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1. ABSTRACT

The Iberian lynx (Lynx pardinus) is the only species of felid in major risk of extinction
according to the International Union for Conservation of Nature. A captive breeding
programme was initiated in 2004 in order to support the efforts for the conservation and
recovery of the species in the wild. This study on the morbidity, mortality and reproduction
of the species in captivity was done to improve the husbandry of the species and

recommend lines of research.

An Iberian lynx health program was integrated into multidisciplinary efforts, which made
it possible to obtain relevant biomedical information of the species. The program also
established preventive measures in the captive population in order to reduce the risk of
disease development. Renal toxicosis due to the administration of supplements with an
excess of vitamin D affected 40.6% (39/96) of the animals. Other diet-related conditions
consisted of sporadic cases of fatal salmonellosis, dermatophytosis, and gastrointestinal
episodes. Intraspecific trauma cases were predominantly observed from sibling aggression.
Suspected idiopathic epilepsy and femoral neck metaphyseal osteopathy were also
observed. Mycobacterium bovis was found as a secondary infection in two of the vitamin
D toxicosis deceased animals. Stillbirths and premature and non-attended cubs that died
from secondary bacterial sepsis, accounted for 62.5% (25/40) of the mortality in the

captive population. One third of the clinical signs remained undiagnosed.

Several reproductive parameters were determined in the Iberian lynx captive population
and it was studied if they were affected by the age, condition (wild-born or captive-born)
or origin of the breeders (Sierra Morena or Dofiana areas). The mating period lasted a
mean of 3.1 days, in which the animals copulated an average of 23 times. Captive-born
males had a lower mating frequency than wild-born ones. The breeding proportion
(number of births out of number of pairings) was 47.7%. Mating success of females
(females that gave birth out of those that mated) was greater in older females and it was not
affected by their condition or origin. Mean gestation time was 64.4 days, the average litter
size was 2.4 cubs with a mean sex ratio of 1.15 (males out of females). Almost half of the
litters were twins and one third triplets. As the mating frequency increased the probability
of having triplets over twins increased. Although there was a tendency for bigger litters
amongst the wild-born females from Sierra Morena, litter size was not significantly

affected by the age, condition or origin of the female. First pregnancies registered a higher



perinatal mortality and non-attended cubs (81.8%). The assistance of cubs at risk increased

significantly the cub survival and the reproductive output of females at weaning.

Casuistry indicated that improvement of diet-related conditions is a key factor in
preserving the health of the captive population. Thus, the control of food and supplement
composition, rabbit farm suppliers and hygiene should be standardized and improved. The
analysis of clinical signs did not offer useful information on the health status of the captive
population. Thus, more emphasis should be placed on recording data and getting diagnosis.
Captivity related factors, including stress, could have had a negative impact on the lynx
fitness. Low genetic variability could also be related to certain diseases and the lynx

fitness. Thus, research in genetics and captive related factors should also be performed.
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2. RESUMEN

El lince ibérico (Lynx pardinus) es la especie de felino en mayor riesgo de extincion segun
la Union Internacional para la Conservacion de la Naturaleza. En el 2004 se inicia un
programa de cria en cautividad para apoyar los esfuerzos de conservacion y recuperacion
de la especie en la naturaleza. El presente estudio sobre la morbilidad, mortalidad y la
reproduccion de la especie en cautividad se ha realizado con el objetivo de mejorar el

manejo de la especie y recomendar lineas de investigacion.

El programa sanitario del lince ibérico se ha integrado en un esfuerzo multidisciplinar, lo
que ha permitido obtener una solida base de informacion biomédica de la especie. Este
programa sanitario también ha establecido diversas medidas de medicina preventiva con el
objetivo de reducir el riesgo de aparicion de enfermedades. La toxicosis renal debido a la
administracion de suplementos con un exceso de vitamina D afect6 al 40.6% (39/96) de los
animales. Otras patologias asociadas a la dieta fueron casos esporadicos de salmonelosis,
dermatofitosis, y ciertos cuadros gastrointestinales. Los traumas intraespecificos se
debieron principalmente a las agresiones entre cachorros. También se observd necrosis
avascular de cuello de fémur asi como cuadros sospechosos de epilepsia idiopatica. La
infeccion secundaria por Mycobacterium bovis se detectd en dos de los ejemplares que
murieron debido a la intoxicacion por vitamina D. Abortos, prematuros y neonatos no
atendidos por sus madres constituyeron el 62.5 % (25/40) de las muertes registradas en la

poblacion cautiva. Un tercio de los signos clinicos no fueron diagnosticados.

En la poblacion cautiva de lince ibérico también se determinaron ciertos parametros
reproductivos y se estudio si estos se veian afectados por la edad, la condicion (nacidos en
cautividad o en vida libre) y el origen (si proceden de la zona de Sierra Morena o Dofiana)
de los ejemplares. El periodo de copulas duraba una media de 3.1 dias, se producian una
media de 23 copulas por pareja. Los machos nacidos en cautividad realizaron menor
numero de coépulas que los que habian nacido en la naturaleza. La proporcion de cria
(nimero de partos respecto al total de emparejamientos) fue del 47.7%. El éxito de copula
de las hembras (proporcion de hembras que paren respecto a las que han copulado) fue mas
elevado en hembras con mayor edad, y no se veia afectado ni por la condicioén ni por el
origen de las mismas. El tiempo medio de gestacion fue de 64.4 dias, con un tamafo medio
de camada de 2.4 cachorros, y un sex ratio medio de camada de 1.15 (relacion del namero

de cachorros machos sobre el de hembras). El tamafio de camada no se veia



significativamente afectado por la edad, condicion u origen de la hembra. Sin embargo las
hembras de Sierra Morena nacidas en libertad presentaban una tendencia a un mayor
tamafio de camada. Las primeras gestaciones tuvieron una mayor mortalidad perinatal y
abandono de cachorros (81.8%). El tratamiento y cria artificial de neonatos en riesgo
produjo un aumento significativo de la supervivencia de los mismos, asi como del éxito

reproductor de las hembras al destete.

Los resultados muestran que la mejora en los aspectos relacionados con la alimentacion
constituyen los factores claves para mantener la salud de la poblacion cautiva. Por tanto, el
analisis de la composicion de la dieta y de los suplementos, el control de las granjas que
suministran conejos como alimento, y el control de la higiene deberia ser mejorado y
estandarizado. El andlisis de los signos clinicos no ha ofrecido informacion util sobre el
estado de salud de la poblacion cautiva. Seria por tanto necesario realizar un mayor
esfuerzo en el registro de la informacion clinica y en la realizaciéon de diagnosticos.
Diversos factores asociados al mantenimiento en cautividad de los animales, incluyendo el
estrés, podrian tener un impacto negativo en la supervivencia y la capacidad reproductiva
de la especie. De igual forma, la baja variabilidad genética de la especie podria estar
relacionada con su supervivencia y capacidad reproductiva, asi como con el desarrollo de
ciertas enfermedades. Por tanto, seria recomendable investigar si estos factores afectan a la

salud y la reproduccion de la poblacion cautiva de lince ibérico.
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3. INTRODUCCION
3.1. Programas de manejo y reproduccion de felinos silvestres en cautividad
3.1. 1 Introduccion

La conservacién de especies constituye un gran reto debido a la rapida perdida de
biodiversidad del planeta (Butchart et al., 2010). Aunque las medidas de conservacién in
situ (en el medio ambiente) son sin duda las més efectivas para proteger tanto las especies
como su habitat, en muchos casos no son suficientes o simplemente no se pueden realizar.
En estas situaciones los programas de manejo en cautividad ofrecen una oportunidad para
mantener poblaciones amenazadas (una especie de “seguro de vida”), y pueden ayudar a la
recuperacion de las poblaciones silvestres mediante la cria en cautividad (Gilpen & Soulé
1986). Llevado al extremo, la cria en cautividad ha permitido evitar la extinciéon de
especies que habian llegado a desaparecer en su habitat. Asi, 25 especies animales,
incluyendo el turén de patas negras (Mustela nigripis), el condor de California
(Gymnogyps californianus), y el orix cimitarra o dama (Oryx dammah), pudieron

conservarse y criarse en cautividad tras su extincion en la naturaleza.

Sin embargo la conservacion de especies no puede limitarse a su mantenimiento y cria en
cautividad. Ademas los programas de cria en cautividad no son herramientas simples ni

exentas de limitaciones (Synder et al., 1996) tal como veremos mas adelante.
3. 1. 2 Perspectiva historica

A principios de los 90 la cria en cautividad, como una estrategia de conservacion, alcanzo
un gran reconocimiento en la sociedad en general y en ambitos conservacionistas. La
International Union for Conservation of Nature (IUCN) la respaldo mediante una
declaracion de politica en cria en cautividad (IUCN 1987). Empezaron asi a proliferar las
recomendaciones de establecer programas de cria, y dentro de la IUCN, el Conservation
Breeding Specialist Group (CBSG), mediante una serie de Global Captive Action
Recommendation, recomendd la cria en cautividad del 34% de los 3550 taxones
examinados (Seal et al., 1993). En Norteamérica se recomend¢ la cria en cautividad en el
63% de los 314 planes de recuperacion de especies (Tear et al., 1993). Sin embargo, se
estimaba que soOlo existia espacio para unas 500 especies animales en los zoos e
instituciones asociadas (IUDZG/CBSG 1993) ademas de un espacio indeterminado en

agencias estatales.
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Tras el gran apoyo y esperanza inicial en los programas de cria en cautividad empezaron a
aparecer las primeras opiniones criticas por parte de la comunidad cientifica (Rahbek 1993;
Rabinowitz 1995; Oates 1999). Snyder (1996) concluia en su trabajo (1) que la cria en
cautividad estaba justificada en la recuperacion de un numero limitado de especies en
peligro, cuando no existian otras alternativas, y (2) que la cria en cautividad siempre tenia
que estar intimamente ligada con el objetivo de recuperar las poblaciones silvestres, y no

debia constituir una solucion a largo plazo.
3. 1. 3 Tipos de programas de manejo

Existen dos clases de programas de manejo intensivo de especies silvestres en cautividad.
El primer tipo lo realizan instituciones zoologicas. Asi los zoos norteamericanos adheridos
a la Association of Zoos and Aquariums (AZA) desarrollan desde 1981 los Species
Survival Plans (SSP), actualmente 116 programas. De forma similar, los zoos europeos
dentro de la European Association of Zoos and Aquaria (EAZA) desarrollan desde 1985

los European Endangered Species Programme (EEP), otros 188 programas de manejo.

Para cada SSP y EEP existe un coordinador y un comité de expertos. El coordinador, entre
otras funciones, mantiene un registro de reproductores o studbook, y junto con el comité
revisan la evolucion del programa y deciden el movimiento de animales entre los zoos, los

emparejamientos de reproductores, y las necesidades de investigacion.

Dentro de las 36 especies existentes de felinos, los programas SSP y EEP, manejan un total

de 19 especies, incluyendo varias subespecies (Tabla 1).

El otro tipo de programa de manejo, los programas de conservacion ex situ (fuera del
medio ambiente), son similares a los que realizan los zoologicos, pero con la excepcion de
que se han creado como respuesta a un programa de recuperacion de la poblacion silvestre
amenazada. Los objetivos fundamentales de estos programas son: (1) crear y mantener
poblaciones cautivas autosostenibles, sanas, con comportamientos naturales y variabilidad
genética , y de esta forma (2) disponer de individuos para programas de reintroduccion
(Ralls & Ballou 1986; Snyder et al., 1996, Frankham 2008; Robert 2009; Gongalves da
Silva et al., 2010).

12



Tabla 1. Especies y subespecies de felinos silvestres en programas de manejo EEP y/o SSP en

zooldgicos de la EAZA (Europa) y de la AZA (Estados Unidos) respectivamente.

Nombre cientifico Nombre comin Programa
Acinonyx jubatus Guepardo (genérico) SSP
Acinonyx jubatus jubatus Guepardo del sur EEP
Acinonyx jubatus soemmerringi Guepardo del norte EEP
Catopuma temminckii Gato dorado asiatico/de Temminck EEP
Felis margarita Caracal, Gato del desierto EEP/SSP
Felis nigripes Gato de patas negras EEP/SSP
Leopardus pardalis Ocelote SSP
Leopardus wiedii Margay EEP
Leptailurus serval Serval SSP
Lynx canadensis Lince canadiense SSP
Lynx rufus Lince rojo SSP
Neofelis nebulosa Pantera nebulosa EEP/SSP
Oncifelis geoffroyi Gato montés sudamericano/de Geoffroyi EEP/SSP
Otocolobus manul Gato de Pallas, Manul EEP/SSP
Panthera leo Leén (africano) SSP
Panthera leo persicus Leodn asiatico EEP
Panthera onca Jaguar SSP
Panthera pardus japonensis Leopardo chino del norte EEP
Panthera pardus kotiya Leopardo de Ceilan o de Sri Lanka EEP
Panthera pardus orientalis Leopardo de Amur EEP/SSP
Panthera pardus saxicolor Leopardo de Persia EEP
Panthera tigris Tigre (genérico) SSP
Panthera tigris altaica Tigre de Amur EEP/SSP
Panthera tigris jacksoni Tigre Malayo SSP
Panthera tigris sumatrae Tigre de Sumatra EEP/SSP
Prionailurus viverrinus Gato pescador EEP/SSP
Puma concolor Puma SSP
Uncia uncia Leopardo de las nieves EEP/SSP

13



3. 1. 4 Programas de conservacion ex situ
3.1.4.1 ;(Es necesario hacer un programa de conservacion ex situ?

Una forma de valorar la necesidad de llevar a cabo un programa de conservacion ex situ es
mediante la realizacion de un taller participativo de viabilidad de la poblacion de la especie
y de su hébitat, los conocidos como Population and Habitat Viability Assessment (PHVA)
(Beissinger & Westphal 1998). Asi el PHVC del lince ibérico (Lynx pardinus)
(IUCN/MIMAM 1999) consider6 la cria en cautividad como una herramienta necesaria
para la conservacion de la especie. Sin embargo, en el caso de la pantera de Florida (Puma
concolor coryi), una subespecie de puma de la que apenas quedaban unos 30 individuos en
1995, se desaconsejo la cria en cautividad (USFWS 2008). Se conocia que la poblacion
silvestre era muy endogémica, con anomalias cardiacas y reproductoras (Roelke et al.,
1993). En esta situacion no era posible desarrollar un programa de cria, y se optd por un
programa de recuperacion genética con la introduccion de 8 hembras de la subespecie de
puma de Texas (P. concolor stanleyana), la mas proéxima genéticamente a la pantera de

Florida.
3. 1. 4.2 ;Qué hace falta para desarrollar un programa de conservacion ex situ?
(1) asegurar un apoyo administrativo

En términos practicos, las dificultades en asegurar la continuidad de un apoyo
administrativo es el mayor problema con el que se enfrentan muchos programas, aunque

¢éste sea un factor muchas veces ignorado (Clarck et al., 1994).
(2) recursos econdémicos

Preparar unas instalaciones, su mantenimiento, la alimentacion de los animales, el
personal, los cuidados veterinarios, la investigacion, etc., hacen que los programas de cria
sean generalmente caros. Es por ello clave el asegurar la financiacion a largo plazo. Es
importante también que la disponibilidad de recursos econémicos no comprometa los

esfuerzos in situ que se puedan realizar paralelamente (Wildt et al., 2010).
(3) manejo genético y poblacional

Los programas de conservacion ex situ procuran mantener la maxima variabilidad genética

de la especie para evitar los efectos perniciosos de la depresion por endogamia, como el
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incremento de los indices de mortalidad (Ralls et al., 1988), la disminucion de la
fecundidad (Lacy et al., 1993) o el aumento de la susceptibilidad a las enfermedades
(O’Brien et al.,, 1985; Trinkel et al., 2011). Cémo sera el manejo genético vendra
determinado por la duracion del programa de cria y las caracteristicas biologicas de la
especie (edad de madurez sexual, esperanza de vida, intervalos de partos, tamafo de
camada, supervivencia de cachorros). Mediante programas informaticos especificamente
disefiados se establecen unos posibles escenarios de manejo genético y poblacional
(Pollack et al., 2002). Cuanto mas a largo plazo es el programa mayor cantidad de
fundadores tendran que ser capturados del medio. Por tanto, los programas a largo plazo
resultan inviables en la situacion en que se encuentran muchas especies en la naturaleza, ya
que pueden comprometer su propia conservacion in situ, y demorar peligrosamente la
reintroduccion de ejemplares. Esta es una de las razones por la que muchos programas de
conservacion estan disenados a medio plazo, como en el caso del lince ibérico, que se

expondrd mas adelante.
(4) instalaciones y manejo de los ejemplares

El emplazamiento de las instalaciones de cria es recomendable que se encuentre en el pais
o paises donde se encuentra la especie, y proximas a su habitat. Esto mejora las
posibilidades de que las actividades in situ y ex situ se apoyen mutuamente y sean
interactivas (Wildt et al., 2010). Se facilita ademas el movimiento de animales entre el
campo y la cautividad lo que minimiza los costes, los riesgos de transmision de agentes
infecciosos, y el estrés de los animales. Probablemente uno de los aspectos mas
importantes es que de esta forma se pueden involucrar y formar a personas locales para que
puedan convertirse en los profesionales expertos que en ultima instancia sean los

responsables de la conservacion de la especie (Wildt et al., 2010).

El disefio de las instalaciones y el manejo de los ejemplares deben permitir y fomentar las
conductas naturales (Mellen & Shepherdson 1997). Las conductas naturales aprendidas o
culturalmente transmitidas son especialmente susceptibles a perderse rapidamente en
cautividad, y el manejo genético no tiene efecto alguno en evitarlo (Snyder et al., 1996).
La pérdida de las conductas naturales pueden hipotecar el establecimiento de poblaciones

silvestres autosostenibles cuando los animales son reintroducidos (Fleming 1994).

A titulo de ejemplo, las instalaciones para felinos deben disponer de zonas elevadas y otras
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donde los animales puedan esconderse, deben permitir la busqueda de alimento, el

desplazamiento y la interaccion con otros congéneres (Mellen & Shepherdson 1997).
6) programa sanitario

En cualquier programa de conservacion de felinos, tanto en cautividad como en vida libre,
es necesario la implementacion de un programa sanitario (Munson & Cook, 1993; Deem et
al., 2001). Para evitar la entrada de agentes infecciosas en una poblacion cautiva el
programa sanitario debe incluir cuarentenas, control de la alimentacion, exdmenes y
procedimientos diagnosticos de los ejemplares, realizacion de necropsias, disponer de
barreras que impidan la interaccidn con otros carnivoros silvestres o domésticos, y
protocolos de higiene y profilaxis. Ademas, el programa sanitario debe considerar y
controlar aquellas condiciones asociadas a la cautividad, p.ej., la menor actividad fisica o

el estrés, que pueden favorecer el desarrollo de ciertas enfermedades.
3. 2 El lince ibérico
3. 2. 1 Caracteristicas generales

El lince ibérico, Lynx pardinus (Temminck, 1827), es una de las 36 especies de felinos
existentes en el planeta, y una de las cuatro especies del género Lynx. Es un felino de
tamafio mediano, siendo los machos algo mayores que las hembras, con pesos entre 11-15
kg y 8-10 kg respectivamente. Su aspecto corporal es estilizado, con patas largas,
aparentemente desproporcionadas, y cola corta, terminada en un mechon negro. Presenta
unas orejas grandes y triangulares, que acaban en un caracteristico penacho de pelo negro y
la parte inferior de la cara aparece rodeada por largos pelos que forman unas espesas
patillas terminadas en punta, y mas desarrolladas en los animales adultos. El pelaje
también es caracteristico, presentando una base grisdcea o rojiza, sobre la que aparecen
motas de diversas formas y tamafio, conformando varios patrones diferentes de disefio. Se
han descrito cuatro patrones, de los que habian desaparecido tres en el area de Dofiana,

probablemente debido a la consanguinidad (Beltran & Delibes 1993).
3. 2.2 Habitat

El lince ibérico se encuentra en areas donde la vegetacion dominante es el monte
mediterraneo, y que ademas dispongan de buenas poblaciones de conejo (Palomares et al.,

2000). Asi, estd ausente en zonas de monte mediterraneo sin conejos o en areas con
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abundancia de conejos pero sin cobertura vegetal de matorral, o con vegetaciéon no
adecuada para la especie (Palomares et al., 2000). Precisa de lugares apropiados para parir
y cuidar a los cachorros, como huecos en arboles o cuevas entre rocas, y de puntos de agua
permanentes durante los periodos mas secos, especialmente para el caso de hembras con

cachorros.
3. 2.3 Alimentacion

El lince ibérico esta especializado en una presa, el conejo de monte (Oryctolagus
cuniculus), cuyos restos estan presentes entre el 85-99% de los excrementos analizados
(Delibes 1980; Gil-Sanchez et al., 1997; Palomares et al., 2001). Ocasionalmente el lince
puede cazar otras especies, como varias especies de aves, liebres (Lepus granatensis) e

incluso jovenes de ciervos (Cervus elaphus) y gamos (Dama dama).

Esta acusada especializacion llega hasta tal punto que a pesar del acusado descenso de las
poblaciones de conejo debido a enfermedades, el lince no varia su dieta ni se produce una
sustitucion por otras presas alternativas (Calzada 2000). En zonas donde el conejo estd

ausente o en muy bajas densidades la especie no puede vivir.
3. 2.4 Comportamiento social

Los linces son animales solitarios (Ferreras et al., 1997). No es habitual observar
individuos juntos, salvo macho y hembra durante la época de celo, o bien a las hembras
con sus cachorros. Los cachorros dejan de depender de la madre hacia los 7-8 meses de
edad, y entre el primer y el segundo afio de vida inician la busqueda de un territorio propio

y exclusivo frente a otros individuos (Palomares et al., 2001).

El tamafio y la defensa de estos territorios resulta variable en funcion del sexo y de la
disponibilidad de conejo (Palomares et al., 2001). Los machos adultos tienen territorios
mayores que las hembras y, aunque pueden solaparse con el de varias hembras adultas,
generalmente no lo hacen con los de otros machos, a los que intentaran excluir mediante el
marcaje con orina y excrementos en puntos clave. En zonas con alta densidad de conejo,
los territorios de los machos y de las hembras adultos, alcanzan una superficie media de
1030 y de 530 ha respectivamente. En cambio, en zonas con bajas densidades de conejo,
los territorios de los adultos se amplian hasta las 1690 ha para machos y 1260 ha para

hembras adultas (Ferreras et al., 1997). Los linces no toleran la presencia de otros
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depredadores en su territorio y pueden eliminar a zorros (Vulpes vulpes), meloncillos

(Herpestes ichneumon), y ginetas (Genetta genetta) (Palomares & Caro 1999).
3. 2. 5 Biologia reproductora

Los parametros reproductivos basicos del lince ibérico en libertad son similares a los de las
otras tres especies de linces (Tabla. 2). Las hembras normalmente crian entre los 3 y los 9
afnos de vida (Palomares et al., 2005). Los celos suelen ocurrir entre diciembre y febrero, y
el periodo de partos suele oscilar entre marzo y abril. Sin embargo también se han
registrado celos y partos mas tardios (Fernandez et al., 2002; Palomares et al., 2005). Las
camadas pueden ser de 1 a 4 crias, aunque las camadas con 3 crias son las mas habituales.
Los machos no participan en la cria de los cachorros. En la mayoria de ocasiones sélo 2 de
los cachorros nacidos sobreviven hasta llegar al momento de dispersarse (Palomares et al.,

2005).

La determinacion de metabolitos de estrogenos en heces de hembras de lince ibérico en
cautividad muestra que son reproductoras estacionales, ciclando desde enero hasta mayo-
junio (Pelican et al., 2009). Sin embargo, no se ha podido determinar un ciclo estral claro
ya que los aumentos de estrogenos no se correlacionan con el comportamiento de celo
(Pelican et al., 2009). Existe un patron estacional de excrecion de estrogenos, con
concentraciones basales que aumentan durante la época reproductiva, con independencia
que tras las copulas haya o no gestacion. La excreciéon fecal de metabolitos de
progestagenos es también variable a lo largo del afio, y no varia entre hembras gestantes o
pseudogestantes, por lo que su determinacion no tiene utilidad como diagnostico de

gestacion (Goritz et al., 2009).

Otra caracteristica distintiva del lince ibérico y probablemente del género Lynx es una co-
excrecion significativa post-parto de metabolitos de estrogenos y progestdgenos, y una
elevacion post-parto lactacional de hormonas esteroideas gonadales. Los examenes
ecograficos muestran ademas cuerpos luteos que permanecen activos incluso después de la
estacion  reproductora y que podrian explicar el mantenimiento de los niveles de
progestagenos a lo largo de casi todo el ano (Goritz et al., 2009; Brown 2011). Los

cuerpos luteos en otras especies de felinos normalmente desaparecen tras del parto.

La determinacién de metabolitos de testosterona en heces de machos en cautividad, que se

mantienen elevados a lo largo del afio pero con concentraciones ligeramente superiores
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entre diciembre y junio, indica que potencialmente los machos pueden engendrar durante
todo el afio (Jewgenow et al., 2006; Pelican et al., 2009). Estos resultados concuerdan con
los anélisis de muestras de semen, en los cuales no existen diferencias entre aquellas
obtenidas durante la estacion reproductiva y fuera de ella (Gaian et al.,, 2010). Los
primeros intentos de la utilizacion de técnicas de reproduccion asistida en la especie han
logrado la fertilizacion in vitro de oocitos de gato doméstico con semen criopreservado de
lince ibérico (Ganan et al., 2009 ).

Tabla 2. Parametros reproductivos en las cuatro espécies del género Lynx (Denhard et al.,
2009)

L. lynx L. pardinus L. canadensis L. rufus
Peso al nacer 250-360 g 150-220 g 200 g 112-226 g
Tamano de
camada 2-3 (1-5) 2-3 (1-4) 2 (1-4) 3.5(1-6)
Madurez sexual 2-3a 2-3a 2a ?
Duracion estro 2-7d 2-7d - 2d
Duracwn del i ) ) 44 d
ciclo
Gestacion 68-72 d 63-66 d 60-65 d 50-60 d
Lactacion 3m 3-4m - 3m
Comida soélida 6s 8-9s - 7-8 s
Camadas/afio 1 1 1 >1
Periodo de En-Ab En-Feb En-Feb En-Jul
copulas

3. 2. 6 Estatus y amenazas de conservacion

El lince ibérico es actualmente la Uinica especie de felino en la categoria de “criticamente
amenazado” establecida por la IUCN (IUCN 2007). Si bien la especie habitaba gran parte
de la peninsula ibérica, salvo una estrecha franja del norte y el noroeste, ya hacia 1960
ocupaba tan solo el 10% de su area de distribucion histoérica (Rodriguez & Delibes 1992).
Su regresion continuo y hacia 1980 la especie ya estaba confinada en diez poblaciones muy

fragmentadas sumando un maximo de unos 1100 ejemplares (Rodriguez & Delibes 1992).
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A principios del presente siglo tan solo restaban dos de esas poblaciones (Sierra Morena y

Dofana), aisladas, y con un censo total inferior a 200 ejemplares (Guzman et al., 2004).

(Fig. 1).

Las causas que explican que se encuentre al borde de la extincion estdn, directa o

indirectamente, relacionadas con la actividad humana, y son:

1) la disminucion de su presa base, el conejo de monte, debido principalmente a
infecciones viricas introducidas: la mixomatosis (causada por un poxvirus) hacia los afios
50, y la enfermedad virica hemorragica (causada por un calicivirus) hacia finales de los 80.
Trabajos recientes apuntan a que la disminucion del conejo también se debid a la
fragmentacion y pérdida de habitat (Delibes-Mateos et al., 2010). Entre 1973 y 1993 la
poblacion de conejos en la peninsula ibérica se redujo alrededor de un 70% (Virgos et al.,

2007).

(2) la destruccion y fragmentacion del habitat. En los ultimos 60 afios se estan produciendo
profundas modificaciones en el territorio como consecuencia del desarrollo de una
agricultura extensiva, las plantaciones de coniferas y eucaliptos, la pérdida de corredores
naturales como bosques de ribera y lindes naturales, el auge de una industria cinegética con
un profundo impacto en la vegetacion, la construccion de infraestructuras, y la

urbanizacion del territorio.

(3) persecucion directa . Entre 1950 y 1999 hay registradas las muertes de 1258 linces por
causas no naturales, lo que supone una media de 30 animales anuales (Guzman et al.,
2004); alrededor de un 60% de las bajas fueron por trampeo y un 25% por caza.
Esporadicamente siguen produciéndose bajas de linces por trampas y caza ilegal (Simon et

al., 2009).

(4) atropellos. El aumento de los kilometros de carreteras asfaltadas y la fragmentacion del
habitat ha ocasionado también un aumento de las muertes por atropello; asi en la zona de
Dofiana, en los afios 80 el 21% de las muertes registradas de linces fue por atropellos

(n=24), y entre 1992 y 1997 aument6 hasta un 48% (n=60) (Ferreras et al., 2010).
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Fig. 1. (Por Simén et al., 2009). Area de distribucién del lince en los afios 60 (solo en Espafia; azul
palido), a principios de los 80 (azul oscuro) (Rodriguez & Delibes 1992) y en 2002 (rojo) (Guzman et al.,
2004).

3. 2. 7 Enfermedades en vida libre

La tabla 3 muestra los agentes infecciosos detectados en las poblaciones silvestres de lince
ibérico. De todos ellos, se han registrado casos de enfermedad en infecciones por
Mycobacterium bovis, por el virus del moquillo canino (CDV) y por el virus de la leucemia
felina (FeLV), y que son expuestos a continuacion. Finalmente también se describe la
glomerulonefritis membranosa (GNM) y la deplecion linfoide detectadas en el lince
ibérico, y de las cuales no se conoce aun si pueden tener un papel en la conservacion de la

especie.

La tuberculosis afecta al lince ibérico por el consumo ocasional de ungulados silvestres
infectados, probablemente por la inhalacion de las micobacterias. La prevalencia de
tuberculosis en ungulados silvestres es mayor cuando se encuentran en altas densidades,
que habitualmente estdn favorecidas directa o indirectamente, por la proteccion de zonas
naturales y por la industria cinegética (Gortazar et al., 2006), tal como ocurre en las zonas

de presencia de lince.

Una de las patologias registradas en el lince con un mayor impacto en la conservacion de la
especie fue la epizootia por FeLV en la poblacion silvestre de Dofiana entre finales del
2006 y la primavera del 2007 (Meli et al., 2009; Lopez et al., 2009). Cuatro animales
fueron encontrados muertos en el campo, gracias a llevar radiocollares, y tras el inicio de

una intensa campafia de capturas y examenes sanitarios, se identificaron otros 8 animales



vivos infectados (7 virémicos que se retiraron a cautividad y otro con una infeccion latente
que se liber6 de nuevo). Todos los animales, mayoritariamente machos, procedian del
nucleo mas denso de la poblacion de linces en Dofiana. El origen de la infeccion fue
probablemente a partir del contacto con gatos domésticos infectados (Meli et al., 2009;
Lopez et al., 2009). La infeccion por FeLV no es novedosa en el lince ibérico, tanto en
Dofiana como en Sierra Morena (Luaces et al., 2008; Meli et al., 2009) pero antes del 2007
no se habia detectado la enfermedad en la especie. Se postula que la baja variabilidad
genética de la especie, especialmente en la poblacion de Dofiana (Johnson et al., 2006;

Godoy, datos no publicados), explique la alta virulencia de la infeccion en el lince ibérico.

También en Donana se localizo en el 2005 un ejemplar muerto por la infeccion por CDV
(Meli et al., 2010). E1 22.9% de los linces ibéricos de vida libre de Dofiana y el 5% de los
de Sierra Morena, analizados entre 2003 y 2008, presentaban anticuerpos al CDV, pero
esta muerte fue el primer caso detectado de enfermedad. Otros carnivoros domésticos y
silvestres de Dofiana también presentan anticuerpos a CDV (Meli et al., 2010). Roelke et
al., 2008, no detect6 anticuerpos a CDV en ejemplares muestreados entre 1989 y 2000.
Estos resultados sugieren que la exposicion al CDV es reciente, y por tanto supone una

grave amenaza a la poblacion silvestre.

Pefia et al., 2006, en 17 animales (cuatro en cautividad) muertos por distintas causas entre
1998 y 2003, y de los que se pudo realizar estudios histolégicos en 15 de ellos, encontrd
deplecion linfoide de distinto grado e hialinosis folicular en 14. No se pudo determinar el
origen de esta afectacion del sistema inmunolédgico. Dos de los ejemplares cautivos tenian
tuberculosis, pero estos animales ya habian ingresado del campo con la enfermedad
avanzada. Uno de los individuos con tuberculosis presentaba ademas un carcinoma de
células escamosas con metastasis pulmonar. Los otros dos ejemplares cautivos también
presentaban carcinomas de células escamosas y uno de ellos presentaba ademés un

carcinoma de células transicionales (neoplasia de vejiga urinaria).

Jiménez et al., 2008, en un estudio de 27 animales necropsiados (seis en cautividad), que
incluye los animales del estudio de Pena et al. 2006, encontré una GNM de focal a difusa,
en todos ellos. Se analizd también la sangre y la orina de 23 ejemplares, tanto de vida libre
como de cautividad, y 16 de ellos presentaban valores compatibles con una enfermedad

renal cronica moderada. Sin embargo, ninguno de los animales presentaba
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Tabla 3. Agentes y enfermedades infecciosas del lince ibérico (L. pardinus) en vida libre.

M¢étodo de diagndstico

Agente infeccioso Enfermedad Referencia
Serologia PCR Otras
Virus Virus del moquilo canino (CDV) XI;)S(E;IHO cantno si si Meli et al., 2010
Herpesvirus felino (FHV) si no Roelke et al., 2008; Meli et al., 2009
Coronavirus felino (FCoV) si no Meli et al., 2009
Calicivirus felino (FCV) si no Roelke et al., 2008; Meli et al., 2009
Parvovirus felino (FPV) si si Roelke et al., 2008; Meli et al., 2009
Virus de la leucemia felina (FeLV) Leucemia (epidemia) si Luaces et al., 2008; Meli et al., 2009; Lopez et al., 2009
. . . . , . Briones et al., 2000; Pérez et al., 2001; Aranaz et al., 2004;
Bacterias Mycobacterium bovis Tuberculosis (casos) si cultivo Pefia et al., 2006; Millan et al., 2009
Leptospira spp. si no cultivo Millan et al. 2009; Jiménez et al., 2008
Mycoplasma haemojelis, "Ca. M. si Willi et al., 2007
haemominutum", "Ca. M. turicensis
Bartonella hensalae si Meli et al., 2009
Chamydophila felis si Meli et al., 2009
Anaplasma phagocytophilum si no Meli et al., 2009
Parésitos Leishmania infantum si Sobrino et al., 2008
Cvt , Luaces et al., 2005; Millan et al., 2007; Roelke et al., 2008;
VIGUXZOOR SPP. St Meli et al., 2009
Toxoplasma eondii s Sobrino et al., 2007; Roelke et al., 2008; Millan et al., 2009;
P & Garcia-Bocanegra et al., 2010
Neospora caninum si no Sobrino et al., 2008
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signos clinicos. Los resultados de este trabajo concluyen que la GNM es una enfermedad
progresiva y probablemente de origen inmune. Los autores postulan una posible
predisposicion genética hacia la enfermedad, aumentada por el alta endogamia de la
especie (Johnson et al., 2006; Godoy, datos no publicados), y que posiblemente esté

relacionada con una enfermedad inmunomediada sistémica.
3. 2. 8 Programa de conservacion in situ

El lince ibérico es una especie protegida desde 1973 en Espana y 1974 en Portugal, muchas
de las zonas que ocupaba y que ocupa actualmente estan bajo alguna figura de proteccion
(Parque Nacional, Parque Natural, Reserva Integral), es un icono de la conservacion, una
especie mediatica, y se han invertido millones de euros desde organismos europeos,
estatales, regionales, y organizaciones no gubernamentales para su estudio y conservacion.
So6lo desde proyectos europeos de conservacion (proyectos LIFE) se han destinados 94
millones de euros desde 1994 hasta el 2016 (Simon et al., 2012). Sorprendentemente, a
pesar de todo ello, la especie ha tenido un declive progresivo hasta una situacion critica

(Guzméan et al., 2004).

Sin embargo, en los tltimos afos se ha producido un aumento del nimero de ejemplares y
de su area de distribucion. Asi desde 2002 a 2010 el nlimero minimo de animales
identificados por trampeo fotografico ha aumentado desde 93 a 252, y el area de

distribucion ha pasado de 29300 ha a 70300 (Simoén et al., 2012).

Las medidas mas destacadas, por su dotacién presupuestaria y continuidad, para la
conservacion del lince, han sido las desarrollados por tres programas LIFE consecutivos:
Recuperacion de las Poblaciones de Lince Ibérico en Andalucia (2002-2006),
Conservacion y Reintroduccion del Lince Ibérico en Andalucia (2006-2011), y

Recuperacion de la Distribucion del Lince Ibérico en Espafia y Portugal (2011-2016) .
Los objetivos de las medidas de conservacion in situ son:
(1) incrementar y recuperar las poblaciones de conejo

Las medidas mas empleadas han sido la liberacion de conejos silvestres (Moreno et al.,
2004) procedentes de zonas de alta densidad y el manejo de la vegetacion (Moreno &
Villafuerte 2005). Normalmente los conejos antes de su liberacion pasan una cuarentena y

son vacunados (Calvete et al., 2004). Si bien han habido algunos éxitos a pequeia escala
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(Moreno et al., 2004), todavia es necesario estudiar y desarrollar métodos para recuperar
poblaciones de conejo en areas suficientemente extensas y que asi permitan mantener

poblaciones de lince ibérico.
(2) mejorar la reproduccion y supervivencia de las poblaciones de lince

Los acuerdos con propietarios de fincas con presencia de lince han permitido realizar una
serie de medidas para mantener y aumentar las poblaciones de lince. Los aspectos mas
importantes que incluyen los acuerdos son el compromiso de mantener y proteger el
habitat del lince, la eliminacion de trampas, la vigilancia de la finca, permitir las
actuaciones de control y seguimiento del lince, la disponibilidad del terreno para efectuar
las actuaciones de mejora y gestion del habitat, y en su caso, la veda del conejo o la

compra de los derechos de caza (Simon et al., 2009).

Como ya hemos comentado anteriormente, aprender como recuperar poblaciones de
conejo en zonas amplias es todavia una meta dificil de alcanzar. Mientras tanto, una opcion
muy empleada para proporcionar alimento a los linces silvestres es mediante las estaciones
de alimentacién suplementaria (Simon et al., 2009). Consisten en un sencillo recinto
abierto por encima, normalmente de 2x2 m y con algo méas de un metro de altura, lo
suficiente para que los linces puedan acceder a su interior saltando, y al mismo tiempo
evite la entrada de otros carnivoros. En las estaciones se colocan conejos domésticos. Solo
en Dofiana, todos los linces en territorios donde hay estaciones los emplean (Lopez-Bao et
al., 2008). Sin embargo, las estaciones plantean una serie de potenciales efectos en los
linces respecto al uso del territorio, la dispersion de jovenes, modificacion de las técnicas
de caza, asi como el aumento de interacciones entre los ejemplares y por tanto el riesgo de

transmision de agentes infecciosos (Ferreras et al., 2010).

(3) aumentar el area ocupada por la especie por recolonizacién natural de los territorios
limitrofes al area de distribucion actual, y crear nuevas poblaciones mediante

reintroducciones

La seleccion de areas potenciales para la reintroduccion del lince se basa en que cumplan
una serie de requisitos (IUCN 1998). Tres de las premisas mas importantes en el caso del
lince es que estén proximas a zonas de distribucion actual de la especie, que tengan un
habitat adecuado, y que mantengan buenas poblaciones de conejos. Finalmente se

seleccionaron dos areas (Guadalmellato en Cordoba y Guarrizas en Jaén) proximas a la
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poblacion de linces de Sierra Morena. Desde finales del 2009 hasta Junio del 2012 se han
liberado 18 ejemplares en Guadalmellato y 14 en Guarrizas (CMA, 2012). Los animales
proceden tanto de las poblaciones silvestres de Sierra Morena como de la cria en
cautividad, y se han empleado métodos de suelta dura (liberacion directa) y de suelta
blanda (aclimatacién en cercados durante un determinado tiempo antes de su liberacion).
Los ejemplares antes de su liberacion reciben evaluacion veterinaria (Ballou 1993;
Woodford 2001; Ryser-Degiorgis, et al., 2009). A pesar de las inevitables bajas, se han
establecido territorios de hembras reproductoras, se han registrado partos (Fig. 2), y se ha
constatado el movimiento de ejemplares entre las zonas de reintroduccion y la poblacion

remanente de Sierra Morena.
(3) contrarrestar los efectos de la pérdida de diversidad genética

En Donana, debido a la pérdida de machos por la epizootia de FeLV en el 2007, se inicid
un programa de reforzamiento genético mediante la liberacion de ejemplares de la
poblacion de Sierra Morena. Hasta junio del 2012 se han liberado cuatro machos y se ha
constatado la produccion de cachorros por el emparejamiento de la poblacion receptora con

los animales translocados (Life Lince).

e x'.‘i;"“(% e~

Fig. 2. Hembra de lince ibérico (izquierda) con sus cuatro cachorros en la naturaleza en la primavera del
2012. La hembra naci6 en cautivad y fue liberada en una de las zonas de reintroduccion en el 2010. (Foto:
Life Lince).
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3.2.9 Programa de conservacion ex situ

3.2.9.1 Creacion

La situacion critica del lince ibérico impulsé que el entonces Ministerio de Medio
Ambiente de Espafia (MIMAM) elaborara la Estrategia Nacional para la Conservacion del
Lince Ibérico en Espana (MIMAM 1999). Algunos de los documentos que sirvieron de
base para la elaboracion de la Estrategia incluyeron el Plan de Accion para el Lince Ibérico
en Europa (Consejo de Europa/WWF 1999) y el PHVA del lince ibérico ITUCN/MIMAM
1999). Estos tres documentos contemplaban la cria en cautividad como una herramienta de

apoyo a la recuperacion del lince ibérico.

En respuesta a las recomendaciones contenidas en la Estrategia y al PHVA, el MIMAM
promovio la elaboracion de un Plan de Accidn para la Cria en Cautividad del Lince Ibérico

y que fue aprobado en el 2001.

El Plan de Accion proponia un programa de cria a pequeia escala y el desarrollo de
técnicas de reintroduccion. Los linces en cautividad se manejarian como una
metapoblacion, permitiendo el intercambio de individuos entre centros de cria para el
manejo genético y demografico de la poblacion cautiva. Entre las actuaciones contenidas
en el Plan se encontraban, (1) el desarrollo de técnicas de cria natural y de cria artificial,
(2) la creacion de un banco de recursos biologicos, (3) el estudio de los riesgos sanitarios
asociados a todo el conjunto del programa de cria, y (4) la evaluacion de la eficacia de

programas de reintroduccion a partir de animales cautivos y de animales silvestres (Vargas

et al., 2008).

Ya en el 1992, el MIMAM disponia de un Centro Experimental de Cria de Lince Ibérico,
en la finca de El Acebuche, dentro del Parque Nacional de Dofiana. Hasta el 2003 el centro
lleg6 a albergar un total de 7 hembras y 2 machos, pero no hubo reproduccion de la
especie. La diferencia de criterios y actuaciones entre el MIMAM y la Consejeria de
Medio Ambiente de la Junta de Andalucia (la Gnica comunidad auténoma que seguia
teniendo linces en su territorio) no hacian posible un marco de trabajo para desarrollar el
programa de cria del lince ibérico. Para procurar desbloquear la situacion, se firmé en
Junio de 2003 el “Convenio de Colaboracion entre el Ministerio de Medio Ambiente y la
Consejeria de Medio Ambiente de la Junta de Andalucia para el desarrollo de un unico
programa coordinado de actuaciones para la aplicacion de la Estrategia Nacional a la

Conservacion del Lince en Andalucia”. Bajo esta re-estructuracion organizativa del
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programa de conservacion del lince ibérico, se acelerd el desarrollo del Plan de Cria en

Cautividad (Vargas et al., 2008).
3.2.9.2 Objetivos

(1) Mantener una poblacion cautiva con la maxima variabilidad genética de la especie en

libertad

(2) Producir ejemplares sanos y oOptimos, desde un punto de vista genético y

comportamental, para su reintroduccion en la naturaleza.
3.2.9. 3 Organizacion

El programa de conservacion ex sifu del lince ibérico se integra en la Estrategia Nacional.
Por tanto la cria en cautividad y la conservacion in situ se coordinan en un esfuerzo
comun. El programa de conservacion ex situ tiene una direccidon cientifico/técnica de
caracter ejecutivo y un comité asesor multidisciplinar, el Comité de Cria del Lince Ibérico
(CCLI). El CCLI es el organo de planificacion del programa ex situ y el que impulsa el
desarrollo del Plan de Accion. EI CCLI se vertebra a través de grupos de trabajo en
diferentes areas como  genética y manejo demografico, manejo en cautividad,
reproduccidn, aspectos sanitarios, etologia, y conservacion in situ. La funcion de cada
grupo es desarrollar los objetivos, y las acciones que se desprenden de ellas, contenidas en
el Plan de Accién. Distintas instituciones, como zoologicos, centros de investigacion,

universidades, y otros grupos de trabajo colaboran con el CCLI (Vargas et al., 2009).

El programa de cria funciona de moda similar a los programas de cria EEP o SSP. Asi el
CCLI, entre otras tareas, establece los emparejamientos de los ejemplares, y en su caso el

movimiento de reproductores entre los centros.
3.2.9.4 Manejo genético y demografico

Para mantener la méxima variabilidad genética, y evitar los riesgos de la endogamia
primero fue necesario evaluar la informacion genética de la especie, y asi decidir el
escenario de manejo genético del programa. Los censos del 2003 arrojaban un méaximo de
200 individuos (Guzman et al., 2004), y una baja variabilidad genética (Johnson et al.,
2006; Godoy, datos no publicados). El objetivo ideal hubiera sido poder mantener el 90%
de la variabilidad genética de la especie en un periodo de 100 afios. Ese escenario hubiera

requerido la incorporacion anual de un alto nimero de fundadores, y llegar a alcanzar una
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poblacion reproductora de 500 individuos. Sin embargo, el bajo nimero de ejemplares en
la naturaleza, y las limitaciones de espacio y recursos hacian inviable este escenario. El
escenario mas realista para el lince ibérico, elaborado mediante el programa informatico
Population Management 2000 (Pollack et al., 2002) fue el de conservar un 85% de su
variabilidad genética en un periodo de 30 afios, y mantener una poblacion cautiva
reproductora de 60 animales (30 machos y 30 hembras) (Lacy & Vargas 2004). Se
establecié una hoja de ruta para alcanzar este objetivo que incluia la captura de 4
individuos anualmente de las poblaciones silvestres durante los primeros 5 afios, asi como
la incorporacidn cada 2 afios y a lo largo de todo el tiempo, de un ejemplar extra, como
animales que habian ingresado en un centro de recuperacion, y que pasarian al Programa
en vez de liberarse de nuevo a la naturaleza. Cuando se alcanzara el nimero de 60
reproductores (se estimaba que para el afio 2010), se podria empezar a emplear animales
nacidos para su reintroduccion; inicialmente a razén de 5-8 individuos anualmente durante
los primeros 3 afios, y después a razéon de unos 12-13 individuos anualmente (Lacy &

Vargas 2004).
3.2.9.5 Manejo de los animales

Afortunadamente existia abundante informacién y experiencia sobre el manejo en
cautividad de felinos silvestres y de otras especies de linces en particular, en forma de
guias de manejo realizados por la AZA y las EAZA, que ha podido aplicarse al lince
ibérico (Mellen 1997; Shoemaker et al 1997; Krelekamp 2004). El manejo debia
orientarse a mantener las conductas naturales de la especie (caza, interacciones sociales,
territorialidad, etc.) en unas instalaciones lo mas parecidas posible a su habitat y
minimizando el estrés para favorecer la reproduccion. Los animales se monitorizan por
videovigilancia y asi también se puede obtener informacién de su comportamiento

(Vargas et al., 2009).
3.2.9. 6 Situacion del programa

La poblacion de linces del programa ha ido aumentando anualmente, tanto por la
incorporacion de animales capturados de la naturaleza como por los nacidos en cautividad.
En el 2005 nacieron los primeros cachorros, y a finales del 2009 se iniciaron las primeras
liberaciones con ejemplares nacidos en cautividad. La poblacion de linces alcanzé los
47:50 individuos (32:33 > de 2 afios o potencialmente reproductores) en el 2011, y este

crecimiento del programa ha seguido la evolucion que marcd el PM2000 en el 2003
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(Figura 3). El programa cuenta actualmente con cuatro centros de cria (El Acebuche-
Huelva, La Olivilla-Jaén, Granadilla-Caceres, Silves-Portugal) y un zoologico (Zoo

Botanico de Jerez-Cadiz).

En estos primeros afios de desarrollo del programa de conservacion ex situ se ha obtenido
abundante informacidn y experiencia en aspectos sanitarios y reproductores de una especie
muy amenazada. Toda esa informacion es aplicable al manejo de la especie tanto en

cautivad como en vida libre, asi como a otras especies de felinos.

El establecimiento de un programa sanitario en el lince ibérico con protocolos de trabajo y
diagnostico ha permitido determinar qué enfermedades han afectado a la poblacion cautiva.
El disponer de ejemplares cautivos en situaciones controladas también estd permitiendo
conocer la biologia reproductora de la especie, y que como ya hemos visto presenta ciertas
particularidades. Seguidamente expondremos de forma resumida las enfermedades mas
relevantes descritas en otras especies de felinos silvestres en cautividad, asi como su

biologia reproductiva.
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Fig. 3 Evolucién de la poblacion de linces en el Programa de Conservacion ex situ de lince ibérico.
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3. 3 Enfermedades de felinos silvestres en cautividad

Los felinos silvestres mantenidos en cautividad pueden verse afectados por un amplio
numero de enfermedades infecciosas y no infecciosas. Su alojamiento en cautividad, con
otros congéneres o la posibilidad de contacto con otras especies, hace que las
enfermedades infecciosas suelan tener una mayor incidencia. En cautividad suele haber
una alta densidad de animales, estd mas limitado el que desarrollen sus conductas
naturales, y el confinamiento y la interaccion con humanos puede provocar un estrés
cronico que afectan a la salud de la poblacion (Munson, et al., 2010). Asi mismo, ya que
en cautividad suele aumentar la esperanza de vida de los animales, se pueden desarrollar

enfermedades cronicas y degenerativas.

De todo ello se desprende que la monitorizacion del estado sanitario de las poblaciones
cautivas, la deteccion y control de enfermedades, son elementos clave de los programas de
cria. Existen diversos ejemplos de enfermedades en programas de cria que han supuesto un
gran impacto en la poblacién y en el consiguiente manejo de la misma, como la peritonitis
infecciosa felina (Everman et al.,1988) y la glomeruloesclerosis (Bolton & Munson 1999)
en el guepardo, o la toxoplasmosis en el gato de Pallas (Swanson 1999), y que

explicaremos mas adelante.

En la tabla n° 4 se detallan las enfermedades reportadas de felinos silvestres en cautividad.
A continuacién s6lo comentaremos las enfermedades mas relevantes. No se han incluido
los agentes infecciosos y enfermedades detectadas en el lince ibérico en cautividad ya que
constituyen parte de un capitulo de este trabajo. Tampoco es objetivo de esta revision
abordar los numerosos estudios de seroprevalencia de agentes infecciosos en felinos

silvestres en cautividad
3. 3.1 Enfermedades infecciosas
3.3. 1. 1 Bacterianas y flingicas

Helicobacter sp. es una bacteria espiral que cominmente se aisla en el estdmago de felinos
tanto en vida libre como en cautividad (Kinsel et al., 1998). Helicobacter suele ser un
hallazgo accidental, si bien se han descrito en muchas especies de felinos algunos casos
individuales de gastritis por Helicobacter (Schroder et al., 1998). Sin embargo, en el
guepardo, alrededor de un 95% de los ejemplares en cautividad estan afectados por

gastritis linfoplasmocitarias de distinta gravedad (Eaton et al., 1993; Munson et al., 1993).
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Los animales afectados muestran desde pérdida de peso a regurgitacion y vomito crénico.
Los guepardos con gastritis ademas suelen desarrollar amiloidosis secundarias con
afectacion renal (Papendick et al., 1997). Aunque se han utilizado distintos tratamientos
contra las gastritis por Helicobacter, a corto plazo parcialmente efectivos, a largo plazo no
evitan la progresion de la enfermedad (Citino & Munson 2005). Los tipos de Helicobacter
encontrados en los guepardos de vida libre y en los cautivos son similares, sin embargo, los
guepardos de vida libre raramente desarrollan la enfermedad, salvo cuando se mantienen
en cautividad (Terio et al., 2005). Parece por tanto que el Helicobacter por si mismo no
desarrolla la enfermedad y que tienen que existir otros factores, probablemente el propio

estrés de la cautividad, implicados en el desarrollo de la enfermedad (Terio et al., 2005).

Clyde et al., 1997, en un estudio de felinos en cautividad, aislo Salmonella spp.
(normalmente S. typhimurium) en las heces del 90% de los ejemplares. La fuente de
infeccion parecia ser la dieta contaminada. Aunque se encontraron algunos casos de
diarrea, la mayoria de los animales eran asintomaticos. Otros trabajos sefalan la infeccion
por Salmonella como causa de muerte aguda en otros felinos, como guepardos en

cautividad (Meltzer 1999).

La tuberculosis se ha descrito en felinos en vida libre (Keet et al., 1996; Keet et al., 2005;
Michel et al., 2006) y mas esporadicamente en cautividad (Helman et al., 1998; Lantos et
al., 2003). La via de infeccion principal es la inhalacion de Mycobacterium bovis cuando
estan ingiriendo animales infectados, normalmente ungulados. Los animales afectados se
adelgazan, llegando a la caquexia, y suelen presentar granulomas en ganglios linfaticos y

pulmones.

La criptococosis, causada por el hongo Cryptococcus neoformans, es una enfermedad
cutanea y sistémica que puede afectar a distintas especies felinos, si bien en guepardos es
donde hay mayor nimero de casos descritos (Berry et al., 1997; Bolton et al., 1999;
Meltzer 1999, Millward & Williams 2005). Los guepardos de estos estudios, si bien
presentan serologias negativas a virus inmunosupresores (FIV y FeLV), se sospecha que
puedan padecer algun tipo de disfuncion del sistema inmunitario que intervenga en la

patogenia de la enfermedad.

Las dermatofitosis, por Microsporum, han sido descritas en felinos silvestres en cautividad

y vida libre (Rotsein 1999; Meltzer 1999). Las lesiones van desde alopecias focales hasta
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alopecias mas extensas con excoriaciones, ulceras, y piodermas. En la mayoria de los casos

las lesiones son autolimitantes, si bien otros animales necesitan tratamiento.
3.3. 1.2 Viricas

El virus del moquillo canino ha causado devastadoras epizootias en varias especies de
carnivoros amenazados (Williams et al., 1988; Alexander & Appel 1994). En 1994 el CDV
produjo la muerte del 30% de la poblacion de leones en el Serengueti (Roelke-Parker et
al., 1996). El aislamiento y caracterizacion del virus causante de esta epizootia, sugeria que
se trataba de una nueva cepa de CDV que podia cruzar la barrera de especie y que seguia
siendo patogénico en canidos; el origen del virus parecia encontrarse en los perros
domésticos provenientes de los asentamientos humanos de la zona (Carpenter et al., 1998).
Es interesante indicar, que los estudios seroldgicos realizados después del 1994 en la
poblacion de leones del Serengueti, constatan que si bien se produjeron otros eventos de
infeccion por CDV no se habia registrado una mortalidad significativa. Los eventos de
mortalidad por CDV estan asociados a infecciones concomitantes y elevadas por Babesia
spp., v que ¢éstas estan relacionadas con ciertas condiciones climaticas y ambientales que
favorecen la propagacion de garrapatas, el vector intermediario; por tanto parece que la
infeccion por CDV por si sola no tendria un impacto relevante en las poblaciones salvo que
existieran otras circunstancias que favorecieran a otros copatégenos (Munson et al., 2008).
Ademas, CDV también ha afectado a otros felinos de vida libre (McBurney et al., 1998;
Munson et al., 2001; Daoust et al., 2009; Quigley et al., 2010) y en cautividad (Fix et al.,
1989; Appel et al., 1994; Nagao 2012).

El FHV causa un cuadro de enfermedad especialmente severa en poblaciones cautivas de
gatos de Pallas (Ketz-Riley et al., 2003) y en guepardos (Junge et al., 1991). La
enfermedad en los gatos de Pallas estd asociada a la vacunacion reciente con vacunas de
virus vivos modificados (Kennedy-Stoskopf 2005). En los guepardos afectados si bien la
forma de presentacion mas comun es la de un cuadro respiratorio, algunos animales
desarrollan dermatitis proliferativas alrededor de ojos y boca. En los guepardos, la
vacunacion contra herpesvirus no protege contra la enfermedad, probablemente por una

pobre respuesta inmune.

La infeccion por coronavirus felino (FCoV) es frecuente en felinos y puede causar cuadros

de enteritis moderada, colitis ulcerativa cronica y mds raramente peritonitis infecciosa
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Tabla 4. Enfermedades infecciosas relevantes en felinos silvestres en cautividad (no se incluye L. pardinus).

Enfermedad

Agente infeccioso

Especie

Referencia

Viricas

Moquillo canino

Herpesvirosis felina

Peritonitis infecciosa felina

Conjuntivitis, queratitis o

rinitis caliciviral

Panleucopenia felina

Papilomas

Inmunodeficiencia

Leucemia

Influenza

Virus del moquilo canino
(CDV)

Herpesvirus felino (FHV)

Coronavirus felino (FCoV)

Calicivirus felino (FCV)

Parvovirus felino (FPV)

Papilomavirus felinos

Virus de la inmunodeficiencia

felina (FIV)

Virus de la leucemia felina
(FeLV)

H5N1

P. tigris, P. leo, P. pardus, P. onca,
U. uncia

A. jubatus, O. manul

A. jubatus

P. leo, A. jubatus, P. tigris altaica

P. leo, P. tigris, U. uncia,
F. silvestris, L. lynx, A. jubatus

P. leo persicus, U. uncia,
N. nebulosa

P. leo

L. rufus, A. jubatus

N. nebulosa, P. pardus, P. tigris

Appel et al., 1994; Fix et al., 1989; Nagao et al., 2012

Junge et al., 1991; van Vuuren et al. 1999; Ket-Riley et al.,
2003, Munson et al., 2004

Van Rensburg & Silkstone 1984; Evermann et al., 1988;
Munson et al., 1993; Kennedy et al., 2002; Evermann &
Benfield 2001

Kadoi et al., 1997; Munson & Citino 2005; Harrison et al.,
2007

Fix et al., 1989; Valicek et al., 1993; Mochizuki et al.,
1996; Wasieri et al., 2009; Duarte et al., 2009.

Sundberg et al.,1996; Sundberg et al., 2000; Ott-Joslin et
al., 2001.

Poli et al., 1995

Sleeman et al., 2001; Marker et al., 2003

Keawcharoen et al., 2004; Thanawonguwech et al., 2005;
Desvaux et al., 2009
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Tabla 4. Continuacion

Enfermedad Agente infeccioso Especie Referencia
Bacterianas
Tuberculosis Mycobacterium bovis P. tigris altaica, P. uncia Helman et al., 1998; Lantos et al., 2003
Antrax Bacillus anthracis P. leo, A. jubatus Jager et al., 1990
.. . . . . Eaton et al., 1993; Munson et al., 1993; Kinsel et al., 1998;
Gastritis por Helicobacter Helicobacter sp. A. jubatus, P. tigris Schroder et al., 1998; Terio et al., 2005
Salmonelosis Salmonella sp. A. jubatus, L. lynx Macri et al., 1997; Meltzer 1999
. . . Berry et al., 1997; Bolton et al., 1999; Millward &
Criptococosis Cryptococcus neoformans A. jubatus Williams 2005: Meltzer 1999
Dermatomicosis Microsporum canis A iubatus Rotsein et al., 1999; Meltzer 1999; Wack et al., 1992;
P - Sykes et al., 2007
Parasitarias

Sarna notoédrica
Sarna demodécica

Cytauxzoonosis

Toxoplasmosis

Notoedres cati
Demodex spp.

Cytauxzoon spp.

Toxoplasma gondii

A. jubatus, U. uncia
A. jubatus

P. leo, P. tigris

O. manul, F. margarita,
A. jubatus

Fletcher 1978; Meltzer 1999
Meltzer 1999

Garner et al., 1996; Peixoto et al., 2007

Van Rensburg & Silkstone 1984; Swanson et al., 1999;
Kenny et al., 2002; Dubey et al., 2010
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felina (FIP) (Kennedy et al., 2002). Las diferentes formas de presentacion de la enfermedad

estan

asociadas, respectivamente, con diferencias en los biotipos virales del coronavirus entérico
felino (FECV) y el virus de la peritonitis infecciosa felina (FIPV). Aunque la FIP se ha
descrito en distintas especies de felinos, los guepardos en cautividad parecen especialmente

sensibles a la enfermedad (Evermann et al., 1988; Munson 1993).

Los parvovirus, tanto caninos como felinos, pueden afectar a los felinos silvestres. El
parvovirus felino (FPV/panleucopenia) causa una enfermedad similar a la de los gatos
domésticos , y se ha descrito en felinos silvestres en cautividad (Fix et al., 1989; Valicek et
al., 1993; Mochizuki et al., 1996; Wasieri et al., 2009) y en vida libre (Stahl & Vandel, 1999;
Schmidt-Posthaus et al., 2002). El parvovirus canino se ha descrito en casos de enteritis
necrotizante con necrosis de las criptas en guepardos y en un tigre siberiano con diarrea.
Algunos de los guepardos afectados habian sido vacunados para el parvovirus felino, lo que

sugiere que las vacunas FPV no confieren inmunidad (Steinel et al., 2000).

A diferencia de otros virus felinos, hay pocos trabajos publicados de infeccion o exposicion al
FeLV en felinos silvestres en libertad (Daniels et al., 1999; Cunningham et al., 2008) o en
cautividad (Sleeman et al., 2001).

3. 3. 1. 3 Parasitarias

Las infecciones por Sarcoptes scabiei y Notoedres spp. se han descrito en varias especies de
felinos silvestres en vida libre (Mwanzia et al., 1995; Ryser-Degiorgis et al., 2002; Schmidt-
Posthaus et al., 2002) y cautividad (Meltzer 1999).

Los hemoparésitos son frecuentes en felinos silvestres en vida libre y son normalmente
hallazgos accidentales (Willi et al., 2007). Los felinos en cautividad en climas calidos son
también susceptibles a la infeccion. Los piroplasmidos incluyen Babesia spp., Theileria spp.,
y Cytauxzoon spp., y han sido descritos en una amplia variedad de felinos. La enfermedad
primaria por hemoparasitos en felinos silvestres es rara, con algun caso descrito de

cytauxzoonosis mortal (Nietfeld & Pollock 2002).

Toxoplasma gondii es un parasito protozoario que infecta a una amplia variedad de especies,
incluyendo felinos silvestres en vida libre y cautividad, pero dificilmente causa enfermedad.

Sin embargo, el gato Pallas en cautividad es especialmente susceptible a la infeccion,
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causante de una alta mortalidad neonatal (Swanson 1999; Kenny et al., 2002). No se conoce la
causa de esta particular susceptibilidad, aunque se sugiere que pueda deberse a que la especie
no ha co-evolucionado con el parasito (Brown et al., 2005) o a que presenta deficiencias

inmunitarias (Ketz-Riley et al., 2003).
3. 3. 2 Enfermedades no infecciosas

En la tabla 5 se exponen las enfermedades no infecciosas mas relevantes en felinos silvestres

en cautividad.

La enfermedad renal cronica es muy comun en felinos de edad avanzada en cautividad. En
muchas especies se desconoce la causa de la enfermedad renal cronica, aunque si que hay
ciertas enfermedades renales con etiologia conocida. Asi la infeccion por Leptospira causa
nefritis intersticial en pumas. Otra enfermedad renal primaria de la que se conoce su
patogénesis es la glomeruloesclerosis en guepardos cautivos (Bolton & Munson 1999); la
enfermedad tiene una alta prevalencia en la especie. Por el contrario, es poco frecuente en los
guepardos en vida libre (Munson et al., 2005b). Aunque no se conoce su causa en cautividad,
se sospecha que pueda deberse o a la dieta o a cambios metabdlicos (hiperglicemia) asociados
a un estrés cronico. Otra enfermedad, como la amiloidosis renal es comun en los gatos de

patas negras en cautividad (Terio et al., 2008).

Dentro de las enfermedades degenerativas, la espondilosis vertebral es comun en grandes

felinos de avanzada edad (Kolmstetter et al., 2000).

Hay una amplia variedad de enfermedades neoplasicas descritas en felinos silvestres
incluyendo linfomas, tumores biliares, adenocarcinomas gastrointestinales, carcinomas
pulmonares broncoalveolares y leiomiomas. Estas neoplasias normalmente se encuentran en
animales en cautividad, ya que tienen una mayor esperanza de vida. Los tumores biliares son
mas frecuentes en grandes felinos (Pettan-Brewer & Lowestine 1999). También son

frecuentes los leiomiomas ovaricos y uterinos (Chassey et al., 2002).

Los gatos pescadores en cautividad tienen una alta prevalencia de carcinomas de células
transicionales (Sutherland-Smith et al., 2004). Aunque no se conoce la causa, se postula que

podria deberse a bajos niveles de vitamina E (Landolfi & Terio 2006).

Los jaguares presentan una alta prevalencia de cistoadenocarcinomas ovaricos, un tipo de

neoplasia ovarica poco habitual en otros felinos (Kazensky et al., 1998; Hope & Deem 2006).
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Tabla 5. Enfermedades no infecciosas relevantes en felinos silvestres en cautividad. No se incluye L. pardinus

Enfermedades degenerativas

Neoplasias

Glomeruloesclerosis
Amiloidosis renal

Enfermedad degenerativa
espinal

Telangiectasia

Quistes biliares

Enfermedad venooclusiva

Hepatobiliares

Hemolinfaticas

Sistema digestivo

Sistema reproductor

Glandula mamaria

Piel

Endocrino

Urinario (vejiga urinaria)

Cistoadenocarcinomas

A. jubatus

F. nigripes

P. leo, P. tigris, P. pardus

varias spp.

varias spp, P .leo

A. jubatus, P. pardus, P. leo, P. tigris, A. jubatus

P. leo, P. tigris, P. pardus, L. wiedii, P. onca

P. leo, L. rufus, P. tigris, A. jubatus

P. leo, P. onca, A. jubatus

P. leo, P. pardus, P. tigris, P. onca, U. uncia

F. chaus, F. concolor, P. onca, P. pardus, P. leo,
P. tigris

U. uncia, P. tigris

P. pardus, P. tigris, U. uncia, P. concolor

P. viverrinus

P. onca

Bolton & Munson 1999; Munson et al., 2005

Terio et al., 2008

Kolmstetter et al., 2000

Pettan-Brewer & Lowenstine 1999

Pettan-Brewer & Lowestine 1999; Yu et al., 2007

Munson et al., 1993; Pettan-Brewer & Lowestine 1999

Pettan-Brewer & Lowenstine 1999; Sakai et al., 2003; Hope &
Deem 2006; Owston et al., 2008

Poli et al., 1995; Harrison et al., 2007; Owston et al., 2008

Owston et al., 2008

Chassey et al., 2002; Hope & Deem 2006; Owston et al., 2008

Harrenstein et al., 1996; Hope et al., 2006; Cagnini et al., 2012

Ott Joslin et al., 2002; Owston et al., 2008

Owston et al., 2008

Sutherland-Smith et al., 2004; Landolfi et al., 2006

Munson et al., 1994; Kazensky et al., 1998; Hope & Deem 2008
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3. 4 Biologia reproductiva de felinos silvestres en cautividad

La disminucion de la mayoria de especies y subespecies de felinos plantea la necesidad de
programas de conservacion ex situ. Sin embargo, con la excepcion de unas pocas especies (como
algunas del género Panthera) la mayoria de felinos silvestres no se reproducen bien en cautividad,
e incluso pueden tener comportamientos aberrantes (p.ej., los machos de pantera nebulosa en

cautividad pueden a matar a las hembras, incluso estando en celo (Kitcherner 1999)).

La posibilidad de monitorizar la actividad reproductiva mediante la determinacién de hormonas es
clave para disefiar estos programas de cria. Gracias al desarrollo de la monitorizacion no invasiva
de hormonas en heces se esta conociendo la gran variabilidad que existe entre los ciclos estrales en

las distintas especies (Brown 2006).

Asi por ejemplo, si bien todos los felinos tienen ovulaciones inducidas, también varia su
presentacion entre especies € incluso entre individuos. Por ejemplo, las panteras nebulosas, los
gatos pescadores, los margays, y los gatos domésticos presentan, al menos de forma ocasional,
ovulaciones espontaneas, mientras que o son raras o no se dan en las cuatro especies de linces, en

los guepardos, tigres, leopardos de las nieves, y ocelotes (Brown 2006; Goritz et al., 2009).

También existen marcadas diferencias en cémo la estacionalidad influye en la funcion
reproductiva. Asi hay desde especies altamente sensibles como los gatos de Pallas, que sélo ciclan
durante dos meses al afio, a otras que practicamente no se ven afectadas, como ocelotes, tigritos

(Leopardus tigrinus), margays, leones, leopardos o gatos pescadores (Brown 2006).

Ademas del fotoperiodo, otros factores afectan a la capacidad reproductiva de felinos silvestres en
cautividad, que van desde el emplazamiento de los animales, los emparejamientos, la
alimentacion, o las enfermedades. Asi por ejemplo en algunas especies se dan ovulaciones
espontaneas cuando se alojan a las hembras juntas, mientras que en otras especies €stas ovulan
incluso estando solas. Otra consecuencia de como se alojan a los animales sobre la funcion
reproductiva es lo observado en hembras de guepardo: cuando se mantienen dos hembras juntas en
la misma instalacion se produce una supresion reproductiva mutua y dejan de ciclar; si se separan,
vuelven a ciclar, incluso aunque existan otras hembras en instalaciones contiguas (Wielebnowski

et al., 2002).

Como ya comentamos, normalmente los emparejamientos en los programas de cria se deciden en

base a criterios genéticos. Sin embargo, algunos estudios demuestran que también deberian
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considerarse las preferencias de los individuos al seleccionar su pareja, ya que asi se aumenta la

eficiencia reproductiva (Martin & Shepherdson 2012).

La calidad de la alimentacion y/o el aporte de suplementos vitaminicos tienen una gran influencia,
no solo en la salud general sino también en la reproduccion. Swanson et al., 2003, estudiando 185
machos de 8 especies diferentes de felinos, alojados en 44 zooldgicos de Latinoamérica, y con una
dieta deficiente y desequilibrada, encontré que el 20% de los ejemplares nunca se habian
reproducido en cautividad, y que menos del 30% tenian un esperma optimo. En otros trabajos, con
distintas especies de felinos en zoologicos de varios paises, la suplementacion con vitaminas y
minerales en dietas desequilibradas, mejord la calidad del esperma (disminucion de formas
anormales, aumento de la motilidad, aumento de la concentracion) (Morais et al. 2002; Paz et al.,

2006).

Aunque siempre que sea posible es preferible que los animales se reproduzcan de forma natural, la
necesidad de manejo genético hace necesario el desarrollo e implementacion de técnicas de

reproduccion asistida.
3.4.1 Técnicas de reproduccion asistida

La inseminacion artificial (Al), la fertilizacion in vitro (IVF), y la transferencia embrionaria (ET)
son técnicas de reproduccion asistida que ya se emplean o que estan en fase de estudio en varias
especies de felinos silvestres. Son valiosas herramientas en programas de cria ya que tienen el
potencial de evitar el traslado de reproductores entre centros de cria distantes -con la consiguiente
complejidad logistica y estrés de los animales-, asegurar la reproduccion de individuos
genéticamente valiosos, y aumentar la fertilidad (Wildt et al., 2010). Sin embargo, son técnicas
que requieren un buen conocimiento de la biologia reproductora de la especie, equipos
sofisticados, y una considerable experiencia (Pukazhenthi et al., 2006; Swanson 2006; Howard &
Wildt 2009). Por ejemplo, para realizar inseminacion artificial en un felino, que es la mas sencilla
de las tres técnicas, se requiere conocer el ciclo reproductivo de la hembra, el tipo de ovulacion
(inducida o espontanea), hacer un tratamiento para provocar la ovulacién, la obtencidon y
procesamiento del semen, y depositarlo en el interior de la parte craneal de un ttero mediante
laparoscopia (Wildt et al., 2010). Precisamente uno de los grandes retos actuales para realizar [A
es resolver la alta variabilidad de respuesta a los tratamientos de induccion de la ovulacion

(Brown 2011).
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Aunque todavia y salvo excepciones, el papel de las técnicas de reproduccion asistida para
manejar poblaciones de felinos sigue siendo tedérico, se estd investigando mucho, y ya hay
resultados esperanzadores. Asi, por ejemplo, con la Al se ha conseguido producir cachorros de
gato leopardo, ocelote, tigrino, pantera nebulosa, leopardo de las nieves, puma, tigre y guepardo
(Howard & Wildt 2009; Wildt et al., 2010). Ademas mediante IVF-ET se ha conseguido obtener
cachorros de tigre, ocelote, caracal, gato pescador, serval, y gato silvestre africano (Pope et al.

2006; Swanson 2006).
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OBJETIVOS

1. Presentar la organizacion y desarrollo del programa sanitario aplicado en el lince ibérico (Lynx

pardinus).

2. Analizar los signos clinicos, morbilidad y mortalidad de los ejemplares de lince ibérico en el

programa de conservacion ex situ.

3. Describir los parametros reproductivos del lince ibérico en cautividad y discutir si estan
relacionados con la edad, origen (cautividad o vida libre) o procedencia (Donana o Sierra Morena)

de los ejemplares.

4. Realizar, a partir de la informacion obtenida, recomendaciones de manejo e investigacion de la

especie en cautividad.
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5.1. CAPITULO

INTEGRATING HEALTH ISSUES INTO THE CONSERVATION OF THE IBERIAN LYNX
(Lynx pardinus)

Based on: Martinez, F., Lopez, G., Pérez, M.J., Molina, 1., Aguilar, .M., Quevedo, M.A., Vargas,
A., 2009. Health aspects integration in the Iberian lynx conservation, in: Vargas, A.,
Breitenmoser, C., Breitenmoser, U. (Eds.), Iberian Lynx Ex situ Conservation: An

Interdisciplinary Approach. Fundacion Biodiversidad, Madrid, Spain, pp. 167-182.
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INTEGRATING HEALTH ISSUES INTO THE CONSERVATION OF THE IBERIAN
LYNX (Lynx pardinus)

Fernando Martinez, Guillermo Lopez, Josep Pastor, Irene Zorrilla, Alvaro Mufioz, Ignacio Garcia,
Laura Pefia, M* Angeles Jiménez, Maria José Pérez, Isabel Molina, José¢ Maria Aguilar, Miguel

Angel Quevedo, Marina L. Meli, Hans Lutz and Astrid Vargas

From Programa de Conservacion Ex situ del Lince Ibérico, Centro de Cria de Lince Ibérico El

Acebuche, Espacio Natural de Donana, Matalascanas, 21760-Huelva, Espaia (Martinez, Vargas)

From Junta de Andalucia/Egmasa. Proyecto de Conservacion /n situ del Lince Ibérico. C/ Pepe

Espaliu, 2, 14004-Cérdoba, Espafia (Lopez, Molina)

From the Departamento de Medicina y Cirugia Animal (Anatomia Patoldgica), Facultad de
Veterinaria. Universidad Complutense, Avenida de la Corufia, S/N, 28040-Madrid (Pefia,

Jiménez)

From the Servicio de Hematologia Clinica y Servicio de Ecopatologia, Facultad de Veterinaria,

Universidad Autonoma de Barcelona, 08193-Bellaterra, Espafia (Pastor)

From the Synergia, sostenibilidad y energia. C/ Marqués 3-5° Izq., 29005 Malaga, Espana
(Mufioz)

From the Centre de Recerca en Sanitat Animal (CReSA), UAB&IRTA, Campus de la

Universidad Autonoma de Barcelona, 08193-Bellaterra, Barcelona, Espana (Garcia)

From the CMA-Junta de Andalucia/ EGMASA. Programa de Conservacion Ex situ de Lince
Ibérico, Centro de Cria de Lince Ibérico La Olivilla, Carretera N-IV, KM 257, Santa Elena, Jaén,

Espana (Pérez)

From the Zoobotéanico de Jerez, C/ Taxdirt S/N, Jerez de la Frontera 11404, Cadiz, Espana
(Quevedo, Aguilar).

From the Clinical Laboratory, Vetsuisse Faculty University of Zurich, Zurich, Switzerland

(Lutz, Meli).
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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 captures of 126 individuals were carried out during the period
between December 2003 and November 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 program 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 have been diagnosed and treated in this population: clostridiosis,
dermatitis, chlamydiosis, enteritis with fecal impaction, tooth abscess, idiopathic chylothorax,
dermatomycosis, anal sac inflammation, umbilical hernias and epilepsy have all been diagnosed
and treated. Scientific knowledge generated through the various clinical procedures, tests, and

monitoring programs is applied to the management and conservation of this species.

Keywords: Anesthesia, necropsy, preventive medicine, diseases in captivity, biomedical

database
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1. Introduction

In spite of its highly endangered status, relatively little was known about biomedical aspects of
both free-ranging and captive Iberian lynx populations (Beltran & Delibes 1991; Ferreras et al.,
1994; Torres et al., 1998; Briones et al., 2000; Vicente et al., 2004). The development of a health
program 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 the Iberian lynx. Previous
experiences in other species (Munson & Cook 1993; Deem et al., 2001; Cleaveland et al., 2002;
Deem & Karesh, 2002; Deem 2007; Furtado et al., 2008) clearly show that developing such a
program is fundamental and necessary. The low number of individuals in two isolated
subpopulations (Simoén et al., 2009; 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., 2009; Loépez et al., 2009; Meli et al., 2010), and in other threatened terrestrial
carnivores (Williams et al., 1988; Alexander & Appel, 1994; Roelke-Parker et al., 1996;
Cunningham et al., 2008). In addition, low genetic variability (Godoy et al., 2009) 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 2008).
2. The Iberian Lynx Health Advisory Group

The Iberian Lynx Captive Breeding Action Plan determines the objectives and actions of the Ex
situ Conservation Program (Vargas et al., 2009). 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., 2009). Although the
initial focus for the Health Advisory Group (Grupo Asesor de Aspectos Sanitarios, GAAS) was
the Ex situ (captive breeding) Program, the natural work flow and the necessary collaboration
between /n situ (in its natural habitat) and Ex sifu Programs 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 Program on a

voluntary basis and work in such diverse, complementary and necessary aspects as research,
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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 (Iberian 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 program 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 Program’s website (www.lynxexsitu.es).
Anesthesia, clinical examination, and sample collection

Procedures where anesthesia is needed include: quarantine examinations; health and reproductive
examinations (Roldan et al., 2009; Gdéritz et al., 2009), both in animals included in the Breeding
Program 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).

Fig 1. Material used for field anesthesia in Iberian lynx. Isoflurane vaporizer and oxygen tank are also included but

not shown in this picture.

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¢).
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Fig. 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.

Fig. 2b Organizing anesthesia and sampling of an Iberian lynx in the field.
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Fig. 2¢ Anesthesia on an Iberian lynx with a gastrointestional affection in a veterinary hospital. The animal has

been radiographed before conducting a gastric fibroendoscopy.

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., 2009; Garcia et al., 2009; Meli et al., 2009; Goritz
et al., 2009), genotyping (Godoy et al., 2009), and sample storage for the biological resource
banks (BRBs) (Roldan et al., 2009; Leon-Quinto et al., 2009). 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 Diagndstico
(CAD) from Consejeria de Medio Ambiente de la Junta de Andalucia (Malaga); Clinical
Laboratory at the Vetsuisse Faculty, University of Ziirich; Anatomia Patologica, Facultad de
Veterinaria de Madrid; BanGes at the Museo Nacional de Ciencias Naturales, CSIC (Madrid);
Laboratorio de Bioingenieria at Universidad Miguel Herndndez (Alicante); Laboratorio de
Biologia Molecular, Estacion Bioldgica de Dofiana, CSIC (Sevilla); Laboratorio de la Estacion
Experimental de Zonas Aridas, CSIC (Almeria), and the Department for Reproduction at the
Institute for Zoo and Wildlife Research-IZW (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
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intramuscular injection. To avoid stress and minimize trauma, captive animals are caught with
squeeze-cage traps whenever possible (Figure 3). On other occasions they are captured with nets
or blowdarts. A total of 318 chemical immobilizations of 126 individuals, 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

Fig. 3 Squeeze-cage in a handling corridor in a breeding center, and the use of the squeeze-cage for direct

intramuscular administration of anesthesia.

dexmedetomidine (Dexdomitor®, Pfizer) at a dose of 12.5 pg/kg, which has resulted in a
reduction of cardiovascular depression, although more data is needed to confirm this first
impression. 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 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 Andlisis y Diagnostico (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
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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., 2009), for genetic studies (Godoy et al., 2009)
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 (Gonzalez 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:

* Seven animals died due to infectious causes. Four of them died of diseases
associated with FeL'V infection (Meli et al., 2009; Lopez et al., 2009; Meli et al.,
2010) and one of infection with canine distemper virus (CDV) (Meli et al., 2010).
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 (Lopez et al., 2009).
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
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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.

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.

TaBE 1.

Cubs Youngs Subadult Adult Unknown age  TOTAL

Infectious caises

Bacterias - - i - i
Virus - - & (6) = 6 (6)
Non infectious causes
Road-kill 4 [ 4 (2) - 14 (2)
Aggression 2 - 1 (1) = 3 (1)
liegal traping - - 1 - 1
Starvation 1 - . - 1
= - 1) - 1 (1)
Unknown causes [ - 2(2) 3 11 (2)
13 6 16 (12) 3 3B (12)

Table 1. Mortality causes of free-ranging Iberian lynx (Lynx pardinus) at different ages from December

2003-2008. Numbers in brackets indicate adult animals equipped with radiotelemetry or GPS collars.

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

following causes:

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 Program, 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., 2009), while the other two had been injured by the

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

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

* 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 J. Sallés, pers.
comm.).

* 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.

Tasie 2.
Cub Young Subadult Adult TOTAL
Infectious causes - - - -
Mon infectious causes
Miscarriages &
premature birthings 7 - - 7
Fighting 3 - = 3
Chylothorax 1 - - 1
Electrocution - 1 - 1
Enterotoxemia - 1 - 1
Unknown causes 1 = = 1
12 2 - 14

Table 2. Mortality causes of Iberian lynx (Lynx pardinus) from the Ex situ Conservation Program at different ages
from December 2003-2008. The continuous video-surveillance, the hand rearing of ill and non-attended cubs and the

fast intervention during cub fighting have avoided the lost of more cubs.

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, FeL'V, etc.), whenever they are considered necessary.
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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 programs, 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.
3. Health management program for captive Iberian lynx

Free-ranging animals that are captured and are candidates for incorporating to the Ex situ Program
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 Program are transferred to the breeding facilities (Vargas et al., 2009).

The health management of Iberian lynx belongs to the Captive Breeding Program is similar to that
of other felid species (Meltzer 1999) and follows the recommendations issued by the EAZA and
AZA (Joslin et al., 1998; Blomgqvist 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.,

2005b). In addition to spacious facilities, limited entry to only center staff, environmental
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enrichment and a captive diet as similar as possible to the natural diet, the preventive medicine

program 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 animals) is a common finding 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/Campylobacter is performed every six
months. No bacterial growth of any of the organisms mentioned above has been registered to date
in the ex situ or the free-ranging populations. 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 dead vaccine against FHV, FCV and FPV, and a recombinant vaccine
against FeLV 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, and handling of the young is reduced to a minimum. 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.
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Capture: Whenever possible, the capture of an animal is programmed and done with a squeeze-
cage specifically designed for Iberian lynx. Nets and darts are avoided to reduce stress, trauma and

distrust of the animals towards the staff.

Complete annual physical exams: Adults are currently examined under anesthesia once a year.
The objectives of the physical 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., 2009); 4)
perform radiographic examinations; 5) to evaluate male reproductive health of by studying sperm
quality (Gafian et al., 2009, 2010; Roldan et al., 2009) and performing a sonographic examination
of the testes and prostate (Goritz et al., 2009); 6) to collect biological samples to complete the

analyses considered in the working 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. This effective method of obtaining information on the animal’s health status is
performed in such a way that it minimizes stress to the animals while avoiding domestication of

the captive lynx (Vargas et al., 2009).

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 Program, this chapter). The diet and
supplements administered to the program’s animals are prescribed with the help of a nutritionist
(Helena Marqués, ConZoolting©). Ninety percent of the captive lynx diet consists of rabbit (live
or dead), which are farmed under strict supervision from the program veterinarian. 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.
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4. Discussion of clinical cases experienced within the Ex situ Program
Miscarriages and premature births

Between 2005 and 2008, the Ex situ Program 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., 2009). 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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Fig. 4a. Miscarried Iberian lynx (at 44 gestational days).
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Fig. 4b. Post-mortem examination of the thoracic cavity of an Iberian lynx premature (61 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.

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. An
idiopathic 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.
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Fig. 5 Post-mortem examination of the thoracic cavity of an Iberian lynx with 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 clavulamic acid (Synulox®,

Pfizer).
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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 Tricophyton 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. Griseofulvin 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 7. 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.
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Chlamydiosis

One free-ranging, apparently healthy adult male was captured for its incorporation to the Captive
Breeding Program. Conjunctivitis and a small corneal ulceration, without additional signs, were
observed during a quarantine examination. Chlamydiophila 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

Chlamydiophila, 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, administration of meropitant

(Cerenia®, Pfizer), and fluid therapy.

Fig. 6 Abdominal radiograph of an Iberian Lynx with enteritis and fecal retention.
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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, 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 (Antonevich et al., 2009) 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®), and oral administration of cephalexine (Cefacure®), 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 agents, toxicological studies, hematology, biochemistry,

urinalysis, magnetic resonance (MR) in one cub and cerebrospinal fluid (CSF) analyses in two of
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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.
5. Conclusions

The Iberian lynx Ex situ Conservation Program 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.,
2009). During the last five 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 sifu 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 program 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.
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5.2. CAPITULO 2

MORBIDITY AND MORTALITY OF CAPTIVE IBERIAN LYNX (Lynx pardinus) IN THE EX
SITU CONSERVATION PROGRAMME

Based on: Martinez, F., Manteca., X., Pastor., J., (in press). Retrospective study of morbidity
and mortality of captive Iberian lynx (Lynx pardinus) in the ex situ conservation programme
(2004-June 2010). Journal of Zoo and Wildlife Medicine.
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Abstract: Medical records of 120 Iberian lynx (Lynx pardinus) from the captive breeding
population (CBP), 96 of which were older than 1-wk-old, were studied from 2004 to June 2010.
From a total of 413 clinical signs recorded it was possible to obtain a diagnosis in 258 (62.5%).
Inappetence, skin wound, and vomiting had the highest incidence. Adult (2- to 6-yr-old) and
young (1 wk to 1-yr-old) animals accounted for most of the clinical signs. Vitamin D toxicosis and
intraspecific trauma accounted for 55.4% and 15.1% of the clinical signs, respectively. Toxicosis
due to the administration of supplements with an excess of vitamin D broke out in 2009 as a renal
failure and affected a total of 39 individuals. Intraspecific trauma cases were predominantly
observed from sibling aggressions. Diet-related conditions consisted of sporadic cases of fatal
salmonellosis, dermatophytosis, and probably some gastrointestinal episodes. Suspected idiopathic
epilepsy and femoral neck metaphyseal osteopathy were also observed. A total of 15 animals older
than 1-wk-old died, including five vitamin D toxicosis cases and three youngs due to intraspecific
trauma. Mycobacterium bovis was found as a secondary infection in two of vitamin D toxicosis
deceased animals. Abortions, premature births, and stillbirths accounted for 12 mortalities, and 13

neonatal deaths due to maternal neglect or bacterial sepsis were observed.

Data show that improvement of diet-related conditions are key factors in preserving the health of
animals in the CBP. Thus, the control of food and supplement composition, rabbit farm suppliers,
and hygiene should be standardized and improved. Furthermore data recording and diagnostic

protocols should be standardized.

Key words: Captive breeding, clinical signs, diseases, Iberian lynx, Lynx pardinus, morbidity,

mortality.
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INTRODUCTION

The Iberian lynx (Lynx pardinus) is the only felid species classified as critically endangered
(IUCN 2011). Currently, two isolated populations survive, two located in the region of Andalucia
- Dofiana and Sierra Morena — (Guzman et al., 2004) and probably a recently discovered new
population in Castilla- la Mancha (Alda et al., 2008). Great efforts are currently being made by
several government agencies to conserve the species (Simoén et al., 2009) including development
of an ex situ captive breeding program (Vargas et al., 2009). The Iberian lynx captive breeding

population (CBP) was established in 2004 and consisted of 41 males and 37 females in June 2010.

Typically retrospective studies on morbidity and mortality may reveal patterns of disease within a
population and inform preventive management practices (Munson & Cook 1993; Hope & Deem
2006. Morbidity studies investigate diseases with diagnoses made by integrating detectable
clinical signs and/or ancillary diagnostic testing. However, in non-domestic species in captivity it
1s common to detect clinical signs that cannot be linked to a clear diagnosis. Clinical signs usually
receive little attention in retrospective studies, although they may also reflect the health status of a

population.

The objectives of this study were: (1) to identify clinical signs and make a comparative analysis of
how they affected different age groups within set periods of time; (2) to identify the health
conditions and causes of mortality within the CBP; and (3) to make recommendations on

preventive medicine protocols and future areas in need of research.
MATERIALS AND METHODS

A total of 41 animals were incorporated into the CBP from the free ranging populations (seven
from Dofiana and 34 from Sierra Morena) after undergoing quarantine. During the 1 to 3 months
quarantine period, each animal received two health evaluations with physical examinations,
sampling, radiographs and microchip implantation. Collected samples were used for testing for
infectious diseases, research projects, genotyping and storage for the Iberian lynx biological
resource banks. Another 79 animals were born in captivity since the first litter in 2005 (Vargas et
al., 2004). From these 120 individuals (41 captured from the wild and 79 born in captivity) a total
of 41 animals were lost, including one accidental escape and 40 deaths. The number of animals in

the CBP are presented in Table 1.
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Table 1. Acquisitions. mortality, and population changes of Iberian Ivnx (Lyvmx pardinus) in the ex
sit conservation programme (2004-June 2010). Total population comrespond to the individuals at the
end of the year.

2004 2005 2006 2007 2008 2009 J“';; fL”“’ Total

Addinons

Captured from the wild 13* 3 10 . 8 3 2 41

Captive-bom 0 3 6 12 16 28 14 79
Losses from the population

Pennatal mortality (<1 wk-old) 0 0 2 5 3 10 g 25

Won perinatal mortality 0 3 1 | 1 4 6 15
Total population 13 17 30 38 5T T2eee 77 N/A

*The iminal espane populanes cosarned of 7 smimaly capried from the wild befoes 2004 Six moee Ememals we sdded s 2004
** D vl eacapend. *** Twe melioduals were sedt peleased N A =30l appheabie

Prematures, abortions and stillbirths were those individuals delivered <61 days of gestation.
Neonates were considered those individuals from the time of birth at mean gestation time (62-65
days) to one week of age. Animals older than week old (non-neonates) were categorized into four
age groups: 1 week to 1-yr-old (young), 1- to 2-yr-old (subadult), 2- to 6-yr-old (adult), and over
6-yr-old (advanced adult).

Animals in the CBP underwent periodic health evaluations, usually yearly, including a physical
exam, sampling, radiographs and reproductive evaluation (electroejaculation and
ultrasonography). Individuals were vaccinated against feline herpesvirus (FHV), feline calicivirus
(FCV) and feline parvovirus (FPV) (Fevaxyn, i-CHP, Fort Dodge Animal Health, Southampton
SO30 4QH, United Kingdom), and feline leukemia virus (FeLV) (Purevax, FeLV, Merial, F-
69007 Lyon , France). Quarterly coproparasitologic and biannual copromicrobiologic tests were

performed.

The majority of the CBP was located in three breeding centers, while a few individuals were
housed in an off-exhibit area in a zoo. Animals in the breeding centers were kept in open
enclosures with natural substrate and vegetation, and with visual, auditory and olfactory contact.
The lynx were remotely monitored by a continuous video surveillance system. The lynxs’ diet
consisted of farm-bred live rabbits or carcasses for human consumption (5x/wk), live quails or raw

beef meat (1x/wk), and supplements.
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Morbidity

Medical records of 120 individuals from 2004 to June 2010 were reviewed. Records included
clinical signs observed by veterinarians, keepers, or via video surveillance. All clinical signs were
initially tallied. From the total of clinical signs, only those that received a diagnosis by a
veterinarian and were related to a health condition were included for further study. Clinical signs
and diseases during the quarantine period were not taken into account, as they were likely due to
previous free ranging conditions, rather than current conditions in the CBP. Clinical signs were
studied only in individuals older than one wk (non-neonates, n=96) as it was difficult to observe

signs in the neonates. Clinical signs were classified according to the age of the animal.

In order to standardize recording of clinical signs, the following definitions were used: 1)
“Abnormal gait” included weakness and ataxia; 2) “depression” referred to when an animal was
less active than normal; and 3) “pica” was recorded when direct observation of sand ingestion
occurred, or when sand was detected in considerable amount within feces. Occasional ingestion of

plant materials is considered a normal behavior in the CBP and therefore not counted.

Renal failure was determined by using normal reference values for Iberian lynx serum chemistry
results (Garcia-Bocanegra et al., 2009) and the inability to concentrate the urine. The stage of
renal failure was based on a cut-off value of 2.5 mg/dl of fasting serum creatinine and the
presence of some other markers of kidney damage as elevated blood urea nitrogen (BUN> 63.6
mg/dl), low urine specific gravity (USG<1.030), abnormal kidney images on radiographic or
ultrasonographic examinations, elevated serum calcium (Ca>12.8 mg/dl), and elevated serum
phosphorus (P>9.6 mg/dl). Blood pressure and urine protein to creatinine ratio (UP/C) were not
determined in all of the animals. Thus, affected lynx were divided into three categories : stage |
was defined by a serum creatinine lower than 2.5 mg/dl and low urine specific gravity; stage II
was defined by presence of markers of kidney damage and creatinine values from 2.5 to 5 mg/dI;
and stage III by creatinine values higher than 5 mg/dl. Renal failure was due to vitamin D
toxicosis. Retrospective analysis of two mineral and vitamin supplement batches, from the same
supplement, being administered in 2008 revealed a large amount of vitamin D3 (4562 1U/g and
5460 IU/g respectively). These values were about thirty times as much as that of the vitamin D3
content indicated in the supplement label (160 1U/g).
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Mortality

A total of 40 animals died, including aborted fetuses and neonates. Full postmortem exam was
performed in 37 of them at one central laboratory. Tissues were examined histologically by one or
two pathologists. Additional ancillary analysis, including diagnostic tests for infectious agents and
toxicology, were performed as necessary. Gonads and other tissues were also collected for

biological resource banks.
RESULTS
Morbidity

A total of 413 clinical signs were recorded. From this total, 37.5% (155/413) could not be related
to any disease. All other clinical signs, 62.5% (258/413) received a diagnosis. Most of the clinical
signs, 42.2% (109/258) and 29.1% (75/258) were observed in adult and young animals
respectively. The most frequent clinical signs in the CBP were inappetence (19.0%), skin wound
(18.2%), vomiting (14.0%), depression (9.7%), and pica (9.7%). Of these, pica was only recorded
in one breeding center. In young animals skin wounds had the highest incidence (12.8%). In
subadult animals the clinical sign with the highest incidence was inappetence (3.9%). In adults
inappetence (9.3%), vomiting (8.9%) and pica (6.2%) were most common. In advanced adult

animals the most common clinical sign was inappetence (5.8%).

Recorded health conditions that correspond to clinical signs are presented in Table 2. Over the
course of the study, a renal failure due to vitamin D toxicosis was diagnosed in 39 of the 96
animals older than 1- wk-old. The study showed that 55.4% (143/258) of the clinical signs were
associated with vitamin D toxicosis. Of the clinical signs associated with vitamin D toxicosis,
30.8% (44/143) were inappetance, 21.7% (31/143) were vomiting, and 17.5% (25/143) were pica.
In 2009, vitamin D toxicosis was diagnosed in 28 animals (one young, six subadults and 21
adults) of the 46 animals examined (from a total of 73 live animals). At the end of the period of
study, vitamin D toxicosis has been diagnosed in 31 animals (all adults) of the 66 animals
examined (from a total of 78 live individuals). These 31 animals were staged as follows: 13 in
stage 1 (41.9%), 8 in stage Il (25.8%), and 10 in stage III (32.2%). Data showed that 67.6%
(94/139) of clinical signs in 2009 and 72.8% (48/66) in 2010 were associated with vitamin D

tOX1COSIS.
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Table 2. Health conditions in 96 Iberian lynx (Lynx pardinus) older than 1 week old in the
ex situ conservation programme (2004-June 2010). Percentages are referred to the total

diagnosed clinical signs (n=258).

. Animals . Nqnlber. of

Health conditions affected Mortality clinical signs

(%)

Vitamin D toxicosis 39 5 143 (55.4%)

Intraspecific trauma 36 3 39 (15.1%)
Gastrointestinal disease 6 9 (3.5%)
Dermatophytosis 5 9 (3.5%)
Suspected idiopathic epilepsy 4 7(2.7%)
Minor trauma 3 7(2.7%)
Insects bite 3 6 (2.3%)
Salmonellosis | 1 4 (1.6%)
Bronchopneumonia 2 4 (1.6%)
Multiple pathologies 1 1 3(1.2%)
Idiopathic enteritis and constipation 2 3(1.2%)
Anal sac infection 3 3(1.2%)
Acute renal disease 1 2 (0.8%)
Abscess caused by digit osteomyelitis 1 2 (0.8%)
Snake bite 1 2 (0.8%)
Fractures 2 2 (0.8%)
Umbilical hemia 4 2 (0.8%)
Diaphragmatic hernia 1 2 (0.8%)
Feline calivirus infection 1 1 2 (0.8%)
Spinal trauma | 1 (0.4%)
Dental abscess | 1 (0.4%)
Giardiasis | 1 (0.4%)
Idiopathic chylothorax 1 1 1 (0.4%)
Mammary carcinoma 1 1 (0.4%)
Femoral neck metaphyseal osteopathy 1 1 (0.4%)
Umbilical abscess 1 1 (0.4%)
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Intraspecific trauma affected 36 individuals and it was the health condition with the second
highest number of associated clinical signs (14.7%; 39/265). The majority of these signs, 94.9%
(37/39), were skin wounds. A total of 75.6% (31/41) of the aggressions were between siblings.

This type of aggressions produced bone fractures in three youngs.

Trichophyton mentagrophytes was isolated from skin lesions in five youngs from three litters in
one breeding center during different years. 7. mentagrophytes was also isolated from the live
rabbits that were fed to the animals at the affected breeding center. An additional case of
dermatophytosis due to Microsporum canis was seen in an adult female with focal dermatitis. A
course of vomiting and depression was observed in six animals in one breeding center in 2006.
Animals were mildly affected and did not receive further evaluation. Generalized seizures were
observed in three hand-reared youngs in 2008 and one dam-raised young in 2010. Diagnostic
tests performed in two of the hand-reared youngs, including cerebrospinal fluid analysis, magnetic
resonance imaging, complete blood count, serum chemistry panel, toxin and infectious disease
testing, did not reveal an etiology. These seizures were diagnosed as suspected idiopathic epilepsy.
Another episode of seizures in one dam-raised young in 2009, that ultimately died, was caused by
acute toxic encephalopathy resulting from Salmonella enterica infection. The only other
Salmonella isolation in the CBP was §. arizonae from rectal swabs in a healthy lynx female and

her three youngs during a routine health evaluation.

Umbilical hernias were found in four captive born youngs in the CBP that presented with
abdominal swellings. Other occasional but otherwise significant diseases presented were a femoral
neck metaphyseal osteopathy in a young individual and a mammary carcinoma in a 9 yr old

female.

Mortality

Mortality results are presented in Table 3. A total of 25 individuals were less than 1-wk-old,
including a group of 12 aborted, premature, and stillborn animals. Ten of the neonates died due to
maternal neglect, despite eight being hand-reared and receiving medical attention. Escherichia
coli septicemia affected three of these neonates and a bronchiolointerstitial pneumonia was

diagnosed in another. Two dam-raised neonates died due to primary bacterial infections: E. coli
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septicemia with peritonitis, and a Corynebacterium spp. septicemia. Finally, one neonate died due

to traumatic lesions from the dam.

Table 3. Causes of mortality in neonatal and non-neonatal Tbenan lvox
(Lynx pardinus) i the ex situ conservaton programme (2004-June 2010)

< 1-wk-old - 1-wk-old
n=25; 62.5% n=15; 37.5%
Abormus/premature birth/stillbarth 12
Maternal neglect 10
Sephicenua 2 1
Feline cahicivirus infection 1
Intraspecific trauma 1 3
Idiopathic chylothorax 1
Accidental electrocution 1
Vitamun D toxicosis 5
Anesthetic complications 1
Multiple pathologes 1
Flea infestation 1

The other 15 deaths were noted in non-neonates. Five animals in the terminal stage of renal failure
due to vitamin D toxicosis were euthanized for humane reasons. The most significant and
common histologic lesions were metastatic mineralization of varying degrees in several organs,
with renal tubular mineralization and interstitial fibrosis. After the first renal failure cases in the
CBP were identified in 2009, use of the supplements was discontinued. No new cases of renal
failure have been identified since discontinuing these supplements. Mycobacterium bovis was
isolated in two of the deceased vitamin D toxicosis animals. One animal had granulomatous

lesions in the lungs and kidneys only, and the other had disseminated disease.

Six youngs died for different reasons. One young died of direct sibling-induced trauma, and two
others, from different litters, were killed by their own dam during a sibling-aggression event. One
hand-reared young that was introduced into the litter of a domestic cat for socialization died from

a FCV infection not detected in the dam. Another young died after an acute period of depression
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due to idiopathic chylothorax. One young died of encephalopathy. S. enterica was isolated from
the intestine and lungs of this animal, and meningitis and hemorrhagic pneumonia were the most

remarkable histologic findings.

A 21-yr-old female was euthanized due to a progressive decrease in body condition. Postmortem
exam revealed multiple pathologies including a Pseudomonas peritonitis secondary to pyloric
perforation, glomerulosclerosis, esophageal squamous cell carcinoma, and leiomyoma in one anal
gland. Additional deaths included one animal that died due to an accidental electrocution from
biting an electric cord, the anesthetic death of a healthy individual, and a massive flea infestation

case.
DISCUSSION

This work offers valuable information regarding clinical signs, health conditions, and mortality
about the CBP. However, as a retrospective study there are inherent limitations associated with
some variations in living conditions and husbandry in each breeding center, record keeping,

available data, terminology used, and differences of opinion in medical and pathologic diagnoses.

The study shows that a clinical signs analysis for this captive population is not useful in making
management decisions because as state above a considerable proportion of clinical signs remained

undiagnosed and were self-limiting. Thus, more emphasis should be placed on getting diagnosis.

Vitamin D toxicosis causing a renal failure, was the most significant health problem in the CBP
during the study period, and was associated with a large proportion (37.5%) of the diagnosed
clinical signs. It is necessary to take into consideration that non-specific clinical signs, such as
inappetence and vomiting, could be caused by other diseases, concomitant or not related to
vitamin D toxicosis. Pica related to vitamin D toxicosis has not been found in the literature. The
reason for the observed association between this toxicosis and pica at one breeding center is
unclear. Vitamin D toxicosis has been reported in domestic cats fed diets with high cholecalciferol
content (Morita et al., 1995), however this is the first published outbreak of vitamin D toxicosis in

non-domestic felids.

The sibling aggression observed in the CBP probably also occurs in the wild (Palomares et al.,
2005) and has been observed in captive Eurasian lynx (Lynx lynx) (Sokolov et al., 1994).
Aggressive youngs in the CBP were often temporally separated from the others, in order to
prevent the risk of severe injuries or death of the attacked young. However, despite the potential

consequences, allowing this behavior to some degree has merit in order to reintroduce
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behaviorally normal individuals. Furthermore, as the number of animals in the CBP is increasing

the rate of intervention can be reduced or eliminated completely.

One of the main concerns of any captive breeding program is the introduction or development of
infectious transmissible diseases, that could represent a health risk for the free ranging populations
if infected animals were reintroduced (Lutz et al., 1996; Kennedy et al., 2002). However,
transmissible diseases do not appear to be a significant problem for this CBP. The fatal FCV
infected lynx was kept in an isolated enclosure outside the breeding center and no other cases were
detected. Other cases of tuberculosis have been reported in both free ranging and captive Iberian
lynx (Briones et al., 2000). Feeding on infected wild ungulate carcasses is considered to be the
primary source of infection (Gortazar et al., 2008) therefore Iberian lynx had been infected in the
wild, prior to entry into the CBP. It is likely that the M. bovis infection remained latent until the
renal failure acted as a debilitating factor. These tuberculosis cases highlight the need to develop a
diagnostic panel to screen for mycobacterial infections in the CBP that should include
radiographs, a tracheal wash and the development of a specific serologic test. Routine
coproparasitological testing performed showed low levels or lack of pathogenic gastrointestinal
parasites. Thus, CBP quarantine and extensive infectious disease testing have proven effective,

and consequently should be maintained and reviewed periodically.

Salmonellosis and dermatophytosis are diet-related diseases detected occasionally in the CBP.
Salmonella isolation in fecal samples is common in healthy captive felids, and is often related to
feeding raw meat diets, particularly horse and chicken (Clyde et al., 1997; Lewis et al., 2002).
Salmonella spp. were infrequently isolated in the CBP, probably due to the use of a different diet.
The isolation of S. arizonae from healthy individuals in the CBP probably was related to the
sporadic contact with reptiles present in the enclosures (Cambre et al., 1980). In contrast, S.
arizonae caused a fatal septicemia in a young Eurasian lynx (Macri et al., 1997). Only one case of

fatal infection with S. enterica case was detected in the CBP, and it was probably from a

contaminated source, however bacterial culture of food source was not possible.

The origin of dermatophytosis cases was likely from the infected live rabbits used as a food
source. Consequently good husbandry and hygiene practices in rabbit farms contracted as food
suppliers should also be required. Dermatophytosis has been documented in other non-domestic

felids (Rotstein et al., 1999; Wack et al., 1992), but no relation to prey food has been established.

Nutrition is a key factor in preserving the health of animals in the CBP. Routine control of food

sources and hygiene are performed, but they need to be standardized in all the breeding centers.
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Moreover, regular analysis of food components and supplements, as well as hazard analysis of

critical control points should be performed.

The suspected idiopathic epilepsy cases in the CBP could be congenital but non-identified factors
in the hand-rearing process could not be ruled out. Generalized seizures in domestic cats and other
felids can have multiple etiologies (e.g. viral infections, forebrain tumors, intoxications) but a

large proportion remain undiagnosed (Schriefl et al., 2008).

A more complete diagnostic work-up should be implemented in seizures cases in the CBP. In

addition, the exclusion of the individuals with idiopathic epilepsy as breeders should be evaluated.

Femoral neck metaphyseal osteopathy has not been previously reported in non-domestic felids,
and just a few similar descriptions in other zoo species are available (Delclaux et al., 2002). The
condition observed in the individual in this study is similar to a condition seen in domestic cats
and to the Legg-Calvé-Perthes disease in the domestic dog (Queen et al., 1998; Schulz 2006). As
in the dog, a congenital origin should be considered, and consequently the exclusion of these

animals as breeders should also be instituted.

Our data analysis suggests that it is necessary to create a more detailed, standardized protocol for
the recording of clinical signs and diseases for future comparative morbidity and mortality studies.
Several times data recorded was incomplete or there were misinterpretations. Moreover
biomedical information should be recorded in one single database within the program and the

diagnostic centers in order to share information.

Research to investigate congenital diseases should also be considered. Additionally, studies of
stress in captive lynx should also be considered due to its potential implications in some diseases
and in order to improve husbandry. Finally, a regular external and impartial quality control of
health aspects and biomedical recordings at the Iberian lynx ex situ conservation program should

be implemented in order to maintain high quality standards.
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5.3. CAPITULO 3.
REPRODUCTIVE PARAMETERS OF CAPTIVE IBERIAN LYNX

Based on: Martinez, F., Pastor, J., Temple, D., Manteca, X. Reproductive parameters of captive

Iberian lynx (Lynx pardinus). (submitted to Theriogenology).



86



REPRODUCTIVE PARAMETERS OF CAPTIVE IBERIAN LYNX (LYNX PARDINUS)

Fernando Martinez, D.V.M., M.Sc., Josep Pastor, D.V.M., Ph.D., Dipl. E.C.V.C.P., D¢borah
Temple, D.V.M., Ph.D., Xavier Manteca, D.V.M., Ph.D.,

From the Department of Animal Medicine and Surgery, Veterinary Faculty, Autonomous

University, 08193 Bellaterra, Barcelona, SPAIN (Martinez, Pastor)

From the Department of Animal Science and Food, Veterinary Faculty, Autonomous

University, 08193 Bellaterra, Barcelona, SPAIN (Manteca, Temple)

87



Abstract: We analyzed eight years of data from the captive population of the highly
endangered Iberian lynx (Lynx pardinus) in order to determine several reproductive parameters
and study if they were affected by age, condition (wild-born or captive-born), or origin of the
breeders (Sierra Morena or Dofiana areas). The founder population was composed of 33 females
and 34 males. 74,3% of the total pairings mated. The mating period (the time during which the
animals copulate) lasted a mean of 3.1 days, during which the animals copulated an average of 23
times. Captive-born males had a lower mating frequency than wild-born ones (18 vs. 24 times;
p=0.018). The breeding proportion (number of births out of number of pairings) was 47.7%.
Mating success of females (percentage that gave birth from those paired) was greater in older
animals and it was not affected by their condition or origin. After a mean gestation of 64.4 days,
the average litter size was 2.4 cubs with a mean sex ratio of 1.15 (males out of females). Sex ratio
was significantly male-biased in the litters of females from Dofiana in comparison with that of
females from Sierra Morena (1.9 vs. 1.0.; p=0.029). Almost half of the litters were twins and one
third triplets. As the mating frequency increased the probability of having triplets over twins
increased. Litter size was not affected by the age, condition or origin of the female, however,
within the wild-born females from Sierra Morena there was a tendency for bigger litters. First
pregnancies registered a high perinatal mortality. Cub survival at weaning was 61.3% and in a
hypothetical scenario, without assistance for cubs at risk, cub survival would have been 51.6%.
Reproductive output of females (mean number of alive cubs at weaning out of females that gave
birth) was significantly higher with assistance than it would have been had assistance not been
applied (1.5 vs. 1.2 cubs per female; p=0.015) and it was not affected by condition or origin of the
female. However there was a tendency for the reproductive output to be higher in older females
where assistance was applied. The results obtained made it possible to establish comparisons with

data from free-ranging populations of this species and from the Eurasian lynx (L. lynx).

Key words: Lynx pardinus, captivity, breeding, sex ratio, litter size, cub survival, reproductive

output
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1. Introduction

The Iberian lynx (Lynx pardinus) is endemic of the Iberian Peninsula (Ferrer and Negro 2004),
where it was moderately abundant and widely distributed until the 18" century (Graells 1897).
The species has suffered a drastic decline in most of its original distribution area due to
anthropogenic reasons (Cabrera 1912; Valverde 1963; Rodriguez & Delibes 1992), and thus, in
the early 21* century, Guzman et al. (2004) found that only two isolated populations survived in
southern Spain: Dofiana and eastern Sierra Morena. The decline in Iberian lynx numbers has had a
dramatic effect on the genetic variation of the species. Lynx genetic diversity is low in Sierra
Morena and extremely low in Donana (Johnson et al., 2006; J. A. Godoy, personal

communication).

Besides actions for the conservation of the free ranging populations (Simoén et al., 2008) an ex situ
conservation program was initiated in 2003 with the main aim of maintaining 85% of the lynx’s
genetic variability over a 30 year period, and generating new free ranging populations through
reintroduction (Simon et al., 2012). The program was expected to have at least 60 adult captive
lynx (30 males and 30 females) in 2009 (Vargas et al., 2009). The Iberian lynx captive breeding
population (CBP) has increased year after year through the incorporation of animals captured from

the wild and individuals born in captivity.

In this paper, several reproductive parameters of the CBP were studied and some of them were
related with age, condition (wild-captured or captive-born), and origin (Dofiana or Sierra Morena
areas). The knowledge of reproductive parameters and how they vary with different factors is
relevant for the implementation of both in situ and ex situ conservation strategies for endangered
species (Wielebnowski 1998). Thus, the knowledge of the Iberian lynx reproduction parameters
will make it possible to evaluate the management of the CBP and consequently guide future

management recommendations for the specie.

Several reproductive parameters of Iberian lynx free-ranging population in Dofiana area are
known and they have been studied in relation to prey availability, time frame and genetic diversity
(Palomares et al., 2005; Palomares et al., 2012). However, the existence of a captive lynx
population that is closely monitored allows other reproductive aspects that are much more difficult

to study in the wild to be observed.

In general, in free-ranging populations it is expected to find a strong relationship between the

availability of resources for reproducing females and their reproductive parameters (Stearns 1992).
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Thus, due to the absence of resource constraints, we expected that captive Iberian lynx females
had lower age at maturity and higher reproductive output than free-ranging lynx (Henriksen et al.,
2005). Furthermore, some studies have documented that there is a strong male-biased sex ratio in
litters born from free ranging animals that received supplemental feeding (Robertson et al., 2006),
a condition that would be similar to a captive population. Consequently, we also expected in the

CBP a male-biased sex ratio.

With relation to the breeding age of the females, data from other species show that there is a lower
proportion of young females producing offspring compared with old females, and that the litter
sizes of young females are smaller than those of old females (Pianka & Parker 1975; Clutton-

Brock 1991).

Another factor is inbreeding, which has deleterious consequences on all aspects of reproduction
and survival, including mating ability, female fecundity, cub survival, and mothering (Frankham
2005). Thus, it was expected that the more inbred animals from Dofiana origin would have worse

reproductive parameters than the animals from the Sierra Morena origin.

Finally, free ranging animals brought to captivity could suffer more stress than those raised in
captivity. Therefore, because stress can affect reproduction (Liptrap 1999), in general it was
expected that captive-born Iberian lynx would have better reproductive parameters than those
wild-born. The possibility to compare reproductive parameters of captive-born animals with wild-
captured animals in captive conditions is uncommon in zoo collections and other breeding
programs, where most of the individuals are captive born (Henriksen et al., 2005; Marker 2011).
This comparison in the CBP will not be possible in the coming years as the population will consist

almost entirely of captive-born individuals.

2. Materials and methods
2.1 Animals

The age of the animals was rounded up, for the sake of simplicity, taking into account that most
copulations and births took place in January-February and March-April respectively. Thus, for
example animals that conceived at the age of approximately 22 months were referred to as 2-year
olds. Adult animals were considered those with two or more years of age, and they were

categorized into four age groups: 2-yr-old, 3- to 4-yr-old, 5- to 6-yr-old, and over 6-yr-old.
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Neonates were considered those individuals from the time of birth to one week of age, and cubs
those from one week to three months of age. Stillbirths and prematures were those individuals
delivered before the estimated time of birth. Litter sex ratio was calculated as the proportion of

males out of females at the time of birth.

Animals were divided into two categories, according to their condition: captive-born or wild-born.
Moreover, they were also divided according to their population of origin: Sierra Morena, Dofiana

or crossbred between Sierra Morena and Dofana.

The reproduction parameters of 33 females (19 wild-born, 14 captive-born, where five were from
Dofiana population, 21 from Sierra Morena and 9 were crossbred between Dofiana and Sierra
Morena) and 34 adult males (18 wild-born, 16 captive-born, where one was from Dofiana, 24 from
Sierra Morena and 9 were crossbred between Dofiana and Sierra Morena) were studied from 2004

to 2011.
2.2 Breeding facilities and general husbandry

CBP was distributed among the captive breeding centers of “La Olivilla” (Jaén, Spain), “Centro
Nacional” (Silves, Portugal), “El Acebuche” (Huelva, Spain), “Granadilla” (Caceres, Spain), and
in an off-exhibit area in “Zoobotanico de Jerez” (Cadiz, Spain). Animals were kept in outside
enclosures that ranged from 550 m? to 1,200 m” with natural substrate and vegetation, and with
visual, auditory and olfactory contact. The enclosures were adjacent to each other and there was a
system of corridors and doors that facilitated animal movements and introductions for breeding
purposes without the need of capturing the animals each time. In each enclosure there were one or
two dens, some constructed out of concrete, and others made of natural materials, for the animals

to breed.

Indirect animal monitoring was performed by 24 hour surveillance with fixed and mobile remote
cameras and infrared lighting. Reproductive events were recorded by the keepers and video

surveillances in a computer database.

The keepers and other staff managed the lynx by going into the enclosure to feed, clean, and do

enclosure maintenance while the animals had been moved to a closed pen area.

Lynx were fed a controlled and weighed diet of farm-bred live rabbits and rabbit carcasses (five

days a week), quail or beef (one day a week), and vitamin supplements.
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2.3 Reproductive management

A genetically based selection of potential pairs was performed before the reproductive season
(Godoy et al., 2009). Animals could be transferred between breeding centers to perform the
selected pairings. Compatibility of the selected male and female was first determined when they
were placed in contiguous enclosures separated by a fence. If female and male behaved in a
manner indicating no aggressive behavior the male was moved into the female’s enclosure.
Females were considered to be in prooestrus-oestrus state when they showed marked behavioral
changes as an increase in urine spraying, vocalization, tail lifting, and rolling. At the end of the
mating period the male was usually removed from the female’s enclosure and in some cases,

moved in with another female in prooestrus-oestrus state.
2. 4 Reproductive events

Pairing was considered when a potentially breeder adult male and adult female were placed in the
same enclosure for breeding purpose. The total number of times the animals mated was registered

in most of the successful pairings.

First reproduction was considered in those females that reached two years old within the program
and were paired at this age. Consequently, females that were incorporated into the program or
paired at 3 years old or more, were not included in the calculation of first reproduction. Breeding
proportion was defined as the percentage of females giving birth from the total paired. Mating
success of females was defined as the proportion of females that gave birth from those that mated.
In order to study if there was any reproductive pattern, those females that were paired

consecutively from the age of 2 years were selected.

Length of gestation was calculated from the first copulation to birth. Delivery of stillbirths,
prematures, or neonates was the final indication of pregnancy, and litter size was considered as the
total number of cubs that were delivered (viable or not) at birth. Mean litter size was the number
of cubs born out of the total number of females that gave birth. Three months of age was adopted
as criterion for successful survival of cubs because this is the weaning age of cubs in free-ranging
populations (Fernandez et al., 2002). Cub survival and reproductive output were studied at
weaning. Reproductive output was defined as the number of live cubs at weaning from the total

number of females that gave birth.

During the study period litters were assisted in the case of prematures, neonates, or cubs in a life

threatening condition. Assistance measures included hand-rearing and/or medical treatment. In
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order to compare those assisted with the free ranging population and the efficacy of litter
management, we used the term natural for cub survival and reproductive output where there had
not been any human intervention. Thus in a natural scenario we assumed that all those individuals

at risk would have died.

Sibling aggression was common within the CBP (Antonevich et al.,, 2009), and human

intervention was done in some cases of sibling aggression.
2.5 Statistical analysis

Statistical analysis was performed by means of the Statistical Analysis System (SAS® 9.2;
software SAS Institute Inc., Cary, NC; 2002-2008). The response variables: matings, mating
success of females, litter size and reproductive output at weaning were analyzed using a
GENMOD procedure taking the female lynx as a repeated measure. The model of matings
examined the effect of the condition, population of origin and age of the male as well as the effect
of the litter size. The models of mating success of females, litter size and reproductive output at
weaning accounted for the effect of the age, the condition and the population of origin of the
females as well as their interactions. The year of observation was tested as a fixed effect in each
model. A binomial distribution was used for mating success of females whereas count data such as
litter size, reproductive output at weaning and number of matings were examined using a Poisson
distribution according to the value of the deviance (Cameron and Trivedi 1998). The residual
maximum likelithood was used as a method of estimation and the least square means of fixed

effects (LSMEANS) were used when analysis of variance indicated differences (p < 0.05).

A Wilcoxon signed rank test for paired variables was used to investigate whether significant
differences existed between the reproductive output at weaning with and without assistance.
Spearman’s correlation coefficients between litter size at birth and reproduction outputs (with and

without assistance) at weaning were calculated.

A Mann-Whitney Wilcoxon test was used to investigate whether significant differences existed

between the age of first reproduction of captive-born and wild-born females.

The effects of the female condition and population of origin on the sex ratio were studied by

means of a GENMOD procedure and using a binomial distribution.

Values are presented as mean+ SE (standard error).
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3. Results
3.1 Pairings and matings

A total of 109 pairings were established in the CBP. Seventeen out of the 33 potentially
reproductive females (51.5%) were paired for the first time at two years of age, and fourteen
females (42.4%) at three years of age. Twenty-nine out of the total number of females (87.9%)

mated at least once.

From the total of number pairings, 81 mating events were registered (74.3%). The mean date for
the start of matings was the 2" of February (the 32.4 day of the year+2.45, n=73, range=1-120),
the mating period lasted a mean of 3.1+0.26 days (n=24, range=1-5), and there were a mean of
23.0£1.14 copulations per pair (n=74, range=5-65). Two mating periods were registered on the
2nd of July, but one was in a second oestrous. Most of the paired individuals mated (87.9% of the
males and 94.1% of the females). Wild-born males copulated more times than those captive-born
(24.2+1.4, n=17 vs. 18.2£1.5, n=15; p=0.018). The number of copulations was not significantly
affected by the study year (p=0.59), the male’s age (p=0.22) or the population of origin of the
male (p=0.31).

A breeding pattern was observed in a subgroup of six females that were paired four or more
consecutive years from two years of age on (two females in six consecutive years, three in five
years, and one in four years). There was not a constant breeding pattern in these females, but we
could observe some tendencies: usually they did not reproduce at two years of age (5/6 females),
the first reproduction usually presented with neonate losses or non attended neonates (5/6), and
once they started to reproduce, they usually continued to do so in consecutive years (4/6), with the
exception of 2010 where only one of those six females bred. The absence of a clear reproductive
pattern was more evident when we considered all the females paired four or more consecutive

years (n=11) regardless of the age they first reproduced.
3.2 Births, litter size and sex ratio

A total of 52 gestations were registered giving a breeding proportion of 47.7%. The mean birth
date was the 3™ of April (the 93.6 day of the year+ 3.15 SE). The mean gestation time was
64.4+0.157 days (n=43, range=62-67). A total of 7 gestations (13.5%) lasted less than 61 days and
those litters were considered stillbirths or premature. Only one premature, of 59 days of gestation,

survived due to an intensive treatment.
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Twenty-two out of the total number of females (66.7%) gave birth at least once. The condition and
the population of origin had no significant effect on the mating success of females (p=0.63 and
p=0.34 respectively). Mating success of females was not affected by the year of study either
(p=0.98). However, the age of the female had a significant effect on the mating success (Fig.1).
Females of 5-6 years of age that had previously mated were more likely to give birth than 2 year

old females (p=0.04).
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Fig. 1 Mating success of females (females that gave birth out of those that mated) in different
age groups *:p <0.05;¢:p<0.10.

On average, females reproduced at 2.7+0.359 years old (n=11, range=2-6). The mean age of first
reproduction in captive-born females was not significantly lower than in wild-born females
(2.3+£0.864, n=7, range=2-3 vs. 3.5£0.866, n=4, range=2-6; Wilcoxon Two-Sample Test, z=1.483,
p=0.169). From the first 11 reproductions, perinatal mortality in form of stillbirths, premature, or
non-attended cubs were registered in 9 occasions (81.8%). The older females that reproduced
during the study period were two nine year-old individuals; two other females where paired with

10 and 11 years old respectively, but no mating was observed.

A total of 124 individuals were born. The mean litter size was 2.4+0.091 (n=52, range=1-4). The
year of study (p=0.58), age (p=0.96), condition (p=0.70) or population of origin (p=0.30) of the

females had no significant effect on the litter size. However, within wild-born females, those from
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Sierra Morena had a tendency of producing bigger litters compared to those from the Dofiana
population (2.5+0.10 cubs vs. 2.1+0.21; p=0.072). More than half of the litters (53.8%) were of
two cubs, and over one third of three cubs (36.5%). Litters of one and four cubs were occasional
(5.8% and 3.8% respectively). Litters of 3 cubs were more likely to be related to more matings
than litters of 2 (28.1+3.149 matings, n=19 vs. 21.3+1.407 matings, n=28; p=0.0334). The low
number of litters of one and four cubs precludes the possibility of including those in the analysis
of the number of matings and litter size. In the 42 litters in which it was possible to determine the
sex of all the cubs, the sex ratio was 1.15 (53 males out of 46 females). Sex ratio was significantly
male-biased in the litters of females from Dofiana in comparison with that of females from Sierra
Morena (1.9 vs. 1.0; p=0.029). The condition of the female had no significant effect in the sex
ratio of the litters (p=0.66).

3.3 Cub survival and reproductive output of females at weaning

From the total 124 individuals born, 13 (10.5%) were stillbirths and 17 (13.7%) neonates that died
before reaching one week of age. 26 neonates (21%) non-attended by the dam were hand reared or
treated, from which 11 finally survived. Only four cubs were lost after one week. Cub survival at
weaning (3 months of age of the litter) was 61.3% (n=76). The natural cub survival would have
been 51.6% (n=64) had assistance not been applied. In this natural scenario the majority of the
deaths in the first 3 months would have been registered within one week after birth, a total of 56
neonates (45.2% of the individuals born). Moreover, when we compared the mean reproductive
output at weaning (1.5+£0.159 cubs) with the natural reproductive output (1.2+0.168 cubs), there
was a significant difference (S=14, p=0.015). Reproductive output was not significantly affected
by the year of study (p= 0.68), the population of origin (p=0.30) or the condition of the female
(p=0.70). When assistance of litters was performed, females more than 5 years old (5-6 yrs,
p=0.081; >6 yrs, p=0.089) tended to present a higher reproductive output than the 2 year-old
females (Fig. 2). The reproductive output without assistance was highly correlated to the mean

reproductive output with treatment (Spearman correlation rs = 0.85, p < 0.0001).

4. Discussion

This work offers valuable and detailed information on reproductive parameters in an intensively
monitored captive population of a critically endangered felid. Some of these parameters are almost

impossible to observe in the wild. Some of our results can be compared with reproductive data
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Fig. 2. Reproductive output at weaning of females at different age intervals with litter
assistance (treatment and/or hand rearing) or in a hypothetical natural scenario without assistance

of the litter , » : p= 0.05-0.10.

from free ranging Iberian lynx, but taking into consideration that free ranging data came from a
reduced number of individuals of a subpopulation in the Dofiana area (Palomares et al., 2005;
Lopez-Bao et al., 2010; Palomares et al., 2012), whereas the CBP was composed mainly of
individuals from Sierra Morena area. Those remaining populations have been separated more than
50 years (Rodriguez & Delibes 1992), and if low genetic variability had affected reproductive
traits this effect is likely to have been more pronounced in individuals from the Dofiana population
than those from Sierra Morena. Unfortunately there are not published data on reproductive
parameters from the free ranging Sierra Morena population in order to establish a more reliable

comparison between captive and free ranging reproductive parameters.

The reason why within the CBP captive-born males mated less than wild-born males is unclear.
Both were under the same captive conditions, regarding diet and management, and if there had
been some negative impact of stress on reproduction (Liptrap 1993) it should have been expected
to affect those wild-born males brought to captivity and not those born in captivity. One
hypothesis for this reproductive fitness decline was that there was an environmental effect of
captive rearing. In the Iberian lynx, the mating frequency was related among other factors, to the

number of spermatozoa, and there were no major differences in sperm characteristics between
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captive and free ranging lynx (Ganan et al., 2010), as it has been seen in other felid species
(Crosier et al., 2007). All the captive animals described by Ganan et al. (2010), except for one,
were wild-born. Thus, for the Iberian lynx, the captive condition of the wild-born animals does not
affect the number of spermatozoa, and with our results it would be expected that captive-born
males, due to a lower mating frequency, had a reduction of the number of spermatozoa. Studies in
sperm characteristics focused in captive-born males should be performed in order to confirm this

hypothesis.

The breeding proportion in the CBP (47.7%) was considerably lower than in the free ranging
populations of Iberian lynx, and L. lynx both in captivity and in the wild (Table 1). An increased
probability to give birth has been observed in other species where individuals were allowed to pair
with preferred partners (Martin et al., 2012). Pairings in captive breeding programs are usually
determined by genetic criteria, and therefore partner preferences are not considered. Consequently,
a lower breeding proportion should be observed. However in L. lynx there are no major
differences in the breeding proportion between captive (Henriksen et al., 2005) and free ranging

populations (Andersen et al., 2003; Breintenmoser-Wiirsten et al., 2007). Supplemental feeding of
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Donana’s free ranging population, a diet regimen that could be considered similar to a captive
situation, did not lead to an increase in the breeding proportion (66%) or litter size (mean=2.44+0.9
cubs per female), which suggests that productivity was not only limited by food (Lépez-Bao et al.,
2010). In fact, breeding proportion and litter size tended to be lower when supplemental food was
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offered than in previous studies of free ranging populations from 1993-2001, perhaps reflecting a
cumulative deterioration of reproductive performance in the Dofiana lynx population after several
decades of isolation (Lopez-Bao et al., 2010). Within the CBP, breeding proportion of females
from Sierra Morena and Dofana origin was similar, suggesting that if low genetic variability was
the factor that had reduced breeding proportion and litter size, it was affecting both Dofiana and

Sierra Morena population.

Iberian lynx females clearly exhibited different breeding patterns. Breeding pattern irregularity
was also observed in free ranging Iberian lynx population, and like breeding proportion, it was not
related to European rabbit (Oryctolagus cuniculus) abundance, the main prey of the Iberian lynx
(Delibes 1980), nor to other ecological factors (Palomares et al., 2005). Thus, in the Iberian lynx
free ranging populations it was suggested that breeding patterns were probably related to
characteristics of the females, and this is probably what also happened in the CBP. It should be
noted that the very low breeding proportion in 2010 was related to the vitamin D toxicosis that
affected a high percentage of the breeders in the CBP (Martinez et al., in press), whereas the

mating success of females was not affected.

Almost half of the first pairings of females were of individuals of 3 years of age, although females
of 2 years were capable of reproducing. While it would appear advisable that the first pairings
should be made when females are two years old, due to the low breeding proportion and the high
perinatal mortality at this age, it is preferable to begin pairings when females are 3 years old. In
free ranging Iberian lynx it was not observed reproduction in two year old females (Palomares et
al., 2005), despite the fact that it had been described in other lynx species (Kvam 1991; Mowat et
al., 1996; Stehlik 2000), but with a lower breeding proportion in younger females (Henriksen et
al., 2005) as in the CBP.

Five females captured at the age of 6-7 months and incorporated into the CBP, weighed 9.0+0.447
kg when they reached 20-32 months of age, almost the same weight as their free ranging
counterparts (Beltran & Delibes 1993); however, a group of four captive-born females weighed
12.0+£0.216 kg at that same age (unpublished data). Probably a more abundant diet, lacking
quantitative and qualitative fluctuations, and the vitamin and mineral supplementation produce
bigger cubs (O’Regan & Kitchener 2005). Moreover, the CBP presented a lower burden of
gastrointestinal parasites (Martinez et al., in press) than free ranging populations (Vicente et al.,

2004; Acosta et al., 2011), which could have made that the digestive efficiency and then the cubs
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growth had not been as affected as in the wild. Also in captivity animals had reduced energetic

expenses.

It has been observed in several species that females that mature earlier are generally heavier than
those with delayed maturation (Nilsen et al., 2010). Despite the fact that our study showed that
heavier captive-born females started to reproduce earlier than wild-born ones, those differences
were not significant, probably due to a low sample size. Hormonal studies in captive-born and
wild-born females should be performed to study the age of maturity in order to clarify these

findings.

Some females in the CBP, either captive-born or wild-born, could reproduce at two years of age.
However, reproduction of free ranging females at two years of age have not been described
(Palomares et al., 2005, 2012). In contrast to free ranging conditions, animals in captivity don’t
need to find, maintain and defend a suitable territory against older and experienced females

(Ferreras et al., 1997), which could explain why they can reproduce at two years of age.

In the wild, the Iberian lynx bred for the last time at 9 years old, but in free ranging populations
females seldom reach the stage of senescence (Palomares et al., 2005). Our data is insufficient to
establish the last reproduction age of captive Iberian lynx, but it is expected to be similar to the L.

lynx where females can reproduce at 15 years old (Stehlik 2000; Henriksen et al., 2005).

Our results showed that the increase of matings, and consequently the number of spermatozoa
(Gafian et al., 2010), increased the possibility of triplet births over twins. Iberian lynx are induced
ovulators (Goritz et al., 2009). As in the Iberian lynx, frequent matings in L. [ynx also increased
the number of ovulations and then the litter size (Naidenko et al. 2007). Our initial expectations
that in captivity litter size would be bigger than in free ranging populations due to the absence of
resource constraints have failed, and litter size in captivity and in the wild (Palomares et al., 2012)
were similar for almost the same period of study. Our results were similar to those observed in L.
lynx in captivity (Kaczensky 1991; Henriksen et al., 2005) and in the wild (Andersen et al., 2003;
Breitenmoser-Wiirsten et al., 2007). Fluctuations of rabbit abundance in free ranging population
areas, above a minimum rabbit density that allowed the reproduction of the species, did not have
an effect on the litter size nor the breeding proportion (Palomares et al., 2005), and could explain
that despite a regular abundant food provision in the CBP the litter size did not increase and was
similar to the free ranging populations. Thus, the Iberian lynx appears to have little sensibility to
changes in prey abundance in contrast to other lynx species as in the Canadian lynx (L.

canadensis), where fluctuations in snowshoe hare (Lepus americanus) populations had a great
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impact in its reproduction (Brand & Keith 1979; Mowat et al., 1996). However, our data collected
from 2004 to 2011, also showed that the litter size in the CBP was lower than the one in the free
ranging populations between 1993 and 2001. Moreover, it had been observed a reduction in the
litter size in Dofana’s free ranging lynx from two periods of time that might be related to the
increase of inbreeding for this population (Palomares et al., 2012). This hypothesis could be
confirmed by our finding in the CBP that wild-born females from the Dofiana population showed
a tendency of lower litter size than wild-born females from Sierra Morena. Once more, the
absence of data of reproductive parameters from the free ranging population of Sierra Morena
makes a more accurate interpretation difficult. Finally, females of Iberian lynx in captivity did not
show differences in mean litter size in relation to their age. Probably, as females will be older than

9 years a reduction in mean litter size will be observed (Henriksen et al., 2005).

The nearly balanced sex ratio at the moment of birth found in the CBP was in accordance with the
observations in the free ranging population (Palomares et al., 2005), and captive and free ranging
populations of L. lynx (Henriksen et al., 2005; Breintenmoser-Wiirsten et al., 2001, 2007). As in
the litter size, diet did not seem to have an impact on the sex ratio of the litters. However, in
certain free ranging and captive species a male biased sex ratio progeny has been related to a more
caloric diet and better female body condition (non-domestic ungulates Kruuk et al., 1999 and
Wauters et al., 1995; rodents and primates, Rosenfeld & Roberts 2004). We have not found an
explanation for the male biased sex ratio in litters from captive females of Dofiana origin, while
the sex ratio was balanced in litters from captive females of Sierra Morena origin and in litters

from free-ranging females of Dofana.

The close monitoring of a captive population as in the CBP allowed us to detect all the cub losses
and infant mortality (Martinez et al., in press). The comparison of the mean litter size at the
moment of birth with the reproductive output at weaning showed that usually one of the cubs born
was lost before the weaning period as in free ranging populations (Palomares et al., 2005). Most
litter deaths occurred within the first week after birth as stillbirths, premature and non-attended
cubs. Most of these dead cubs, as it had been observed in captivity, would probably have been
eliminated by the dam in free ranging conditions, thus, being undetectable if dens are inspected
days after birth; then cub survival in free ranging populations probably was overestimated from
the real cub survival. This could explain why cub survival in the free ranging populations of
Iberian lynx was 75% compared to 51.6% natural cub survival in the CBP. Therefore the mean
litter size in the wild could also be higher than what it had been observed (Palomares et al., 2005).

Another possible interpretation is that captive factors lead to lower litter size and/or more infant
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mortality. In the African lion (Panthera leo), for instance, 30% of wild-born cubs die before the
age of 6 months, starvation and predation being among the main causes (Schaller 1972). This data
strongly suggest that in captive conditions lion cub mortality in the first 30 days should thus be
well under 30%, whereas the zoo mean is 42.2%. One captive factor that can explain higher cub
mortality is chronic stress due to the reduced size of the enclosures. It has been demonstrated that
for 33 terrestrial carnivore species, their natural minimum home-range size predicted captive-
infant mortality, whereas the infant mortality in the wild was unrelated to range size (Clubb &
Mason 2007). However, it remains unclear why in the Iberian lynx where average home ranges
are about 6-10 Km? (Ferreras et al., 1997) presented much more natural cub mortality in the first
30 days (45.2%) than other felid species with similar home ranges (% captive infant mortality,
km? home range size, species: 28.6%, 4.4 km®, Leopardus pardalis; 33.3%, 6.4 km®, Oncifelis
geoffroyi; 41%, 9.7 km?, Leptailurus serval) (Clubb & Mason 2007).

Our initial expectations that wild-born lynx would be more stressed than captive-born and
therefore they would have worse reproductive parameters failed. Thus in captive jaguars
(Panthera onca) there were not any differences in the fecal corticoid metabolite (FCM)
concentration, one parameter to measure stress, between wild-born and captive born-animals
(Conforti et al., 2011). FCM analysis should be performed in the CBP to study if wild-born

animals after acclimation to captivity also present similar values than captive-born.

Sibling aggression was common in the litters in captivity of L. [ynx (Sokolov et al., 1994) and
Iberian lynx (Antonevich et al., 2009) causing the death of three cubs. One cub died of direct
sibling-induced trauma, and the other two, from different litters, were killed by their own dam
during a sibling-aggression event. Human intervention was done in some cases of sibling
aggression, but it is difficult to predict if it was determinant in cub survival, and therefore it was

not considered in this study.

The hand-rearing and treatment of neonates at risk proved to be effective in significantly
increasing the reproductive output at weaning. The tendency of a higher reproductive output with
assistance in older females compared to 2 year old females was consistent with the high mortality
of neonates at this early age, and probably also indicated that the possibility of survival of
neonates from the youngest females was lower than in older females despite assistance. However,
the assistance of some of those neonates could led to the survival of individuals with lower fitness
and enhance the likelyhood of accumulation of deleterious alleles. Three neonates that were hand

reared developed idiopathic epilepsy (Martinez et al., in press), and as a precaution those

102



individuals were not employed as breeders. Furthermore, usually hand-reared cub developed into
adult individuals with an incorrect natural socialization and potential difficulties as breeders. Thus,
a female that was hand-reared from birth and was paired for three consecutive years showed an
abnormal sexual behavior during the oestrous and didn’t mate with a proven breeder males. The
CBP’s goal is generating healthy individuals from the physical, genetic and behavioral point of

view, and that implies the selection of the appropriate captive-born animals to be the breeders.
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6 DISCUSION GENERAL
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6. DISCUSION GENERAL

El programa de conservacion ex situ del lince ibérico (Lynx pardinus) -en adelante PCEL- es un
complejo engranaje de distintas acciones disefiadas y desarrolladas por equipos multidisciplinares
que tienen como objetivos generales crear una poblacion cautiva reproductora que mantenga la
maxima variabilidad genética de la especie en la naturaleza, y que proporcione individuos dptimos

para la reintroduccion (Vargas et al., 2009).

Uno de estos engranajes ha sido la implementacion de un programa sanitario similar a los que se
realizan con otros felinos silvestres en cautividad (Meltzer et al., 1999). El programa sanitario del
lince ibérico tiene la particularidad que si bien surgié desde el PCEL se aplico para la especie
tanto en cautividad como en vida libre. El programa sanitario se vertebr6 a través de un grupo
asesor de aspectos sanitarios, al modo de los Veterinary Advisory Groups de los Species Survival
Plans de los zoos norteamericanos. El objetivo principal del programa sanitario era mantener una
poblacion cautiva sana, y que los animales criados en cautividad y reintroducidos no pudieran
suponer un riesgo sanitario para las poblaciones silvestres (Lutz et al., 1996). El programa
sanitario ha permitido aumentar los conocimientos sobre aspectos biomédicos de la especie y ha

colaborado con diferentes proyectos de investigacion.

Salvo siete animales que ya se encontraban en cautividad al inicio del PCEL y cuyo estado
sanitario ya habia sido evaluado, 41 ejemplares fueron capturados de las poblaciones silvestre, y
tras la cuarentena y excluir la presencia de enfermedades infecciosas, fueron incorporados a la
poblacion cautiva. A pesar de la cuarentena y de no haberse detectado signos de infeccion durante
afnos, se encontraron lesiones causadas por Mycobacterium bovis en dos animales que habian
muerto por otra causa. Los linces en la naturaleza consumen ocasionalmente ungulados silvestres,
y por tanto pueden infectarse al consumir animales infectados por M. bovis (Aranaz et al., 2004).
Se hace asi recomendable establecer un protocolo diagndstico ante Mycobacterium bovis tanto en
los animales que ya se encuentran en la poblacidon cautiva reproductora (PCR) como en otros que
puedan ir incorporandose de las poblaciones silvestres. El protocolo deberia incluir ademas del

examen y pruebas rutinarias, radiografias de térax, lavado bronquial, y serologia para M. bovis.

En las poblaciones silvestres de lince ibérico se han detectado casos de muerte por la infeccion por
FeLV y CDV (Meli et al., 2009; Meli et al., 2010; Lopez et al.,.2009) probablemente a partir del
contacto con carnivoros domésticos infectados que acceden a los habitats del lince. Casos
similares se han descrito en otras especies de felinos (CDV en leones africanos Panthera leo -

Roelke et al., 1996; FeL'V en panteras de Florida Felis concolor coryi - Cunningham et al., 2008).
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Las cuarentenas, asi como el emplazamiento de los centros de cria alejados de nucleos de
poblacion de donde pudieran llegar animales domésticos no controlados, y el disefio de las
instalaciones con un perimetro exterior, han disminuido el riesgo de entrada de enfermedades
infecciosas en la PCR. Sin embargo en muchos centros zooldgicos, al alojarse numerosas especies
de carnivoros silvestres que pueden estar infectados, y donde ademas es habitual el acceso y la
presencia de gatos domésticos incontrolados, es mucho mayor el riesgo de infeccion con agentes

patogenos compartidos (Duarte et al., 2009).

Salvo un caso aislado de Giardiasis en un cachorro no se han detectado otras patologias
parasitarias en la PCR, y los examenes coproparasitologicos periddicos en la PCR han detectado
bajas cargas parasitarias, por lo que no se han administrado antihelminticos de forma rutinaria.
Aunque no existan evidencias cientificas que lo respalden, algunos autores abogan por mantener
los microorganismos y fauna parasitaria propia de la especie (Kock et al., 2007). Asi por ejemplo
mantener en cautividad animales “limpios”, que reciben habitualmente antiparasitarios, podria
suponer que tras su reintroduccion se vieran afectados por parasitos del medio contra los que ya
han perdido su inmunidad natural. Asi para la CPB, el procurar evitar la administracion de
antiparasitarios de forma no dirigida, y el alojamiento en condiciones naturales en las mismas
areas donde se van a reintroducir los animales, podria tener un efecto beneficioso de cara a su

reintroduccion.

Probablemente la causa mas frecuente de desarrollo de enfermedades en programas de cria, tal
como hemos observado en el PCEL, es a partir de la alimentacion. Numerosos agentes infecciosos
e intoxicaciones pueden entrar o desarrollarse en una poblacion cautiva a partir de la comida que
reciben los animales. La unica patologia relevante en la PCR ha sido la intoxicacién de vitamina D
en el 2010 a partir del uso de suplementos vitaminicos que contenian un exceso de vitamina D. La
intoxicacion afectd a 39 de 96 animales de PCR causando la muerte de cinco, y disminuyo
considerablemente la proporcidon de cria en la temporada reproductora 2010. Aunque descrita la
intoxicacion por vitamina D en gato doméstico por la administracion de piensos con un exceso de
vitamina (Morita et al., 1995), no hay casos publicados en otros felinos no domésticos. Hay que
resaltar que en el afio 2012 han aparecido en foros veterinarios otros casos de intoxicacion por
vitamina D en animales de zoologico por la administracion de piensos y suplementos vitaminicos
con un exceso de vitamina, y la propia casa comercial que los producia admitio su error y retird
del mercado estos productos (foro LatinVets). Estos casos alertan de que se pueden producir fallos
en la formulacion de los suplementos y plantea la necesidad de analizar la composicion de los

mismos, principalmente las concentraciones de vitaminas liposolubles, en cada uno de los lotes
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que se vayan utilizando en la PCR. Otra recomendacion es analizar la composicion de los conejos
que se ofrecen a la PCR, como minimo principios inmediatos, vitaminas liposolubles, y minerales,
tal como ya fue recomendado al inicio del PCEL (Marques 2004) y que permitiria formular una
dieta adaptada a la PCR. El analisis seria tanto de la parte que los animales consumen cuando se
suministra presa viva como de la canal cuando se ofrece presa muerta. Ademads seria también
interesante determinar en el lince ibérico los valores de referencia para los metabolitos de la
vitamina D, de la vitamina A, ésteres de retinilo, tocoferoles y determinados carotenoides, que
pueden ofrecer informacion del estado nutricional de los animales y alertar de ciertas patologias

(Crissey et al., 2003).

Otras enfermedades originadas a partir de la alimentacion detectadas en la PCR, si bien comos
casos esporadicos, han sido dermatofitosis y salmonelosis, asi como probablemente otros cuadros
gastrointestinales. Ademas existe la sospecha de que un cuadro gastrointestinal que afectd a un
grupo de al menos seis animales en un centro de cria fuera una enterotoxemia por Clostridium
perfringens, aunque no se pudo determinar la presencia de la toxina en los conejos muertos que se
administraron. Es probable que las canales estuvieran contaminadas debido a una evisceracion
incorrecta y a una deficiente refrigeracion. La salmonelosis que causod la muerte de un joven
probablemente también se debi6 al consumo de una canal en mal estado, aunque la ausencia de
otros casos paralelos en animales que recibieron la misma dieta en ese momento no descarta una
mayor susceptibilidad individual en ese ejemplar. Los casos de dermatofitosis por Trichophyton
mentagrophytes so6lo se detectaron en cachorros de distintas camadas de un centro de cria por el
contacto con conejos vivos infectados que fueron ofrecidos como presa viva. Otros casos
descritos de dermatofitosis, pero por Microsporum canis, en felinos no domésticos no estaban
relacionados con la dieta (Sykes & Ramsay 1994). La presentacion de dermatofitosis
exclusivamente en cachorros indica una mayor predisposicion a la infeccion en animales jovenes.
La ausencia de casos de dermatofitosis en otros centros de cria indica un problema concreto de
infestacion de las presas y por tanto de mala gestion sanitaria en una de las granjas que
suministran conejos como presa viva. La supervision del control sanitario en las granjas debe

seguir constituyendo otra prioridad del PCEL.

La alimentacién de la PCR, ausente de fluctuaciones y en mayor cantidad que en condiciones
silvestres, no se ha traducido en un mayor tamafio de camada. De la misma forma, en las
poblaciones silvestres de lince ibérico, incluso aunque reciban alimentaciéon suplementaria,
tampoco se ha observado un aumento del tamafio de camada (L6pez-Bao et al., 2010). Parece por

tanto que el tamafio de camada del lince ibérico es poco sensible a la cantidad de alimento
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disponible. Sin embargo en otras especies, como en lince canadiense (Lynx canadensis), el tamafio
de camada esta relacionado con la disponibilidad de la liebre americana (Lepus americanus)
(Brand et al., 1979; Mowat et al., 1996), la cual constituye una parte substancial de su dieta. De la
misma forma, una mejor dieta en la PCR comparada con las poblaciones silvestres, tampoco se ha
traducido en una desviacion hacia machos en el sex ratio de las camadas, hecho que si que se ha

observado en distintas especies de roedores, primates y ungulados al consumir dietas mas

caloricas (Rosenfald et al., 2004).

Es interesante destacar que las hembras nacidas en cautividad, a igual edad y similar condicion
corporal, tienen mayor peso que sus congéneres en libertad, probablemente por una mejor
alimentacion y un menor gasto energético de las madres. En otras especies se ha observado esa
misma diferencia (O’Regan & Kitchener 2005). También se ha observado en el lince eurasiatico
(Lynx lynx) que las hembras que alcanzan antes la madurez sexual son generalmente mas pesadas
que las que la alcanzan mas tarde (Nilsen et al., 2010). Sin embargo, aunque en nuestro trabajo las
hembras nacidas en cautividad, con mayor peso, se reproducen antes que las que provienen de la
naturaleza, estas diferencias no son significativas. Por otro lado, la edad de las hembras si que se
relaciona tanto con la eficacia de las copulas (hembras que paren sobre hembras que copulan)
como con su resultado reproductor (media de cachorros que sobreviven por hembra respecto al
total de hembras que parieron), mostrando que en general las hembras de 2 afios son peores
reproductoras que hembras de més edad. En la naturaleza no se ha detectado reproduccion en
hembras de lince ibérico a los 2 anos de edad (Palomares et al., 2005). En cautividad,
probablemente por la ausencia de limitantes ecoldgicos tales como disponer de un territorio con
una densidad suficiente de conejos, las hembras de 2 afios se pueden reproducir. Sin embargo la
menor supervivencia de cachorros en estas hembras probablemente se deba a su falta de
experiencia reproductora. Por otro lado, el tamafio de camada en las hembras de la PCR es
independiente de la edad hembra, al menos durante nuestro periodo de estudio. Sin embargo, es de
esperar que a medida que aumente el nimero de hembras por encima de 9 afios se observe una
disminucion del tamafio de camada en edades avanzadas como ocurre con el lince eurasiatico

(Henriksen et al., 2005).

Es inherente que en aquellas poblaciones con un bajo nimero de ejemplares haya una disminucion
de su variabilidad genética y que aumente por tanto el riesgo de que se produzca depresion por
endogamia y la acumulacion de mutaciones deletéreas (Bryant & Reed, 1999; Charpentier et al.,
2005; Xu et al., 2007). La pérdida de variabilidad genética puede tener un impacto negativo, entre

otros aspectos sobre la capacidad reproductora (XX ref) y el desarrollo de enfermedades (XX ref).
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El lince ibérico es otro mas de los ejemplos de especies amenazadas en la que se ha producido una
drastica reduccion de variabilidad genética, mucho mas marcada en las poblaciones de Dofiana
que Sierra Morena, (Johnson et al., 2006) y algunos trabajos indican que hay efectos de depresion
por endogamia. Asi Palomares et al., 2012 muestra que la disminucién en el tamafnio de camada de
las poblaciones silvestres entre dos periodos de tiempo cercanos esta relacionada con el aumento
de la endogamia. En nuestro trabajo con datos de entre el 2004 y el 2011, también detectamos un
menor tamaio de camada que en las poblaciones silvestres en un periodo de tiempo de tan sélo
unos pocos anos antes (1993-2001), lo que respaldaria los resultados de los trabajos en la
poblacion silvestre. Otros trabajos en la especie indican que el menor peso relativo de los
testiculos pero especialmente el bajo porcentaje de espermatozoides normales y los bajos niveles
de testosterona circulante, podrian estar relacionados con la baja variabilidad genética de la
especie (Ganan et al., 2009). Estudios previos en otras especies de felinos muestran que altos
niveles de teratospermia y la disminucion de algunos parametros reproductivos en los machos
estan también relacionados con una menor variabilidad genética (guepardo -Acynonyx jubatus- en
Crosier et al., 2007, el leon africano -Panthera leo- en Wildt et al., 1987, y la pantera de Florida

Felis concolor coryi en Barone et al., 1994).

En nuestro trabajando no hemos encontrados diferencias en los parametros reproductivos
estudiados entre aquellos ejemplares cautivos con genética de Sierra Morena o de Dofiana. Sin
embargo, dentro de las hembras de la PCR nacidas en libertad, aquellas que provienen de Dofiana
presentan una tendencia a un menor tamano de camada que las que provienen de Sierra Morena,
lo que sugiere un efecto del mayor empobrecimiento genético de la poblacion de Dofiana sobre la
reproduccion. Por tanto, a falta de datos reproductivos de la poblacion silvestre de Sierra Morena
y en vista de nuestros resultados, es probable que existan diferencias al menos en algunos
parametros reproductivos entre las poblaciones silvestres de Dofana y Sierra Morena. Es
necesario por tanto realizar estudios de parametros reproductivos de la poblacion silvestre de
Sierra Morena, y mas considerando que la mayoria de los ejemplares que constituyen la CBP

proceden o tienen la genética de Sierra Morena.

La escasa variabilidad genética de la especie también parece afectar al desarrollo de ciertas
patologias o una mayor susceptibilidad a enfermedades infecciosas. Asi el alto porcentaje de
ejemplares de lince ibérico, tanto en vida libre como en cautividad, que presentan
glomerulonefritis membranosa (Jiménez et al., 2008) y deplecion linfoide (Pena et al., 2006)
podria estar relacionada con esta disminucion. De la misma forma la alta virulencia de la infeccion

por FeLV en la poblacion silvestre de Dofiana parece estar relacionada con una menor respuesta
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inmune debido a la pobre variabilidad genética (Meli et al., 2009). En la Pantera de Florida la
baja variabilidad genética (O’Brien et al., 1990) parece ser la causa de la mayor susceptibilidad de
la especie a la infeccion por el FeLV asi como de la aparicion de anomalias fisicas y espermaticas

(Roelke et al., 1993).

La necrosis de cabeza de fémur detectada en un ejemplar de la PCR es una patologia similar a la
enfermedad de Legg-Calvé-Perthes del perro (Schulz 2006), y al igual que ésta podria tener un
origen genético pero no podemos saber si esta relacionada con la baja variabilidad genética de la
especie. También se han detectado tres casos de epilepsia en cachorros que tuvieron crianza
artificial; después de un panel de diagnostico neuroldgico completo no se pudo determinar la
causa, Yy por tanto se consideraron casos de epilepsia idiopatica. Al igual que en animales
domésticos podria tener una base genética (Schriefl et al., 2008) aunque no debemos descartar

que el origen estuviera en algin factor durante el proceso de cria artificial.

Asi por ejemplo, la baja variabilidad genética del guepardo ha sido durante tiempo considerada
como la causa principal del bajo éxito reproductor de la especie en cautividad (O’Brien et al.,
1985, 1986) cuando en realidad mejorando el manejo y las condiciones en cautividad la especie se

reproduce con éxito (Bertschinger at al., 2008).

También en el guepardo, algunas de las enfermedades descritas en la especie se atribuian a su
baja variabilidad genética cuando posteriormente se ha demostrado que su desarrollo estaba ligado
a condiciones extrinsecas a la especie. Asi la glomeruloesclerosis y la gastritis linfoplasmocitaria
asociada a Helicobacter tienen mucha mayor prevalencia en guepardos mantenidos en cautividad
que en las poblaciones silvestres, y parece estar relacionado con un estrés cronico en cautividad

(Munson et al., 2005b).

Mientras que en los programas de cria en cautividad de especies amenazadas se pone mucho
énfasis en retener la maxima variabilidad genética de la especie, comparativamente reciben menos
atencion los posibles métodos para reducir la adaptacion genética a la cautividad. La adaptacion
genética a la cautividad se debe a la seleccion tanto natural como artificial de los individuos en
condiciones de cautividad (Frankman & Loebel 1992; Arnol 1995). Sin embargo es importante
considerarlo, ya que individuos bien adaptados a la cautividad pueden estar peor adaptados a las
condiciones en la naturaleza y mostrar menor supervivencia y capacidad reproductiva al
reintroducirse (Woodworth et al., 2002; Frankham, 2008; Williams & Hoffman, 2009). Las
diferentes estrategias para reducir la adaptacion a la cautividad incluyen minimizar la seleccion

(mediante una cria dirigida y creando condiciones en cautividad similares a las naturales),
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minimizar el nimero de generaciones en cautividad y la fragmentacion de las poblaciones, siendo
estos dos ultimas las que se consideran mas efectivas (Williams & Hoffman, 2009). El PCEL se
ha disefiado para disminuir el riesgo que se produzca adaptacion genética a la cautividad. Asi por
ejemplo la PCR se encuentra repartida en 5 centros de cria (datos 2013) y hay traslados de
reproductores entre centros, las instalaciones procuran reproducir su habitat natural, y el manejo
procura mantener conductas naturales tales como la caza presa viva. Para minimizar las
generaciones en cautividad el programa esta disefiado a 30 afios. Los primeros cachorros nacieron
en el 2005 y en el 2011, el Gltimo afio de nuestro estudio, ya habian animales F2 con capacidad
reproductora, y asi es de esperar que a lo largo del tiempo de desarrollo del programa se
produzcan unas 10 generaciones. Desconocemos en qué medida habra adaptacion genética a la
cautividad en la PCR. Aunque se consideraba que la adaptacion genética a la cautividad se
producia tras muchas generaciones, estudios recientes demuestran que sin embargo puedo ocurrir
en pocas generaciones (Williamson et al., 2010), o incluso en una sola (Christie et al., 2012).
Seria necesario por tanto establecer ciertos parametros de los ejemplares de la PCR, tales como
caracteristicas fisicas, fisiologicas, reproductivas y comportamentales, € ir monitorizandolas a lo
largo de la vida del programa para ver si se producen cambios que pudieran comprometer la

reintroduccion de la especie.

Hasta la fecha no disponemos de estudios etoldgicos o de actividad adrenal que puedan ofrecernos
informacion objetiva sobre los componentes de la respuesta de estrés de la PCR y si existen
diferencias entre los animales nacidos en cautividad y aquellos incorporados de la naturaleza.
Estudios de metabolitos de corticoides fecales (FCM) en jaguares (Panthera onca) indican que
animales de vida libre que son capturados y puestos en cautividad, si bien al inicio presentan
valores de FCM mas elevados que los animales nacidos en cautividad, al cabo de un tiempo los
niveles son similares entre ambos grupos, aunque entre los animales nacidos en libertad los
machos presentan valores significativamente superiores a las hembras (Conforti et al., 2011). Otro
estudio en carneros de las Rocosas (Ovis canadensis canadensis) muestra ademas que si bien
animales nacidos en cautividad o provenientes de la naturaleza, tras haberse aclimatado, presentan
respuestas similares de FCM a situaciones de estrés agudo (captura con una red), en cambio la
respuesta del sistema nervioso autondmico es mayor en los animales nacidos en cautividad, lo que

sugiere que ambos grupos perciben el estrés de forma distinta (Coburn et al., 2010).

El manejo de la PCR procura minimizar el nimero de situaciones, que en nuestra percepcion
como humanos, podriamos considerar de estrés tanto agudo como cronico para los animales. Asi

el manejo sanitario de la poblacién cautiva ha procurado reducir el nimero de capturas para
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examenes o procedimientos diagnésticos. Reducir el numero de capturas no solo disminuye
potencialmente las situaciones de estrés agudo sino también otros riesgos como traumatismos. Asi
siempre que ha sido posible se ha empleado la captura con jaula de captura-compresion para la
inyeccion de la anestesia en vez de hacer servir dardos. Cuando habia animales que presentaban
ciertos signos clinicos se ha optado por un manejo conservador, evitando las capturas para su
examen y diagndstico, y esperando ver su evolucion o respuesta a un tratamiento no invasivo, por
ejemplo con medicaciones por via oral. Eso explica porqué mas de un tercio de los signos clinicos

observados no llegaran a diagnosticarse.

En nuestro trabajo sobre parametros reproductivos separamos los animales de la PCR en dos
grupos: los que nacieron en cautividad y los que fueron incorporados de la poblacion silvestre
partiendo de la hipotesis que los nacidos en cautividad presentarian mejores parametros
reproductivos, ya fuera por una menor respuesta de estrés u otros aspectos asociados a la
cautividad. Sin embargo no hemos encontrado diferencias entre animales nacidos en cautividad o
en la naturaleza respecto al éxito de copulas en la hembra (female mating success), el tamano de
camada, la supervivencia de cachorros, y el resultado reproductivo al destete (reproductive output
at weaning). Parece por tanto que si existiera una respuesta de estrés afectaria por igual a ambos
grupos de hembras en los parametros estudiados y que ésta tendria poco efecto sobre la
reproduccion de la especie en cautividad. Por otro lado, comparando las poblaciones silvestres con
la PCR encontramos que la proporcion de cria (breeding proportion), la supervivencia de
cachorros, y el resultado reproductivo al destete es menor que en las poblaciones silvestres. Estas
diferencias podrian deberse o bien a que simplemente en cautividad se puede hacer un registro
mas detallado y completo, o bien a que esté asociada a un efecto negativo de la cautividad. La alta
proporcion de cachorros no atendidos por las madres, que en el caso de no recibir tratamiento
hubieran muerto, junto con otros neonatos que mueren antes de una semana, arroja en conjunto
una alta mortalidad perinatal en la PCR. Un estudio donde se analiza un amplio rango de especies
de carnivoros no domésticos demuestra que la mortalidad perinatal en cautividad es mayor cuando
las especies en libertad ocupan territorios mas extensos (Clubb & Mason 2005). Sin embargo, no
podemos explicar porqué otras especies de felinos que utilizan territorios de tamafio similar al del
lince ibérico tienen menor mortalidad en cautividad y que los linces tengan mortalidades

perinatales similares a las de felinos que utilizan extensos territorios.

Respecto a los machos, los nacidos en cautividad realizan menor nimero de copulas que los
provenientes de la naturaleza. Sabemos que en el lince ibérico el niimero de copulas estd

relacionado, entre otros factores, con el nimero de espermatozoides (Ganan et al., 2009), y por
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tanto, supuestamente, con la capacidad reproductora de los machos. De hecho, hemos encontrado
que el aumento del nimero de copulas aumenta las probabilidades que se produzcan camadas de 3
cachorros en vez de 2 (el nimero de camadas de 1 y de 4 cachorros era demasiado bajo para
incluirlo en el analisis). Seria por tanto necesario estudiar las caracteristicas espermaticas de los
machos nacidos en cautividad, ya que los datos actuales de machos cautivos provienen en su

mayoria de individuos nacidos en la naturaleza.

En la PCR se ha registrado un elevado nimero de peleas entre cachorros de la misma camada que
han causado basicamente heridas cutdneas, aunque también dafios musculoesqueléticos y la
muerte de un cachorro. Este comportamiento también se ha descrito en el lince eurasidtico
(Sokolov et al., 1994). Otros dos cachorros murieron como consecuencia de las heridas causadas
por su propia madre cuando ésta intervino durante la pelea de los cachorros. En los casos mas
graves se ha intervenido para evitar traumas severos o incluso la muerte de los cachorros. Como
ya se ha comentado anteriormente otra de las situaciones en las que ha sido necesaria la
intervencion directa ha sido en el caso de neonatos no atendidos por la madre. La intervencion en
neonatos se ha reflejado en una supervivencia significativamente mayor de los cachorros, y por
tanto ha aumentado el resultado reproductivo al destete. Ambas intervenciones, en peleas y en
cachorros no atendidos, han permitido evitar la pérdida de individuos, y por tanto la pérdida de
variabilidad genética. Sin embargo hay que considerar que involuntariamente se puede estar
produciendo una seleccion artificial involuntaria, que es uno de los factores causantes de

adaptacion genética a la cautividad.

Hemos visto que la investigacion en la especie ha sido y deberia seguir siendo uno de los pilares
para su manejo y conservacion, y se han recomendado distintas lineas de investigacion en aspectos
biomédicos y reproductores. Una deficiencia de muchos programas de conservacion ex situ es que
no disponen ni de recursos ni de personal para desarrollar proyectos de investigacion. Seria ttil
que en el disefio y dotacion presupuestaria de programas de conservacion ex situ se destinaran
recursos para cubrir estas necesidades, ya que con frecuencia la investigacion asociada depende de
centros externos y de que estos consigan la aprobacion de proyectos de investigacion. La
investigacion promovida desde dentro de los propios programa podria solucionar la necesidad de
responder a tiempo a preguntas que van surgiendo, y toda la investigacion deberia realizarse de

forma conjunta con centros y universidades asociadas.
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7. CONCLUSIONES
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7. CONCLUSIONES

1. El programa sanitario del lince ibérico, integrado en un contexto multidisciplinar para su
conservacion, ha permitido establecer dindmicas de trabajo, obtener una base de informacion

biomédica sélida, y apoyar la investigacion de la especie.

2. La salud de la poblacion cautiva de lince ibérico no se ve reflejada en los signos clinicos

observados en los animales.

3. Se recomienda en la poblacidn cautiva de lince ibérico analizar la composicion nutricional de la
dieta, y en el caso que se considere necesario la utilizacion de suplementos vitaminicos, realizar

analisis periddicos de la composicion de los mismos.

4. La eficacia reproductiva de las hembras cautivas de lince ibérico aumenta con su edad en el

rango estudiado de 2 a 9 afios.

6. El origen (nacidos en cautividad o nacidos en la naturaleza) y la diferencia genética
(procedentes de la poblacion de Donana o de Sierra Morena) de las hembras de lince ibérico en
cautividad no tienen una influencia sobre los parametros reproductivos estudiados. Sin embargo,

el origen de los machos influye sobre su capacidad reproductora.

7. Se recomienda en la poblacion cautiva de lince ibérico realizar estudios sobre la influencia de la

baja variabilidad genética de la especie y del estrés sobre su estado de salud y reproduccion.
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