LYNX IN THE WILD
ntil the mid-19007s geographic distribution of the Eurasian lynx (Lynx lynx) spread
throughout many countries of Europe and Asia, including Russia. Afterwards,
population numbers were drastically reduced as a result of habitat destruction, as
well as due to hunting and trapping for their fur (Breitenmoser and Breitenmoser-
Wirsten, 2008). In the second half of the twentieth century, legal protection
helped the Eurasian lynx recover in the Northern countries. Also reintroduction
programmes were established in certain areas of Central and Western Europe
(von Arx et al., this book). Through these programmes many lynx have been
reintroduced back into forested areas of Switzerland, Slovenia, Austria, France,
the Czech Republic, Germany and Italy, where they had become extinct at the end
of the 19th century (Breitenmoser and Breitenmoser-Wiirsten, 2008).

GEOGRAPHIC DISTRIBUTION

The Eurasian lynx is widespread throughout large forest tracks of northern Europe and Asia. Russia is the
heartland of its range, which extends Eastwards into China and Southwards into the Northern flank of the
Himalayas. In earlier times, this species was distributed across Europe, Asia and Russia. Presently, its range is
limited to the areas represented in Figure 1 (adapted from Breitenmoser and Breitenmoser-Wiirsten, 2008).

Throughout this distribution range, different subpopulations have been described, although not all of
them have been formally recognised. The Northern lynx (L. I. lynx) distribution range spreads from North-
West Europe to Western Russia. In the Carpathian Mountains and Greece, roams the Carpathian lynx (L. L
carpathicus; Figure 2) while the Caucasian lynx (L. . dinniki) lives in the Caucasian mountains, Iran and Turkey.
The Turkestan lynx (L. L. isabellinus) can be found from Kashmir to Mongolia, the Irkutsk lynx (L. I. kozlovi) has
its range in Central Siberia, while the Siberian lynx (L. [. wrangeli) inhabits Eastern Siberia. The existence of
another Siberian lynx subspecies (L. l. wardi) is currently under debate. For the distribution of the different
subspecies see Figure 1 (Breitenmoser and Breitenmoser-Wiirsten, 2008).

JusTiFicaTION FOR A EuroPEAN STuDBOOK (ESB)

Why should a studbook be established for such a common species? The Eurasian lynx is not considered as a
high priority species for conservation action by the IUCN, as it is the case with its sister taxa, the Iberian lynx
(Calzada et al., this book). The species is frequently displayed in zoos, being present in almost 50% of the zoos
that are EAZA (European Association of Zoos and Aquaria) members. Yet, the establishment of a studbook was
considered a priority by the EAZA Felid TAG (Taxon Advisory Group) in order to attain the following goals:



FiGURE 1. CURRENT DISTRIBUTION OF THE EURASIAN LYNX (ADAPTED FROM BREITENMOSER AND BREITENMOSER-WURSTEN, 2008).

FIGURE 2. LYNX LYNX.

Photo: Alexander Sliwa

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



STUDBOOK MANAGEMENT OF CAPTIVE EURASIAN LYNX (Zynx Lynx)
GESTION DEL LIBRO GENEALGGICO (STWDBOOK) DEL LINCE EUROASIATICO (ZYNX LYNX) EN CAUTIVIDAD
LARS VERSTEEGE

" — TABLE 1.
EAZA TAG Survey 2002 After studbook investigation COMPARISON BETWEEN THE RESULTS
Individuals Institutions Individuals Institutions FRoM THE EAZA TAG SURVEY AND
STUDBOOK ANALYSES. THE LAST TWO
L. L lynx 104 35 89 31 COLUMNS DEPICT THE MOST PROBABLE
. NUMBER OF INDIVIDUALS OF EACH
L L kozlovi 1 1 2 2 LYNX SUBSPECIES HELD IN EAZA
L. . wrangeli 60 21 50 20 INSTITUTIONS IN 2002.
L. L. carpathicus 7 2 31 13
L. I. wardi o o 3 1
L. lynx ssp. 138 46 116 49
Mixed origin o o 27 12
Total 310 105 318 128

1. Defining Subspecies: This was deemed necessary because almost 50% of the total captive population was of
unknown origin or unspecific status.

2. Various reintroductions were taking place and the genetic origin of the released animals was unclear.

3. Genetic management was needed to make sure that inbreeding was avoided so that a genetically healthy
captive population could be established within the European Species Program (EEP).

4. Many different organisations were conducting research on lynx genetics, physiology, reintroduction success,
etc, but there was not a mechanism to compile and make such information available to others.

THE ESTABLISHMENT OF THE EURASIAN LYNX EuroPEAN STuDBOOK (ESB)

The first step in trying to address the abovementioned problems was to identify all the zoos that kept Eurasian
lynxes in their collection. The EAZA Felid TAG survey, carried out in 2002 (Versteege et al., 2002), included a
section on Eurasian lynx that helped provide the information on lynx holding institutions. Subsequently, all
lynx holding institutions were contacted and asked to send their historical reports for this species. All EAZA
institutions that were members of ISIS (International Species Information System) were urged to have their data
updated in the ISIS database, which made information easily accessible. Historical information received from
all the zoos was double-checked with the information received from ISIS; in addition, information from the EAZA
members that were not ISIS members was gathered and included in the database. Through intensive searching
and questioning many discrepancies were resolved, yet a lot of information remained unknown.

AnAvysis oF THE European Stupsook (ESB)

After a year of data gathering, comparisons were made between data received from the EAZA Felid TAG Survey
and data received through the studbook research. The discrepancies between both results were notable,
as shown in Table 1. The most important conclusion from this analysis was that the registered records of
Eurasian lynxes in many institutions were very poor. Many institutions registered their lynxes as “Lynx”
without subspecific identification. Also, many institutions automatically registered them as the nominate
subspecies “Lynx lynx lynx”. An interesting finding was that the number of Carpathian lynxes that were
identified after studbook investigation changed from seven listed in the EAZA TAG Survey to 31 after the
studbook investigation. Also, the increase in number of lynxes that were identified as “mixed origin” was also
remarkable (from o to 27, according to survey comparisons).

SPECIFIC PROBLEMS OF THE EuroPEAN STuDBOOK (ESB)
Results from this research helped identify the following problems:
¢ A high level of inbreeding within the Eurasian lynx captive population.
¢ A high number of lynxes of unknown origin.
e A high number of lynxes of mixed origin.
¢ Many lynxes were kept in suboptimal captive conditions.



Given that the determination of different subspecies is still unclear and that many assumptions have
been made without proper scientific studies (e.g., genetic evidence of subspecies by DNA testing), it is not
possible to identify and manage “pure” breeding populations. This means that animals that appear in the
studbook listed as pure subspecies, may not be pure at all, or might belong to another subspecies (e.g.,
the uncertainty about the “wardi” subspecies).

As lynxes are easily available to zoos, there had never been standardized husbandry recommendations for
this species. Besides from following animal welfare standards, there were no reasons for zoos to invest in good
husbandry procedures. In general, lynxes were kept in small cages and, even to date, a large number of zoos have
not invested in large, naturalistic enclosures for maintaining lynxes. One of the tasks of a breeding programme is
to provide husbandry guidelines for the species to upgrade the husbandry and welfare standards for the species
in captivity. But because there is less attention for lynx than there is for larger, charismatic mammals, not much
pressure was put on compiling husbandry guidelines for lynxes. With the help of students, basic guidelines were
developed but not formally published. Slowly, zoos are improving their facilities and presently asking for advice
on how to design new lynx enclosures and how to take care of their captive animals.

RECOMMENDATIONS THAT EMERGED FROM THE EURASIAN LYNX ESB ANALYSES

Due to the problems faced by Eurasian lynxes maintained in captivity, several recommendations were made to
improve the husbandry and management of this species in zoos. These included:

e Avoid inbreeding. All institutions that have related breeding pairs should cease breeding those animals and
consult the studbook keeper for advice.

¢ Improve husbandry and enclosure design. All zoos are urged to improve their facilities for lynxes. Since there
is a “demand” for pure Carpathian lynxes, zoos wanting to display this subspecies are encouraged to design and
build large, naturalistic enclosures and provide enrichment opportunities.

e Further research is needed to identify the different subspecies. From the studbook management point of
view, all lynxes from different origin are treated as subspecies until further scientific research determines the
validity of the subspecies or provides alternative conclusions. For instance, all lynxes originating from Slovakia
are Carpathian lynxes, and all lynxes from Sweden are Northern lynxes (lynx subspecies). By using this strategy,
the possible loss of important bloodlines might be prevented. All mixed progeny between lynxes from different
origins is considered as “hybrids”, and a specific “non-breeding” recommendation is forwarded in such cases.

THE IMPORTANCE OF DETERMINING SUBSPECIES
The outcome of the genetic research carried out on lynxes of different origin is of extreme importance to the
studbook management for the following reasons:

In 2002, a total of 318 individuals in 129 zoos were identified as belonging to seven different populations (Table
1). If genetic research eventually shows that within the Eurasian lynx there are this many subspecies, it would
mean that zoos would have to manage seven different populations. If genetic research shows that only two clear
subspecies can be recognised, then only two separate populations would need to be managed.

The IUCN/SSC Guidelines for Reintroductions state that “an assessment should be made of the taxonomic
status of individuals to be reintroduced. They should preferably be of the same subspecies, or race, as those
which were extirpated, unless adequate numbers are not available”. This statement indicates that, prior to
any Eurasian lynx reintroduction project there has to be a clear understanding of the genetic origin of the
selected candidates for release.

MANAGEMENT RECOMMENDATIONS
To address the Eurasian lynx captive population problem the proposed measure includes performing the
appropriate analyses to identify each breeding individual via genetic analyses. Since this would entail a
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No sabemos lo que estamos haciendo en estos momentos o
como afectaran al futuro nuestras acciones actuales. Lo que si
sabemos es que sélo hay un planeta para seguir haciéndolo
y solo una especie capaz de cambiar las cosas de una forma
considerable.

Bill Bryson
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RESUMEN

La crianza artificial estd considerada como una actuacién de emergencia que
permite sacaradelante con éxito cachorros que nohanpodidosercriados porsus
madres y que tienen pocas posibilidades de supervivencia. En el Programa de
Conservacioén Ex situ del Lince Ibérico se han criado a mano satisfactoriamente
ocho cachorros desde el afho 2001. La crianza artificial es un proceso delicado
que se inicia con la recepcién del cachorro y finaliza cuando éste es capaz de
valerse por si mismo, en torno a los cuatro meses de edad. Durante el proceso
de crianza, las variables a controlar y las técnicas a emplear iran adaptandose
a la edad del cachorro, siendo los primeros dias de vida los més criticos para
garantizar su supervivencia. El cachorro recién ingresado debe acostumbrarse
a las condiciones del nuevo alojamiento (la temperatura ambiental debe estar
en torno a los 30 °C y la humedad mantenerse al 50% durante la primera
semana de vida), asi como habituarse a la leche de reemplazo (se utilizan
marcas con presencia del aminoacido taurina en su composicion); al ritmo
de lactancia (ocho tomas diarias de alimento cada tres horas durante los seis
primeros dias), y si no ha recibido calostro natural, se le deberan suplementar
los anticuerpos necesarios para reforzar su sistema inmune (aporte via oral
de suero sanguineo de un adulto sano a razén de 2 ml/100 g cada 12 horas
durante dos dias). Segtin los datos obtenidos a partir de cachorros criados a
mano en el Programa de Conservacién Ex situ —todos ellos abandonados por
sus madres— un neonato de lince ibérico pesa aproximadamente 175+18 gy
tiene una temperatura corporal de 34,9+0.7 °C. Entre el primer y tercer dia de
vida, los cachorros criados a biberdn incrementan su peso en 173 g al diay
rapidamente pasan a una tasa de crecimiento diario de 356 g entre los cuatro
y 40 dias de vida. A partir de la quinta semana, debe comenzarse el periodo de
destete, que se completaré en torno a los 100 dias de vida. Para asegurar que
los linces criados a mano presenten unas conductas afines a los objetivos del
Programa de Conservacion Ex situ es preciso llevar a cabo, de forma paralela a
la alimentacién y cuidados, un correcto programa de socializacién a partir de
la segunda semana de vida de los cachorros.

PALABRAS CLAVE
Crianza artificial, calostro natural, ritmo de lactancia, tasa de crecimiento,
neonatos, socializacién




ABSTRACT

Hand-rearing of cubs is an emergency measure that makes it possible to successfully
raise cubs whose mothers cannot take care of them and that consequently have low
chances of survival. In the Iberian Lynx Ex situ Conservation Programme, eight cubs
have been successfully hand-reared since 2001. Hand-rearing is a delicate process that
starts when the cub is taken and finishes when the individual is able to take care of
itself, around the age of four months. During the hand-rearing process, the variables to
control and techniques to use should be adapted to the age of the cub. Indeed, the first
days of a cub’s life are most critical in guaranteeing its survival. Upon arrival, cubs must
adjust to the conditions of their new environment (ambient temperature should be kept
at about 30 °C and moisture should be 50% in the first week of life) and get used to
the milk replacer (brands containing the aminoacid taurine are recommended) and the
feeding schedule (eight daily feedings, that is, one feeding every three hours in the
first six days); cubs that did not receive colostrum from their mothers need to be given
the necessary antibodies to strengthen theirimmune system (via oral administration of
blood serum from a healthy adult, 2 ml/100 g every 12 hours for two days). According
to the data obtained from hand-reared cubs in the Ex situ Conservation Programme
—all cubs had been abandoned by their mothers— a neonate Iberian lynx weighs about
175+18 g and has a body temperature of 34.9+0.7°C. Between the first and the third day
of life, the daily weight gain of hand-reared cubs is 173 g; between the 4" and 40" day
of life, their mean daily growth rate is 356 g. Weaning should start around the fifth
week of life and be completed around the age of 100 days. To ensure the behavior of
hand-reared individuals matches the goals of the Ex situ Conservation Programme, an
appropriate socialization programme should begin on the cub’s second week of life, in
parallel to the feeding and care of the cubs.

Kevyworps
Hand-rearing, natural colostrum, lactation, growth rate, neonates, socialization
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FIGURE 1.

IBERIAN LYNX NEWBORN CUB
(ABANDONED BY ITS PRIMIPAROUS
MOTHER).
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INTRODUCTION
he best option for the proper development of an Iberian lynx (Lynx pardinus) captive-
born cub is to be reared by its mother. Hand-rearing should only be considered when
all factors and circumstances point to a high risk of disease and/or death of the cub,
the mother or the cub’s siblings. The few remaining populations of Iberian lynx are
in such an extreme situation that each individual is valuable for the conservation
programme. Thus, all efforts aimed at avoiding the loss of a cub, even if premature,
are justified.

Data obtained from the 15 litters born at El Acebuche Breeding Center, between
2005 and 2008, via our camera-surveillance system indicate that, in the first 20
days of life, mothers spend between 67 and 79% of the day —16 and 19 hours,
respectively— with their young, providing the care and attention they need. These
figures substantiate the effort involved in trying to substitute for maternal care and the importance of
knowledge and experience in successful hand-rearing.
This chapter is a compilation of the most important sections of the “Guidelines for Hand Rearing Iberian
Lynx Cubs” (Rivas et al., 2008). It has been drawn up thanks to the experience acquired by the staff involved
in the breeding of lynx at El Acebuche Breeding Center and at the the Jerez Zoo, as well as the advice and
experience of experts on the subject, and a review of literature on the topic (Andrews, 2008; Hedberg,
2002; Meier, 1986; Gunn-Moore, 2006a).

WHAT IS A LYNX CUB LIKE?
The gestation period for an Iberian lynx is 63-66 days (mode = 64; Vargas et al., this book). Cubs that are born
to term weigh between 157-193 g (n=5). Iberian lynx neonates are altricial, ie., they are born helpless, blind and
deaf, and completely dependent upon their mothers (Figure 1). Neonates are not capable of regulating their own
body temperature, so if they do not have their mother’s warmth, they quickly become hypothermic. In addition,
neonates depend on their mother’s stimulation of the perianal area in order to defecate and urinate. Neonates
have no teeth and, during their first two weeks of life, they spend most of their time nursing and sleeping.
Cubs can be sexed by measuring the distance between the genital and anal sphincters. At 3-4 weeks of age
the distance is <16 mm in females and >16 mm in males (Palomares, pers. comm.; Ex situ Programme, unpub.
data). In felids, as in other carnivores, immunity of cubs is essentially passive at first. Cubs receive most of
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Eyes Closed Half way opened Opened

Dentition No teeth ‘ Canines ‘ Incisors and Canines ‘Premolars
Ears Halfway folded ‘ Upright

Claws Non-retractile ‘ Retractile

Locomotion Cannot stand steedly on the four limbs ‘ Can stand on four limbs: unestable movements ‘ Good movement capacity
Downy fur Complete ‘ Missing on head ‘ Missing on limbs

FIGURE 2. DEVELOPMENTAL LANDMARKS OF IBERIAN LYNX cuBs (RIVAs ET AL., 2008).

their antibodies (IgG) from their
mother’s colostrum, the first
milk which will better prepare
the immune system to respond
to potentially infectious agents
present in the environment. A
colostrum-deprived cub will be
more prone to disease. It is vital
to maintain strict hygiene for
all cubs, but especially for the
colostrum-deprived ones.

Figure 2 shows distinct

developmental landmarks of

Iberian lynx hand-raised cubs.

Following are specific features

of each of these landmarks:

Eyes: The eyes start to open in the

second week of life (8-14 days)

and are fully open in the 3rd week

(around 14-18 days of age). At first

the iris is light gray. In just a few

days it becomes deep blue, and
then gradually it starts turning
amber brown or emerald green,
which will end up being the adult

eye color (Figure 3).

Dentition: The dental formula of an adult Iberian lynxis 13/3, C1/1, P2/2, M1/1. The deciduous dentition set has the
following formula: dI3/3, dC1/1, dP2/2. In the domestic cat, deciduous dentition starts to erupt in the 2nd week
of life, with the incisors emerging on the first place, immediately followed by canines, and finally premolars at
five or six weeks of age (Murtaugh, 1994). In contrast, in Iberian lynx cubs the first teeth to erupt are the upper
canines, between 15 and 20 days of life. Lower canines immediately follow. Between 22-26 post-natal days we
observe the eruption of the incisors and, finally, premolars emerge staring at week six after birth (Figure 2).
The order of eruption of permanent teeth replacing deciduous ones is incisors, molars, canines and finally
premolars (Garcia-Perea, 1996). Deciduous canines begin to emerge during the fifth post-natal month, and
are completely replaced by permanent ones by the sixth month of life.

FiGure 3. CHANGES IN EYE COLOR, DENTITION, AND DARKENING OF PAWS IN IBERIAN LYNX CUBS.
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Coat: The first coat of cubs is formed by a mantle of fine, downy and compact hair that provides the necessary
cover, protection and camouflage in their first weeks of life. The down keeps cubs warm while they are unable
to thermoregulate. It gradually starts to disappear from the forehead and distal part of the limbs at around
11 post-natal days, follows a cranial-caudal pattern of thinning until it eventually disappears completely at
around 70 days of age.

Ears: Lynx cubs are born with their ears folded. Cubs born after a full-term gestation (63-66 days) also present little
hair tufts on the tips of their ears, a hallmark characteristic of the genus Lynx. The ears start to unfold around
the tenth day of life and remain half-folded until the fifth week (31-36 days), when they become fully erect.

Claws: Cubs are born with their claws fully extended and covered from the base with a sheath of connective
tissue. The claws only become completely retractable —another trait of felid species — between the third and
fouth post-natal week.

Paw pads: Cubs are born with light-colored paw pads that gradually become darker until they are about three
months old (Figure 3).

Motor skills: Although cubs are able to move from the very beginning, their movements are clumsy and shaky. They
begin to crawl and are strong enough to stand on their four limbs between the second and third week of life.
They only acquire enough motor skills to start to walk and explore their surroundings at four weeks of age.

SITUATIONS THAT MAY REQUIRE HAND-REARING OF CUBS
e Cubs born in the captive breeding center that are at risk of death due to any one of the following
circumstances:
Lack of maternal instinct towards the litter or a specific cub.
A disease of the mother that poses a risk for the normal care of the cubs.
Cubs showing signs of weakness or disease that are starting to be neglected by their mother. This is a
sign that the cub might have an infectious disease or a developmental disorder.
e Cubs taken from the wild to be included in the captive breeding programme.
e Cubstaken fromthe wild because their life is considered to be in danger—e.g., signs of generalized weakness
or disease, risks posed to litter viability by external situations, etc.

GENERAL CONSIDERATIONS
The mother should always be the one to take care of the cubs if possible. Once the decision has been made to hand-
rear an Iberian lynx cub, the following three aspects must be controlled and considered at each step of the way:
Keep the cub WARM (cubs are not capable of thermoregulating)
Keep the cub HYDRATED (dehydratation can happen very fast)
Keep the cub WELL NOURISHED
In addition, it is considered important to provide passive immunity to the neonate, as far as it is possible to do
so. It is also important to make every effort not to rear a cub in isolation. One or several Iberian lynx cubs can be
hand-reared with those of other Lynx species (e.g., bobcat L. rufus) or small felids (e.g., domestic cat F. silvestris
catus, wildcat F. silvestris silvestris) as long as they have previously undergone a medical examination and do not
have or carry contagious infectious diseases. Four weeks is a good age to introduce a domestic kitten or a cub
of another species of small felid (Mellen, 1998). A high standard of hygiene must be followed when handling the
animal, preparing its food, and cleaning feeding bottles and other utensils. This is particularly important for those
cubs that have not had mother’s colostrum. Changes in handling and feeding must be gradual.
Hand-raised neonates should be taken care of by no more than 2-3 people in order to ensure consistency
in the handling and feeding of the animals as well as maintaining a good record-keeping.

NECESSARY EQUIPMENT FOR HAND-REARING OF CUBS

During the first three weeks, the cub must be kept in an incubator, in a box that is easy to clean or in a pet carrier
box where it can be comfortably housed. It must be possible to control the inside temperature of the box. Bedding
should be soft (i.e., fleece pads or flannel blankets) and it is important that it sheds no “fur” that the cub could



lick and ingest. Housing must progressively change as the cub grows. At around 15-20 post-natal days, cubs are
fairly mobile and need more space, it is advisable to provide them at his stage with an area of approximately 1x1
m to move around. At around five weeks, mother-raised cubs begin moving all over their enclosures, at this age,
it is important to provide hand-raised cubs with a larger area where to exercise and explore.

Thetemperature oftheincubatorandthe roomshould be continuously monitored withappropriate thermometers.
The incubator or denning box, can also be provided with additional hot water bottles or electric heating pads.
The sources of heat should be placed so that there is always a temperature gradient and some areas are warmer
than others, enabling neonates to find the most comfortable spot for them. The sources of heat should not come
into direct contact with the animal, as they may cause burns. Socks or pads can be used to cover bottles.

It is vital that the inside of the incubator and the room where it is placed have a similar temperature, so
that the neonate does not suffer a sudden change in temperature when being fed and cared for outside of the
incubator. The room and incubator temperature should be regulated depending on the age of the cub. The
recommended temperature gradient is as follows (Prats, 2004; Gunn-Moore, 2006b; Murtaugh, 1994):

1%t week: 30-32 °C

2" week: 27-29 °C

3 and 4th week: 27 °C
5t week: 24 °C

After the 6™ week: 21 °C

Observation of the cub between two feeds will tell whether the animal is too cold or too warm. If the cub is
agitated, restless and/or making whining sounds it may be a sign that the temperature is not well regulated.

Housing must be maintained at around 50% humidity. For humidity control, one can use humidifiers or
maintain containers full of water near heat sources. Neonates are under a high risk of dehydration, and thus it
is important to maintain adequate levels of humidity in the room. Levels that are too high (85-90%) or too low
might compromise the health of the cub.

When selecting a nipple, try to match it with the teat size of the mother. For Iberian lynx neonates, the ideal ones
are PetAg® small nipples for 60 cc feeding bottles. Place a hole directly in the center of the nipple with a heated
needle. The size of the hole should allow suckling at a slow, steady rate. To test size, fill the bottle with hot milk
and hold it upside down. Only a small drop should come out each time the bottle is put upside down. Constant
dripping means the hole is too large, which can cause milk to be ingested too rapidly and increase the chances
of bloating and of aspiration into the lungs (see section “Aspitarion”).

Once a nipple works with a cub it should always be used exclusively for the same cub, until it needs to be
replaced by another one because it is too small or too worn. Disinfectants and wet heat sterilization gradually
damage the nipples, which eventually have to be replaced. The size and volume of the bottle will increase as the
cub grows and needs more food.

Several nipples, bottles and bottle brushes should be available while hand-rearing the young. They should
be cleaned thoroughly and handled with great hygiene. After each feeding, they must be washed with soap, very
well rinsed and sterilized with steam or a bottle sterilizer.

There are many brands available on the market, in both powdered and liquid forms. The most popular ones
for cats are KMR®, Esbilac® and Lactadiet® Although the milk composition of the Iberian lynx is not known,
it seems to be similar to that of other Lynx species, such as the Eurasian lynx (21.7% solids, 28.6% fat, 47%
protein and 20.7% carbohydrates) (Jenness and Sloan, 1970).
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The milk replacer for domestic kittens with the closest composition to that of the lynx is PetAg’s KMR®
(27% crude fat, 40% protein, 7% ash, 5% moisture). It also provides an appropriate amount of taurine, an
essential amino acid for cats. Esbilac® and Lactadiet® have also being used with Iberian lynx and they are
considered appropriate for this species.

Most mammals synthesize taurine from other amino acids. However, cats cannot synthesize a sufficient amount
and, therefore, must acquire the rest through diet. Taurine deficiency can lead to impaired vision (feline central retinal
degeneration), heart disease (dilated cardiomyopathy) or a decreased reproductive performance and growth.

Electrolytes are solutions that are easily digestible at any body temperature. They are used as a source of energy
and hydration in the first few feedings of cubs that are going to be bottle-fed (see “Feeding”), as a gut stabilizer
during episodes of diarrhea (see “Diarrhea”) and to treat cubs with hypothermia (see “Treating hypothermisc
cubs”). In general, electrolytes —such as Pedialyte® and Glucolyte®- provide a good energy supplement to
neonates, particularly those that are cold and/or weak.

Colostrum is the first milk produced by the mother in the first hours after parturition. It is very rich in vitamins,
proteins and fat and has a slightly laxative effect. It is especially valuable because it contains the antibodies that
neonates need to start to develop there non-existent immune system. The placenta only allows for absorpotion
of 20% of the passive immunity (Prats, 2004), the rest is acquired from the dam’s milk. In the domestic cat,
immunoglobuline levels are constant throughout lactation, as opposed to dogs where immunoglobuline
concentrationis higherin the first few post-natal days (Prats, 2004). Also, in domestic kittens the gut is permeable
to the large molecules of IgG in colostrum up to 72 hours after birth, and the greatest concentration is absorbed
in the first 24 hours (Murtaugh, 1994; Romagnoli, 2001). For this reason it is important that abandoned neonates
take colostrum during the first two days of life, when their intestine is permeable to the large IgG molecules.
Nevertheless, kittens can still receive a good immunological support at later stages, since the dam’s milk
contains good concentrations of antibodies.

For the Iberian lynx, we recommend to provide antibodies to neonates that have not received colostrum from their
mother. There are various alternatives, such as formulas available in the market (e.g., Lactadiet’s Artifical Colostrum
for Kittens), or adding Iberian lynx blood serum, with an optimal concentration of antibodies, to the formula used to
feed them (Bush et al., 1994; Bush et al., 1998; Prats, 2004 see “Provision of antibodies” via blood serum).

Neonates have a poorly developed immune system, particularly if they have not received colostrum. It is
therefore essential to maintain strict hygiene to prevent the spread of germs to the cub during feeding and
handling. The cub rearing area must be perfectly clean and separated from other areas with animals. The staff
that is present in the rearing area must wear specific clothing for handling the cub —e.g., disposable coveralls,
shoe covers, talcum-free gloves, and masks—. Any gear used with the cub —whether it is to prepare and supply
food or provide regular care— must be disinfected and shouldn’t be used with other animals and vice-versa.

It is necessary to have an accurate scale with a basket to weigh the cub daily in the first few weeks of life. An
infant care spredsheet must be kept so that the evolution of the cub can be checked anytime. It should include
the cub’s daily weight and other data of interest such as amount eaten per feeding, temperature and so on (see
“Template” in “Guidelines for Hand Rearing Iberian Lynx Cubs”; Rivas et al., 2008).

IMPORTANT ASPECTS AND STAGES IN HAND-REARING

The cub must be received in a calm, quiet environment where only the necessary staff is present. The animal is usually
stressed, so it is important to try to comfort it. Assess the cub’s general condition: Are the airways open? Is the



rectal temperature rectal temperature
1%t day 34,5-36 °C o0-2 days 34,2-35,6 °C
15t-2M week 36-37 °C 3-6 days 35,8-37 °C
344" week 37,8°C 7-14 days 36,637,6 °C
After week 4 38,5 °C TaBLE 2. TEMPERATURE RANGES FROM SIX HAND-RAISED IBERIAN LYNX CUBS

TABLE 1. AVERAGE TEMPERATURE VALUES FOR DOMESTIC KITTENS
(Prats, 2004).
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FIGURE 5. CHANGES IN WEIGHT
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MONTH OF LIFE IN HAND-REARED
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(Rivas ET AL., 2008).
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cub breathing? Does it have a heartbeat? As a precaution against possible problems, the staff must be trained in
cardiopulmonary resuscitation (CPR) techniques (Read and Meier, 1996) and have emergency equipment at hand.

The first priority is to keep the cub at the right temperature. Use a pediatric thermometer to measure rectal
temperature. When hypothermia is severe (temperature <34 °C) follow the steps shown in section “Treating
hypothermic cubs” on treating hypothermic cubs to try to stabilize the animal. The room and incubator should
be kept at the temperature shown in section “Housing temperature”.

Stimulate urination and defecation as explained in section “Stimulation of urination and defecation”, as the cub
may have been abandoned by/pulled from its mother for quite a few hours.

Comfort the animal by massaging its whole body with a gauze and/or toothbrush dampened with warm water to
mimic the mother’s licking. Assess the sucking reflex by placing the tip of your little finger on the cub’s mouth (make
sure that your hands are throughly washed or that you are wearing powder-free gloves. If suckling reflex is absent, it
may be because the animal is still nervous. If so, continue to comfort it by massaging it as described above. Once the
cub is stable, a thorough medical examination should be performed.

Siblings are best left together, for warmth and comfort, unless a distinct need for separation occurs due to disease
or other reasons. If there is only a single cub, provide a small stuffed toy —caution: the toy should not contain any plush
fabric that may come off and be swallowed by the cub—or a rolled up towel to lie against for warmth and comfort.

In the first few weeks, neonates are unable to regulate their own temperature; therefore, caregivers must
carefully control the cub’s temperature environment. Avoid tendency to keep too warm. A few signs that the
temperature is too warm are the following: the insides of the ears feel hot, the neonate is urinating on itself, or
the paw pads are very red. The cub’s body temperature will vary depending on its age (Gunn-Moore, 2006b; Prats,
2004; Tables 1 and 2). It is important to keep the cub’s temperature stable; it must therefore be continuously
monitored. A rectal temperature <34 °C may lead to the cub’s death (Gunn-Moore, 2006b).

Iberian lynx cubs weigh about 157-193 grams at birth. It is important to weigh the cub every day before its first
feeding and record weight values in the infant care sheet (Figure 4, weighing a cub). A loss of 10% in the first
24 hours may be normal; however, after that, the cub should gain weight every day. Any weight loss —or lack of
weight gain—must be looked into, as it is a sign that there is a problem. A weight loss exceeding 10% poses a risk
to the cub’s survival (Gunn-Moore, 2006b). Steady weight gain is the sign of a cub developing normally.

Daily growth rates vary depending on the age of the cub, and it should be calculated and monitored every
day. In the Eurasian lynx (Lynx lynx), different weight gain periods have been established (Naidenko, 2006):
<2010 41 days: 30-40 g; 41-60 days: 20-30 g; 60-80 days: 40-50 g. Hand-raised Iberian lynx cubs (n=7 between
2006-2008) showed daily increases in body weight of 16,6+2.5 g during the first three post-natal days and of
34,5+6 g between days 3-40 after birth (Figure 5).

Another aspect we consider important to register is the ratio between the total volume of food ingested and the
cub’s body weight (V/BWx100). As a general rule, cubs should ingest approximately 20-30% of their body weight daily
(Ward, 2002). Data on hand-raised Iberian lynx cubs show that, during their first week of life, they ingest a volume
of milk that is equivalent to 44+5% of their body weight. This proportion gets smaller as the cubs grows, turning into
values of 30+3% between 8 y 19 post-natal days; 19+2% at 20y 34 post-natal days, and 11+1% at 35-40 days of life.

Cubs usually defecate before they are fed. Stimulate the perineal region with a warm, wet cotton ball or gauze in
circular and upward movements, first, softly around the external genitals and finally around the anus (Figure 6).
It is normal for cubs to urinate first and then defecate. Always keep the anal and genital area clean. Do not force
the cub by over stimulation if it does not defecate or urinate, as it will always make an effort to try to empty his system.
Too much effort can lead to gastrointestinal problems. Neonates that are just a few hours old may pass meconium
stools, which are thick, sticky, dark and foul-smelling. Stool color is a good indicator of digestion: yellow-brown is
normal, greenish indicates too much food and white indicates that the cub is not digesting milk properly.



FIGURE 6. STIMULATION OF
URINATION AND DEFECATION.

Photo: Antonio Rivas

FIGURE 7. AVERAGE DAILY MILK
VOLUME TAKEN BY SEVEN IBERIAN
LYNX HAND-RAISED CUBS.
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A cub’s intestine is usually filled at birth, so feeding is not necessary in the first few hours after separation from the
mother. Only stable cubs without hypothermia and responding to stimuli should be fed. If rectal temperature is below
34 °C, digestion of food will not be possible.

There should always be more formula in the bottle than needed, allowing for better flow and preventing that
the cub swallows air which would lead to bloating. The bottle with the formula should be maintained at
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38 °C during the course of the feeding. This is done by placing the bottom half of the bottle in a container
with warm water so that it keeps its temperature while other tasks are performed- weighing the cub,
stimulating urination, and so on.

The average volume of milk ingested by Iberian lynx cubs in their first 20 days of life is 217 ml; increasing
to 42+6 ml between 21 and 50 post-natal days. Total milk volume also varies according to age, reaching its peak
at around one month of age (Figure 7). Afterwards, meat is provided to the cub and the daily amount of milk
ingested starts to decline.

Do not overfeed as it may lead to diarrhea. Neonates suckle until they are tired, rather than full; they
should therefore be given time to rest during the feeding in the first few days. Any food changes must be
made gradually, giving the digestive system time to adjust. After feeding, try to favor elimination of any
potentially ingested bubbles by giving a soft massage with the palm of our hand on the cub’s belly and gently
tapping its back, always maintain a slightly inclined position so the cub”s head is above the rest of its body.

Formula refers to milk diluted with mineral water or electrolytes. It is vital to maintain high standards of
hygiene and cleanliness when preparing the formula. This is particularly important with cubs that have not
received colostrum from their mothers and therefore have not had acquired immunity. Thoroughly clean all
the utensils used and the area where the food is prepared. Only use material —bottles, nipples, teaspoons,
etc.— that has previously been sterilized. If the cub has not received colostrum, provide artificial colostrum
for cubs during the first two days, or provide Iberian lynx serum with optimal concentrations of antibodies as
explained in section “Provision of antibodies via blood serum”.

It is important to note that the composition of mother’s milk changes during the course of lactation
(Oftedal, 1984) and is more diluted in the first 2-3 days.

The formula can be prepared in advance for a 24-hour period as long as it is kept refrigerated and the
bottles are filled specifically for each feeding. Mix formula thoroughly and allow any air bubbles to settle
and disappear prior to feeding. Gently transfer the necessary amount of formula to the bottle to prevent new
bubbles from forming. The formula may be warmed in a double boiler (bain-marie) or in a bottle warmer. Use
of microwaves is not recommended, as they do not warm food homogeneously and may burn the animal. The
temperature of the formula must always be tested before feeding. This is done by pouring a few drops on the
inside of your wrist. When the formula is warm but does not burn the skin it is at the right temperature.

Sit and place the cub on a towel on one of your legs. Keep the cub on its stomach with its head slightly
elevated (Figure 8). Place your forearm, a rolled up towel or a pillow in front of the cub; the cub will push
and knead with its front paws as it suckles, as it would do with its mother’s teats to stimulate milk flow. Tilt
the bottle so that the nipple is always full of milk to avoid air swallowing. Test milk temperature just before
feeding the cub.

Cubs are stressed by the new situation; it is therefore normal for them to lack the sucking reflex. Comfort the
animal by massaging its whole body with a gauze and/or toothbrush dampened with warm water to mimic the
mother’s licking. This may calm it down and get it to suckle. Some cubs will not drink if milk is too cool. A cub
may fuss and not eat well when fed by a new caregiver until it gets used to the new person.

1t week: feed every 3 hours, 7-8 feeds/day

2md-3 week: feed every 3.5 hours, 5-6 feeds/day and 5-6 hour’s sleep at night

4" week: feed every 4 hours, 4 feeds/day and 8 hours of sleep at night

5" week to weaning: feed every 4 hours, 4 feeds/day; introduce solid food very gradually.
Weaning to 6 months: 3 feeds/day



FiGure 8. FEEDING POSITION.

This feeding schedule is just a guideline; the cub often shows us the best regime to follow.

The first few —two or three— feedings of a neonate should be straight electrolytes, between 5 and 10 cc (see
“Electrolytes”). This makes it possible to check the swallowing reflex is good and reduces the risks in case of
aspiration into the lungs.

Transition to eating solid food should begin at 5-6 weeks of age, when the upper and lower canines and incisors
are present and the deciduous premolars start to erupt (see “Development of an Iberian lynx cub”). The cub
will progressively refuse to be bottle-fed and will start to prefer solid food. Three feeding stages have been
differentiated in Iberian lynx cubs raised by their mothers in captivity (Vazquez et al., 2007):

From o to 60 days they only suckle

From 61 to 104 days they suckle but also ingest solid food

From 105 days they no longer suckle (weaning is at around 3.5 months)

Weaning must be progressive so that the animals can adapt to the change of food. At first, cubs should be
fed very small pieces of lean meat —preferably rabbit or chicken— mixed with some milk. Meat must not contain
bones, skin, gristle or entrails. At first, it is normal for cubs to reject solid food, but they gradually start to chew
meat, accept it willingly, and finally eat it with eagerness. They should progressively be given meat attached to
large pieces of bone that they can bite without risking to choke on them.

Always have a bowl of water available for the cub to drink once it is eating only solids. If more than one cub
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is being hand-reared, it is very important to feed each individual separately in different areas of the enclosures
to avoid disputes or fights for food and to be able to control what each animal is eating.

COMMON PROBLEMS AND WHAT TO DO ABOUT THEM

Diarrhea must be treated as soon as it is detected, as severe diarrhea can dehydrate a neonate very rapidly and
result in death. In most cases, diarrhea is related to overfeeding or a feeding formula that is too concentrated;
sometimes it is caused by a bacterial or parasitical infection, usually due to a lack of hygiene. Mild diarrhea
responds well to a more diluted formula with mineral water at a 1:1 ratio until diarrhea stops.

In more serious cases, take the cub off formula completely and give only electrolytes (a 5-10% glucose
solution), using the same amount and feeding schedule as with formula until diarrhea stops (Andrews, 1998). If
the neonate is cold don’t give any oral medication or fluid. In these cases a veterinary intervention is needed to
start an intravenous or subcutaneous treatment.

Gradually reintroduce formula, beginning with half the strength of what it was before withdrawing, then
slowly work up to its original strength as stools firm. Consult a veterinarian if diarrhea persists. Bene-bac® by
PetAg®, a gel that stabilizes the natural gut flora of kittens, is very effective (Andrews, 1998). Antibiotics are not
recommended, particularly for treating diarrhea, as they often upset the kitten“s normal growth of bacterial gut
flora. Therefore, they can lead to an even worse situation (Gunn-Moore, 2006a).

A cubwhose feces are very hard, who is having too much difficulty defecating or has not defecated in 36 hours is
considered constipated (Andrews, 1998). A few doses of liquid paraffin (Hodernal®, Emuliquen®) in approximate
doses of 0.5 ml per feeding for 2-3 days (Gunn-Moore, 2006a) usually solves the problem. Another possibility is
to give the cub a few drops of corn syrup added to each bottle for 2-3 feedings (Andrews, 1998). If the cub does
not defecate after the treatment explained above, a very mild warm soapy enema can be given.

Bloat is swelling of the abdomen caused by gas in the intestines or the peritoneal cavity. Use electrolyte therapy
as for diarrhea or use Nutrical® at a rate of 4 cc daily divided by the number of feedings (Andrews, 1998).

This happens when formula is not well sucked and enters the airways. It may be due to the cub not being used to
the bottle or to the cub being given too much food. It can lead to asphyxia of the cub or to aspiration-pneumonia.
If it happens, the cub will start to cough and milk will come out of its nose. Apply the following technique to clear
the airways: hold the cub belly down on the palm of your right hand, placing its head between the index and
middle fingers. Place the palm of your left hand on the cub’s back, holding the upper part of its head with the
fingers of this hand. Bend forward with your legs flexed and swing the cub between your legs gently but firmly
so that it can expel the fluid from its airways. This technique must be used with caution, as it could cause a brain
hemorrhage if it is done violently.

Cubs are unable to regulate their own temperature, which can drop from an optimal to a critically low or high
temperature in just a few hours. Risk is highest in the first few post-natal weeks, when body temperature ranges
between 35-37 °C, the shivering reflex is not yet present and there is not much subcutaneous fat (Prats, 2008).

A cub with a temperature of 38 °C has a blood pulse between 200 and 250 beats per minute (bpm). However,
if its temperature drops to 30 °C its heartbeat will drop to 40-50 bpm. This may cause a malfunction of the
respiratory system and ultimately lead to cardiac arrest. Domestic kittens whose rectal temperature is <34 °C
are in serious danger (Gunn-Moore, 2006a).

It is vital to re-stabilize the cub’s temperature gradually. The cub may be placed in a warmed isolette or
incubator. It should be done in a timeframe lasting between 1 to 4 hours, depending on the severity of
hypothermia. A rapid increase in temperature may cause cardiovascular collapse and death of the animal.



Raising the temperature too much can also cause dehydration of the cub and also lead to its death. Continuous
and careful monitoring of the animal’s temperature is therefore of capital importance. Peripheral circulation
is poor in severely hypothermic animals, so heat is not dissipated from the skin surface; therefore burns and
severe skin damage can result, even at temperatures that would not damage normal individuals (Meier, 1986,
1984). Hypothermia reduces the absorption capacity of the gut and thus leads to poor digestion, which easily
leads to hypoglycemic episodes (see “Hypoglycemia”). Do no provide formula, only eletrolytes, until the cub
recuperates its normal temperature.

Serum should be taken from the cub’s mother if she is in perfect health. If the mother is not available, serum
can be taken from another healthy individual that has spent over a year in the breeding programme and whose
serology study proves that it has good antibody titers. Serum must be separated in 4-6 ml aliquots; it can
be frozen and thawed out for its use, although it is always better to provide it fresh. Administer the serum at
approximately 35-37 °C. The recommended dosages are as follows (Prats, 2004):
Oral: 2 ml/100 g body weight every 12 hours. Oral route has the slight problem that the volume that can be
given is limited by the cub’s stomach size, and also that it competes with the administration of other nutrients.
Subcutaneous (SQC), intravenous (1V), Intra peritoneal (IP) routes: 2-5 ml/100 g every 8 hours.
Provide lynx serum at this rate for the first two days of life.

Hypoglycemia is the result of a poor diet. If a cub refuses several feedings or food is not being assimilated
because of a problem —e.g., hypothermia— it should be treated immediately. Cubs have very limited energy
reserves and may die in just a few hours.

Treatment involves giving the cub a few drops of corn syrup orally as a source of energy. If the cub is also
hypothermic, no oral treatment should be given. In this case parenteral treatment and stabilization of the cub’s
temperature should begin at the same time (Gunn-Moore, 2006a) (see “Treating hypothermic cubs”).

If the cub still does not accept food, surgery will be needed to insert feeding tubes into the cub’s stomach
and feed it artificially.

Hand-rearing must be encompassed with a socialization programme, oriented to ensure the development of
natural behaviors in Iberian lynx cubs. In felids, socialization is crucial during development (Caro, 1995; Bateson,
2000; Rochilitz, 2000; Casey et al., 2005), and, thus, it is recommended that, whenever possible, hand-reared
cubs should be raised in groups of two or three young. The objectives of hand-rearing an animal must be clearly
defined from the beginning. Will the animal be used in education programmes and therefore be in contact with
humans? Or will it be used for breeding or for reintroduction purposes? It sometimes requires great effort and
time to check whether the final objective has not been compromised or undermined by our intervention. Hand-
rearing is not recommended for cubs that will be reintroduced into the wild.

Hand-rearing implies the risk of raising cubs that will exhibit an abnormal behavior for their species. Such
imprinted behavior is difficult to modify.

The sensitive period for socialization is considered to take place between the 2nd and 20th week of a cub’s
life. Iberian lynx cubs open their eyes around their 14 day of life. This is the beginning of a developmental
period during which they rapidly learn from external stimuli. They exclusively depend on their mother’s milk
until they are about nine weeks old —although they may continue to suckle until they are three or four months
old-. This period of dependence on the mother is considered to be vital for the development of different
behavioral traits.

It is important that the animals have contact with other individuals of their species during the sensitive
period for socialization (Read and Meier, 1996). If this is not possible, they should be in contact with other felid
species, preferably of the genus Lynx. If this does not happen, their adult behavior might be altered and they
may not show any interest in mating with individuals of their species upon reaching sexual maturity.
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Another aspect to consider is contact with humans during the sensitive period for socialization. As long as
contact with other lynx is ensured, contact with humans does not seem to alter the development of reproductive
behavior. However, regular contact with humans in cubs between two and 20 weeks of age can lead to very tame
animals that are not afraid of humans. This may pose problems for handling these individuals once they have
reached maturity.

ConcLusion

Hand-rearing is a delicate and meticulous process. On most occasions, it involves handling Iberian lynx cubs
that are only a few days old and sometimes even prematurely born. These animals have a deficient immune
system and their viability completely depends on very thorough care and an appropriate environment. Given how
difficult it is not to alter natural behavior patterns, an important factor is the final use of the animals —restocking
and/or reintroduction projects, captive breeding, public display, etc. The Ex situ Conservation Programme’s main
goal aims at reintroducing animals yet, the highly critical status of the populations of L. pardinus justifies taking
every necessary effort —including hand-raising of cubs— to successfully raise any individual with low chances
of survival. Extreme care should be devoted to promoting natural behaviors in the species, even if hand-raised
animals will never be targeted for release.

As shown in this paper, successful hand-rearing of Iberian lynx cubs involves following specific guidelines
and requirements. There are two factors that are highly important and should not be forgotten, even though
they cannot be measured with any thermometer or scale. They are the dedication and confidence of the human
team in charge of taking care of the cubs. A great deal of time must be devoted to the process, and there will
be many occasions in which the cub does not evolve as we expect or wish. In such moments, the difference
between success and failure depends on the team’s energy, knowledge and confidence.
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RESUMEN

Los felinos salvajes en cautividad muestran en ocasiones cambios de conducta
gue pueden ser indicativos de una falta de bienestar. Entre estos cambios
destacan las estereotipias, lainhibicién de la conducta maternal, elaumento de
la conducta agresiva, y la reduccion del consumo de alimento y de la conducta
exploratoria. Las estereotipias son conductas repetitivas que resultan de una
enfermedad o de los intentos repetidos por adaptarse a un ambiente dificil.
Las estereotipias de desplazamiento son las mas frecuentes en los felinos
salvajes en cautividad y suelen aparecer cuando los animales se encuentran
en situaciones que impiden o dificultan la expresiéon de su comportamiento
normal, especialmente la conducta de alimentacién, locomotora o de
exploracién. Varios estudios sugieren que los animales que durante las fases
tempranas del desarrollo se mantuvieron en ambientes pobres en estimulos
tienen mas probabilidades de realizar estereotipias cuando son adultos. El
estrés inhibe el comportamiento maternal y puede causar ocasionalmente
canibalismo materno-filial. Asi mismo, el estrés puede interrumpir o prolongar
el parto y causar hipoxia cerebral en las crias. El estrés causado por un
ambiente inadecuado o nuevo causa frecuentemente anorexia, que en algunos
casos puede comprometer la salud e incluso la vida del animal. Algunas
circunstancias relacionadas con el manejo y las instalaciones de los felinos
salvajes en cautividad —tales como la introducciéon de nuevos animales, la
existencia de recursos por los que los animales pueden competir y la alteracién
de la dinamica social tipica de cada especie- pueden aumentar la frecuencia
o intensidad de las interacciones agresivas. Las técnicas de enriquecimiento
ambientaly, de forma ocasional, la utilizacién de psicofarmacos y de feromonas
constituyen las técnicas principales para prevenir y corregir las alteraciones
de comportamiento que aparecen en los felinos salvajes en cautividad. El
objetivo principal del enriquecimiento ambiental es facilitar la expresién del
comportamiento normal de la especie, especialmente la conducta exploratoria
y la interacci6n social. Las feromonas faciales y las feromonas apaciguadoras
producidas por las hembras lactantes pueden ser especialmente (tiles para
prevenir o corregir los cambios de conducta causados por el estrés.
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ABSTRACT

In captivity, wild felids sometimes exhibit behavioural changes that may be a sign of a
lack of welfare. Such changes generally involve stereotypic behaviour (or stereotypies),
the inhibition of maternal behaviour, increased aggressive behaviour, and decreased
food consumption and exploratory behaviour. Stereotypies are repetitive behaviours
resulting from a disease or repeated attempts to adapt to a difficult environment.
Stereotypic pacing is the most frequent type of stereotyped behavior in wild felids
in captivity. It usually appears when the animals are in a situation that prevents or
hinders them from expressing their normal behaviour, particularly feeding, moving
about, or exploring. A number of studies suggest that when animals are held in
environments with few stimuli at an early stage of their development, they are more
likely to perform stereotypies as adults. Stress inhibits maternal behaviour and may
sometimes cause maternal cannibalism, or interrupt or delay delivery and cause brain
hypoxia in the young. Stress caused by an inadequate or new environment often
causes anorexia, which may in some cases compromise the animal’s health or even
its life. Some circumstances related to the housing and husbandry of wild felids in
captivity, e.g. introducing new animals, competition for resources and altering the
typical social dynamics of the species, may increase the frequency or intensity of
aggressive interactions. Environmental enrichment techniques, and occasionally the
use of psychotropic drugs and pheromones, are the main techniques to prevent and
correct behaviour problems in captive wild felids. The main objective of environmental
enrichment is to facilitate the expression of the normal behaviour of the species,
especially exploratory behaviour and social interaction. Facial pheromones and
appeasing pheromones produced by lactating females can be particularly useful to
prevent or correct behavioural abnormalities caused by stress.

Keyworbs
Welfare, stress, stereotyped behaviour, environmental enrichment, psychoactive drugs,
pheromones, socialization
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ABNORMAL BEHAVIOUR OF WILD CATS IN CAPTIVITY

raditionally, stereotypies have been defined as behaviours that are repetitive,
invariable, and without any apparent function (Fox, 1965). More recently, Rushen and
Mason (2006) have described them as repetitive behaviours resulting from illness or
repeated attempts at adapting to a difficult environment.

Stereotypic behaviour has seldom been described in animals in the wild
(Carlstead, 1996). However, it is seen relatively frequently in wild animals in
captivity, such as farm, companion and laboratory animals. It can occur as a
response to an inadequate environment, following the administration of certain
drugs, such as amphetamines or apo-morphine, or as a result of neurological
disease or damage (Mason, 1993). Only stereotypies which occur in response to
environmental conditions will be considered in this article.

The stereotypy most frequently exhibited by wild carnivores in captivity is
known as pacing. It involves the animal making repetitive movements along an unchanging path, often
incorporating a fixed sequence of movements in a specific place. This stereotypy makes up 97% of those
described in captive carnivores (Clubb and Mason, 2003).

The causes of environmental stereotypies have been, and continue to be, the subject of many investigations,
and a detailed revision of the neurophysiological mechanisms responsible for such behaviours is beyond the
objectives of this article. Briefly, however, it appears that environmental stereotypies tend to be exhibited in
situations where expression of normal behaviour is obstructed or made difficult. In particular, they can appear
when the environment prevents the expression of feeding, locomotory or exploratory behaviours. So, forexample,
in many species the stereotypy is mostly seen just before feeding time, when the animals are motivated to
perform exploratory behaviours in search of food (Carlstead, 1996). On other occasions, the inability to reach a
certain place, or the company of another animal, can trigger a stereotypic behaviour (Carlstead, 1996). Likewise,
some stereotypies seem to derive from an animal’s attempts to escape the environment in which it is confined;
in which case, the behaviour would be a consequence of the aversion caused by the environment (Rushen et
al., 1993). However, the fact that, on occasions, stereotypic behaviour decreases in response to environmental
enrichment techniques that do not seem to be related to food, exploration, locomotion or aversion, indicates that
at least some stereotypies could be related to other behaviours or factors, such as sexual or nesting behaviour




(Rushen et al., 1993). Finally, stereotypies can also be triggered by the general activation of the central nervous
system as a response to unspecific stimuli (Rushen et al., 1993).

It is often stated that stereotypies are a consequence of the animal being confined to a very limited space,
and can be reduced or even eliminated by simply increasing the space available to the animal. Frequently
however, the critical factor is not the amount, but the quality of space, and more precisely, the way in which the
installation allows the animal to carry out its normal behaviour (Carlstead, 1996).

The tendency to perform stereotypies varies considerably between species, and between individuals of the
same species. The differences between species can be at least partly related to some aspects of their natural
history. Clubb and Mason (2003) have shown that, in captive wild carnivores, stereotypies are more frequent
in species which use extensive areas in the wild. Interestingly, neonatal mortality in captivity also tends to be
greater in these species than in those which use smaller areas. This would indicate differences between species
in terms of the ease in which they are able to adapt to their captive conditions.

The differences between individuals within a species can have genetic and environmental origins. Thus,
during early stages of development, a complex environment that is rich in stimuli may help prevent the
development of stereotypies in later stages, due to greater behavioural flexibility and decreased sensitivity
to stressful situations. This could explain the differences, described in some species, between individuals
born in captivity and individuals captured in the wild in terms of their tendency to carry out stereotypical
behaviours (Jones and Pillay, 2006).

Susceptibility to stressful environments, or those which restrict the expression of normal behaviours, also
corresponds with genetic factors, so that some genotypes develop stereotypies in suboptimal environments,
while others would seem to be more resistant (Cabib, 1993). Therefore, environmental stereotypies appear in
animals with a certain individual or species predisposition, when they find themselves in environments that do
not allow the expression of certain behaviours. Individual predisposition to perform stereotypies in suboptimal
environments would result from a combination of genetic and environmental factors.

Stereotypies change over time, and stereotypies that have been performed over a long period, are
often more difficult to stop and are also less responsive to management techniques such as environmental
enrichment. Such techniques may be more useful to correct more recently acquired stereotypies (Mason,
1993). In general, stereotypies are considered to be indicators of a lack of welfare. This is due to both the
circumstances that favour their development, such as restrictive environments that prevent the expression
of normal species specific behaviour, and the fact that some stereotypies have negative consequences for
the animal, causing injury or loss of body condition (Mason, 1993). However, it is important to bear in mind
that stereotypies are not synonymous with a lack of welfare. Indeed, some animals can be found in a state of
considerably bad welfare, yet still not develop stereotypic behaviours (Jones and Pillay, 2006). In fact, while
environments that are conducive to the development of stereotypies are often inadequate from a welfare point
of view, animals in such environments that do not perform stereotypies can have an inferior state of welfare to
those who do develop them (Mason and Latham, 2004). Moreover, the importance of stereotypical behaviour
from a welfare point of view will vary between long-standing and more recently acquired stereotypies. In
summary, while stereotypies must be considered as potential indicators of a lack of welfare, it is important to
consider the possible differences in their backgrounds and incentives, and in no case should the frequency of
stereotypies be used as the sole indicator of welfare (Mason and Latham, 2004).

In natural conditions, maternal behaviour is essential for the survival of young. In captivity, although artificial
rearing techniques can be called upon, it is more desirable that the breeding females express a sufficient
degree of maternal behaviour to allow a natural upbringing, since it facilitates management and leads to the
development of more appropriate offspring behaviour (Figure 1).

The proper expression of maternal behaviour results from an interaction between various factors, which are
summarised below (Poindron, 2005):

e Hormonal changes preceding parturition, especially an increase in the plasma concentration of

oestrogens, and in some species, prolactin (Jewgenow et al., this book; Pelican et al., this book).
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FIGURE 1. SITUATIONS OF STRESS MAY INHIBIT THE EXPRESSION OF MATERNAL BEHAVIOR.

e Release of oxytocin following the dilation of the birth canal during the expulsion of the foetus.

e Stimuli from the young.

¢ Previous maternal experience (Vargas et al., this book).

Immediately after giving birth there is a sensitive period in which the female is especially receptive to
any stimulus from the young. During this time, contact between the female and her young is crucial for
maternal behaviour to become independent from hormonal stimuli and be maintained until the young
are weaned and independent.

One of the most important causes of neonatal mortality in domestic cats is the inadequate expression of
maternal behaviour, which can cause up to 19% of all kitten deaths (Young, 1973). A similar situation is highly
likely in other felid species, such as the Iberian lynx, where maternal neglect occurs in more than half of first-
time mothers (Vargas et al., this book). As has been previously commented, there are differences between
species in terms of survival of young in captivity; species that use larger areas in the wild usually suffer a higher
percentage of neonatal mortality in captivity (Clubb and Mason, 2003).

Stress also has a very important effect on maternal behaviour, sometimes inhibiting its expression, or even
leading to filial cannibalism. In the domestic cat, filial cannibalism accounts for up to 12.5% of all offspring
deaths up until weaning (Young, 1973). Furthermore, stress can interrupt or prolong parturition, which in turn
can cause offspring cerebral hypoxia, reducing their strength and mobility. As the females maternal behaviour is
stimulated by movements of the young, the hypoxia caused by an excessively long labour can inhibit maternal
behaviour and lead to offspring abandonment.

When animals find themselves in an environment lacking stimuli over a prolonged period of time, they respond
either with apathetic behaviour (lack of movement and response to stimuli) or with ‘out of context’ behaviours
intended to increase stimulation. The first of the two responses is relatively common in carnivores held in facili-



ties that lack any form of enrichment and is characterised by the animal showing inactivity and lack of interest in
anything that happens around it. On the other hand, these animals may have an abnormally intense response to
a sudden stimulus. For example, Christian and Radcliffe (1952) describe the case of various captive wild animals,
after being kept in extremely small cages, which died suddenly on being moved to a new installation. In all of the
cases, there were signs of adrenal cortex atrophy, which indicates an inability to adapt to a new and potentially
stressful situation.

Stress inhibits food consumption, and, at least in the domestic cat and most probably in other felids too, stress
from an inadequate, or simply new environment, frequently causes anorexia. This can compromise the health, and
even the life of the animal. It has been found in the domestic cat that a change in behaviour caused by a situation
of stress following a change in the animal’s environment, can lead to anorexia, immobility and general inhibition of
behaviour. In some cases it can lead to death from liver failure due to the process of lipidosis (Fatj6 et al., 2000).

Different behaviours included within the term ‘aggression’ can vary considerably, in terms of the context in
which they appear and the factors responsible for their control. Therefore, an attempt must be made to classify
the types of aggressive animal behaviour.

The most objective system of classification is probably one based on the nervous structures involved in
the control of aggressive behaviour. This classification distinguishes only three types of aggression: offensive,
defensive and predatory. They are distinguished not only by the nervous structures that control them, but also
by the context in which they appear, and by the relatively invariable motor sequences that characterize them
(Moyer, 1968). Such sequences have been described in great detail in the domestic cat (Leyhausen, 1979).

Although aggression is a natural behaviour (Naidenko et al., this book; Antonevich et al., this book), some
circumstancesrelated to housing and husbandry of wild felids in captivity canincrease the frequency and intensity
of aggressive interactions. So, for example, the introduction of new animals, competition for resources and the
alteration of typical social dynamics for each species (especially the normal age of dispersion of juveniles), can
lead to aggressive behaviour. This, in turn, can have especially severe consequences in captivity, due to the
subordinate animal being unable to escape (Koontz and Roush, 1996).

TECHNIQUES TO PREVENT AND CORRECT BEHAVIOURAL ABNORMALITIES

Environmental enrichment includes a series of techniques whose objectives are to 1) increase the animal’s
control over its environment; 2) facilitate the expression of normal behaviour, especially exploratory behaviour
and social interaction, or 3) provide the animal with cognitive challenges (Shepherdson, 1998).

Some of the enrichment techniques used for wild felids in captivity include hiding food so that the animal
must dedicate time to searching for it; giving a supply of toys and installing platforms that provide the animals
with a three dimensional space (Martos, this book).

The effects of environmentalenrichment are variable and depend on the technique used and the characteristics
of every species and individual. However, the effects of enrichment on behaviour and welfare of wild felids in
captivity are generally positive, and may include the following (Carlstead and Shepherdson, 2000):

. A decrease in the proportion of time spent exhibiting stereotypic behaviour

. An increase in activity and exploratory behaviour

. A decrease in chronic stress occasionally associated with captive conditions

In other species it has also been found that environmental enrichment can decrease the response of acute
stress when faced with sporadic aversive situations (Carlstead and Shepherdson, 2000). It is important to
take into account that, occasionally, environmental enrichment programmes can have negative effects on the
animal’s welfare. For example, in animals housed in groups enrichment can cause an increase in aggression by
stimulating competition for resources that did not previously exist. However, this problem usually disappears
following an increase in the number of objects or feeding points used for the enrichment, so that the animals
have no need to compete with one another (Bloomsmith et al., 1988).

In order to verify the effectiveness of an environmental enrichment programme, it is necessary to gather
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information about the animal’s behaviour before implementing the Programme, so that possible changes
made by the enrichment can be assessed (Martos et al., this book). Furthermore, in order to assess the effect
of enrichment upon physiological parameters indicative of chronic stress, it can be useful to analyse the
concentration of metabolites of cortisol in the faeces before and after carrying out the programme.

Psychoactive drugs can be useful to alleviate specific situations of stress. It is important to take into
account, however, that under no circumstance should they be used over a prolonged period of time in
order to mask the effects of inadequate housing or husbandry. Among those most commonly used in wild
felids in captivity are the following:

A group of potentially useful psychoactive drugs are the so-called long acting neuroleptics (LANs), which are
tranquilisers that provide effective therapeutic levels for at least a week, after only one application (Lingjaerde,
1973). LANs available on the market are obtained by creating a fatty acid ester of the active product and
dissolving this in vegetable or medicinal oil. After administration, the slow hydrolysis of the solvent oil releases
the ester which diffuses into the extracellular fluid, and is subsequently absorbed into the bloodstream, where
it is hydrolysed into the active form (Ebedes, 1993).

LANs were used for the first time on wild animals in South Africa to alleviate the possible adverse effects of
the stress of capture, handling and transport of wild animals (Ebedes, 1993). Following administration of a LAN,
the following signs are typically observed (Ebedes, 1993):

. An indifference to unfamiliar surroundings

e Anincrease in appetite, presumably due to decreased fear

. A greater tolerance towards people and other animals

For these reasons, LANs can be especially useful in helping the animal to adapt to a new environment or the
presence of unfamiliar conspecifics.

LANs have been used on a variety of felid species, including cheetahs, lions, jaguars, tigers, ocelots and
leopards (Huber et al., 2001; Winterer and Wiesner, 1998). It is important to note, however, that there is very
little information about the use of such pharmaceuticals in non-ungulate mammals, so they must be used with
caution. Some species of artiodactyls have been known to perform aggressive behaviours towards people
following the administration of long-acting neuroleptics (Ebedes, 1993).

Various psychoactive drugs have frequently been used to correct behaviour problems in the domestic cat, some
of which, such as buspirone and fluoxetine, can be used in wild felids in captivity. Buspirone is an anxiolytic
that does not belong to the benzodiazepines, and acts as a partial agonist to the 5-HT1 receptor for serotonin.
Serotinin is a neurotransmitter that has an important regulating effect on the anxiety response. Buspirone has
very few side effects and does not appear to create dependency. Furthermore, unlike benzodiazepines, it does
not interfere with learning and memory. Fluoxetine is a selective inhibitor of serotonin reuptake, and is very
useful against aggression problems between cats. The effects of the selective inhibitors of serotonin reuptake
may not be immediate and can even take weeks to appear (Overall, 1997). Both drugs have occasionally been
used on wild cats in captivity to control fear and aggression. However, they must be used with caution, since
there is little information about their possible effects on wild animals.

PHEROMONES

Felids possess pheromone-producing glands on the sides of the head (temporal glands) around the mouth
(perioral gland) and tail (caudal glands). Temporal and perioral glandular secretions are deposited as the animal
rubs its head against an object, or sometimes another animal (Bradshaw and Cameron-Beaumont, 2000). The
facial pheromones of the cat are of interest in clinical ethology because they can reduce the stress response and
aggressive behaviour towards other animals of the same species (Pageat and Gaultier, 2003). The domestic cat’s



facial pheromone has been shown to be effective in other species of cats such as tigers. Therefore, it may be
possible to use this pheromone, which is available on the market, as a useful tool to reduce stressful situations
of wild cats in captivity, although this is obviously a subject that must be studied more in depth.

Lactating females of several mammalian species produce a pheromone called “appeasing pheromone”,
which, as its name suggests, reduces the aggressive behaviour of young, and also has anxiolytic effects. It is
produced by glands within the skin around the abdominal area (Gaultier et al., 2008). An appeasing pheromone
has recently been isolated in the domestic cat, and work will be carried out promptly to determine whether or
not it also has an effect in other cat species.

ConcLusions

Observing the behaviour of wild cats in captivity is a useful method to assess their welfare and, if necessary,
implement corrective measures to facilitate their adaptation to housing conditions and management. This is
especially relevant in captive breeding centres, as lack of adaptation to the environment results in a decrease
in reproductive efficiency. Environmental enrichment programmes should be part of the day to day husbandry
routine for wild cats in captivity. Furthermore, the use of pheromones to prevent or remedy stressful situations
is a promising technique that deserves thorough investigation. Finally, LANs can be helpful in decreasing an
animal’s stress response, but should never be used as an alternative to adequate housing and management.
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RESUMEN

El ambiente que rodea a un animal influye directamente en su estado fisico
y mental. Este estd compuesto por una serie de estimulos ante los cuales el
individuo debe reaccionar. Cada especie esta adaptada a un tipo de ambiente
determinado y posee un repertorio conductual especialmente desarrollado
para sobrevivir en él. En cautividad, las condiciones cambian, el entorno
pierde complejidad y se vuelve predecible. Este hecho puede traducirse en
una pérdida en la riqueza de comportamientos presentados por el individuo
que, al no poder realizar determinadas conductas, puede desarrollar otras
“no naturales” que podrian llegar a considerarse patoldgicas, como las
denominadas estereotipias.

Un aumento de la complejidad del entorno vy la utilizacion del enriquecimiento
ambiental pueden llegar a reducir notablemente el porcentaje de tiempo que
los animales dedican a realizar conductas no deseadas y aumentar el tiempo
que dedican a otras que si lo son, como la exploracidn, la interaccién social,
el juego y la manipulacion de objetos (Lozano-Ortega, 1999). El objetivo
de este capitulo es el de recopilar informacién sobre la utilizacién de las
técnicas de enriquecimiento ambiental destinadas a mejorar el bienestar de
los felinos. Para ello se hablara de los diferentes tipos de enriquecimiento
que se utilizan (enriquecimiento fisico, ocupacional, alimentario, sensitivo y
social), y de cdmo afecta el enriquecimiento a la conducta de los animales.
Por dltimo, se estudiara la forma de aplicar todo lo debatido anteriormente,
para lo cual se utilizard como referente el modelo de planificacién de un
programa de enriquecimiento ambiental del Disney Animal Kingdom Theme
Park®, que propone una aplicacion de estas técnicas siguiendo una serie de
fases que se denominan secuencia SPIDER: seleccién de metas, planificacion,
implementacion, recogida de datos, evaluacién y reajuste. Al final del capitulo
se debatiran algunas aplicaciones del enriquecimiento ambiental en los
centros de cria para la conservacion del lince ibérico.
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ABSTRACT

The environment that surrounds an animal has a direct influence on its physical and
mental state. It is formed by a series of stimuli that the individual must react to. Each
species is adapted to a given type of environment and has a behavioral repertoire that
has been especially developed to survive in it. In captivity, conditions change and the
environment becomes less complex and predictable. This may lead to a decrease in
the range of behaviors of the individual. The fact of not being able to perform a given
behavior may lead captive individuals to perform other “unnatural” behaviors that may
in some cases even be pathological in the case of stereotyped behavior.

Increasing the complexity of the environment and using environmental enrichment
techniques can significantly reduce the time animals devote to performing undesired
behaviors and increase the time devoted to normal behavior, such as exploration,
social interaction, play and object manipulation (Lozano-Ortega, 1999). The purpose
of this chapter is to compile information about the use of environmental enrichment
techniques aimed at improving the welfare of felids. This implies reviewing the
different types of enrichment used (physical, occupational, food, sensory and social
enrichment) and how enrichment affects animal behavior. Finally, we discuss how the
above-mentioned issues can be implemented, taking the model of an environmental
enrichment programme used at the Disney Animal Kingdom Theme Park® as areference.
The Programme proposes to apply these techniques following a set of phases called the
SPIDER model: Setting goals, Planning, Implementing, Documenting, Evaluating and
Readjusting. At the end of the chapter, we discuss the use of environmental enrichment
in breeding centers for the conservation of the Iberian lynx.

Keyworbps
Environmental enrichment, planning, Felidae, welfare, captivity, SPIDER model
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Environmental enrichment
for captive felids

ANA MaRrTOS

INTRODUCTION
nvironmental enrichment has been defined in many different ways at different times.
Nevertheless, until the 9o’s, it simply consisted of the introduction of devices inside the
enclosures for the animals to play with or to hide in.

Nowadays the definition has been amplified and comprehends any physical or social
action, design or handling which “improves the quality of life of these animals, by
recognition and recreation of the environmental stimuli necessary for optimal physical
and psychological welfare”.

We can find two different approaches concerning environmental enrichment: the
naturalistic approach, based on the modification of the physical and social environment
in order to simulate a natural environment (Quick, 1984), and the behavioral engineering
approach, proposed by Markowitz, in which animals have some control over their
environment by using devices to reward them or to promote certain behaviors.

In any case, the main objectives of an environmental enrichment programme are the following (Young, 2003):

1) Increasing behavioral repertoire of captive animals.

2) Reducing abnormal or pathological behavior of wild animals.

3) Increasing functional space inside enclosures by using three-dimensional space.

4) Increasing the animal’s capacity of adaptation to changes.

5) Preparing the animals for a potential reintroduction.

ENVIRONMENTAL ENRICHMENT FOR FELIDS
This taxonomic group includes many species whose environmental enrichment is somewhat complicated due
to the great extensions that typify their territories and hunting needs (Mellen et al., 1998). These territories are
impossible to recreate in captivity, especially taking into account ethical problems and public reaction towards
supplying live prey for zoological specimens. On the other hand, felids habituate relatively rapidly to novel
conditions for which, according to Mellen (1998), “enrichment should be dynamic and constantly modified to
effectively induce the behaviors in captives that are more characteristic of their wild counterparts”.

However, there are many studies and publications about the different possibilities of enrichment. The
proposal we analyze now has been based on the classification model formulated by Segonds Pichon (1994) and
adapted by Lozano-Ortega for rescue and rehabilitation centers (1999).
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PHYSICAL ENRICHMENT

This comprises space and furnishing, whether permanent or not. The objective is to achieve a complex
environment, with an optimum level and frequency of stress-stimuli to provide challenges to which animals
should respond by exercising natural behavior.

Distribution and space availability should be adapted to the specie’s physical characteristics, size and number
of individuals, but also to social organization and possible hierarchy. For example: when designing enclosures,
straight angles should be avoided, as they are inexistent in nature and may cause animals to feel trapped,
enhancing stress and undesired behavior (Kleiman, 1996). For small felids Mellen et al. (1998) pointed out the
importance of complexity in enclosures rather than size. Complexity is defined as the number of visual barriers
added in an enclosure which allows animals to completely hide from view (Mellen, 1998). According to this same
author, in enclosures where seven or more visual barriers were present, pacing (@abnormal behavior consisting of
patrolling the enclosures, always following the same trail (Manteca, this book) was reduced or non-existent. In
this same way, Carlstead et al. (1993) found out that time spent pacing was reduced by 50% through increasing
complexity in leopard cats (Felis bengalensis) enclosures. Another factor to keep in mind when discussing space
enrichment is volume. An adequate use of volume is capable of increasing the delimited functional space of an
enclosure. For instance, creating a series of “aerial trails” (hanging trails, trails fixed to the enclosure walls or
supported by posts) for the animals to roam on or, placing platforms at different heights for a better exploitation
of vertical and horizontal space (Knapik, 1995) for animals to use as resting places or to provide shade. According
to Mallapur (2001) leopards with platforms in their enclosures, or with the possibility of climbing up branches
devote 79,2% of their time to resting on them, while leopards without this possibility show a greater amount of
time spent in activity, and also run a higher risk of showing stereotypic behavior.

This is defined as any device with which an animal is capable of interacting. The most frequently used are trees,
logs, branches, ropes, etc. These can be moved within the enclosure, added or removed to provide novelty, the
creation of new trails, or stimulation of explorative behavior (Lozano-Ortega, 1999).

Furnishing is often used to recreate a captive environment as naturalistic as possible. To accomplish this
purpose, a large variety of substrate can be used on the enclosure floor, in addition to placing trees and
bushes proper to the animal’s wild habitat. The introduction of furniture in an animal’s enclosure diminishes
stress, increases desirable and decreases abnormal behavior (Healy et al., 2000). Furniture can be exchanged
between various enclosures, or enclosures can be switched either within the same species, the same family,
or between predator and prey (AAZK, 1998). A constant introduction of new stimuli is convenient to elicit
exploratory behavior and marking, in this way avoiding habituation to the environment which could result in
an increase of stereotypic behavior (Mellen et al., 1997).

OCCUPATIONAL ENRICHMENT

This consists of providing an animal with various types of manipulative devices to choose from. Replacing
or alternating them at intervals will increase their use and their efficacy as novelties for the animal, eliciting
explorative behavior (AAZK, 1998). It is important to remove devices when animals loose interest in order to
repeat the experience later on.

Manipulative devices can stimulate both solitary and social play (Kleiman, 1996) but it is convenient to provide
sufficient quantity of items in order to avoid dominant individuals monopolizing them (Lozano-Ortega, 1999).

In the case of felids, the most widely used objects are imitations of prey, or at least devices which induce
hunting-related behavior, even if these are not associated with food. Items such as Boomer balls or other plastic
toys elicit stalking and pouncing behavior (Mellen et al., 1998). The effectiveness of using other materials, like
cardboard and paper (Pitsko, 2003), pumpkins (Lewis, 1996), snake skin (Acufia, 1995), hosepipe-made objects
(Pappas, 2002), etc. has also been noted. The use of mechanical mobile prey can also be included in this type of
environment enrichment, and it is used, for example, for captive cheetahs to stimulate their locomotive activity
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and their mental health (Lindburg, 1998). Attempts should be made to provide a variety of materials, shapes and
textures in order to select the items with the most satisfactory responses.

FOOD ENRICHMENT

As previously mentioned, felids are predatory animals, for whom there is no better food-related
environmental enrichment than providing live prey for them to prey on (Figure 1). Nevertheless, in many
cases, for example involving small enclosures and/or accessibility to the public, this type of feeding is not
feasible. If food enrichment is desired it is recommended to use novel food, environmental enrichment
devices, or to vary food presentation.

This consists of a sporadic use of food that is not included in the animal’s usual diet but which will not cause
alimentary disorders if it is not offered daily. For example, introduction of animal carcasses to animals which
are usually fed on a commercial diet may enhance physical well-being as, in many cats, it stimulates the stalk-
rush-kill sequence which they might execute in wild with live prey (Mellen 1998; Gilchrist, 2005) and does not
show any negative effect on health (Pearson et al., 2005). However, it is recommendable to complement this
activity with other enrichment methods for a greater expansion of the behavioural repertoire. For fishing felids,
for example, another method which can be used is to provide insects as well as live fish.

Food enrichment devices are intended to prevent animals from obtaining food too easily; this is because in the
wild, felids devote lots of their energy and time to acquiring prey (AAZK, 1998).

For instance, by simply hiding food portions within the whole enclosure, Shepherdson et al., (1993),
registered an increased amount of exploratory behavior in leopard cats, from 5.5% to 14%, and the diversity of
behaviours increased as well. The final objective is to provide “an environment in which an animal will obtain
food as a consequence of its hunting behavior and food search” which is important for improving animal welfare
and approximating it as much as possible to what would be a wild environment (Kleiman D., 1996).

FIGURE 1. IBERIAN LYNX CHASING
A RABBIT,

Photo: Antonio Rivas
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Feeding schedule is also important. Shepherdson (1993) observed that an increment in the number of feedings
per day, and at unpredictable times, augments exploratory behavior and diminishes stereotype behaviour frequency
and durability.

SENSORY ENRICHMENT

Sensory enrichment consists of using the more developed senses of each species in order to carry out
environmental enrichment. In the felids case, the olfactory sense is the most heavily used in enrichment, to
elicit exploration, flehmen, tracking, grooming, urine and cheek-rub markings ...

Some of the most successful odors used are almond and mint extracts (Powell, 1995), herb extracts (rosemary,
chive, valerian), animal faeces (Baker, 1997) and essential oils (Pearson, 2002). All of them reported an increase
in animal activity during the enrichment period. However it is necessary to survey animal reactions at all times,
as some studies have reported an increase in pacing associated with odor introduction (Clark et al., 2004). In
any case exposures should be short and spaced in time to avoid habituation (Schuett et al., 2001).

It consists of stimulating an animal by using recordings of a diversity of sounds, usually predator, prey or same
species vocalizations.

SOCIAL ENRICHMENT

Although felids (except for lions and cheetahs) are generally solitary animals, housing them in pairs or in reduced
groups could be beneficial in encouraging the appearance of competitive or cooperative behavior (AAZK, 1998).
On the other hand, when being introduced into the wild or maintained in breeding centers, it is necessary for the
animals to interact with other individuals of the same species (Figure 2).

For gregarious animals, it is important that many individuals of the same species be housed in a single
enclosure, providing them sufficient space and hiding places, in case of necessity, in order to avoid antagonistic
interactions (Lozano-Ortega, 1999). As for solitary felids, the possibility of introducing two individuals in a same
enclosure depends as much on the species as on the individual concerned. This is because in the same species
some individuals will tolerate cohabitation with others, and others not (Mellen et al., 1998).

Influence of felid-keeper interactions has been previously discussed by many authors. According to Mellen
(1998) it does not consist of animals becoming pets, but rather, consists of a certain grade of interaction
which, even through gates and fences, has been found to have a beneficial effect on animal welfare.
Likewise, there is a positive relation between the interaction levels with keepers and reproduction success.
This type of interaction also has an effect on reducing time animals devote to pacing. Another kind of
interaction between animals and keepers is employing instrumental conditioning or positive reinforcement
for training animals, easing veterinary procedures and handling, besides increasing animal cognitive
abilities and benefiting its welfare (Basset et al., 2006).

When the final destiny of a captive animal is to be reintroduced in the wild, one of the main problematic
matters is to avoid the animal’s loss of fear of human beings. Also to be avoided are neotony and extended
infantile behavior which appear in artificially bred animals kept in captivity (Lozano-Ortega, 1999).

PLANNING AN ENVIRONMENTAL ENRICHMENT PROGRAMME

When an institution plans to carry out an enrichment programme, it is not enough to take some of the examples
described in available information. For the Programme to be successful, it is necessary to elaborate an action plan
including quantifiable goals and results. A successful environmental enrichment plan should anticipate animal
necessities and provide them with the opportunity of choice, within their environment, as well as the possibility
of confronting the various stimuli presented. It should be based on the animal’s naturalistic behaviors, on their
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FiGURE 2. IBERIAN LYNX
BREEDING PAIR FROM THE IBERIAN
Lynx CONSERVATION BREEDING
PROGRAMME.

Photo: José Maria Pérez de Ayala

biological and cognitive necessities and finally, it should involve all responsible staff, from veterinary officers to
nutritionists, scientists, keepers, management, etc.

Subsequent to these outlines, when planning this programme six points should be respected. These six points
generate the SPIDER model created by the Disney Animal Kingdom® Theme Park staff, and are the following:

This consists of establishing what the programme aims at. The first thing to undertake is to carry out an investigatory
task to achieve a full knowledge of the specie’s naturalistic behavior, biology, history and habitat. In the same way,
individual characteristics of the animals involved, and the handling conditions which could benefit or prejudice the
establishment of the programme’s intended measures should be taken into account. Once all these aspects have
been considered, a decision should be made concerning the desirable behaviors which it is wished to encourage
through enrichment and the undesirable behaviors it is hoped to avoid. Desirable behaviors should be prioritized
according to their importance and the ease with which they can be induced. The final goal is to obtain a list of
enrichment proposals, for which every proposal will be associated with a desirable behavior.

The following step is to achieve the approval, by means of all the staff concerned, of the list of proposals obtained
in the above point. To achieve this approval, all the project should be subjected to a strict analysis of possible
risks in which the enrichment programme could affect animal security and enclosures. All the materials and
methods used should be analyzed from all points of view to assure their safety. Weighing risk and benefit for
each proposal could be very useful at this stage.

This aims to resolve questions such as who will be the one responsible for the enrichment system implementation, or the
frequency with which the devices will be used. Executing a schedule, as in Figure 1, is recommended for this matter.

Data collection consists of a daily survey on the way animals interact with enrichment. It can be accomplished
with recordings, direct observations or other methods. The greater the specificity of the observations, the greater



SUN MON TUE WED THU FRI SAT

111:30 2 311:30 4 5
Boomer Balls c1,c2,c3,c4 Removing Boomer Ball

6 7 8 11:30 9 10 11:30 11 1218:30
Boomer Balls c5,c6,c7,c8 Removing Boomer Balls Quails c1,c2,c3,c4

13 14 15 16 17 18 19 18:30

Quails c5,c6,c7,c8

20 21 22 23 24 25 26
Changes in feeding
schedule (all week)

27 28 29 30 31

TABLE 1. EXAMPLE OF A MONTHLY SCHEDULE FOR ENVIRONMENTAL ENRICHMENT.

value it will have in time. As an example of data collection, Disney’s Animal Kingdom® Theme Park developed

three 1-5 scales in order to achieve better validity and consistence when observing and quantifying results.

1) Direct evidence scale: the observer attends to the animal’s contact with the enrichment device and is able to
calculate the interaction intensity.

2) Indirect evidence scale: the observer may not be present when interaction takes place, for which the observer
will use indirect evidence to determine if interactions with the enrichment devices occur or not, for example,
finding signs which indicate use of devices.

3) Achieved goal scale: the observer indicates if the interaction with the enrichment devices has caused the
desired behavior.

For all three scales it is necessary for the observers to establish a common consensus, in order for all of them to

evaluate all reactions with the same numerical value to assure valid study.

An enrichment programme evaluation consists of an analysis of the data collected and allows us to answer the
questions arising during the whole process.

In this last point corrective measures will be analyzed in order for the programme to be more effective. To
achieve this, all questions arising in the data collection and evaluation stages will be taken in account, and the
necessary changes will be reviewed in order to improve each one of the previous stages.

CONCLUSIONS AND FURTHER RECOMMENDATIONS

The characteristics of the Iberian lynx breeding center condition, to a large extent, the possibilities of using
the various environmental enrichment methods. The Iberian Lynx Conservation Breeding Programme is able to
recreate a naturalistic environment resembling the habitat of their conspecifics in the wild. For this purpose,
elements proper to Mediterranean forests can be used, placing them in a determined manner to increase
functional three-dimensional space in enclosures. Also, the introduction in enclosures of enrichment devices
which allow placement modification is recommended, in order to obtain a more dynamic space. On the other
hand, food enrichment in breeding centers is achieved with live prey supply (farm rabbit, quail, and when
possible, wild rabbit). It is suggested to sporadically introduce other types of prey which increases time devoted
to hunting; an example could be periodically providing hare. The possibility of using odor stimuli, manipulative
items or effecting small changes in handling routine could also be studied, always respecting animal welfare and
dealing with an environment resembling the wild as much as possible, without disregarding the final aim of the
Programme, Iberian lynx reintroduction into its natural habitat.
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Even the smallest of cats is a work of art.

Leonardo da Vinci
(1452-1519)
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Sibling aggression
in Eurasian lynx (Lynx lynx)

SERGEY NAIDENKO AND ANASTASIA L. ANTONEVICH

RESUMEN

Laagresionentre hermanos hasido estudiada principalmente en aves, pero sélo
ha sido descrita en algunas especies de mamiferos. En el lince euroasiatico, las
peleas entre hermanos de camada son relativamente comunes y se producen
a una edad determinada, principalmente en la 72 semana de desarrollo
postnatal (63%). Este fenémeno no se produce siempre, y se ha observado
en aproximadamente la mitad de las camadas que han sido objeto de este
estudio. Las peleas suelen iniciarse de forma espontanea, con una duracién
que varia desde pocos minutos hasta varias horas, y —en el caso de lince
euroasiatico— no se repiten durante la ontogénesis de una misma camada. Las
peleas coinciden con un periodo critico en el desarrollo del lince, en el que
los cachorros pasan de alimentarse de leche materna a comer comida sélida.
Durante este periodo, también se produce un cambio en la tasa de crecimiento
de los cachorros; sus relaciones sociales con sus companeros de camada se
intensifican, y se establece una jerarquia entre ellos. Los ganadores de las
peleas entre hermanos aumentan su tasa de crecimiento durante esta fase
critica, lo cual podria proporcionarles mayores posibilidades de supervivencia
en el medio silvestre. Ademas, los cachorros ganadores también inician mas
contactos sociales en la camada. Aunque no se ha observado una relacion
clara entre la probabilidad de peleas y el estado hormonal de los cachorros, la
estimulacion de las glandulas suprarrenales mediante lainyeccion ACTH parece
aumentar la probabilidad de las peleas. Son necesarias mas investigaciones
para comprender el mecanismo que desencadena el comportamiento agresivo
en el lince.
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PALABRAS CLAVE
Agresion entre hermanos de camada, lince euroasiatico, masa corporal,
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ABSTRACT

Sibling aggression has been studied mainly in birds, but it has also been described
for a few mammalian species. In Eurasian lynx these fights occur at a specific age,
mainly at the 7th week of postnatal development (63% of fights). This is not an obligate
phenomenon and in a half of all litters these fights were not observed at all. Usually,
fights start spontaneously, last from few minutes to a few hours and are not repeated
during ontogeny in the same litter. These fights coincide with a critical period in lynx
ontogeny: cubs switch to solid food, change their growth rate, intensify social relations
and establish a hierarchy among littermates. Fight winners increase their growth rate
during this critical period, which may provide them a better chance to survive in the
wild. They also initiate more social contacts in the litter. Although there were no clear
relations between probability of fights and cub’s hormonal status, the stimulation of
adrenal glands with ACTH injection seemed to increase the occurrence of fights.

KeywoRrbps
Sibling aggression, Eurasian lynx, body mass, social relations, adrenal glands
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in Eurasian lynx (Lynx lynx)
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INTRODUCTION

ibling aggression has been described in a variety of avian species (e.g. American white
pelican Pelecanus erythrorhynchus, eurasian kestrel Falco tinnunculus, laughing
kookaburra Dacelo novaeguineae) (Mock and Parker, 1997; Nathan et al., 2001;
Massemin et al., 2003). This phenomenon (resulting sometime in the death of nestlings)
should bring some advantages for the winners. The degree of such advantages may
change depending on food supply, and is thought to be a way of brood size modification
according to available resources (Mock and Parker, 1997; Drummond, 2001).
In mammals, competitive behaviour among siblings has been described in few species.
Serious aggression has been described among litter-mates in some canids (Bekoff,
1974; Wandrey, 1975; Ovsyannikov, 1993). In two mammalian species sibling aggression
sometimes results in the death of one littermate (“siblicide”). These are the domestic
pig (Sus scrofa) (Fraser, 1990) and the spotted hyaena (Crocuta crocuta) (Frank et al., 1991). In both cases,
siblings compete for the mother’s milk as the only food source for the young animals. The losers are likely to
starve to death (Fraser, 1990; Smale et al., 1995; 1999; Golla et al., 1999). The probability of this phenomenon in
hyenas depends on the availability of food for adult animals (Wachter et al., 2002).

Eurasian lynx (Lynx lynx) became the third mammalian species where the fatal sibling aggression was
described (Sokolov et al., 1994). It was noted in captivity, in five litters out of 10 with two to three cubs,
and in one case it resulted in the death of one cub. In the wild this phenomenon was never observed,
although high postnatal mortality was described in some studies (Jedrzejewski et al., 1996) and some
indirect findings may indicate sibling aggression (U. Breitenmoser, pers. comm.). The monitoring of an
Iberian lynx (L. pardinus) population in nature provides some indirect data that sibling aggression may
occur in the wild as well (Palomares et al., 2005). Sibling aggression has also been described for Iberian
lynx in captivity (Vargas et al., 2005; Antonevich et al., this volume).

Eurasian lynxes have reproduced successfully in many zoos. The average litter size is around two cubs
(for review see Naidenko and Erofeeva, 2004). Usually, about 75% of the litters have more than one cub.
Physical development of cubs has been described by different authors (e.g., Stehlik, 1980; Naidenko, 2006),
but the ontogeny of social behaviour is poorly studied. The long-term research of a captive lynx population




in Tchernogolovka, Russia, allowed us to collect data on lynx behavioural development during their postnatal
ontogeny. The aim of this study was to sum up the data on lynx sibling aggression and to look at the effect of
this phenomenon in the development of cubs.

MATERIAL AND METHODS

This study was conducted at the experimental station Tchernogolovka of the A. N. Severtsov Institute of Ecology
and Evolution of the Russian Academy of Sciences (56°00’ N, 38°22’ E) from 1989 to 2006. Average annual
temperature varied from +3.5 °C to +4.3 °C; average temperature in July was +19 °C and in January -11 °C. The
station keeps the Northern lynx (L. l. lynx) subspecies (Versteege, this book) Adult lynx lived separately in three
types of outdoor enclosures: treeless small enclosures of 8 m? (n=26) and 74 m? (n=6); and a large enclosure of
7500 m?, which is a fenced part of natural mixed forest (Pinus silvestris, Betula pendula, Picea abies) with the
dense brush (Sorbus oucuparia, Rubus idaeus). More details of lynx husbandry conditions have been described
earlier (Sokolov et al., 1994; Naidenko, 2001).

Females with cubs until the age of three months (n=28) lived mainly in medium sized enclosures (74 m>).
We were not able to conduct statistical analyses effect of the husbandry conditions on the occurrence of sibling
aggression because too few litters were kept in small cages (n=3) and in the large enclosure (n=2), but both
“aggressive” and “non-aggressive” litters were found in all types of enclosures.

Lynx reproduced every year at the station. Males and females were placed together during mating season in
March (Naidenko and Erofeeva, 2004). All litters were born between May 12 and June 19. Litter size varied from
1 to 4. There were 31 litters with two to four kittens at the age of 45 days (peak of fights, see below) (Table 1).
These litters belonged to 12 different females and were sired by six different males. Cubs born at the station
stayed with their mothers until they were 10 months old, when they would disperse in nature (Schmidt, 1998;
Zimmermann et al., 2005).

Females with cubs were fed daily a beef or chicken diet. In addition, they also received live and dead rats
and rabbits, eggs, fish, curd and vitamins. The size of the daily amount of food varied from year to year, but
was always more than 1 kg per day (Sokolov et al., 1994; Naidenko, 2001). Usually all cubs were weighed once
per week (starting at 3-5 days of age), although this frequency was not constant for different litters (Naidenko,
2006). The weight of cubs was measured to the nearest 5 g. To estimate cub’s daily growth rate (in g) we used
the results of two successive weightings divided by the number of days between weighing them. To estimate
increase in weight we calculated the ratio of the daily growth rate (in g) to the number of the last weighing and
expressed it in percent (Naidenko, 2006). We estimated average cub’s body mass at the time of fighting (for
litters where fights were not observed, body mass was estimated for cubs at 45 days of age), representing as
well the standard error and standard deviation.

Regular observations were conducted on cub’s ontogeny using the data continuous recording method
(Martin and Bateson, 1993). The frequency of observation was usually one six-hour period per every three
days (Naidenko, 1997) and one to two 24-hour observations per month for each litter. The observations were
conducted from a special shelter. Lynx fights were observed only three times during these regular observations;
fights were mainly noted by accidents. In 2003-2004 we conducted detailed observations of kitten’s behavior in
four litters from three females (three triplets and one twin) comprising four males and seven females. For each
social interaction we noted the initiator and the object. For further analysis cubs were categorized according to
the results of fights: winners, losers and neutral cubs (in triplets).

TABLE 1. LITTER SIZE AND OTHER
PARAMETERS RELATED TO SIBLING
FIGHTING BEHAVIOUR IN EURASIAN

Number of litters 12 17 2 31 LYNX LITTERS.

Litter size 2 3 4 Total

Number of litters where the fights or
their consequences were observed 5 11 o 16

Sex ratio (m/f) 11/13 26/24* 3/5 40/42

* - SEX OF ONE KITTEN WAS NOT DETECTED BEFORE IT DISAPPEARED.
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We divided the data into two-week intervals to establish the influence of sibling aggression on cub’s behavior,
taking the age at which fights occurred in each litter as the reference point. The frequency of each form of
behavior was recalculated per one-hour unit of activity using the formula:

Nh=N*60/A

where Nh=number of behavioral acts per one hour of activity, N=number of behavioral acts per six hours of
observation, A=activity time (in min) for six hours. To define the differences and individual partner preferences
for social interactions we compared observed frequencies with frequencies expected by chance. Expected
frequencies were calculated for each litter (total number of social contacts per litter divided by the number
of cubs), and the degree of difference between the observed and expected frequencies estimated using the
Chi-square test (Lehner, 1996). An analysis of variance was used to test factors possibly affecting kitten’s play
behavior. All data analyses were conducted with the software Statsoft Statistica 6.0.

Blood sampling was conducted for all kittens at the 7th week of their life at the same time (8.00-11.00 h) to
exclude the effect of the diurnal cycles of hormone excretion. Enzyme Immuno Assay (EIA) was conducted to
estimate the concentration of testosterone, dehydroepiandrosterone, cortisol (commercial kits of “Immunoteck”,
Russia) and androstenedione (“DRG”, USA) (Naidenko and Erofeeva, 2005; Naidenko, 2005). The level of the
hormones of the adrenal glands was also measured one hour after ACTH-injection (“Synacten Depot”, Novartis,
Switzerland, 2,5 1U/kg of body mass) (Naidenko et al., 2007).

ResuLts

We observed fights in 16 out of 31 litters (52%) with two to four kittens. Fights were observed in five out of 12
(42%) litters with two kittens and in 11 out of 17 (65%, difference test (%), P=0.24) litters with three kittens.
In two litters with four kittens we observed no fights. They occurred in different litters at the age of 36-64
days (6th -10th postnatal weeks), with a highest frequency during their 7th week of life (n=10, 63%). Fights
started with the spontaneous attack of one of the sibs on another one. No aggressive interactions between
sibs were ever observed before the attack. Both males and females were aggressors and they attacked kittens
of the same or another sex. When the aggressor was identified, females were aggressors in eleven cases (total
number of females in these litters was 24), males
—in four cases (n=18; difference test (%) P=0.11).
The aggressor tried to bite the victim on the back of
the head or throat (Figure 1). The attacked sib rolled
up to the back and tried to defend itself. The female
tried to stop fights using her forelegs and mouth.
When the mother separated her cubs, the aggressor
tried to continue the attack. The motivation level was
sometimes so high that the aggressor lost its fear of
humans. The attempts to continue the fight lasted
for some hours. Lynx mothers sometimes stayed
near the injured/attacked kitten and tried to prevent
the aggressor to come nearby. Probability of fights
was approximately the same for primeparous (50%;
n=10) and multiparous (52.3%; n=21) females as
well as the probability of the lethal result (10% and
14%, respectively). The attacked kitten continued
to show defensive behaviour for a few more hours.
In four cases, fights resulted in the death of kittens.
Altogether, fights resulted in the death of less than F

. . . 1GURA 1. CACHORRO ATACADO QUE PRESENTA
10% (4 over 43) of cubs in aggressive litters. UN SEVERO MORDISCO EN LA GARGANTA.

Photo: Sergey Naidenko



FIGURE 2. INCREASE IN DAILY BODY
MAss IN EURASIAN LYNX cuBs
WINNER/ AFTER FIGHTS.

45
>
< L
340 . OSER /
(L)
E. 35 NS
3 30 NS
% 2 NS
<<
= 5
> 20
2 15
=
8 5

(0]
0 10 30
DAYS AFTER THE FIGHT

FIGHT EFFECT ON KITTEN’S PHYSICAL DEVELOPMENT

Body mass of kittens was analysed very precisely for seven litters, where kittens survived after the fights and winners
and losers were clearly detected. We did not find significant differences in body mass of kittens (winners and losers)
and their growth rate after the fights (Figure 2). We tried to estimate the changes in growth rate of kittens at 10 and
30 days after the fight, in comparison to their growth rate at the day of fight. The results are significantly different 30
days after the fights, where the changes in the growth rate of winners are much higher than that of losers (Figure 3).
These parameters varied a lot for different litters (-28 to 56 g/day for winners and -52 to 39 g/day for losers), but for
all litters the winner got some advantage in changes of growth rate in comparison to the victim.

Kittens killing a sib should expect even more advantages after the death of a competitor. Their daily growth
rate was significantly higher than in all other aggressors in the first ten days after the fight (47+8, n=3, and
20*16, n=7; U=1; Z=2.17; P< 0.05). So, the daily body mass gain of killers was almost 2.5 times greater than the
weight gain of other aggressors. However, these differences disappeared in the following three weeks.

FIGHT EFFECT ON KITTEN’S SOCIAL BEHAVIOUR

Fighting among cubs was observed during the developmental period for social play. The first elements of playing
were observed at the age of one month, and by the end of the second month the frequency reached its maximum
for the whole developmental period. However, frequency of play decreased significantly for some time after
fights. For the first days after the fights the frequency of social play was significantly lower in comparison to
other observations (ANOVA-test F=4.18; df=1; P<o0.05).

The frequency of play also varied among littermates. Before fights, observed and expected play frequencies
differed significantly (it was higher and lower, respectively, than the expected value) in two of the 11 cubs (18%)
from four litters. In contrast, during the first two weeks after the fights, differences between expected and observed
frequencies were registered for six cubs (55%; difference test (%) P<o.05). The most marked changes were seen on
winners (in three of four cubs), which initiated play interactions in two cases significantly more often and in one case
less often than expected. After another two weeks, differences between observed and expected frequencies of play
were still seen in five cubs (45%; difference test (%) P=0.08). Thus, the occurrence of fights resulted in an increase
in the asymmetry of play behavior. Play frequency for losers in the triplet litters never exceeded expected levels. In
two cases there was no significant difference, and in one case the frequency was significantly lower. The frequency of
loser’s play was significantly higher only once: in twin litters during the third to fourth week after the fight.
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FiGURE 3. CHANGES IN DAILY BODY
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HORMONAL STATUS OF THE KITTENS

Hormonal status of winner and loser cubs during the fights, as well as that of neutral cubs, was compared. We
did not find any significant difference in hormone concentration in the blood of winners and losers. The level of
testosterone was similar for kittens that initiated fights and for the victims (Wilcoxon pair-matched test: T=5;
Z=0.67; n=6; ns). Average levels of cortisol were slightly higher (158+33 ng/ml) in aggressive cubs compared to
neutral kittens (147+41 ng/ml; ns) and victims (113*10 ng/ml; T=3; Z=1.21; n=5; ns). Also, cortisol levels did not
differin cubs from litters where no fights occurred. There were no significant differences in androstenedione during
this period (T=7; Z=0.73; n=6; ns) for aggressors and losers.

Asingleinjection of ACTH increased sharply the level of cortisolin the cub’s blood plasma (Z=2.39; n=10, P<0.01).
Sixty minutes after injection, the cortisol level increased 1.4-8.1 fold for different animals and more than three
times on average (98+13 and 313+*54 ng/ml, respectively). The level of androstenedione increased significantly
as well (0.049+0.010 and 0.081+0.013 ng/ml; Z=2.60; n=10, P<0.01). The level of dehydroepiandrosterone and
testosterone did not increase significantly. Two kittens attacked the sibs during the first hour after the ACTH
injection. The probability of these fights was 18%, which was much higher than potentially expected values
(0.02%). It seems that the adrenal glands play a crucial role in kitten’s sibling aggression.

Discussion
Serious sibling aggression in lynx has been observed during the period of cub ontogenesis. Only 36-64 day-old
cubs fought with each other. Usually, interactions of litter-mates in July (about 35-65 days of age) are mainly (more
than 9o0%) playful contacts (Naidenko, 2001). Few aggressive interactions, which tend to happen around food, are
much more ritualized than specific sibling fights (Sokolov et al., 1994). In contrast to spotted hyaenas, lynx fights
usually happen only once. They may last for a few hours but when they stop the aggression is usually over.

Sibling aggression in lynx does not depend on the sex of either the aggressor or the attacked cubs. The
behaviour of adult females was consistent in case of sibling fights: they always tried to stop the aggressive
interactions. Although some cubs may get some advantage if the sibling dies, the mother will get a clear
disadvantage with the decrease of it’s reproductive success.

These fights rarely result in the death of one of the cubs; about 10% of them die. It does not look like the
death of the competitor is a main result of sibling aggression in lynx. This phenomenon was never observed
in the wild, but in captivity it was noted under different husbandry conditions (our station, St Petersburg and



Wuppertal zoos, Oslo University and El Acebuche Iberian lynx Breeding Centre (Vargas et al., 2005; Vargas et al.,
this book, Antonevich et al., this book). So, the effect of captivity on lynx sibling aggression could not be ruled
out but needs more detailed research.

It has been suggested that fights result in the formation of a hierarchical structure in lynx litters (Sokolov
et al., 1994). It may provide some advantages to the winner of the fight, especially if food is limited. The period
of sibling aggression coincided with the development of social play (Naidenko, 1997). However, fights were
followed by a decrease in frequency of play behavior, after which it increased again. In addition, we found an
increase in the asymmetry of play interactions after the fights. During the first hours after a fight the injured
kittens (losers) often showed defensive behavior towards the aggressors, the neutral sibs and their mother. This
reaction disappeared a few hours later but was followed by asymmetry in the kitten’s further play interactions
(i.e., winners usually initiate playful contacts more often than we expected). For the first month after fights, a
relatively high level of asymmetry in play interactions was seen. Such way, asymmetry in play behavior during
this period allowed us to consider the possibility that hierarchical relationships were established in lynx litters
during this period, even though the number of aggressive encounters was low.

The second month of cub’s development in Eurasian lynx is very important. During this period, they start to
take solid food at approximately 42-45 days of age (sometimes slightly earlier or later). The period after fights
(after 60 days of age) —coinciding with when cubs start to take solid food— was characterised by an increase in
the cub’s growth rate (Naidenko, 2006). At 60 days, meat seems to become more important than milk (Naidenko,
1997). In the wild, we don’t have any obvious evidence that females bring meat to the den.

In captivity, food was provided ad libitum for females with cubs (Sokolov et al., 1994; Naidenko, 2001). That
might decrease the intra-litter competition and the differences in kitten’s body mass dynamic. Regardless of
this fact, fights seemed to always bring advantages to the winners. At least, changes in body mass gains were
positive for the winners and negative for the losers. “Killers” had even a higher growth rate than non-killer
winners. Probably, in case of food shortage, dominant cubs will get more chances to survive in nature.

The mechanisms of sibling aggression in lynx are not yet clear. For this species, the phenomenon does not
correspond to high level of blood-circulating androgens, as it was assumed before (Naidenko and Erofeeva,
2005). Measurements of cortisol did not allow us to see clear differences between aggressors and other kittens.
However, stimulation of cub’s adrenal glands by an ACTH-injection increased both probability of fights and level
of adrenal hormones (cortisol and androstenedione). Results indicate that sibling aggression in lynx might be
related to the function of adrenal gland. Further research is needed to understand the trigger mechanism of
aggressive behaviour in lynx.
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Cats are intended to teach us that not everything in nature has
a function.

Joseph Wood Krutch
(1893-1970)
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RESUMEN

Las peleas precoces entre hermanos de camada en el lince euroasiatico y el
lince ibérico se distinguen de otros tipos de comportamiento agonistico por la
ausencia de elementos rituales (amenazas) y por su alto nivel de motivacion.
En 2005, se observd una agresion slbita que acabd en fratricidio en la
primera camada de lince ibérico nacida en cautividad. Este fendmeno se ha
convertido en un desafio para este Programa y actualmente constituye uno
de los mayores riesgos de mortalidad de cachorros nacidos en cautividad. Las
agresiones se inician de forma espontanea, sin ninguna indicacién de agresion
anterior, con un ataque repentino y rapido por parte de uno de los cachorros
de la camada. Las agresiones observadas nunca han tenido lugar mientras
los cachorros se alimentaban y no parecen haber sido causadas por ningln
tipo de competencia por el alimento. En ocasiones, las peleas tuvieron lugar
tras la intensificacion de otras interacciones sociales, pero en otras muchas se
produjeron sin interaccién previa (p.ej., cuando uno de los cachorros estaba
durmiendo o simplemente sentado mirando hacia otro lado). El tamafio de la
camada no influye sobre la probabilidad de peleas ni sobre la mortalidad de
los cachorros en ninguna de las dos especies. La edad a la cual se produjeron
las agresiones oscila entre 36 y 64 dias en camadas de lince euroasiatico. En
el lince ibérico, dichas agresiones se observaron entre los 36 y 63 dias de vida.
En general las peleas entre hermanos tuvieron lugar entre la sexta y la octava
semana de vida en cachorros de lince euroasiatico (90% de los casos), aunque
se dieron con mayor frecuencia durante la séptima semana de vida. En el lince
ibérico, el 77% de las peleas tuvieron lugar entre la sexta y la octava semana
de vida, siendo mas frecuentes durante la sexta semana.
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La duracién del periodo agresivo posterior a una pelea varia entre camadas de
lince ibérico (media=14; min =1; méx=99 dias). El periodo agresivo en el lince
ibérico durd alrededor de 63 dias (min=45; madx=144) El niimero de ataques fue
mayor en las peleas entre cachorros de lince euroasiatico que en las de lince
ibérico, pero el periodo agresivo posterior a las peleas fue mucho méas corto
en el lince euroasiatico que en el ibérico. Ambas diferencias podrian deberse
o bien al uso de distintas técnicas de manejo tras las peleas observadas en
la especie amenazada, o bien a caracteristicas especificas de cada especie.
Aungue el sexo del cachorro no influyd sobre su papel en las peleas (agresor
o victima), el peso corporal si resultd ser un factor importante. Las hembras
fueron agresoras con mayor frecuencia que los machos en cachorros de lince
euroasiatico, mientras que en el lince ibérico se produjo el fenédmeno contrario.
La proporcién de sexos de los agresores fue la misma que la proporcién de
sexos total en las camadas de linces. En general, antes de la pelea, el peso
del agresor era mayor que el del cachorro atacado. Aunque existen algunas
diferencias entre las peleas de lince euroasiatico e ibérico, este fenémeno
es similar en ambas especies y se diferencia claramente de la agresion entre
hermanos de camada observada en otros grupos taxonémicos.

PALABRAS CLAVE
Lince ibérico, lince euroasiatico, fratricidio, comportamiento agresivo

ABSTRACT

Early sibling fights in Eurasian and Iberian lynxes differ from other types of behavior
in a lack of ritualized elements (threats) and a high motivation level. In 2005 sudden
aggression, which ended up in siblicide, took place in the first Iberian lynx litter born
in captivity. Fights became a problem, turning into one of the highest risks of mortality
for captive born cubs. Fights started spontaneously, without any indication of previous
aggression, with a very sudden and fast attack of one of the cubs in the litter. This
aggression did not take place while the cubs were nursing or eating, and it did not
appear to be caused by any kind of competition. Fights were not the result of an
escalation of other social interactions, most times they occurred without any previous
interaction (e.g., while one of the cubs was sleeping or just sitting, looking away). Litter
size didn’t influence fight probability or cub mortality in any of the two species. Age at
which fights occurred varied from 36-64 day in Eurasian lynx litters. In naturally raised
Iberian lynxes, the appearance of sibling fights was observed during 36-63 days of
life. In general, fights occurred between the 6" and 8" week of the cub’s life in 90% of
the Eurasian cases (18/20), but mostly during the seventh week. In Iberian lynx litters,
77% (10/13) of fights also occurred between the 6™-8t" postnatal weeks, being more
frequent during the 6" week.Duration of after-fight aggression varied across Iberian
lynx litters (median=14; min=1; max=95 days). The aggressive period in Iberian lynx
lasted around 63 days (min=45; max=144). The number of attacks was higher in
Eurasian than in Iberian lynx fights, but the after-fight aggressive period in Eurasian
lynx was much shorter than in the Iberian lynx. Both differences could be caused by
either the after-fight husbandry procedures used in the endangered species or by
species-specific differences. Although fights occurred between cubs of the same and
different genders, body size made a difference. Female cubs were aggressors more
often than males in Eurasian lynx and the opposite was true for Iberian lynx litters.
Sex ratio of aggressors did not differ from overall sex ratio in lynx litters. In general,
the aggressor was larger than the attacked cub. Although several characteristics differ
between Eurasian and Iberian lynx fights, this phenomenon is similar in both species,
yet it differs from sibling aggression in other taxa.

Keyworps
Iberian lynx, Eurasian lynx, siblicide, aggressive behavior
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INTRODUCTION
arly sibling aggression in Lynx (Lynx lynx) was described at Tchernogolovka biological
station (Sokolov et al., 1994; Naidenko and Antonevich, this book). These fights differed
from the other types of behavior in that cubs were focused on aggressive interactions
that lacked ritualized elements such as threats. This kind of sibling interaction is
known mostly from bird species, and it is rarely seeing in mammals (Drummond, 2006).
Overwhelming advantages are expected for the winner in such a strongly exposed
competition and studies about sibling fights in Eurasian lynx revealed some of them
(Naidenko and Antonevich, this book). In 2005 sudden aggression appeared in the
first Iberian lynx (Lynx pardinus) litter born in captivity (Vargas et al., 2005). This fight
ended up in siblicide, with the death of the largest female in the litter. Ever since, fights
have become a husbandry challenge, revealing a potentially high risk of mortality for
captive-born Iberian lynx cubs. In 2007, a study of early sibling aggression on Iberian
lynx was started with the purpose of developing husbandry strategies for countering cub fights while applying
knowledge from siblicide in Eurasian lynx to its endangered sister taxa. The study aimed at comparing the main
features of early sibling aggression in Eurasian and Iberian lynx.

MATERIALS AND METHODS

The study on Eurasian lynx was conducted at the “Tchernogolovka” biological station, Russia (see details
in Naidenko and Antonevich, this book). The Iberian lynx study was held at El Acebuche Breeding Center, in
Dofiana, Huelva. In Iberian lynx litters and paired hand-raised cubs, 24-hour video-monitoring provided us with
detailed information about cub development, including fighting behavior (Vargas et al., this book).

We used different approaches to manage Eurasian and Iberian lynx litters during fights. In the Eurasian
lynx, managers usually did not intervene during fights nor did they separate cubs after fighting. After the first
few fights, managers soon realized that those aggressive encounters were more of a rule rather than just pure
accident. Since then, human intervention would only take place if Eurasian lynx cubs were severely injured
during the fights.

As for Iberian lynx fights, given that the first fight that ever took place in the Breeding Programme resulted in



the death of a cub, aggressive cubs were often separated from the others, in order to prevent the risk of severe
injuries and/or death of the attacked cub. After-fight husbandry involved maintaining both cubs separated from
each other and taking turns with their mother. Cubs were allowed to see and contact each other and their
mom through the mesh, which impeded the potential for fighting, but kept the litter united. Switching cubs
occurred between two and four times per day. Cubs were put together regularly to check if they had overcome
the aggressive period. Once cubs had settled their differences, the family unit was brought back together.

Fight cases in Eurasian lynx litters were recorded from 1989 to 2007. In 2003-2007 a thorough study aimed
at studying fights led to the observation of 15 Eurasian lynx litters. Iberian lynx litters included in this study were
monitored between 2005 and 2008. Altogether, eight naturally-raised litters of 2-3 cubs and six hand-raised
cubs paired in different ways were monitored. Duration of the aggressive period was estimated by calculating
the time elapsed between the first fight and the first reunion where cubs did not fight. In hand-raised cubs, there
was a pair of cubs that were not to put back together. In this case we used the last known attempt of reunion
even unsuccessful as the last known day of aggression.

ResuLts AND Discussion

In the Eurasian lynx, fights occurred in 53% (19/36) of litters of 2-4 cubs. The frequency of fights was higher
in the years of precise cubs observations (67%, n=15). Litters with triplets had fights slightly more often than
litters with twins (65% vs 39% of litters, respectively; P=0.08). However, litter size ratio is biased towards
triplets (8/3-triplets/twins) in the years of precise observations. Such bias could cause underestimation of
the probability of fights in twins. Mortality was not related to litter size (Naidenko and Antonevich, this book).
Overall mortality rate was 5% of cubs. When taking into account all litters raised at the Tchernegolovka facility
(n=36), siblicide occurred in 14% of all litters, which included 5% of all cubs born at the facility. When only taking
into account cub mortality in litters where fights occurred (n= 19 litters), siblicide occurred in 20% of the fighting
litters, i.e., in 9% of the cubs that fought.

Fights occurred in six of the seven naturally-raised Iberian lynx litters (86%). Among the six hand-raised
male cubs, four different combinations of paired-cubs took place during the process of looking for compatible
pairs. Also, a hand-raised female born in 2007 was paired with a 1-week younger bobcat female cub. Strong
spontaneous aggression occurred in all paired hand-raised cubs, in some cases right after nursing from the
bottle. Litter size ratio of aggressive naturally-raised litters was 5:1 (twins: triplets), and only one litter with
triplets never had a fight. Cubs died from fighting-induced trauma in two litters. In the first case, one cub severed
the others” trachea and perforated its skull (Vargas et al., 2005) and in the other case, it was the mother who
inflicted the lethal wounds on her cub while trying to separate her fighting offspring. Husbandry methods in
all Iberian lynx litters were geared to prevent any potential deaths, so it is not possible to evaluate the actual
mortality rate from these fights.

The age of fights varied from 36-64 day in Eurasian lynx litters. In Iberian lynx, the first fights were observed
between 38-63 days of life. In hand-raised Iberian lynx cubs, fights occurred between 42-56 days of life, except
for one cub that had been paired with a 1-week younger bobcat cub (for lack of another Iberian lynx cub) and
fought at 74 days of age. Fights occurred between the 6" and 8" week of the cub’s life in 90% of the Eurasian
cases (18/20), but mostly during the seventh week (55% of cases; i.e., 11/20; chi-square=15.31; p<0.01). In
Iberian lynx litters, 77% (10/13) of fights also occurred between the 6"-8" postnatal weeks.

Every fight in both Eurasian and Iberian lynx litters consisted of several attacks. We considered one full attack to
take place from the onset of fighting to the moment when the mother separated the cubs; if the cubs initiated
another bout of fighting that would be considered another attack. We calculated the number of attacks for each
fight in Eurasian lynx litters (median=5; min=2; max=18; n=6) and in Iberian lynx litters (median=3.5; min=2;
max=7; n=6) in all the cases where it was possible to see. In Eurasian lynx litters, cubs remained aggressive

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



A COMPARATIVE NOTE ON EARLY SIBLING AGGRESSION IN TWO RELATED SPECIES: THE IBERIAN AND THE EURASIAN LYNX

NOTA COMPARATIVA SOBRE LA AGRESION PRECOZ ENTRE HERMANOS DE CAMADA EN DOS ESPECIES AFINES: EL LINCE IBERICO Y EL LINCE EUROASIATICO
AnasTasIA L. ANTONEVICH, SERGEY NAIDENKO, JUANA BERGARA, Eva VAzqQuEz, ANASTASIO VAZQUEZ,

JAVIER L6PEZ, ANTONIO PARDO, ANTONIO RIVAS, FERNANDO MARTINEZ AND ASTRID VARGAS

FIGURE 1.
AGE OF AGGRESSOR IN IBERIAN
LYNX FIGHT (MOTHER-RAISED AND
HAND-RAISED LITTERS). IN 2009,
AT THE TIME OF UPDATING THIS
-« 7 DATA, SEVEN NEW FIGHTS HAD TAKEN
Il::j PLACE: THREE OF THEM DURING
g 6 THE 6TH WEEK OF LIFE, ONE FIGHT
(4] DURING THE 7TH WEEK, TWO MORE
':E DURING THE 8TH POSTNATAL WEEK,
= 5 AND ONE IN THE 9TH WEEK.
=
= 4
g 4
el 3 3
T 3
ES 2
0 2
[=-]
3
5 1 .
= o (4} (o}
(o)
5 6 7 8 9 10 11 12
WEEKS OF LIFE
FIGURE 2.
AGE OF FIGHT AND DURATION OF
AGGRESSIVE PERIOD IN IBERIAN
LYNX LITTERS, NATURAL AND HAND-
BRrisa Y BrRezo 24 RAISED.
CYNARA Y CATALPA 21 THE END OF THE AGGRESSIVE
PERIOD HAS BEEN CALCULATED FROM
CasTANUELA Y CAMARINA 9 THE FIRST PEACEFUL REUNION.
(ORANGE: AGGRESSIVE PERIOD;
DALal Y Dama 7 GREEN: PEACEFUL PERIOD).
EspLiEGo Y EBANO 4
Enprino Y Eon 24
Eucauipto Y ERIZO 14
ENEBRO Y ENEA 95
Eros v ERrica 1
30 50 70 90 110 130 150
DAYs oF LIFE

for only few hours. In one Eurasian lynx litter a new fight emerged nine days after the first one, but the cubs
were not aggressive during the period between both fights. Eurasian lynx cubs were separated only on one
occasion, after the first fight was observed, and the cubs were checked afterwards for aggressiveness toward
littermates. Five days after the fight they were still aggressive, but aggressiveness was not present on the
o' day after the first fight. Iberian lynx cubs were separated by keepers when fighting escalated to a point
of concern, and they were later reunited at different time intervals after the fights (4-14 days), once the cubs
seemed to have calmed down. Analysis did not reveal a husbandry influence on the duration of aggression
between cubs. No correlation was found between time passed from the fight to the first attempt of reunion
and the duration of the aggressive period (Spearman rank order correlation: R=0.52; t=1.2; n=6; ns), although
this needs to be taken cautiously since sample size is rather small. Duration of after-fight aggression varied
across Iberian lynx litters (median=14; min=1; max=95 days) (Figure 2). Thus, the aggressive period in Iberian
lynx lasted, in average, until postnatal day 63 (min=45; max=144).



Eurasian lynx cubs fought with littermates of both

the same and opposite sexes. Although females

were aggressors in 65% of the fights (m:f=6:11),

the sex ratio of aggressors did not differ from

the overall sex ratio of all Eurasian lynx litters

(Naidenko and Antonevich, this book). In the

mother-raised Iberian lynx litters, aggressors

were males in 67% cases (m:f=6:2). Sex ratio was

equal for mother-raised litters with several cubs

(9:9). In hand-raised cubs sex ratio was 6:2 (m:f),

taking the bobcat female into account, but all the

hand-raised pairs were of the same sex (four male

combinations in 2008 and one constant female

pair in 2006). Although all pairs had fights, the

small sample size does not allow us to analyze

the sex ratio of aggressors. Nevertheless, we

can state that fights occurred between cubs of

the same and of opposite sexes; i.e., males and

females were aggressors in different litters. The

tendency was that, before the fight, the aggressor

in Eurasian lynx litters was larger than the attacked cub, but in general, the neutral cub was usually the largest.
Altogether, aggressors were heavier in 71% (10/14) of the cases. Similarly, in mother-raised Iberian litters the
aggressor was larger than the victim in 86% of the fights (6/7 litters).

Females tried to stop cub fights as soon as they emerged. Eurasian lynx mothers used their forelegs and mouth
to separate cubs in a very rough way. Iberian lynx dams seemed gentler and never used their paws to break a
fight. One of the females, Adelfa, used her paws to prevent the aggressive cubs from contacting each other, but
not to break up a fight between cubs. In both species, females would sometimes use their body to keep cubs
apart, licking away the aggressor to move it further from the victim.

Early sibling aggression in Eurasian and Iberian lynxes occurred during a similar sensitive period and shared
many common features, even though husbandry procedures to handle fights greatly differed between the two
centers where these studies were carried out. Sibling aggression in other mammalian species tends to emerge
during moments of highest competition between sibs, such as nursing, eating, etc. (Drummond, 2006). It has
been argued that the lack of resources seems to be the underlying mechanism of litter size restrictions that
cause aggression in larger litters (Hofer and East, 2008). Yet, in both lynx species early fights were spontaneous
and did not appear to be the result of any direct competition. This characteristic distinguishes lynx fights from
early aggression in other taxa (Fraser and Thompson, 1991; Drummond, 2006). The number of attacks per fight
was slightly higher for Eurasian lynx encounters than for Iberian lynx ones, but the duration of the aggressive
period for the Eurasian lynx was much shorter than for the Iberian species. These differences could be caused
by the separation of viciously fighting cubs of the endangered species, so the fight was left unresolved and no
behavioral asymmetry was established (Antonevich and Naidenko, 2008). We can also expect species-specific
differences to exist in some characteristics of fights like the ways that mothers use to stop cubs from fighting.
There is no evidence that sex influences the role of the cub in the fight, but data indicates that size does in both
species. Although several characteristics differ between Eurasian and Iberian lynx fights, this phenomenon is
similar in both species but differs from sibling aggression in other species of animals.

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

Photo: Anastasia Antonevich



Photo: José Maria Pérez de Ayala

A COMPARATIVE NOTE ON EARLY SIBLING AGGRESSION IN TWO RELATED SPECIES: THE IBERIAN AND THE EURASIAN LYNX
NOTA COMPARATIVA SOBRE LA AGRESION PRECOZ ENTRE HERMANOS DE CAMADA EN DOS ESPECIES AFINES: EL LINCE IBERICO Y EL LINCE EUROASIATICO
ANASTASIA L. ANTONEVICH, SERGEY NAIDENKO, JUANA BERGARA, Eva VAzQuEZ, ANASTASIO VAZQUEZ,

REFERENCES

JAVIER L6PEZ, ANTONIO PARDO, ANTONIO RIVAS, FERNANDO MARTINEZ AND ASTRID VARGAS

Antonevich, A.L., Naidenko, S.V., 2008. Effect of sibling aggres-
sion on kitten’s behavior in Eurasian lynx Lynx lynx. Acta
Zoologica Sinica 54, 12-19.

Drummond, H., 2006. Dominance in vertebrate broods and lit-
ters. Quarterly Review of Biology, 81, 3-32.

Fraser, D., Thompson, B.K., 1991. Armed sibling rivalry among suc-
kling piglets. Behavioral Ecology and Sociobiology 29, 9-15.

Hofer, H., East, M.L., 2008. Siblicide in Serengeti spotted hye-
nas: a long-term study of maternal input and cub survival.

Behavioral Ecology and Sociobiology 62, 341-451.

Naidenko, S.V., Antonevich, A.L., 2009. Sibling aggression in Eura-
sian Lynx (Lynx lynx), in: Vargas, A., Breitenmoser, C., Breiten-
moser, U. (Eds.), Iberian Lynx Ex situ Conservation: An Interdis-

ciplinary Approach. Fundacién Biodiversidad, Madrid, Spain.

Sokolov, V.E., Naidenko, S.V., Serbenyuk, M.A., 1994. Specific
fights of young lynxes (Felis lynx, Carnivora, Felidae). Zoo-
logicheskii Zhurnal 73, 132-138

Vargas, A., Martinez, F., Bergara, J., Klink, L.E., Rodriguez, .,
Rodriguez, D., 2005. Update on the Iberian lynx Ex situ Con-
servation Programme. Cat News 43, 14-15.

Vargas, A., Sanchez, I, Martinez, F., Rivas, A., Godoy, J.A.,
Roldan, E., Simén, M.A., Serra, R., Pérez, M., Sliwa, A.,
Delibes, M., Aymerich, M., Breitenmoser, U., 2009. Inter-
disciplinary Methods in the Iberian lynx (Lynx pardinus) Con-
servation Breeding Programme, in: Vargas, A., Breitenmoser,
C., Breitenmoser, U. (Eds.), Iberian Lynx Ex situ Conservation:
An Interdisciplinary Approach. Fundacién Biodiversidad, Ma-
drid, Spain.







Veterinary
aspects

ASPECTOS VETERINARIOS



The earth has music for those who listen.

William Shakespeare
(1564-1616)



INTEGRATING HEALTH ISSUES INTO THE CONSERVATION OF THE |BERIAN LYNX (L YNX PARDINUS)
INTEGRACION DE LOS ASPECTOS SANITARIOS EN LA CONSERVACION DEL LINCE IBERICO (Lynx PaRDINUS)
FERNANDO MARTINEZ, GUILLERMO LOPEZ, JOSEP PASTOR, IRENE ZORRILLA, ALvARO MuRi0z, IGNACIO
GARCIA, LAURA PERA, M2 ANGELES JIMENEZ, MARTA JOSE PEREZ, ISABEL MOLINA, JosE MARIA
AcuILAR, MiGUEL ANGEL QUEVEDO, MARINA L. MELI, HANS LuTz AND ASTRID VARGAS

Integrating health issues into
the conservation of the Iberian
lynx (Lynx pardinus)

FERNANDO MARTINEZ, GUILLERMO L&PEZ, JoSEP PASTOR, IRENE ZORRILLA,

Awaro Mufoz, INAcio GARCiA, Laura Pefia, M2 AncELES JIMENEZ,

MARIA JosE PErez, ISABEL MoOLINA, JoSE MARIA AGUILAR, MIGUEL AnceL Quevebo,
MARINA L. MELI, HANS Lutz AND ASTRID VARGAS

RESUMEN

Las acciones necesarias para la conservacion del lince ibérico precisan, entre
otras medidas, laintegracion de conocimientosy de personal veterinario dentro
de un contexto multidisciplinar. Las acciones veterinarias son desarrolladas
por el Grupo Asesor de Aspectos Sanitarios (GAAS) del lince ibérico e incluyen
la elaboracion e implementacion de protocolos de trabajo (manuales), la
realizacién de anestesias, examenes y muestreos de los animales, necropsias,
elaboracion de informes técnicos y el mantenimiento de una base de datos
biomédica. En el periodo transcurrido entre diciembre de 2003 y diciembre
de 2008, se llevaron a cabo 318 inmovilizaciones en 126 individuos, 60 de
ellos de vida libre. En la mayoria de los casos los animales fueron capturados
con jaula trampa y para la anestesia se empled la combinacién de ketamina
y medetomidina, que fue suplementada con isoflurano cuando fue necesario
prolongar el procedimiento. En el mismo periodo se realizaron 52 necropsias,
38 en animales de vida libre, revelando que el atropello es la principal causa
de muerte. El seguimiento intensivo de la poblacion de vida libre ha puesto de
manifiesto que las enfermedades infecciosas (leucemia felina, tuberculosis,
moquillo canino, panleucopenia felina) suponen una seria amenaza para la
supervivencia de la especie. Paralelamente, en la poblacién cautiva se esta
desarrollando un programa de medicina preventiva que incluye cuarentenas,
vacunaciones, analisis coprolégicos, cultivos fecales y examenes periddicos
de los animales. En esta poblacion se han descrito casos de clostridiosis,
dermatitis, clamidiosis, enteritis con retencion fecal, absceso dental, quilotérax
idiopatico, abortos y nacimientos prematuros, dermatomicosis, inflamacién
de glandulas perianales, hernias umbilicales y epilepsia idiopatica. El
conocimiento cientifico generado por los diferentes procedimientos clinicos,
analisis y seguimientos se aplica en la gestién y en la conservacién de la
especie.
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ABSTRACT

Conservation actions for the endangered Iberian lynx require the integration of expertise
and veterinary skills into an interdisciplinary effort. Veterinary actions are overseen
by the Iberian Lynx Health Advisory Group (GAAS). These actions involve developing
and implementing working protocols (manuals), anesthetizing animals, collecting
samples, performing examinations and necropsies, preparing technical reports, and
maintaining a biomedical database. Three hundred and eighteen anesthesias of 126
individuals were carried out during the period between December 2003 and December
2008, 60 of them belonged to the free-ranging population. In most cases, the animals
were captured with a box-trap. A combination of ketamine and medetomidine was used
for chemical immobilization. It was supplemented with isoflurane when necessary.
Fifty two necropsies were performed in the same period, 38 of them on free-ranging
animals, revealing road-kills as the main cause of mortality. Intensive monitoring
of the free-ranging population has shown that infectious diseases (feline leukemia,
tuberculosis, canine distemper, feline panleukopenia) can be a serious threat to the
survival of the species. A preventive medicine programme is being implemented with
the captive breeding population. It includes quarantines, vaccinations, fecal analyses,
fecal cultures, and regular examinations of the animals. Several clinical cases in this
population have been described: miscarriages and premature births, clostridiosis,
dermatitis, chlamydiosis, enteritis with fecal retention, tooth abscess, idiopathic
chylothorax, dermatomycosis, perianal gland inflammation, umbilical hernias and
epilepsy. Scientific knowledge generated through the various clinical procedures,
tests, and monitoring programs is applied to the management and conservation of this
species.

Keyworbs
Anesthesia, necropsy, preventive medicine, diseases in captivity, biomedical database
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INTRODUCTION

n spite of its highly endangered status, relatively little was known about biomedical aspects of both

free-ranging and captive Iberian lynx populations (Beltran and Delibes, 1991; Ferreras et al., 1994;

Torres et al., 1998; Briones et al., 2000; Pérez et al., 2001; Vicente et al., 2004). The development of

a health programme that allows studying biomedical aspects and evaluating the incidence, as well

as prevalence of infectious pathogens and diseases, is one of the most relevant aspects that need

to be taken into account when designing a long-term conservation plan for any species including

the Iberian lynx. Previous experiences in other species (Munson and Cook, 1993; Deem et al., 2001;

Cleaveland et al., 2002; Deem and Karesh, 2002; Deem 2007; Furtado et al., 2008) clearly show that

developing such a programme is fundamental and necessary. The low number of individuals in two

isolated subpopulations (Simén et al., this book; Guzman et al., 2004) make this species extremely

vulnerable to stochastic factors, such as infectious diseases, as has already been observed in the

Iberian lynx (Meli et al., 2008; Meli et al., 2009; Lopez et al., 2009), and in other threatened terrestrial

carnivores (Williams et al., 1988; Alexander and Appel, 1994; Roelke-Parker et al., 1996; Cunningham et al., 2008).

In addition, low genetic variability (Godoy et al., this book) may result in a reduced immunological response to

pathogens (Pefia et al., 2006), or in the development of uncommon pathologies (e.g., facial neoplasms in the
Tasmanian devil (Sarcophilus harrisii), McCallum, 2008).

In addition to health aspects, a multidisciplinary effort to integrate management, genetics and reproduction is

crucial to obtain optimal individuals for reintroduction, always trying to avoid the effects of genetic adaptation to

captivity (Frankham, 2007).

THE IBERIAN LynNx HeALTH Apvisory GRouP

The Iberian Lynx Captive Breeding Action Plan determines the objectives and actions of the Ex situ Conservation
Programme (Vargas et al., this book). The document is developed by a Breeding Committee, and is reviewed
on an annual basis. The committee consists of several working groups specialized on different disciplines,
including health aspects (Vargas et al., this book). Although the initial focus for the Health Advisory Group
(Grupo Asesor de Aspectos Sanitarios, GAAS) was the Ex situ (captive breeding) Programme, the natural work




Fi16 1. MATERIAL USED FOR FIELD ANESTHESIA IN |BERIAN LYNX.
ISOFLURANE VAPORIZER AND OXYGEN TANK ARE ALSO INCLUDED
BUT NOT SHOWN IN THIS PICTURE.

Fi1G. 2A. ANESTHESIA AND SAMPLING OF AN IBERIAN LYNX IN AN ENCLOSURE
AT A CAPTIVE BREEDING CENTER. THIS ANIMAL HAD TO BE REPEATEDLY
IMMOBILIZED DUE TO AN OSTEOMIELITIS IN A DIGIT. ACCORDING TO PROTOCOL,
A MINIMUM OF TWO VETERINARIANS HAVE TO BE INVOLVED IN ANY IBERIAN

LYNX ANESTHESIA.

Fi6. 2B. ORGANIZING ANESTHESIA AND SAMPLING
OF AN IBERIAN LYNX IN THE FIELD.

F16. 2c. ANESTHESIA ON AN IBERIAN LYNX WITH A GASTROINTESTIONAL
AFFECTION IN A VETERINARY HOSPITAL. THE ANIMAL HAS BEEN RADIOGRAPHED
BEFORE CONDUCTING A GASTRIC FIBROENDOSCOPY.
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flow and the necessary collaboration between in situ (in its natural habitat) and ex situ programmes has led
the GAAS to also encompass the health aspects of free-ranging animals. The interdisciplinary group consists
of national and international veterinarians that commit themselves to collaborating with the Programme on
a voluntary basis and work in such diverse, complementary and necessary aspects as research, pathology,
clinical medicine, zoo medicine and wildlife rehabilitation. The group works in close collaboration with other
groups of the Breeding Committee. Its main goals include the following:

Development and implementation of working protocols (lberian lynx clinical manual, Iberian lynx hand-
rearing manual, Iberian lynx necropsy manual)

These protocols are considered to be living documents that are periodically revised based on experience,
scientific information and programme needs. The protocols standardize work processes, and aim at
maximizing the information that can be obtained each time a lynx, either alive or dead, is handled. Of
course, the priority in live animals is their health and well-being. The protocols are available on the Ex situ
Conservation Programme’s website (www.lynxexsitu.es).

Anesthesia, clinical examination, and sample collection

Procedures where anesthesiais needed include: quarantine examinations; health and reproductive examinations
(Roldan et al., this book; Goritz et al., this book), both in animals included in the Breeding Programme and in
free-ranging individuals; placement of radiotelemetry or GPS collars, and clinical or diagnostic procedures.

A complete and easily mobile equipment unit is available (Figure 1). In addition to the equipment necessary
at each breeding center, specific equipment to anesthetize free-ranging individuals exists both in Sierra Morena
and Dofiana. The duplicate gear helps to avoid the risk of transmitting infectious agents between in situ and ex
situ populations. Many anesthetic events have been carried out in the field, outside clinical facilities, but the
procedure and equipment used have allowed the team to perform safe chemical immobilizations, monitoring,
and sample collection (Figures 2a, 2b and 2c). At least two veterinarians participate in any Iberian lynx
anesthesia: one of them exclusively monitors the animal, while the other is in charge of the clinical examination
and sample collection. Independently of the reasons for the anesthesia, biological samples are systematically
collected whenever possible according to protocol (Iberian lynx clinical manual). This sample collection has
several goals: diagnosis, research (Pastor et al., this book; Garcia et al., this book; Meli et al., this book; Goritz et
al., this book), genotyping (Godoy et al., this book), and sample storage for the biological resource banks (BRBs)
(Roldan et al., this book; Ledn et al., this book). Several laboratories and institutions participate in sample
analysis, backed up by the corresponding agreements: Unitat de Hematologia Clinica, Facultat de Veterinaria de
Bellaterra (Barcelona); Centro de Analisis y Diagnédstico (CAD) from Consejeria de Medio Ambiente de la Junta

TaBLe 1. MORTALITY CAUSES
Cub Young Subadult Adult Unknown age  TOTAL OF FREE-RANGING IBERIAN LYNX

(LYNX PARDINUS) AT DIFFERENT
AGES FROM DECEMBER 2003-

Infectious causes

Bacterias - - 1 - 1 2008. NUMBERS IN BRACKETS
INDICATE ADULT ANIMALS EQUIPPED
Virus - - 6 (6) - 6 (6) WITH RADIOTELEMETRY OR GPS
R N COLLARS.
Non infectious causes
Road-kill 4 6 4 (2) - 14 (2)
Aggression 2 - 1(2) - 309
Illegal traping - - 1 - 1
Starvation 1 - - - 1
- - 1(1) - 1(1)
Unknown causes 6 - 2(2) 3 11 (2)

13 6 16 (12) 3 38 (12)




TaBLE 2. MORTALITY CAUSES OF IBERIAN

Cub Young Subadult Adult TOTAL tnX (LyNX PARDINUS) FROM THE EX
: siTu CONSERVATION PROGRAMME
Infectious causes _ _ _ _ AT DIFFERENT AGES FROM DECEMBER
Non infectious causes 2003-2008. THE CONTINUOUS
VIDEO-SURVEILLANCE, THE HAND REARING
Miscarriages & OF ILL AND NON ATTENDED CUBS AND THE
FAST INTERVENTION DURING CUB FIGHTING
premature birthings 7 - - 7 HAVE AVOIDED THE LOST OF MORE CUBS.
Fighting 3 - - 3
Chylothorax 1 - - 1
Electrocution - 1 - 1
Enterotoxemia - 1 - 1
Unknown causes 1 - - 1
12 2 - 14

de Andalucia (Malaga); Clinical Laboratory at the Vetsuisse Faculty, University of Ziirich; Anatomia Patoldgica,
Facultad de Veterinaria de Madrid; BanGes at the Museo Nacional de Ciencias Naturales, CSIC (Madrid);
Laboratorio de Bioingenieria at Universidad Miguel Hernandez (Alicante); Laboratorio de Biologia Molecular,
Estacién Biolégica de Dofiana, CSIC (Sevilla); Laboratorio de la Estacién Experimental de Zonas Aridas, CSIC
(Almeria), and the Department for Reproduction at the Institute for Zoo and Wildlife Research-1ZW (Berlin).
Free-ranging lynx are usually captured by means of double entry box live-traps and then transferred to a
squeeze cage where they are administered immobilizing drugs through direct intramuscular injection. To avoid
stress and minimize trauma, captive animals are caught with squeeze-cage traps whenever possible (Figure 3a
and 3b). On other occasions they are captured with nets or blowdarts. A total of 318 chemical immobilizations of
126individuals, among them 60 free-ranging lynx, were performed between December 2003 and December 2008.
The most commonly used method of chemical restraint consists of a mixture of 5 mg/kg ketamine hydrochloride
(Imalgene1000®, Merial) and 50 pg/kg medetomidine (Domtor®, Pfizer). Induction is fast (lateral recumbence
at 6.5 + 4.2 minutes) and smooth, and the effect lasts about 40-50 minutes (Martinez, 2007). Anesthesia can
be partially reverted with atipemazole (Antisedan®, Pfizer) if necessary. By the end of 2008, medetomidine
was substituted by dexmedetomidine (Dexdomitor®, Pfizer) at a dose of 12.5 ug/kg, which has resulted in a
reduction of cardiovascular depression, although more data is needed to confirm the benefits. Isoflurane or
sevoflurane are used for longer procedures (Gomez-Villamandos et al., 2007), although on certain occasions
(e.g., anesthesia for electroejaculations) ketamine has been used for supplementation to avoid sphincter

Fic 38. USE oF
THE SQUEEZE-

CAGE FOR DIRECT
INTRAMUSCULAR
ADMINISTRATION OF
ANESTHESIA.

Fie. 3A. SQUEEZE-CAGE IN A HANDLING CORRIDOR IN A BREEDING CENTER.
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relaxation and to minimize the risk of contaminating semen with urine (which would kill the spermatozoa). No
accidents have been registered during anesthesia, and all animals recovered without complications.

Necropsies and forensic examinations

For operational reasons and uniformity, the Centro de Analisis y Diagnéstico (first located in Sevilla, actually in

Malaga, Spain) has been designated as the laboratory where all Iberian lynx necropsies shall be performed. This

center is equipped with all the necessary materials and has the necessary trained staff to carry out necropsies

even in emergency situations. Necropsies are performed following the established protocol (Iberian Lynx Necropsy

Manual). In addition to determining the cause of death, post-mortem exams and sample collection provide biological

material for epidemiological studies (Meli et al., this book), for genetic studies (Godoy et al., this book) and for the

scientific collections of skeletons and skins. They also provide materials for the Biological Resource Banks (BRBs).

Communication and coordination with the BRBs is key to collect, transfer, and process viable reproductive tissues

(testes and ovaries) as fast as possible to avoid deterioration of these valuable samples (Gonzélez et al., 2007).

A total of 52 necropsies, 38 of them on individuals from the free-ranging populations and the rest mostly
from captive-born prematures and neonates, have been performed between December 2003 and December
2008. The causes of death in the free ranging population (Table 1) were as follows:

e Seven animals died due to infectious causes. Four of them died of diseases associated with FelV infection
(Meli et al., 2008; Meli et al., this book; Lopez et al., 2009; Lopez et al., this book) and one of infection with
canine distemper virus (CDV) (Meli et al., 2008). The losses to the wild population caused by capture and
transfer of animals with FelV to a rehabilitation center are not included in this chapter (L6pez et al., this
book). One individual was infected with feline parvovirus (FPV) and had spleen rupture, probably caused
by trauma (Guillermo Lopez, pers. comm.). One lynx was infected with Mycobacterium bovis, although
more cases were already known prior to this one (Pérez et al., 2001; Aranaz et al., 2004), this additional
case underlines the susceptibility of the Iberian lynx for bovine tuberculosis. Six of the seven animals that
died of infectious diseases were equipped with radiotelemetry or GPS collars, which reaffirms that tracking
allows for the detection of deaths that, otherwise, would likely remain unnoticed. Similar results have been
observed in other free ranging felids (Schmidt-Posthaus et al., 2002; Haines et al., 2005).

¢ Twenty animals died of non-infectious causes. The most frequent cause of death was road-kill (14 animals).
Three animals died of aggression: two of them were cubs aged less than one month. The species that
attacked them could not be determined. One adult lynx had lesions in the hindquarters that had probably
been caused by hunting dogs. Another adult animal died after ingesting bait that had been deliberately
impregnated with aldicarb. One animal died of lesions, dehydration, and cachexia following the amputation
of a limb by a snare trap. The number of deaths that were detected and attributed to illegal poaching was
considerably lower during the study period than in a previous study (Garcia-Perea, 2000). Multiple pellets
from two previous buckshot wounds were found during the necropsy of an animal that had died following a
collision with a vehicle. In contrast to this, no pellets were found in any of the 126 live animals that had been
examined and radiographed. The death of one dispersing juvenile was attributed to starvation based on the
observed cachexia and the absence of infectious or toxic agents.

e The cause of death could not be determined in 11 cases. Only skeletal and dry tissues remains were available
for examination in these animals, which did not allow clarifying the actual cause of death.

During the same period, mortality within the ex situ population (Table 2) was attributed to the following causes:

e Seven premature births and miscarriages were registered. Four offspring were stillborn, while two premature
young died of septicemia caused by Escherichia coli (see Discussion of clinical cases experienced within the
Ex situ Programme, this chapter). No infectious causes could be determined in the other stillborn, premature
cubs.

¢ Three offspring died of aggression. In one case, the lesions had been caused by a littermate (Antonevich et
al., this book), while the other two had been injured by the mother.

¢ One offspring had an idiopathic chylothorax (see Discussion of clinical cases experienced within the Ex situ
Programme, this chapter).



¢ One animal died accidentally in quarantine after biting an electric wire of a surveillance camera.

e One animal died of enterotoxemia after ingesting meat contaminated with Clostridium toxin. It was also
severely anemic and infested with fleas. Similar symptoms have been described in other captive non-
domestic felids that were exposed to demographic explosions of flea populations (Carles ). Sallés, pers.
comm.).

e A two-day-old offspring died suddenly. A non-traumatic perforation of the stomach wall and associated
peritonitis were observed during necropsy. The initial cause of death could not be determined.

Development of technical reports

Every examination during anesthesia, necropsy or clinical intervention is thoroughly documented and the
corresponding report is sent to the appropriate institutions and/or administrations. The GAAS also issues
reports and recommendations on specific topics related to health aspects (Cytauxzoon, tuberculosis, FelV, etc.),
whenever they are considered necessary.

Creation and maintenance of a biomedical database

All clinical procedures and analytical results generate a significant amount of information that needs to be
sorted and organized. A biomedical database (BDB) was therefore created and divided into different sections,
including procedures, analytical results and clinical histories. It is a useful tool that can be used for research and
management of the species. The BDB information is available to technicians, institutions and researchers that
hold a collaborative agreement.

Courses, meetings, and workshops

Courses on health issues of the Iberian lynx and other felids have regularly been held with the ultimate purpose
of revising all available information generated on Iberian lynx health issues and learning from other related
programmes, as well as from each other. In addition, meetings and workshops have been held at the breeding
centers to unify criteria and improve procedures and needs (workshops on pediatrics, cesarean procedures,
hand-rearing, anesthesia, handling of severely injured patients, etc.). Also, GAAS members maintain active
communication and discussions via an electronic forum and hold regular meetings to discuss problems and
needs, while enhancing the communication between veterinarians and researchers.

HEALTH MANAGEMENT PROGRAMME FOR CAPTIVE IBERIAN LYNX

Free-ranging animals that are captured and are candidates for incorporating to the Ex situ Programme are
quarantined in specific facilities, which are equipped with surveillance cameras to allow continuous monitoring
of the animals. Two anesthetic events, with complete clinical exams, radiographs and sample collections, are
performed during the quarantine period. The first one is performed 10 to 14 days after the beginning of the
quarantine period and the second a month later. The animals are identified with a microchip and vaccinated
against FHV, FCV and FPV (Fevaxyn-i-CHP®, FortDodge) as well as FeLV (Purevax FeLV®, Merial). After quarantine
and evaluation of the clinical exam, analyses and video-monitoring, the animals that are considered suitable for
the Ex situ Programme are transferred to the breeding facilities (Vargas et al., this book).

The health management of Iberian lynx belongs to the Captive Breeding Programme is similar to that of other
felid species (Meltzer, 1999) and follows the recommendations issued by the EAZA and AZA (Joslin et al., 1998;
Blomqyvist et al., 1999; Woodford, 2001; Krelekamp, 2004). The inherent chronic stress registered in certain
captive-kept felid species seems to be related to a higher prevalence of certain diseases when compared to free-
ranging populations (Munson et al., 2005). In addition to spacious facilities, limited entry to only center staff,
environmental enrichment and a captive diet as similar as possible to the natural diet, the preventive medicine
programme seeks to minimize stress and improve health through the following measures:

Biosecurity system: The procedures include footbaths, disinfection of the materials and changing clothes and
footwear when entering the animal facilities.
Parasitology analysis: Feces are analyzed every three months. Eimeria (from rabbits offered as live prey to the
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animals), Strongylidae and Toxacara are common findings in fecal exams. Antihelminthics are avoided unless a
certain parasite load is detected or the animal shows signs of being parasitized. As part of the prevention measures
for enteroparasite infection, daily husbandry includes removing feces from the enclosures on a daily basis.

Fecal cultures: Conducted to test for Salmonella/Shigella/Yersinia/Campylobacter are performed every six
months. Only Campylobacter has been detected sporadically without symptoms. Fecal cultures also aim at
detecting the potential zoonotic risk to the staff at the breeding facilities. Cultures of rectal swabs taken during
anesthesia of free-ranging and captive individuals were also negative for the abovementioned bacteria.
Vaccinations: A trivalent inactivated vaccine against FHV, FCV and FPV, and a recombinant vaccine against
FelLV are used as it was described previously in this chapter. The offspring born in the breeding facilities are
vaccinated at eight weeks of age and then re-vaccinated a month later, and eventually boosted at a yearly
basis. Although some protocols in non domestic felids recommend initiating a vaccination plan at an earlier
age (around six weeks), and to revaccinate every three weeks until the animals are 12 weeks old, the current
protocol is considered sufficient and safe for captive Iberian lynx, given the known prevalence of infectious
agents, the biosecurity barrier and the quarantine system. In addition, no infection with these agents has ever
been detected in the ex situ population. In any case, the evaluation of the safety and efficacy of the vaccines is a
pending action required by the Iberian Lynx Captive Breeding Action Plan. Adult animals are revaccinated every
two to three years, and breeding females are revaccinated two months before breeding season to maximize
immunity transfer to the offspring.

Brush and weed clearing: Periodic clearing of the large, open enclosures reduces optimal ectoparasite habitats
(mainly ticks) while it ensures proper control of the animals via the video surveillance system.

Capture: Whenever possible, the capture of an animal is programmed and done with a squeeze-cage specifically
designed for Iberian lynx (Fig. 3a and Fig. 3b). Nets and darts are avoided to reduce stress, trauma and distrust
of the animals towards the staff.

Complete physical exams: Adults are currently examined under anesthesia once a year. The objectives
of the examinations are: 1) to periodically assess the health status of each individual; 2) to vaccinate and
deworm if necessary; 3) to evaluate female reproductive health of by performing a sonographic examination
of the reproductive tract (Goritz et al., this book); 4) perform radiographic examinations; 5) to evaluate male
reproductive health of by studying sperm quality (Gafian et al., in press; Roldan et al., this book) and performing
a sonographic examination of the testes and prostate (Goritz et al., this book); 6) to collect biological samples
to complete the analyses considered in the protocols, and 7) to collect biological samples for the BRBs.
Elimination of external parasites: Spot-on pipettes containing fipronyl (Frontline®, Merial) or selamectine
(Stronghold®, Pfizer) are routinely applied when animals are captured and anesthetized. Animals suspected
to be infested with ectoparasites causing unspecific dermatological problems have been captured sporadically
with squeeze-cages and pipettes have been applied.

Weighing: The animals are weighed regularly by entering tunnels or handling corridors with platform scales.
Diet: Food could be the port of entry for pathogens that could imperil the captive population, as has occurred
in other species (Jauniaux et al., 2008) and in the Iberian lynx (see Clostridiosis in Discusion of clinical cases
experienced within the Ex situ Programme, this chapter). The diet and supplements administered to the
programme’s animals are prescribed with the help of a nutritionist (Helena Marqués, ConZoolting®©). Ninety
percent of the captive lynx diet consist of rabbit (live or dead). The remaining 10% include quail and cow meat.
Besides the vitamin mix provided when dead rabbits are fed to the captive colony, beta-carotene is also added
to the regular diet starting six to eight weeks prior to breeding season and until the pairs have copulated.

DiScusSION OF CLINICAL CASES EXPERIENCED WITHIN THE PROGRAMME
Infectious agents that have been identified through molecular biology studies and serological analyses are
discussed elsewhere (see Meli et al., this book), and have been described in several articles (Willi et al.,
2007; Luaces et al., 2008; Millan et al., 2008; Roelke-Parker et al., 2008). The results of histopathology and
immunochemistry studies in Iberian lynx are exhaustively discussed in another chapter (Jiménez et al., this
book) and in publications (Pena et al., 2006; Jiménez et al., 2008).

Despite the relative small size of the Iberian lynx ex situ population and the short period of time studied



FiG. 4A. MiSCARRIED IBERIAN LYNX (AT 34 GESTATIONAL DAYS). FiG. 4B. POST-MORTEM EXAMINATION OF THE THORACIC CAVITY OF AN IBERIAN
LYNX PREMATURE (64 DAYS OF GESTATION). LUNG HEMORRHAGE AND GENERALIZED
CONGESTION. THE ANIMAL RECEIVED INTENSIVE MEDICAL CARE BUT DIED PROMPTLY.
SEPTICEMIA BY ESCHERICHIA COLI WAS THE FINAL DEATH REASON.

FiG. 5. POST-MORTEM EXAMINATION OF THE THORACIC Fic. 6. ABDOMINAL RADIOGRAPH OF AN
CAVITY OF AN IBERIAN LYNX WITH CHYLOTHORAX. IBERIAN LYNX WITH ENTERITIS AND FECAL RETENTION.

similar morbidity and mortality have been observed in a retrospective study in captive jaguars (Hope and Deem,
2006). This section focuses on the diseases observed in animals of the Ex situ Conservation Programme.

Miscarriages and premature births

Between 2005 and 2008, the Ex situ Programme has seen the birth of 34 offspring, seven of which were either
premature or miscarried. The normal gestation period of captive Iberian lynxes seems to vary between 63 and
66 days (n=15; Vargas et al., this book). One female miscarried two fetuses after 42 days of gestation (Figure
4a); several analyses (PCR, histopathology, microbiology) did not allow determining the cause of miscarriage,
and the female did not show any signs of disease. One female whelped two young after 56 days of gestation;
one was dead, while the other was abandoned by the mother and died 24 hours later. The necropsies of these
two individuals revealed a generalized congestion and hemorrhage without any other lesions or noteworthy
laboratory results. Another female gave birth to two premature offspring after 61 days of gestation and
abandoned them immediately thereafter. They died of septicemia caused by E. coli (Figure 4b). Finally, one
female delivered two premature offspring after 60 days of gestation. One was born dead, while the other one
with a septicemia survived thanks to intensive medical care.
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Idiopathic chylothorax

A naturally reared male died at eight weeks of age. The animal had been vaccinated two days earlier, and
although its body condition was poor at the time of capture, the surveillance cameras showed that its behavior
and activity were normal. Necropsy revealed abundant lymphatic, reddish liquid in the thoracic cavity (Figure 5);
diffuse interstitial pneumonia, enteritis with crypt necrosis, generalized lymphatic congestion and distention,
and enterobacterial septicemia was detected. FPV was identified by means of PCR, but it was probably the
inactivated vaccine virus. An analysis of vaccines of the same lot did not reveal any viral replication or bacterial
growth. Anidiopathic chylothorax was diagnosed due to the impossibility to determine the cause of the observed
signs. The chylothorax may have been caused by trauma, because the primiparous mother had been hand-
raised, so never been correctly socialized. Although her maternal instinct was good, she played roughly with her
cub. The most plausible hypothesis regarding this specific case is that trauma might have caused a lesion of a
lymphatic vessel, which could then have led to the chylothorax.

Clostridiosis

Several adult animals presented gastrointestinal signs in the spring of 2006. Some animals vomited food or
only bile. In most affected animals, vomiting was sporadic, while they maintained their appetite and showed
normal behavior. One female presented bouts of vomiting, colitis and slight depression for a day. Another female
vomited once to three times per week during 11 weeks, sometimes with diarrhea. She had loss of appetite,
slight weight loss and a scruffy appearance of her fur. The female was rearing two offspring during this period,
but the young did not show any signs of disease. Chemical immobilization for full exam and sampling was not
performed in the most severely affected females because they were still rearing their offspring, and because
their general status allowed a conservative approach to continue excluding possible etiologies. The cubs did
not present the signs described for the mothers. Finally, it was determined that the signs had been caused
by rabbit meat contaminated with enterotoxins, and Clostridium was isolated in microbiological cultures. It is
possible that a delayed evisceration of the rabbit carcasses led to contamination of the flesh with intestinal
contents. Alternatively, the carcasses may not have been correctly refrigerated. In addition to changing the food
source (individually packed rabbit meat for human consumption is currently used), all animals were treated with
omeprazol and amoxicillin (Clamoxyl®, Pfizer) or amoxicillin with clavulanic acid (Synulox®, Pfizer).

Dermatitis

An adult male that was periodically anesthetized (Fig. 2a) to treat a digit abscess developed an acute alopecic,
erythematous, bilateral lesion of the neck that seemed to be self-inflicted due to licking or continuous scraping.
The etiology could not be determined, but the case was resolved by administering prednisone (Dacortin®,
Merck) and marbofloxacine (Marbocyl®, Vétoquinol). A psychogenic dermatitis related to stress caused by
repeated capture and immobilization was suspected.

Tooth abscess

Inflammation was observed on the left side of the snout of a male aged four months; the animal did not
present any other signs. During chemical immobilization, the inflammation was attributed to the persistence
of a deciduous canine, and an associated abscess from which Proteus mirabilis was isolated. The problem was
resolved without complications by extraction of the canine, wound cleaning, and administration of spiramycin
and metronidazole (Rhodogil®, Aventhis Pharma).

Dermatomycosis

An alopecic area was observed on the neck of a captive-born, 5-month-old female that shared an enclosure with
two female littermates and the mother. The animal was examined under anesthesia, and additional alopecic and
erythematous areas were found on face and extremities. It was assumed that the littermates were also affected,
although no lesions were observed by means of the surveillance cameras, and the animals were not immobilized
for examination. The mother did not seem to be affected. Cultures and biopsies revealed that the cause of
alopecia was an infection with Trichophyton mentagrophytes. The fungi had probably been transmitted to the




lynx from the live rabbits used as food items, but no cause-effect relationship could be proved. All the family unit
—who was sharing the same enclosure— was treated with itraconazol (Itrafungol®, Esteve) administered in the
food. Griseofulvine was not used because toxic effects have been described in other felids (Wack et al. 1992).
The animals recovered without complications. Another hand-reared offspring of the 2008 breeding season,
and two naturally-raised offspring, were affected by a dermatomycosis also caused by T. mentagrophytes. No
systemic treatment was administered, and the animals recovered without complications. It is possible that these
infections are self-limiting, as it occurs in the domestic cat.

Chlamydiosis

One free-ranging, apparently healthy adult male was captured for its incorporation to the Captive Breeding
Programme. Conjunctivitis and a small corneal ulceration, without additional signs, were observed during the
quarantine examination. Chlamydophila felis was identified by PCR in conjunctiva swabs, while additional tests
did not reveal any other pathology. Oral treatment with doxycycline (Ronaxan®, Merial) eliminated the signs. A
second PCR was negative for Chlamydophila, and for other agents that may cause oculo-respiratory syndromes
in felids.

Enteritis with fecal retention

Two adult lynx kept in different breeding centers presented unspecific signs, including depression and
gastrointestinal signs: vomiting in one and constipation in the other. One of the animals was anesthetized
and underwent a complete examination with sample collection, radiographs and endoscopy of the stomach
(Figure 2¢). No noteworthy anomalies were identified in the laboratory analyses or biopsies (except for slight
multifocal gastritis), while the radiographs revealed enteritis of the large intestine with fecal retention (Fig.
6). The animal recovered without complications after administration of an enema, passing of feces from the
intestine, maropitant (Cerenia®, Pfizer), and fluid therapy.

The other animal was also anesthetized for examination and sample collection, but no anomalies were found
during the exam. The radiographs revealed enteritis of the large intestine similar to the previous case. The
animal was also treated with an enema and fluid therapy. It recovered without complications.

The origin of these unspecific symptoms of enteritis and fecal retention are not known. They do not seem to
be associated with the diet, but rather with the reduced physical activity of some captive individuals. They may
also be associated with the temporary holding of the animals in enclosures devoid of plants and weeds (e.g.,
quarantine facilities) which the lynx ingest sporadically.

Umbilical hernia

Three hand-reared and one naturally reared offspring of the 2008 breeding season presented an abdominal
hernia caused by a persistent umbilical ring. Two of the animals required surgical intervention. It is possible that
the way hand-reared animals were handled (Rivas et al., this book), specifically during stimulation for urination
and defecation, could have forced them in such a way that it interfered with normal scarring of the umbilical ring.
The mother-raised cub was also handled after a cub fight (see Antonevich et al., this book) to help it with the
transition to solid food, and this handling might have caused the inadequate closing of the umbilical ring.

Perianal gland inflammation

Two hand-reared offspring of the 2008 breeding season presented inflammation/infection of the perianal glands.
Accumulated purulent material (Staphylococcus sp. isolated) was removed from one animal. Both cubs were
treated with topical application an ointment containing antibiotics and corticoids (Panolog®, Novartis), and oral
administration of cephalexine (Cefacure®, Intervet), and both recovered without further complications.

Epilepsy in cubs

Three of the six hand-reared offspring born in the 2008 breeding season presented seizures starting at 71, 75
and 116 days of age, respectively. Two of them shared the same father whereas the other was unrelated to them.
The cause of these signs remains unknown, in spite of a wide range of tests and studies (PCRs for infectious
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agents, toxicological studies, hematology, biochemistry, urinalysis, magnetic resonance (MR) in one cub and
cerebrospinal fluid (CSF) analyses in two of the cubs). Physical exam, complementary tests and laboratory
results did not shown abnormalities, so idiopathic epilepsy was therefore diagnosed. We postulated that the
etiology was probably associated with hand-rearing (e.g., infant formula, oxygen therapy, vitamin or mineral
supplements, etc.), which has led to some changes in the hand-rearing procedures to try to avoid potential
future cases. Anticonvulsant therapy (phenobarbital) was effectively used from the beginning and, after 6
months of therapy, a half-dosage treatment was given. To date, no additional episodes have been observed in
any of the three animals.

ConcLusions

The Iberian Lynx Ex situ Conservation Programme has grown from four individuals in December 2003 to 60 in
December 2008, of which 24 have been born and raised in captivity (Vargas et al., this book). During time years,
and based on the nature of the observed clinical cases, necropsy results and screening for infectious agents, we
consider that the overall captive population can be regarded as healthy and that our preventive medicine plan
has been effective. Except for a few isolated cases, most clinical manifestations have been controlled and have
never represented a significant threat to the ex situ population as a whole. A strict adherence to the preventive
medicine protocols and management-targeted research can assist in continue to maintain the captive population
in good health and then optimal for reintroduction.

Regarding the free-ranging population, one of the main priorities for its conservation is the implementation
of an epidemiological surveillance programme for the Iberian lynx and associated species in its current range
and in potential reintroduction sites. This plan should be coordinated with the relevant administrations, and
should be granted long-term financial and institutional support. A fluid and rapid communication between the
responsible technical staff, together with the systematic collection of the biomedical information generated
during procedures and analyses, should complement the surveillance plan. In addition, the acquired scientific
knowledge is applied to the management and conservation of the highly endangered Iberian lynx.

ACKNOWLEDGEMENTS

The authors would like to thank all the friends and colleagues from Hospital Veterinario Avila (Cadiz), Guadiamar
Servicios Veterinarios de Referencia (Sevilla), Clinica Veterinaria San Francisco (Jaén), Centro Veterinario Condado
de Huelva (Huelva), Clinica Veterinaria Rocaberti (Barcelona), BanGes and Museo Nacional de Ciencias Naturales
de Madrid, Universidad de Castilla-La Mancha (Albacete), Centro de Investigaciones Bioldgicas-CSIC (Madrid),
Fundacion Bioandina (Buenos Aires), Donana National Park (Sevilla-Huelva), Centre for Fish and Wildlife Health
(Berne), Institute for Zoo and Wildlife Research (Berlin), Red andaluza de CREAs, Facultad de Veterinaria de
Coérdoba, Facultat de Veterinaria de Barcelona, Facultad de Veterinaria de Madrid, Hospital Clinic Veterinari
(Barcelona), Zoological Pathology Programme (lllinois), Conzoolting (Barcelona), Parques Reunidos (Madrid),
Instituto de Investigacion en Recursos Cinegéticos (Ciudad Real), Estacion Biologica de Donana (Sevilla), Life-
Nature Project for Iberian Lynx Conservation in Andalucia, Fundacién BBVA (Madrid), Pfizer (Madrid), FortDodge
(Madrid), Farmadiet (Barcelona), Merial (Barcelona), Fundacién Tambre (Madrid), and many thanks to Mariella
Superina and Roberto Aguilar for translating this manuscript.



REFERENCES

Alexander, K.A., Appel, M.)., 1994. African wild dogs (Lycaon
pictus) endangered by a canine distemper epizootic among
domestic dogs near the Masai Mara National Reserve,
Kenya. Journal of Wildlife Diseases 30 (4), 481-5.

Antonevich, A.L.,Naidenko, S.V., Bergara, )., Vazquez, E.,
Vazquez, A., Lépez, )., Pardo, A.)., Rivas, A., Martinez,
F., Vargas, A., 2009. A comparative note on early sibling
aggression in two related species: the Iberian and the
Eurasian lynx: Vargas, A., Breitenmoser, C., Breitenmoser, U.
(Eds.), Iberian Lynx Ex situ Conservation: An Interdisciplinary
Approach. Fundacién Biodiversidad, Madrid, Spain.

Aranaz A., De Juan L., Montero N., Sanchez C., Galka M.,
Delso C., Alvarez )., Romero B., Bezos )., Vela Al., Briones
V., Mateos A., Dominguez L., 2004. Bovine tuberculosis
(Mycobacterium bovis) in wildlife in Spain. Journal of
Clinical Microbiology 42(6): 2602-8.

Beltran )., Delibes, M., 1991. Hematological and serum
chemical characteristics of the Iberian lynx (Lynx pardinus)
in southwestern Spain. Canadian Journal of. Zoology 69,
840-846.

Blomgyist, L., McKeown, S., Lewis, J.C.M., Richardson, EEP Felid
Tag, International Zoo Veterinary Group, 1999, in: 1st edition,
EEP Felid Regional Collection Plan & Veterinary Guidelines.

Briones, V., de Juan, L., Sanchez, C., Vela, A.l,, Galka, M.,
Montero, N.,Goyache, ).,Aranaz,A., Mateos,A.,Dominguez,
L., 2000. Bovine tuberculosis and the endangered Iberian
lynx. Emerging Infectious Diseases 6, 189-191.

Cleaveland, S., Hess, G.R., Dobson, A.P., Laurenson, M.K.,
McCallum, H.l., Roberts, M.G., Woodroffe, R., 2002. The
role of pathogens in biological conservation, in: Hudson,
PJ., Rizzoli, A., Grenfell, B.T., Heesterbeek, H., Dobson,
A.P. (Eds.), The ecology of wildlife diseases, New York, NY:
Oxford University Press, pp. 139-150.

Cunningham, M.W., Brown, M.A., Shindle, D.B., Terrell, S.P.,
Hayes, K.A., Ferree, B.C., McBride, R.T., Blankenship, E.L.,
Jansen, D., Citino, S.B., Roelke, M., Kiltie, R.A., Troyer,
J.L., O’Brien, S.)., 2008. Epizootiology and management
of feline leukaemia virus in the Florida Puma. Journal of
Wildlife Diseases 44 (3), 537-552.

Deem, S.L, Karesh, W.B., Weisman, W., 2001. Putting theory
into practice: wildlife health in conservation. Conservation
Biology 13, 1246-1256.

Deem, S.L., Karesh, W.B., 2002. The veterinarian’s role in
species-based conservation: the jaguar (Panthera onca)
as an example. Proceedings of the American Association of
Zoo Veterinarians, pp. 1-5.

Deem, S.L.,2007.Role ofthe zoo veterinarianin the conservation
of captive and free-ranging wildlife. International Zoo
Yearbook 41, 3-11.

Ferreras, P., Aldama, ).)., Beltran, ).F.,, Delibes, M., 1994.
Immobilization of the endangered Iberian lynx with
xylazine- and ketamine-hydrochloride. Journal of Wildlife
Diseases 30 (1), 65-8.

IBERIAN LYNX £X S/71/ CONSERVATION: AN INTERDISCIPLINARY APPROACH
AsTRID VARGAS, CHRISTINE BREITENMOSER & URS BREITENMOSER
FunpAciOn Biobiversipad / IUCN Cat SpeciaLisT GrRoup

Frankham, R., 2007. Genetic adaptation to captivity in species
conservation programs. Molecular Ecology, 1-9.

Furtado, M.M., Filoni, C., 2008. Diseases and Their Role for
Jaguar Conservation. Cat News Special Issue 4, 35-40.

Gaian, N., Gonzalez, R., Garde, )., Martinez, F., Vargas, A.,
Gomendio, M., Roldan, R., in press. Semen quality, sperm
cryopreservation and heterologous in vitro fertilisation in
the critically endangered Iberian lynx (Lynx pardinus).

Garcia, ., Martinez, F., Vargas, A., Pastor, )., Bach-Raich, E.,
Muiioz, A., Zorrilla, I., 2009. Serum biochemical parameters
for the Iberian lynx (Lynx pardinus): reference values, in:
Vargas, A., Breitenmoser, C., Breitenmoser, U. (Eds.), Iberian
Lynx Ex situ Conservation: An Interdisciplinary Approach.
Fundacién Biodiversidad, Madrid, Spain.

Garcia-Perea, R., 2000. Survival of injured Iberian lynx (Lynx
pardinus) and non-natural mortality in central-southern
Spain. Biological Conservation 93, 265-269.

Godoy, J.A., Casas, M., Fernandez, )., 2009. Genetic
issues in the implementation of Iberian Lynx Ex situ
Conservation Programme, in: Vargas, A., Breitenmoser, C.,
Breitenmoser, U. (Eds.), Iberian Lynx Ex situ Conservation:
An Interdisciplinary Approach. Fundacién Biodiversidad,
Madrid, Spain.

Gomez-Villamandos R.}., Velarde )., Dominguez J.M., Granados
M.M., Villalobos C.M., Galka M.E., 2007. Sevoflurane
anaesthesia in Iberian lynx (Lynx pardinus). Veterinary
Record 160, 592-593.

Gonzalez, R., Gomendio, M., Vargas, A., Roldan, E.R.S.,
2007. Death on the road and rescue in the lab: female
gamete recovery and conservation in the Iberian Lynx
(Lynx pardinus), in: Felid Biology and Conservation, An
International Conference. The Wildlife Conservation
Research Unit, Oxford University Panthera Population,
IUCN/SSC Cat Specialist Group. 17-20 September,
Oxford.

Goritz, F., Vargas, A., Martinez, F., Hildebrandt, T.B., Naidenko,
S., Palomares, F., Lopez-Vao, ).V., Pérez, M.]., Quevedo,
M.A,, Jewgenow, K., 2009. Ultrasonographical assessment
of structure and functionofthe male and female reproductive
organs in the Eurasian and the Iberian lynx, in: Vargas, A.,
Breitenmoser, C., Breitenmoser, U. (Eds.), Iberian Lynx Ex
situConservation: An Interdisciplinary Approach. Fundacién
Biodiversidad, Madrid, Spain.

Guzman, J.N, Garcia, F.)., Garrote, G., Pérez de Ayala, R.,
Iglesias, C., 2004. El lince ibérico (Lynx pardinus) en Espaia
y Portugal. Censo diagnéstico de las poblaciones. Direccion
General para la Biodiversidad. Madrid, 184 pp.

Haines, A.M., Tewes, M.E., Laack, L.L, 2005. Survival
and sources of mortality in ocelots. Journal of Wildlife
Management 69 (1), 255-263.

Hope, K., Deem, S.L., 2006. Retrospective study of morbidity
and mortality of captive jaguars (Panthera onca) in North
America: 1982-2002., 2006. Z0o Biology 25, 501-512.



INTEGRATING HEALTH ISSUES INTO THE CONSERVATION OF THE |BERIAN LYNX (L YNX PARDINUS)
INTEGRACION DE LOS ASPECTOS SANITARIOS EN LA CONSERVACION DEL LINCE IBERICO (Lynx paRDINUS)
FERNANDO MARTINEZ, GUILLERMO LOPEZ, JOSEP PASTOR, IRENE ZORRILLA, ALvARO MuRi0z, lGNACIO
GARCiA, LaurA PeRA, M2 ANGELES JIMENEZ, MARIA JosE PEREzZ, ISABEL MoLINA, JosE MARTA
AcuILAR, MiGUEL ANGEL QUEVEDO, MARINA L. MELI, HANS LuTz AND ASTRID VARGAS

Jauniaux, T.P,, De Clercq, K.E., Cassart, D.E., Kennedy, S.,
Vandenbussche, F.E., Vandemeulebroucke, E.L., Vanbinst,
T.M., Verheyden, B.l., Goris, N.E., Coignoul, F.L., 2008.
Bluetongue in Eurasian lynx. Emerging Infectious Diseases
14, 1496-1498.

Jiménez, M.A., Sanchez, B., Pérez Alenza, M.A., Garcia, P.,
Lopez, ).V., Rodriguez, A., Muiioz, A., Martinez, F., Vargas,
A., Peia, L., 2008. Membranous glomerulonephritis in
the Iberian lynx (Lynx pardinus). Veterinary Immunology
Immunopathology 121 (1-2), 34-43.

Jiménez, M.A., Sanchez, B., Garcia, P., Pérez, M.D., Carrillo,
M.E., Morena, F.J., Peiia, L., 2009. Diseases of the Iberian
lynx (Lynx pardinus): histopathological survey, lymphoid
depletion, glomerulonephritis and related clinical
findings, in: Vargas, A., Breitenmoser, C., Breitenmoser,
U. (Eds.), Iberian Lynx Ex situ Conservation: An
Interdisciplinary Approach. Fundacién Biodiversidad,
Madrid, Spain.

Joslin, J.0, Amand, W., Cook, R., Hinshaw, K., McBain, J.,
Oosterhuis, J., 1998. Guidelines for Zoo and Aquarium
Veterinary Medical Programs and Veterinary Hospitals.
Veterinary standards committee, American Association of
Zoo Veterinarians.

Krelekamp, C.J, 2004. Husbandry guidelines Eurasian lynx (Lynx
lynx sspp). European Association of Zoos and Aquaria.

Le6n-Quinto, T, Simon, M.A., Cadenas, R., Jones, )., Martinez-
Hernandez, F.J., Moreno, J.M., Vargas, A., Martinez, F.,
Soria, B., 2008. Developing biological resource banks as a
supporting tool for wildlife reproduction and conservation.
Animal Reproduction Science, 112(3-4):347-61.

Le6n-Quinto, T., Simén, M.A., Cadenas, R., Jones, )., Ruiz, V.,
Soria, B., 2009. An Iberian lynx biological resource bank and
its applications to the in situ and Ex situ conservation of the
species, in: Vargas, A., Breitenmoser, C., Breitenmoser, U.
(Eds.), Iberian lynx Ex situ Conservation: An Interdisciplinary
Approach. Fundacién Biodiversidad, Madrid, Spain.

Lopez, G., Lopez, M., Fernandez, L., Martinez-Granados, C.,
Martinez, F., Meli, M.L., Gil-Sanchez, ).M., Viqueira, N.,
Diaz-Portero, M.A., Cadenas, R., Lutz, H., Vargas, A.,
Simén, M.A., 2009. Management measures to control
a FelV outbreak in the endangered Iberian lynx. Animal
Conservation, DOl 10.1111/j.1469-1795.2009.00241.

Lopez, G., Martinez, F., Meli, M.L., Bach, E., Martinez-Granados,
C., Lopez-Parra, M., Fernandez, L., Ruiz, G., Vargas, A.,
Molina, I., Diaz-Portero, M.A., Gil-Sanchez, .M., Cadenas,
M.A,, Pastor, )., Lutz, H., R., Simén, 2009. A feline leukemia
virus outbreak in the Dofana Iberian lynx population, in:
Vargas, A., Breitenmoser, C., Breitenmoser, U. (Eds.), Iberian
lynx Ex situ Conservation: An Interdisciplinary Approach.
Fundacién Biodiversidad, Madrid, Spain.

Luaces, |, Doménech, A., Garcia-Montijano, M., Collado,
V.M., Sanchez, C., Tejerizo, ).G., Galka, M., Fernandez, P.,
Gomez-Lucia, E., 2008. Detection of Feline leukemia virus
in the endangered Iberian lynx (Lynx pardinus). Journal of
Veterinary Diagnostic Investigation 20, 381-385.

Martinez, 2007. Inmovilizacion reversible en el lince ibérico
(Lynx pardinus) con la combinacién de ketamina vy
medetomidina. Diploma de Estudios Avanzados. Facultat
de Veterinaria, Universitat Autonoma de Barcelona.

McCallum, H., 2008. Tasmanian devil facial tumor disease:
lessons for conservation biology. Trends in Ecology and
Evolution 23 (11), 631-637.

Meli, M.L., Cattori, V., Martinez, F., Lopez, G., Vargas, A., Simén,
M.A,, Zorrilla, I., Muiioz, A., Palomares, F., Lopez-Bao, .V.,
Pastor, )., Tandon, R., Willi, B., Hofmann-Lehmann, R., Lutz,
H., 2009. Feline leukemia virus and other pathogens as
important threats to the survival of the critically endangered
Iberian lynx (Lynx pardinus). PLoS ONE, 4(3):e4744.

Meli, M.L., Cattori, V., Martinez, F., L6pez, G., Vargas, A., Simon,
M.A,, Zorrilla, I., Muioz, A., Palomares, F., Lopez-Bao, ).V.,
Pastor, )., Tandon, R., Willi, B., Hofmann-Lehmann, R., Lutz,
H., 2009. Threats to the Iberian lynx (Lynx pardinus) by feline
pathogens, in: Vargas, A., Breitenmoser, C., Breitenmoser, U.
(Eds.), Iberian Lynx Ex situ Conservation: An Interdisciplinary
Approach. Fundacién Biodiversidad, Madrid, Spain.

Meli, M., Simmler, P., Cattori, V., Vargas, A., Martinez, F.,
Lopez, G., Zorrilla, I., Muiioz, A., Palomares, F., Lopez,
).V., Hofmann-Lehmann, R., Lutz, H., 2008. Importance
of canine distemper virus (CDV) in free-ranging Iberian
lynxes (Lynx pardinus). gth International Feline Retrovirus
Research Symposium.

Meltzer, D.G.A., 1999. Medical management of a cheetah
breeding facility in South Africa, in: Fowler, M.E., Miller, R.E.
(Eds.), Zoo and wild animal medicine: current therapy, 4th
ed. 1999, W.B. Saunders Company.

Millan, )., Casanova, ).C., 2007. Helminth parasites of the
endangered Iberian lynx (Lynx pardinus) and sympatric
carnivores. Journal of Helminthology 81, 377-380.

Millan,).,Candela, M.G., Palomares,F., Cubero, M.}., Rodriguez,
A., Barral, M., de la Fuente, J., Almeria, S., Ledn-Vizcaino,
L., 2008. Disease treats to the endangered Iberian lynx
(Lynx pardinus). The Veterinary Journal, in Press.

Munson, L., Cook, R.A., 1993. Monitoring, investigation, and
surveillance of diseases in captive wildlife. Journal of Zoo
and Wildlife Medicine 24 (3), 281-290.

Munson, L., Terio, K.A., Worley, M., Jago, M., Bagot-Smith,
A., Marker, L., 2005. Extrinsic factors significantly affect
patterns of disease in free-ranging and captive cheetah
(Acinonyx jubatus) populations. Journal of Wildlife Diseases
41 (3), 542-548.

Pastor, J., 2009. Hematology reference values for the Iberian
lynx, in: Vargas, A., Breitenmoser, C., Breitenmoser, U.
(Eds.), Iberian Lynx Ex situ Conservation: An Interdisciplinary
Approach. Fundacién Biodiversidad, Madrid, Spain.

Pefia, L., Garcia, P., Jiménez, M.A., Benito, A., Pérez
Alenza, M.D, Sanchez, B., 2006. Histopathological and
immunohistochemical findings in lymphoid tissues of the
endangered Iberian lynx (Lynx pardinus). Comparative




Immunology, Microbiology & Infectious Diseases 29 (2-3),
114-126.

Pérez, )., Calzada, )., Le6n-Vizcaino L., Cubero, M.)., Velarde,
J., Mozos, E., 2001. Tuberculosis in an Iberian lynx (Lynx
pardinus). Veterinary Record 148 (13), 414-415.

Rivas, A., Martinez,F., Sanchez, I., Aguilar, ).M., Quevedo, M., Bergara,
)., Vazquez, E., Cuadrado, M.A., Vargas, A., 2009.Hand-rearing
of Iberian lynx cubs: Vargas, A., Breitenmoser, C., Breitenmoser,
U. (Eds.), Iberian Lynx Ex situ Conservation: An Interdisciplinary
Approach. Fundaci6n Biodiversidad, Madrid, Spain.

Roelke-Parker, M.E., Munson, L., Packer, C., Kock, R.,
Cleaveland, S., Carpenter, M., O’Brien, S.J., Pospischil,
A., Hofmann-Lehmann, R, Lutz, H., Mwamengele, G.L.M.,
Mgasa, M.N., Machange, G.A., Summers, B.A., Appel,
M.).G., 1996. A canine distemper virus epidemic in Serengeti
lions (Panthera leo). Nature 379, 441-5.

Roelke, M.E., Johnson, W.E., Millan )., Palomares F., Revilla
E., Rodriguez A., Calzada )., Ferreras P., Ledn-Vizcaino, L.,
Delibes, M., O’Brien, S.)., 2008. Exposure to disease agents
in the endangered Iberian lynx (Lynx pardinus). European
Journal of Wildlife Research 54: 171-178.

Roldan, E.R.S., Gomendio, M., Garde, }.J., Gaiian, N., Gonzalez,
R.,Crespo, C., Arregui, L., 2009. A genetic resource bank and
assisted reproduction for the critically endangered Iberian
lynx, in: Vargas, A., Breitenmoser, C., Breitenmoser, U.
(Eds.), Iberian Lynx Ex situ Conservation: An Interdisciplinary
Approach. Fundacién Biodiversidad, Madrid, Spain.

Schmidt-Posthaus, H., Breitenmoser-Wiirsten, C., Posthaus, H.,
Bacciarini, L., Breitenmoser, U., 2002. Causes of mortality
in reintroduced Eurasian Lynx in Switzerland. Journal of
Wildlife Diseases 38 (1), 84-92.

Simén, M.A., Cadenas, R., Gil-Sanchez, ).M., Lépez-Parra,
M., Garcia, J., Ruiz, G., Lopez, 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.

Torres, ., Garcia-Perea, R., Gisbert, }., Feliu, C., 1998. Helminth
fauna of the Iberian lynx, Lynx pardinus. Journal of
Helminthology 72(3), 221-6.

Vargas, A., Sanchez, l., Martinez, F., Rivas, A., Godoy, J.A.,
Roldan, E., Simén, 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.
Fundaci6n Biodiversidad, Madrid, Spain.

Vicente, J., Palomares, F., Ruiz de Ibanez, R., Ortiz, J., 2004.
Epidemiology of Ancylostoma spp. in the endangered
Iberian lynx (Lynx pardinus) in the Donana National Park,
south-west Spain. Journal of Helminthology 78 (2), 179-83.

Wack, R.F., Kramer, L.W., Cupps, W., 1992. Griseofulvin toxicity
in four cheetahs (Acinonyx jubatus). Journal of Zoo and
Wildlife Medicine 23, 442-446.

IBER